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HIS SURVEY of the literature pertaining to 
Tpharmaceutical sciences is the first sequel 
to the 1962 review published in THIS JOURNAL 


(1, 5) .  In maintaining continuity, more than 
100 periodicals and Chemical Abstracts’ Pharma- 
ceuticals and Pharmacodynamics sections pub- 
lished during 1963 were searched for appropriate 
material. Those areas which are reviewed 
annually in other publications were omitted 
from this review. Although not all-inclusive, 
this comprehensive report is directed toward 
presenting a compilation of the current develop- 
ments in several areas of pharmaceutical science. 


For future reference, two publications are 
reported which should aid the pharmaceutical 
scientist in surveying the literature. The in- 
itiation of a pharmaceutical abstracting journal 
was announced (3), and a list of the world’s 
pharmacy periodicals was compiled (4). 


GENERAL PHARMACY 
This broad category encompasses those parts 


of the literature which are difficult to classify 
specifically. During 1963 considerable attention 
was focused on regulations for investigational 
drugs imposed by the Food and Drug Ad- 
ministration. As evidence, many publications 
were concerned with clarification of these 
regulations in light of the pharmaceutical in- 
dustry’s role (5-9). Kern emphasized that many 
requirements are in a continual state of change, 
thus making i t  impossible to be in full compliance 
with all of the regulations a t  all times (10) 
The adequacy of proposed clinical trials was 
discussed in two articles (11 ,  12). Palmer 
described the types of studies which may be 
used in testing the effectiveness of new drugs 
(13). Schreiner presented the liabilities of the 
clinical investigator in new drug testing (14), 
and the need for certain additional safeguards in 
the testing and handling of investigational 
drugs was discussed by Archambault (15). 
Detailed methods of drug evaluation in hospital 
pharmacy were reported (16). In a discourse on 
the hazards of new drugs, the scientific approach 
was advocated as being the safest and most 
effective (17). 


Various aspects of ethical drug market research 
were presented by Hull (M), and the economics 
of pharmaceutical research in the United States 
was reviewed by k n o w  (19). The complex and 
intricate steps essential to a good quality control 
system for the manufacture of drugs were de- 
scribed (20). A statistical approach to the 
design and analysis of experiments was disclosed 
___ 
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(21). Shindell examined statistical probability 
(22) and the validity of conclusions (23). Pos- 
sible errors in application of the Student t test 
in simple comparison studies were pointed out 
(24). King constructed a multiple-stage design 
for drug screening (25). Numerous references 
were presented in a survey of various types of 
designs which are useful in drug screening (26). 
Another investigator explored the use of the 
digital computer and its programming for the 
handling of complex data (27). 


Preservatives.-A detailed review of pre- 
servatives in pharmacy, with 103 references, 
was presented by Nogueira (28). Parafinska 
and Zwolinska also presented an article, with 
many references, concerning the use of bacterio- 
static and bactericidal agents in pharmacy (29). 
An extensive discussion of the properties and uses 
of a variety of antimicrobial agents in cosmetic 
preparations was also reported (30). In  another 
publication, various preservatives in hydrogels, 
hydrosols, emulsions, and suspensions were 
studied (31). The adsorption of sorbic acid by 
plastic cellulose acetates was investigated (32). 


Sixteen different 8-hydroxyquinoline salts were 
prepared and found to have strong fungistatic 
activity (33). The germ-inhibiting action of 
some 8-hydroxyquinoline salts was also examined 
(34). Hexachlorophene and its isomers were 
evaluated against a broad spectrum of bacteria, 
molds, and yeasts by Gump and Walter (35), 
who observed that maximum results occurred in 
products with bisphenols at pH 5.4 (36). Pyro- 
carbonic acid diethyl ester was investigated as a 
potential food preservative (37). Some other 
preservatives, effective in vitro against various 
bacteria and fungi, were studied by Gaind, et al. 
(38), and Judis conducted research on the mech- 
anism of action of phenolic disinfectants (39). 
Myers and Sheahan demonstrated an adverse 
effect of calcium alginate on the antimicrobial 
activity of benzalkonium chloride (40). Another 
worker evaluated various antibacterial substances 
for enhancement of the bactericidal effect of 
steam (41). 


The disappearance of preservative activity due 
to degradation in solution and absorption by 
rubber stoppers in multiple-dose vials was 
investigated (42, 43). Benzethonium chloride 
showed some antifungal activity but little anti- 
bacterial activity when tested as a preservative 
for poliomyelitis (Salk) vaccine (44). Kohn, 
et al., developed methods of testing antibacterial 
effectiveness and evaluated 51 chemical sub- 
stances for use in ophthalmic solutions against 
13 different strains of Pseudomonas aeruginosa 
(45,46). 
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Data support the view that small amounts of 
certain perfume oils might be used effectively 
in the control of some dermatophytes (47). 
Fletcher and Norton studied the antioxidant 
effect of sodium metabisulfite in sulfacetamide 
eye drops (48). Schroeter found that many 
aqueous, oxygen-labile, pharmaceutical systems 
may be protected by the antioxidant action of 
sulfurous acid salts (49). Oxidative deterioration 
of cosmetics and its control have been discussed 
(50). Hydroquidone served as an effective 
antioxidant in the preservation of lard (51). 


Flavor, Aroma, and Color.-Wesley sur- 
veyed recent trends in pharmaceutical flavors 
(52), and Moncrieff discussed the influence of 
taste and odor on flavor (53). A paper on the 
materials and factors which d e c t  flavors was 
published (54). Production applications and 
stability tests were described for solid citrus 
flavors (55). Runti classified various synthetic 
sweetening compounds which have actual or 
potential application (56), and Brookes compared 
the sweetening effect of sodium cyclamate with 
that of sucrose and saccharin sodium in various 
preparations (57). Development of a stable, 
flavored, glyceryl guaiacolate cough syrup was 
reported (58). 


The economic potential and future of the 
fragrance industry were analyzed by Vautin 
(59). In a discussion of odor mechanism theories, 
Moncrieff stated that evidence favoring the 
adsorption process is overwhelming (60). The 
scents of the fragrant flowers and leaves of the 
milkweed (61), the camellia (62), and the mag- 
nolia (63) families were reported in three man- 
uscripts. 


In a review on the psychophysical concept of 
color, several standard techniques for evaluating 
small color differences were presented (64). The 
importance of color and its psychological effect 
on the human appetite were studied by Birren 
(65). A current guide to color restrictions was 
presented (66); 47 references were cited in a 
review of natural dyes (67). 


Adjuvants.-The chemical and physical 
characteristics and applications of several mont- 
morillonite hydrocolloids were summarized by 
Barr (68). In  a comparative study, two highly 
dispersed colloidal silicic acids were evaluated as 
adjuvants for pharmaceutical preparations (69). 
Molecular properties of Ghatti gum, a naturally 
occurring polyelectrolyte from Anogn'ssus lati- 
folia, were investigated by Elworthy and George 
(70), and Faust dixussed the properties and uses 
of modified starches in topical preparations (71). 


Prescott, el al., considered the chemical and 
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pharmaceutical properties of poly(viny1- 
pyrrolidone) from a cosmetic viewpoint (72, 73). 
Independent reports appeared on the cosmetic 
application of acetoglycerides (74) and various 
cellulose ethers (75). Five anionic certified dyes 
were adsorbed on various starches in accord with 
the Langmuir equation (76). Mandak used 
various condensation products of ethylene oxide 
to enhance the formulations of galenic prep- 
arations (77), and Ullmann demonstrated in- 
creased activity of several antibiotics with 
the aid of nonionic poly(oxyethy1ene) adducts 
(78). 


The properties and applications of certain 
specialty polyols have been discussed (79). 
Hexadecyl alcohol, a new material for cosmetic 
formulations, was found to be essentially non- 
toxic and nonirritating (80). Allen reviewed the 
applications of some fatty alcohols and saturated 
fatty acids in pharmacy and cosmetics (81, 82). 
The alcoholic constituents of some modified 
wool fats were investigated (83). 


Brown, et d., suggested dimethyl sulfoxide 
as a useful solvent for chemical compounds under 
toxicological evaluation (84). Many references 
were cited by Spiegel and Noseworthy in a 
review of toxicity, chemical and physical prop- 
erties, and applications of some nonaqueous 
solvents for parenteral products (85). The 
distribution of phenol in mixtures of water and 
organic solutions was explored in the presence of 
polysorbate 20 (86). 


Stability.-Garrett reviewed the physico- 
chemical and statistical procedures used to study 
the stability of drugs in solution (87). Statis- 
tical analysis was applied to short-term stability 
data for prediction of shelf life of pharmaceutical 
suspensions (88). In another paper, several 
factors to be considered in an accelerated sta- 
bility-testing program were suggested (89). 
Awe and Kienert evaluated the effect of various 
oxidizing agents on phenylbutazones (90). A 
review of the literature concerning oil and fat 
oxidation and antioxidation was made by 
Froelich (91). 


Nogami and associates, in a series of papers on 
drug stability in solution, studied the stabili- 
zation of methantheline bromide and choline 
derivatives (92) and investigated the hydrolysis 
of several sodium alkyl sulfates (93, 94). Other 
workers examined the influence of the state of 
aggregation on the specific acid-catalyzed hy- 
drolysis of sodium dodecyl sulfate (95). Equi- 
librium moisture contents for a number'of 
representative pharmaceutical materials were 
determined by Scott, el al., who suggested that 
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acetoxymercuri-2-methoxy-propylurea was stable 
for 60 days in dilute basic solution (118). 


Preliminary data indicated that discoloration 
of 30% sodium sulfacetamide solutions was elimi- 
nated by addition of O.Olyo sodium edetate or 
0.1% sodium thiosulfate (119). A note was 
presented on the stability of pilocarpine hydro- 
chloride ophthalmic solutions in two types of con- 
tainers (120). Brownley and Lachman examined 
the influence of lactose on the stability of certified 
dyes in aqueous solution (121). Removal of io- 
dine from aqueous solutions of hydriodic acid was 
described by Davidson and Jameson (122). 
Procedure modification enhanced the stability of 
sweet spirit of nitre (123). In aqueous solution, 
the rate of decomposition of calcium acetylsalicyl- 
ate was claimed to be temperature dependent 
(124). Mitchell studied the hydrolysis of propyl 
benzoate in aqueous solutions of a nonionic sur- 
factant (125). Blazek presented a review, with 
30 references, of the chromatography and sta- 
bility of some phenothiazine derivatives (126). 


The controlled hydrolysis of some antibiotics 
and their decomposition products in the presence 
of cation-exchange resins was effected without 
complete degradation (127). In mixtures, di- 
hazol was found to decompose in the presence of 
oxygen and moisture after long-term storage 
(128). Nakatani examined the stability of oro- 
tic acid and its amine salts in aqueous solution 
(129), and Sano, et al., studied the stability of d-  
glucuronamide in the presence of various com- 
pounds (130). I t  has been suggested that poly- 
sorbate 80, a nonionic surfactant, might have con- 
siderable influence on the stability and availa- 
bility of ionic drugs in pharmaceutical formula- 
tions (131). Forty-nine references were cited 
in a review of the stability and stabilization of 
streptomycin (132). 


Photodecomposition of acid-aqueous thiopro- 
perazine 5-oxide occurred by irradiation with 
fluorescent light under anaerobic conditions 
(133). Kitahara and Tanaka studied the be- 
havior of unsaturated fatty acids and liquid 
organic compounds in the gamma-ray field (134). 
Experimental work by Luduena, et al.. suggested 
the formation of adrenaline in aqueous solutions 
of phenylephrine after ultraviolet irradiation 
(135). The effects of ionizing radiation on two 
gelatin fractions were reported (13G). Fenn and 
Relcastro examined the effect of ultrasonic 
waves on the stability of selected surface-active 
agents, sulfonamides, and p-aminobenzoic acid 
(137). 


Stability Kinetics.-Conine demonstrated 
the application of stability data to the prediction 


such data are useful in predicting the effects 
of storage humidity on moisture sorption (96). 
Experiments for testing the stability of aspirin 
mixtures were described (97). In another paper, 
stability studies of aspirin-dried aluminum 
hydroxide gel tablets were reviewed (98). Guven 
observed an incompatibility of quinine sulfate 
or hydrochloride with acetylsalicylic or salicylic 
acids in tablets and powders (99). 


.4n investiKation was conducted on the effects 
of various granulating processes in decomposition 
of primary digitalis glycosides (100). Schou 
examined reactivity in various solid pharma- 
ceuticals and showed that copper contamination 
from equipment and materials may be important 
in the catalysis of auto-oxidation (101). The 
effect of ball-milling on the stability of vateritic 
calcium carbonate was investigated (102). Ever- 
hard and Goodhart demonstrated that fading of 
FD&C Red No. 3 in tablets follows first-order 
rate kinetics (103). In ritro data have been 
presented which might explain clinically inactive 
prednisone tablets U.S.P. XVI (101). A brown 
discoloration occurring in some pharmaceutical 
granules was attributed to the reaction between 
glucose and sodium dihydroxyaluminum car- 
bonate (10.5). Burkman ascribed the loss of 
biological activity of apomorphine to auto- 
oxidation (10(i). Changes in alkaloid content of 
ergot (107) and volatile oil content of nine drugs 
(108) during storage were studied. 


From stability data on basic ethers of the di- 
phenhydramine type in acid medium, it was 
predicted that no noticeable decomposition would 
occur in the stomach after oral administration 
(109). The hydrolvsis of succinic and tetra- 
methyl succinic anhydrides in water, dilute 
acids, and aqueous electrolytes was disclosed by 
Bunton, et al. (110). Heparin solutions were 
stabilized by the addition of O.lyo of sodium 
metabisulfite and adjustment of the pH to 4-5 
(111). Optimum pH values for stability of 
aqueous physostigmine (112) and fructose so- 
lutions (1 13) were 2 to 4.5 and 4.0, respectively. 


The interaction of papaverine hydrochloride 
with numerous alkaline substances in aqueous 
solution was investigated by Ryabukhina (1 14). 
Stainier, et al . .  concluded that stability of 
barbiturates in the presence of sodium hydroxide 
is inverselv related to the number of methyl 
groups ( 1  15). In another monograph, stability 
of acetazolamide and methazolamide in alkaline 
solution was evaluated (1 16). Other researchers 
found that aminoethylnitrate and some related 
compounds decompose Via an imine mechanism 
down to pH 4.0 (117) and that radioactive 3- 
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of the shelf life of pharmaceutical products (138). 
Applications and precautions in using the Arrhen- 
ius plot and statistical procedures for accelerated 
stability testing of pharmaceutical products were 
considered (139). Guttman discussed the use of 
kinetic principles and reaction mechanisms in 
studying drug stability (140). Reaction kinetics 
were stressed in a survey of the stability of drug 
solutions (141). A general method for determin- 
ing the order of a reaction was reported (142). 
Rogers disclosed an accelerated storage test with 
programmed temperature rise (143), and Barker 
applied the Arrhenius equation to calculate the 
shelf life of atropine eye drops (144). The de- 
composition of chloral hydrate in the presence of 
phenobarbital sodium was reported to follow the 
kinetics of bimolecular reactions (145). 


DeLuca discussed the photobinding and 
photoreactivity of riboflavin in the presence of 
macroinolecules (146). The stabilization of vita- 
min Blz in liquid multiple-vitamin products was 
demonstrated by Conine and Zuck by the addition 
of alphahydroxynitriles or their esters (147). 
These investigators also found potassium ferro- 
cyanide to be superior to iron salts for stabiliza- 
tion of vitamin B12 in multiple-vitamin prepara- 
tions (148). Several compounds were evaluated 
for their effect on the rate of thiamine hydrolysis 
(149), and kinetic data were used in predicting the 
shelf life of vitamins BI and C in oral liquid 
formulations (150). A pH-rate profile of the 
anaerobic degradation of ascorbic acid in aqueous 
solution was published (151). The stability of 
ascorbic acid was also studied in a liquid multi- 
vitamin emulsion containing sodium fluoride 
(152). 


Research on the solid-state decarboxylation of 
paminosalicylic acid was conducted under var- 
ious conditions (153). Schroeter presented ex- 
perimental data to corroborate the Abel theoreti- 
cal equations and radical mechanism for sulfite 
oxidation (154). Tanaka, el al.. reported on 
kinetics of color changes of fradiomycin sulfate 
(155). Kinetic investigations were published on 
the hydrolysis of thioacetazone and its related 
compounds (1 56), trimethadione ( l j i ) ,  some 
tropine esters (158), and some carbamate and 
carbonatc esters (159). The inactivation of 
phenoxymethylpenicillin V and benzylpenicillin 
G in aqueous solutions above pH 7.0 was explored 
by Rozenberg (160). Inactivation rates of 
aqueous, buffered sodium penicillin G were inves- 
tigated by Ullmann, et al., in the presence of ionic 
surfactants, organic gel formers, and preserva- 
tives (161). 


Vitamin Stability.-Vitamin degradation in 
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liquid multivitamin preparations was accelerated 
by the routine of daily dosage-removal (162). 
Various antioxidants were evaluated for their 
stabilizing action of vitamin A in ethyl oleate 
solutions (163). Nordfeldt and Olsson deter- 
mined the stability of vitamin A and tocopherol 
in a mixture of fish liver-wheat germ oils (164), 
and Christensen, et al., discussed the influence 
of pH on the stability of vitamin B parenterals 
(165). The influence of sterilizing temperature 
on the decomposition rate of vitamin B1 inject- 
able solutions was also reported (166). 


Microbiological analysis revealed two new 
compounds from the photochemical degradation 
of riboflavin; the major product was identified 
(16i). A comparative study of gamma-ray de- 
composition and photodecomposition of aqueous 
solutions of riboflavin was conducted by Taka- 
hashi and Yamamoto (168). Results of a spec- 
trophotometric analysis showed that vitamin BI2 
decomposition varied from 2.9% in presence of 
maltose to 23.5% in the presence of glucose (169). 
Thermostability and the moisture content of 
vitamin BI2 preparations were examined by Bayer 
and Liptay (1iO). Degradation of vitamin BL2 
solutions by ionizing radiation was also reported 
(1i1). 


Color changes of aqueous solutions of L-ascorbic 
acid during decomposition were investigated 
(1i2), and rubeanic acid was proposed as an effec- 
tive stabilizer for aqueous solutions of L-ascorbic 
acid ( 1 2 ) .  In another study of vitamin C sta- 
bility, ethylenediaminetetraacetic acid signifi- 
cantly stabilized an ascorbic acid syrup (174). 
Nogueira, el al., reported that ampuls of sodium 
ascorbate of the Portuguese Pharmacopeia did 
not decompose on exposure to visible or ultra- 
violet light (175). Zwolinska reported that 
cysteine, propylene glycol, or disodium ethylene- 
diaminetetraacetic acid improved the stability 
of vitamin C solution at pH 4.85 to 4.95 (1i6). 
The stability of ascorbic acid in various fruit 
juice vehicles was evaluated at elevated tem- 
peratures (1 ii). Different decomposition prod- 
ucts of rutin trisulfate were found at  pH values 
of 3.2 and 8.0 (178). A variety of products was 
obtained by the oxidation of vitamin E with alka- 
line ferricyanide (179). 


PHARMACEUTICAL TECHNOLOGY 


Chalabala, et al., surveyed 919 references in 
reporting progress (1939-1961) in the field of 
galenical preparations (180). The importance of 
galenic research and its implications in modern 
pharmaceutical techniques were discussed in 
another paper (181). Macek reviewed some of 
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the important physical and chemical factors in 
new product development and emphasized the 
magnitude of studies involved in new dosage 
forms (182). Five hundred and twenty-one 
references were cited in a comprehensive review 
of the use of sorbitol in medicine (183). Some 
aspects of controlled gelling and the use of thick- 
ening products were also reviewed (184). Magid 
summarized the pharmaceutical aspects of dex- 
tromethorphan hydrobromide (185). 


A comparative evaluation was made of the 
preparation of tinctures by different methods 
(186). Ryabukhina studied the solubility of 
several alkaloids for the formulation of medicinal 
mixtures (187). Knowledge of dissociation and 
solubility constants was found useful to predict 
the salting-out incompatibility of certain phar- 
maceutical agents (188). Mirigian, et al., formu- 
lated a potassiuxn-ion replacement elixir (189) ; 
1-etassy and Huyck modified the phenobarbital 
elixir U.S.P. XVI formula to produce a clear 
product without the time-consuming filtration 
procedure (190). Current knowledge of 23 
commonly used Russian vitamin preparations 
was summarized (191). 


Lach presented a theoretical dissertation on 
buffers, stressing the importance of these agents 
in pharmacy (192). A simple apparatus for 
rapid, aseptic filtration of eye drops was de- 
scribed in another publication (193). Wiegrebe 
discussed methods for calculating isotonic collyria 
and isohydric solutions--a table for a borate-ace- 
tate buffer system was included (194). The 
formulation and production of ophthalmic prep- 
arations have been reviewed (195). 


A general review of the various types of sun- 
screens was published (196). Walker described 
the effects of organic sulfur hair tonic formula- 
tions (197); Barr discussed antacid properties 
and possible contaminants of various magnesium- 
containing substances (198). In a lengthy review 
of modern cough mixtures, composition and eco- 
nomic impact were examined (199). The effec- 
tiveness of keratinase as a depilatory was reported 
to be dependent upon its purity and the pH of the 
finished product (200). 


The technique, theory, and applications of 
fluidization to pharmaceutical manufacturing 
were summarized (201). Hess and Lang de- 
scribed the preparation of granulations by 
spray-congealing (202). Other publications were 
found on factors affecting the uniformity of mix- 
ing (203) and theoretical and practical concepts 
of mixing solids (204). Particle size and tablet 
composition were shown to influence the antimi- 
crobial effect of .5,7-dibromo-8-quinolinol in 
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Vitro (205). A comparative study of various 
U.S.S.R. diatomites as filtration material in the 
production of insulin was presented (206). 


Parenter&.-Horsch reviewed the technol- 
ogy of injectable and eye drops in the German 
Democratic Republic (207). A survey of the 
literature concerning the use of demineralized 
water as a solvent for injectables was published 
(208). Gubitz considered the substitution of 
demineralized water for distilled water in phar- 
maceutical formulations (209). Methods for 
calculating isotonic drug concentrations were 
treated in two publications (210, 211); the latter 
contained a table of sodium chloride equivalents. 
Advantages of the hematocrit method over the 
hemolytic method in testing isotonicity of in- 
jectable solutions were presented (212). 


Riffkin commented on potential incompati- 
bilities due to mixing parenteral products (213). 
A procedure was recommended for the prepara- 
tion of invert sugar solutions for intravenous use 
(214). Special precautions were necessary in the 
preparations of glyphylline injections to prevent 
extraction of silicon and borate from glass (215). 
Ilver and Jochumsen advocated more rigid testing 
for commercial nicotinamide used in injectable 
solutions (216). These investigators also pro- 
posed a formulation for decreasing the turbidity 
of nicotinic acid injections (217). 


Macek illustrated some of the problems en- 
countered in the manufacture and stability of 
parenteral dispersions (218). Aqueous suspen- 
sions of deoxycorticosterone trimethylacetate 
were prepared for injection (219). Revol com- 
mented on the pharmacology, accidents, contrain- 
dications, and precautions concerned with paren- 
teral administration of lipid emulsions in one 
paper (220) and reported their preparation, 
composition, and stability in another (221). 
Sodium p-aminosalicylate solutions could be 
stabilized at pH 8 with disodium Versenate for 
sterilization and storage (222). Friebel and 
Pate1 attributed loss of action of local anesthetic 
drugs in glucose solution to the formation of 
glucosides (223). Studies were made on precipi- 
tation in injectable oily solutions due to tempera- 
ture and impurities (224). Moldovan observed 
that carbonate and bicarbonate ions form precipi- 
tates of calcium carbonate due to the presence of 
calcium ion in glass containers (225). Several 
other publications dealt with preservation, sta- 
bility, and preparation of parenteral products 
of adrenaline (226), helveticoside (227), morphine 
(228), procaine (229), and some sulfonamides 
(230). 


Piersma discussed various aspects of numerous 







Vol. 53, No. 7, July 1964 701 


biological products in the drug industry (231), 
and Gershenfeld reviewed the progress of recent 
developments in biological products and the im- 
portance of maintaining immunity against disease 
(232-234). The relative merits and disadvan- 
tages were compared for living and killed vaccines 
(235). Another publication was concerned with 
the principles of chemical preparation of formal- 
dehyde-treated virus vaccines (236). The effect 
of pH on thermal stabilization of oral polio virus 
vaccine by magnesium chloride was investigated 
by Melnick and Wallis (237). 


Sterility.-A general review of sterilization, 
disinfection, preservation, and terminology was 
published (238). Additional reviews on sterili- 
zation techniques (239) and pyrogens (240) were 
noted. Mathews reviewed the principles, sam- 
pling, and methodology of sterility testing of bio- 
logicals for the period 1957-1962 (241). 


Various methods to obtain positive clarifica- 
tion and sterile filtration for pharmaceutical pro- 
duction were given by Stapowick (242). An ap- 
paratus for sterilizing heat-labile solutions (243) 
and a method for aseptic dialysis (244) were also 
presented. Using an evacuated bottle as the 
driving force, Minsley developed a simple “closed 
system” filtration process (245). Buffered glu- 
taraldehyde, a new chemical sterilizing solution, 
did not have the undesirable properties of for- 
maldehyde (246). The properties and applica- 
tions of ethylene oxide in sterilization processes 
have been investigated (247, 248). 


A filtration method was developed by Mein- 
hard for the sterilization of urea solutions for in- 
travenous use (249). Glucose degradation dur- 
ing sterilization in acid and alkaline media was 
discussed (250). Physical characteristics, method 
of preparation, and procedure for control were 
described for sterile mannitol solutions (251). 
Colchicine for injection was prepared by Smith, 
el al., using sterilization by heat or filtration 
(252). Peroxides are decomposed by antimi- 
crobial treatment by the Swiss Pharmacopeia VI 
method for oils used in parenteral injections (253). 


Tablets.-Tablet manufacturing, including 
formulations and varieties of compressed tablets, 
was studied by Heinemann (254) and Burlinson 
(255). Two investigations were published con- 
cerning the instrumentation of tablet equipment 
for studying various forces operating during the 
compression cycle (256, 257). Windheuser, 
et al., explored this problem with respect to pres- 
sure transmitted to the die wall during compres- 
sion (258). Another paper was found which 
considered pressure distribution in tableting 
(259). In a preliminary report, Marshall de- 


scribed the application of electrical resistance 
measurements for investigating tablet compres- 
sion (260). The advantages of direct compres- 
sion of tablets (261) and a critical review of exist- 
ing test methods, with description and proposal 
of improved test methods (262), were presented. 


Engelbrecht presented a series of articles on 
the problems involved in the compression of 
granular aggregates and discussed the dynamics 
and “binding energy” of the compressed aggre- 
gates (263-265). Surveillance of the scientific 
advances and other areas in pharmaceutical re- 
search was made by Cooper (266). Successful 
application of dry granulations was reported for 
tablet manufacturing (267). Fluidized bed dry- 
ing of tablet granulations was found to be 15 
times faster than tray-drying procedures (268). 
Gunsel and Lachman presented a comparative 
evaluation of tablet formulations prepared from 
conventionally processed and spray-dried lactose 
(269). Severe powder-sticking to tablet punch 
surfaces during the production of an effervescent 
tablet was eliminated by punches tipped with 
poly(tetrafluoroethy1ene) (270). 


A review of variouslubricating agents in tablet- 
ing was published (271), and methods for evaluat- 
ing lubricants and tablet friability were estab- 
lished (272). Tawashi investigated the use of 
colloidal silica for enhancement of the flow proper- 
ties of powder mixtures (273). The applications 
of microcrystalline cellulose as a filler, binder, 
disintegrating agent, and lubricant in tableting 
were discussed (274). Poly(vinylpyrro1idone) 
(275) and sodium carboxymethylcellulose gels 
(276) were evaluated as binding agents in tablets. 
Chewable vitamins (277) and the use of manni- 
to1 in such formulations (278) were discussed in 
separate papers. 


The Pfizer hardness tester was evaluated with 
eight tablet formulations and found satisfactory 
(279). New equipment for testing tablet disin- 
tegration time has been developed (280, 281). 
Levy, et al., studied the effect of granule size, 
starch concentration, and compression pressure on 
the dissolution rate of tablets (282). The in- 
fluence of tablet lubricants and the mechanisms 
by which they modify the dissolution rates of 
pharmaceuticals in tablets were also examined 
(283). Nogami, et al., conducted research on the 
physical properties of tablets; Washburn’s equa- 
tion was applicable for studying penetrating rate 
in tablet disintegration (284). Powdered corn- 
cobs, cellulose, and several starches and gums 
were evaluated as potential tablet disintegrating 
agents (285, 286). The disintegrating properties 
of kaolin in tablet formulations have been at- 
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tributed to their negative charge in the presence 
of moisture (28’7). 


Muenzel cited 69 references in a review of the 
recent contributions to pharmaceutical coatings 
(‘288). New tablet shapes and sustained-re- 
lease developments were also surveyed by this 
author (289). By combining spray techniques 
and drying into one operation, Rieckmann de- 
veloped a new method for the automation of 
tablet coating (290). Rapid methods for the 
manufacture of various nonsugar, “film type,” 
tablet coatings have been announced (291). 


A procedure to detect core dislocation in com- 
pressed coated tablets was offered to determine 
the optimal granule-size distribution for optimal 
core concentration (292). Other investigators 
described the development of enteric coatings 
from methyl phthaloyl cellulose (293) and salol- 
shellac mixtures (294). Good color stability from 
water-soluble carotenoids was demonstrated in 
tablet coating (295). A simple procedure was 
developed by Bennett and Hess for the rapid 
detection of excess glucose in the coloring syrups 
used for tablet production (29G). 


In a study of complex tablets, it  was found that 
compressibility and strength were dependent on 
the proportions of the individual components 
(297). The sublimation of iodochlorohydroxy- 
quinoline was observed during the manufacture 
of tablets (298). Hadgraft and Smith examined 
the formulation and stability of effervescent po- 
tassium tablets (299). Sodium lauryl sulfate was 
found to be an effective foaming agent in the 
Ibreparation of a new contraceptive tablet (300). 
Dosage variation was studied by Brochmann- 
Hanssen and Medina in various production-run 
tablets (301). -4utomated instrumentation was 
also used to study intertablet dosage variation 


Suspensions.-Finholt conducted a survey 
of pharmaceutical suspensions (303). Funda- 
mentals, production, and testing were discussed 
in a paper on parenteral suspensions (304). 
Utilization of suspensions in hospital pharmacy 
has also been considered (:305). The influence of 
various ingredients on the physical behavior of 
calamine suspensions was observed (306), and 
some of the properties of white lotion were ex- 
amined (307). 


During 1963, many references were found on 
various theoretical treatments of numerous SUS- 
pension problems. Hiestand cited several im- 
portant physicochemical factors in suspension 
formulation (:308). The theoretical treatment 
of the properties of colloidal dispersions floccu- 
lated by polyelectrolytes was reviewed (309), 


(:%02). 


and Higuchi, et al., studied in detail the kinetics 
of rapid aggregation in suspensions (310). Cak- 
ing and flocculation were investigated under 
various conditions for sulfamerazine suspensions 
(31 1). Theoretical calculation of sedimentation 
volume was considered for nonattracting spherical 
particles (312); the method was applied to data 
from the literature. Zacek described a sensitive 
torsion viscometer and its application to deter- 
mine the viscosity of pharmaceutical suspensions 
(313). Rheological behavior, sedimentation rate, 
redispersibility, and microscopic appearance were 
evaluated for zinc oxide suspensions a t  varying 
concentrations (314). 


Smith demonstrated some practical methods 
for converting powders from a nondispersible to 
a dispersible state after grinding (315) ; methods 
were also presented for stabilizing suspensions 
after dispersion. The dispersibility and adhesive- 
ness of several powdered drugs were investigated 
in 1% aqueous polysorhate 80 solution (316). 
Zacek recommended the Grindometer for the 
quality control of pharmaceutical suspensions 
(317). Two methods were compared for measur- 
ing particle-size distribution of aqueous barium 
sulfate suspensions (318). 


The applications and properties of clay sus- 
pending agents for cosmetic formulations were 
reviewed by Sperandio (3 19). Montmorillonite 
and kaolin gels were studied in relation to the 
“card-house” picture of flocculated suspensions 
(:En). Granquist and McAtee considered the 
role of the dispersant in gelation of hydrocarbons 
by montmorillonite-organic complexes (32 1). 
Another researcher investigated the effects of 
dilution and addition of salts on the viscosity of a 
sodium-ion-ontaining montmorillonite suspen- 
sion (322). Electrophoretic mobility of kaolinite 
gels was determined as a function of electrolyte 
concentration (323). The preparation and eval- 
uation of a hexamethyltetracosane-organo-mag- 
nesium montmorillonite gel was described by 
Franke and Riley (321). 


Emulsions.-Schneider discussed oil-in- 
water emulsions in a review of formulations 
(325). Two publications appeared concerning 
the application of ultrasonics in the preparation 
of emulsions (326, 327). Zettlemoyer, et al., de- 
scribed a simple method of manufacturing repro- 
ducible water-in-oil emulsions and a shear method 
for rating stabilities (328). In another paper, the 
mechanical properties of emulsions were inter- 
preted rheologically (329). A nonaqueous, im- 
miscible system was used to evaluate the emulsi- 
fying effects of several ionic surfactants (330). 
Emulsions were formulated with a wool wax iso- 
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ation of water-soluble drugs from 24 different 
suppository bases was investigated by Krowczyn- 
ski (355). The absorption rate of sulfonamides 
from suppository bases was related to the hydro- 
phile-lipophile balance value of the surfactant 
employed (356). Simon and Slavin compared 
the stability of imitation cocoa butter and theo- 
broma oil in terms of physical and chemical prop- 
erties and storage requirements of the finished 
product (357). In an evaluation of physical 
properties of suppositories, maximum environ- 
mental temperatures were determined for 44 
bases (358). 


Packaging.-Discussions were noted con- 
cerning the need for standard specifications for 
eye drop bottles (359) and prescription containers 
(360). Consideration was also given to the ap- 
plications and contraindications for various types 
of packaging materials and dispensing containers 
(361). Boerger, et al., enumerated some prob- 
lems on the new forms in drug packaging (362). 
An electronic control system was described for 
increased efficiency in pharmaceutical packaging 
(363). 


Methods of evaluation were presented in a re- 
view of the effects of elastomer components on the 
composition, aging, and efficacy of drug products 
(364). Various opinions were stated concerning 
the testing of synthetic materials used in phar- 
maceutical packaging (365). In  two separate 
publications, Beiersdorf discussed the testing of 
rubber stoppers used as closures for parenterals 
(366) and the selection of specific rubber stoppers 
for certain drug containers (367). 


Aerosols.-Many comprehensive reviews 
were published in the field of aerosols in medicine. 
These covered a wide variety of subjects-from 
formulations, stability, particle-size measure- 
ment, and method of administration to propel- 
lants, containers, and packaging techniques 
(368-375). Methods of testing dip tubes were 
investigated in relation to stability in certain 
chemical environments (376). 


Lin and deNavarre discussed the properties, 
viscosity, density of foam, and surface tension as 
they affect the wetting property of the aerosol 
foam (377). Over 400 surfactants were eval- 
uated for use in aerosol foams with respect to 
their emulsion stability, viscosity, discharge char- 
acteristics, foam stiffness, stability, and density 
(378). The coagulation of a homogeneous, 
slightly charged aerosol of dioctyl phthalate was 
studied (379). Blaug, et al.. formulated a medi- 
cated aerosol foam for otic application (380). 
Electron diffraction was used to measure the 
particle size of a zinc oxide aerosol (381). 


late and its ethoxylated derivative (331). Bogs 
and Naumann evaluated emulsifying agents em- 
ployed in pharmaceuticals in terms of their emul- 
sifying capacity (332). In  a series of statisti- 
cally designed experiments, the chemical and 
physical nature of four oils and 13 surfactants were 
evaluated (333). 


Neumann discussed the mechanism of coales- 
cence and compared the coalescence time of oil 
drops and water drops in various immiscible 
liquid systems (334). The parameters of emul- 
sion stability were explored with respect to shelf 
life, creaming, or clearing in te rac t ing  forces in- 
volved in coalescence were also mentioned (335). 
In  the presence of small amounts of surface-active 
agents, glycerol tristearate crystals stabilized 
water-in-oil emulsions (336). Research was 
conducted on the changes in rheological proper- 
ties of emulsions on aging (337). Moore and 
Lemberger devised a procedure for the rapid 
counting and sizing of droplets as a function of 
time to study the sedimentation behavior of 
dispersions (338). 


Ointments.-Higuchi has reviewed the 
theory of diffusion as applied to the transport of 
materials in ointment bases (339). Classification 
of various ointment bases was the subject of 
another review-new preservatives and antioxi- 
dants were also mentioned (340). In a series of 
publications, Allen reviewed various absorption 
bases, including hydrophilic petrolatums (341- 
343). Walker and Kennedy discussed the 
rational basis of dermatological formulations 
(344). The Grindometer was used to determine 
fineness of powdered drugs in various ointment 
bases (345) ; a statistical evaluation of the data 
was presented in a second paper (346). Her- 
metically sealed containers were advocated for 
water-in-oil ointments to prevent evaporation 
from their surfaces (347). Procedures and ap- 
paratus were described for the preparation of a 
new dosage form for ophthalmic ointments (348). 


Suppositories.- Jernas derived a formula to 
calculate the amount of suppository base to use 
in formulation (349) ; Tuma discussed various 
hydrophobic, hydrophilic, and water-soluble 
bases for suppository preparation (350). The 
melt-process was applied in preparing supposito- 
ries with Lasupol G as the base (351). A simple 
four-step procedure was described for the prep- 
aration of a single shell which serves as mold and 
package for suppositories (352). Another paper 
dealt with the technology of various suppository 
bases for use in tropical climates (353). Benz- 
alkonium chloride was formulated into a water- 
soluble, vaginal suppository (354). The liber- 
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EQUIPMENT publications: potential application for prepara- 
tion of watcr for injection was cansidercd in thc 
first (405); an evaluation of the quality of watrr 
produced was presented in the second (406). 
Fifty-eight references were cited in a review of 
the preparation of demineralized water for phar- 
maceutical use (407). 


Of the Coulter Counter were discussed by Cartme' 
and Gerrard (408). Size analysis of insoluble 


electronic computer to handle Coulter Counter 
data (409). An automatic apparatus for meas- 
uring the specific surface of powders in production 
operations was reported by Papadakis (410). 


The equipment and procedure were described 
for filling liquid smallpox vaccine into plastic 


Ari all-glass rotary cvaporator for V ~ C U U I I I  dis- 
tillation was described by Naff and Spector (382). 
A new fractionating molecular still has also been 
designed (383). A laboratory pressure-filter 
apparatus was described for use in the phar- 
macy (384). .Schroeter and Hamlin developed 


dissolution rates of capsules and tablets (385), 
and fie design and operation of a programmed 


by Lachman and Cooper (386). 
For small-scale mixing, a modified 10-nil. 


syringe with exchangeable cylinders was proposed 
(387). The design and technical performance of 
a small, very simple, fast laboratory mixer was 
g;ven by Smith (388) Albus discussed the prin- 


an automated apparatus for the determination of The principles of operation and applications 


automated film-coating technique was illustrated has been by programtning an 


ciples of the jet mill and various types of nozzles Two Papers were concerned with 
(389). Equations have been derived to express the Of ultrasound equipment to the 
roll-speed ratio, throughput, and efficiency of the (412) and glass tubing (413). 


amPuls (411). 


washing of 


three-roll mill (390). A laboratory colloid mill 
was developed for the emulsification of flavoring 
oils in the preparation of locked-in fruit flavor 
(391). Gelperin, et al., used a continuous dryer 
for the rapid drying of suspended tetracycline 
(392). A small air-pressure pump for use in the Physical pharmacy continues to occupy a 
pharmacy has dso been described (393). position of prominence in pharmaceutical science. 


Application of a portable hand refractometer This field is concerned with solutions to pharma- 
to normal control procedures was discussed in ceutical problems on a physicochemical basis. 
relation to hulk compounding and manufacturing Numerous papers on this subject appeared in the 
(394). With the aid of a digital computer, ul- literature during 10G3. 
tracentrifuge data can bc uscd to determine ap- The freezing points of several pharmaceutical 
parent molecular weight (395). The Severs preparations not readily found in the literature 
rheometer was applied to rheological problems of wcre tabiilatcd by Schmidt (415). Freezing- 
lotions and semisolids by Wood, et nl .  (39G), who I'oint observations wcrc also reported for the 
also converted a Brookfield viscometer to an inicellar solutions of p-methylphenylglucose and 
absolute rheometer for use in pharmaceutical 9-butylphcnylglucose solutions (416). McKay 
rheology (397). For measurement of water and Miles verified the thermodynamic law for 
diffusion through skin, Isherwood constructed a solute partition by the independent determina- 
modified diffusion cell (398). A dielectric mois- tions of the activities in the two phases (417). 
ture meter was described for the determination It was stated in a paper by Veis that entropy 
of moisture in solid dosage forms (399). factors provide the driving force for the phase 


Lukoyanov, ut al., developed a film evaporator separation in gelatin coacervation systems (418). 
for use in concentrating antibiotic solutions Equilibrium phase relationships for the ternary 
without the aid of mechanical agitation (400). system sucrose-water-isobutanol were examined 
A simple evaporator requiring no rotating joint (419). Some observations were published on the 
was designed for flasks under reduced pressure physical and pharrnacological properties of picro- 
(401). West also demonstrated a simple rotary toxin solutions (420). 
film evaporator for operation under reduced Size analysis of insoluble drugs has been dis- 
pressure (402). cussed (421). Heywood published a detailed 


A small-scale apparatus was disclosed for the treatment of the characteristics of size, shape, 
preparation of deionized water (403). Bonnet density, and surface of fine particles (422). A 
commented on industrial preparation of water for critical survey of the methods and their relative 
injection and advocated the use of the distillation merits was presented by Connor for automatic 
technique (404). Water distillation and de- counting and sizing of particles (423). The ad- 
mineralization equipment were described in two hesion properties of particles less than 50 /J in 


Frost discussed a semiautomatic measuring de- 
vice and its application to liquid filling operations 
(414). 
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diameter were used for particle-size classification 
(424). In a brief note, a simple method was re- 
vealed for particle-size determination by turbidity 
measurements (425). Experiments have been 
carried out to study the influence of particle size 
on the mixing of powders-mixing time varied 
directly with particle-size distribution (426). 
Using the method of Derjagin, Okada and Abe 
measured the coefficient of friction and adhesion 
power of various drug powders (427). 


Ionization.-A viscometric method was il- 
lustrated for the determination of the isoelectric 
point of a protein (428). With electromotive 
force measurements, Shedlovsky, et d., examined 
the behavior of aqueous solutions of mixed colloi- 
dal electrolytes (429). A study of charged car- 
boxylate bases in dilute acid solutions was pub- 
lished (430). Another presentation was con- 
cerned with the theoretical interpretation of the 
“weakly acid” properties of boric acid (431). 
Conductance measurements were employed in 
determining the dissociation constants for ace- 
tic, propionic, n-butyric, and benzoic acids in 
water between 25 and 225’ (432). The ioni- 
zation constants of some penicillins and their 
alkaline hydrolysis and penicillinase hydrolysis 
products were also determined (433). Bates, 
et al., developed a suitable scale of pH for alcohol- 
water solvents (434). Experimental work on the 
effect of molecular complexing of riboflavin 
showed that pKa values may be modified if 
molecular complexation takes place (435). Ran- 
dom and systematic errors in the determination of 
association constants were considered by Paster- 
nak and Brady (436). A simple method was de- 
veloped for the determination of ionization con- 
stants by paper chromatography (437). Hepler 
evaluated the effects of various substituents on 
the acidities of organic acids in water with re- 
spect to the thermodynamic theory of the Ham- 
met equation (438). 


Di&lsion.-Knuth announced a unified ki- 
netic theory for description of transport phenom- 
ena (439). Schumaker proposed a theory for 
measuring weight-average diffusion coefficients 
in single-component and multiple-component 
systems from ultracentrifuge experiments (440). 
In vitro methods were used to measure the con- 
tinuous availability of sodium salicylate from 
tablet bases (441). In another report the effect 
of polyethylene glycol lauryl ether on the per- 
meation of chlorobutanol was studied kinetically 
by the partial-dialysis method (442). The per- 
meability of organic amines through collodion 
membrane was measured by the membrane-elec- 
trode method (443). Saunders used a capillary 


cell and a conductivity method in studying the 
rates of dzusion of various salts through an in- 
terface between sols of lipid and protein (444). 


Solubility.-Extensive research is being con- 
ducted to elucidate the numerous physical 
phenomena which enter into solubility and solu- 
bilization. The thermodynamic relationships 
involving polymorphism and solubility were in- 
vestigated in a study of the physicochemical as- 
pects of solid-solution beha\;ior (445). Three 
papers on dissolution rates were published: in 
two papers, Niebergal and associates developed 
a continuous-recording technique for studying 
dissolution rates (446) and investigated the dis- 
solution of particles under conditions of rapid 
agitation (447) ; the third paper, by Smith, de- 
scribed a new spectrophotometric method for 
determining dissolution rates (448). Higuchi 
and Hiestand explored the effect of particle-size 
distribution in a diffusion-controlled process and 
derived an equation for the dissolution rate (449). 
In a study of the dissolution rate of micronized 
methylprednisolone, diffusion of the drug in the 
aqueous phase was the rate-limiting step (450). 
The rate of release of benzphetamine pamoate 
from a self-coating pellet surface was expressed 
mathematically (451). Schematic models were 
used in discussing hydrogen-bonding systems as 
media for chemical mass transport (452). 


Wahlgren tested solubility of 38 drugs in poly- 
ethylene glycol at  20 and 60’ (453), and Kuttel 
noted the solubilizing effect of polyethylene gly- 
cols and their esters with 22 hydrophobic phar- 
maceuticals (454). The solubility and stability 
of oleovitamin A were determined in a poly- 
oxyethylene sorbitan ester-polyol-water system 
(455). Several articles were also published on the 
solubility and solubilization of acetylsalicylic acid 
(456), cinchocaine (457), orotic acid and its deriv- 
atives (458), various sulfonamides (459), and 
some N-7 theophylline derivatives (460). 


Shefter and Higuchi investigated the dissolu- 
tion behavior of crystalline solvated and non- 
solvated forms of some pharmaceuticals (461). 
The influence of hydrates and solvate formation 
on the rate of solution and the solubility of crys- 
talline drugs was also discussed (462). The 
thermodynamic relationships involving poly- 
morphism and solubility were examined and ap- 
plied by Higuchi, et al., to experimental results 
from a methylprednisolone system (463). A 
series of publications dealt with the theoretical 
and experimental techniques in the study of hy- 
groscopicity of water-soluble, crystalline drugs 
(464-470). 


A new type of ion-pairing was discussed in an 
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investigation of the aqueous solution behavior of 
large univalent ions (471). The significance of 
new ionic-radii values to solvation phenomena in 
aqueous solution was disclosed by Blandamer and 
Symons (4’72). In a study of ion-solvation, the 
energy transfer of halogen acids and alkali chlo- 
rides from water to methanol-water mixtures was 
explored (473). Frank proposed a return to the 
ascription of physical significance to single-ion 
activities in electrolyte solutions (4’74). True 
partition coefficients and acidity constants for 
chlorpromazine and promethazine were deter- 
mined by Angadji and Colleter using a graphic 
method (4’75). I t  has been demonstrated that 
osmotic coefficients obtained by the thermoelec- 
tric differential vapor-pressure method were 
valid for a wide variety of electrolytes in moder- 
ate concentrations (4’76). Dielectric constants 
of water-ethanol-glycerin and water-ethanol- 
propylene glycol systems were experimentally de- 
termined (477). 


The solubilization of various drugs with differ- 
ent concentrations of polysorbates (498) and the 
development of a method and formula for deter- 
mining the type and amount of polysorbate to 
solubilize some hydrophobic drugs were presented 
(499). Solubility titration was used by Hall to 
evaluate the solubilization of salicylic acid with 
polysorbate 80 (480). Swarbrick and Carless ex- 
amined phase equilibria in some betaine-benzal- 
dehyde-water systems (181). Several amines and 
amides were examined as potential solubilizing 
agents of orotic acid (482). 


Johnson, et al., discussed equilibrium constants 
for water-alcohol mixtures (483). Methods were 
developed for estimating oil-water distribution 
coefficients of glyceryl trinitrate and two similar 
nitrate esters (481). Higuchi and Hom conducted 
a phase-solubility study of solid species formed 
by magnesium aluminate from aqueous solutions 
containing sulfate ions (485). Tables of specific 
gravity and refractive index were offered by Reu- 
ter and Biegel for the physical testing of stock 
solution concentrations (486). X simplified 
method was presented for determining densities 
of aqueous solutions of some organic compounds 
(18’7). 


Complexation.-Solubility studies were used 
to follow the interaction of urea and thiourea 
with benzoic and salicylic acids (488). Graham 
and Baker discovered that antihistamines form in- 
soluble complexes with carrageenan and other 
sulfated colloids (489). In  another publication, 
these studies were expanded to include complex 
formations with various tranquilizers and hypo- 
tensive agents (490). A definite interaction has 
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been demonstrated between hydroxybenzoic acids 
and p-hydroxybenzoates with Schardinger dex- 
trins (491); also investigated was the effect of 
cyclodextrin on water solubility of selected drugs 
(492). Two’papers were concerned with the in- 
teractions of dyes and surfactants (493, 494). 
Phase solubility studies enabled Pisano to deter- 
mine the extent of complexation between some 
aromatic carboxylic acids and certain pharmaceu- 
ticals in aqueous solutions (495). I t  was re- 
ported that L-ascorbic acid in aqueous solution 
was stabilized through complexation with dehy. 
droacetic acid (496). 


Through a study of physical properties, a cor- 
relation was established between the extent of 
association and the molecular structure of various 
alcohols (49’7). Matsushima extended Schu- 
bert’s method for the determination of complex 
stability constants by an ion-exchange method to 
a lower pH region (498). Ion-exchange methods 
were also used without radio-tracers to study 
magnesium citrate complexation (499). The 
properties of biguanide and the formation of its 
metallic complexes were investigated (500). 


In another paper a soluble buffer antacid, so- 
dium gluconatodihydroxoaluminate complex, was 
compared with some existing preparations by in 
rritru tests (501). George investigated the nature 
of chelates formed by boric acid in aqueous solu- 
tion (502); an experiment by Halmekoski indi- 
cated that a corbadrine-molybdate chelate is more 
stable than molybdate chelates of adrenaline and 
noradrenaline (503). Complex formation be- 
tween iodine and surfactants was suggested as a 
possible mechanism of iodine solubilization (504). 
Complexation was also used to prepare a slightly 
soluble product of copper and barbital (505). 
Thirty-nine liquid chelating agents were tested 
by Nielson for their ability to form dental root- 
filling cements with metal oxides (506). 


The hydrolytic tendencies of several ferric 
chelates (507) and the stability constants of iron 
sulfate and chloride complexes (508) have been 
determined. Sakai prepared crystalline ferric 
complexes with some higher fatty hydroxamic 
acids and investigated their properties- molar 
ratios of 2 : 1 and 3 : 1 were found (509). A stable 
sodium ferric gluconate complex was synthesized 
by Tanabe and Okada (510). These investiga- 
tors also examined the properties of some ferric 
gluconate complexes by means of paper electro- 
phoresis (5 11). 


Surface Phenomena.-Mattoon reviewed 
film formation, structure, and properties as ap- 
plied to the pharmaceutical industry (512). 
The linear expansion of gelatin films by moisture 
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sorption (513) and a comparative study of liquid 
and vapor permeation through various polymer 
films (514) have been reported. James, et al., 
commented on the enhancement of evaporation 
by protein films as compared with solutions of 
certain surfactants (515). A new interface bal- 
ance for studying films at the oil-water interface 
was described (516). Equations were presented 
in a discussion of the computation of surface ten- 
sion and contact angle by the sessile-drop method 
(517). 


A general discussion of the potential theory of 
adsorption was published (518). Three papers 
dealt with methodology applicable to the study of 
adsorption : one discussed the measurement of 
contact angles and surfactant adsorption in 
three-phase systems (519); another was con- 
cerned with the use of a rapid-flow method for de- 
termining adsorption isotherms (520) ; the third 
reported a spectral reflectance method for solid- 
solid interaction studies (521). Fujiwara, et al., 
employed a colorimetric method for investigation 
of barium sulfate adsorption of sodium carboxy- 
methylcellulose in aqueous suspension (522). 
Adsorption by two forms of carbon has been 
studied (523, 524). MacRitchie and Alexander 
published extensively on the kinetics of adsorp- 
tion of proteins at  interfaces (525-527). A new 
experimental approach was presented for evaluat- 
ing the protein-binding properties of penicillins 
(528). 


Anderson and Plein continued an investigation 
of certain bentonites by determining cation-ex- 
change properties (529). I t  was suggested that 
considerable energy change is involved in selec- 
tive adsorption of organic ions by ion-exchange 
resins (530). Experimental results were pub- 
lished concerning the influence of pH on adsorp- 
tion of amines by synthetic aluminum silicate 
gel (531). Vermiculite has also been used for the 
adsorption of alkylamine ions (532). Slabaugh 
and Kennedy measured adsorption isotherms in 
a study of amine complexes of montmorillonite 
(533). and phenol adsorption by quaternary 
ammonium derivatives of montmorillonite was 
investigated by Street and White (534). Another 
worker reported on the adsorption of polyvinyl 
alcohols by montmorillonite (535). 


The Ferguson principle was suggested as a 
means of correlating thermodynamic activity 
with critical micelle concentration for a series of 
quaternary ammonium salts (536). Independ- 
ent studies of the thermodynamics of micelle for- 
mation in nonionic detergents were made by 
Schick (537) and Elworthy and Florence (538). 
A simple dilatometric method was used to deter- 
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mine partial molal volumes of surface-active 
agents in micellar, singly dispersed, and hydrated 
solid states (539). Mysels, et d., developed a 
rocking dialysis cell to demonstrate the activity 
of association colloids above the critical micelle 
concentration (540). 


Experimental work was published on micelle 
formation by surfactants and its importance in the 
solubilization of drugs (541, 542). Several inves- 
tigators reported on micelle formation and critical 
micelle concentration (CMC) of some betaine 
derivatives under a variety of conditions (543- 
546). Kato revealed the formation of micelles 
by glycols of the 1,4-hexanediol type (547). A 
conductivity method was applied in a study of the 
CMC of some primary and quaternary am- 
monium dodecyl sulfates (548). Becher com- 
mented on the effect of different sucrose concen- 
trations on the CMC of aqueous surfactant 
solutions (549). Dissolved urea was proposed 
as a probe for studying micelle formation and hy- 
drophobic bonding in aqueous solutions (550). 


Gorman and Hall suggested the dielectric sys- 
tem as a method of classifying surfactants (551). 
Another publication was concerned with physi- 
cal chemistry of detergents-including strong 
electrolytes, simple solutes, and soluble macro- 
molecular colloids (552). Other investigators 
have pointed out that surfactant structure is not 
necessarily related to reactivity toward acids and 
bases (553). A procedure for determining the 
wetting rate of surface-active substances was 
presented (554), and Becher determined the in- 
terfacial tensions of solutions of nonionic surfact- 
ants (555). Surface tension measurements dem- 
onstrated pronounced surface-active properties of 
aqueous sols of lysophosphatidylethaolamine 
(556). Electric resistancetemperature curves 
and hydrophile-lipophile balance were reported 
for some nonionic surfactants (557). Sebba 
showed that ionic surfactant foams can be de- 
stroyed by addition of a surfactant of opposite 
charge (558). 


Crystallization.-The physical techniques 
and measurements required in the application of 
vapor pressure phenomena to the study of crys- 
tallization were discussed a t  length by Powers 
(559). Other publications by this investigator 
dealt with the phenomena associated with initial 
crystal formation and early growth of the nucleus 
(560) and the macroscopic growth of crystals 
(561). Various standard, ionic-crystal structures 
have been illustrated and described (562). 
Crystallization of silver bromide was described in 
terms of the ideal size distribution and growth rate 
for microcrystalline precipitates (563). With the 
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storage (587). Other rheological experiments 
with Veegum dispersions indicated that sedimen- 
tation can be reduced by addition of an electro- 
lyte (588). The viscoelastic properties of bento- 
nite pastes in various media were examined with 
a cone-disk rheometer (589). Hunter and Alex- 
ander considered the influence of physical and 
chemical conditions on the flow of kaolinite sols 
through silica columns (590). Rheograms and 
sedimentation volumes were obtained in an in- 
vestigation of the rheological effects of some high 
polymers on barium sulfate particles (591). 


Viscosity changes produced by thermal aging 
of gelatin sols were measured with a concentric 
cylinder viscometer (592). Gelatin was also 
found suitable for the demonstration of visco- 
elastic solution behavior (Weissenberg effect) 
(593). Nakagaki and Nishino determined the 
structural viscosity of aluminum distearate in 
benzene with the capillary viscometer under a 
variety of conditions (596596). Changes in 
specific volume were used to follow the kinetics of 
solid-liquid phase transformations of methyl 
stearate (597). In another paper, by Hermans, 
the viscosity and sedimentation of cellulosic 
macromolecules in dilute solutions were reported 
(598). 
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Water Vapor Permeation of Selected 
Cellulose Ester Films 


By M. PATEL, J. M. PATEL, and A. P.  LEMBERGER 


In a study of water vapor permeation of cellulose acetate ropionate, cellulose ace- 
tate butyrate, and cellulose acetate stearate films it was oiserved that permeability 
constant decreased with increasing chain length of the acid moiety. Cellulose 
acetate hydrogen phthalate films were easily permeated by water vapor at tempera- 
tures below 30" and resembled films of cellulose acetate stearate in their perme- 
ability at higher temperatures. The rather abrupt change in permeability observed 
in the temperature range of 30-3 5' indicates that caution must be exercised in in- 
terpreting accelerated aging data at higher tem eratures with these films. Mixed 
films of celldose acetate hydrogen phthalate an$ polyethylene glycol 4000 show a 
minimum permeability constant when polyethylene glycol 4000 is 10-20 per cent by 


weight of the film. 


N THE LAST several years an lncreasing in- I terest in and use of polymeric agents which 
have the unique property of fnrming films 
has developed in the pharmaceutical industry. 
One group of chemical compounds which has 
merited considerable attention is the group of 
cellulose derivatives, esters and ethers. The 
basic patent concerning the use of cellulose 
acetate hydrogen phthalate for enteric coating 
was granted to Hiatt in 1940-1941 (1). An- 
tonides and DeKay in 1953 evaluated various 
types of carboxymethyl celluloses, cellulose 
acetate, cellulose acetate propionate, cellulose 
acetate butyrate, cellulose acetate stearate, and 
cellulose acetate hydrogen phthalate for their 
enteric properties (3) .  


The ability of agents, such as cellulose de- 
rivatives and other polymers, to form films when 
deposited from proper solvents is utilized not 
only for enteric coating but also in the deposi- 
tion of protective films on tablets as an alter- 
native to sugar coating. With the increasing 
use of cellulose derivatives as coating materials 
in the pharmaceutical industry, information 
on water permeation of such films has become 
increasingly important. This study reports 
on water vapor permeation of films of cellulose 
acetate propionate (CAP), cellulose acetate 
butyrate (CAB), cellulose acetate stearate 
(CAS), and cellulose acetate hydrogen phthalate 
(CAHP). Another aspect of this work deals 
with water vapor permeation of mixed films of 
CAHP and polyethylene glycol 4000 (PEG 
4000). 


Barrer (3) has stated that membranes such as 
polystyrene (which adsorb little water) behave 
a t  low vapor pressures in accordance with 
Fick's law, and permeation velocity is inversely 
proportional to film thickness. At higher vapor 
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pressures where increased sorption of water 
occurs, deviation from Fick's law is observed. 
In this work the data have been analyzed on the 
basis of Fick's linear diffusion law in a manner 
similar to that of Lovegren and Feuge (5). 
Thus, the permeability constant, P, is defined 
by 


W a  p=- 
A t A p  


where W is the weight of water in grams dif- 
fusing through a film of thickness, a, in centi- 
meters and area, A ,  in square centimeters during 
time, t ,  in hours when the vapor pressure dif- 
ference across the membrane is A p  in milli- 
meters of mercury. The permeability constant 
represents the combined effect of diffusion and 
sorption and is given in units of grams per 
centimeter per hour per millimeter of mercury. 


EXPERIMENTAL 


Materials and Apparatus.-Cellulose acetate 
propionate ( 16% propionyl), cellulose acetate 
butyrate (16% butyryl), cellulose acetate stearate, 
and cellulose acetate hydrogen phthalate (3&40% 
phthalyl) were used as obtained from Eastman 
Organic Chemicals. Polyethylene glycol 4000 
was used in preparing mixed films with cellulose 
acetate hydrogen phthalate. Reagent grade so- 
dium chloride, nickel chloride, and magnesium 
chloride were used to prepare solutions to maintain 
the desired water vapor pressure within the permea- 
tion cell. 


I t  con- 
sisted of an approximately 20-ml. conical flask 


The permeation cell is shown in Fig. 1. 


F i g  . 1.-Permeation 
cell. Key: 1, 20-ml. 
conical flask (29/12 out- 
side ground glass top); ,?, 
tapered aluminum collar; 
3, O-ring rubber gaskets; 
4, aluminum cap. 
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TABLE ~.-PERMEAB~LITY CONSTANTS CALCULATED ACCORDING TO EQ. 1 


Film Material 
Cellulose acetate 


propionate (CAP) 
Temp., 24.5' C. 
Ap: 23.1 mm. Hg 


CAP 
Temp., 36.8' C. 
Ap: 23.0 mm. Hg 


CAP 
Temp., 45' C. 
A p :  21.7 mrn. Hg 


Cellulose acetate 
butyrate (CAB) 


Temp., 24.5' C. 
A p :  23.1 mrn. Hg 


CAB 
Temp., 38.8' C. 
Ap: 23.0 mm. Hg 


CAB 
Temp., 46.5' C. 
A p :  23.0 mm. Hg 


Cellulose acetate 
stearate (CAS) 


Temp., 24.5' C. 
A p :  23.1 mm. Hg 


CAS 
Temp., 36.8' C. 


Film 
Thickness. 
cm. X 101 


1.40 
2.15 
3.45 
4.45 
5.58 
1.35 
1.75 
2.75 
3.90 
4.25 
1.40 
1.80 
2.75 
3.95 
1.35 
1.70 
2.50 
3.45 
4.25 
1.70 
2.35 
2.45 
3.70 
5.15 
1.75 
2.35 
3.45 
3.75 
4.25 
5.15 
1.20 
2.10 
3.50 
4.50 
5.05 
1.20 
2.10 


Permeability 
Constant. 
Gm. cm. --I 
hr. -1 mm. 


Hg-l X 10s 
73 
97 
96 


110 
110 
51 
56 
62 
66 
67 
39 
44 
50 
57 
60 
66 
77 
75 
83 
50 
59 
64 
65 
65 
41 
44 
45 
49 
56 
58 
20 
22 
24 
26 
26 
19 
23 


Film Material 
Ap: 23.0 mm. Hg 


CAS 
Temp., 46.5" C. 
Ap: 23.0 mm. Hg 


Cellulose acetate 


Temp., 22.2O C. 
Ap: 20.1 mm. Hg 


CAHP 
Temp,  23.5" C. 
A p :  21.7 mm. Hg 


hydrogen phthalate 
(CAHP) 


CAHP 
TemD.. 27.5' c. 
A p :  '2 l .Omm.Hg 


CAHP 
Temp., 35' C. 
A p :  21.5 mm. Hg 


CAHP 
Temp., 36.8' C. 
Ap: 23.0 mm. Hg 


CAHP 
Temp., 45' C. 
Ap: 21.8 mm. Hg 


CAHP 
Temp., 48.5' C. 
Ap: 23.0 mrn. Hg 


Film 
Thickness, 
cm. X 10' 


2.65 
3.50 
3.70 
1.20 
2.50 
3.55 
4.50 
5.10 
1 .OO 
1.90 
2.95 
3.80 


1.10 
2.35 
2.75 
4.40 
1.10 
1.80 
2.90 
3.70 
1.05 
1.80 
2.80 
3.65 
1.10 
1.95 
2.65 
3.30 
4.30 
1.25 
2.10 
3.35 
4.20 
1.45 
2.45 
3.40 
4.00 


Permeability 
Constant. 
Gm. an.- 
hr. -1 mm. 


Hg-1 X 1Or 
22 
24 
23 
20 
24 
28 
27 
28 
48 
71 
8Y 


100 


48 
75 
82 
96 
32 
42 
50 
54 
18 
24 
30 
33 
14 
21 
23 
28 
32 
16 
24 
32 
38 
16 
24 
33 
35 


prepared by sealing the end of a male %/u ground- aluminum collar was fixed to  the joint with white 
glass joint cut to  the proper size. The ground- shellac. Films were held in a female threaded 
glass connection was cut to m / ~ z ;  a tapered threaded aluminum cap with a 2.8-cm. opening and sealed 


TABLE II.-DATA FOR VARIOUS MIXED CAHP-PEG FILMS 


-Temp., 2 I 0 C . ,  Ap 1 8 . 7  mm. Hg- +Temp., 3 5 O  C., Ap 21 .5  mm. Hg- 
Permeability Permeabilitv 


Film Compn , 
% w/w 


Constant. Constant 
Thickness, Gm. cm. -1  hr. --I Thickness. Gm. cm. -1  hr. - 1  
cm. X 101 mm. Hg-1 X 108 cm. X 10' mm. Hg-1 X 101 


CAHP, 95 1.00 
PEG, 5 2.00 


3.00 


CAHP, 90 
PEG, 10 


CAHP, 80 
PEG, 20 


3.70 
0.95 
1.70 


43 
64 
79 
90 
36 
49 


0.80 
1.90 
2.70 
3.55 
0.90 
2.15 


15 
23 
28 
32 
13 
22 


2.90 67 3.15 28 
3.70 
0.80 
1.75 
2.70 


.. 


79 
31 
50 
66 


- .  -_  
3.60 
0.75 
1.80 
2.50 


_ _  
30 
15 
18 
21 


3.70 78 3.30 22 
CAHP, 70 0.70 41 0.70 21 
PEG, 30 1.70 70 1.50 29 


2.45 85 2.30 34 
3.30 100 3.00 36 


CAHP, 60 0.70 50 0.80 24 
PEG, 40 1.75 91 1.60 33 


2.50 110 2.50 38 
3.50 130 3.55 41 
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placed in the permeation cell; the  film, mounted in 
the aluminum collar, was affixed t o  the cell. The 
cell was weighed and placed in the desiccator at 
the proper temperature. Steady state diffusion 
was achieved in 4-6 hours. Rate of diffusion 
under steady state conditions was determined by 
removing the cell from the desiccator periodically 
and measuring the weight loss. Usually five weigh- 
ings were sufficient to  give a reliable average. 


The circular area through which permeation 
occurred was 6.1 cm.*, and the vapor pressure dif- 
ferential under which it occurred, Ap, was equal to  
the vapor pressure of the solution in the cell. 
Desiccant was changed on alternate days to  insure 
that the vapor pressure of water on the external 
side of the film was negligible. Vapor pressure 
gradient was held approximately constant for all 
films and at all temperatures studied. 


RESULTS AND DISCUSSION 


Permeability constants calculated according t o  
Eq. 1 are given in Table I. Temperature and 
vapor pressure gradient for each series of deter- 
minations are as indicated beneath the type of film. 
Similar data for the various mixed CAHP-PEG 
films are given in Table 11. The order of magnitude 
of the permeability constants is in agreement with 
previously reported values (3-5) for similar films. 
Of the simple films studied, highest permeability 
constants were observed with CAP films, followed 
in decreasing order by CAHP, CAB, and CAS 
when compared at room temperature. At the 
higher temperatures (35-15"), permeability con- 
stants for CAHP films were lower than those ob- 
tained for CAB films and approached the magnitude 
of the permeability constants obtained for CAS 
films. 


Influence of Film Thickness.-The data in Tables 
I and I1 show that the permeability constant in- 
creases with increasing thickness of film. The mag- 
nitude of the effect is greatest with CAP and 
CAHP films and falls off to  a minimum with CAS 
films. This indicates that CAS films approach 
Fick's law behavior in their permeability to water 
vapor. Taylor, Hermann, and Kemp (6) have 
shown that nonwater absorbing materials offer 
uniform resistance to  passage of water and follow 
Fick's law of diffusion. When absorption is strong, 


Fig. 4.-Ar- 
rhenius type 
plot for water 
vapor permea- 
tion of cellulose 
ester films at 
constant Ap for 
all tempera- - tures. Key: 0, 


1/T x 10' CAP; @,CAB; 
CAS; 0,  


% H P .  


2E!77 
the pressure gradient across the membrane is no 
longer uniform, and deviation occurs (7). On the 
films reported here, CAHP, by virtue of its free 
carboxyl group could be expected to  show significant 
ability to  interact with water. In addition, the 
other films could be expected to  show a decreasing 
water sorption in the order CAP, CAB, and CAS 
because of the increasing chain length of the acid 


to  the permeation cell with "0" ring rubber gaskets, 
2.8 cm. inner diameter. In an experimental run 
the permeation cell was placed in a desiccator 
with magnesium perchlorate as desiccant. Dry air 
passed through concentrated sulfuric acid, and a 
calcium chloride tube was circulated through the 
desiccator during the run to  provide agitation and 
insure that the water vapor pressure in the desic- 
cator was negligible. The assembly was kept in a 
constant temperature room for determinations a t  
temperatures up to  27'. For higher temperature 
runs the apparatus was placed in a constant tem- 
perature oven. Temperature control was within 
f0.5'. 


Procedure.-Films were prepared as described 
below. Sufficient solvent to make 100 ml. of solu- 
tion was added to  10.0 Gm. of the desired cellulose 
derivative or to  the proper weight ratio mixture 
of CAHP and PEG 4000. The solution was 
filtered through glass wool; a sufficient quantity 
of this solution was poured onto a clean mercury 
surface in a Petri dish to  produce a film of the 
desired thickness. A perforated piece of filter 
paper was placed on the Petri dish, and an in- 
verted 6-in. glass funnel was then placed over 
the assembly. The transparent film deposited as 
the solvent was permitted to evaporate slowly a t  
room temperature. Solvent employed for CAP 
and CAB was a 1 : 1 volumetric mixture of acetone 
and dry chloroform. Solvent for casting films of 
CAS was a 3 : l  volumetric mixture of acetone 
and dry chloroform. Acetone was used as solvent 
for casting CAHP and mixed CAHP-PEG films. 


The deposited film was cut into circular disks 
approximately 3 cm. in diameter with a punch and 
dried 3 4  days in a desiccator containing mag- 
nesium perchlorate. The thickness of the film 
was measured at ten different locations with a caliper 
calibrated to  1 X lo-* cm. The measurements on 


Fig 2.-Typi- 
cal curves for 
p e r m e a b i l i t y  
constant as a 
function of 
thickness. 
CAHP films; 
Key: 0, 222 / C.; 0 ,  23.5"C.; 
8 ,  27.5'C.: 0,  


0 l a 3 4  35°C. 
TXICKNBSS X 102, cm. 


the film had to  fall within f 1 . 5  X cm.rof 
the average t o  be acceptable. 


Ten milliliters of distilled water (21 to 24.5' 
runs), 10.0 ml. of saturated sodium chloride solu- 
tion (27"), 10.0 ml. of saturated nickel chloride 
solution (35 and 36.8'). or 10.0 ml. of saturated 
magnesium chloride solution (45 and 46.5') were 


Fig. 3.-Perme- 
ability constant as 
a function of tem- 
perature for film 
thickness of 0.02 
cm. Key: 0 ,CAP;  
8 ,  CAB; 0 ,  CAS; 
0, CAHP. 


TEMP.. OC. 
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moiety. As the molecular weight of the acid res- 
idue increases, hydrophilic activity of the ester 
film should decrease, with a corresponding decrease 
in adsorption of water. The relative magnitude 
of change in permeability constant with increasing 
film thickness reported here is consistent with thii 
view. Similar results have been reported by others 
(4, 5). 


Influence of Temperature.-Although perme- 
ability constant increases with film thickness at 
all three temperatures studied, the magnitude of 
the effect falls off rapidly with CAHP, CAP, and 
CAB films; the decrease is particularly noticeable 
with CAHP films. On the other hand, permeation 
of CAS films seems relatively insensitive to tem- 
perature changes over the range reported in this 
work. 


From the plots of permeability constant as a 
function of thickness, as illustrated for several 
CAHP films in Fig. 2, it  was possible t o  
obtain a value for the permeability constant of 
all films at a given thickness. By plotting per- 
meability constants for these films at a thickness of 
0.02 cm. as a function of temperature shown in 
Fig. 3, the effect of temperature is represented more 
effectively. It should be pointed out that A p  
was held constant over the temperature range 
studied. The permeability constant for CAHP 
films reaches that of CAS films at a temperature of 
approximately 35". while permeability constants 
for CAP and CAB films can be visualized as ap- 
proaching the same limiting value. The abrupt 
fall in permeability of the CAHP films is interesting 
to  note. That perhaps some change in the physical 
nature of the film occurs a t  36' is further indicated 
in Fig. 4, where log permeability constant is plotted 
against the reciprocal of the absolute temperature. 
The actual significance of the plot is obscure at the 
present time, but the discontinuity obtained with 
CAHP films, while CAP. CAB, and CAS films 
behave linearly over the same region is interesting. 
Figures 3 and 4 show that accelerated aging studies 
utilizing higher temperatures must be approached 
with caution with cellulose derivative films to be 
sure the effect observed at high temperature is 
related to  aging properties associated with lower 
temperatures. 


Mixed CAHP-PEG 4000 Films.-Since various 


1 0 0  


Fig. 5.-Plot of per- 
meability constant 
against composition 


w for mixed CAHP- 
PEG 4OOO films. 
Key: 0, 21'C.; 0, 


p x l w  E %W/W PSQ 35°C. 


plasticizers are commonly used in combination 
with 6lm forming materials, it was felt that it would 
be interesting to  see what effects might be ob- 
w e d  where such an agent was utiliied. PEG 
4000 was selected because, in addition to  plasticizing 
the cellulose film, it would tend to  form a film 
itself, and thus perhaps provide an alternate path- 
way for water vapor to  permeate. Experimentally 
determined permeability constants at 21 and 35' 


for mixed films of CAHP and PEG 4000 of ratios 
95:5, 9O:lO. 80:20, 70:30, and 60:40 on a weight 
basis are given in Table 11. When these values 
were plotted against thickness of the film in the 
same manner as the simple films, permeability 
constants at a given thickness (0.02 cm.) could be 
read from the graph. In Fig. 5 these permeability 
constants are plotted as a function of weight per 
cent PEG 4000 in the film. At both 21 and 35', 
a minimum permeability was observed when the 
weight per cent of PEG 4000 in the film was ap- 
proximately 10-20740. Beyond this, minimum 
further increase in proportion of PEG 4000 in 
the film resulted in a marked increase in the per- 
meability constant. Deeg and Frosch (4) also re- 
ported that plasticizers could enhance or retard 
permeation of polymer films. The pharmaceutical 
implication of th is  observation is that for a given 
mixture of film forming substances an optimum 
composition for maximum protective d e c t  against 
atmospheric moisture may exist. In this par- 
ticular instance, the optimum Combination would 
be that corresponding to the minimum in the 
permeability-composition curve. Although it may 
be entirely coincidental, it  is interesting that- 
calculated on an equivalent weight basis-at ap- 
proximately 10% by weight of PEG 4000, a 1: 1 
ratio of ether oxygen to  carboxyl exists. 
Virtual Resistance to Permeation.-The increase 


in permeability constant observed upon increasing 
the thickness of the film suggests that a nonlinear 


Fig. 6.-Recipro- 
cal of the rate of 
permeation as a 
function of thick- 
ness for cellulose 
ester films (24.5' 
C.). Key: 0, 
CAP; @.CAB; 8. 
CAS. 


0 z . 
THICKNESS X 10'. cm. 


concentration gradient exists across these films, 
If this is the case, it  is expected that the rate of 
diffusion through a given segment, du, of the film 
will be dependent upon the location of the segment 
in the film. The reciprocal of the rate of permea- 
tion, (w/t ) - l ,  for a given 6lm could be considered 


Fig. 7.-Recipro- 
cal of the rate of 
nermeation as  a 


IEICKNESS X 10'. cm. 


hnction of thick- 
ness for CAHP- 
PEG 4000 films 
(21'C.). Key: 0, 
100% CAHP: 8. 
96%- CAHP-5% 
PEG 4OOO: c). &is c-GiP-lo% 
PEG 4O00; (3, 
80% CAHP-W% . -  
PEG 4O00; 8 ,  
7070 CAHP-30% 
PEG 4000; 0,60% 
CAHP-40% PEG 
4000. 
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gradient where both sides of the film are exposed 
to water vapor, permeability constants obtained 
are greater than when water vapor pressure is zero 
on one side of the film (5, 6). I t  is known that 
cellulose fibers in relatively dry conditions shrink, 
and that this results in a lower permeability con- 
stant (8). Since the external environment of our 
system was an atmosphere of relative humidity 
equal to zero, the external surface of the film may 
be dehydrated and offer a significant resistance to  
the passage of water vapor. The authors intend 
to explore this observation in future work. 
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Studies on Cell Growth and Cell Division I11 
Action of Azaserine on Cell Division 


By KWAN-HUA LEE and YOKO YUZURIHA 


The inhibitory action of azaserine o n  cell division of heat treated Tetrabymenapyri- 
formis  in  a nutrient-free medium is not reversed by either glutamine or forrnylglycin- 
amide riboside, but is completely reversed by phenylalanine. These findings sup- 
port our revious report that azaserine exerts its selective inhibitory action on  cell 
division f y  some means other than by inhibition of any one of those intermediate 
steps involved in purine synthesis. Diazo-0x0-norleucine (DON), an antibiotic 
with a close structural analogy to azaserine, has essentially the same biologic activity 
on cell growth and cell division. Diazouracil, a yrimidine derivative, inhibits both 


cell growth and cell $vision. 


N A PREVIOUS report (l),  it was shown that I azaserine (0-diazoacetyl-l-serine) has a selec- 
tive inhibitory action on cell division of heat 
treated Tetrahymena pyrijormis in a nutrient- 
free medium after the necessary ribonucleic acid 
and deoxyribonucleic acid have been accum- 
ulated. However, the net result of several 
studies (2,3) was impressively integrated evidence 
that  azaserine exerted its primary inhibition by 
blocking the de novo synthesis of purine. This 
was further supported by  the findings that  
glutamine reversed azaserine inhibition in a 
competitive fashion (4) and tha t  azaserine inhibi- 
tion could be reversed by  formylglycinamide - - .  
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riboside (FGAR) and some purines (5-9). In  
recent years, a large number of natural amino 
acids and some of their metabolic products have 
been reported as reversal agents to  the inhibitory 
action of azaserine in various biologic systems 
(6, 7, 10-12). These findings, together with the 
result we reported previously (l),  indicate that  
azaserine may block more than one site or it 
may act as an antagonist of a metabolite involved 
in a number of biochemical transformations. In  
the present study we chose to use glutamine, 
FGAR, and phenylalanine as typical representa- 
tives in the study of their effects on the in- 
hibitory action of azaserine on cell division in 
heat treated T. pyiformis  and expect to shed 
some light on the mechanism of action of aza- 
serine. We also studied the action of DON (G- 
diazo-5-0x0-1-norleucine) and diazouracil (5- 
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I f  stored in  the refrigerator under nitrogen and 
opened on ly  occasionally to remove samples and 
subsequently blanketed with nitrogen, no clecorn- 
position is observed after Several months. 


Typical analyses of solid crystalline quingestrone 
after 5 months' storage are tabulated in Table I l l .  


I n  solution, quingestrone is stable in the absence 
of acids, bases, and oxidizing agents. including 
atmospheric oxygen. I t  is less stable in chloroform 
and methanol than in heptane and exhibits best 
stability in a good grade vegetahlr oil such as sesime 
oil. I n  Table Ic', stability data in solvents stored 
under the indicated conditions are presented No 
precaution was taken to exclude air in these studies. 


The pharmaceutical dosage form consists of 
quingestrone dissolved in sesame o i l  a t  concentra- 
hons of 50. 40. and 25 mg./ml. contained in sealed 
glass ampuls and/or in sealed. soft gelatin cap- 
sules It is of the utmost importance that the per- 
ciride content of the sewme oil be kept minimal, 1.e , 
less than 50 mrq per ml as determined by the method 
of the American Oil Chemists Society (15). A s  a 
further precaution. an antioxidant. namely a-to- 
copherol is added a t  a concentration of 0.1 r;, of the 
weight of sesame oil used. 


i I n  Table L', stability data are presented for this 
fibal dosage form 


SUMMARY 


has been developed which not only permits the 
determination of quingestrone, but also simul- 
taneously provides a precise method for assaying as 
little as I?;, of  the known decomposition products, 
progesterone and 6-8-hydroxyprogesterone. 


Data have been presented to  indicate that a solu- 
tion of the crclopentyl enol ether of progesterone 
(quingestrone) in sesame oil of low peroxide content 
with addition of a-tocopherol and exclusion of 
atmospheric oxygen represents the best means for 
preserving the product in a pharmaceutical dosage 
form 
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Effect of Deuterium Oxide on the Growth 
of Peppermint (Mentha piper& L.) I 


Morphological Study 


By M. I. BLAKE, F. A. CRANE, R. A. UPHAUS, and J. J. KATZ 


T h e  effect of varying concentrations of I>?O on  the growth of peppermint plants 
was studied.over a period of at least 50 days. T h e  extent of deuterium uptake is re- 


s to be the first detailed study of the  effects of extensive replace- 
ment Th's of apRe" ydrogen by deuterium o n  the growth of a higher plant. 


I ~ E  ISFFECTS of deuterium on living organisms 
Thavv attracted the attention of many in-  
vestigators since this heavy. stable isotope of 
hydrogen was first discovered in l%U. Early 
work has k e n  reviewed by Morowitz and  I3rown 
( I ) .  Current developments are described by 
Ka tz  (2)  and are the subject of a recent mono- 
graph (3) .  Interest in this general area has been 
stimulated by  the discovery that a considerable 
variety of organisms can be grown in 99.8% D20 
(4, 5 ) .  Since it has proved possible to replace 
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essentially all of the hydrogen in a variety of 
algae. bacteria, and molds, it twcomes of interest 
to examine the behavior of higher plants in re- 
sponse to isotopic sutlstitution. T h e  eflects 
of deuterium on mice ( G ) ,  rats ( 7 ) .  arid dogs ( 8 )  
have been reported, bu t  the present paper prrseelits 
wha t  we believe to  t ie the first detailed s tudy of 
the effects of extensive replacement of hydrogen 
by  deuterium on the growth of a higher plant. 


Since deuterium oxide is now available in ade- 
quate  quantities and at a moderate cost, it is 
possible to s tudy th r  effect of high concentrations 
of this solvent on the growth of higher plants over 
an extended period of time. Peppermint plants 
are ideal for such an  investigation since they can 
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of deuterium oxide calculated to give the desired 
DzO concentration was added from a second buret 
to the volumetric flask. The flask was then filled to 
the mark with distilled water. For those experi- 
ments in which the deuterium oxide concentration 
was or above, 4 : l  nutrient concentrate was 
prepared in deuterium oxide. Sufficient water and 
deuterium oxide were added to  give the desired 
final deuterium oxide concentration. The final 
nutrient solution was transferred to  the culture 
flask and the cork stopper with plant attached was 
placed in position The entire flask was covered 
tightly with black plastic sheeting to prevent 
growth of algae in the solution. .A 1-ml. sample of 
nutrient solution was removed periodically, prior 
t o  the addition of fresh nutrient This was done 
each 7 days in the early stages of plant growth and 
every 3 or 4 days as the plant elongated more 
rapidly. The sample was analyzed for deuterium 
oxide by the method described earlier (10). This 
served to  detect whether the deuterium oxide con- 
tent of the nutrient soluticn was being reduced by 
absorption of H20 from the atmosphere, or whether 
isotopic exchange had occurred by other means. 


A series of culture flasks was prepared which con- 
tained 10, 20, 30, 40, 50, 60, 70, 80, and 100'b 
deuterium oxide in the nutrient solution. Controls 
were run concurrently. When a sample of solution 
was removed for deuterium analysis and fresh 
nutrient was added, the following measurements 
were made on all plants: stem length from top of 
cork stopper, lateral shoot length from center of 
stem, root length, width of root system, and 
volume of fresh nutrient added. The experiment 
was terminated after 50 days because the controls 
went into the flowering stage and normal elongation 
terminated. The effect of varying degrees of 
deuteriation on the stem length of the mint plants 
is shown in Fig. 1. Figures 2 and 3 show photo- 
graphs of the mint plants prior to termination of the 
experiment. 


Harvesting of Plants.-The plants grown in 
nutrient solutions ranging in D20 concentration from 
0 to lOOc;.b were harvested after 50 days. Those 
plants in XI':, D20 nutrient were grown as long 
as 130 days before being harvested. Each plant 
was divided into leaves, stems, and roots; each por- 
tion was weighed. Adequate samples of each plant 
par t  were placed in glass vials which were sealed 
tightly and placed in the deep freeze until analyzed 
for deuterium content. Samples of the plant parts 
were killed in Randolph's modified Navashin fluid 
( 11). These were reserved for a histological study 
to  be reported later. The remaining portions of 


be conveniently grown from rooted cuttings in a n  
aqueous nutrient solution and require no special 
attention (9). 


The present report describes the effect of vary- 
ing concentrations of deuterium oxide on the 
growth of min t  plants for a period of at least  50 
days, at which time the control plants init iated 
inflorescences. The  extent of deuterium up- 
take b y  the plant,  as determined bv direct anal- 
vsis, is  also reported. 


EXPERIMENTAL 


Growth Studies.-Cuttings froni fully grown mint 
plants (Menlhn piperita) were rooted in moist 
vermiculite. A root system had developed in about 
2 weeks. The stem length ranged from 3 to 6 cm. 
At this time the plants usually bore four to  five 
pairs of small leaves. No sign of lateral shoots was 
evident. The plants weighed between 1 and 2 Gni. 
Erlenmeyer (250 ml.) flasks fitted with cork stoppers 
served as convenient culture flasks. The plant 
cutting was inserted into a slit cut from the center to 
the edge through the length of the stopper and 
narrow enough to hold the cutting erect, the stem 
extended above the cork and the root system was 
directed into the flask. The surface of the cork was 
covered with masking tape to  ensure an air tight 
system and to minimize isotopic exchange with the 
water vapor in the air. 


.A concentrated nutrient stock solution was pre- 
pared which required a fourfold dilution. This 
facilitated the preparation of solutions containing 


l , , , ,  
5 10 8 ,  20 2' In J? 4" 4, .In 


TIME, DAYS 


Fig. 1.-Effect of D20 concentration on growth of 
stem in peppermint plants. 


different Concentrations of deuterium osidc. Thc 
final nutrient solution had the followiiig composition 


I;H?PO,, 0.14; MgS0, . iH20,  0.49; NaXOa, 0.60; 
and FeEDT.4, 0.005. The following trace elements 
were present (p.p.m.): boron; 0.50; manganese, 
0.50; zinc, 0.05; copper, 0.01; and molybdenum, 
0.01. The deuterium oxide used in this study had an 
isotopic purity of 99.6cl/, and was distilled from alka- 
line permanganate in a Barnstead conductivity 
water apparatus. 


Nutrient solution for these studies was prepared 
by  transferring 62.5 nil. of concentrate (1 :4) from a 
burct to a 250-1iil. volumetric flask. The volume 


(GII~. /L.) :  Ca(NOa)2.-1H?O, 1.18; KNOX, 0.30; 


Fig. 2.-Peppermint plants grown in liquid nu- 
Plant C trient solutions containing 0 to 5Oyc I)zO. 


is the control. 
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each plant were combined and steam distilled in a 
Clevenger distillation apparatus. The volatile oil 
fraction of each plant was collected and set aside for 
future study. 


Deuterium Analysis.-The deuterium content of 
the nutrient solution, as previously mentioned, was 
determined throughout the course of the experiment 
by analyzing a sample of the medium prior to the 
addition of fresh nutrient. The harvested plants 
were analyzed for labile and fixed deuterium. In 
this context, labile deuterium refers to deuterium 
present as interstitial and cellular water. Fixed 
deuterium includes deuterium present in both 
exchangeable and nonexchangeable portions in the 
organic components of the plant. A vial, containing 
leaves, stems, and roots of an experimental plant 
and which was stored in the deep freeze, was trans- 
ferred immediately to  a distilling tube after remov- 
ing the cap. Care was taken to avoid exchange of 
labile and exchangeable deuterium atoms with 
atmospheric HzO. The distillation tube was at- 
tached to a vacuum line and the labile water was 
removed from the plant under reduced pressure, 
condensed in a - is"  trap, and transferred to  an 
ampul which was then sealed off. The sample was 
then analyzed for D10 content. The dried plant 
residue was removed from the distillation tube and 
divided into leaves, stems, and roots. Equal weights 
of each plant part were placed in a combustion boat. 
The boat was placed in a combustion apparatus and 
the sample was burned in oxygen a t  iOOo.  The 
water of combustion was collected in a -i8" trap 
and transferred to an ampul which was  then sealed 
off. The sample was analyzed for deuterium oxide 
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Fig. 3.-Peppermint plants grown in liquid nutrient 
solutions containing 50 to 100% DtO. 


content. This represents the deuterium in the dry 
tissues. The data for these analyses are shown in 
Fig. 4 where the concentration of deuterium in the 
water and the organic components of the plant are 
plotted against nutrient DIO content. 


DISCUSSION 


The black Mitcham strain of peppermint grown 
in full nutrient solution by the water culture tech- 
nique usually develops from a rooted cutting of about 
8-cm. length with four pairs of expanded leaves and 
a weight of about 1.5 Gm., to a mature plant in 
about 50 days. The mature primary shoot grown 
on long day photoperiod (14 hours of daylight or 


longer) generally reaches a height of 35 to  50 cm.; 
it bears six to eight pairs of long lateral shoots, the 
lowest of which normally reaches a length approach- 
ing that of the primary axis. The leaves, well ex- 
panded on the erect stems, elongate to  approxi- 
mately 5 by 8 cm. and are normally bright green. 


Elongation of both primary and lateral stems 
ceases when their apical meristems are stimulated 
to floral initiation and an inflorescence develops. 
After flowering occurs, development of secondary 
lateral shoots takes place at the base of the primary 
stem (normal ground level of plants grown in soil). 
These secondary lateral shoots from the same nodes 
where an erect flowering shoot has arisen are stolons 
that grow horizontally or pendulous; their leaves 
remain small and scale-like. 


Plants grown on short days (10 hours or less of 
light photoperiod) do not initiate flowers, are lighter 
green than long-day plants, and produce many 
more stolons. When plants are grown for 50 or 
more days on short photoperiod all of the erect stem 
apices become stolon-like and even the main apex 
hangs down and appears as a stolon. 


All  of the plants described in this work were grown 
on long-day photoperiod. The natural summer 
day was extended to 16 hours by a bank of fluores- 
cent and incandescent lamps suspended on an open 
frame above the plants so that they did not shade 
during the day, and which provided about 600 f.-c. 
on the upper parts of the plants during the time the 
lamps were turned on. 


Control plants followed the characteristic growth 
pattern for peppermint. The major deviation in 
this experiment from earlier work in this laboratory 
was that a single plant was grown in a 250-ml. flask, 
whereas previously several plants (four to eight) 
were grown in a larger volume of nutrient solution (4  
to  12 L.). When plants have 30 or more pairs of 
leaves they transpire large volumes of water. The 
nutrient solution had to be replenished or replaced 
in the 250-ml. Erlenmeyer flasks every 48 to  72 
hours in the later phase of the growth cycle. .4side 
from this problem the peppermint plants grew well 
in this type of culture flask. 


The effect of varying concentrations of deuterium 
oxide on the elongation of plant is evident in Fig. 
1. With the exception of the 20% plant, increasing 
concentrations of D20 in the nutrient solution caused 
a nearly proportionate reduction of elongation 
growth of the axial shoot. This pattern of elonga- 
tion was reflected in the absorption of nutrient solu- 
tion by the roots. The volumes necessary to re- 
plenish or replace that taken up for growth or trans- 
piration by the plants were progressively less for each 
D20 level. The regular progession of growth shown 
in Fig. 1 implies limitation of a major factor in thc 


Fig. 4.-Deu- 
terium content 
of labile water 
and water of 


'ir.u combustion of 
p e p p e r m i n t  
plants. Labile, 


3 a 20 water obtained 
by distillation: 
fixed, water ob- 


bustion of dried 
% DEUTERIUM OXIDE IN NUTRIENT plants. 
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ability of the plant's primary shoot to  elongate 
under conditions in which rapid elongation did occur 
in control plants furnished aqueous nutrient solu- 
tion. 


Elongation of the lateral shoots was affected by 
deuterium in two ways. .4t lower D20 concentra- 
tions (10 to 40'%), the lateral stems grew more 
nearly like short-day lateral stems. The lateral 
stems hung recumbent and were elongated more 
than the corresponding erect lateral branches of the 
controls, Such stolon-like branches occurred on 
the controls only as secondary laterals' in small 
numbers after the erect shoots developed inflores- 
cences at  their apices. At higher concentrations 
of D20, the pattern of elongation of the lateral 
shoots was essentially the same as that of the 
primary shoots. There was a greater reduction in 
shoot length and greater retardation of leaf develop- 
ment with increase in D20 concentration. Lateral 
shoots of the 70'%, plants were so short that after 50 
days of growth they were still difficult to measure. 
They were overlanped by primary leaves of the main 
shoot. Both of these growth responses are probably 
due to the inability of the plants to synthesize adequ- 
ately their structural, storage,and hormonal materials 
required for normal growth. The inability of the 
shoot apices to orient themselves in the erect man- 
ner and to stimulate their leaves to elongate to the 
size of vegetative photosynthesizing leaves reflects a 
decrease in normal stem orienting hormone. Such 
lateral shoots, hanging unoriented, elongated to  the 
degree of which they were capable under the con- 
straint of the D20  concentration on their synthesiz- 
ing system. 


Reduction in elongation of leaf blades and petioles 
followed the same general pattern as that of the stems. 
At  low D20 concentrations leaves of the primary 
shoot elongated nearly as much as the corresponding 
leaves of the controls. They were held in the normal 
erect position, were the normal green color, and 
apparently functioned in a near normal way photo- 
synthetically. At concentrations of 507, D20 or 
higher (and in the later phases a t  lower concentra- 
tions), leaves appeared epinastic and recurved 


Fig. 5.- 
Rooted pepper- 
mint cutting 
after 24 hours 
in 99.6% DzO 
nutrient solu- 
tion. Brown 
necrotic areas 
are outlined in 
black. 


dowiiward, clasping the stem or lower Icavcs, thus 
iiiakiiig ;I compact I I I ~ S S  that was quite brittle or 
fragile (Vig. 3 ,  60 and 70%). The lcaves of the 
plant in W)'):, L)zO nutrient did not elongate more 
than a few millinieters, remained cpinastic through- 
out their existence, and eventually became necrotic, 
brown, and dry. 


Peppermint commonly develops red or purple 
coloration under deficiencies of nitrogen, phosphorus, 
or sulfur. This coloration is due to  anthocyanins, 
water-soluble pigments, which accumulate under 
conditions in which the normal products of photo- 
synthesis do not continue to build structural or 
inetabolic carbohydrates and proteins. I t  appears 
that deuterium oxide interferes with the biochemistry 
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of the plant and exerts its effect on the normal 
anabolic reactions of the leaf mesophyll by inhibiting 
the rate of the photosynthetic reactions and ensuing 
growth. The results are morphological symptoms 
resembling those of a plant growing under a de- 
ficiency of the elements needed for normal growth. 
Thus, by decreasing the rates in a chain of reactions, 
the D?O causes the leaf cells to appear incapable 
of making normal use of the nitrogen, phosphate, 
sulfate, and other nutrients that are available t o  
them, even in abundance. 


The root system reflected to  a lesser degree the 
same pattern of response to DzO. At low con- 
centrations the root system was broad, well branched, 
and nearly as large as that of the controls. In- 
dividual roots were turgid, pearl-white, and not 
noticeably reduced in length. A t  higher D20 con- 
centrations the entire amber to brown root system 
was reduced in extent and appeared shriveled. The 
ability to absorb water, even from an abundant 
supply as a liquid nutrient solution, was reduced 
by D?O. The total volumes of liquid taken up at  
higher DsO concentrations were progressively 
smaller. 


The ability of plants growing oil any concentra- 
tion of D20 to initiate inflorescence appears to be 
impaired. Plants were maintained in nutrient solu- 
tion until the control plants had either initiated 
inflorescences or had produced full-blown flowers, 
but in no case were there floral priniordia a t  the 
apex of any plant grown in DzO. This seems to 
parallel the results in animals reported by Hughes 
and Calvin (12) and Czajka and Finkel (13), whereby 
substitution of D2O for a part of the drinking water 
produced sterility or otherwise affected the reproduc- 
tion potential in mice. This may be a reflection of 
the high metabolic activity associated in both cases 
with reproduction, and the large deuterium kinetic 
isotope effect that would be expected in such cir- 
cumstances. 


The effect of D20 on cellular activity is rapid and 
drastic at high concentrations. Young rooted cut- 
tings placed in 99.6% D20 nutrient solution de- 
veloped brown areas along the midrib of the basal 
half of all expanded leaves. Mesophyll in these 
areas (Fig. 5 )  lost its normal turgidity, appeared 
water-logged, and changed from the normal peen 
to pale amber and then to dark brown within 24 
hours. Necrosis of adjacent tissues progressed from 
these areas to include the whole plant in about 1 
week. No elongation ever took place in the plants 
furnished 99.6% D20. Effects on plants furnished 
So"/', D.0 nutrient were similar. but the cycle 
was accoiiiplished in two to three times the interval 
of  time. 


Several plants were maintained a t  a SO'& D20 level 
up to  130 days. In these plants the progression of 
epinastry, necrosis, coloration, and death occurred, 
as previously described, only after axillary shoots 
elongated and appeared to grow in a near-normal 
fashion, but which eventually recapitulated the 
progression. Then other shoots would continue 
the sequence and eventually die. This occurred 
until the apex of the plant became a dense mass 
of dead primary and lateral shoots. The shoot 
apex, it would appear, made a valiant effort to 
achieve the best possible growth it could attain 
under the constraints of the experimental treat- 
ment. 
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Several cuttings were removed from a plant 
grown in 50yo D20 nutrient for 40 days. One cutting 
was transplanted into a culture flask containing 50% 
D20 nutrient solution. and the other was placed in 
a flask containing aqueous nutrient and no DtO. 
The former cutting showed no sign of developing 
a root system and succumbed within 3 to 4 weeks. 
The latter grew a root system within 2 weeks 
and continued growing in a normal manner similar 
to a typical control plant. It was hoped that 
if a root system would develop in the 50% DpO 
medium. it would be possible to  propagate a deuteri- 
ated plant; and possibly with successive cuttings 
in constantly increasing concentrations of D20 a 
plant could be grown in a highly deuteriated me- 
dium. Thus far, this has not been successful, but 
further work is in progress with this aspect of the 
investigation. 


In Fig. 4 comparison is made between the deuter- 
ium content of the water distilled from the deep 
frozen fresh plants and the water of com- 
bustion of the dried plants. The distilled or 
labile water contains deuterium from water loosely 
bound by the plant tissues and represents essentially 
completely exchangeable deuterium. The deute- 
rium content of the labile water from the plant is 
approximately 75% that of the nutrient solution in 
which the plant was grown. The water obtained 
from combustion of the dried plants, representing 
organically bnund exchangeable and nonexchange- 
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able deuterium, contains about 50% of the deuterium 
content of the nutrient solution. The ratio of 
organically bound to labile deuterium is about 0.66, 
somewhat higher than that reported by Katz, el a2. 
(6), for certain tissues in mice. This may reflect 
the nonequilibrium aspects of the situation resulting 
from the continuous transpiration of water. The 
active water metabolism and the ensuing fractiona- 
tion may contribute significantly to  the observed 
isotope effects. 
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Synthesis of Several Disubstituted Sydnones 
By DEVINDRA DHAWAN and LEMONT B. KIER* 


A number of new 3,4-dialkylsydnones have been prepared to compare their phar- 
macological properties with those of a series of 3-alkylsydnones. Both series were 
similar in  their central convulsive activity. The  CDm and partition coefficient values 
of both series were compared. T h e  CD, values for the 3.4-dialkylsydnones were sig- 
nikant ly  lower than for the 3-alkylsydnones. In addition, the C D ~ O  values for the 
3,4-dialkylsydnones were close to one another and were independent of the partition 


coefficient. 


RELIMINARY WORK in this laboratory (1) indi- 
cated that  3-sec-butylsyndone (I ,  R = sec- 


Bu, R‘ = H) 


K’ 
\ c---c--oe 


I I  


(1) 


was a potent central nervous system stimulant 
with a particularly stimulating effect on respira- 
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tion. It did not potentiate acetylcholine, nor 
did it produce acetylcholinesterase inhibition in 
these studies. It produced a more favorable 
respiratory response and blood pressure rise than 
the same dose of pentylenetetrazole when ad- 
ministered intravenously to  a pentobarbitalized 
dog. 


With these preliminary findings in hand, a 
systematic study of a number of sydnones was 
initiated with the purpose of further elaborating 
the pharmacological properties and any structure- 
activity relationships. In  the previous commu- 
nication from this laboratory (2), a number of 3- 
alkylsydnones were synthesized. The pharma- 
cological response of these compounds was quali- 
tatively similar to tha t  of 3-sec-butylsydnone, but 
one response in particular-the onset of a charac- 
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mole. This value along with the predicted transi- 
tion temperature gave a value for the entropy 
difference equal t o  4.75 e x .  


DISCUSSION 


The method developed in this study to  determine 
solubility of rapidly reverting polymorphic states 
was shown to work very well for sulfathiazole XI. 
Even though the 11-1 reversion is rapid enough to 
preclude equilibrium measurement, it is sufficiently 
slow to  allow use of this method. However, it is 
conceivable that reversions in other systems can be 
so rapid that this method will not be applicable. 
Thus, in systems where one form may be 10 times 
more soluble. the supersaturation obtained in the 
boundary layer may be such that instantaneous 
crystallization of less soluble forms will result. 


It can be 
used to measure rapidly the effect of nucleation and 
crystallization inhibitors in reverting systems. I t  
can also be used for studying dissolution mechanism 
for systems that dissolve through acid.base reaction. 
It may also have value for studying the other factors 
influencing the dissolution process. More data will 


The method has other applications. 
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be forthcoming to test the general applicability of 
this method. 


CONCLUSIONS 


A method suitable for the rapid determination of 
solubility has been developed and used to obtain 
solubility and thermodynamic data for sulfathiazole 
11. The transition temperature predicted from 
these data was confirmed by an independent experi- 
ment. 
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Sustained-Release Aspirin Tablet Using an 
Insoluble Matrix 


By MAHENDRA S. VORA, ARTHUR J. ZIMMER, and PAUL V. MANEY 


T h e  mode of administering drugs in  a sustained-release form has recently assumed 
considerable importance in the pharmaceutical industry. Various resins, plastics, 
and polymers were investigated in this study. Polyvinyl chloride was selected as 
the base for the insoluble matrix. Evaluation of the sustained-release aspirin tablet 
was by in uitro and in uiuo methods. Evidence is presented that the in uiuo release 


rates provide a uniform blood level over a predictable period of time. 


USTAINED-RELEASE tablets may provide the s desired release rates by  employing one of 
several techniques ( 1 )  : (a) compressing coated 
pellets into a soft matrix, (b) mixing several 
granulations (each containing different retarding 
agents), ( c )  combining different layers of sus- 
tained-release granules, (d) forming an insoluble 
complex by ion-exchange methods, and (e) dis- 
tributing medication in  fatty bases. Oral sus- 
tained-action preparations are described in a 
Swedish patent (2) which outlines the use of 
synthetic resins and polymers for the purpose of 
imparting sustained-release properties to various 
drugs. 
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and Experimental Evaluation of Oral Sustained 
Release Medication Based on the Principle of 
Delayed Diffusion,” by Simoons (3), has recently 
been released. This paper advocates the use of 
several components t o  obtain the desired release 
rate. 


A recent study by  Levy (4 )  indicated that  
aspirin is rapidly absorbed from all parts of the 
gastrointestinal tract. Thus, aspirin can serve 
as an excellent tracer to assess the effect of certain 
formulation and dosage form characteristics upon 
absorption rate. It is understood that  other 
drugs may give different results with these 
formulations. 


Various in vitro methods for the evaluation of 
sustained-release products indicated that the 
use of radioisotopes could be of value (5). In this 
work an attempt was made to incorporate aspirin 
with the resin polyvinyl chloride, then t o  prepare 
a two-layer product-one layer to give immediate 
and the other time-delayed release. 


The use of in vitro methods of testing by  de- 
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tablets passed into the intestinal tract within 15 
minutes (13). 


The consideration of the many physiological 
variables that a sustained-release product must 
encounter while releasing the drug on a predeter- 
mined basis presents a problem that may never be 
completely resolved. Our objective in producing a 
sustained-release product was to provide a desir- 
able release rate, independent of the environmental 
conditions of the gastrointestinal tract, and provide 
suitable testing procedutes. 


EXPERIMENTAL 


Materials.-Polyethylene, ethylcellulose, zein, 


TABLE L-RBLEASE OF ASPIRIN BY ROTATING 
BOTTLE METHOD‘ 


Mean Mean, Mean 


Fluid pH Time mg. Release lative 
Siniulated Av., 76 Cumu- 


Gastric 1 . 5  1 hr. 312 31.6 31.6 
Intestinal 4 . 5  1 hr. 155 15.7 47 .3  
Intestinal 6 . 9  2 hr. 230 23 .4  70.7 
Intestinal 6 . 9  1 hr. 110 11.15 81.85 
Intestinal 7 . 2  2 hr. 122 12.40 94.25 
Intestinal 7 . 5  1 hr. 33 3 . 3 5  97.60 
Intestinal 7 . 5  45 min. 8 ,810 98.41 


(I Figure 1 and Table I show averages of 10 determinations. 


2.0 


1.7 


100 


80 i 
Fig. 1.-L i n e a r 


relationship be- 
tween log C (resi- 
due) and time. 


Li 1.5 


2 1.4 


1 2 3 4 5 6 7 8  
T I M E ,  HR. 


termining the amount of drug released in simu- 
lated gastric juices is of questionable value in 
correlating actual performance in man. How- 
ever, the results obtained justify the use of 
i n  vitro methods as  a preliminary study. The 
value of the in vitro tests are considerably en- 
hanced by adequate in vivo studies. 


In this work we have conipared three in  vilro 
analytical procedures (one chemical and the 
other two using radioactive tracers) and deter- 
mined pH effects before using in viuo testing. 


In  producing a sustained-release product, the 
objective should be to  provide the desirable re- 
lease rate which is independent of the many 
aforementioned factors and t o  develop suitable 
i r i  vivo and in zitro procedures. 


PHYSIOLOGICAL CONSIDERATIONS 


Attempts to explain the physiological factors 
which determine the attainment of a therapeutic 
drug level in the blood and tissues have been pub- 
lished (5-8). The rate at which a substance enters 
the blood stream must be constant and continuous, 
so that the amount absorbed per unit time would 
effectively control the concentration level. In  
Wagner’s review and several other papers the vari- 
ous factors affecting absorption in the gastrointesti- 
nal tract have been covered (9-12). 


I n  vivo studies conducted in connection with the 
study of enteric coated tablets have shown that 
some tablets have remained in the stomach for 8 
hours or more before passing into the intestinal 
tract. On the other hand, i t  was shown that some 


/ 


Fig. 2.-Percent- 
age of aspirin tablet 
released us. time. 
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TABLE II.-RADIOISOTOPE~ EVALUATION OF 
RELEASE RATE* 


Total 
Simulated Time, Av 70 


Gastric 1 . 5  30 1890 9 . 9 5 ’  
Gastric 1 . 5  60 3600 18.95 
Intestinal 4 . 5  30 1575 27.25 
Intestinal 4 . 5  60 3690 38.35 


30 1680 47.20 Intestinal 6 . 9  
Intestinal 6 . 9  60 3810 58.35 


90 5400 66.75 Intestinal 6 . 9  
Intestinal 6 . 9  120 6600 73.05 
Intestinal 6 . 9  30 1230 79.50 
Intestinal 6 . 9  60 2100 84.10 
Intestinal 7 . 2  30 505 86.75 
Intestinal 7 . 2  60 975 89.23 
Intestinal 7 . 2  90 1260 90.75 
Intestinal 7 . 2  120 1950 94.35 
Intestinal 7 . 5  30 225 95.53 
Intestinal 7 . 5  50 450 96.70 


Fluid pH mtn. Counts Released 


a Radioisotoi>e used was SJ6-sodium sulfate. b Figure 2 
and Table I 1  show averages of 10 determinations. 


polyvinyl chloride.* aspirin (No. 80 mesh), and iso- 
propyl alcohol. 


Equipment.-Stokes modified BB2 rotary tablet 
machine, Stokes model F tablet machine, Twin- 
Shell dry blender, Tracer/Matic scale and gas flow 
detector model SC73, Beckman model B spectro- 
photometer, Stokes model 43A oscillating granulator, 
Day model 71989 mixer, and Strong-Cobb hardness 
tester. 


Preparation of Tablets.-The procedure was to 
prepare a two-layer tablet which consisted of the 
A layer and the B layer. The A layer consisted of 
640.0 mg. of aspirin and 90.0 mg. of polyvinyl chlo- 


I Supplied as Opalon by Monsanto Chemical Co..  St. I.ouis. 
Mo. 
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TABLE III.-COMPARISON OF CHEMICAL AND SJ5 RADIOISOTOPE METHODS OF RELEASE RATEO 


Simulated 
Fluid 


Chemical Process 
Cumulative 


PH Time Av. in mn. % 
Gastric 1.5 1 hr. 120 18:7 
Intestinal 4 . 5  1 hr. 125 38.3 
Intestinal 6 .9  2 hr. 195 68.7 
Intestinal 6.9 1 hr. 90 82.7 
Intestinal 7.2 2 hr. 72 94.2 
Intestinal 7 .5  50min. 17 96.6 


Radioisotope 
Total Cumulative 


Av. Counts % 
3600 18.9 
3690 38.25 
6600 73.0 
2100 84.2 
1950 94.5 
450 96.7 


Figure 3 and Table 111 show averages of 10 determinations. 


100 . >.+. EVALUATION 
.; 9 


r i  In Vitro Evaluation of Release Rate 
.t Fig. 3.-&mp-- Equipment.-Rotating bottle apparatus as de- 


ative results of Ta- scribed by Souder and Ellenbogen (14), 75.0-ml. cy- 
bles I1 and 111 with lindrical bottles with plastic screw cap, U.S.P. simu- 
the chemical lated gastric and intestinal fluid, ferric nitrate reagent 
method (broken (1% ferric nitrate in 1% nitric acid), 10% potassium 
line) and the S" 
radioisotope meth- hydroxide solution, 6 N hydrochloric acid solution. 
od (solid line). Beckman model B spectrophotometer, and pH in- 


Procedure.-One tablet with 60.0 ml. of simulated 
gastric fluid at  pH 1.5 was placed in a 75.0-ml. bottle 
(described above) and rotated in the apparatus a t  
40 r.p.m. a t  37 i 2' for 1 hour. The liquid was 
removed (leaving the undissolved core in the bottle), 


ride for the sustained-release portion. For the B placed in 100.0-ml. volumetric flask; the bottle 
layer, 320.0 mg. of aspirin (10% starch granulation) was rinsed with 15.0 ml. of distilled water which was 
was compressed on the A layer. The A layer granu- added to the contents of the Bask. 
lation was prepared by mixing the polyvinyl chloride Simulated intestinal fluid (60.0 ml.) a t  pH 4.5 
and the aspirin in the Twin-Shell dry mixer for 20 was placed in the same bottle (containing the core) 
minutes, and then granulating in the Day mixer, and rotated for 1 hour. The fluid was collected as 
using 200.0 ml. of isopropyl alcohol for each kilo- described above. 
gram of the described mixture. The dry granula- Simulated intestinal fluid (60.0 ml.) at pH 6.9 
tion was passed through a No. 12 screen, 0.3% was placed in the bottle and rotated for 2 hours. 
magnesium stearate was added as the lubricant, and The fluid was collected as before. 
the dry granulation was then compressed on a Simulated intestinal fluid (60.0 ml.) at pH 6.9 
Stokes model BB2 modified tablet machine, using was placed in the bottle and rotated for 1 hour. 
7/lb-in.-diameter punch a t  a pressure of 6 to  8 Kg. The fluid was collected as before. 


.* 
.'/ .7 


20 dicator papers were employed. 
10 


I I I I I I .  


1 2 3 4 5 6 7  
TIME, HR. 


TABLE IV.--COMPARISON OF CHEMICAL AND C14 ISOTOPE METHODS OF RELEASE RATE" 


Chemical Process Radioisotope 
Simulated Cumulative Total Cumulative 


Fluid PH Time Av. mg. ?& Av. Counts % 
Gastric 1.5 1 hr. 103 16.1 8000 16.6 
Intestinal 4 . 5  1 hr. 100 31.7 7000 31.2 
Intestinal 6 .9  2 hr. 167 57.8 12000 56.4 
Intestinal 6 .9  1 hr. 75 69.5 5200 67.0 
Intestinal 7 . 2  2 hr. 112 87.0 7900 83.5 
Intestinal 7 .5  1 hr. 32 92.0 2600 89.0 
Intestinal 7 . 5  45min. 34 97.2 2800 95.0 


a Table IV and Fig. 4 show averages of 10 determinations. 


Experimentally, 1.0% ethylcellulose in acetone - 


Fig. 4.--Compar- 
ative results of Ta- 
ble IV with the 


solution for granulating the materials in the A layer, 
instead of the isopropyl alcohol, provided a release 
rate of longer duration in the tablet described above. 
The use of 15% zein solution in isopropyl alcohol 
as the granulating agent in the preparation of the A 
layer provided a release rate of shorter duration 3 50 . chemical process 
than the ethylcellulose granulation. Substituting (broken line) and 


C14 aspirin radioiso- 
tope (solid line). 


polyethylene (No. 80 mesh) for the polyvinyl chlo- 


sustained-release tablet with the desired release 
rate when tested in uitro. The scope of this study 
permitted only detailed experiments on the formula- 
tion containing the polyvinyl chloride as the in- 1 2 3  4 5 6 7 8 9  


70 
w- W - 


4 40 
ride in the same proportion in the matrix provided a 
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soluble matrix. TIME, HR. 
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Simulated intestinal fluid (60.0 ml.) a t  pH 7.2 
WBS placed in the bottle and rotated for 2 hours. 
The fluid was collected as before. 


Simulated intestinal fluid (60.0 ml.) at pH 7.5 
was placed in the bottle and rotated for 1 hour. 
The fluid was collected as before. 


Simulated intestinal fluid (60.0 ml.) at pH 7.5 
was placed in the bottle and rotated for 45 minutes. 
The fluid was collected as before. 


The total salicylate of each volumetric flask was 
determined by the method of Pankratz and Ban- 
delin (15). 


Table I shows the in d r o  release of the aspirin in 
the simulated gastric and intestinal fluid. Figure 1 
explains the linear relationship between the per- 
centage log C versus time. Figure 2 represents per- 
centage release veisu5 time. 


In Vitro Evaluation Using Soluble Isotope Ss 
Equipment.--Tracer Laboratories, Inc., Versa- 


matic I1 scale with a Geiger-Muller tube end window 
detector, 1-in. stainless-steel planchets, infrared 
lamp, and Stokes model F single punch tablet 
machine. 


Procedure.-Sixty-four grams of No. 80 mesh 
aspirin powder was mixed thoroughly with Sa5 radio- 
isotope solution containing 1,900,000 total counts. 
The mixture was dried under an infrared lamp and 
mixed with 8.0 Gm. of polyvinyl chloride. It was 
then granulated with isopropyl alcohol, passed 
through a No. 12 mesh screen again, lubricated 
with 0.3 Gm. magnesium stearate, and compressed 
on a Stokes model F single punch tablet machine 
using 7/16-in. diameter punch at a pressure of 6 to 
8 Kg. The tablets were compressed to  720 mg., 
giving approximately 19,000 counts per tablet. 


Evaluation.-As stated in the chemical process, 
this core was rotated with 60.0 ml. of simulated 
gastric and intestinal fluid. The fluid was changed 
at  the intervals shown in the chemical process (13). 
Every 30 minutes, 0.4 ml. fluid was withdrawn and 
the same amount of the fluid wasreplaccd. Samples 
were mounted on stainless-steel planchets and a drop 
of 2% sodium sulfosuccinate solution was used to  
spread them evenly. Drying of the samples was 
carried out under the infrared lamp. The counts 
per 10 minutes were determined using the Tracer/- 
Matic scale with the Geiger-Muller tube detector. 


Table I1 shows the average count based on 30- 
minute intervals and the total percentage released 
over a period of 8 hours. Table I11 represents the 
comparison of the described chemical determina- 
tion and the S35 radioisotope experiment. Each 
experiment shows the cumulative percentage release 
in the simulated gastric and intestinal fluid over the 
period of approximately 8 hours. Figure 3 repre- 
sents the comparative results of Tables I1 and 111. 


250 Fig. 5.-Toxicity 
,l..-,.' study showing com- ...'ll -. parative growth 


rate of test animals 
/ +  (solid line) and con- 


trol animals. Aver- 
age polyvinyl chlo- 
rine consumed 9.9 
Gm./2 days. 
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TABLE V.-~ALICYLATE CONTENT (MCG./ML.) OF 
PLASMA WITH SUSTAINED-RELEASE TABLET 


Blood Samples at Intervals of 


1 31 160 36 52.2 69.6 69.6 6 
2 30 150 89.6 85.2 67.2 67 9 . 6  
3 31 170 65 81.6 70 67 . . .  
4 45 188 55.2 42 30 24 18 
5 28 160 50.2 52.8 66 60 46 
6 29 140 65 69.6 72 72 36 


Sub- Hr. 
ject Age Wt. 1 4 7 10 24 


.. . .~ _. 


7 32 150 40 60 66 . . . 23 
8 30 150 60 72 70 50 37 
9 29 165 41 41 39 45 12 


10 30 160 55 62.4 64.8 64.8 . 


TABLE VI.-SALICYLATE CONTENT (MCG./ML.) OF 
PLASMA WITH REGULAR ASPIRIN TABLET 


Blood Samples a t  Intervals of 
Hr. 


Subject Age Wt. 1 4 7 
1 27 160 42 32.4 24 
2 26 140 55.2 48.0 24 
3 30 180 32.4 48.0 16.8 
4 31 160 48.0 37.2 24.0 
5 30 163 48.0 50.4 42.0 
6 23 115 67.2 48.0 22.0 


In Vitro Evaluation Using Insoluble 
Isotope Aspirin C1' 


Procedure.-Aspirin radioisotope (activated a t  
carboxyl group C") was dissolved in 90.0 ml. of 
isopropyl alcohol which contained 5.0 Gm. aspirin. 
The alcohol was evaporated with the infrared lamp. 
The triturate represents 1400 counts per minute/mg. 


A 2570-mg. quantity of the triturate was mixed 
with 45.730 Gm. of aspirin. Enough of the alcohol 
was added to  make a thin slurry. I t  was mixed 
thoroughly, 6.75 Gm. of polyvinyl chloride added, 
and the triturate was mixed again; the alcohol 
evaporated. 


This material was then granulated and prepared 
into tablets as described in the first step of this 
experiment. 


Evaluation.-The procedure for evaluation was 
identical to the one described using the soluble iso- 
tope, except the gas flow counter was used and the 
counting time was measured as shown in Table IV 
and Fig. 4. Table IV presents a comparison of the 
percentage release of the described chemical process 
and that released from C1' isotope. Plotting these 
results (Fig. 4) shows nearly identical curves. 


Toxicity Study on  Rats 
Although there are reasons to believe that high 


molecular weight compounds, such as polyvinyl 
chloride, are physiologically inert, we considered it 
advisable to  investigate the toxicity of the poly- 
vinyl chloride used in this study. 


A group of 16 Sprague-Dawley rats was main- 
tained for 34 days on a diet of laboratory chow.' 
Nine of the rats were on a diet of polyvinyl chloride 
and seven were fed the regular laboratory chow. 
They were weighed every other day, and a record of 
the food consumed was recorded. There were no 
significant effects, either on the growth rate or the 
appetite, of the rats being fed the polyvinyl chlo- 
ride. 


Upon completion of the feeding tests, five of the 
1 Ralston-Purina C o . ,  St.  Louis, M o .  
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TABLE VII.-SALICYLATE CONTENT (MCC./ML.) OF PLASMA WITH SIX 0.32-GM. REGULAR ASPIRIN TABLETS 


Blood Samples at Intervals of 
HI. 


Subject Age Wt. 1 4 6 7 10.5 13.5 24 
1 30 160 126 100 100 174 175 153 90 


186 95 
156 82 185 140 


2 29 140 156 105 100 . . .  
3 29 165 102 84 80 125 
4 30 150 110 108 90 145 168 140 . . .  


rats receiving polyvinyl chloride were sacrificed. 
and a gross pathological examination was made on 
the liver, kidneys, G. I. tract, heart, spleen, and 
lungs. No abnormalities were observed 


These data correspond with a much more detailed 
study on the toxicity of a mixture of 95% polyvinyl 
chloride and 5% polyvinyl acetate. The scope in- 
cluded feeding tests on 150 rats over a period of 
400 days (16). 


Figure 5 illustrates the growth rate and the aver- 
age consumption of polyvinyl chloride in the test 
animals. 


Evaluation In Vivo 
Sixteen healthy adult males served as test sub- 


jects. Their weight and ages are listed in Tables 
V, VI, and VII. The subjects were divided into 
three groups A,  B, and C. In group C, the subjects 
participated in both the A and C groups. 


(a) 10 subjects 
selected had no salicylates for 48 hours, (b)  over- 
night urine was emptied from the bladder and 
determined for the presence of salicylates. ( G )  two 
960-mg. sustained-release aspirin tablets were 
swallowed with 100 ml. of water, and (d) blood and 
urine samples were collected at 1, 4, 7, 10, and 24 
hours (Table V). 


The protocol for group B was: (a) six different 
subjects were selected and followed the procedure 
as above, (b) same as above, (6) each subject swal- 
lowed two 0.32-Gm. aspirin tablets whole with 
100 ml. of water, and ( d )  blood samples were 
collected (Table VI) at 1, 4, and 7 hours. 


The protocol for group C was: (a) four subjects 
were selected and followed the procedure as above, 
( b )  same as above, ( G )  each subject swallowed six 
0.32-Gm. whole aspirin tablets with 200 ml. of 
water, (d) blood samples were collected at 1, 4, 
6, 7, 10.5, 13.5, and 24 hours. (e) At the end of 
6 hours, a second dose of six 0.32-Gm. aspirin tab- 
lets was taken with 200 ml. of water (Table VII). 


Each of the above tests was conducted 4 days 
apart. All subjects were denied food but permitted 
water for 2 hours after initiation of tests. 


Analytical Methods 


by methods outlined by Trinder (17). 


The protocol for group A was: 


Salicylates in the urine and blood were determined 
Figure 6 


Fig. 6-Compar- 
\ison of plasma lev- 


els (Table V) ob- 
tained with sus- 
tained-release (sol- 
id line) and (Table 
VI) regular aspirin 
tablets (broken 
line). 


2 4 6 8 1 0  
TIME I N  HOURS 


Fig. i’-com- 
parison of plas- 
ma levels (Table 
V) obtained with 
sustained - re- 


‘. .. lease (solid line) 
. and (Table VI I )  


regular aspirin 
tablets (broken z 
1 line). 


1 4 7 10 15 17 20 
TIME, m. 


illustrates graphically a comparison of the micro- 
grams per milliliter plasma level interpreted from 
results of groups A and B. Table V I I  outlines the 
results from group C. Figure 7 shows the compara- 
tive results interpreted from groups A and C. 


RESULTS AND DISCUSSION 


The use of polyvinyl chloride as described in the 
preparation of sustained-release tablets appears to 
have desirable characteristics. A method for the 
tableting is presented that will give reproducible 
results when tested in  uitro. In the development of 
this sustained-release aspirin, our experiments in- 
cluded the use of polyethylene, ethylcellulose, zein, 
and polyvinyl chloride’ with varying degrees of 
success. The scope of this project permitted only 
a detailed study of the agent polyvinyl chloride. 
The information obtained from this work confirms 
reports (18) of earlier investigations to the extent 
that physical and chemical properties of each drug 
require a particular type of matrix in order to 
provide the desired sustained-release characteristics. 
The amount of pressure exerted in the compression 
of the tablets was important. 


The salicylate plasma level, according to the 
data presented with the sustained-release tablet, 
was uniform for over 10 hours. There was a signifi- 
cant amount of salicylate in the plasma after 24 
hours. On the other hand, the urine excretion 
studies indicated a significant amount of salicylates 
present after 36 hours. 
In vivo studies indicated that with the regular 


commercial aspirin tablets a peak level was reached 
within 1 hour and then dropped rapidly. When a 
massive dose (1.92 Gm.) was administered, the blood 
plasma level reached a high concentration within 1 
hour, then dropped rapidly. A second identical 
dose was given a t  the end of 6 hours, and the plasma 
level showed the cumulative effect for a period of 6 
hours, then gradually dropped. Figure 7 shows the 
comparative effect on plasma level by the 1.92 Gm. 
of aspirin in sustained-release form and the Same 
dose with commercial aspirin tablets. 


SUMMARY 
A method for the preparation of a sustained-re- 
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lease aspirin tablet was developed. The tablets were 
evaluated by three methods in vitro. Absorption 
studies were made comparing the salicylate plasma 
level from the sustained-release tablets with that 
obtained from the regular commercial aspirin 
tablets. 


The base polwinyl chloride appears to be non- 
toxic according to extensive data available. Further 
in viuo evaluation by a double blind technique would 
be valuable in predicting the clinical efficacy of the 
developed sustained-release tablet. 
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Rheology and Suspension Activity of 
Pseudodastic Polvmers I 


Quantification of Pseudoplastic Viscosity as a Second Order 
Function of the Rheogram and the Relationship 


of This Parameter to Concentration 


By SHIVACHAJNDRA P. KABRE, H. GEORGE DEKAY, and GILBERT S. BANKER 


The apparent viscosity (pseudoplastic viscosity) was determined for a number of 
natural and synthetic gums in aqueous solution, based on flow curves obtained with a 
multiple point instrument. The power expression FN = n’G was used to calculate 
the apparent viscosity from the rheograms. 
apparent viscosities and the concentrations of the suspending agents studied whicf 
were required to produce these viscosities was determined and reduced to the 
mathematical expression, n’ =c KC where n’ is apparent viscosity, C is concen- 
tration, and K and 6 are material constants. The usefulness of the conceotration- 
apparent viscosity relationship to formulation and product development is discussed. 


The relationship between the resultin 


wo APPROACHES to the attainment of sus- 
Tpension stability have been discussed re- 
cently. Martin and Haines (1) have suggested 
that controlled flocculation is an approach to the 
I)robleni of suspension stability, and Samyn (3)  
suggests that suspensions may be stabilized by 
preventing phase separation through the careful 
selection of the rheological properties desired in 
the suspension media. To achieve this latter 
goal. Samyn advocated the use of a combination 
of pseudoplastic and plastic suspending agents in 
the formulation of suspensions. 


A knowledge of the flow properties and rheo- 
logical parameters of pharmaceutical suspending 
__- 
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media is of interest from at least three stand 
points: (a) effect on suspension stability, i .e.,  
ability to retain insoluble particles in a suspend- 
ed or substantially suspended easily redis- 
persed state; (b) effect on the flow, pourability, 
and measurability of the final product required 
for pharmaceutical use; and (c) effect on process 
design and methods of manufacture in large 
scale production. 


In practically all industrially made pharmaceu- 
tical suspensions, including flocculated systems, 
suspending agents of some type are used to sta- 
bilize the suspension product. The mucilages of 
natural and synthetic gums, which include a 
large majority of suspending agents, are pseudo- 
plastic. However, for reasons of convenience, 
cost, or due to a lack of knowledge of a better 
approach, these mucilages are very often evalu- 
ated in pharmaceutical practice using a single 








Wurster Coated Aspirin I 
Film-Coating Techniques 


By VINCENT COLETTA and HOWARD RUBIN* 


A method of coating aspirin crystals of various mesh sizes with mixtures of ethyl- 
cellulose and methylcellulose using the WARE (Wurster) air suspension a paratus 
is described. The results of varying the ratio of ethylcellulose to methylcelfulose in 
the coating film have been explored. Rapidly disintegrating tablets of the coated 
crystals were prepared, and solubility studies were run. These showed excellent 
sustaining ability. Definite correlation between the solubility rate of as kin and - the etbylcellulose to methylcellulose ratio in the coating was foun8. 


s PART OF the program of the study of dosage A forms suitable for proprietary use, it was of 
interest to study release characteristics of crystal- 
line drugs coated in the Wurster apparatus (1) 
to yield delayed release of these drugs. This 
paper deals with the coating of crystalline aspirin 
and its incorporation into rapidly disintegrating 
tablets. A companion paper correlates in oitro 
and in Vivo release of certain of these preparations 


The Wurster apparatus was chosen because of 
its versatility. The coating process is not limited 
by particle size of the drug, the coating materials, 
or the solvent system; the machine has been 
documented as to its usefulness in applying 
coatings for the purpose of controlling drug release 
(1, 3). The 6-in. pilot model has a capacity of 
0.5 to 4 Kg., and coating can be completed in 30 
to 50 minutes. This chamber easily supplies 
quantities of material necessary for product 
development requirements. 


The need for pH independent coatings sug- 
gested the use of combinations of ethylcellulose 
and methylcellulose (4), well known cellulose 
polymers, in different ratios as possible coating 
materials. It remained then to determine opti- 
mum particle size of the drug, applicable ratios 
of the two cellulose materials, percentage film 
coat, rate of application of the solubilized materi- 
als, and the particular machine settings to yield 
the most even continuous film coat. 


EXPERIMENTAL 


(2). 


A typical data sheet with all operating conditions 
is illustrated in Table I. A soluble dye was added 
to the cellulose gum dispersions as a visual aid in 
the coating process. A large (1 gal.) Waring 
Blendor was used to disperse the gums. The spray 
run was completed in 30 minutes. By allowing the 
outlet temperature of the apparatus to climb to 
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within a few degrees of the inlet temperature, there 
was assurance that all the solvent was evaporated 
off the granules. Agglomeration was prevented by 
adjusting air and liquid flow (5). The resultant 
products consisted mainly of individual crystals 
with a continuous coating of the polymers. 


The conditions entered in Table I were standard- 
ized and used throughout the experiments. The 
solvent system, formulation, concentrations of 
plasticizer, and total cellulose polymers remained 
constant. In all cases, fast disintegrating tablets 
containing the coated aspirin-83yo, comstarch- 
15%, and ta1+-2% were prepared using '/M in. S.C. 
punches. The tablets contained 325 mg. of acetyl- 
salicylic acid. Disintegration time was less than 1 
minute. In d r o  solubility studies were run on all 
granules and tablets. The shells remaining after 
solubility studies were examined microscopically 
to determine degree of fracture of the coating and 
whether any aspirin remained in the intact shells. 


Initial studies were done with 20-mesh aspirin 
(20-40 mesh) and 40-mesh aspirin (all pass 40 
mesh). A 2.7% coating was applied to the 20-mesh 
material, and a 4.8yo coating was applied to the 
40-mesh material. The finer material required 
additional coating to yield approximately the same 
final film thickness. 


Twhty-mesh aspirin crystals were selected for 
additional coating work; 8% coatings were applied 
to this material, starting with concentration of 
50/50 ethylcellulose/methylcellulose with gradations 
to 100% ethylcellulose and 0% methylcellulose. 


' 


RESULTS AND DISCUSSION 


In the first study (Table 11) 20-mesh aspirin using 
75% ethyl, 25% methylcellulose was the slowest, 
though not slow enough. It was decided to coa- 
centrate on the largest aspirin size (20 mesh) and 
increase the concentration of the coating material. 
The second series was started to determine the opti- 
mum ratio of ethylcellulose to methylcellulose. 


Duplicate solubility runs indicate granulations, 
and tablets showed good reproducibility within the 
batch (2). Solubilities for duplicate coating and 
tablet preparations are shown in Table 111. It is 
apparent that excellent replication was achieved in 
the final tablet. The accuracy of duplication from 
batch to batch depends only on the ability to follow 
through on the operating procedures of the ap- 
paratus. The Wurster apparatus is the ideal equip- 
ment for research quantities of coated drugs. The 
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TABLE I.-WURSTER COATING AND GRANULATING PROCESS 


Fornaula N o .  133 Date: 10/17/61 
Material Coated: 2&40 mesh aspirin crystals Quantity: 2 Kg. 
Coat ing: 50/50 ethylcellulose methylcellulose Quantity: 120 Gm. 
Coating, %: 


Formula of Coating Soluticn: Quantity 
1) Methylene chloride 1800 ml. 
2) Isopropyl alcohol 1800 ml. 
3) Glycerin 24 ml. 
4 )  Ethylcellulose N 10 (10 cps) 60 Gm. 
5) Methylcellulose 50 Hg (50 cps) 50 Gm. 
6)  FD&C Green No. 3 50 mg. 
Initial Coating Solution Temp.: 130" F. Mixing Time: 3 min. 
Max. Air  Flow: 96.0 c.f.m. Recommended A i r  Flow: 'i8.5 c.i.m. 
Fluid Nozzle: 2050 .4ir Nozzle: No. 64 
Atomization Pressure: 45 psig. Coating Reservoir Pressure: 15 psig. 
Inlet Fluid Pressure: 5-9 psig. Inlet Temp. Setting: 125" F. 
Inlet Temp. Range: 115-130" F. Exhaust Temp. Range: 90-1 10' F. 
Yidd: 98% Humidity: 45% R.H. 
Remarks: Formula No. 134 tablets prepared with the coated aspirin. No agglom- 


eration of crystals. 


6% based on wt. of aspirin 
5.66% of total wt. 


TABLE II.--SOLUBILITY OF ASPIRIN TABLETS 


Per Cent Dissolved (as a Function of Time- 4-hr. Recovery) --- 2.7y0 Coating-20 Mesh---- 


75 Methyl 25 Methyl 75  Methyl 
Time 134A 134B 134c 134D 


---4.8'% C o a t i n g 4 0  Mesh- 


26 Methyl 


(20-40 Mesh) (Pass 40 Mesh) 
25 Ethyl 75  Ethyl 25 Ethyl 75 Ethyl 


/2 42 47 77 97 
1 79 65 90 98 
2 94 88 100 99 
3 100 94 100 99 
4 100 ion  100 100 


use of other apparatus, i . e . ,  coating pan and hy- 
draulic gun, is possible; but experience indicates 
that duplication on small batches is difficult (3). 


Figures 1 and 2 clearly indicate the release rates 
obey first-order kinetics. The semilogarithmic 
solubility plots are linear. I n  tdro sustaining of 
acetylsalicylic acid is evident, and in viuo sustaining 
is also obtained (2). 


Through the use of the Wurster apparatus and the 
cellulose polymers ethylcellulose and methylcel- 
lulose, i t  has become possible to vary the solubility 
release rates of aspirin crystals. The data clearly 
show that as the amount of ethylcellulose is in- 
creased in the ratio, the aspirin release rate is de- 
creased. The procedure is considered very satis- 
factory since not only can the release be predicted 
but also the tablets prepared from the coated crystals 
give excellent duplication. 


Microscopic examination of the residue after 
solubility determinations using stereo and polarizing 
microscopes indicates that most of the shells are 
largely intact with some fractured ones and some 


TABLE III.-REPLICATION OF COATING AND 
TABLETING PROCEDURE 


--O/Dissolved as Function of Tim- 
152 152A 


5 min. 6 6 
15 min. 13 13 
30 min. 22 23 


1 hr. 37 37 
2 hr. 57 61 
3 hr. 74 74 
4 hr. 80 85 


I.- 


I I I 
2 3 4 


nmiKxIRsi 


Fig. 1.-Effect of ethylcellulose content on solubility 
rate (6y0 coatings). 


powdered cellulose mixture. The intact shells are 
free of all traces of crystalline aspirin. The varia- 
tion in ratios of the two cellulose polymers with 
corresponding variation in solubility rate clearly 
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cellulose and appear to be insoluble in the pH 4 
buffer. Kanig and Goodman (6) show that this 
situation appears with ethylcellulose and polyvinyl 
pyrrolidone combinations; nevertheless, concentra- 
tion changes as low as 7.57; increase in ethylcellulose 
and 7.5% decrease in methylcellulose (75/25 to 
82.5/17.5) show a definite change in solubility rate. 
The influence on water vapor transmission and 
therefore the change in aspirin solubility seems to be 
significant for relatively smaller percentage changes 
in composition. 


10 // 
l l Y L  I M I  


Fig. 2.--Semilog plot of per cent aspirin dissolved 
YS. time (data from Fig. 1 graph) illustrates solubility 
rate variations with concentration of ethylcellulose 
on coating. 


indicates the mechanism is one of dialysis with 
ethylcellulose as the more impermeable film, though 
the literature indicates water vapor transmission 
through both films is similar (6) .  The combination 
of ethylcellulose and methylcellulose appears to be 
slowly soluble a t  the 50/50 level. This does not 
appear, however, during the length of the solubility 
run. The films containing the higher ratio of 
ethylcellulose seem to be dominated by the ethyl- 


SUMMARY 


From a purely practical pharmaceutical stand- 
point it is evident from the data presented that the 
Wurster apparatus is a valuable tool for preparing 
research quantities of sustained-release medications. 
Continuity of films and evenness of coating is pos- 
sible and reproducible. The coated crystals are 
suitable for compression into fast disintegrating 
tablets that provide sustained release of aspirin. 
It has been shown that the solubility rate of aspirin 
coated with different concentrations of ethylcellulose 
and methylcellulose can be sustained. It has also 
been shown that the ratio of the two cellulose 
polymers affects the solubility rate, the solubility 
rate being inversely proportional to the concentra- 
tion of ethylcellulose. This has been reflected in 
the solubility rate curves as shown. 
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Physical Stability Testing of Pharmaceuticals 
By JAMES E. TINGSTAD 


T h e  importance of physical stability of phar- 
maceuticals and methods of testing physical 
stability of tablets, capsules, suspensions, 
emulsions, solutions, and ointments are 


discussed. 


HYSICAL STABILITY is a n  important problem 
to product formulators for three primary 


reasons. 
Appearance.-Physicians, pharmacists, pa- 


t ients-all expect pharmaceutical products to 
look fresh, elegant, and professional no matter  
how long they sit on the  shelf. Any slight 
change in physical appearance-like fading of 
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a color-may cause these people t o  lose confi- 
dence in  t h a t  particular product. 


Uniformity.-Since most products are sold as 
multiple-dose packages, the  formulator has  t o  
make sure t h a t  t h e  patient receives the  same 
amount  of active ingredient in each dose. .4 
cloudy solution or a broken emulsion means 
t h a t  the patient is  in  danger of being overdosed 
or underdosed. 


Availability.-The formulator's ethical re- 
sponsibility to t h e  patient does not  end with 
providing a uniform dose. If t h e  active ingredi- 
ent is not  absorbed, he h a s  failed that patient 
jus t  as much as if he  gave him a worthless 
placebo. Therefore, the formulator has to 
make sure that the  active ingredient is just  a s  
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The programmed thermoregulator appears to  
have usefulness in a variety of applications where 
accurate control of rates of heating or cooling are 
required. The performance of the apparatus 
compares favorably with that specified for the more 
costly program devices which are available com- 
mercially. 


reversing its direction of rotation) and by adding a 
cooling cell to  the water bath to oppose the action 
of the heating element. Several typical plots of 
time Versus the temperature of the reaction system 
obtained under these operating conditions are illus- 
trated in Fig. 3. The constancy of the rates of 
heating and cooling is evident. 


Hydrogenation of 1-Naphthol with Rhodium Catalyst 
By MORRIS FREIFELDER and GEORGE R. STONE 


The  low-pressure h dro enation of 1-na hthol 


genation. Use of this is made t o  produce 
&,cis 1-decalol. 


N THE COURSE of studying the effect of rhodium I catalysts in the hydrogenation of organic com- 
pounds, we investigated the reduction of 1-naphthol 
(I) under low-pressure conditions. Hydrogenation 
was interrupted after 2 M equivalents were absorbed 
and the resultant reaction mixture subjected to  
vapor-phase chromatography. A major peak con- 
sisting of about 70% of the total was identified as 
5,6,7,8-tetrahydro-l-naphthol(II). In addition to  a 
small amount of decalin and a few per cent of what 
appeared to be 1-tetralone, about 20% of another 
product was seen in the chromatograph. From its 
position it was suspected to  be a decalol. 


In view of this tendency toward overhydrogena- 
tion, it seemed worthwhile to study the reaction 
further. The mild conditions employed should lead 
to a predominance of cis products. I t  was hoped 
that &cis 1-decal01 (111) would be obtained. If so, 
a less time consuming and more direct method than 
those described in the literature would be available. 


Gutsche and Peter have prepared I11 in a three- 
step synthesis (1). Their material was of excellent 
quality judging from its melting point, but the 
conversion of I1 to 111 with freshly prepared plati- 
num oxide required 4 days. Zimmerman and Mais, 
starting with I, also found that a long reduction 
period was necessary (2). The same slow uptake of 
hydrogen was encountered in another reduction in 
which decalin and mixed decalols were obtained as 
well as 111 (3). With Raney nickel at elevated 
temperature and pressure, mixtures were obtained 


Hydrogenation of I with rhodium catalyst at 60' 
and 3 Atm. did lead to  111. Vapor-phase chroma- 
tography showed about 5y0 of decalui and almost 
10% of a product which we assumed to  be the inter- 
mediate 1-decalone, and a major peak (84.5%). On 
recrystallization of the residue from this reduction 
111 was obtained. After several reductions at low 
pressure, it appeared more desirable to  run the reac- 
tion at high pressure and at room temperature to 
convert the intermediate 1-decalone completely (if 
indeed it was present) and to cut down on hydro- 
genolysis. When the hydrogenation was carried out 
a t  130 Atm., presumably the only product obtained 


with rhodium is round to cause per E ydro- 


(4). 


was 111. On chromatography, a small amount of 
impurity (ca. 3%) was found. Infrared examination 
showed the absence of OH and aromatic ring and the 
presence of a carbonyl peak at 5.78 p. In the ab- 
sence of any conjugation, the impurity was assumed 
to be 1-decalone. 


EXPERIMENTAL. 
5,6,7,8-Tetrahydro-l-naphthol.-A solution of 


14.4 Gm. (0.1 mole) of 1-naphthol in 50 ml. of ana- 
lytical reagent methyl alcohol was hydrogenated 
under 3 Atm. pressure in the presence of 4.3 Gm. of 
5% rhodium on alumina catalyst.' Uptake of 2 M 
equivalents was complete in 5 hours. The reaction 
was interrupted and the solution filtered from the 
catalyst. After concentration, the residue solidified 
on cooling. Vapor-phase chromatography' showed 
0.72% decalin, 20.4% of decalol or decalols. 69% of 
a tetrahydronaphthol, plus about 7% of two un- 
knowns. The mixture on infrared examination3 
showed presence of OH, aromatic ring, and a car- 
bony1 peak at 5.9+ p (1-tetralone shows a peak at 
5 . 9 8 ~ ) .  


The mixture was then dissolved in benzene and 
extracted with 100 ml. of 50yo sodium hydroxide 
solution. The alkaline solution was acidified and 
extracted with benzene. The benzene extract was 
dried over anhydrous magnesium sulfate, filtered, 
and concentrated. The residue was treated with 
hexane and allowed to stand to  crystallize. The 
product obtained melted at 68' (described 68.5 to 
69') (1) and was shown to be 5,6,7,8-tetrahydro-1- 
naphthol by mixed melting point and infrared 
absorption compared to a known standard. 


cis,cis 1-Decalo1.-The hydrogenation of 0.1 mole 
of 1-naphthol was carried out at 60" and 3 Atm. in 
the presence of 5.8 Gm. of 5y0 rhodium on carbon.' 
Uptake for 5 Hs was complete in 12 hours. After 
removal of catalyst and solvent, the residue obtained 
solidified and melted a t  77-86' with softening a t  
70'. Recrystallization from heptane raised the 
melting point to 90 to  91.5' (described 93') (1). 
The crude material was examined by means of 
vapor-phase chromatography. Results showed 
5.4% decalin, 9.6y0 of an unidentified fraction 
(possibly 1-decalone), and 84.3% of 111. 


A second set of runs was carried out as above. 
The residue was distilled. Decalin was again ob- 
tained, the remainder of the material distilled over a 
wide range, 210-237' at atmospheric pressure. 
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Reduction at Higher Pressure.-A solution of 
72.0 Gm. (0.5 mole) of I in 250 ml. of 95% ethyl 
alcohol was hydrogenated at room temperature and 
130 Atm. in the presence of 30 Gm. of 5y0 rhodium 
on carbon. Reaction was slightly exothermic, the 
temperature risiig to 46”. Uptake was complete 
in about 1 hour. The catalyst was removed, the 
solution concentrated, and the residue distilled. It 
boiled at 237-240’ [lit. 246” at 745 mm. (5)] at 
atmospheric pressure and solidified quickly. The 
product weighed 74.5 Gm. and melted at 89-91”. 


To determine the purity of the product,‘ 2.5 Gm. 
was dissolved in a mixture of 20 ml. of 99% benzene 
and 1% ether, put over a silica gel column, and 
eluted with a 95% benzene and 5% ether mixture. 
Fractions were collected in 30-ml. portions. These 
were followed by means of thin-layer chromatog- 
raphy. In one fraction a minor component was 
-~ ~ 


‘Performed by D. E. Dickson, Regis Chemicnl Co.. 
chicop, Ill. 


seen. It was isolated and found by infrared exam- 
ination to have a peak at 5.78 p ,  indicative of an 
unconjugated carbonyl group. Since there was no 
evidence of aromaticity, it was assumed to be 1- 
decalone. One more fraction produced a mixture 
in which the major component predominated (850J0). 
Thereafter only &,cis 1-decalol was obtained, 1.5 
Gm., m.p. 91-92”. 
In a larger run (1.0 mole) a t  200 Atm. pressure, 


the temperature rose to 54-55’. In this instance 
the yield of distilled I11 was lower (76.5y0). 
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Lipid Content of ChZoreZZa “Aerated” with a C0,-Nitrogen 
versas a C0,-Air Mixture 


By ROBERTSON PRATT and EVELYN JOHNSON 


Contrary to some earlier reports, substitution of nitrogen for air in  the COrair 
mixture conventionally used to “aerate’’ cultures of Cblorella had little effect on dry 
weight or on protein and li id content of C. &renoidosa harvested after 8 weeks, 
whether the cells were proriSed with a good nutrient solution or with one deficient 
i n  nitrogen. In a manganese-deficient medium, the yield of dry weight and the 
protein and lipid content of the cells produced was ap roximately the same whether 
a C O 4 r  or a COrni t rogen gas stream was used, gut the dry weight and lipid 
content were markedly lower and the protein content was higher than in  cultures 


developed in  the standard comple-te medium. 


T HAS BEEN REPORTED (1, 2) and confirmed (3) I that cells of Chlorek fiyrenoidosa have a higher 
lipid content when cultured in a nitrogen-deficient 
mineral nutrient solution than when cultured in one 
with an adequate concentration of nitrogen. How- 
ever, the highest level of lipid found by the later 
authors was markedly lower than the 65% in 
4 weeks and approximately 75% in 10 weeks. re- 
ported by the earlier workers (1, 2). Seeking 
sources of the discrepancy is difficult because of the 
lack of specific details with respect to environmental 
conditions in the earlier papers. Since composition 
of the “aeration” stream might have been an im- 
portant variable, this has now been investigated 
and is the principal subject of this report. 


The “aeration” mixture customarily used in 
Chlorella experiments in this laboratory and else- 
where for many years consists of 570 carbon dioxide 
and 95% air. However, a personal communication 
from one of the earlier authors states that they 
“found i t  essential to  use Sy0 C G  in nitrogen in 
order to maintain cultures in good shape for the 
long time needed to  obtain the highest lipide con- 
tent” and that “we too observed clumping of cells 
in old cultures in SM (nitrogen-deficient) medium 
grown with C G  in a i r . .  . But even in the 70-80 
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day old, very high lipide cultures grown with COZ 
in N2, the cells remained freely suspendible and 
showed negligible sticking together” (4). 


RESULTS 


In three experiments (each run in duplicate) 
averaged in Table IA, substitution of Cornitrogen 
for the C O & r  stream had only minimal effect 
on the dry weight of cells produced and on their 
protein and lipid content, whether the alga was 
cultured in the standard medium or in the nitrogen- 
deficient one. Regardless of which gas mixture 
was provided, the lipid content (as per cent of dry 
weight) was about 19% higher, and the protein 
level was about 10% lower in the medium deficient 
in mineral nitrogen than in the standard. Under 
the experimental conditions employed, we found 
no evidence that composition of the culture solu- 
tion affected the response of the cells to substitu- 
tion of nitrogen for air in the gas stream or to sup- 
port the cautiously worded suggestion that Chhella 
may “under the special conditions producing high 
R-value (namely, mineral nitrogen starvation and 
supplied with 5% Cot in nitrogen), fix atmospheric 
nitrogen” (1). 


It has been stressed that high lipid values were 
never attained when the “residual fixed nitrogen 
concentration was greater than 0.001 molar” in 
the medium (1). Although the conditions provided 
in the present experiments are believed to  have 








@-Pyridylacrylophenones and Analogs 
New Class of Active Coronary Dilating Agents 


By JOHN KOO* 


A series of &pyridylacrylophenones and closely related analogs was synthesized 
by the condensation of yridinecarboddehydes and other heterocyclic aldehydes 
with ap ropriate acetop E enones in the presence of various catalysts. The propor- 
tions opvuious reaction products depended upon catalyst and reaction conditions. 
Several compounds of thu ty e bave been found pharmacologically to exhibit re- 


mUh%le coronary dilating activity. 


ANY CHROMONE derivatives exhibit interest- 
ing pharmacological activites. Khellin 


has long been used as a vasodilator (1, 2); re- 
cently, some 5,8-dimethoxychromone derivatives 
were found to exert a powerful coronary dilating 
(3) or central nervous system depressing action 
(4). Also, it has been reported (5, 6) that flavo- 
noids possess the ability to form chalcones under 
certain biological conditions. 


O u r  investigations in the chromone series (4,7) 
therefore were extended to chalcone-type com- 
pounds-namely, heterocyclic acrylophenone, 
whose structures corresponded to some active 
chromones. Desirable structural features for 
pharmacological activity were a 8-substituted 
heterocyclic radical, the presence of methoxy- 
groups, and a 2-hydroxy group in the acrylo- 
phenone structure. 


The 8-heterocyclic-acrylophenones reported 
here were synthesized according to the usual route 
for chalcones by condensation of a pyridyl or 
other heterocyclic carboxaldehyde with the 
appropriate acetophenone. Several synthetic 
methods employing various catalysts, solvents, 
and conditions were evaluated. The catalysts 
employed were sodium hydroxide in ethanol-water 
(8, Q), piperidine in absolute ethanol, piperidine 
in pyridine (lo), and piperidine-acetic acid in 
benzene (1 1). Depending upon the catalyst and 
conditions used, similar readants might form 
products different from those expected. Also, 
the reaction of the same acetophenone with differ- 
ent isomeric pyridine-carboxaldehydes using the 
same catalyst system under identical reaction con- 
ditions frequently produced different results. 
Two factors might be responsible for some diffi- 
culties encountered by us. First, the electronic 
effects of the heterocyclic moiety appeared to 
influence the course of reaction. Second, the 
presence of the hydroxy-group on the 2-position 
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of the phenyl ring added the complication of pos- 
sible ring closure. 


Condensation of 3,6-dhethoxy-%hydroxy- 
acetophenonel with 3 -pyridinecarboxaldehyde in 
ethanol-water with sodium hydroxide as catalyst 
at  5O yielded the expected 3,6-dimethoxy-2- 
hydroxy-~-(3-pyridyl)-acrylophenone (I). Its 
hydrochloride was isolated as cherry-red needles. 
However, by using absolute ethanol as solvent in 
the presence of piperidine as catalyst under pro- 
longed heating, the isomeric colorless 5,8-di- 
methoxy-2-(3-pyridyl)-chromanone (11) was ob- 
tained in addition to I. 


I I1 
OCH3 I-\ 


I11 
IIIc. R= a 


To study the relationship between the 2- 
hydroxy-group and the pharmacological activity 
of I and also to shorten the synthetic route, 2,5- 
dimethoxyacetophenone was employed in place of 
3,6-dimethoxy-2-hydroxyacetophenone. By con- 
densation of this compound with 4-pyridine- 
carboxaldehyde in pyridine or absolute ethanol 
with piperidine as catalyst, 2,5-dimethoxy-B-(4- 
pyridy1)-acrylophenone (IIIa) was then obtained. 


1 This compound was prepared according to the general 
route of Baker (12) in four steps from 2,B-dihydrory- 
acetopheowe, whichin turn wasobtainedinanotha four steps 
from resoranol by following the method of Frye (13). How- 
ever, the product of the f ist  step, 4-methyl-7-hydroxy-couma- 
rin was produced more conveniently by using plyphosphoric 
acih instead of sulfuric acid as the condensmg agent (14) 
and the last compound, 3,8-dimethoxy-2-hydroxyaceto- 
phenone. was obtained by an improved method of catalytic 
debenzylation of the corresponding benzyloxy-analog, as 
described under Experimenfol. 
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cyclic aldehyde is first to form the ketol IV which 
then dehydrates t o  a n  acrylophenone V and 
finally undergoes ring closure to  a chromanone 
VI. The state at which the reaction stops is 
strongly conditioned and catalyst dependent. 


However, when 3- or 2-pyridylcarboxaldehyde 
was employed with sodium hydroxide at catalyst 
for the analogous condensation, the only product 
isolated was Vb or Vc. The  preparation of the 
2-fury1 (Vd) and the 2-thiophenyl (Ve) analogs 
were similarly achieved using the usual aqueous 
ethanolic sodium hydroxide procedure for the 
condensation. 


Pharmacology.-Pharmacological study* of these 
compounds showed that a few of them exhibited 
remarkable coronary dilating action with relatively 
low toxicity. Both compounds I and IIIb increased 
similarly the coronary flow in the Langendorf prep- 
aration of the excised cat heart, when 5 to 100 mcg. 
were introduced into the perfusion system at the 
aortic cannula. Quantitatively, the coronary di- 
lating action compared favorably with published 
data by Khellin on similar action. The effect 
usually reached its maximum over approximately a 
30-minute period. Doses of 5 to 10 mg./Kg. of 
these compounds given intravenously to the dog 
lowered the arterial pressure moderately, accom- 
panied by a brief apnea. which was later followed by 
respiratory stimulation. Fighting of the Siamese 
fighting fish (Betu splendens) was suppressed in con- 
centrations of 0.1 to 0.5 mcg./ml. of solution. 
Evipal sleeping time in mice was significantly pro- 
longed by 250 mg./Kg. of 11121 orally, while corn. 
pound I exhibited no significant action. 


Compound IIIa also exerted coronary dilating 
action inconsistently at doses of about 2 to 6 mcg. ; 
Evipal sleeping time was considerably potentiated. 
No consistent action on coronary flow was shown 
by IV. I t  was iiioderately hypotensive at about 5 
to 20 mg./Kg. i.v. in dogs and potentiated Evipal 
sleeping time in mice considerably. 


Compounds Va, Vb,  and Vc increased coronary 
flow moderately at doses of about 50 to 100 mcg. 
They showed mild hypotensive action at about 2 to 
10 mg./Kg. i.v. in dogs. Also, 2-hydroxy-5-chloro- 
&(2-pyridyl)-acrylophenone, which was one of several 
previously known compounds synthesized for phar- 
macological study, exhibited moderate coronary 
dilating action by Langendorf preparation a t  doses 
of about 2 to 10 mcg. and was moderately hypo- 
tensive at levels of 2 mg./Kg. i.v. in dogs. The 
acute oral LD, of I in mice was approximately 600 
mg./Kg., and its acute intravenous LDs was 52 
mg./Kg. The acute oral and intravenous LDu of 
IIIb were loo0 mg./Kg. and 55-68 mg./Kg. 


A preliminary study of the correlation between 
structure and activity of many newly synthesized 
and some known heterocyclic-substituted acrylo- 
phenones seems to indicate that the presence of the 
3,6-diiiiethoxy and 3-pyridyl groups are essential to 
insure a higher degree and greater consistency of 
coronary dilating action. The 2-hydroxy group 
does not appear to be necessary for the activity; its 
oiriission even reduces the toxicity moderately. 


and pssocistes, 
*The pharmacological study was made by Dr. S. Krop 


By an analogous reaction in absolute ethanol, 
usingpyridineor benzene with piperidine or piperi- 
dine-acetic acid as catalyst, the 3-pyridyl isomer 
(IIIb) was obtained in better yields. Similarly, 
the 2-pyridyl isomer (1116) was obtained in ab- 
solute ethanol or pyridine 
piperidine as catalyst. 


OH 


in the presence of 


IV, R= 


/ I  IV 


Va, R =  a 
V b ,  R =  a 


OH CH-R 
vc, R- * 


0 
VI 


For further pharmacological study, work was 
then extended to  2-hydroxy-~-heterocyclic-acrylo- 
phenones containing no methoxy-groups. Con- 
densation of 2-hydroxyacetophenone and 4- 
pyridinecarboxaldehyde in ethanol-water with 
sodium hydroxide as catalyst gave both the 
colorless 2’,3 - dihydroxy - 3 - (4 - pyridyl) - propio- 
phenone (IV) and its dehydration product, the 
yellow 2 - hydroxy - p  - (4 - pyridyl) - acrylphenone 
(Vu). When heated mildly with dilute hydro- 
chloric or sulfuric acid or polyphosphoric acid, IV 
was promptly dehydrated to the yellow compound 
Vu. However, the same condensation carried out  
in absolute ethanol or pyridine catalyzed with 
piperidine gave the colorless ring-closed product 
2-(4-pyridyl)-chromanone (VI). Alternatively, 
when piperidine-acetic acid was used as catalyst 
in benzene solution for the same reaction, IV wils 
the chief product which gradually changed to  the 
yellow compound Vu upon standing in  air or in 
solution. The results of these experiments sup- 
port the view that  the mechanism of the reaction 
between a 2-h.ydroxyacetophenone and a hetgro- 
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EXPERIMENTAL.' 
3,6-Dimethoxy-2-hydroxyacetophenone.-To a 


solution of 14.3 Gm. of 2,5-dimethoxy-6-benzyloxy- 
acetophenone (see Footnote 1 ) in 100 ml. of absolute 
ethanol was added 4 Gm. of 5% Pd on charcoal 
catalyst, and the mixture was hydrogenated at mom 
temperature under 40 lb. pressure for 1.5 hours. It 
was then filtered, and the solution was evaporated to 
give 8.3 Gm. (95%) of a yellow crystalline solid, 
m.p. 6041" [reported (12) m.p. 61'1. In our in- 
vestigation the original hydrochloric-acetic acid pro- 
cedure of debenzylation gave only about 70% yield 
of less pure material. 


3,6-Dimethoxy-Z-hydroxy - p - (3 - pyridyl) - acrylo - 
phenone Hydrochloride (I).-(a) To a stirred solu- 
tion of 1.8 Gm. of 3,6dimethoxy-2-hydroxyaceto- 
phenone in 50 ml. of 10% NaOH aqueous ethanol 
(2:l) solution at 10' there was added 1.1 Gm. of 3- 
pyridinecarboxaldehyde. Stimng was continued 
for 5 hours while the solution was permitted to  come 
to room temperature. The solution was acidified 
with dilute hydrochloric acid to pH 7, and the yellow 
oil which separated was extracted with ether. 
After drying over magnesium sulfate, the ether solu- 
tion was treated with hydrogen chloride gas, causing 
a heavy precipitate to form. It was recrystallized 
6rst from ethanol-ether and then from aqueous 
ethanol to yield 0.2 Gm. (7%) of cherry-red needles, 
m.p. 233-234' dec. 


Anal.-Calcd. for C d I d 3 N 0 , :  C, 69.54; H, 
5.31; N, 4.34. Found: C, 59.47; H. 5.09; N, 
4.41. 


( b )  A solution of 3.92 Gm. of 3,6-dimethoxy-2- 
hydroxyacetophenone and 2.14 Gm. of 3-pyridioe- 
carboxaldehyde in 60 ml. of absolute ethanol con- 
taining 16 drops of piperidine was gently rduxed for 
3 hours. The reaction mixture was concentrated to 
a small volume, diluted with cold water, and re- 
peatedly extracted with ether. After drying, the 
combined ether extracts were concentrated to a small 
volume. Some colorless material which separated 
was filtered off, and the ether solution was saturated 
with hydrogen chloride gas. The reddish paste 
which separated was recrystallized from absolute 
ethanol twice to give 0.75 Gm. (11%) of red needles. 
The melting point and mixed melting point with the 
material obtained from method (a) was 233-234O dec. 
5,&Dimetho1y-2-(3-pyridyl)-chromanone (II).- 


The colorless material obtained from the above ex- 
periment ( b )  weighed 0.5 Gm. (So/,), m.p. 162-166'. 
It was recrystallized from dilute ethanol as long 
colorless needles, m.p. 170'. It was not soluble 
in dilute sodium hydroxide solution, and the infrared 
spectrum exhibited a strong carbonyl band at 
5.9 p. 


Anal.-Calcd. for ClsHIIN04: C, 67.36; H, 5.30; 
N, 4.91. Found: C,67.55; H, 5.44; N,4.80. 


2,5-Dimethoxy-p-( 4-pyridyl )-acrylophenone Hy- 
drochloride (IIIa).-(a) A solution of 82 Gm. of 
2,5-dimethoxyacetophenone, 50 Gm. of 4- 
pyridinecarboxaldehyde, and 14 ml. of piperidine in 
200 ml. of absolute ethanol was r d u x e d  gently for 
55 hours. The dark solution was diluted with cold 
water and extracted with ether. The ether solution 
was washed with sodium bisulfite solution, dried 
over magnesium sulfate, and filtered. Introduction 


a Experiments were carried out during 1956 and early 
1957. Melting points are uncorrected. Analyses were 
pnformed by Mr. E. R.  Hoffman and staff, Research Di- 
V I S I O ~ ,  Ethson, Inc. 
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of hydrogen chloride gas to the ether solution yielded 
75 Gm. (53%) of a yellow precipitate, m.p. 190-195O. 
It was recrystallized from absolute ethanol three 
times to give 17.5 Gm. (12%) of long bright-yellow 
needles, m.p. 2%230" dec. 


Ancrl.-Calcd. for ClsH&lNOs: C, 62.85; H, 
5.24; N, 4.58. Found: C, 62.63; H, 5.40; N, 
4.62. 


(b) A solution of 27 Gm. of 2,5-dimethoxyaceto- 
phenone, 16 Gm. of 4-pyridinecarboxaldehyde, 100 
ml. of pyridine, and 15 drops of piperidine was heated 
on the steam bath for 8 hours. The pyridine was 
evaporated under reduced pressure, and the residue 
was diluted with water. The oily material was ex- 
tracted with ether; the ether solution was washed 
with saturated sodium bisulfite, cold water, then 
extracted with 15% hydrochloric acid. On cooling, 
the acid solution 3.2 Gm. (7%) of yellow product 
separated, m.p. 220-225". It was recrystallized 
from absolute ethanol twice to give bright fluffy 
needles, m.p. 228-230". The mixed melting point 
with the sample obtained from method (a) showed 
no depression. 
2,5-Dimethoxy-p-(3-pyridyl)-acrylophenone Hy- 


drochloride (IIIb).-(a) A solution of 11 Gm. of 3- 
pyridinecarboxaldehyde and 18 Gm. of 2,5-dimeth- 
oxyacetophenone in 200 ml. of absolute ethanol was 
heated for 72 hours in the presence of 20 drops of 
piperidine. It was then worked up by the method 
(b)  for compound IIIa. There was obtained 15.5 
Gm. (49%) of bright-yellow needles, m.p. 204-205" 
dec. 


Anal.-Calcd. for Cl&I&lNOa: C, 62.85; H, 
5.24; N, 4.58. Found: C. 62.71; H, 5.53; N. 
4.65. 


( b )  By method (b)  of IIIa, heating a solution of 
11 Gm. of 3-pyridinecarboxaldehyde, 18 Gm. of 2,5- 
dimethoxyacetophenone in 150 ml. of pyridine. and 
20 drops of piperidine for 5 hours yielded 11 Gm. 
(34%) of bright-yellow product. The melting point 
and mixed melting point with product from (a) were 
204-205'. 


( c )  To a solution of 9 Gm. of 5.5 Gm. of 3-pyridine- 
carboxaldehyde and 9 Gm. of 2.5dimethoxyaceto- 
phenone in 50 ml. of absolute ethanol was added 1 ml. 
of piperidme and 3 ml. of acetic acid. It was gently 
refluxed for 25 hours, then worked up as in method 
( b )  of IIIa. The yield of product was 7.7 Gm. 
(49%), and the mixed melting points with sample 
from above experiments were 204-205' dec. 
2,5-Dimetho~-~-(2-pyridyl)-acrylophenone Hy- 


drochloride (IIIc).-(a) A solution of 18 Gm. of 2,5- 
dimethoxyacetophenone, 10.7 Gm. of 2-pyridine- 
carboxaldehyde, and 20 drops of piperidine in 60 
ml. of absolute ethanol was rduxed for 50 hours and 
then worked up as method (a )  of IIIb. The yield of 
bright-yellow needles was 6.5 Gm. (41%), m.p. 
189-190'. 


Anal.-Calcd. for Cl&sCINOs: C, 02.85; H, 
5.24; N,4.58. Found: C, 62.82; H, 5.54; N, 
4.86. 


(b )  The above experiment was repeated with 
pyridine instead of ethanol as solvent, yielding 2 Gm. 
(12%) of pure product. 
2-Hydroxy-p-(4-py~idyl)-acrylophenone (Va).- 


To a stirred solution of 21.5 Gm. of 4-pyridinecar- 
boxaldehyde in 300 ml. of 10% NaOH aqueous 
ethanol (2:l) solution was added dropwise 27.2 
Gm. of 2-hydroxyacetophenone over a 1-hour 
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pyridinecarboxaldehyde and 13.6 Gm. of 2-hydroxy- 
acetophenone similarly by the method of Va, giving 
14.5 Gm. (60%) of yellow product, m.p. 9849" 
[reported (15) m.p. 101-102'1. 


And-Calcd. for Cl,HIINO~: C, 74.65; H, 4.92; 
N, 6.22. Found: C, 74.86; H, 5.19; N, 6.05. 
2-Hydrox~r-,%(2-furyl)-acrylophenone ( V d ) . L  


The condensation of 14 Gm. of 2-hydroxyaceto- 
phenone and 10 Gm. of 2-furaldehyde in 150 ml. of 
15% NaOH aqueous ethanol (2 : l )  gave 9 Gm. 
(42%) of long yellow needles, m.p. 109-110'. 


And-Calcd. for CIIHIoO1: C, 72.98; H, 4.71. 
Found: C, 73.40; H, 5.01. 
2-Hydroxy-~-(2-thiophenyl)-acrylophenone (Ve). 


-This compound was obtained according to the 
above method from 4.6 Gm. of 2-hydroxyaceto- 
phenone and 3.8 Gm. of 2-thiophenecarboxaldehyde, 
giving 2.5 Gm. (37y0) of yellow needles, m.p. 99- 
100'. 


C. 67.80; H,  4.38; 
S, 13.92. Found: C, 67.97; H.4.49; S, 13.60. 


2-(4Pyridyl)-chromanone (VI) . - (a )  To a solu- 
tion of 10.7 Gm. of 4-pyridinecarboxaldehyde and 
13.6 Gm. of 2-hydroxyacetophenone in 100 ml. of 
absolute ethanol was added 3 ml. of piperidine, and 
the solution was heated on a steam bath for 3 
hours. The dark reaction mixture was then allowed 
to stand a t  room temperature for 1 week, during 
which time a yellow solid separated. It was 
filtered off, washed with a little cold water, and 
dried, 5.5 Gm. (24%), m.p. 210-215'. The crude 
material was recrystallized from 95% ethanol to 
give colorless needles, m.p. 224-225'. 


And-Calcd. for CJIHIINO~: C, 74.65; H, 4.93; 
N, 6.22. Found: C, 74.68; H,  4.83; N, 5.95. 


(b)  To a solution of 13.6 Gm. of 2-hydroxyacet.o- 
phenone and 10.6 Gm. of 3-pyridinecarboxaldehyde 
in 150 ml. of pyridine was added 1 ml. of piperidine. 
The solution was gently rduxed on a steam bath for 
3 hours, then diluted with cold water. The dark- 
red paste which separated was recrystallized from 
ethanol to give 3.5 Gm. (15%) of colorless needles, 
m.p. 225'. Neither of the products from the above 
experiments was soluble in dilute sodium hydroxide 
solution, and the mixed melting point was 224225'. 
The infrared spectra of both materials were identical 
with a strong carbonyl band at 5.9 j ~ .  
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period. The stirring was continued at 5-10' for 8 
hours and then a t  room temperature for 1 hour more. 
The reaction mixture was diluted with cold water, ex- 
tracted with ether, and acidified with acetic acid to 
pH 0. The oily material which separated was shaken 
with ether. Some pale-yellow solid, which was not 
soluble in ether, was filtered out. The ether solu- 
tion was first washed with sodium bisulfite solution, 
then with 10% hydrochloric acid solution. This 
acidic solution was made weakly basic with sodium 
carbonate solution. The heavy yellow precipitate 
that formed was filtered off, washed, and dried, 
yielded 25 Gm. (55%), m.p. 110-116". It was re- 
crystallized once from 70y0 ethanol to yield 3.5 Gm. 
(8y0) pure product as long yellow needles, m.p. 124- 
125'. Concentration of the above filtrate yielded 
only a dark oil. I t  seemed likely that most of the 
crude product was decomposed during the recrystal- 
lization. 


Anal.-Calcd. for Cl,HI4NO?: C. 74.65; H, 
4.92; N, 6.22. Found: C, 74.68; H, 4.92; N. 
6.08. 


2',3-Diydroxy - 3 - (4 - pyridyl) - propionphenone 
(IV).-(a) The pale-yellow material separated 
from the above experiment weighed 3.5 Gm. (7.5y0), 
m.p. 141-145'. It was recrystallized twice from 
ethanol to give colorless needles, m.p. 147-149'. 


Anal.-Calcd. for CirHiaNOa: C, 69.12; H, 
5.39; N, 5.76. Found: C, 69.36; H, 5.54; N, 
5.85. 


When this compound was warmed with dilute 
hydrochloric acid, sulfuric acid, or polyphosphoric 
acid, it  was readily dehydrated to the yellow acrylo- 
phenone (Va). 


( b )  To a solution of 13.6 Gm. of Zhydroxy- 
acetophenone and 11 Gm. of 4-pyridinecarbox- 
aldehyde in 200 ml. of benzene in a 500-ml. round- 
bottom flask fitted with a water-benzene separator, 
was added 4 ml. of acetic acid and 2 ml. of piperidine. 
The solution was refluxed for 20 hours and then 
washed with cold water, 30% sodium bisulfite solu- 
tion, and again with water. The benzene was ex- 
tracted with two 50-ml. portions of 20y0 hydro- 
chloric acid solution. Upon standing at room 
temperature, some of the hydrochloride of IV sep- 
arated and was filtered, weighing 2.1 Gm. (80/0), 
m.p. 202-204'. It was recrystallized from ethanol- 
ether to provide cream-colored crystals, m.p. 205- 
206 ' . 


Anal.-Calcd. for ClrH14C1NOs: N, 5.01; C1, 
12.67. Found: N. 4.78; CI, 12.48. 


The acid filtrate was neutralized with potassium 
carbonate solution, causing 4.5 Gm. (18%) of the 
free base of IV to precipitate, m.p. 145148'. It 
was recrystallized once from benzene-petroleum 
ether to yield off-white material, m.p. 148-149" 
(deep-yellow melt). The mixed melting point with 
a sample from (a) was not depressed. 


2-Hydroxy-p-( 3-pyridyl)-acrylophenone (Vb).- 
This compound was prepared from 22 Gm. of 3- 
pyridiriecarboxaldehyde and 28 Gm. of 2-hydroxy- 
acetophenone in 300 ml. of sodium hydroxide soh- 
tiori by the nictliod of Vn, giving 4.5 Gm. (10%) of 
yellow needles, 1n.p. 149-150' [reported (13) 111.p. 
lci1-16Yl. 


.4naI.---Calctl. for CirHIINO?: C, 74.65; II, 
4.92; N, 6.22. Found: C, 74.40; H, 5.52; N. 6.15. 


2-Hydroxy-j3-( 2-pyridyl)-acrylophenone (Vc).- 
This compound was obtained from 10.7 Gni. of 2- 
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aniinoester could not be prepared in the solid state. 
Infrared spectral bands in cm. - I :  3250(w), 1720(s), 
1635(s), 1595(s), 1445(s), 1360(m), 1233(s), 1165(s), 
1083(m), 1060(m), and 1036(m). 


Ethyl cis-Hexahydroanthranilate (III).-A mix- 
ture of 10 Gm. of ethyl anthranilate in 150 ml. of 
absolute ethanol and 8 Cm. of 570 rhodium on 
alumina was stirred in a Parr pressure reaction 
apparatus a t  500 p.s.i. and a t  temperatures up to 
85' for a total of 10 hours over a 2-day period. 
Removal of catalyst and solvent gave an oil which 
distilled at 115-119' (20 mm.). Huenig and 
Kahanek report 103-104' (11 mm.) (4). The yield 
of hexahydro ester was 7.3 Gm. (70.1%). For analy- 
sis, the previously unreported HCl salt of I11 was 
prepared in the usual manner with dry ether and HC1 
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gas and melted at 131-133' after two crystallizations 
from acetone/alcohol. 


Anal.-Calcd. for CoHlsCINO,: C, 52.05; H, 
8.67; N, 6.74. Found: C, 51.82; H, 8.71; N, 6.62. 


The free acid was prepared by refluxing I11 in 
plain water, followed by evaporation. The cis- 
hexahydroanthranilic acid so obtained was re- 
crystallized from alcohol/water. m.p. 233-234'. 
Huenig and Kahanek (4) report 235" for the cis acid; 
the trans acid, also prepared by plain water hy- 
drolysis ( l ) ,  melts at 274'. 
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Antistaphylococcal Activity of Seeds of PsoraZea corylz~ooli'a 
By K. N. GAIND, R. N. DAR, and R. N. KAUL 


The petroleum ether extract of the seeds of Psoralea c lifolia Linn. inhibits the 
growth of Stapbylococcns anrens, in  the concentration 2 1 0  mcg./mL From the 
extract a pure compound, C&aO, b.p. 1SSo/0.3 mm., has been isolated b chro- 
matography and subsequent fractional distillation. It inhibits the grow& of S. 


awens in  the concentration of 0.5 mcg./ml. 


SORALEA CORYLIPOLIA Linn. (Leguminosae) P is a common herbaceous weed, grows through- 
out the plains of India, and is commonly known as 
babchi. The seeds of this plant have long been 
used in the indigenous system of medicine for lep- 
rosy, inflammatory diseases of the skin, leucoderma, 
psoriasis, as an anthelmintic, a diuretic and a 
diphoretic in febrile conditions (1). In southern 
India, the drug is widely used as a stomachic, 
deobstruent, and in various cutaneous diseases 
(2). The seeds have an estrogenic effect on certain 
laboratory animals (3). Jois and Manjunath (4) 
and Seshadri and Venkattarao (5) isolated o fixed 
and a volatile oil, psoralen and iso-psoralen. Chakra- 
varti el al. (6) isolated a new crystalline compound, 
psoralidin. from the pericarp. Gupta et al. (7) 
recently reported the antistaphylococcal activity 
of the petroleum ether extract of the seeds in the 
concentration of 2-4 mcg./ml. Jois el al. (8) obtained 
from a petroleum ether extract of the seeds a 
fixed oil, psoralen, and iso-psoralen. In this in- 
vestigation, these components did not show ac- 
tivity against Staphylococcus aureus. Volatile oil 
from the seeds has not revealed appreciable ac- 
tivity (7). A systematic investigation of the seeds 
was undertaken and an attempt made to isolate 
and characterize the antistaphylococcal principle. 


Test Organism.-S. aureus (Oxford culture) 
was employed for testing the activity of the various 
fractions. The organism was maintained on 
nutrient agar slants from which regular sub- 
culturing was done in nutrient broth. A 24-hour 
suspension of this organism in broth was used for 
all subsequent investigations. 


macy Panjab University Chandigarh fndia. 


MATERIAL AND METHODS 
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Minimum Inhibitory Concentration.-The anti- 
staphylococcal activity of the various fractions 
(Table I )  was tested by serial dilution method. 
A solution (10 mg./ml.) of the test compound was 
prepared in alcohol (90%). One-half milliliter of 
the dilution was then transferred to 4.5 ml. of 
sterile nutrient broth (pH 7.2-7.4) from which 
0.5 ml. of the dilution was further transferred to 
4.5 ml. of the broth, etc., until a varied range of 
concentrations was obtained in the broth. The 
total volume was kept at 5 ml. Various dilutions of 
the test compound ranging from 0.1 to 100 mcg./ml. 
were obtained. The solution of the test compound 


TABLE I .-ANTISTAPHYLOCOCCAL ACTIVITY OF VARI- 
OUS CHROMATOCRAPHIC FRACTIONS OF PETROLEUM 


ETHER EXTRACT OF P. corylqoh SEEDS 


Anti- 
staphylo- 


COCCal 
Eluents Physical Appearance Activitya 


Petroleum ether Dark brown liquid - 


10% Benzene in Light green liquid - 
(1-18) 


petroleum 
ether (19-29) 


petroleum 
ether (3040) 


benzene (54-57) 


benzene (58-67) 


ether f 76-79) 


50% Benzene in Viscous green liquid + 
Benzene (41-53) Viscous green liquid 4- 
10% Ether in Viscous brown liquid - 
50yo Ether in Viscous brown liquid - 
Ether (68-75) Viscous brown liquid - 
10% Alcohol in Yellow solid mass - 
50% Alcohol ii Yellow solid mass - 


- ether (80-83) 
Alcohol (84-90) Yellow solid mass 
P -, No inhibition; +, inhibition. 
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iri alcohol on dilution with broth gave slight tur- 
bidity. However, concentrations below 100 nicg./ 
ml. were all clear solutions. The tubes were then 
inoculated with 0.05 ml. of the suspension of S. 
uureus in broth and incubated a t  37”. These were 
then examined after 24 hours for visible growth. 


EXPERIMENTAL 


The seeds of the drug were coarsely powdered 
and subjected to  successive extractions with sol- 
vents in a Soxhlet apparatus. The per cent residues 
were: petroleum ether, 8.6; chloroform, 5.2; 
and alcohol, 2.8. 


The petroleum ether extract inhibited the growth 
of S. uureus in the concentration of 10 mcg./ml. 
Since the chloroform and alcoholic extracts did not 
show antistaphylococcal activity, these extracts 
were not taken up for further study. 


Isolation of Antistaphylococcal Principle.-Ten 
grams of petroleum ether extract was chromato- 
graphed over 100 Gm. of alumina (Brockmann 
grade I) using, successively, petroleum ether, 
benzene, ether, alcohol, and their appropriate 
mixtures (Table I) as elution solvents. All the 
solvents were previously dried and purified. Ninety 
30-ml. fractions were collected. The solvents 
were removed in uocuo, and the antistaphylococcal 
activity of the various fractions recorded (Table 
I). After the elution, the chromatographic column 
showed the presence of six different bands, which 
were extruded separately and refluxed with methyl 
alcohol on a water bath. The residues were tested 
and did not show antistaphylococcal activity. 


The eluates consisting of petroleum ether- 
benzene mixture (1 : 1) were pooled and designated 
as fraction A. After refrigerating for a few days, 
it deposited needle-shaped crystals which were 
washed with cold petroleum ether to remove the 
adhering liquid. A white crystallinc compound 
was obtained which on repeated crystallization from 
hot dilute alcohol gave a pure compound. I t  was 
identified as psoralen and did not show activity 


1429 


against S. uureus. The mother liquor was further 
concentrated, and 1 Gm. of this liquid was again 
passed through a column containing 5 Gm. of 
alumina. The column was then eluted with petro- 
leum ether-benzene mixture (1 : l). The solvent was 
removed in uocuo, and the residual liquid was dis- 
tilled under reduced pressure; the fraction B, 
b.p. 155’/0.3 mm., was collected. It was of a 
pale, viscous oily nature and inhibited the growth 
of S. aureus in the concentration of 0.5 mcg./ml. 


Anal.-Calcd. for C~H160. Found: C, 82.22; 
H, 8.85, mol. wt. (Rast) 186. 


The benzene eluates were also mixed together 
and did not deposit crystals when cooled. The 
liquid was distilled under reduced pressure and the 
fraction, b.p. 155’/0.3 mm., was obtained. The 
compound on analysis was identical to B ( C I ~ H ~ S O )  
and had equal inhibition against S. aureus. 


The activity of compound B was also tested 
against S. uureus resistant to penicillin, strepto- 
mycin, chloramphenicol, and tetracycline, in which 
it was equally effective. 


A survey of the literature has revealed that com- 
pound B (C12H160) has not been reported pre- 
viously in P. corylifoliu. The preliminary character - 
ization tests have revealed the aldehyde nature of 
this compound ; therefore, the name psoralalde- 
hyde is proposed for it. Detailed work about its 
characterization and constitution will be com- 
municated later. 


REPERENCES 
(1) Chopra R. N. d al. “Chopra’s Indigenous Drugs of 


India,” 2nd id. ,  U . ’N .  r;hur and Sons. Calcutta, India, 
1958, p. 391. 


(2) Kirtikar, K.  R. ,  and Basil, B. D., “Indian Medicinal 
Plants Vol. I 2nd ed., Lalit Mohan Basu, Allahabad. 
India,’1933 p. ?IS. 


(3) East’ J. J .  Endoninol. 12. 261(1956). 
(4) Jois.’S. H., and Manjunah, B. I-,, Bcr., 69B,964(1936). 
f.5) .%had& T R . .  and Venkattarao. C.. Proc. Ind.  Acad. . ~. ~ . ,  ~. 


Sci. SA, 351(1037). 
(8).Chakravarti. K. K., Bose. A. K.. and Siddiqui, S., 
.I. Scr. I n d .  Rcs. India 7B, 24(1948). 


(7) Gupta K.  C. d’d. Bull. Reg. Rcs. Lab., 1 ,  SQ(1962). 
(8) Joie. S .  H.. Manjukath. B. L., and Venkattarao, C . ,  


J .  Ind .  Chmm. Soc., 10, 41(1933). 


Semiautomatic System for Timing Rotarod Performance 
By NATHAN WATZMAN, HERBERT BARRY, 111, JOSEPH P. BUCKLEY, and 


WILLIAM J. KINNARD, JR. 


An electronic circuit automatically stops 
the timer when the animal falls to a platform 
beneath the rod. This system improves 
the accuracy and convenience of recording 
rotarod performance time. The  investigator 
may test several animals simultaneously with 


only periodic observation. 
HE ROTAROD is a device which has been used T extensively for the evaluation of drug effects on 


the central nervous system. Rats and mice per- 
form a task similar to log-rolling: neurological defi- 
cit induced by a drug is indicated by the inability 
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of an animal to remain on the rod for a specified 
period of time (1). Various types of central nervous 
system depressants (2, 3) and stimulants (4) may be 
evaluated and compared by the increase or decrease 
in performance times they produce. 


The rod is generally divided into compartments 
by thin circular disks, larger in diameter than the 
roller, so that several animals can be tested simul- 
taneously. The experimenter starts a timer as soon 
as he places each animal on the rod and stops the 
timer as soon as he sees the animal fall to  the plat- 
form beneath. 


In situations where as many as six animals are 
being tested at one time, it is necessary for the experi- 
menter to give his undivided attention. Under 
these circumstances, it is quite possible that, if 
more than one animal falls in quick succession, the 
experimenter might not be able to observe each fall 
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Reduction at Higher Pressure.-A solution of 
72.0 Gm. (0.5 mole) of I in 250 ml. of 95% ethyl 
alcohol was hydrogenated at room temperature and 
130 Atm. in the presence of 30 Gm. of 5y0 rhodium 
on carbon. Reaction was slightly exothermic, the 
temperature risiig to 46”. Uptake was complete 
in about 1 hour. The catalyst was removed, the 
solution concentrated, and the residue distilled. It 
boiled at 237-240’ [lit. 246” at 745 mm. (5)] at 
atmospheric pressure and solidified quickly. The 
product weighed 74.5 Gm. and melted at 89-91”. 


To determine the purity of the product,‘ 2.5 Gm. 
was dissolved in a mixture of 20 ml. of 99% benzene 
and 1% ether, put over a silica gel column, and 
eluted with a 95% benzene and 5% ether mixture. 
Fractions were collected in 30-ml. portions. These 
were followed by means of thin-layer chromatog- 
raphy. In one fraction a minor component was 
-~ ~ 


‘Performed by D. E. Dickson, Regis Chemicnl Co.. 
chicop, Ill. 


seen. It was isolated and found by infrared exam- 
ination to have a peak at 5.78 p ,  indicative of an 
unconjugated carbonyl group. Since there was no 
evidence of aromaticity, it was assumed to be 1- 
decalone. One more fraction produced a mixture 
in which the major component predominated (850J0). 
Thereafter only &,cis 1-decalol was obtained, 1.5 
Gm., m.p. 91-92”. 
In a larger run (1.0 mole) a t  200 Atm. pressure, 


the temperature rose to 54-55’. In this instance 
the yield of distilled I11 was lower (76.5y0). 
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Lipid Content of ChZoreZZa “Aerated” with a C0,-Nitrogen 
versas a C0,-Air Mixture 


By ROBERTSON PRATT and EVELYN JOHNSON 


Contrary to some earlier reports, substitution of nitrogen for air in  the COrair 
mixture conventionally used to “aerate’’ cultures of Cblorella had little effect on dry 
weight or on protein and li id content of C. &renoidosa harvested after 8 weeks, 
whether the cells were proriSed with a good nutrient solution or with one deficient 
i n  nitrogen. In a manganese-deficient medium, the yield of dry weight and the 
protein and lipid content of the cells produced was ap roximately the same whether 
a C O 4 r  or a COrni t rogen gas stream was used, gut the dry weight and lipid 
content were markedly lower and the protein content was higher than in  cultures 


developed in  the standard comple-te medium. 


T HAS BEEN REPORTED (1, 2) and confirmed (3) I that cells of Chlorek fiyrenoidosa have a higher 
lipid content when cultured in a nitrogen-deficient 
mineral nutrient solution than when cultured in one 
with an adequate concentration of nitrogen. How- 
ever, the highest level of lipid found by the later 
authors was markedly lower than the 65% in 
4 weeks and approximately 75% in 10 weeks. re- 
ported by the earlier workers (1, 2). Seeking 
sources of the discrepancy is difficult because of the 
lack of specific details with respect to environmental 
conditions in the earlier papers. Since composition 
of the “aeration” stream might have been an im- 
portant variable, this has now been investigated 
and is the principal subject of this report. 


The “aeration” mixture customarily used in 
Chlorella experiments in this laboratory and else- 
where for many years consists of 570 carbon dioxide 
and 95% air. However, a personal communication 
from one of the earlier authors states that they 
“found i t  essential to  use Sy0 C G  in nitrogen in 
order to maintain cultures in good shape for the 
long time needed to  obtain the highest lipide con- 
tent” and that “we too observed clumping of cells 
in old cultures in SM (nitrogen-deficient) medium 
grown with C G  in a i r . .  . But even in the 70-80 


Recdved November 14 1963, from the University of Cali- 
fornia School of PharmG, San Francisco. 


Accepted for publieahon January 17, 1964. 
The work reported in this paper was supported entirely by 


intramural funds of the University of cptforni.. 


day old, very high lipide cultures grown with COZ 
in N2, the cells remained freely suspendible and 
showed negligible sticking together” (4). 


RESULTS 


In three experiments (each run in duplicate) 
averaged in Table IA, substitution of Cornitrogen 
for the C O & r  stream had only minimal effect 
on the dry weight of cells produced and on their 
protein and lipid content, whether the alga was 
cultured in the standard medium or in the nitrogen- 
deficient one. Regardless of which gas mixture 
was provided, the lipid content (as per cent of dry 
weight) was about 19% higher, and the protein 
level was about 10% lower in the medium deficient 
in mineral nitrogen than in the standard. Under 
the experimental conditions employed, we found 
no evidence that composition of the culture solu- 
tion affected the response of the cells to substitu- 
tion of nitrogen for air in the gas stream or to sup- 
port the cautiously worded suggestion that Chhella 
may “under the special conditions producing high 
R-value (namely, mineral nitrogen starvation and 
supplied with 5% Cot in nitrogen), fix atmospheric 
nitrogen” (1). 


It has been stressed that high lipid values were 
never attained when the “residual fixed nitrogen 
concentration was greater than 0.001 molar” in 
the medium (1). Although the conditions provided 
in the present experiments are believed to  have 
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TABLE I.-YIELDS FROM C. pyrenoidma IN STANDARD ( S T D . ) ~  AND IN “HIGH-LIPID-INDUCING” (SM)‘ 


COZ-NITROGEN “AERATING” MIXTURES* 
MEDIA AND IN THE STANDARD MEDIUM LACKING MANGANESE (-Mn)O PROVIDED WITH COTAIR AND 


- ..___ 
A- 


/td.- W M - - - - - -  B- 
I 2 3 4 -- MU- 


Air N Air N Air N 
Dry wt. (mg./nil. 8.393 8.725 1.115 1.198 3.463 3.583 


Protein (% dry 19.8 19.8 10.1 9.5 29.3 30.6 


Lipid (yo dry 33.2 36.7 52.6 55.8 17.6 16.6 


of culture) 


Wt.1 


wt.) 


0 Culture media. 
SM. - MU Std. SM 


KNO. 0.025 M 
0.020 M 
0.018 M ... ... 


5 x Y o - 8  M 
5 X 10-6 M 
0.400 p.p.m. 
0.004 p.p.m. 
0.400 p.p.m. 
0.020 p.p.m. 


O.0l.M 
0.01 M 


O.OO0825 M 
0.000714 M 


0 .03  M 
5 x 10-5 M 
5 x 10- M 
0.400 p.p.m. 
0.004 p.p.rn. 
0.400 p.p.rn. 
0.020 p.p.m. 


0.025 M- 
0.020 M 
0.018 M ... ... 


5 x ‘id- M 
5 X 10- M 
0.400 p.p.m. 
0.004 p.p.m. 


0.020’p’.p.m. 
~~ - ~~ 


*Culture conditions: Light = 1250 f.:c. (Mazda source) at the level of the flasks. Temperature: 22.5 f Z0 C. Culture 
Aeration mixtures: air - 5% COr + 95% air; N = 5% C G  + 95% nitrogen (both humidified to pre- period: 8 weeks. 


vent evaporation of culture solutions). 


simulated closely those used by the earlier workers, 
the cultures did not reduce the “residual” nitrogen 
level substantially below 0.001 M. The “residual” 
nitrogen level we found in the initially nitrogen- 
deficient cultures supplied with the COz-nitrogen 
gas stream was 0.00087 M versus 0.00093 M in 
similar cultures provided with COrair. 


In our experiments, substitution of nitrogen for 
air in the gas stream had no effect on the appearance 
or the morphology of the cells in SM medium. 
After 10 days to  2 weeks, cells in SM medium. 
irrespective of the composition of the “aeration” 
mixture, adhered tenaciously in clumps which could 
not be separated sufficiently to permit cell counts 
and which would not remain suspended in the 
medium. All SM cultures displayed the physical 
characteristics described previously (3). 


In  a preliminary study of trace elements, it was 
observed that omission of manganese from the 
standard medium resulted in cultures that, upon 
gross inspection, appeared very similar to those 
produced in the nitrogen-deficient medium. In 
view of that observation and of the relation of 
manganese to  processes, e.g., photosynthesis and 
enzyme reactions, fundamental to nitrogen metabo- 
lism, cultures in a manganese-deficient solution 
(-Mn) were included in the present experiments. 
It should be emphasized that the cultures were 
manganese-deficient but not manganese-free. Solu- 
tions were prepared with twice-distilled water, the 
last distillation being in an all Pyrex still, and cells 
for inoculation of the manganese-deficient cultures 
were rinsed twice in such water. However, unde- 
termined amounts of intracellular manganese un- 
doubtedly were carried into the new cultures with 
the inocula, and no attempt was made to  remove 
possible trace impurities of the element from the 
salts used to prepare the culture medium. Esti- 
mates based on reports in the literature (5-8) sug- 
gest that in the present experiments the con- 
centration of manganese in the -Mi1 medium was 
above 5 X 10-6 and below 5 X p.p.m. A 


reasonable approximation appears to  be about 5 X 
lo-’ p . p . m . a  reduction of roughly 800-fold below 
the initial concentration in the standard and in the 
SM media. 


The experiments revealed marked differences be- 
tween cells developed in the SM and in the -Mn 
media (Table IA, columns 3 and 4 versus Table 
IB), despite the apparent similarity of the cultures 
upon gross visual inspection. The experiments 
showed also that results in the manganese-deficient 
medium were essentially similar whether the COr 
air or the Con-nitrogen mixture was employed 
(Table IB). 


The most striking feature of the data from 
cells developed in manganese-deficient cultures in 
comparison with data from standard cultures is the 
relatively high protein and low lipid content of 
cells from the -Mn medium (Table IB versus IA, 
columns 1 and 2). In  8 weeks, -Mn cultures sup- 
plied with the COrair mixture produced about 40% 
as much dry weight as cultures in the standard 
medium, but, relative to their dry weight, had 
approximately 48% more protein and about half 
as much lipid. In  cultures receiving the (2%- 
nitrogen gas stream, protein content, relative to 
dry weight, was 54oJ, greater in cells from manganese- 
deficient cultures than in those produced in the 
standard medium and the lipid content was reduced 
to less than half. These effects are not interpreted 
as stemming from a direct effect of manganese on 
nitrogen metabolism, but rather as being indirect 
consequences of manganese deficiency. 
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gradient where both sides of the film are exposed 
to water vapor, permeability constants obtained 
are greater than when water vapor pressure is zero 
on one side of the film (5, 6). I t  is known that 
cellulose fibers in relatively dry conditions shrink, 
and that this results in a lower permeability con- 
stant (8). Since the external environment of our 
system was an atmosphere of relative humidity 
equal to zero, the external surface of the film may 
be dehydrated and offer a significant resistance to  
the passage of water vapor. The authors intend 
to explore this observation in future work. 
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as the resistance of the film to permeation by water 
vapor. An interesting relationship is observed 
when ( w / t ) - ’  is plotted against thickness of film; 
although no theoretical basis for such a plot can be 
proposed a t  the present time, we feel it is worth 
presenting. Figure 6 shows such plots for the room 
temperature permeation of simple films of CAP, 
CAB, and CAS. Figure 7 depicts the curves ob- 
tained for CAHP-PEG 4000 films. Whether these 
relationships are fortuitous or actual remains to  
be established with future work, but rather good 
linear plots are obtained. Of particular interest 
is that these plots extrapolate to the same point on 
the abscissa within experimental error. Thus, the 
virtual resistance of these films a t  zero thickness 
could be considered equivalent to  the resistance 
of an additional 0.006 to 0.010 cm. for the pro- 
pionate. butyrate, and stearate films and to  an 
additional 0.025 to  0.028 cm. for the CAHP-PEG 
4000 films. 


The physical significance (if any) of the virtual 
resistance observed is obscure. One possibility 
might be proposed, however. Other workers have 
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Studies on Cell Growth and Cell Division I11 
Action of Azaserine on Cell Division 


By KWAN-HUA LEE and YOKO YUZURIHA 


The inhibitory action of azaserine o n  cell division of heat treated Tetrabymenapyri- 
formis  in  a nutrient-free medium is not reversed by either glutamine or forrnylglycin- 
amide riboside, but is completely reversed by phenylalanine. These findings sup- 
port our revious report that azaserine exerts its selective inhibitory action on  cell 
division f y  some means other than by inhibition of any one of those intermediate 
steps involved in purine synthesis. Diazo-0x0-norleucine (DON), an antibiotic 
with a close structural analogy to azaserine, has essentially the same biologic activity 
on cell growth and cell division. Diazouracil, a yrimidine derivative, inhibits both 


cell growth and cell $vision. 


N A PREVIOUS report (l),  it was shown that I azaserine (0-diazoacetyl-l-serine) has a selec- 
tive inhibitory action on cell division of heat 
treated Tetrahymena pyrijormis in a nutrient- 
free medium after the necessary ribonucleic acid 
and deoxyribonucleic acid have been accum- 
ulated. However, the net result of several 
studies (2,3) was impressively integrated evidence 
that  azaserine exerted its primary inhibition by 
blocking the de novo synthesis of purine. This 
was further supported by  the findings that  
glutamine reversed azaserine inhibition in a 
competitive fashion (4) and tha t  azaserine inhibi- 
tion could be reversed by  formylglycinamide - - .  
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riboside (FGAR) and some purines (5-9). In  
recent years, a large number of natural amino 
acids and some of their metabolic products have 
been reported as reversal agents to  the inhibitory 
action of azaserine in various biologic systems 
(6, 7, 10-12). These findings, together with the 
result we reported previously (l),  indicate that  
azaserine may block more than one site or it 
may act as an antagonist of a metabolite involved 
in a number of biochemical transformations. In  
the present study we chose to use glutamine, 
FGAR, and phenylalanine as typical representa- 
tives in the study of their effects on the in- 
hibitory action of azaserine on cell division in 
heat treated T. pyiformis  and expect to shed 
some light on the mechanism of action of aza- 
serine. We also studied the action of DON (G- 
diazo-5-0x0-1-norleucine) and diazouracil (5- 
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diazo-2,4-dihydroxypyrimidine) on cell growth 
and cell division. 


METHODS 
T. pyriformis GL was maintained in a proteose- 


peptone, liver extract fraction L and salt medium as 
reported before (1). except that ferrous ammonium 
sulfate was omitted since this salt caused the 
formation of a black precipitate after autoclaving. 
Stock cultures were transferred daily with an inocula- 
ting loop to  10 ml. of medium in test tubes (18 X 150 
mm.) in a slanted position and maintained at 28". 
For the experimental culture, 20 ml. of medium in a 
300-ml. Erlenmeyer flask was inoculated with 0.03 
ml. of a 2-day-old culture (containing about lo' 
cells) and maintained at 28". At the end of 18 
hours, the culture contained about 35,000 cells/ml. 
and was subjected for temperature treatment in the 
temperature controlled system described before ( 14). 
Each cycle consists of 30 minutes at 34.3". followed 
by 30 minutes a t  28.5". At the end of the seventh 
cycle, the cells were separated in a hand centrifuge 
and washed three times with salt buffer solution (1). 
These latter manipulations took about 3 minutes in 
total. The washed cells were suspended in a suit- 
able amount of salt buffer solution and initial sam- 
ples for cell count were taken. One milliliter por- 
tions of the cell suspension were transferred to  a 
series of 50-ml. round-bottomed centrifuge tubes 
containing appropriate amounts of testing agents 
with and without azaserine in salt buffer solution. 
The final volume of each tube was 2 ml. Salt buffer 
solution was used in the blank. These tubes were 
then clamped on a shaking device which has a 
horizontal movement of 4 cm. displacement at 50 
strokes per minute in the temperature controlled 
water bath at 28.5" for 5.5 hours. At the end of in- 
cubation time, 0.6 ml. of formaldehyde reagent was 
added t o  each tube, and the cells were counted in a 
Sedgwick-Rafter counting chamber, using a Whipple 
ocular micrometer disk (15). 


The procedures used in the study of selective ac- 


TABLE L-EFFECT OF FGAR, GLUTAMINE. AND 
PEENYLALANINE ON THE INHIBITORY ACTION OF 


AZASERINE ON CELL DIVXSION OF HEAT-TREATED 
T.  pyrijormis 


Cell Count, 1,00O/ml. 
Additions, mcg./ml. Initial Final 


FGAR Azaserine 
None None 166.3 
None 1.5 69.3 114.8 
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~ 100 1.5 
200 1.5 


Glutamine 
None 
None 
200 
200 


Phenylalanine 
None 
None 


25 
50 
100 
25 
50 


100 


Azaserine 
None 
1.5 
1.5 


None 
Azaserine 


None 
1.5 
1 .5 
1.5 
1 . 5  


None 
None 
None 


103.0 
101.3 


245.5 
80.1 171.7 


167.0 
243.0 


453.0 
294.5 
341.9 


156.8 440.0 
472 .O 
451.0 
468.0 
448.1 


tivity of DON and diazouracil were essentially the 
same as described in a previous report (1). 


The formylglycinamide riboside (4-amino-5-imid- 
azole carboxamide riboside) used is a product of the 
California Corp. for Biochemical Research ; gluta- 
mine, phenylalanine, and diazouracil are prepared 
by the Nutritional Biochemicals Corp. Azaserine 
and DON were graciously supplied by Dr. E. L. 
Wittle, Parke Davis Research Laboratories, Detroit, 
Mich. 


RESULTS 
Effect of FGAR-The reversal effect of FGAR to 


azaserine inhibition on purine synthesis has been 
studied in several laboratories (5, 7). It is well 
established that T.  pyriformis requires pre-formed 
purines and pyrimidines (16); however, there is no 
information on the catabolism or the resynthesis 
of purine from its metabolic intermediates in these 
protozoa. For this reason, we studied the possible 
reversal effect of FGAR to azaserine inhibition. I t  
was found that FGAR failed to  reverse the cell divi- 
sion inhibited by azaserine. The results are shown 
in Table I. The results support the fmding that T.  
pyrqormis requires pre-formed purines and also in- 
dicate that purines in these protozoa are not deg- 
radated to  simpler metabolites that can be used for 
synthesis of FGAR or purine. However, in pigeon 
liver preparations (3, 4) and in E. colz (17), it was 
shown that the primary site of inhibitory action of 
azaserine was at the step in which glutamine is used 
to  amidinate formylglycinamide ribotide (FGARP) 
t o  formylglycinamidme ribotide (FGAMP). Since 
FGARP is not available, glutamine can be used for 
testing the above mentioned mechanism of action of 
azaserine. 


Effect of Glutamhe.-Azaserine blocks primarily 
the & tzwo synthesis of purine at the step in which 
glutamine is used to amidinate FGARP. At higher 
concentrations, azaserine also blocks the other two 
steps where glutamine is involved in purine syn- 
thesis (4, 5, 8). The ability to  nullify azaserine in- 
hibition and the close resemblance of the molecules 
of azaserine and glutamine have led several workers 
(3, 18) to  believe that azaserine blocks the transfer 
of nitrogen from glutamine to a purine precursor. It 
has also been shown that azaserine inhibits the 
amination of xanthosine-5-phosphate to guanosined- 
phosphate in which glutamine is the donor of the 
amino group (19). It is possible that glutamine 
may reverse azaserine-inhibited nitrogen transfer 
reactions other than those reactions mentioned 


TABLE II.-CELL DIVISION INHIBITORY ACTION OF 
AZASERINE IN THE PRESENCE OF CULTURE MEDIUM 


-Cell Count, 1,00O/ml.- 
Final/ 


Medium Initial Final Initial 
Salt buffer 
Fresh medium" 


175.7 3.1 
56.7 306.3 5 .5  


Original medium with aza- 
serineb (2 mcg./ml.) 213.7 3.8 


Salt buffer 197.6 3.2 
Fresh mediumc 62.5 357.2 5.7 
Fresh medium with aza- 


serine (2 mcg./ml.) 234.1 3 . 5  


a Heat treated cells with a-ine added at the beginning 
of heat treatment. b Medium from fresh medium, footxok 0 .  


0 Heat treated cells with no azascrine added at the bepnnrng 
of heat treatment. 
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It was found that the cell counts of samples con- 
taining azaserine were practically the same and both 
were about 65% of that of the control. These re- 
sults definitely indicated that the cell division in- 
hibitory action of azaserine can be demonstrated in 
the presence of culture medium. It also suggested 
that azaserine is very stable during temperature 
treatment even in the presence of T. pyriformis. 
These experiments, with samples in duplicate, have 
been repeated three times, and the results obtained 
were practically the same. The results of a repre- 
sentative experiment are shown in Table 11. 


Selective Activity of DON.-DON is another anti- 
biotic isolated from a streptomyces with a close 
structure analogy to azaserine. Both DON and 
azaserine are potent inhibitors of sarcoma 180, but 
with different inhibitory capacities. In the present 
study we intended to see if there was a di5erence in 
biologic action between these two antibiotics, and 
we found that DON acted essentially in the Same 
way as azaserine. 


Effect of Diazouracil on Cell Growth and Cell Di- 
vision.-Diazouracil is an analog of both uracil and 
thymine. It may also be considered as an alkylating 
agent. Diazouracil inhibited both cell growth and 
cell division. The results are shown in Fig. 2. 


The results are shown in Fig. 1. 


DISCUSSION 
In an earlier report (l), we were able to  demon- 


strate for the first time with experimental evidence 
the selective inhibitory action of azaserine on cell 
division in T. pyriformis. It should be mentioned 
again that the protozoa we used does not synthesize 
purine and is suitable to  study the actions of aza- 
serine and its inhibitory action on purine synthesis. 
It is a system in which cell growth is not involved, 
so any inhibitory action of drug on heat treated T. 
pyriformis in a nutrient-free medium is most prob- 
ably on cell division only. 


There is no doubt that azaserine, in several biologic 
systems, exerts its action on the & nwo synthesis of 
purine at the steps whereby glutamine is involved 
(4, 5, 8).  The competitive relationship of azaserine 
and glutamine in pigeon-liver enzyme system (4) 
and the reversal effects of glutamine and FGAR on 
azaserine inhibition in microorganisms (5-9) further 
support this proposed mechanism of action. The 
hypothesis of inhibition of purine synthesis by 
azaserine may explain its action on the overall 


above. Since the biologic system we used does not 
involve purine synthesis, it is a suitable system to 
test other possibilities. I t  was found that glutamine, 
even a t  higher concentrations failed to  reverse 
azaserine inhibition on cell division. The results 
are shown in Table I. 


Effect of Pheny1alanine.-A large number of 
natural amino acids have been reported to be re- 
versal agents to azaserine inhibition; phenylalanine 
was reported, in some biologic systems, to be a more 
potent reversal agent than glutamine (6, 7, 13). 
This fact suggests the possibility that phenylalanine 
may reverse azaserine inhibition on a site where 
glutamine is not involved. We found, indeed, that 
phenylalanine reversed completely the inhibitory 
action of azaserine on cell division in T. pyriformis. 
The results are shown in Table I. 


Cell Division Inhibitory Action of Azaserine in the 
Presence of Culture Medium.-The reversal action 
of phenylalanine raised the question of whether the 
culture medium used has any reversal activity on 
the inhibitory effect of azaserine. To test this, the 
following experiment was performed. Azaserine 
was added to  a culture of T. pyriformas at the begin- 
ning of temperature treatment (2.0 mcg./ml.), and 
the culture medium was separated at the end of the 
seventh temperature cycle; the heat treated organ- 
ism was collected and washed with salt bu5er. 
Aliquots of these heat treated cells, with known 
cell count, were then introduced to  a series of centri- 
fuge tubes and centrifuged. The supernatants were 
carefully removed. Measured portions of ( a )  
original medium used in heat treatment, which 
contained 2 mcg./ml. of azaserine added at the 
beginning of heat treatment, (b)  fresh culture 
medium, and (c) salt bu5er were added t o  the series 
of tubes containing heat treated cells separately. 
These samples were then incubated at 28' for 5.5 
hours. At the end of the incubation period, the cell 
counts of all samples were taken. A parallel con- 
trol, without the addition of azaserine, was carried 
out a t  the same time. The culture medium of the 
control was also separated at the end of the seventh 
temperature cycle and the heat treated T.  pyriformk 
was collected and washed. The cell division of these 
heat treated cells were studied essentially in the 
same way as described above in (a) fresh medium 
with the addition of azaserine, 2 mcg./ml. final 
concentration, (6) fresh medium, and ( c )  salt buffer. 


0 10 20 30 40 50 
CONCN., IN pm. 


Fig. 1.-Effect of various concentrations (pM. per 
liter) of DON on cell protein and cell count. Key: 
0, relative amount of cell protein a t  the end of heat 
treatment period in nutrient medium; X, relative 
cell count 5.5 hours after heat treatment in nutrient- 
free medium. 


0 0.5 1 .o 1.5 
CONCN., m M  


Fig. 2.-Effect of various concentrations ( m M  per 
liter) of diazouracil on cell protein and cell count. 
Key: 0, relative amount of cell protein at the end 
of heat treatment period in nutrient medium; X, 
relative cell count 5.5 hours after heat treatment in 
nutrient-free medium. 
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tive transport of azaserine mechanism was observed 
for ascitic cells (25), neoplastic plasma cells, and 
lymphocytes (26). Whether phenylalanine has an 
effect on the permeability of T. pyrijormis to aza- 
serine remains to be studied. 


The actual explanation of the reversal effect of 
phenylalanine is not available. It appears to act 
by preventing the inhibitory action of azaserine on 
cell division rather than by compensating for the 
inhibition. It is justified to  suggest that a demon- 
stration of the reversal effect of phenylalanine to  
azaserine inhibition in biologic system probably is 
related to cell division mechanism. 


That azaserine does inhibit cell division in culture 
medium at 28' strongly supports the validity of the 
findings we reported earlier (1). The present results 
indicate that the failure of azaserine to  inhibit cell 
growth in culture medium at the concentration it 
inhibits cell division in nutrient-free buffer is not 
due t o  any reversal agent present in the culture 
medium. It should be mentioned that when the 
selective activity of any drug on cell growth and cell 
division is to  be tested with the system we described 
(l), one must first test the possible interference of 
the drug and the components in the culture medium. 


The inhibitory actions of DON and diazouracil 
further demonstrate the usefulness of the biologic 
system we described (1) in the study of drug actions. 
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growth of. microorganisms tested in mass cultures, 
but it does not explain the inhibitory action of 
azaserine on cell division of heat treated T. pyri- 
formis, since these protozoa require pre-formed 
purines. Formylglycinamide riboside does not re- 
verse azaserine inhibition on cell division in 1 .  
pyrijormis which suggests that purines, if ever me- 
tabolized, do not catabolize beyond FGAR stage or 
the protozoa do not resynthesize purine from their 
metaboliq products. 


Gots ahd Gollub (6) failed t o  reverse azaserine 
inhibition by using naturally occurring purines in a 
purine requiring mutant strain of Eschcrichiu cdi 
and concluded that inhibition of purine biosynthesis 
is not sufficient in itself t o  account for the inhibition 
of growth. 


It has been shown that azaserine inhibits the 
amination of xanthosine-5-phosphate to  guanosine- 
5-phosphate by glutamine (19). This finding sug- 
gests that azaserine may inhibit other nitrogen trans- 
fer reactions in which glutamine is involved. In 
some cases, the glutamine-sparing mechanism has 
been applied in explaining the reversal effects of 
amino acids and other related compounds. It is not 
surprising that glutamine does not reverse the in- 
hibitory action of azaserine on'cell division in T. pyri- 
formis, since glutamine has also been found without 
reversal effect in several other biologic systems (20- 
22). In borne cases, an actual increase in glutamine 
pool by the addition of azaserine has been reported 
(7823). 


Inhibition of transamination reaction in Scenedes- 
mus sp.  (23) has been suggested, but it was not re- 
produced in the cell-free preparations of Awtobucter 
agilis (24). Pyridoxal phosphate and several of its 
analogs do not affect a z d n e  inhibition as one 
would expect if inhibition of transamination reac- 
tion is involved (13). 


The reversal effect of phenylalanine is of interest. 
From structural considerations, it  would be difficult 
t o  assign to azaserine the role of a competitive in- 
hibitor of phenylalanine. 


It is possible that inhibition is brought about not 
by azaserine, but by a metabolic product of serine. 
This idea finds support in the observations that dur- 
ing inhibition of yeast systems, azaserine dis- 
appeared, and serine, a possible product of aza- 
serine catabolism. appeared (12). Leucine, which 
prevented azaserine inhibition, also prevented the 
catabolism of azaserine. Azaseriie was also found 
to  be deaminated in mouse liver preparation (10) 
and in bacteria (13). Whether phenylalanine has 
anything to do in azaserine metabolism remains to 
be proved. 


The possibility of a strictly chemical effect on the 
stability of azaserine was ruled out by Tomisek, 
et d. (7). 


A hypothesis of lessened cell permeability toward 
azaserine in the presence of a reversal agent was 
shown to be inapplicable in E .  cola, although an ac- 
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Several cuttings were removed from a plant 
grown in 50yo D20 nutrient for 40 days. One cutting 
was transplanted into a culture flask containing 50% 
D20 nutrient solution. and the other was placed in 
a flask containing aqueous nutrient and no DtO. 
The former cutting showed no sign of developing 
a root system and succumbed within 3 to 4 weeks. 
The latter grew a root system within 2 weeks 
and continued growing in a normal manner similar 
to a typical control plant. It was hoped that 
if a root system would develop in the 50% DpO 
medium. it would be possible to  propagate a deuteri- 
ated plant; and possibly with successive cuttings 
in constantly increasing concentrations of D20 a 
plant could be grown in a highly deuteriated me- 
dium. Thus far, this has not been successful, but 
further work is in progress with this aspect of the 
investigation. 


In Fig. 4 comparison is made between the deuter- 
ium content of the water distilled from the deep 
frozen fresh plants and the water of com- 
bustion of the dried plants. The distilled or 
labile water contains deuterium from water loosely 
bound by the plant tissues and represents essentially 
completely exchangeable deuterium. The deute- 
rium content of the labile water from the plant is 
approximately 75% that of the nutrient solution in 
which the plant was grown. The water obtained 
from combustion of the dried plants, representing 
organically bnund exchangeable and nonexchange- 
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able deuterium, contains about 50% of the deuterium 
content of the nutrient solution. The ratio of 
organically bound to labile deuterium is about 0.66, 
somewhat higher than that reported by Katz, el a2. 
(6), for certain tissues in mice. This may reflect 
the nonequilibrium aspects of the situation resulting 
from the continuous transpiration of water. The 
active water metabolism and the ensuing fractiona- 
tion may contribute significantly to  the observed 
isotope effects. 
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Synthesis of Several Disubstituted Sydnones 
By DEVINDRA DHAWAN and LEMONT B. KIER* 


A number of new 3,4-dialkylsydnones have been prepared to compare their phar- 
macological properties with those of a series of 3-alkylsydnones. Both series were 
similar in  their central convulsive activity. The  CDm and partition coefficient values 
of both series were compared. T h e  CD, values for the 3.4-dialkylsydnones were sig- 
nikant ly  lower than for the 3-alkylsydnones. In addition, the C D ~ O  values for the 
3,4-dialkylsydnones were close to one another and were independent of the partition 


coefficient. 


RELIMINARY WORK in this laboratory (1) indi- 
cated that  3-sec-butylsyndone (I ,  R = sec- 


Bu, R‘ = H) 


K’ 
\ c---c--oe 


I I  


(1) 


was a potent central nervous system stimulant 
with a particularly stimulating effect on respira- 


R-N @ 0 
‘N/ 
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tion. It did not potentiate acetylcholine, nor 
did it produce acetylcholinesterase inhibition in 
these studies. It produced a more favorable 
respiratory response and blood pressure rise than 
the same dose of pentylenetetrazole when ad- 
ministered intravenously to  a pentobarbitalized 
dog. 


With these preliminary findings in hand, a 
systematic study of a number of sydnones was 
initiated with the purpose of further elaborating 
the pharmacological properties and any structure- 
activity relationships. In  the previous commu- 
nication from this laboratory (2), a number of 3- 
alkylsydnones were synthesized. The pharma- 
cological response of these compounds was quali- 
tatively similar to tha t  of 3-sec-butylsydnone, but 
one response in particular-the onset of a charac- 
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teristic convulsive pattern-varied appreciably 
concerning the minimum dose necessary to 
initiate it. One physical parameter of these 
compounds was closely correlated with the con- 
vulsive dose, that of the oil-water partition co- 
efficient. If the pharmacological action was 
chiefly central, as preliminary data indicated, 
then the sydnones with a greater affinity for lipid 
solvents would be expected to penetrate the 
lipid barrier into the CNS with greater facility. 
This was precisely the case for the 3-alkylsyd- 
nones. Those with a higher partition coefficient 
required a lower dose (mmoles/Kg.) to bring on 
convulsions in 50% of the animals (CDw). 


This current study was initiated with several 
objectives in mind. First, since the previous 
study dealt only with the 3-alkylsydnones, the 
effect on activity by substitution at both 3 and 4 
positions should be assessed. Second, the study 
would afford a comparison between the two series 
with respect to pharmacological activity and 
physical properties. Finally, a more detailed 
pharmacological evaluation of representative 
members of both groups would be conducted and 
some generalizations made regarding the activity 
of the ring itself and structural features enhancing 
this activity. 


A group of 3,4-dialkylsydnones was selected 
in order to maintain a relatively short chain length 
at both the 3 and 4 position to achieve partition 
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coefficients approximating those of the 3-alkyl 
series. 


Essentially the same method of synthesis was 
employed in this series as that previously re- 
ported (3). Trifluoroacetic anhydride was tried 
as a ring closing reagent with 111 in the final step 
of the synthesis, but this did not improve the 
yield and, in fact, frequently resulted in a lower 
yield of sydnone. (See Tables I and 11). Gen- 
erally, ring closure to form dialkylsydnones pro- 
ceeded with greater difficulty than was en- 
countered with the 3-alkylsydnones. This is 
quite probably due to the inductive effect of the 
4-alkyl group which lowers the acidity of the 
4-hydrogen atom in IV. This in turn would 
result in a higher activation necessary for its re- 
moval from the transition state (11) based upon 
Baker's proposed mechanism (4). 


R' H 0 R' 13 0 
\ I  I1 


C-C-OAC 
\ I  I1 


C-C-OH ACZO 


\ /c-c=o /c-c-oe 
R-N 1 + K-N $ 1  


\N-0 \N-0 


TABLE ~.--ALKYLAMINOESTERS 


7 C a l c d . -  -Found------.. Yield, 
l iame Formula C H N C H N B.P. % 


aminopropionate CIJ~IUOZN 64.83 10.34 7.56 64.65 10.16 7.56 75"/lmm. 51 


propionate C a H A N  54.94 9.99 10.68 55.23 9.79 10.53 61°/5mm. 51 


propionate CpHloO2N 62.39 11.05 8.09 61.91 11.24 8.16 100"/20mm. 41 


propionate COHIUGN 62.39 11.05 8.09 62.41 10.82 7.91 59"/10mm. 47 


butyrate CgHluGN 62.39 11.05 8.09 62.31 10.86 8.28 60"/5mm. 53 


butyrate CgHluOzN 62.39 11.05 8.09 62.41 10.82 7.91 81°/10mm. 47 


hexanoate CI~HZSGN 66.93 11.70 6.51 67.08 11.52 6.91 84'/3rnin. 27 


Methyl N-cyclohexyl- 


Methyl N-ethylamino- 


Ethyl N-lcrt-butylamino- 


Ethyl N-butylamino- 


Ethyl N-propylamino- 


Methyl N-butylamino- 


Ethyl N-butylamino- 


R RI Formula 
Cyclohexyl CHs COHl~GN2 


lerl-Butyl CH, CIHL2GN1 
Ethyl CHI CsHsOINz 


Butyl CHI CIHIZGN~ 
Propyl C?Hs CIHI~OZNZ 
Butyl CzHs CsHirGNz 
Propyl CH, WioOzN* 


TABLE II.-3,4-DIALKYLSuDNONE 
R1\ /C--C* 


R--N @ I 
\N-0 


-Calcd.- ---Found- XC-0 U.V. B.p. or Yield 
C H N  C H N I.R. max. E. m.p. '% 


59.32 7.69 15.38 59.41 7.82 15.16 5.83 294 6652 151" . _ _  53 
46.87 6.29 21.87 47.07 6.82 21.96 5.80 295 5866 133"/0.5mm.40 
53.83 7.74 17.94 53.67 7.91 17.91 5.78 293 5850 153" . .  50 
53.83 7.74 17.94 53.93 7.89 18.03 5.80 295 6441 149" . . .  31 
53.83 7.74 17.94 53.92 7.71 17.62 5.79 293 6028 128"/5mm. 35 
56.45 8.29 15.46 56.74 8.40 15.51 5.77 296 6658 130°/4mm. 41 
50.69 7.04 19.71 5.80 295 5905 135"/13mm. 48 51.19 7 .68  19.88 
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TABLE 111.-SYDNONE PHYSICAL AND PHARMACOLOGICAL DATA 


R' 


C-c-oe 
\ 


I I @ \  0 
R-N 


\N/ 


PC PC 
(n-Amy1 (n- Amy1 
Alcohol) CDW Alcohol) C DkQ 


R R' HzO mmole/Kg. R R' HsO mmole/Kg. 
Isopropyl H 2 . 3  2.96 Cyclohexyl CHI 1 .85  0.24 


tert-Butyl H 4 . 9  0.87 Propyl CH3 2 . 8  0.34 
sec-Butyl H 6 . 4  1.13 Butyl CHI 2.9 0.13 


4 .1  0.19 
6 . 7  0.71 


tert-Octyl H 8 . 0  0.25 Butyl 


Propyl H 2 . 5  1.60 Ethyl CH, 2.05 . . .  


tert-Butyl CHa 


The partition coefficients of the 3.4-dialkylsyd- 
nones could not be satisfactorily run in chloroform in 
order to  compare these values with those obtained 
for the 3-alkylsydnones; hence, both series were run 
in amyl alcohol. The CD, values were obtained for 
the 3.4-dialkylsydnones as previously described (5). 
(See Table 111). 


A comparison of the CDSo values for both sydnone 
series and their partition coefficients revealed some 
significant differences. Although both series of com- 
pounds were similar in their central convulsive ac- 
tivity, the CDw values for the 3,4-dialkylsydnones 
were significantly lower than the 3-alkylsydnone val- 
ues. (See Fig. 1). In addition, the CDm values for 
the 3,4-dialkylsydnones appeared to  be very close t o  
one another and were independent of the partition 
coefficient. 


One possible explanation for this difference is that 
in the case of the 3-alkylsydnones, the absolute lipid 
solubility is sufficiently low so that the partition co- 
efficient becomes a limiting factor concerning the 
amount of drug which reaches the CNS. In the 
case of the 3,4-dialkylsydnones, the absolute lipid 
solubility is appreciably higher so that in spite of a 
less favorable partition coefficient in some com- 
pounds, there is sufficient solubility in the biolipid 
phase to  permit an active level of sydnone t o  teach 
the site of action to  elicit a response. In other words, 
because of a high-absolute solubility in the biolipid 
phase, the partition coefficient of the 3.4-dialkylsyd- 
nones is not a limiting factor t o  activity. 
On the other hand, if the 3,4-dialkylsydnones are 


not more soluble in the lipid phase, then an alterna- 
tive explanation is that the intrinsic activity of the 
3,4-dialkylsydnones is greater than that for the 
3-alkylsydnones. Thus throughout the range of 
partition coefficient values studied for the 3,4- 
dialkylsydnones, there is sufficient drug being ab- 
sorbed to  elicit a response. This minimal amount 
necessary to  elicit a response must then be less than 
the amount which is possible t o  be absorbed with a 
given partition coefficient value. 


A more detailed pharmacological study of these 
compounds will be published elsewhere (6). This 
study revealed that representative members of both 
groups possessed diuretic activity as well as a chlor- 
uretic, naturetic, and glucosuretic effect. In a com- 
parative study, 3-sec-butylsydnone had a moderate 
effect in lowering the blood pressure of a dog and was 


'1 
21 \ 


co, 1 
mmales/ 


1 2 3 4 5 6 7 8  
PC (n-AMYL ALCOHOL) 


Hz0 


Fig. 1.-Partition coefficients us. minimum convul- 
sive dose of 3-alkyl- and 3,4-dialkylsydnones. 


superior to  3-butyl-4-ethylsydnone in this regard. 
In higher doses, both compounds caused respiratory 
difficulty, labored breathing, and lung hemorrhages. 


EXPERIMENTAL1 


Alkylaminoester Synthesis.-Since all of these 
syntheses were essentially the same, the synthesis of 
methyl N-ethylaminopropionate is described as 
typical. A solution of methyl a-bromopropionate 
(83.5 Gm., 0.5 mole) was added dropwise to a solu- 
tion of ethylamine (45.09 Gm., 1.0 mole) dissolved 
in dry benzene. The mixture was stirred for 1 hour, 
then retluxed for 2 hours. The ethylamine hydrobro- 
mide was filtered out and the benzene removed from 
the filtrate under vacuum. The residue was dis- 
tilled, b.p. 60°/5 mm., yield 51%. See Table I for 
physical constants, yields, and analyses. 


Sydnone Synthesis.-The synthesis of 3-ethyl-4- 
methylsydnone is described as a typical example. 
Twenty grams of methyl N-ethylaminopropionate 
was hydrolyzed by refluxing with 14 Gm. of sodium 
hydroxide ill 200 ml. o f  water. The solution was then 
cooled to  -5' and made acid to pH 2. Sixteen 
grams of sodium nitrite dissolved in 50 ml. of water 
was added to  this reaction mixture, The addition 
was made slowly to keep the temperature below 0". 
This was stirred for 3 hours, then extracted with 
ether. The residue from the ether gave a positive 
Liebermann nitroso test. The nitrosoaminoacid was 
not isolated but was treated directly with 150 ml. 


1 All melting points were done on the Kofler ap srstuaaod 
are corrected. Analyses were performed by &&la and 
Straws Laboratone:. Oxford, England, and by Galbrnith 
Laboratories, Knoxville, Tenn. 







86 


of freshly distilled acetic anhydride and allowed to 
stand in the dark for 2 days. The volatile products 
were then removed under vacuum, and the last traces 
of acetic acid were removed by azeotropic distilla- 
tion with xylene. The remaining oil was distilled 
under vacuum, b.p. 133-135’/0.5 mm., yield 400/o. 
(See Table I1 for physical constants, yields, and 
analyses.) 
Partition CoefBcients.-The partition coefficients 


of both the 3-alkylsydnones and the 3,4-dialkylsyd- 
nones were obtained between water saturated n-amyl 
alcohol and n-amyl alcohol saturated water. Several 
concentrations of each compound in water saturated 
n-amyl alcohol were equilibrated a t  23” with varying 
quantities of n-amyl alcohol saturated water. The 
concentration in the n-amyl alcohol before and after 
equilibration wi th  the aqueous phase was determined 
from the ultraviolet absorption at the maximum. 


3ournat‘of Phurniuceutual SciencLs 


An average of at least four determinations for each 
compound was used. (See Table 111). 


Determination of CD, Values.--The same pro- 
cedure previously referred to (5) was used to deter- 
mine the CDm values. The CDu values for the 3-al- 
kylsydnones were reported in a previous communica- 
tion ( 2 ) .  (See Table 111). The partition coefficient 
versus CD, values are graphically portrayed in 
Fig. 1. 
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Color Reactions of Veratrum Alkaloids with 
Sulfuric Acid and Sulfuric Acid Reagents 


By HORACE D. GRAHAM1 


Veratrum alkaloids, when treated with concentrated sulfuric acid, or “sulfuric acid 
reagents” give red, purple, yellow, or violet with characteristic absorption maxima. 
This reaction can be used as the basis of a simple, rapid colorimetric method for 
the determination of isolated samples of this class of alkaloids. The  final concentra- 
tion of sulfuric acid is very critical for maximum color development and, since color 
intensity is decreased if water is resent to the extent of greater than 1 per cent, an 
anhydrous medium is recommenied for maximum development. The  typical color 
is best obtained when ethyl alcohol or methyl alcohol is used as the solvent for the 
alkaloids. Exce t for hydrochloric acid, no color is obtained with acids other than 
sulfuric. After [eating for several minutes in hydrochloric acid, some color devel- 
oped, but the intensity was always much less than that produced after treatment of 
the same amount of alkaloid with sulfuric acid. Inorganic salts, sodium benzoate, 
and glucose, above certain limiting concentrations, will interfere with color 


development. 


ONSIDERABLE INTEREST has developed in C the veratrum alkaloids because of their 
potent hypotensive action. This was forcibly 
emphasized by Kupchan ( I ) ,  who recently re- 
viewed the hypotensive veratrum ester alkaloids, 
paying particular attention to the relationship 
between structure and hgpntensive activity. 
However, despite tlteir growiFtg iiitl)i)rteiic~e i n  
medicine a r i d  pliar~iiacciI(igy, siitiplc, rapid 
methiids for t l t r  qualititativc assay of veratruni 
alkaloids arc still lackiiig. As far as can I)c 
ascertained, present methods of detection arid 
assay involve mainly biological means such as 
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the pigeon emetic response or intricate physical, 
chemical, or other methods (2-18). Dadlez. 
et al. (19), reported on the color reactions of 
alkaloids, including veratrine, with sulfuric acid 
and sulfuric acid in combitlation with several 
other reagents such as Furfural, p-dimethyl- 
aiiiinobenzaldehyde, and vanilliii. hloraes arid 
Palma ( 2 0 )  employed both concwitrated nitric 
acid and conceiitratcd sulfuric ;i&l i l l  studyill:: 
the color reactions o f  several alkalciids iiirludinK 
veratriitc, following separation of the alkaloids 
by paper chroniatography. Mandeliii reagent 
(concentrated sulfuric acid plus formalin) and 
F r k h d e  reagent (concentrated sulfuric acid plus 
ammonium molybdate) were also used. 


Reference has been made (21) to  the red, pur- 
ple, or violet developed by certain veratrum 
alkaloids on treatment with concentrated sulfuric 
acid. Since alkaloids of many other classes do 
not give these colors, a study of the reaction 
was undertaken to  delineate those factors which 








Thyromimetics IV 
Synthesis of Some Derivatives of 3,3’, 5-Triiodo-~ and L-Thytonine 


By BENJAMIN BLANK 


Three pathways leading t o  the methyl ethers of 3,3’,5-triiodo-D and Gthyronine were 
explored. In these syntheses the acetyl, benzoyl, and trifluoroacetyl grou s were 
studied as suitable amine-protecting groups, thus providing a number of Eitherto 
unreported thyronine derivatives. Consideration of the over-all yields and the 
quality of the products from the various reaction sequences showed that the acetyl 
group was best suited for the protection of the amino group in  these syntheses. 


URING A STUDY in which the thyromimetic 
activities of several ethers of thyromimetic 


substances were determined (1) it became desira- 
ble to prepare the methyl ethers of 3,3‘,5-triiodo- 
D and L-thyronine (VII-D and L). The synthesis 
of the L-isomer has been described by  Tomita el al. 
(2). The other reports dealing with VII-L 
contained biological data only (3, 4). 


In the synthesis reported by  Tomita et al. (2), 
3,3‘,5-triiodo-~-thyronine methyl ester (IIu-L) 
was treated with diazomethane to give the methyl 
ether of IIu-L. Basic hydrolysis followed by  
neutralization yielded VII-L in about 43% over- 
all yield. 


An alternate synthesis of VII-L using N- 
benzoyl-3,3’,5triiodo-~-thyronine (IVa-L) and 
dimethyl sulfate was also explored by Tomita (2). 
However, difficulty in obtaining IVa-L caused the 
abandonment of this route. This route has since 
been used successfully in our laboratories. 


DISCUSSION 
Except for the work described by Tomita ( Z ) ,  the 


chemical preparation of derivatives of 3,3’,5-triiodo- 
D and L-thyronine (I-D and L) has not been described 
adequately in the literature. Consequently, two 
reaction sequences, in addition to the one using 
IVa, were studied in order to describe more fully 
such chemical work and to investigate alternate 
syntheses of VII-D and L. It was possible as a result 
of these studies to have available for biological 
and physical chemical examination a number of 
previously unavailable and unknown derivatives of 
I-D and L and methods for their preparation. 


The syntheses varied since different acyl groups 
were used to protect the amine function in I during 
methylation of the 4‘-phenolic group. Most of 
the reactions that were carried out are shown in 
Scheme I. 


In the sequence leading to IVa, I was converted 
to its methyl or ethyl ester according to  the method 
of Ashley and Harington (5). The methyl ester 
IIa was purified and characterized as the hydro- 
chloride, while the ethyl ester IIb was isolated and 
purified as the free base. 


The addition of benzoyl chloride to a suspension 
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of either IIa or IIb in a mixture of tetrahydrofuran 
and 5% sodium bicarbonate resulted in the forma- 
tion of the N,O-dibenzoyl-3,3’,5-triiodothyronine 
esters, IIIa and b. These esters were usually con- 
taminated with a small amount of incompletely 
benzoylated material. This was removed con- 
veniently either by triturating the crude reaction 
product with methanol or by extracting a chloro- 
form solution of the reaction product with dilute 
base. 


Basic hydrolysis of IIIa or b yielded IVa in what 
appeared to be a solvated form. Analyses of IVa-D 
and L have varied, despite numerous manipulations 
to prepare pure IVa-D and L. The elemental analy- 
ses have supported more consistently the struc- 
ture indicated for IVa plus an additional mole of 
methanol than they have any other reasonable 
structure. 


The structures of IVa-D and L have been sub- 
stantiated by their conversion with methanolic 
hydrogen chloride to the esters Va-D and L, by ap- 
propriate infrared spectra, and by their conversion 
to N-benzoyl -3 - [3,5-diiodo -4- (3 - bd0-4- methoxy- 
phenoxy)phenyl]-D and L-alanine methyl esters 
(VIa-D and L). Va-D and L and Via-D and L have 
expected infrared spectra and give satisfactory ele- 
mental analyses. VIa-D and L prepared by complete 
methylation of IVa-D and L were identical to the 
products from the methylation of VU-D and L. 


To demonstrate that IVa-D and L were indeed 
homogeneous, paper chromatograms were prepared 
in an isoamyl alcohol-tert-amyl alcohol-6 N am- 
monia system (1 : 1 : 2) and in an n-butanol-aqueous 
ammonia system (6). The components were de- 
tected by spraying with ninhydrin and Emerson’s 
reagent (turns pink in the presence of o-iodophenols). 
The chromatograms showed IVa-D and L to consist 
of one major component contaminated with a trace 
amount of an unknown impurity. The major com- 
ponent was ninhydrin-negative and gave a positive 
reaction with Emerson’s reagent. 


Hydrolysis of VIa with a 1 : 1 mixture of acetic and 
concentrated hydrochloric acids for 4 hours, as 
reported by Tomita (2). or for 2 hours, as carried out 
subsequently by Blank, caused some cleavage of the 
ether. Evidence of this was obtained from paper 
chrumatograms of the purified products using pre- 
viously described systems and sprays (6). When 
the hydrolysis was performed for 18-24 hours with a 
1 : 1 mixture of acetic acid and 6 N sulfuric acid, pure 
3- [3,5diiodo-4-( 3-iodo-4-methoxyphenoxy)phenyl] - 
alanine (VII )  was obtained. 


In the route to VII, using N-acetyl-3,3’,5- 
triiodothyronine (IVb) as an intermediate, numerous 
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attempts were made to prepare IVb directly from I 
using conditions which were successful for the prep- 
aration of N-acetyl-3,5-diiodotyrosine (7) and N- 
acetylthyroxine (8). These attempts led to the 
recovery of unreacted impure I. The addition of 
ethanol to the reaction solution of I in acetic an- 
hydride and aqueous sodium hydroxide, either dur- 
ing the acetylation or just prior to acidification of 
the acetylation solution, resulted in the isolation of 
an acetylated product.‘ That an N-acetyl deriva- 
tive had been formed was shown by the facts that 
the isolated material was ninhydrin-negative, was 
acid insoluble, and had an amide peak in its infra- 
red spectrum. In addition to  the amide absorption 
at 6.09 p, there were two additional carbonyl peaks 
in the infrared spectrum at 5.68 and 5.771 which 
could correspond to a phenolic acetate and carboxylic 
acid ester, respectively. Moreover, the phenolic 
absorptions a t  7.05-7.08 and 8.07-8.10 p, which were 
present in IVb and Vb, were not present in this mate- 
rial. Thus, this material was considered to  be 
chiefly N,O-diacetyl-3,3’,5-triiodothyronine ethyl 
ester (IIIc). Such a structure was in keeping with 
the report by Ashley and Harington (8) that N,O- 


JThe need for alcohol in such acetylations has been re- 
ported previously for the preparation of N-acetylthyroxine 
(Q). 


diacetylthyroxine ethyl ester was formed under 
comparable conditions. Unfortunately, the isola- 
tion of pure IIIc was never accomplished, although 
several attempts were made. In one instance a 
sample was obtained which melted sharply and which 
showed only one spot on thin-layer and paper 
chromatography. Drying this material in wacuo for 
analysis caused the melting point to  be lowered, and 
subsequent elemental analyses were unsatisfactory. 
Crude IIIc-D and L could, however, be converted 
with ethanolic hydrogen chloride to the readily 
purified and identified N-acetyl-3,3’,5triiodo-o and 
L-thyronine ethyl esters (Vb-D and L). 


Treatment of Vb or the crude acetylation product 
with Myo sodium hydroxide yielded, after recrystal- 
lization from aqueous methanol, what seems to be a 
methanolate ef N-acetyl-3,3’,5-triiodothyronine 
(IVb) (on the basis of melting point and elemental 
analyses). This material behaved much like 
the N-benzoyl analog IVa since treatment of 
LVb with ethanolic hydrogen chloride gave Vb com- 
parable to the formation of Va from IVa. Then, 
too, both IVa and IVb were soluble in dilute aqueous 
sodium carbonate, both were ninhydrin-negative, 
and on paper chromatograms both showed a single 
spot which was positive to Emerson’s reagent and 
negative to ninhydrin. 
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in aqueous methanol and neutralized with 5% 
sodium carbonate. The precipitated IIa was cooled. 
filtered, washed with water, and recrystallized from 
tetrahydrofuran-watm to give W-8570 of product, 
m.p. 195-197".' 


3,3',5-Triiodo-~ and L-Triiodothyronine Ethyl 
Esters (nb-~ and  these esters were prepared in 
4555% yield using the method employed for IIa 
with ethanol instead of methanol. 
N,O-Dibenzoyl-3,3',5-Triiodo-~ and L-Thyronine 


Methyl and Ethyl Esters (ma-D and L and III~-D 
and L).-A solution of 2.5 mmoles of IIa or IIb in 50 
ml. of tetrahydrofuran was treated with 12 ml. of 
57, sodium bicarbonate, 1 Gm. of solid sodium bi- 
carbonate, and 1 ml. of benzoyl chloride, and stirred 
at room temperature for 2 hours. The mixture 
was poured into 3-4 vol. of ice-water. The resulting 
gum was dissolved in chloroform, and the chloro- 
form solution was washed three times with 10% 
sodium hydroxide, three times with water, and dried 
over sodium sulfate. The dried solution was con- 
centrated, and the syrupy residue was triturated with 
aqueous methanol or petroleum ether to  produce 
impure solid IIa or b. After recrystallization, the 
yields were 4&65%. 


Acidification of the aqueous alkaline washes from 
above gave a small amount of impure IVa. 
N-Benzoyl-3,3',S-trCodo-~ and L-Thyroninee (We- 


D and L).-A solution of 1 mmole of IIIa or b in 
25 ml. of methanol and 5 ml. of 400/, sodium hydrox- 
ide was stirred 1 hour at room temperature, 
diluted with water, cooled, and acidified. The 
precipitate was filtered, washed with water and 
ether, and recrystallized. Yield 75-90%. 
N-Benzoyl-3,3',5-triiodo-~ and L.-Thyronine 


Methyl Esters (Va-D and L).-These were prepared 
in 5 5 8 0 %  yield using the method described for Vb. 


N - Benzoyl - 3 - [3,5 - diiodo-4- (3 - iodo - 4 - 
methoxyphenoxy)phenyl]-~ and L-Alanine Methyl 
Esters (ma-D and L).-These compounds could be 
prepared from either IVa or Va under similar condi- 
tions. However, the product from Va was purer 
and more easily purified. 


To  a solution of 1 mmole of Va in 25 ml. of 5% 
sodium carbonate and 25 ml. of tetrahydrofuran 
was added 1.3 ml. of dimethyl sulfate. The mixture 
was stirred at room temperature for 2.5 hours. The 
pH of the mixture was checked periodically to insure 
the basicity of the reaction mixture. More base was 
added if needed. The mixture was diluted with cold 
water to  precipitate a gum. The gum was dis- 
solved in chloroform ; the chloroform was washed 
once with base and several times with water. The 
chloroform was dried over sodium sulfate and evap- 
orated to produce an oil. Trituration of the oil with 
petroleum ether gave a solid which was filtered, 
washed with petroleum ether, and recrystallized. 
Yield, 55-70'%. 


Acetylation of 3,3',5-Triiodo-~ and L-Thyronines 
(IIIc?).-To a cooled stirred solution of 3.25 Gm. 
(5 mmoles) of I in 100 ml. of 2 N sodium hydroxide 
was added slowly 1.5 rnl. of acetic anhydride. Stir- 
ring was continued for 2 hours at room temperature 
when 50 ml. of ethanol was added. The solution 
was diluted with water, cooled, and acidified with 
dilute hydrochloric acid. The white precipitate was 
filtered, washed with water, and dried to give 3.4 
Gm. of material with an indefinite melting point. 


Unfortunately, NMR studies of IVb-L in deutero- 
acetone showed no evidence of methanol. No 
cxplanation can be presented currently to  explain 
these anomalous data. 


Methylation of Vb to VIb and hydrolysis of 
VIb with acetic and sulfuric acids to VII-D and L 
proceeded in a straightforward manner. 


In an effort to  circumvent the 0-acylation which 
occurred when I was acetylated or benzoylated and 
which necessitated a t  least an additional hydrolysis 
step, the use of the N-trifluoroacetyl group was in- 
vestigated. The preparation of N-trifluoroacetyl- 
3,3',5-triiodo-r, and L-thyronines ( ~ V C - D  and L) was 
accomplished conveniently in good yield by adding 
tduoroacetic acid and anhydride to I. The methyl 
ester methyl ether VIc was obtained with difficulty 
by treating IVc with dimethyl sulfate. This con- 
version required two treatments with dimethyl 
sulfate since the first treatment gave mainly the 
impure methyl ester Vc. Further treatment of im- 
pure Vc with dimethyl sulfate gave VL. 


Pure Vc was prepared by stirring LVc with meth- 
nnolic hydrogen chloride or by adding trifluoro- 
acetic anhydride to IIa hydrochloride. Hydrolysis 
of analytically pure samples of VIC-D and L with 10% 
sodium hydroxide yielded impure VII-D and L. 
These samples o f  VII were grayish-purple in color, 
had lower melting points, lower optical rotations, 
and poorer paper chromatograms than VII made 
using Vlb. Re-examination of VIC-D and L by 
paper chromatography showed these materials to  
contain significant amounts of unetherified material. 
Since the intermediates IVc and Vc can withstand 
only limited exposure to base without loss of the N- 
trifluoroacetyl group it was apparent from these re- 
sults that the etherification did not go to completion 
under the conditions of these experiments. 


A comparison of the over-all percentage yields of 
VII and the purity of the VII from the three routes 
showed that the pathway using IVb was b e ~ t - 4 5 7 ~  
vcrsus 15% Via IVa versus 3oy0 Via IVc. Thus, 
the best route described here compares quite favor- 
ably with that described by Tomita (2), particularly 
if it  is felt that the preparation and use of diazo- 
methane is a problem. 


To determine whether over-all retention of con- 
figuration occurred in these syntheses, VII-L (pre- 
pared Via IVb) was hydrolyzed with a mixture of 
hydriodic and acetic acids to give I-L with [a]: = 
+25.5', c = 1 in ethanol-1 N hydrochloric acid 
(3: 1 by volume). The starting material had [a]: = 
+22.6", c = 2 in the above solvent system at a 
dilution of 4: 1. 


The ethyl ester of VII-L (VIII-L) was prepared 
simply by stirring VII-L with ethanolic hydrogen 
chloride. 


Table I lists the compounds prepared, appropriate 
physical constants, and analytical data. 


EXPERIMENTAL* 
3,3',5-Triiodo-~ and L-Thyronine Methyl Esters 


(IIa-D and L).-IIu-D and L hydrochlorides were 
prepared according to the method of Ashley and 
Harington (5). The hydrochlorides were dissolved 


2 All melting points were taken in a Thomas-Hoover capil- 
lary melting point apparatus and are corrected. Micro- 
unalyses were performed by Mrs. Dons Rolston and co- 
workers and optical rotations were determined by Mr. J.  
Walter Hamill and staff, Analytical and Physical Chemistry 
Section. Smith Kline and French 1,ahoratories. Philadelphia, 
Pa. 


_ _  - 
aThe nL-isomer has been reported to melt at 178.5179' 


dec.(10) and the L-isomer at 174-181° dec. (2). 
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Recrystallization of 2 Gm. of this material from 
boiling toluene gave 1.2 Gm. of a product, melting 
about 140’ after washing with petroleum 
ether. A small sample (300 mg.) was then sus- 
pended in 40 ml. of ether and stirred for 30 minutes. 
Most of the solid dissolved. The insoluble portion 
was filtered, and the filtrate was added to  100 ml. of 
petroleum ether to precipitate 200 mg. of solid, m.p. 
189”. This material showed one spot on thin-layer 
(silica gel plates developed with methanol) and 
paper chromatograms (ethanol-water-mineral oil, 
2: 1 : 10). After drying at 80’ in uucuo, the material 
melted at 179-181’ and gave unsatisfactory ele- 
mental analyses. 
N-Acetyl-3,3’,5-Triiodcm and LThyronines (1- 


D and L).-Preparution A.-A solution of 3.4 Gm. 
of crude acetylation product in 100 ml. of ethanol and 
20 ml. of 40% sodium hydroxide was stirred for 1 
hour a t  room temperature. The solution was diluted 
with water and acidified with dilute hydrochloric 
acid. The resulting solid was filtered. washed with 
water, and dried to give 3 Gm. of crude product. 


Preparation B.-A solution of 2.5 mmoles of Vb 
in 50 ml. of ethanol and 10 ml. of 40% sodium hy- 
droxide was stirred 1 hour a t  room temperature, and 
the product was isolated as described under Prepara- 
lion A.  Yield, -8%. 


N-Acetyl-J,S’,S-triiodo-~ and L-Thyronine Ethyl 
Esters ( V ~ D  and L).-Preparation A .-A suspension 
of 4.2 Gm. of crude acetylation material in 50 ml. 
of absolute ethanol was cooled and saturated with 
dry hydrogen chloride. The resulting solution was 
evaporated, and the solid residue was evaporated 
twice again with fresh portions of ethanol. The 
residue was triturated with water, filtered, washed 
with water, and recrystallized. 


Preparation B.-A suspension of 0.8 mmole of 
IVb in 35 ml. of absolute ethanol was saturated with 
dry hydrogen chloride and was isolated and purified 
as indicated in Preparation A. 
N - Acetyl - 3 - [3,5 - diiodo - 4 - (3 - iodo - 4 - 


methoxyphenoxy)phenyl]-D and L-Alanine Ethyl 
Esters (VI~-D and L).-A solution of 4.2 mmoles of 
Vb in 50 ml. of tetrahydrofuran and 50 ml. of 5y0 
sodium carbonate was treated with 3.5 ml. of 
dimethyl sulfate. The reaction was performed, 
and the crude product was isolated as  described in 
the preparation of VIa. The crude gummy product 
was solidified by stitring, cooling, and scratching 
with water. Yield, 6570%. 


On some occasions the gum was dissolved in ethyl 
acetate, and the organic solution was washed with 
water, dried (Napso,), and distilled. The residue 
was triturated with petroleum ether to  produce solid. 
N-Trifluoroacetyl-3,3’,5-triiodo-~ and r--Thyro- 


nines (Nc-D and L).-To a cooled stirred suspension 
of 5 mmoles of I in 45 ml. of ethyl acetate was added 
9 ml. of trifluoroacetic acid and 1.5 ml. of trifluoro- 
acetic anhydride. Stirring and cooling were con- 
tinued for 1 hour. The solution was washed with 
water, once with 5% sodium bicarbonate, and twice 
with saturated saline solution. The combined 
aqueous phases were extracted twice with ethyl 
acetate. The combined ethyl acetate layers were 
washed once with water and dried over sodium sul- 
fate. Removal of the ethyl acetate left a solid 
which was dissolved in ether and reprecipitated 
with petroleum ether. This solid melted at 180- 
185” and represented a 91% yield of product. 


Yield, 67-93%. 
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N-Trifluoroacetyl-3,3‘,5-triiodo-~ and LThyro- 
nine Methyl Esters (VC-D and L).-Prcpardimc A.- 
The esters were prepared in 60-657; yield using IVc 
and methanolic hydrogen chloride in a manner anal- 
ogous to that described for the preparation of Vb. 


Preparation B.-To a suspension of 1 mmole of 
IIa hydrochloride in 5 ml. of ethyl acetate and 5 ml. 
of chloroform was added with stimng 0.5 ml. of tri- 
Buoroacetic anhydride. Stimng was continued for 
an additional 10 minutes, and the resulting clear 
solution was diluted with an equal volume of ethyl 
acetate. The solution was washed once with 5% 
sodium bicarbonate and twice with water. The 
combined aqueous phases were washed twice with 
ethyl acetate, and the combined organic phases 
were dried (XazSOJ. The solid residue obtained 
upon removal of the solvents melted at 147’ after 
recry~tallization.~ Yield, 600 mg. (79%). 
N - Trifluoroacetyl - 3 - [3,5 - diiodo - 4 - (3- 


iodo4methoqphenoxy)phenylJ-~ and LAlanine 
Methyl Esters (VIc-D and L).-To a stirred suspen- 
sion of 2.5 mmoles of IVc and 3 Gm. of sodium 
carbonate in 50 ml. of tetrahydrofuran was added 
1.5 ml. of dimethyl sulfate. The product was 
isolated as were VIa and b. In th is  way an impure 
product was obtained which appeared to be pre- 
dominantly Vc. 


Further treatment of this material in tetrahydro- 
furan with 1 ml. of dimethyl sulfate and 2 Gm. of 
sodium carbonate in 5 ml. of water produced the 
desired methyl ester methyl ether in 4045% yield. 


Treatment of Vc with dimethyl sulfate under 
these conditions gave only unreacted starting mate- 
rial. 
3 - 13,s - Diiodo - 4 - (3 - iodo - 4 - methoxy- 


phenoxy)phenyl]-~ and LAlaniues (M-D and L).- 
Preparation A.-A mixture of 1 mmole of VIa or b 
in 35 ml. of acetic acid and 35 ml. of 6 N sulfuric acid 
was refluxed for 18-24 hours. The resulting solution 
was diluted with water and cooled to give a precipi- 
tate of what was probably the sulfate of VII. This 
was not isolated; the suspension was adjusted to pH 
5-6 with 10% sodium hydroxide. This precipitate 
was filtered, washed with water, and purified by 
several isoelectric precipitations from hot ethaaolic 
hydrochloric acid by the addition of hot water and 
hot 2 N sodium acetate. 


Preparation B.-A solution of 500 mg. (0.645 
mmole) of VIc in 25 ml. of methanol and 2.5 ml. of 
10% sodium hydroxide was allowed to stand a t  room 
temperature overnight. The solution was diluted 
with water, cooled, and adjusted to  pH 4-5 with 
acetic acid. The product was isolated and purified 
as above. Yield, 82%. 
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iri alcohol on dilution with broth gave slight tur- 
bidity. However, concentrations below 100 nicg./ 
ml. were all clear solutions. The tubes were then 
inoculated with 0.05 ml. of the suspension of S. 
uureus in broth and incubated a t  37”. These were 
then examined after 24 hours for visible growth. 


EXPERIMENTAL 


The seeds of the drug were coarsely powdered 
and subjected to  successive extractions with sol- 
vents in a Soxhlet apparatus. The per cent residues 
were: petroleum ether, 8.6; chloroform, 5.2; 
and alcohol, 2.8. 


The petroleum ether extract inhibited the growth 
of S. uureus in the concentration of 10 mcg./ml. 
Since the chloroform and alcoholic extracts did not 
show antistaphylococcal activity, these extracts 
were not taken up for further study. 


Isolation of Antistaphylococcal Principle.-Ten 
grams of petroleum ether extract was chromato- 
graphed over 100 Gm. of alumina (Brockmann 
grade I) using, successively, petroleum ether, 
benzene, ether, alcohol, and their appropriate 
mixtures (Table I) as elution solvents. All the 
solvents were previously dried and purified. Ninety 
30-ml. fractions were collected. The solvents 
were removed in uocuo, and the antistaphylococcal 
activity of the various fractions recorded (Table 
I). After the elution, the chromatographic column 
showed the presence of six different bands, which 
were extruded separately and refluxed with methyl 
alcohol on a water bath. The residues were tested 
and did not show antistaphylococcal activity. 


The eluates consisting of petroleum ether- 
benzene mixture (1 : 1) were pooled and designated 
as fraction A. After refrigerating for a few days, 
it deposited needle-shaped crystals which were 
washed with cold petroleum ether to remove the 
adhering liquid. A white crystallinc compound 
was obtained which on repeated crystallization from 
hot dilute alcohol gave a pure compound. I t  was 
identified as psoralen and did not show activity 
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against S. uureus. The mother liquor was further 
concentrated, and 1 Gm. of this liquid was again 
passed through a column containing 5 Gm. of 
alumina. The column was then eluted with petro- 
leum ether-benzene mixture (1 : l). The solvent was 
removed in uocuo, and the residual liquid was dis- 
tilled under reduced pressure; the fraction B, 
b.p. 155’/0.3 mm., was collected. It was of a 
pale, viscous oily nature and inhibited the growth 
of S. aureus in the concentration of 0.5 mcg./ml. 


Anal.-Calcd. for C~H160. Found: C, 82.22; 
H, 8.85, mol. wt. (Rast) 186. 


The benzene eluates were also mixed together 
and did not deposit crystals when cooled. The 
liquid was distilled under reduced pressure and the 
fraction, b.p. 155’/0.3 mm., was obtained. The 
compound on analysis was identical to B ( C I ~ H ~ S O )  
and had equal inhibition against S. aureus. 


The activity of compound B was also tested 
against S. uureus resistant to penicillin, strepto- 
mycin, chloramphenicol, and tetracycline, in which 
it was equally effective. 


A survey of the literature has revealed that com- 
pound B (C12H160) has not been reported pre- 
viously in P. corylifoliu. The preliminary character - 
ization tests have revealed the aldehyde nature of 
this compound ; therefore, the name psoralalde- 
hyde is proposed for it. Detailed work about its 
characterization and constitution will be com- 
municated later. 
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Semiautomatic System for Timing Rotarod Performance 
By NATHAN WATZMAN, HERBERT BARRY, 111, JOSEPH P. BUCKLEY, and 


WILLIAM J. KINNARD, JR. 


An electronic circuit automatically stops 
the timer when the animal falls to a platform 
beneath the rod. This system improves 
the accuracy and convenience of recording 
rotarod performance time. The  investigator 
may test several animals simultaneously with 


only periodic observation. 
HE ROTAROD is a device which has been used T extensively for the evaluation of drug effects on 


the central nervous system. Rats and mice per- 
form a task similar to log-rolling: neurological defi- 
cit induced by a drug is indicated by the inability 
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of an animal to remain on the rod for a specified 
period of time (1). Various types of central nervous 
system depressants (2, 3) and stimulants (4) may be 
evaluated and compared by the increase or decrease 
in performance times they produce. 


The rod is generally divided into compartments 
by thin circular disks, larger in diameter than the 
roller, so that several animals can be tested simul- 
taneously. The experimenter starts a timer as soon 
as he places each animal on the rod and stops the 
timer as soon as he sees the animal fall to  the plat- 
form beneath. 


In situations where as many as six animals are 
being tested at one time, it is necessary for the experi- 
menter to give his undivided attention. Under 
these circumstances, it is quite possible that, if 
more than one animal falls in quick succession, the 
experimenter might not be able to observe each fall 
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Phipps and Bird precision Time-It electrical stop- 
clock (78-760) with a manual reset. Each animal 
compartment has a separate pushbutton switch 
(S-1). microswitch (S-2), relay coil (K-l), and timer. 


OPERATIONAL PROCEDURE 


As soon as the experimenter places the animal on 
the rod, he presses the pushbutton start-switch 
(S-1) which activates the relay (K-1) and the timer 
through S-2 (normally closed). The relay contacts, 
being closed, keep the relay activated and the timer 
on. When an animal falls from the rod, its weight 
forces the Bakelite platform downward on the micro- 
switch (S-2), opening it. This de-energizes the re- 
lay and stops the timer. 


- -  _ _  - - 
Fig. 1:-Rotarod. 


and stop the timers a t  the exact moment. Since 
performance time data, under such a system, be- 
come dependent on the alertness and reflex abilities 
of the experimenter, the authors have devised a 
seniiautomatic system for stopping the timers. 


APPARATUS 


The rotarod is shown in Fig. 1. The supporting 
structure is composed of 0.75411. angle iron fastened 
to a wooden base 24 X 48 X 0.5 in. The wooden 
catch platform is 43.25 X 11.5 X 0.i5 in. and can be 
adjusted a t  several heights. A 115v. d.-c. motor 
(Bodine Electric Co., NSH-12R; 1/50 H.P.) with 
speed control (Minarik Electric Co.. model No. 
5H-14) drives the rod a t  any selected speed, ranging 
from 4.1 to83 r.p.m. 


The circuitry for the semiautomatic r'ecording of 
performance times is shown schematically in Fig. 2. 
S-1 is a pushbutton switch (S.P.S.T.-N.O. Grayhill 
30-1). S2 is a microswitch (S.P.S.T.-N.C.; Uni- 
max 2 HBW-1) which is mounted on a 6.5 X 4 X 2 
in. wooden frame as shown in Fig. 3. The 5 X i in. 
lid, made of Bakelite or plastic, is hinged to the frame 
and rests lightly on the arm of the microswitch. 
K-1 represents a 115-v. a.-c. relay (S.P.S.T.-N.O.; 
Potter and Brumfield KRP5A) which is set in an 
octal socket housed on a frame (20 X 5 X 3.5 in.) 
located at  the base of the rotarod. The timer is a 


*I ................................ 


,____l .____. [mk.'; ...... r - - - - .  L..... - - - - - -  I .  ...... .____. ...... 
Fig. 2.-Rotarod timing circuit. 


Fig. 3.-Microswitch platform. 


CONCLUSIONS 


A semiautomatic system for recording rotarod 
performance times, described in this paper, measures 
the success or failure of the animal to stay on the 
rod, independent of the alertness and reflexes of the 
experimenter. Therefore, the data more accurately 
reflect the forced coordinated motor ability of the 
animal. Furthermore, the method does not demand 
rigid undivided attention on the part of the experi- 
menter; and, indeed, the animals need be observed 
only periodically. The system is electronically 
simple and inexpensive to  build and repair. I t  may 
be expected to  function for long periods of time 
without needing repairs, because the number of 
operations (on-off conditions) on a typical test day 
is small compared with the number for which the 
components are constructed. 


We have used this system in our laboratory for 
several months with completely satisfactory results. 


REFERENCES 
(1) Dunham. N. W., and Miya, T. S., THIS JOURNAL, 
(2) Kinnard. W. J.. and Carr, C. J.. J .  Phormacol. Expll.  


(3) Weaver. J. E.. and Miya. T. S., THIS JOURNAL, 50, 


(4) Plotnikoff, N., Reinke. D., and Fitrloff, J,, ibid., 51, 


46, 208(1957). 


T h n a p . ,  121, 354(1867). 


910(1961). 


1007(1962). 








Vol. 53, No. 8, August 1964 955 


cellulose and appear to be insoluble in the pH 4 
buffer. Kanig and Goodman (6) show that this 
situation appears with ethylcellulose and polyvinyl 
pyrrolidone combinations; nevertheless, concentra- 
tion changes as low as 7.57; increase in ethylcellulose 
and 7.5% decrease in methylcellulose (75/25 to 
82.5/17.5) show a definite change in solubility rate. 
The influence on water vapor transmission and 
therefore the change in aspirin solubility seems to be 
significant for relatively smaller percentage changes 
in composition. 


10 // 
l l Y L  I M I  


Fig. 2.--Semilog plot of per cent aspirin dissolved 
YS. time (data from Fig. 1 graph) illustrates solubility 
rate variations with concentration of ethylcellulose 
on coating. 


indicates the mechanism is one of dialysis with 
ethylcellulose as the more impermeable film, though 
the literature indicates water vapor transmission 
through both films is similar (6) .  The combination 
of ethylcellulose and methylcellulose appears to be 
slowly soluble a t  the 50/50 level. This does not 
appear, however, during the length of the solubility 
run. The films containing the higher ratio of 
ethylcellulose seem to be dominated by the ethyl- 


SUMMARY 


From a purely practical pharmaceutical stand- 
point it is evident from the data presented that the 
Wurster apparatus is a valuable tool for preparing 
research quantities of sustained-release medications. 
Continuity of films and evenness of coating is pos- 
sible and reproducible. The coated crystals are 
suitable for compression into fast disintegrating 
tablets that provide sustained release of aspirin. 
It has been shown that the solubility rate of aspirin 
coated with different concentrations of ethylcellulose 
and methylcellulose can be sustained. It has also 
been shown that the ratio of the two cellulose 
polymers affects the solubility rate, the solubility 
rate being inversely proportional to the concentra- 
tion of ethylcellulose. This has been reflected in 
the solubility rate curves as shown. 
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Physical Stability Testing of Pharmaceuticals 
By JAMES E. TINGSTAD 


T h e  importance of physical stability of phar- 
maceuticals and methods of testing physical 
stability of tablets, capsules, suspensions, 
emulsions, solutions, and ointments are 


discussed. 


HYSICAL STABILITY is a n  important problem 
to product formulators for three primary 


reasons. 
Appearance.-Physicians, pharmacists, pa- 


t ients-all expect pharmaceutical products to 
look fresh, elegant, and professional no matter  
how long they sit on the  shelf. Any slight 
change in physical appearance-like fading of 
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a color-may cause these people t o  lose confi- 
dence in  t h a t  particular product. 


Uniformity.-Since most products are sold as 
multiple-dose packages, the  formulator has  t o  
make sure t h a t  t h e  patient receives the  same 
amount  of active ingredient in each dose. .4 
cloudy solution or a broken emulsion means 
t h a t  the patient is  in  danger of being overdosed 
or underdosed. 


Availability.-The formulator's ethical re- 
sponsibility to t h e  patient does not  end with 
providing a uniform dose. If t h e  active ingredi- 
ent is not  absorbed, he h a s  failed that patient 
jus t  as much as if he  gave him a worthless 
placebo. Therefore, the formulator has to 
make sure that the  active ingredient is just  a s  
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available for absorption when the  product is  1 
or 2 years old as i t  is immediately after manu- 
facture. 


T h u s  it is rvidcnt that  physical stability is 
important  because i t  can affect t h e  therapeutic 
activity of a product just as much as chemical 
stability. 


TABLETS 
A physically stable tablet should retain its original 


size, shape, weight, and color under normal handling 
and storage conditions throughout its shelf life; 
the in vivo availability of its active ingredients 
should not change appreciably with time. 


There are two tests, among others, that are help- 
ful in determining whether a tablet will remain in- 
tact from the time of manufacture until the patient 
swallows it. First, a given weight of tablets is sub- 
jected to mild, uniform, and reproducible shaking 
or tumbling. Visual observation then reveals if the 
tablets chip, crack, or split under stress. All 
tablets that appear to  be intact after this test are 
then weighed to  determine how much material was 
worn away by abrasion. The Friabilator (1) is an 
inexpensive satisfactory instrument for this test. 
This apparatus consists of a plastic cylinder with a 
curved shelf in it. As it rotates, the tablets are 
subjected to  mild abrasion and then, as they drop 
off the shelf, to sudden shock. Results obtained 
using this instrument are comparative, not absolute, 
and to get the most from the data they should be 
correlated with actual stress experience. 


The second test is an actual shipping test, and this 
should be done for all types of products. In this 
test the tablets are packaged in their regular shipping 
container and shipped by rail, air, and truck across 
the country and back. When they return, careful 
examination will often reveal that the transporta- 
tion industry can do strange things to tablets. I t  
is also a good idea to put the surviving tablets back 
into theFriabilator to see if subtle changes in physical 
stability have occurred as a result of shipping. 


High speed packaging machines are very rough on 
tablets, and they can be utilized at an early stage to 
determine the strength of a tablet formulation. 
There are also various “drop tests” that can be 
used to help determine the fragility of tablets, but 
they should be used in addition to, and not instead 
of, actual shipping tests. All these tests should be 
performed periodically as the tablet ages because the 
behavior of a freshly made tablet is often quite 
different from that of an aged one. 


The color stability of a tablet can be determined 
by using any appropriate colorimeter or reflectom- 
eter. I t  is wise also to  visually compare the color 
of a fresh tablet with that of an aged one because 
fading of a color is important only when it can be 
detected by the naked eye. Heat, sunlight, and 
intense artificial light can be used to accelerate 
chemical deterioration of a color, but this is most 
useful when comparing the stability of one color 
with another in the same formulation. I t  is impor- 
tant to remember, however, that the system at ele- 
vated temperatures is usually different from the sys- 
tem at room temperature, and that it is not always 
correct to  assume that the same things will happen, 
in due time, at room temperature that happen a t  
elevated temperatures. 


Tablet hardness (resistance to  crushing or frac- 
ture) can be tested by using any one of the available 
testers (2-4). Results can vary depending on which 
instrument is used, so one should avoid making 
comparisons about physical stability when different 
hardness testers have been used to  gather data. 
I t  is important to test the hardness of aged tablets 
as well as freshly made ones because many times a 
physician will tell a patient to cut the tablet in two 
and take half (whether it is scored or not). If a 
tablet formulation hardens excessively as it ages, a 
patient trying t o  cut an 18-month-old tablet with 
a paring knife may have t o  use such force that half 
the tablet crumbles while the other half flies off the 
table and under the refrigerator. When that 
happens, both the patient and his physician losc 
confidence in that company’s ability to make good 
products. On the other hand, a tablet that softens 
excessively during storage will not hold up under 
normal handling conditions. Uniform hardness is 
especially important when the product is a chewable 
tablet. Finally, it should be remembered that 
hardness and friability are not always related; an 
extremely hard tablet may not pass a test in the 
Friabilator because of excessive chipping. 


Many times i t  is desirable to determine the 
stability of a tablet to moisture. To do this, the 
tablets are often stored in sealed bottles in a high- 
humidity cabinet and their physical deterioration 
followed. I t  should be pointed out that under 
these conditions this test is really a measure of the 
resistance of the container to moisture penetration. 
To find out how the tablets themselves will hold up 
while being used under humid conditions, an 
additional test should be conducted. Here the 
tablets are stored in a container in the humidity 
cabinet for 1 to 4 weeks, and the container is opened 
three or four times a day, just as it  would be in the 
hands of the patient. The humidity should be 
varied in these tests to obtain a more complete 
picture of the tablet’s stability to moisture. 


When the formulator is satisfied that a tablet 
formulation will reach the patient intact and elegant 
looking, there is still one more vitally important test 
to be performed before he can consider his job 
finished. He has to make sure that the drug will be 
well absorbed by the patient throughout its shelf 
life. This is important enough to warrant a brief 
theoretical discussion. 


When a systemic acting drug is tested in the 
clinic, the proper therapeutic dose that is deter- 
mined is a function of the amount of drug given and 
the percentage of the dose that is absorbed. To 
market products that are therapeutically efficient, 
effective, and uniform, the formulator has to make 
sure that the drug is well absorbed initially and that 
its absorption characteristics do not change ap- 
preciably throughout the product’s shelf life. 
Changes in absorption characteristics can be caused 
by polymorphism, changes in particle size, changes 
in the dissolution rate of the active ingredient out of 
the tablet, and other factors. 


Levy and Nelson ( 5 )  have pointed out that the 
nature of the formulation does affect the absorption 
characteristics of drugs, and evidence has been 
gathered a t  these laboratories showing that the 
absorption of a drug can vary considerably de- 
pending on the age of the formulation. For example, 
Fig. 1 shows how blood levels obtained after oral 
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Fig. 1.-Plot showing the decrease in blood levels 
when an aged suspension (broken line) was admin- 
istered orally to  humans rather than a fresh suspen- 
sion (solid line). 


administration of a formulation decreased greatly 
as that formulation aged. Other examples could 
be cited, but the point to remember is this: it  is 
unwise and dangerous to  assume that just any 
formulation will give good drug absorption, and it is 
equally unwise and dangerous to  assume that a well 
absorbed formulation will remain so throughout its 
shelf life. 


Obviously, it  is not practical to test clinically 
every product a t  regular time intervals during 
storage. However, there are several in vitro tests 
that can be done to  help detect when changes in 
absorption characteristics are likely to occur. 
For tablets, one of the better in vifro tests is to 
determine the active ingredient's dissolution rate in 
artificial gastric and/or intestinal juice at 37". 
The standard U.S.P. tablet disintegration apparatus 
can be used for these determinations (preferably 
without plastic disks) and ultraviolet spectroscopy 
can usually be used to develop a rapid assay method. 


It should be emphasized at this time that dis- 
solution rate (the rate at which the active ingredient 
goes into solution) is quite different from disintegra- 
tion time (the time it takes for a tablet to  disinte- 
grate and the particles to pass through a standard 
screen). Tablets having sand as the "active" 
ingredient can be made so that they disintegrate 
very rapidly; yet blood levels of silicon dioxide 
would be hard to find after administering such a 
tablet. It has been shown ( 6 )  that disintegration 
time is not necessarily a good measure of dissolution 
rate, and it is the dissolution rate of the active 
ingredient that often determines the rate of absorp- 
tion of that drug (5).  These dissolution rate tests 
should be run periodically, and if no other physical 
changes (polymorphism, etc.) take place, an un- 
changing dissolution rate usually means constant 
in  viioo availability. The value of these dissolution 
rates can be greatly enhanced if they can be cor- 
related with in viuo work. 


Disintegration times can be determined periodi- 
cally to detect gross changes in the physical char- 
acteristics of a tablet, but this test is not sufficient 
unless there is a demonstrated correlation between 
disintegration time and dissolution rate for that 
particular formulation. When there is no such 
correlation, the dissolution rates should be deter- 
mined. In the case of delayed (sustained) release 
formulations, release patterns are even more im- 
portant and should be determined periodically 
during storage. 


When the product is a coated tablet, the physical 
stability of the coat should also be investigated. 
Many of the above tests for plain tablets can be 
applied to coated tablets also. 


There are two additional points concerning the 
physical stability testing of tablets that the formu- 
lator should keep in mind. First, it is important to  
recognize that elevated temperatures do not always 
give a true picture of what will happen, in due time, 
to a tablet at room temperature. For example, 
there are tablet formulations that swell and split a t  
elevated temperatures; yet they remain intact 
indefinitely a t  room temperature. Also, most 
tablet coats will melt or soften at elevated tem- 
peratures; this seldom happens at room temperature. 


Second, i t  is important to  subject tablet formula- 
tions, especially coated ones, to  freezing tempera- 
tures for a t  least 1 week or 2. Several times this 
test has revealed tablet coats that were susceptible to 
cracking when frozen. Subsequent shipping tests 
to Canada and the northern United States in the 
winter confirmed these observations. 


GELATIN CAPSULES 


I t  is unnecessary to spend a great deal of time dis- 
cussing gelatin capsules. The capsule formulator 
should ascertain that: ( a )  the shells of the capsules 
do not soften (and stick together) or harden (and 
crack under slight pressure) excessively during 
storage, (b)  the capsules remain intact under normal 
handling and shipping stress, ( c )  the color of the 
capsules does not change appreciably during storage. 
(d) the capsule contents, either as a powder or an oil, 
do not leak out of the capsule, and (e) the in vitro 
dissolution rate of the active ingredients does not 
change appreciably with time. I t  is especially 
important to test the dissolution rate of capsules a t  
37" rather than room temperature because gelatin 
capsules that dissolve in 1 5 3 0  minutes a t  room 
temperature will often dissolve in less than 2 minutes 
a t  37". 


SUSPENSIONS 


A physically stable suspension is one that can be 
homogeneously redispersed with moderate shaking 
and easily poured a t  any time during its shelf life, 
with neither the particle size distribution, the 
crystal form, nor the physiological availability of the 
suspended active ingredient changing appreciably 
with time . 


There is not enough time to discuss thoroughly the 
basic physical system present in suspensions; but 
because of the many prevailing misconceptions 
about suspension systems, it is necessary to  mention 
some of their more important theoretical aspects. 
Most good stable pharmaceutical suspensions are 
flocculated; that is, the suspended particles are 
physically bonded together in such a way that they 
form a loose, semirigid structure. This structure, 
in a sense, is independent of the suspension vehicle; 
that is, the particles hold each other up and exert no 
significant force on the liquid. 


As a crude illustration, think of a piece of wire 
screen immersed in a liquid. The individual strands 
of wire are not supported by the liquid; rather, each 
strand is held in place by its neighbor. Conse- 
quently, it is the structure of the screen, and not the 
nature of the liquid, that determines where each 
strand will be in the system. Also, the wire exerts 
no pressure on the liquid. In the same way the 
particles of a flocculated suspension hold each other 
up, and their position in the suspension depends 
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primarily on the nature of their bonds with their 
neighbors and not upon the inherent qualities of the 
vehicle. 


When a flocculated suspension is first made, it is 
well stirred and the particles are floating randomly 
around in the vehicle. As soon as the suspension is 
poured into a bottle and set on the shelf, the particles 
start to settle and come together. Soon (minutes 
to hours, depending on the system) many of the 
particle-particle bonds have formed and the particles 
continue to settle, not as individuals but as clusters 
of particles (agglomerates). Soon (days to  weeks, 
depending on the system) the total structure is 
formed, and settling continues only because the 
particles are rearranging and moving closer together 
by forming bonds with more of their neighbors, 
causing the structure to compact. 


Eventually, for all practical purposes, the struc- 
ture becomes stable and settling stops. The sedi- 
ment remains stationary like a fragile piece of wire 
screen sitting in the vehicle. How much volume 
this sediment occupies depends on the system, but 
in a good flocculated suspension it is usually more 
than half the total suspension volume, and many 
times it occupies all of the suspension volume. 
This sediment can he easily redispersed a t  any 
time by moderate shaking, and the system will 
then once again be completely homogeneous. 


In nonflocculated suspensions, on the other hand, 
the particles remain as individuals, essentially un- 
affected by their neighbors and affected only by the 
suspension vehicle. These particles, being smaller 
and lighter than the agglomerates in a flocculated 
suspension, settle much more slowly. But once 
they have settled, they often form a rock-hard sedi- 
ment on the bottom of the bottle that is extremely 
difficult to redisperse. These suspensions would be 
acceptable if one could decrease the particle size 
enough and increase the density and viscosity of the 
vehicle enough so that the particles would settle 
very little during the product’s shelf life, but this is 
very hard to  do in most cases. Consequently, 
flocculated suspensions are usually the most phar- 
maceutically acceptable; and, by design or by 
accident, most of the presently marketed suspensions 
are flocculated. 


This discussion of suspension systems was neces- 
sary to show why some physical stability tests are 
valid to use while others are not. For example, 
Stokes law can seldom be used to examine sus- 
pension stability because it applies only to  non- 
flocculated suspensions. And, contrary to popular 
belief, the many conventional viscometers are 
practically useless for studying physical stability of 
flocculated suspensions because they employ shear 
rates that tear the fragile structure apart, and the 
system thus studied has little or no relation to  the 
actual system as it sits on the shelf. Even centri- 
fugation (to accelerate settling) is of little value 
because the structure is so fragile that it breaks 
down under the increased force placed upon it by 
the centrifuge. 


This can best be illustrated by imagining that a 
formulator has a big cardboard box full of eggs 
packed in a certain manner and that he wants to 
determine the condition of the eggs and how they 
are packed. To  do this, he takes an axe and pro- 
ceeds to open the box in a violent but effective 
manner. He then observes that the eggs are in 


Fig. 2.-Diagram of 
a differential manom- 
eter. See text for ex- 
planation of instru- 
ment. 


very poor condition and that they are packed in a 
very irregular and haphazard way. Poor technique 
leading to meaningless and erroneous conclusions? 
Yes, but to a certain extent this is precisely what is 
done to these fragile sediment structures when they 
are studied in the conventional manner using con- 
ventional viscometers. 


First of all, 
it is necessary to determine whether the suspension 
under study is actually flocculated. This can be 
done very easily by taking advantage of the fact 
that the particles in a flocculated suspension support 
each other and exert little or no pressure on the 
liquid. In the apparatus shown in Fig. 2 (called a 
differential manometer) (7) the suspension is placed 
in container A and the vehicle (but not the sus- 
pended particles) is allowed to  enter sidearms B 
and C. A t  point D the two sidearms are parallel 
and are at the same height (B appears to  be lower 
than C only because the drawing is two-dimensional). 
IF the suspension is flocculated, the liquid in the two 
sidearms will travel the same distance (e.g., to point 
E) because of equal hydrostatic pressure (B and C 
are inclined slightly after point D to magnify slight 
differences in pressure). If the suspension is not 
flocculated, the weight of the suspended particles 
pressing down on the liquid will be greater a t  the 
bottom of container A than a t  the top; conse- 
quently, the hydrostatic pressure will be greater in 
B. and the liquid will travel further in that sidearm. 


Once it has been determined that a suspension is 
flocculated, two simple experiments can be set up to 
study its physical stability. First, a measured 
volume of the formulation is stored in a standard 
size graduated cylinder and the height of the sedi- 
mented solids measured periodically by visual 
observation. This test does not disturb the system 
at all, and it is very useful for determining stability. 
For example, if the sediment settles rapidly to a 
height which is 90% of the total suspension height 
and then settles no further, the formulation is 
probably satisfactory. This technique is also useful 
in determining which is the best of a number of 
formulations. All other things being equal, the 
suspension with the largest sediment volume is the 
best formulation. 


While the above test is an excellent one for ob- 
serving gross characteristics of sediments, it is also 
desirable to be able to look inside these structures 
and observe the settling behavior (or rearrangement) 
OF the agglomerates. Fortunately, there is an 
excellent piece of equipment available to do just 


How, then, should they be studied? 
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that-the Helipath attachment used with a conven- 
tional Brookfield viscometer. 


This instrument consists of a slowly rotating 
T-bar spindle which descends slowly into the 
suspension as it rotates. The dial reading on the 
viscometer is a measure of the resistance that the 
spindle meets from agglomerates present at various 
levels in the sediment. A higher dial reading (g-eater 
apparent viscosity) means that more particles are 
present a t  that particular level in the sediment. 
Repeating the test a t  various time intervals, each 
time using a fresh undisturbed sample, gives an ex- 
cellent picture of how the particles are rearranging 
(settling) within the sediment structure as the prep- 
aration sits on the shelf. It is necessary to  handle 
these samples carefully so that the structure is not 
disturbed while removing the sample from the shelf. 
The T-bar spindle disturbs the structure slightly as 
it rotates, but since it descends as it turns, it con- 
tinually encounters new, essentially undisturbed 
material. 


This instrument is also very useful in comparing 
the stability of various formulations of the same 
product. Figure 3 shows the Helipath profile of two 
slightly different suspensions which were made a t  
the same time. It can be seen that the agglomerates 
in Preparation I are settling faster than those in 
Preparation I1 (the sedimentation volume of 
Preparation I1 was greater). Preparation I1 
proved to be the better suspension. Thus, results 
obtained using the Helipath, coupled with observa- 
tions made on sediment volume, can reveal a great 
deal of useful information about suspension stability. 


The important point to  be remembered here is 
that by using the Helipath one can study the state 
of the sediment without first shaking the suspension 
to make it homogeneous. In  most other viscometric 
tests the suspension is shaken vigorously to insure 
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homogeneity, then the preparation is poured into 
the viscometer. This, in a sense, is closely akin to 
opening egg cartons with axes. 


These two tests are by no means the final word in 
suspension stability testing. There is a great deal 
of work that can and should be done to design still 
better tests. For example, it would be very helpful 
if the aging of a suspension could be accelerated in a 
way that corresponds to the actual aging that takes 
place on the shelf. This is being investigated in 
these laboratories, and preliminary results are very 
encouraging. 


As mentioned in the definition of a stable suspen- 
sion, it is also important to detect changes in particle 
size distribution, crystal form and, when necessary, 
the physiological availability of the active ingre- 
dient. The particle size distribution of the sus- 
pended drug is important because it may affect the 
appearance and taste of the preparation and the in 
viuo absorption of the active ingredient (c.g., griseo- 
fulvin and some sulfonamides). The Coulter 
counter, an electronic particle counter and sizer, is 
an excellent tool for determining particle size distri- 
bution for particles greater than 0.5 f i .  Of course, 
the microscope can also be used to estimate particle 
size distribution, but this is a tedious procedure. 
Changes in crystal form can be detected using X-ray 
diffraction or microscopic examination. If tests 
indicate that significant changes are taking place in 
crystal form, etc., it  is imperative that further 
clinical work be done on aged formulations. The 
truth of this statement is clearly illustrated in Fig. 1, 
where blood levels dropped to practically zero when 
a slightly aged formulation was administered 
rather than a fresh one. 


The following additional observations may be 
helpful to the suspension formulator: 


Subtle chemical degradation of an ingredient can 
affect the physical appearance of a suspension. 
Recently, a sterile suspension containing a steroid 
ester was formulated in these laboratories. The 
physical appearance of the formulation, excellent at 
first, broke down completely within 1 month. 
Chemical assay for total steroid indicated good 
chemical stability, and considerable time and effort 
were spent trying to determine the cause of the 
trouble. Eventually, an assay was developed that 
differentiated between the steroid ester and its 
hydrolysis product, the free alcohol. It was then 
found that the ester was rapidly hydrolyzing to the 
free alcohol and that the suspending system which 
worked well for the ester was totally inadequate for 
suspending the alcohol. 


Changes in crystal form can also adversely affect a 
suspension, either in its physical appearance or in its 
in viuo absorption. Suspensions of amorphous 
novobiocin acid (well absorbed) become useless in a 
short period of time because the drug reverts to the 
crystalline acid which is poorly absorbed. 


It is wise to subject all suspensions to  cycling 
temperatures; that is, to store them at  elevated 
temperatures and then in a refrigerator, repeating 
this procedure several times. A t  elevated tempera- 
tures more of the drug will go into solution; then 
when the preparation is stored in the refrigerator, the 
excess drug in solution reprecipitates. In this way 
the tendency of the drug particles to  grow in size 
can be studied. 


Shipping tests should always be performed on 
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Fig. 3.-Plot illustrating data obtained using 
Helipath attachment to  a conventional Brookfield 
viscometer. Curve B is for Suspension I (aged 
6 months), curve A is for Suspension I (aged 
9 months), curve D is for Suspension I1 (aged 6 
months), and curve C is for Suspension I1 (aged 9 
months). 
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suspensions. In the past, several problems have 
been averted by observing that certain apparently 
good suspensions broke down during shipping. 
Also, the suspension should be frozen to make sure 
that shipping the suspension at freezing temper- 
atures will not adversely affect it. 


The pouring qualities of suspensions a t  re- 
frigerated temperatures should be observed. Many 
patients store their fluid medications in the refrig- 
erator, and it would prove embarrassing to market a 
suspension before it was discovered that it will not 
pour after being stored in a refrigerator. 


Microscopic examination of suspension systems 
often gives a good picture of the state of the sedi- 
ment (e.g., whether the particles are interacting with 
each other). 


Finally, when recent production lots of an estab- 
lished suspension product suddenly break down 
physically, it often helps to take a careful look a t  all 
of the ingredients to make sure that no supplier 
changed his manufacturing process. In the past, 
several such difficulties have been resolved by 
determining that a supplier changed his manu- 
facturing procedure without notifying anyone. 
pH is another factor that should be suspected when- 
ever things suddenly go wrong in suspension manu- 
facture because it can have a profound effect on 
suspension stability. 


EMULSIONS 
A physically stable emulsion is one that can be 


homogeneously redispersed to  its original state with 
moderate shaking and can be easily poured a t  any 
time during its shelf life. 


Emulsion systems are just as complicated as 
suspension systems, if not more so. Again, time 
does not permit a thorough discussion of emulsion 
systems, but it is necessary to  mention some of their 
more important theoretical aspects because the 
tests chosen to study physical stability should be 
based on certain assumptions concerning the basic 
physical system involved. Since most of the im- 
portant pharmaceutical emulsions are oil-in-water, 
the discussion will be confined to this type. How- 
ever, many of the remarks and tests apply to either 
oil-in-water or water-in-oil emulsions. 


There is a good chance that most stable emulsions, 
especially those with a high oil content, are floc- 
culated in much the same way as stable suspensions 
and that the stability of most emulsions depends on 
the strength of the interfacial film surrounding the 
dispersed oil particles. If these assumptions are 
correct, rate of coalescence of the internal phase is a 
valid measure of emulsion stability but, contrary to 
popular opinion, the rate of creaming is not. In  
these laboratories. several stable emulsions have 
been encountered that have a high initial creaming 
rate. Of course, it is best for the sake of appearance 
if the volume of the cream occupies as much of the 
emulsion volume as possible. This situation is 
similar to that encountered in suspensions. 


When formulating an emulsion, it is important to 
be able to select the most stable formula, and there 
are two simple tests that can be used to do this. 
First, the various formulations are subjected to heat 
(50-70”) and the gross stability of the emulsions 
determined by visual observation or by turbidi- 
metric measurement. The emulsion that is most 
stable to heat is usually the most stable at room 


Journal of Pharmaceutical Sciences 


temperature. However, this is not always the case 
because the systems at 60’ are not the same as those 
at room temperature. The solubility of the emulsi- 
fiers in the two phases will be different, and the 
change in solubility with temperature may not be 
the same for both phases. Furthermore, the high 
temperature may chemically degrade some of the 
ingredients so that a distorted picture of physical 
stability is obtained. 


The second method for estimating emulsion 
stability is often called the “coalescence t h e ”  test 
(8). In this test the emulsion system is prepared in 
two parts, one containing all the hydrophilic ma- 
terials dissolved in water and the other containing 
all the hydrophobic materials dissolved in oil. 
Any materials that are insoluble in both phases 
should be dispersed in the phase that is most com- 
patible with that material. The water phase is 
placed in a container, and the oil phase is carefully 
layered over it. Then a drop of the oil phase is 
introduced (e.g.. through a syringe attached to the 
bottom of the container) a t  the bottom of the 
aqueous phase; it rises through that phase and 
comes to rest a t  the interface between the two layers. 
After a certain length of time, the oil droplet will 
coalesce with the oil layer. The longer the drop 
takes to coalesce, the more stable the emulsion 
should be. This test is only roughly quantitative, 
but many times it can be very useful for detecting 
gross differences in emulsion stability a t  room 
temperature. 


I t  was stated earlier that particle size distribution 
is the most valid criterion to use in determining emul- 
sion stability. The Coulter counter is an excellent 
instrument for determining the particle size distri- 
bution of oil droplets larger than 0.5 p. A good 
optical microscope is another useful tool, but this 
involves tedious work. Knoechel and Wurster (9) 
have refmed the microscopic technique to good 
advantage. The Helipath attachment to the 
Brookfield viscometer is also useful in emulsion 
stahility work. It gives a rapid semiquantitative 
picture of how the droplets (or agglomerates) are 
rearranging (rising) in the system. 


Three additional observations on emulsion 
stability work may be of interest to the formulator. 
First, it should be recognized that temperature 
(low as well as high) can have a drastic effect on the 
behavior of emulsions. Several years ago in these 
laboratories an emulsion was formulated that was 
stable a t  room temperature but broke down when it 
was stored in a refrigerator. The reason for this 
was that one of the oil soluble emulsifiers precipitated 
out a t  refrigerator temperatures. This disturbed 
the system enough so that the emulsion broke in a 
few days. 


Second, in preparing lots of an emulsion formula- 
tion for stability testing, it is best if at least two lots 
are prepared using production homogenizing equip- 
ment. Different kinds of homogenizers often pro- 
duce different results, and even different sizes of the 
same kind of homogenizer can produce emulsions 
with different stability characteristics. Thus, 
stability results obtained solely from bench size lots 
may not be applicable to the finished product made 
in production. 


Finally, following the stability of the emulsion 
vehicle without the oil phase being present (this can 
be done with suspensions also) will often yield 
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additional useful information about stability of the 
product. 
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It is important to be able to define in a quantita- 
tive way the consistency of ointments because an 
ointment that is too soft is messy to use, and one 
that is too stiff is difficult to extrude out of a tube 
and apply. One of the iiistruments that is pres- 
ently used to determine ointment consistency is the 
Penetrometer, an apparatus that allows a pointed 
weight to  penetrate the ointment under a measurable 
force. The depth of penetration is a measure of the 
consistency of the ointment. The Helipath attach- 
ment used with a high-viscosity viscometer can also 
be used for this type of study. 


At present the performance of another instrument. 
the Burrell Severs rheometer, is being investigated 
in these laboratories. In this instrument the oint- 
ment is loaded into a cylinder and a measured force 
(compressed air) extrudes a certain amount of 
ointment onto a receiver. The amount of ointment 
extruded is a measure of the consistency of the 
ointment. The manufacturer supplies a loading 
device which sucks the ointment into the cylinder, 
but this creates air pockets within the ointment and 
leads to  erratic results. Much better success has 
been obtained in loading by melting the ointment, 
pouring it into the cylinder and allowing the system 
to cool and come to equilibrium at constant tempera- 
ture. I t  should be recognized that remelting an 
ointment in this way might cause irreversible 
changes in the system, so it is best to obtain a sample 
of the ointment while i t  is still fluid during the 
original manufacturing process. 


These experiments have revealed two interesting 
facts about ointments that should be of interest to 
the formulator. 


First, ointments have a considerable amount of 
structure, and this structure takes at least 48 hours 
to form after the ointment has been melted. It has 
been found that the consistency of an ointment 
that has been standing 72 hours after melting is 
considerably more solid than that of the same oint- 
ment that has been standing for only 24 hours. I t  
is evident from these results that rheological experi- 
ments performed on freshly made ointments may 
yield erroneous data. In any case, it  should be 
determined that the structure of the ointment has 
reached equilibrium before any tests are performed. 


Slight changes in temperature (1 or 2") can greatly 
affect the consistency of an ointment. The "ap- 
parent" viscosity of one ointment formulation was 
twice as high at 23" as it was at 25". Therefore, it 
is essential that all rheological tests on ointments be 
done at  constant and controlled temperatures. 


The physical stability problems encountered with 
hydrophilic creams (o/w emulsions) are similar to 
those of ointments and to problems discussed under 
Emulsions. 


CONCLUSIONS 
There are seven "rules to live by" which, if kept in 


mind when studying the physical stability of any 
system, will help the formulator to market the best 
possible products. 


Often the most valuable instrument in the 
formulator's possession is an established product 
whose system is similar to  the one being studied. 
Most good physical stability tests are comparative, 
and using an established product as a control will 
greatly increase the accuracy of stability predictions. 


I t  is best to know as much as possible about 


( a )  


( b )  


SOLUTIONS 


A physically stable solution retains its original 
clarity, color, and odor throughout its shelf life. 


Solutions are relatively simple systems; the main 
concern of the formulator is that they retain their 
clarity. One should never depend on rough 
visual observation under ordinary light to  determine 
clarity, especially in the case of a parenteral product; 
many hazy solutions pass this type of inspection. 
A better idea of a solution's clarity can be obtained 
by shining a microscope light through a diaphragm 
(to concentrate the beam) into the solution. Un- 
dissolved particles will scatter the light, and the 
solution will appear hazy. The Coulter counter 
can also be used to determine solution clarity, but 
light-scattering instruments are the most sensitive 
means of establishing that a solution is perfectly 
clear. Ordinarily, however, it is not necessary to 
use these more expensive instruments in this type of 
stability work. 


It is important that a solution remain clear over a 
relatively wide temperature range (4-47"). A t  the 
lower temperatures one of the ingredients may 
precipitate because its solubility at that temperature 
is too low. At the higher temperatures homogeneity 
may be destroyed by particles flaking off glass con- 
tainers or rubber closures or by chemical degrada- 
tion of one of the ingredients. Further information 
about stability can be obtained by cycling the 
preparation between 4' and 47". There are some 
systems that will yield a precipitate only after 
several weeks of this treatment, so a single 2 or 3-day 
cycling experiment is not always sufficient. 
Changes in p H  will often cause precipitation of 
ingredients in solution, especially when these 
ingredients are soluble salts of insoluble acids or 
bases. Therefore, pH should always be followed in 
studying the physical stability of solutions. 


When the solution is a sterile preparation, the 
formulator should keep in mind that foreign sub- 
stances in clarifying and sterilizing filters (metals, 
etc.) are at times capable of causing precipitation re- 
actions that would not ordinarily take place. Also, 
the filters may adsorb an ingredient and thus change 
the composition of the preparation. For stability 
work it is important to use the same type of filter 
that will be used in production. 


OINTMENTS 


A physically stable ointment retains its homo- 
geneity and its consistency throughout its shelf l ie .  


Hydrophobic ointments (e.g., petrolatum) may be 
thought of as high-viscosity suspensions of active 
ingredients in a nonreacting vehicle. Thus, changes 
in particle size distribution, crystal form, etc., of the 
active ingredient are seldom a problem. The main 
physical stability problems encountered with oint- 
ments are bleeding and changes in consistency (due 
to aging or to changes in temperature). Bleeding 
omun when fluid constituents (e.g., mineral oil) 
sepprate at the top df the preparation. Visual ob- 
servation is usually sufficient to detect this, but there 
is no known way to accelerate this process so that 
tendency to  bleed can be predicted. 
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the basic physical systems involved in the formula- 
tions under study. A few shrewd observations 
early in the game will often save a great deal of 
trouble and effort later on. 


( r )  When using heat toaccelerate a physical aging 
process in a heterogeneous preparation, it should 
be remembered that the system a t  elevated tem- 
peratures is different from the system a t  room 
temperature; consequently, extrapolation to room 
temperature stability must be done with care and 
caution. 


(d) The analytical method employed to study 
disperse systems (suspensions, etc.) must not be too 
harsh because the disturbed system may have little 
or no relationship to the system as it sits on the shelf. 


A change in pH can often have a profound 
effect on physical stability; consequently, all 
physical stability data should include periodic 
measurement of pH whenever possible. 


One of the most important aspects of physical 
stability-physiological availability of the active 
ingredient-is often the most neglected. All 
good stability studies should include in vitro tests 


(e) 


(I) 
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(dissolution rate, etc.) that will help detect when 
changes in in vivo absorption characteristics are 
likely to occur. 


Before final approval is given to the physical 
stability of any product, it should be taken home and 
used just as a patient would use it (without actually 
taking the medication). This “home trial” often 
reveals physical stability problems that never arise 
in the laboratory, 


(g) 
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Assignment of the N-Methyl Hydrogen NMR Peaks of Caffeine 
By THOMAS G. ALEXANDER and MILLARD MAIENTHAL 


The NMR spectrum of caffeine exhibits a separate peak for each of the three N- 
methyl groups. Assignment of each peak to a specific N-methyl group was made by  
comparison of the spectrum of caffeine with those of two caffeine homologs, in each 


of which one of the N-methyl groups is replaced with an N-ethyl group. 


N THE nuclear magnetic resonance spectrum of I caffeine published by Bhacca, et al. (l) ,  N-methyl 
hydrogen peaks are shown a t  6.60, 6.41, and 5.99 
p.p.m. However, there is no specific assignment of 
these to the 1. 3, and 7 positions. We undertook 
this study to make such assignments. 


The N-methyl hydrogen peaks of caffeine can be 
selectively removed from the spectrum by (a) the 
substitution of the methyl hydrogen atoms with 
deuterium atoms, (b) the substitution of methyl 
groups with ethyl groups, or ( 6 )  the substitution of 
methyl groups with hydrogen atoms. The last tech- 
nique might result in a significant difference in the 
chemical shift of the remaining N-methyl hydrogen 
peaks from the corresponding ones of caffeine, since 
a hydrogen atom would have considerably less in- 
ductive effect upon the rings than a methyl group. 
Because it was more convenient to synthesize two of 
caffeine’s higher homologs than to prepare the par- 
tially deuterated caffeines, the second approach was 
used. The homologs were synthesized by treating 
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theobromine and theophylline with ethylating 
agents. Samples of these compounds and of caffeine 
were dissolved in deuterated chloroform and their 
NMR spectra were obtained (Fig. l).l Tetra- 
methylsilane was used as an internal reference 
standard. 


Caffeine- 1,3,7-Trimethylxanthine).-Eastman’s 
white label was used. 


Ethyltheobromine - (3,7 - Dimethyl -1 - ethylxan- 
thine).-The sample was prepared by the method of 
Rodionov (2). When recrystallized from water, the 
product melted at 161-163”. 


Ethyltheophylline - (1,3 - Dimethyl - 7 - ethylxan- 
thine).-The sample was prepared by a modification 
of Schmidt’s method (3). One gram of theophylline 
and 2 ml. of ethyl sulfate were refluxed in 20 ml. of 
5% NaOH for several hours. The solution was kept 
basic during the refluxing by the addition of 5% 
NaOH. The product, when extracted with chloro- 
form and recrystallized from water, melted at 150- 
151’. (Schmidt reported a value of 154O.) 


As anticipated, the spectra of each of the caffeine 
homologs consisted of two sharp N-methyl peaks, a 
triplet, a quartet, and a single olefinic hydrogen 


1 A model A-60 Varian NMR spectrometer was used in 
these studies. 
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lease aspirin tablet was developed. The tablets were 
evaluated by three methods in vitro. Absorption 
studies were made comparing the salicylate plasma 
level from the sustained-release tablets with that 
obtained from the regular commercial aspirin 
tablets. 


The base polwinyl chloride appears to be non- 
toxic according to extensive data available. Further 
in viuo evaluation by a double blind technique would 
be valuable in predicting the clinical efficacy of the 
developed sustained-release tablet. 
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Rheology and Suspension Activity of 
Pseudodastic Polvmers I 


Quantification of Pseudoplastic Viscosity as a Second Order 
Function of the Rheogram and the Relationship 


of This Parameter to Concentration 


By SHIVACHAJNDRA P. KABRE, H. GEORGE DEKAY, and GILBERT S. BANKER 


The apparent viscosity (pseudoplastic viscosity) was determined for a number of 
natural and synthetic gums in aqueous solution, based on flow curves obtained with a 
multiple point instrument. The power expression FN = n’G was used to calculate 
the apparent viscosity from the rheograms. 
apparent viscosities and the concentrations of the suspending agents studied whicf 
were required to produce these viscosities was determined and reduced to the 
mathematical expression, n’ =c KC where n’ is apparent viscosity, C is concen- 
tration, and K and 6 are material constants. The usefulness of the conceotration- 
apparent viscosity relationship to formulation and product development is discussed. 


The relationship between the resultin 


wo APPROACHES to the attainment of sus- 
Tpension stability have been discussed re- 
cently. Martin and Haines (1) have suggested 
that controlled flocculation is an approach to the 
I)robleni of suspension stability, and Samyn (3)  
suggests that suspensions may be stabilized by 
preventing phase separation through the careful 
selection of the rheological properties desired in 
the suspension media. To achieve this latter 
goal. Samyn advocated the use of a combination 
of pseudoplastic and plastic suspending agents in 
the formulation of suspensions. 


A knowledge of the flow properties and rheo- 
logical parameters of pharmaceutical suspending 
__- 
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media is of interest from at least three stand 
points: (a) effect on suspension stability, i .e.,  
ability to retain insoluble particles in a suspend- 
ed or substantially suspended easily redis- 
persed state; (b) effect on the flow, pourability, 
and measurability of the final product required 
for pharmaceutical use; and (c) effect on process 
design and methods of manufacture in large 
scale production. 


In practically all industrially made pharmaceu- 
tical suspensions, including flocculated systems, 
suspending agents of some type are used to sta- 
bilize the suspension product. The mucilages of 
natural and synthetic gums, which include a 
large majority of suspending agents, are pseudo- 
plastic. However, for reasons of convenience, 
cost, or due to a lack of knowledge of a better 
approach, these mucilages are very often evalu- 
ated in pharmaceutical practice using a single 
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point viscosity measurement, which essentially 
treats them as if they were Newtonian. 


No part of the rheogram curve for a pseudoplastic 
is linear, and the viscosity cannot thus be expressed 
as a single value corresponding to  a single point on 
the curve. The single point determinations for two 
pseudoplastic materials could nearly coincide, even 
thouqh rheograms for the materials had markedly 
different curvatures or even crossed each other at 
higher shearing rates if plotted as superimpositions. 
In such cases, depending on where the one point 
determination was taken, entirely different con- 
clusions might be reached in comparing product 
viscosities. In practice, a t  the lower shearing 
stresses, i t  is not usually possible t o  obtain repro- 
ducible shearing rates with pseudoplastics and a one 
point measurement. 


The hysteresis effects as reflected in the rheo- 
gram, particularly in the downcwve where molecular 
redisorientation is occurring, can be obtained only 
with the multipoint instrument. Data of this latter 
type can be expected to  be much more valid in pre- 
dicting the stability of suspension systems than any 
one point determination. 


The following four rheological properties alone and 
in combination are of primary importance in deter- 
mining the stability of suspension systems: (a) 
yield value, (b) thixotropy, (c) elastic components, 
and (d) the decrease of the proportionality factor of 
shearing stress/shearing rate, with an increase in the 
applied shearing stress. The third and fourth listed 
properties, and sometimes thixotropy, are present in 
all pseudoplastic materials. 


The mathematical representation of pseudoplastic 
flow has been a serious problem to rheologists. No 
theoretical equation has been derived from physical 
concepts, but an empirical power function has been 
proposed by Porter and Rao (3) to fit the flow 
curves produced by pseudoplastic materials. Their 
expression, in the form of more than one constant, is 
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(Eq. 1) 


where F = shearing stress, dv/dy = velocity 
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Fig. 1.-Rheograms of Kelcosol mucilages of vari- 
ous concentrations. 
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Fig. Z.-hg-log extrapolation of rheograms of 
Kelcosol mucilages (for calculation of “apparent” 
viscosity). 


gradient per unit area, N -- is the constant, and 
9’ = is “the apparent viscosity.” The apparent vis- 
cosity, being different from the coefficient of vis- 
cosity, does not have the dimensions of viscosity and 
is not expressed in poises. N is a characteristic con- 
stant which depends on the substance and its con- 
centration and also indicates the structural change. 


Farrow, el al. (4). studied the rheological behavior 
of starch paste and found that Newton’s law could 
not be maintained. Their modified equation is 


FN = q’G (Eq. 2) 
where G = shearing rate. This equation is also 
written 


log G = N log F + log l /q ‘  (Eq. 3) 


The above equation gives a straight line where N is 
the slope, and log I/$ is the Y intercept. The 
value N is considered t o  be an index which describes 
the behavior of the liquid. When N = 1 the flow is 
Newtonian, when greater than 1 it is pseudoplastic, 
and when less than 1 the flow is dilatant. 


Work which would define a method of expressing 
apparent viscosity (pseudoplastic viscosity) and 
which would permit the establishment of the relation- 
ship between the apparent viscosity of pseudoplastic 
materials and concentration would provide (a) a sys- 
tematic method for calculating the apparent vis- 
cosity of various suspending agents used in pharma- 
ceutical preparations, and (b)  a well planned experi- 
mental procedure for the evaluation and comparison 
of the suspension activity of the various pseudo- 
plastic suspending agents. 


EXPERIMENTAL 
Suspending Agents.-The following pseudoplastic 


suspending agents were used for the rheological 
study: Kelcosol,’ high viscosity sodium alginate; 
Kelmar,l potassium derivative of alginic acid; 
Kelzan,’ microbiological polysaccharide derived 
from glucose; Kelgin,’ medium viscosity sodium 
alginate; Keltone,’ sodium alginate, calcium tar- 
trate, and sodium phosphate; tragacanth (U.S.P. 
powdered); CMC-7 MP (sodium carboxymethyl- 
cellulose); and Methocel 1500 cps. (methylcellu- 
lose). The first five of the materials mentioned 


1 Kelco Co., Los Angeles. Calif. 
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stress vcrsus shearing rate on log-log paper in instru- 
mental units (grams ueisus revolutions per minute). 


Assuming a suspension product can be converted 
to  a substantially uniform dispersion by shaking or 
agitation, the subsequent stability of the product 
reflected by any change in uniformity of dispersion 
would depend on the rate and degree of redisorienta- 
tion of the molecules of the suspension media. 
Therefore, we would be more interested in redis- 
orientation rheology than orientation rheology from 
a suspension stability standpoint and any subsequent 
attempts to relate apparent viscosity and suspension 
activity. The downcurve of a rheogram represents 
the redisorientation and the upcurve the orientation 
of the molecules in the suspension system, and thus 
in this experiment downcurves were used for the 
calculation of apparent viscosity. To determine 
product “pourability,” the upcurve would, of 
course, be of more significance. 


RESULTS AND DISCUSSION 


The rheological data obtained with the modified 
Stormer viscometer were plotted as rheograms of 
shearing stress (Gm.) versus shearing rate (r.p.m.). 
Characteristic flow curves of one of the alginate 
suspending agents (Kelcosol) are shown in Fig. 1. 
In this study a modified Newton’s equation (Eq. 3) 
was used for the calculation of the apparent viscosity 
of pseudoplastic flow. The rheological data, which 
were obtained, were plotted on log-log paper for 
various percentages of suspending agents (Fig. 2). 
The slopes of the straight lines (Fig. 2) are N and 
were calculated using the least squares method for 
each concentration of the suspending agent. The ex- 
ponential constant (index) N increased as the con- 
centration of the suspending agent increased and was 
always greater than 1. The relationship between N 
and concentration (Fig. 3) was a zero-order function 
for all of the materials studied except tragacanth. 


The apparent viscosity, v’, of each material was 


E! 3 2.0 


4 


f 
/ 


1.0 1- 
0 1 2 3 


SUSPENDING AGENT CONCENTRATION (Gm.) 
Fig. 3.-Concentration-N value relationship of 


the various suspending agents. Key: 0, Methocel 
15OOcps.; c), Keltone; 0, Kelcosol; 0, CMC-7MP; 
0,  Kelmar; ., tragacanth; A, Kelgin, and A, Kelzan. 


above are highly purified derivatives of alginic acid. 
Tragacanth was selected because it is a U.S.P. 
natural gum, while CMC-7MP and Methocel 1500 
cps. are synthetic gums. 


Preparation of Samples.-An accurately weighed 
amount of suspending agent was added to a 4-ounce 
bottle containing 100 ml. of distilled water, and the 
bottles were shaken occasionally to produce the 
mucilages. Six different concentration ranges of 
the various gums were used to prepare products hav- 
ing approximately the same range in apparent viscos- 
ity (0.1 t o  480) for each product. The concentra- 
tioii ranges required to  produce this viscosity range 
varied, of course, according to  the material used. 
Preservatives were not added to the mucilages of the 
suspending agents, and freshly prepared (24-hour- 
old) samples were used to  obtain the initial rheo- 
grams. 


Rheological Study.-The rheology of the muci- 
lages was studied utilizing a modified Stormer 
viscometer (5) in which the bob or inner cylinder 
rotated, and the cup containing the sample remained 
stationary. A constant temperature water bath 
maintained the sample temperature at 25 f 0.1’. 
The cup and solid aluminum bob were calibrated 
with N.B.S. standard viscosity oils (6). The 
sample of the mucilage or the suspension was placed 
in the cup and deaerated by gentle suction. The 
cup and bob were mounted in the viscometer making 
certain that no air was entrapped within the sample. 
The sample was allowed to remain undisturbed for 
90 minutes before beginning a run. The rheograms 
were obtained by adding successively increasing 
weights to the hanger. A point on the curve was 
obtained by noting the time required for a given 
weight to  drive the bob through 100 revolutions. 
This value was converted to  revolutions per minute. 
When a maximum of 380 to 410 r.p.m. was reached, 
the weights on the hanger were reduced in the same 
order in which they were increased. An interval of 
60 seconds was allowed to elapse between each 
observation. The data for the downcurve obtained 
from the above runs were plotted with the shearing 


t 
1000 


1 


0.4 
0.5 1 2 3 


SUSPENDING AGENT CONCENTRATION (Gm.) 


Fig. 4-Apparent viscosity-concentration rela- 
tionship. Key: 0, Kelcosol; 0, Kelgin; 0, CMC-7 
M P ;  0. Methocel 1500 cps.; and a, tragacanth. 
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using the above constants in Eq. 4 or by the standard 
curve. 


SUMMARY AND CONCLUSIONS 
Eight pseudoplastic suspending agents, including 


five alginates, a vegetable gum, and two synthetic 
cellulose derivatives, were rheologically evaluated. 
The apparent viscosity was calculated using the 
equation FN = q'G. This equation was expressed 
in logarithmic form in order to  obtain a straight line 
relationship of shearing stress and shearing rate. 


The exponential constant N was calculated using 
the least squares method, and these values varied 
from one material to  another and were related 
(zero-order function) to the concentration of each 
suspending agent studied. 


The N values for all of the suspending agents used 
for this study were greater than 1 and increased with 
the concentrations of the suspending agent. This 
further demonstrates the pseudoplastic natures of 
the suspending agents. 


A iirst-order relationship between apparent vis- 
cosity, q', and concentration, C, was exhibited by all 
of the mucilages prepared for this study, and is 
expressed as 7' = eKC + where K and b are material 
constants. 


REFERENCES 


TABLE I.-~ALCULATED MATERIAL CONSTANTS OF 
THE PSEUDOPLASTIC AGENTS STUDIED 


-Material Constants- 
Suspending Agent K 6 


K e h s o l  2.7042 -1.4533 
Kelrnar 2.7271 -1.5443 
Kelzan 7.5840 -2.4834 
Kelgin 2.2744 -1.6153 
Keltone 2.7046 -1.4424 
Tragacanth 2.2858 -3.6653 
CMC-7 M P  1.4222 -2.1351 
Methocel 1500 cps. 1.8363 -2.0426 


determined from the intercept, log 1/7', of the log- 
log plots (Fig. 2), using the least squares method. 


A first-order relationship existed between the 
apparent viscosity of the pseudoplastics and their 
concentration (Fig. 4) and may be expressed mathe- 
matically 


0%. 4) ,,I = eRC-td 


where q' = apparent viscosity, and C = concentra- 
tion of the suspending agents. 


In Eq. 4, b and K are constants depending 
upon the suspending agent (Table I). The value b 
can be calculated from the graph as the interception 
point, while the constant K is the slope. Once K 
and b are calculated for a suspending agent, then 
these values are the fixed constants for that particu- 
lar suspending agent according to the method of 
viscosity determination. The e5ect of lot to  lot 
trace chemical variation or processing variation on 
these constants was not determined. The concen- 
tration required t o  produce the desired apparent 
viscosity for a material can thus be computed by 


Rheology and Suspension Activity of 
Pseudoplastic Polymers I1 


Comparison of Suspension Activity of Pseudoplastic Polymers 
at Fixed Apparent Viscosities 


By SHIVACHANDRA P. KABRE, H. GEORGE DEKAY, and GILBERT S. BANKER 


According to a previously described method of expressing the apparent viscosity 
of pseudoplastic materials and of relating this parameter to concentration, eight 
pseudoplastic suspending agents were prepared at four levels of apparent viscosity and 
were studied for their suspension activity for two insoluble drugs (zinc oxide U.S.P. 
and sulfamethazine U.S.P.). T h e  drug which was compatible with the suspending 
agents studied was stabilized in  the various sus ension media at an apparent vis- 
cosity of 10 or above. Both insoluble drugs cfemonstrated an exponential sedi- 
mentation rate, while zinc oxide showed a zero order and sulfamethazine an ex- 


ponential separation rate in the various pseudoplastic suspension media. 


PRECEDING REPORT (1) described a method of 
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cording to calculated values derived from their A characterizing pseudoplastic materials ac- rheograms. The relationship between the re- 
sulting apparent viscosity (pseudoplastic VisCOS- 
ity) and concentration of the suspending agents 
required to  produce that viscosity has also been 
determined and reduced to a mathematical ex- 
pression. In  this study the suspension activity of 
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Nonclassical Antimetabolites XV 
Bridge Principle of Specificity with Active-Site-Directed Irreversible 


Dehydrogenase 
Inhibitors VI. Highly Selective Irreversible Inhibition of Lactic 


By B. R. BAKER and R. P. PATEL 


Eleven compounds, all of which were reversible inhibitors of both heart and skeletal 
muscle lactic dehydrogenase, were investigated as irreversible inhibitors of. the 
two enzymes. 4- and 5-  (1odoacetylg1ycylamido)salicylic acids (V and VI) irre- 
versibly inhibited both enzymes. However, s ecificity was shown with 4- and 
5- (iodoacetamido)salicylic acids (I  and II),  whch irreversibly inhibited skeletal 
muscle lactic dehydrogenase, but not heart lactic dehydrogenase. A crossover 
specificity was noted with 5- (carbophenoxyamino)salicylic acid (IV); this com- 
pound irreversibly inhibited heart lactic dehydrogenase, but not skeletal muscle 
lactic dehydrogenase. It is proposed that these specific irreversible inhibitions 
are due to exploitable differences in the secondary-tertiary structure of these two 


substrate-identical enzymes from different tissues. 


LASSICAL ANTIMETABOLITES having only a c small change in structure compared to the 
substrate have such a limitation in the structural 
chanzes that can be made (3)  that utility is 
greatly limited. In contrast, nonclassical anti- 
metabolites, defined as inhibitors that have large 
structural changes compared to the substrate 
( l) ,  have much wider application. For example, 
the concept of irreversible inhibition by the 
exoalkylation mechanism with nonclassical anti- 
metabolites was proposed (1). A properly 
designed inhibitor such as 4-(iodoacetamido)- 
salicylic acid (I) can reversibly complex with 
an enzyme such as GDH,’ then become ir- 
reversibly bound within the complex byalkylation 
of the enzyme adjacent to the active-site; an 
expression more General than exoalkylation is 
active -site-directed irreversible inhibition.2 In 


support of this phenomenon, strong experimental 
evidence has been presented (3, 4). Further 
evidence for active-site-directed irreversible in- 
hibition requiring initial reversible complexing 
with the enzyme has been presented more 
recently; compounds with a lower reversible 
dissociation constant (K,) between enzyme and 
inhibitor give about the same speed or irreversible 
inhibition a t  a lower concentration dependent 
upon the relative amount of reversible binding of 
the compounds to the enzyme (10). Five other 
laboratories have subsequently and independ- 
ently made observations pertinent to active- 
site-directed irreversible inhibition with chymo- 
trypsin (16, 18, 22,23) and in the field of hapten 
immunochemistry (25). 


Our definition of exoalkylation (1)  and its 
experimental support (3, 4 ,  10) led to the concept .. 


_.__ of  ( 3 )  and experimental evidence (5-7, 11) for the 
Chemistry. School of Pharmacy, State University of New bridge principle of specificity, which is now 
York at  Buffalo Buffalo. restated to replace the word “exoalkylation.” 
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For previous paper in this series see Refermce 10. 
I The following abbreviations are used: LDH, lactic 


dehydrogenase; GDH, glutamic dehydrogenase; DPNH, 
reduced diphosphopyridine nucleotide: tris, tris-(hydroxy- 
methy1)aminomethane hydrochloride hutler; 4-ISA. 4- 
(iodoacetamido)salicylic acid ( I )  ; 4-ICSA, 4-(iodoacetyl- the enzymic group being linked’ 
glycylamido)salicylic acid ( V ) .  With the mechanistically closely related 


2 The expression “exoalkylation” is not strictly correct 
for a carbophenoxy compound such as  I V ;  the covalent enzymes, LDH’ and GDH, experimental evidence 
linkage between the reversible bound inhibitor and the 
enzyme occurs in this case by acylation. but :he principle in support Of both facets of the bridge principle 
is the same. The more general expression site-directed 
irreversible inhibition” is preferable. has been observed. Specificity of irreversible 
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inhibition of GDH, but not LDH,  or rice versa 
by inhibitors related to 4-ISA' (I) was attributed 
to differences in  the spatial relationship of the 
reversible binding sites and the nucleophilic 
sites of the two enzymes (5, 6). The differences 
in nucleophilicity of the enzymic groups being 
covalently linked in L D H  and GDH was dem- 
onstrated with compounds related to  5-(carbo- 
phenoxyamino)salicylic acid (IV), whereby G D H  
was irreversibly inhibited, but  not LDH (7, 


Substrate-identical enzymes from different tis- 
sues frequently give little or no cross-reaction with 
specific antisera (14, 15, 17), thus showing differ- 
ences in the secondary or tertiary structure of the 
protein other than the active-site (6)  ; we suggested 
(6) that--Yia the bridge principle- it may be pos- 
sible to  obtain highly selective irreversible 
inhibitors of the substrate-identical enzyme from 
two different tissues. Such specific irreversible 
inhibition of L D H  from heart and skeletal muscle 
has recently been reported (12) wherein 4- 
(iodoacetylglycy1amido)salicylic acid (V) could 
irreversibly inhibit L D H  from either heart or 
skeletal muscle, but 4-ISA (I) irreversibly in- 
hibited only the skeletal muscle LDH and not 
heart LDH. Further observations on selective 
irreversible inhibition of these two enzymes is the 
subject of this paper. 


11).2 


MATERIALS AND METHODS 


715 


density units change/minute/ml. of tris buffer 
were run simultaneously ; the solutions were made 
from the same master enzyme-DPNH solution (4. 
6): ( a )  the test compound in a concentration 
determined by the relative apparent K,, (6) a 
standard of 4 m M  4-IGSA.1 and ( c )  an enzyme 
control with no inhibitor. An 0.4-1111. aliquot was 
removed a t  the proper time interval, and the ir- 
reversible reaction was quenched by placement of 
the aliquot in an ice-bath. When time allowed, 
0.30 ml. of the aliquot was added to  2.7 ml. of 
tris buffer (pH 7.4) in a cell. Then 0.10 ml. of 
9.3 mM pyruvate was added, and the rate of 
oxidation of DPNH was followed at 340 mp in a 
Cary 11 recording spectrophotorneter. Under these 
conditions the change in optical density per minute 
was directly proportional to the remaining enzyme 
concentration in the aliquot. Since the concentra- 
tion of inhibitor is in excess and does not change, 
the reaction is unimolecular with respect to enzyme 
concentration ; therefore, the enzyme concentration 
(expressed in optical density units) is plotted on a 
log scale in Figs. 2-4. All runs were duplicated at 
least twice. An occasional bad run was readily 
eliminated if the control or standard did not behave 
properly. 


When two concentrations of the same inhibitor 
were compared, the experiments were run similarly, 
except that (b) was a solution of the test compound 
at one-half the concentration of (a). 


Considerable care, as previously described (ll), 
must be taken in making up solutions of the carbo- 
phenoxy compounds listed in Table I so that the 
base-labile phenyl ester group does not hydrolyze. 


CHEMISTRY 


Of the 11 comDounds in Table I studied as 
Reagents.-,Cj,,dium pyruvate and DPNHl were irreversible inhibiiors of heart LDH, nine have 


purchased from the Nutritional Biochemical Gorp. previously been studied as inhibitors of skeletal 
Heart LDH, skeletal muscle LDH. tris,l and tris LDH. The synthesis Of Is 
hydrochloride were purchased from the 11, V. IX. and X have been previously described 
Chemical c0.; heart LDH was the c.,,stall~e (8 ) .  as have their effects on skeletal muscle LDH 


lnuscle LDH was the crystalline enzyme isolated IV, and VII on skeletal muscle LDH have also been 
described ( l l ) ,  as have similar data on compound from rabbit skeletal muscle. 


Reversible siaaing of Inhibitors to LDH.-The XI (10). The synthesis of the remaining two 
concentration for 50% inhibition by compounds compounds (VI ,  VIII) were carried out as follows: 


enzyme isolated from beef heart, and skeletal (6). The synthesis and effects Of compounds 111. 


I-XI was determined for heart LDH in the pres- 
ence of 0.3 m M  pyruvate and 0.23 mM DPNH 
in 0.05 M tris buffer (pH 7.4) by observing the 
change in optical density per minute at 340 mp; 
sufficient enzyme was employed to give a change of 
about one optical density unit per minute with no 
inhibitor. The 50% inhibition values for skeletal 
muscle LDH were done similarly in the presence of 1 
m M  pyruvate and 0.6 m M  DPNH (2). These 


inhibition values were then converted to the 
apparent K I  values in Table I described under 
Results. 
Enzyme Inactivation Procedure.-The inactiva- 


tion procedure for skeletal muscle LDH has been 
previously described in detail (4, 6). The same 
procedure was used for heart LDH, except that the 
incubation time at 37" was increased from 60 
minutes to 120 minuFes. In all incubations for 
determination of irreversible inhibition of heart 
LDH, incubation solutions containing 2.3 mM 
DPNH and sufficient enzyme to give 9-11 optical 


0 0 


CHZ 
I 


RCNH 
II 
0 


V, R = 4-1CHz- 
VI, R = 5-1CH2- 


VII,  R = 4 - G . H t . S  
VIII ,  K = k C 6 H t . W  


I, R = 4-ICHz- 
11, R = S I C H r -  


111, R = 4-C6H5+ 
IV, R = S C 6 H & -  


I 
ICH&=O 


IX 
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acid (XIII) was obtained in 54% yield; the infrared 
spectrum of XI11 indicated that it was not a 
zwitterion, in contrast to 4-(glycylamido)salicylic 
acid (8). Reaction of XI11 with iodoacetyl chloride 
or phenyl chloroformate in cold aqueous sodium 
bicarbonate afforded VI and VIII, respectively, in 
good yield. 


0 


ICHzCNH I' a : O H  \ 


X I  
5-(Chloroacetatnido)salicylic acid (XII) (20) was 


prepared in 92yo yield froin 5-aminosalicylic acid 
and chloroacetyl chloride in aqueous sodium bi- 
carbonate as previously described for related com- 
pounds (8). When XI1 was allowed to react with 
concentrated ammonium hydroxide, the amino 


0 XI1 


II 
0 XI11 


VI, VIII 


TABLE  REVERSIBLE AND IRREVERSIBLE INHIBITION OF LDH FROM HEART AND SKELETAL MUSCLE 
- 


Compd." 
0 
/I 


4-ICHtC-ASA (I) 


0 
II 


II 


4 - I C H t C 4 S A  ( V )  
0 


5-ICH2C-ASA (11) 
0 
/I 


II 


4-CsHaOC-ASA (111) 
0 


5-CsHsOC-.4SA4 ( I V )  
0 
II 


5-ICH2C-GSA ( V I )  
0 
/I 


II 


4-C&OC-~S.4 ( V I I )  
0 


5-CsHsOC-GS.4 (1'111) 
0 
I! 


ICH2C-AOA (IX) 
0 
It 


5-Br-4-ICH2C--ASA (X) 
0 
I1 


ICH2C-ACC (XI) 


--Skeletal Muscle LDHb- 


Apparent' 
K I  X 10' 


17 


4.0 


5.0  


11 


15 


23 


16 


4 .  tj 


1.3 


7.3 


3.1 


-Rate of Inactivation- 
Relative 


mM Concn. Rate 


2 1 .O" 


2 0.87 


2 0.78 


2 0.989 


2 0 


2 1.9 


2 0 


2 0 


2 0 


2 1.6 


0.4  0.52 


-- Heart LDH--- ~. 
-Rate of Inactivation- 


Relative Apparent" 
K I  X 10' mdl  Concn. Rate 


45 


25 


19 


19 


14 


34 


17 


18 


1.2 


28 


9.gi 


2 
4 


4 


2 


4 


3 


4 


4 


2 


3 
I 


2 


1 


0 
0 .2d  


1 . O C . ' . f  


01 


0 


0.58h 


1 .o 


0 


0 


0' 


of 


0 . 6 i  


Abbreviations used: ASA, aminosalicylic acid; AOA, m-aminoxanilic acid; GSA, glycylaminosalicylic acid. ACC 
6-amlnocoumarin-3-carboxylic acid. Data taken from Rifncncc; 
6 ,  10, and 11. except for new data on compounds VI and VIII.  Arbitrary assignment of rate for relative purposes. the ab- 
solute values for the two LDH's are not the same. Since no irreversible inhibition WBS detectable at 2 mM and'slight ir- 
reversible inhibition was detectable at 4 mM, it is probable that  the slight amount of irreversible inhibition at 4 mM IS due 
to a small amount of bimolecular inactivation (tail-alkylation) of the type previously observed with iodoacetamide on skeletal 
muscle LDH (4). Even if this small amount of inactivation could be experimentally established as occurring in the same 
manner as inactivation by 4-IGSA, this amount of inactivation is on the border of the experimental error; any value in the 
table listed as 0 is actually less than 0.1, the limits of detection in this experimental design. Therefore this compound (I) 
is considered to give negligible irreversible inhibition under these conditions. * The relative rates of inackvation in two runs 
when 4 mM V was compared to 2 mM V were 1.5 and 1.6' Calcd.: 1.4. Data taken from Rcfncncc I 2  9 Com- 
parison of the relative rates of inactivation of 4 mM vbsus 2 mM of compound 111 did not give a ratio less than'2, in dis- 
agreement with the ratio calculated from the ratio of the amounts of enzymeinhibitor corn ler ,  see text of Rcsdls  and Ref- 
ncncc I J .  h Showed relative rates of inactivation of 1.4 and 1.4 in two runs when 4 mM 1% WL compared with 2 mM IV; 
Calcd.: 1.3. Estimated from 20% inhibition obtained from a saturated solution and may have a larger error than other 
apparent K I ' s ;  see Rejncncc 10. 


The units of the apparent KI values are moles/liter. 


(See Fig. 2.) 
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Melting points were taken in capillary tubes with 
a Mel-temp block and are uncorrected. Infrared 
spectra were determined with a Perkin-Elmer model 
137B spectrophotometer. 


5-(Glycylamido)salicylic Acid (XIXI).-Reaction 
of 5-aminosalicylic acid with a myo excess of 
chloroacetyl chloride in aqueous sodium bicarbonate 
by the previously described general method (8), 
gave a 92% yield crude product (XII), m.p. 236- 
238O (Raiziss and Clemence (20) recorded 242-244’). 
that was suitable for the next step. 


A solution of 5.0 Gm. (0.0218 mole) of XI1 in 
50 ml. of concentrated ammonia water was allowed 
to stand overnight. The solution was spin evap- 
orated to  dryness an mcuo and the residue triturated 
with 10 ml. of cold water; yield, 2.7 Gm. (54yo), 
m.p. 240”. Recrystallization from water gave 
buffcolored crystals of unchanged melting point; 
P:::, 3625, 3140 (NH, OH); 1687, 1650 cm.-l 


Anal.-Calcd. from C ~ H I ~ N Z O ~ . H ~ O :  C, 47.4; 
H, 5.26; N, 12.3. Found: C, 47.6; H, 5.35; 
N, 12.6. 
5-(Iodoacetylglycylamido)salicylic Acid (VI).-To 


a stirred solution of 2.28 Gm. (10 mmoles) of XI11 in 
40 ml. of water containing 3.4 Gm. (40 mmoles) of 
sodium bicarbonate and cooled in an ice-bath, was 
added 4.08 Gm. (20 mmoles) of iodoacetyl chloride. 
After being stirred for 75 minutes, the solution 
was clarified by filtration, and the filtrate was 
acidified to  about pH 3; yield, 3.0 Gm. (79%), 
m.p. 185-190O. Several recrystallizations from 
ethanol-ethyl acetate gave the pure material, m.p. 
214O; vf:, 3290, 3100 (NH, OH); 1675, 1638 
cm.-1 (C=O). 


Anal.-Calcd. for CllHllN206: C, 34.9; H, 2.91; 
N, 7.40. Found: C, 35.0; H, 3.03; N, 7.22. 


5 - (Carbophenoxyglycy1amido)salicylic Acid 
(VIII). This was prepared similarly from 2.28 
Gm. of XI11 and 2.34 Gm. of phenyl chloroformate; 
yield, 2.7 Gm. (%?yo), m.p. 207-209”. Three re- 
crystallizations from ethyl acetate gave the pure 


(C=O). 


J 


u 
Fig. 1.--Scale model cross section of a possible 


relationship of the active site to the enzymic nucleo- 
philic site. The horizontal cross-hatch represents 
the part of the enzyme with the active-site. See 
Discussion for the significance of the vertical and 
angular cross-hatch. The short arrow represents 
the most extended conformation of the -CHz- 
CONH- group and is 3.7A. long from the center 
of the methylene carbon to the N-phenyl bond; 
the long arrow represents th  CH~CONHCHZ- 
CONH- group which is 7.7%.7ong when fully 
extended. The measurements were made with 
Leybold models. 


1 
D LD 10 - !yo ill 


TIME. UIN 


Fig. 2.-Effect of inhibitor concentration on the 
rate of inactivation of heart LDHeDPNH by 
4-IGSA (V). Key: 0, heart LDH.DPNH con- 
trol; 0,  2 mM 4-IGSA; A, 4 m M  4-IGSA. The 
change in O.D. units/minute is proportional to the 
remaining enzyme concentration. (See Materials 
andMethods.) 


compound, m.p. 217-219”; Y:.”:. 3300 (NH, OH); 
1735, 1710, 1670 cm.? (C=O). 


Anal.-Calcd. for C&Il,N2O6: C, 58.2; H, 4.24; 
N, 8.48. Found: C, 58.4; H, 4.13; N, 8.30. 


RESULTS 


A plot of V,/ V against I for several concentrations 
of inhibitor was used (2) to  determine the concen- 
tration of I necessary for 50yo inhibition ( V./V = 
2); where Vo = velocity of the enzymic reaction 
with no inhibitor, V = velocity with inhibitor, and 
I = concentration of inhibitor. If possible, sev- 
eral of the points should be in the 30-7070 inhibition 
range to avoid the higher errors in higher or lower 
inhibitions. A reasonable approximation of the 
reversible dissociation complex (apparent KI) be- 
tween enzyme and inhibitor could be calculated 
from the previously derived (11) expression: 


K I  = Km X I / S  tEq. 1) 
where Km is the enzyme-substrate dissociation 
constant and I is the concentration of inhibitor 
necessary to give 50yo inhibition in the presence 
of a concentration of substrate S three to  four times 
Km (see Methods); Kj  and Km are expressed in 
moles/liter. This derivation contains the assump- 
tion that a complex between enzyme and inhibitor 
or enzyme and substrate are mutually exclusive, 
and does not distinguish “competitive” from “non- 
competitive” reversible inhibition. Reiner (21) 
has pointed out that “competitive” kinetics de- 
termined by the reciprocal plot method do not prove 
that the inhibitor combines at the actual site, a 
common misinterpretation, but that a complex be- 
tween enzyme and inhibitor or enzyme and sub- 
strate are mutually exclusive, regardless of where 
the inhibitor complexes with the enzyme. Since 
neither the reciprocal plot method nor the ZSO 
method can prove unequivocally that complexing 
occurs at the active site, Eq. 1 is therefore sufficiently 
accurate to indicate the relative magnitudes of 
enzyme-inhibitor ( E I )  complex formation. In our 
system, pyruvate had K, = 0.95 X lo-‘ for heart 
LDH and Km = 2.5 X lo-‘ for skeletal muscle 
LDH, determined by a plot of l/Vuersus 1/S. 


The apparent K I  values are listed in Table I, as 
are the effects of the compounds as irreversible 
inhibitors on both types of LDH. It should be 
noted that there is no difficulty in separating re- 
versible from irreversible inhibition; the reversible 
inhibition is determined in 1 minute a t  25“, an 
interval in which no measurable irreversible in- 
hibition occurs (see Figs. 2-4). All 11 compounds 
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in Table I reversibly inhibited both types of LDH. 
Of these 11 compounds in Table I, skeletal inuscle 
LDH was not irreversibly inhibited by four, but 
was irreversibly inhibited by seven compounds ( I ,  
11, 111, V, VI, X, XI). With heart LDH, seven 
of the 11 compounds gave no irreversible inhibition 
and four showed irreversible inhibition ( IV,  V, VI, 


By definition of site-directed irreversible in- 
hibition (1, 4), a reversible complex (XV) between 
the inhibitor (XI\.) and the active-site of the 
enzyme is an obligatory intermediate for the forma- 
tion of a covalent bond (XVI) between the in- 
hibitor and the enzyme resulting in inactivation as 
shown in 


XI). 


Journal of Pharmtrceulun2 Sciences 


x IV s \' 
E ... A + BH 


XVI 
(Eq. 2) 


The rate of inactivation is therefore dependent 
upon the conccntratiori of the enzyme-inhibitor 
(EZ) complex (SV). and the concentration of E Z  
is expressed (4) 


where E l  is the total enzyme concentration exclud- 
ing that portion of the enzyme that has become 
inactivated. 


If a compound such as 5-(carbophenoxyamino)- 
salicylic acid (IV) inactivates heart LDH by active- 
site-directed irreversible inhibition, then doubling 
the concentration of inhibitor should give less than 
a doubling of the inactivation rate, according to 
Eqs. 2 and 3. For example, IV has an apparent 
h'l = 1.4 X for heart LDH; then when [ I ]  = 4 
mM, [ E I l  = 0 . i4  El and when I = 2 mM. [Erl = 
0.59 E,. Therefore, increasing [ I ]  from 2 mM to 
4 m M  increases [EZ] by 0.74/0.59 or 1.3. The 
actual observed values in two runs (Table I)  were 
1 4  and 1.4 (Table I), the so-called "rate-saturation 
effect" on rate of inactivation (4). 


If inactivation occurred by bimolecular collision 
(tail-alkylation) between enzyme and inhibitor as 
shown in Eq. 4, it was previously assumed (4, 7, 
10-12) that doubling of the concentration should 


E / H +  AR-.E^A + BH (Eq.4)  


double the rate of inactivation. This assumption 
is only true if the compound shows no reversible 
inhibition If a reversible inhibitor operates by 
bimolecular collisiorl with the active-site, then the 
compound can only inactivate the enzyme when the 
active-site is unoccupied by inhibitor, that is, in 
addition to Eq. 4, the equilibrium part of Eq. 2 is 
operating. Stated in another way, the rate of 
biniolecular inactivation (Eq. 7) is dependent upon 
the concentration of free enzyme [El in Eq. 5 


IEil = [El + [EII (Eq. 5) 


k' 
KI  


rate = k ' [E]  [I] = - [EZ] = k"[EII (Eq. 7) 


Equation 7 for bimolecular inactivation with self- 
protection is kinetically indistinguishable from Eq. 


TIME. MIN 


Fig. 3.-Compa-ative rate of irreversible inhibi- 
tion of heart LDH.DPNH by 4-IGSA (V) and 
5-(carbopheno?ryamino)salicylic acid (IV). Key: 
0, heart LDH.DPNH control; 0,  3 m M  5-(rar- 
hophenoxyarnino)salicylic acid (IV);  A, 4 niM 4- 
IGSA. The change in 0 D. units/minute is 
proportional to the remaining enzyme concentra- 
tion. (See Materials and Methods.) 


8, the rate for site-directed irreversible inhibition. 
When two concentrations of inhibitors are com- 
pared, the ratio of the rates cancels k or k" from 


rate = k (EZ) (Eq. 8 )  


the equation. Thus, the "rate-saturation" effect 
does not distinguish between the two mechanisms, 
but a t  best can only be taken as evidence that the 
active-site is involved in the inactivation.s How- 
ever, consideration of structure-activity relation- 
ships make the bimolecular inactivation mechanism 
practically untenable (see Discussion). 


DISCUSSION 
Our earlier observation ( 12) that 4-(iodoacetyl- 


glycy1amido)salicylic acid (V) could irreversibly 
inhibit LDH from either heart or skeletal muscle, 
but 4-(iodoacetamido)salicylic acid ( I )  showed 
irreversible inhibition of only the skeletal muscle 
LDH, has been further extended with six additional 
compounds. Of these six compounds, three (IV, 
VI, X I )  showed irreversible inhibition of heart 
LDH. 


Similar to the 4-series, 54 iodoacetylglycylarnido)- 
salicylic acid (\'I) irreversibly inhibited both heart 
and skeletal muscle LDH (Table I) .  but in contrast, 
5-(iodoacetamido)salicylic acid ( I 1  ) showed ir- 
reversible inhibition only of the skeletal muscle 
LDH. The facts that (a) the two iodoacetyl com- 
pounds with a longer side chain (V, V I )  showed 
irreversible inhibition of heart LDH, ( b )  the 
shorter side chain compounds (I ,  11) did not ir- 
reversibly inhibit heart LDH, but (c)  all four com- 
pounds showed irreversible inhibition of skeletal 
muscle LDH, indicates that the position of the 
enzymatic nucleophilic group (that has been 
bridged to and alkylated) with respect to  the binding 
points for the hydroxyl and carboxyl of the salicylate 
moiety is different in these two substrate-identical 
enzymes. Thus the 4- and 5 4  iodoacetamid0)- 
salicylic acids ( I  and 11) show a specificity for ir- 
reversible inhibition of skeletal muscle LDH since 
the nucleophilic site is apparently closer to the 
binding site, but the nucleophilic site apparently 
cannot be bridged in heart LDH. 


A working hypothesis of the differences in position 
of the nucleophilic site attacked by an iodoacetyl 
group can be gleaned by considering Fig. 1. The 
salicylate is probably ionically bound to the enzyme 
(horizontal crosshatch) by a cationic point and an 
imidazole NH on the enzyme surface (2). Within 


a The authors thank Dr. David Pressman, Roswell Park 
Memorial Institute, for bringing this oversight to our at- 
tention. 
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Fig. 4.-Comparative rate of irreversible in- 
hibition of heart LDH.DPNH by 4-IGSA ( V )  and 
4-(carbophenoxyglycylamido)salicylic acid (VII) .  
Key: 0, heart LDH.DPNH control; 0, 4 mM 
4-(carbophenoxyglycylamido)salicylic acid ( V I I ) :  
A, 4 mM4-IGSA. Thechange in O.D. units/minute 
is proportional to the remaining enzyme con- 
centration. (See Materials and Methods.) 


the limits tolerated by the enzyme surface, the 
salicylate should be able to  rotate in a cylinder on 
an axis which has as its radius a line segment con- 
necting the two enzymic binding points. Thus, 
the enzyme and salicylic acid moiety in Fig. 1 
would be a cross section of this cylinder. Attached 
to the salicylate a t  the 4- or 5-position can be a 
short or long side chain indicated by the short and 
long arrows. I n  its most extended conformation, 
the long side chain can rotate in a spherical segment 
with its center at the 4-position. Figure 1 then 
has one cross section of this spherical segment, 
A J B ,  which is in the plane of the benzene ring. 
CJD is then the cross-section circle segment for the 
5-acetylglycylamido group of V, EKF the circle 
segment for the 4-acetamido group of I. and G K H  
the circle segment for the 5-acetamido group. The 
side chains can also fold to give a locus of spheres 
with the same center but shorter radii. 


Since of the four compounds, only compounds V, 
VI, and XI can irreversibly inhibit heart LDH, 
the nucleophilic group most probably is in a three- 
dimensional figure with the cross section shown by 
the vertical hatch in Fig. I limited by the lines 
EKH and CJB.  I n  contrast, the nucleophilic 
group of skeletal muscle LDH, which is attacked 
by both the long and short side chains of I. 11, V, 
and V I  most probably is inside a three-dimensional 
figure with a cross section limited to  GDH on the 
outside and the benzene ring on the inside (shown 
as an angular cross-hatch); the longer side chains 
can fold back to  the proper locus. 


Another hypothesis is equally compatible with 
the current data. The relative position of the 
nucleophilic site could be identical in both enzymes, 
but a carbon chain may protrude from the heart 
LDH not present in skeletal muscle LDH that may 
require the side chain of the inhibitor to  be suffi- 
ciently long to loop over the protruding group in 
heart LDH. Studies are being pursued to  gain 
further evidence to differentiate between the two 
explanations or even give evidence for some yet 
unconceived explanation. 


Although inactivation by bimolecular collision 
(tail-alkylation) cannot be eliminated unequivocally, 
considerations of structure-activity relationships 
make the bimolecular mechanism highly improb- 
able. For example, m-(iodoacetamido)oxanilic acid 
( IX) ,  an excellent reversible inhibitor of skeletal 
muscle LDH (Table I) ,  shows no irreversible in- 
hibition. Due to the increase in degrees of bond 
rotation in IX, compared to 4-ISA (I) ,  there is no 
apparent reason why IX should not inactivate 
skeletal muscle LDH if I operates by bimolecular 
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inactivation. A similar argument can be advanced 
against the bimolecular mechanism for inactivation 
of heart LDH. For example, 6-(iodoacetamido)- 
coumarin-3carboxylic acid ( X I )  irreversibly in- 
hibits heart LDH. Since XI is bulkier than I, 
there is no apparent reason why I should not in- 
activate heart LDH if X I  had operated by the 
bmolecular mechanism. 


A cross-over specificity was noted with 5-(carbo- 
phenoxyamino)salicylic acid ( IV)  (Fig. 3). This 
compound irreversibly inhibited heart LDH,  but 
showed no irreversible inhibition of skeletal muscle 
LDH (Table I ) .  That the active-site was most 
probably involved in this inactivation was shown 
by a “rate saturation effect”; doubling of the con- 
centration from 2 mM to 4 m M  increased the rate 
of inactivation by only 1.4-fold, compared to a 
“rate saturation” of 1.3 calculated from the ap- 
parent K I  for IV. In contrast (I-carbophenoxy- 
amino)salicylic acid (111) irreversibly inhibited 
skeletal muscle LDH, but not heart LDH, even 
though a “rate saturation effect” was not observed. 


It is clear that the enzymic nucleophilic group of 
heart LDH attacked by I V  is most probably not 
the same as that attacked by V and VL. From Fig. 
1, the carbophenoxy group has a locus of possible 
conformations limited to a sphere less than the 
cross-section line GKH, since only a two atom bridge 
is formed by I V  and a three atom bridge by 11. 
Since the carbophenoxy group can react only 
with an amino group of the enzyme surface, it  is 
probable that this amino group reacts too slowly 
with I and I1 to be detected by our experimental 
design. 


The carbophenoxy compounds with the longer 
side chains. V I I  and V I I I ,  could theoretically as- 
sume conformations that place their urethane 
carbonyls in position to  react with the same en- 
zymic group of heart LDH attacked by the car- 
bophenoxy group of IV. A possible explanation 
for the fact that V I I  (Fig. 4) and V I I I  do not ir- 
reversibly inhibit heart LDH is that the proper 
transition state cannot be assumed by the carbo- 
phenoxy groups of VII  and V I I I ;  the folding back 
of the side chain is apt to put the phenyl group in 
a position toward the nucleophilic site causing a 
hindrance by the phenyl group of the approach of 
the carbonyl to  the enzymic nucleophilic site. 
Since 5-(carbophenoxyamino)salicylic acid ( IV)  
irreversibly inhibits both heart LDH and GDH, 
it may be possible to  place groups on the phenyl 
group which may sterically hinder the approach of 
the carbophenoxy carbonyl to  the nucleophilic 
site of only one of these two enzymes; such a 
specificity for the transition state at the nucleo- 
philic site is actively being sought in our laboratory. 


Again the possibility that the carbophenoxyamino 
compounds operate by the bimolecular mechanism 
is remote. Since there would be less hindrance 
to the approach of the 4- and 5-(carbophenoxy- 
glycy1amino)salicylic acids ( V I  and V I I )  to a 
nucleophilic site for bimolecular reaction than I V  
or 111, then VI  and VII  would be expected to in- 
activate heart or skeletal muscle LDH even more 
rapidly than I V  or 111; as stated before, V I  and 
V I I  do not inactivate these two substrate-identical 
enzymes. 


In conclusion. by use of both corollaries of the 
bridge principle of specificity, cross-over specificity 
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for selective irreversible inhibition of heart LDH. 
but not skeletal muscle LDH, and vice versa, has 
been found, which is attributed to exploitable dif- 
ferences in the secondary-tertiary structure of these 
two substrate-identical enzymes. Differences in 
secondary-tertiary structure of these two substrate- 
identical enzymes have previously been shown by 
amino acid analysis (24) and by antisera cross reac- 
tions (14, 24). The LDH from skeletal muscle 
and heart in the same animal are distinctly different, 
but the skeletal muscle LDH from different species 
are more similar; also, heart LDH from different 
species are more similar. Even though the studies 
in this paper were carried out with the LDH’s from 
two distinct tissues of two species, these experiments 
give a first approximation of the selective inhibition 
that may be obtained in tissues of the same animal. 


If this irreversible specificity for substrate- 
identical enzymes, which is presumably due to ex- 
ploitable differences in the secondary-tertiary struc- 
ture of the enzymes, can be carried over to  such 
critical areas for cell division as (a) purine (19) or 
pyrimidine biosynthesis of ( b )  the folk cofactor 
area, the potential utility in chemotherapy would 
be obvious. Such studies in area (a) (13) and 
area (b)  (9) are continuing in these laboratories. 
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Interaction of Weak Organic Acids with 
Insoluble Polyamides I 


Sorption of Salicylic Acid by Nylon 66 


By A. J. KAPADIA, W. L. GUESS, and J. AUTIAN 


Insoluble polyamides have been shown to bind various chemical agents having 
acidic hydrogens. To ex lore i n  more detail the interaction of an acidic drug, 
salicylic acid, with a spec& polyamide (nylon 66), a study was undertaken to ascer- 
tain the influence of concentration, temperature, pH, and solvent com osition on 
the sorption phenomenon. From the sorption studies, a number of p$sical con- 
stants were evaluated: (a) saturation value, (b) standard affinities, (c) heat of sorp- 


tion, ( d )  apparent d i h s i o n  coefficients, and (e) activation energy of difhsion. 


VEN THOUGH plastics have made a great 
impact in the various facets of pharmacy and 


medicine, some problems have occurred which 
should indicate that perhaps there should be a 
slower pace to the introduction of these items to  
the health professions. This laboratory in the 
past has reported on some of these problems 
(1, 2). To the industrial and hospital pharmacist 
an appreciation and understanding of drug- 
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plastic interactions would help minimize costly 
errors and at the same time provide the many 
advantages to be gained by the use of plastics. 


The insoluble polyamides (various types of 
nylon) have a number of applications as parts or 
component parts in various apparatus where 
strength and resistance to thermal changes are 
needed. In pharmaceutical and medical ap- 
plications these nylon parts‘ may come in 
contact with drug or biological products for 
varying periods of time. Depending upon a 
number of factors, selective drugs and chemical 


1 For exam le component parts of heart lung machine, 
containers. &&s, syringes, valve parts for aerosol bottles, 
etc. 








Com mzcnicutions- 


Differential Inhibition of 
Dihydrofolic Reductase from 


Different Species 


Sir: 


One of the key enzymes necessary for cellular 
reproduction is (dihydro)folic reductase; when 
this enzyme reduces (dihydro)folic acid to tetra- 
hydrofolic acid, a spate of some 15 enzymic 
reactions follow which ultimately are involved 
mainly in purine and pyrimidine biosynthesis 
(2, 8). Although all types of cells would not be 
dependent on all 15 enzymic reactions, almost all 
cells will be dependent upon (dihydro)folic 
reductase and some of the subsequent reactions, 
unless the cell can utilize both preformed purine 
and thymine or their derivatives. 


A variety of 2,4-diaminoheterocycles known to 
be inhibitors of (dihydro)folic reductase (2) are 
su5ciently species- or tissue-specific to be useful 
chemotherapeutic agents-for example, amethop- 
terin for leukemia (5), 5-(pchlorophenyl)-2,4- 
&amino - 6 - ethylpyrimidine (pyrimethamine) 
(7) and 1 - (fi-chlorophenyl)-4,6-diamino- 1, Z-dihy- 
dro-2,2-dimethyl-s-tazine (4) as antimalarials, 
2,4 - diamino - 5 - (3,4,5 - trimethoxybenzy1)- 
pyrimidine as an antibacterial (13)) and 1-(p 
chlorophenyl) - 4,6 - diamino - 1,2 - dihydro- 
(4’ - methylpentamethylene) - s - triazine as an 
anthelmintic (1, 12). The selectivity of 
amethopterin on certain tissues can be attributed 
to a difference in the dciency of the folic acid 
active-transport system (15). Contrariwise, the 
malaria parasite presumably has no active- 
transport system for folic acid; since pyri- 
methamine enters cells by passive diffusion, the 
host cells are protected by active-transport of 
folk acid or leucovorin (6). 


For years many investigators in the field of 
comparative biochemistry have sought to estab- 
lish that all species use identical biosynthetic 
pathways and that these enzymes are identical 
regardless of species. Although the biosynthetic 
pathways appear to be similar, small differences 
in specific enzymes are readily apparent. For 
example, (dihydro)folic reductase from most 
mammalian cells and S. faeculis (16) can utilize 
folate as the substrate, albeit less efficiently 
than dihydrofolate. The (dihydro)folic reduc- 
tases from some species show no perceptible 


utilization of folk acid, particularly those that 
synthesize dihydrofolate de novo, such as E. coh 
(16) and presumably the malaria parasite (7). 
Furthermore, some (dihydro)folic reductases 
can use TPNH, but not DPNH, as the cofactor, 
whereas others can use DPNH although 
somewhat less efficiently (9, 10). 


Since these dBerences in the (dihydro)folic 
reductases do exist, it would not be beyond the 
realm of possibility for various reversible inhib- 
itors to show a more potent inhibition of the di- 
hydrofolic reductase from one species compared 
to another. Such thirty to seventyfold dif- 
ferences have now been observed among the 
diamino pyrimidines and triazines and these are 
the subject of this paper. 


No large d8erences were observed in the 
inhibition of dihydrofolic reductase from pigeon 
liver or mouse liver (Table I); it might be antici- 
pated that less difference in the dihydrofolic 
reductases from the same tissue of two different 
species might be found than from two different 
tissues of the same species (3). However, large 
differences were observed in the inhibition of di- 
hydrofolic reductase from pigeon liver and 
E. coli. 


Excluding the 2-chlorophenyl triazine (IX), 
the structural modifications in Table I change the 
ef€ectiveness on E. coli dihydrofolic reductase by 
only a factor of 10. In contrast, structural 
modification can change the dectiveness. on 
pigeon liver dihydrofolic reductase by a factor of 
1000. For example, the 3-chlorophenyl deriva- 
tive (VII) and the 3,4-dichlorophenyl derivative 
(11, V) are twenty-five to fiftyfold more effective 
on the pigeon liver enzyme than the correspond- 
ing 4-chloro derivatives (111, VI);  on the E.  coli 
enzyme, the effectiveness is hardly altered. 
Insertion of an oxygen between the two rings 
(IV) causes little change on the E. coli enzyme, 
but causes a thirty-two-fold decrease in effective- 
ness on the pigeon liver enzyme. Thus the 
5-phenoxypyrimidine (IV) is thirtyfold more ef- 
fective on the E .  coli enzyme than the pigeon 
liver enzyme; in contrast, the 3-chlorophenyl 
triazine (VII) is seventy-one-fold more effective 
on the pigeon liver enzyme than the E. coli 
enzyme. 


If the effectiveness of pyrimethamine is 
primarily due to its inhibition of malaria (P. 
berghei) dihydrofolic reductase, the lack of cor- 
relation between the effectiveness of pyri- 
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TABLE I.- INHIBITION OF DIHYDROFOLIC RBDUCTASES BY DIAMINO PYRIMIDINES AND TRIAZINES 


Compd. 
I 
I1 


IIId 
IV 


NSC 
N0.O 
3062 


19494 


61641 


Rl 
3,4-C12 
3,4-C12 


4-C1 
4-CI 


RI 


-rM Concn. for 50% 
Mouse Pigeon 


R 1 X Liver Liver E. coli B. 
C2Ha . . . 0.018 0.10 
CHI- ... 0.010 0.032 0.50 
CHa 0.85 
CHa ‘0’ 27 0.90 


Ratio 
E. mli: 
Pigeon 
Liver 
5.5 


16 


0.033 


R¶ R8 
V 3077 3.4-CL CHI CHI 0.046 0.015 0.16 11 


VII 3080 3-C1 CHs CH3 0.0076 0.0085 0.60 71 
VI 3074 4-C1 CH, CHa 0.66 0.44 0.40 0.91 


VIII 3082 3-Br CHs CH3 


X 3-C1 C e H s  H 
IX 3079 2-c1 CHs CHa 


XI 4-C1 C S H s  H 


0.0085 0.39 46 _. ~. 


160 200 1.2 
5.5 1 .o 0.15 
9.0 3 .7  0.41 


a Ascension numbers of the Cancer Chemotherapy National Service Center. we thank Dr Harry B. Wood Jr. for these 
NSC compounds. C A n  
0.45 to 0.90 saturated ammonium sulfate fraction was used for assay (11) emplo ing 6 r M  dihydrofolic a d d  and 12 rM TPNH 
in 0.06 M Tris butTer (pH 7.4) containing 10 mM mercaptoethanol and 1 mddrversene; 36 r M  TPNH was used for E. coli. 
d Prepared by W. H. Myers in this laboratory. 


* The technical assistance of Rita Zielinsk iand Bonnie Myers for the& assays is ackno~led;ed. 


methamine analogs as antimalarials (14) and the 
dihydrofolic reductases listed in Table I indicate 
that inhibition of the P. bergha’ dihydrofolic 
reductasehas still a different order of effectiveness; 
for example, the 3,4-dichlorophenyl analog (I) 
and the 4-chlorophenyl analog are twenty-fold 
more effective than the 3-chlorophenyl analog 
against P. berghei in mice. 


Whether differential inhibitions will be 
observed with the dihydrofolic reductases from 
other species or tissues that can be correlated 
with chemotherapeutic effectiveness remains to 
be determined. 
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using the above constants in Eq. 4 or by the standard 
curve. 


SUMMARY AND CONCLUSIONS 
Eight pseudoplastic suspending agents, including 


five alginates, a vegetable gum, and two synthetic 
cellulose derivatives, were rheologically evaluated. 
The apparent viscosity was calculated using the 
equation FN = q'G. This equation was expressed 
in logarithmic form in order to  obtain a straight line 
relationship of shearing stress and shearing rate. 


The exponential constant N was calculated using 
the least squares method, and these values varied 
from one material to  another and were related 
(zero-order function) to the concentration of each 
suspending agent studied. 


The N values for all of the suspending agents used 
for this study were greater than 1 and increased with 
the concentrations of the suspending agent. This 
further demonstrates the pseudoplastic natures of 
the suspending agents. 


A iirst-order relationship between apparent vis- 
cosity, q', and concentration, C, was exhibited by all 
of the mucilages prepared for this study, and is 
expressed as 7' = eKC + where K and b are material 
constants. 


REFERENCES 


TABLE I.-~ALCULATED MATERIAL CONSTANTS OF 
THE PSEUDOPLASTIC AGENTS STUDIED 


-Material Constants- 
Suspending Agent K 6 


K e h s o l  2.7042 -1.4533 
Kelrnar 2.7271 -1.5443 
Kelzan 7.5840 -2.4834 
Kelgin 2.2744 -1.6153 
Keltone 2.7046 -1.4424 
Tragacanth 2.2858 -3.6653 
CMC-7 M P  1.4222 -2.1351 
Methocel 1500 cps. 1.8363 -2.0426 


determined from the intercept, log 1/7', of the log- 
log plots (Fig. 2), using the least squares method. 


A first-order relationship existed between the 
apparent viscosity of the pseudoplastics and their 
concentration (Fig. 4) and may be expressed mathe- 
matically 


0%. 4) ,,I = eRC-td 


where q' = apparent viscosity, and C = concentra- 
tion of the suspending agents. 


In Eq. 4, b and K are constants depending 
upon the suspending agent (Table I). The value b 
can be calculated from the graph as the interception 
point, while the constant K is the slope. Once K 
and b are calculated for a suspending agent, then 
these values are the fixed constants for that particu- 
lar suspending agent according to the method of 
viscosity determination. The e5ect of lot to  lot 
trace chemical variation or processing variation on 
these constants was not determined. The concen- 
tration required t o  produce the desired apparent 
viscosity for a material can thus be computed by 


Rheology and Suspension Activity of 
Pseudoplastic Polymers I1 


Comparison of Suspension Activity of Pseudoplastic Polymers 
at Fixed Apparent Viscosities 


By SHIVACHANDRA P. KABRE, H. GEORGE DEKAY, and GILBERT S. BANKER 


According to a previously described method of expressing the apparent viscosity 
of pseudoplastic materials and of relating this parameter to concentration, eight 
pseudoplastic suspending agents were prepared at four levels of apparent viscosity and 
were studied for their suspension activity for two insoluble drugs (zinc oxide U.S.P. 
and sulfamethazine U.S.P.). T h e  drug which was compatible with the suspending 
agents studied was stabilized in  the various sus ension media at an apparent vis- 
cosity of 10 or above. Both insoluble drugs cfemonstrated an exponential sedi- 
mentation rate, while zinc oxide showed a zero order and sulfamethazine an ex- 


ponential separation rate in the various pseudoplastic suspension media. 


PRECEDING REPORT (1) described a method of 


Received June 3, 1983. from the School of Pharmacy, 
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meeting, May 1983. 


cording to calculated values derived from their A characterizing pseudoplastic materials ac- rheograms. The relationship between the re- 
sulting apparent viscosity (pseudoplastic VisCOS- 
ity) and concentration of the suspending agents 
required to  produce that viscosity has also been 
determined and reduced to a mathematical ex- 
pression. In  this study the suspension activity of 
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eight pseudoplastic suspending agents which have 
been rheologically characterized was studied for 
two insoluble drugs at four apparent viscosity 
levels. 


Journal of Pharmaceutical Sciences 


TABLE I.-PER CENT CONCENTRATION OF 
SUSPENDING AGENTS USED FOR THE STUDY 
OF SUSPENSION ACTIVITY AT FOUR SELECTED 


APPARENT VISCOSITIES 


Suspending -Apparent Viscosity-- 
Agents 1 5 10 20 


Kelcosol 0.53 0.80 0.90 1.00 
Kelmar 0.57 0.82 0.94 1 .05  
Kelzan 0.33 0.42 0.46 0.50 


EXPERIMENTAL 


The formula for the suspension vehicles (muci- 


Concentration of the suspending 
agent yielding the desired 
apparent viscosity. . . . . . . . . . . . . . . .  (see Table I )  
Methylparaben as preservative 
(in all algins) ......................... 1.5 Gm. 
(in CMC-7 MP and Methocel 
1500 cps.) . . . . . . . . . . . . . . . . . . . . . . . . . . .  .O  . 5  Gm. 
Amaranth solution U.S.P.. . . . . . . . . . . . . .  . lo  ml. 
Distilled water. . . . . .  q s .  to . .  . . . . . . . . . .  .lo00 ml. 


The weighed amount of preservative was dis- 
solved in 90% of the final volume of distilled 
water in a 1-L. beaker, and the concentration of 
suspending agents required to  produce the desired 
apparent viscosity (Table I )  was added. A lightnin 
mixer was used to  mix the preservative solution 
during the gradual addition of the suspending 
agent. After formulation of the mucilage, the 
amaranth solution U.S.P. was added. The dye 
was used to facilitate the observation of sedimen- 
tation and/or separation of the insoluble drugs 
in these latter studies. The tragacanth and 
methylcellulose solutions were prepared according 
to the U.S.P. method. 


Two suspensions were prepared, one containing 
1Sy0 zinc oxide and the other 10% sulfamethazine 
U.S.P., in the mucilages of each suspending agent , a t  each of the four apparent viscosity levels. The 
zinc oxide and sulfamethazine suspensions were 
passed through a Tri-Homo-Disperser’ a t  a setting 
of 0.002 in. to  obtain a more uniform particle size 
of the dispersed solid. 


Storage of the Samples.-Separate 100-ml. 
samples of each suspension product were stored in 
two glass tubes, 2 cm. in diameter and 45 cm. in 
length, for the determination of sedimentation and 
separation. In addition, 100 ml. of each suspension 
sample was stored in a 8-ounce bottle for the re- 
suspendibility evaluation. 


Reproducibility.-The concentrations required to 
produce the four selected apparent viscosities for 
each material were determined from the standard 
curves ( 1). The measured viscosities of the samples 
thus prepared were within a range of f 10% of the 
expected values. The apparent viscosity is de- 
pendent on the value N, which is the slope of the 
curve of the log of shearing stress versus the log of 
shearing rate. The apparent viscosity is calculated 
from the interception point, log l /q’.  The shear- 
ing stress-shearing rate curves should be care- 
fully prepared using an adequate number of points, 
since a slight change in the slope produces a sub- 
stantially different interception point from which 
apparent viscosity is calculated. 


The apparent viscosity of the mucilages pre- 
pared by the hand shaking bottle method in the 
previous study (1) was initially slightly greater 
(10 to 15y0) than the viscosity of the mucilages 


lages) was: Kelgin 0.70 i.00 i.iS i.28 
Keltone 0.54 0.78 0.89 1.00 
Tragacanth 1.60 1.90 2.05 2.17 
CMC-7 M P  1.50 2.00 2.20 . . .  
Methocel 1500 cps. 1.10 1.50 1.65 ... 


prepared using a laboratory propeller mixer in this 
study. After storage for 2 to 3 days, however, 
the rheological replication was good (no appreciable 
difference in apparent viscosity according to the 
method of preparation). This also indicated that 
the preservative used had no significant effect 
on the viscosity, since no preservative was used 
in the first study. 


RESULTS AND DISCUSSION 


Evaluation of Pseudoplastic Suspension Vehicles 
In an attempt to evaluate the advantages of 


more precisely describing the rheology of the 
pseudoplastic suspension vehicles, the following 
parameters of the suspension activity of the various 
systems were determined: ( a )  sedimentation rate, 
(b) separation rate, and (c) resuspendibility. 


In all preparations containing alginates and 
CMC, the sulfamethazine separated very rapidly. 
The sulfamethazine suspensions in alginates and 
Methocel foamed considerably with processing. 
Channeling was observed in all of the sulfamethazine 
suspensions. Coagulation of the zinc oxide was 
observed in the suspensions in the Kelzan vehicle. 
The particles of zinc oxide appeared as agglomer- 
ates upon visual observation in Kelzan; this 
phenomenon was also noticed in the zinc oxide- 
tragacanth preparations with apparent viscosities 
of 1 and 5. The comprehensive summary of the 
evaluation of the suspending agents is shown in 
Table 11. 


Sedimentation Rate (2).-Sedimentation was ob- 
served in all zinc oxide suspension series and in the 
sulfamethazine suspensions prepared in the Methocel 
vehicles. 


The sedimentation rate can be defined as the 
accumulation of the solid below the bulk suspen- 
sion in the form of a dense cake, per unit time. 


The sedimentation ratio is defined as the ratio 
between the sedimented column length and the 
length of the original total suspension column 
(diameter of the columns are the same). The 
observations for sedimentation were made daily 
for the first week and then weekly for 12 weeks. 
The sedimentation ratios were calculated using 


Hs Sedimentation ratio = 2 Ho 


where Hs, = height of sedimented volume in 
mm., and Ho = original height of sample column 
in mm. 


The calculated sedimentation ratios were plotted 
on linear coordinate graph paper uersus time of I lri-Homo Corp., Salem, Mass. 
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TABLE II.-COMPREHENSIVE SUMMARY OF THE EVALUATION OF SUSPENDING AGENTS 


Aftex 3-Mo. Storage Period 


Suspending Apparent 
Agents Viscosity 


Kelcosol 


Kelmar 


Kelzan 


Kelgin 


Keltone 


Tragacanth 


CMC-7 M P  


Methocel 1500 cps. 


Kelcosol 


Kelmar 


Kelzan 


Kelgin 


Keltone 


Tragacan th 


CMC-7 M P  


Methocell500 cps. 


1 
5 


10 
20 
1 
5 


10 
20 
1 
5 


10 
20 


1 
5 


10 
20 


1 
5 


10 
20 
1 
5 


10 
20 
1 
5 


10 
1 
5 


10 


1 
5 


10 
20 
1 
5 


10 
20 
1 
5 


10 
20 
1 
5 


10 
20 
1 
5 


10 
20 
1 
5 


10 
20 


1 
5 


10 
1 
5 


10 


Sedimen- 
tation Separation Shakes for 
Ratio Ratio Resuspension, No. 


ZINC OXIDE SUSPENSIONS 
0.0935 
0.0800 
0.0700 
0.0549 
0.0985 
0.0601 
0.0268 
0.0412 
0.2394 
0.2581 
0.3431 
0.3651 
0,0952 
0.0554 
0.0303 
0.0093 
0.0926 
0.0750 
0.0666 
0.0547 
O.oo00 
o.ooO0 
O.oo00 
0.0271 
0.0227 
0.0160 
0.0162 
0.2185 
0.1649 
o.oO0o 


0.2569 
0.1444 
0.0475 


15 
35 
35 


0.0262 35 
0.2433 25 
0.1445 50 
0.0354 35 
0.0072 35 
0.7581 5 
0.7441 5 
0.6525 5 
0.6258 20 
0.2150 30 
0.0459 80 
0.0303 70 
0.0116 55 
0.2537 20 
0.1573 45 
0.0860 55 
0.0642 55 
0.3743 15 
0.0779 45 
0.0318 10 
0.0169 10 
0.0579 20 
0.0114 15 
0.0093 15 
0.1115 20 
0.0318 20 
0.0314 20 


SULPAYHTEAZINB SUSPENSIONS 


0.6481 5 
0.6482 5 
0.6221 5 
0.6299 5 
0.7171 
0.6254 
0.6842 


5 
5 
5 


0.6223 5 
0.6564 
0.5772 
0.5204 
0.4541 


5 
5 
5 
5 


0.6595 5 
0.6053 5 
0.5880 5 
0.5689 5 
0.6393 5 
0.6369 5 
0.6332 5 
0.6021 5 
0.1813 5 
0.1278 5 
0.0594 5 
0.0272 5 
0.5551 5 
0.2078 5 
0.0164 5 


0.1484 0.0653 25 
0.1826 0.0201 20 
0.2075 0.0165 20 


Appea rand  


Fair 
Good 
Good 
Good 
Fair 
Good 
Good 
Good 
Poor 
Poor 
Poor 
Poor 
Poor 
Good 
Good 
Good 
Fair 
Good 
Good 
Good 
Poor 
Fair 
Fair 
Good 
Good 
Good 
Good 
Fair 
Fair 
Fair 


Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Fair 
Fair 
Fair 


Vehicle. 
Suspendibilit y b 


U 


B 
A 
U 
A 
A 
A 
U 
U 
U 
U 
U 
A 
A 
A 
U 
A 
A 
A 
U 
Q B 
B 
A 
U 
Q 
Q 


U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
Q 
A 
U 
U 
Q 
U 
U 
Q 


a w: uniform smooth appearing suspension with some separation possible, but no distinct sedimentation. Fair: sus- 
pension may he quite stable with slight or no separation and no distinct sediment, but particles appear to  be flocculated; 
products appeared less smooth than those classified as good. Samples evidenced considerable separation with sedi- 
ment formation and possible channeling (vertical clear areas) or layering (horizontal clear areas). b Vehicle suspendibility 
indicates the adequacy of each suspension system at a set apparent viscosity to suspend zinc oxide or sulfamethazine satis- 
factorily. Q. 
Questionable: product separates and/or sediments t o  a moderate degree, and the  acceptance of the vehicle for drug suspen- 
sion is doubtful. U, Unacceptable: product separates considerably and/or sediments. 


Poor: 


A, Amptable:  product does not sediment or materially separate and is probably of commercial quality. 
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storage. Table I1 summarizes the sedimentation 
ratios calculated for all the preparations studied. 


Kelzan was a poor suspending agent for zinc oxide 
and sulfamethazine and demonstrated both chan- 
nelling and layering, making the measurement of 
the sediment portion difficult. In tragacanth and 
Methocel, no sedimentation of zinc oxide was ob- 
served during the storage period. 


Figure 1 shows the sedimentation rate as a ratio 
for the zinc oxide suspensions in Keltone observed 
for a period of 12 weeks. Similar curves of the 
sedimentation rate were obtained with zinc oxide 
suspensions in Kelcosol, Kelgin, Kelmar, CMC, 
and for sulfamethazine in Methocel (Table 11). 
The sedimentation rate decreased exponentially 
with the time of storage and equilibrated a t  a 
sedimentation ratio of about 0.05 a t  :in apparent 
viscosity of 20 and a t  a ratio of about 0.W a t  an 
apparent viscosity of 5 (Fig. 1). The sedimenta- 
tion ratios of zinc oxide in Kelcosol. Kelgin. Kelmar, 
and CMC a t  an apparent viscosity of 5 were all 
approximately twice the ratio values at an apparent 
viscosity of 20. 


Separation Rate.-The measurements of phase 
separation were made a t  1-day intervals for the first 
week and weekly thereafter for 10 weeks for the 
sulfamethazine suspensions. With zinc oxide sus- 
pensions, the measurements of phase separation 
were made weekly for 12 weeks. The separation 
ratios were calculated in the same way as the 
sedimentation ratio, the only difference being in the 
definition of the numerator, which is the height of 
clear separated phase in mm. The calculated 
separation ratios are shown in Table 11. 


Separation of Suspensions During the First Week.- 
The suspensions of zinc oxide did not show notice- 
able phase separations during the first week, while 
the majority of the sulfamethazine suspensions 
showed appreciable separation. The pattern of 
separation obtained for Kelcosol, Keltone, Kelgin, 
and Kelmar. corresponding to  the fixed apparent 
viscosities 1, 5, 10, and 20. are exemplified by the 
Kelcosol data in Fig. 3. Sulfamethazine suspensioiis 
in tragacanth and Methocel did not show separation 
during the fist week. The curves indicate an ex- 
ponential decrease in the separation rate over the 
period of 7 days. 


Separation of Suspensions Ocer n 10 to 12-Week 
Period.-The rate of separation of the sulfa- 


C 


a 
7 0.08 


0.07 
E 
$ 0.06 


0.05 


ij 0.04 


v, 0.03 


l- 
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1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  
TIME OF STORAGE, WKS. 


Fig. 1.-Weekly sedimentation rate of zinc oxide 
suspensions (Keltone as the suspending agent). 
Key: 0, vehicle apparent viscosity, 1; 0, vehicle 
apparent viscosity. 5; 0. vehicle apparent viscosity, 
10; A, vehicle apparent viscosity, 20. 


I 


1 2 3 4 5 6 7  
0.025 I . . . . * . 


TIME OF STORAGE, DAYS 


Fig. 2.-Daily separation rate of sulfarnethazine 
suspensions (Kelcosol as the suspending agent). 
Key: 0, vehicle apparent viscosity, 1; 0. vehicle 
apparent viscosity. 5; 0. vehicle apparent viscosity, 
10; A, vehicle apparent viscosity, 20. 


I . , , _ , . , ,  


1 2 3 4 5 6 7 8 9 1 0  
TIME OF STORAGE, WKS. 


Fig. 3.-Weekly separation rate of sulfamethazine 
suspensions ( Keltone as the suspending agent). 
Key: 0, vehicle apparent viscosity, 1; 0 ,  vehicle 
apparent viscosity, 5; 0, vehicle apparent viscosity, 
10; A, vehicle apparent viscosity, 20. 


rnethazine suspensions (Fig. 3) was of a different order 
than that of the zinc oxide suspensions (Fig. 4). 
The sulfamethazine suspensions separated at an 
exponential rate, while the zinc oxide suspensions 
separated at a zero-order rate. All the zinc oxide 
suspensions separated according to the relationship 
exemplified by the Kelmar data (Fig. 4). except 
for the Kelzan system which was incompatible. 
In the zinc oxide systems, exemplified by Fig. 4, 
there was a great change in the separation rate 
as the apparent viscosity changed from 1 to  10. 
with much less change between 10 and 20. The 
suspensions having an apparent viscosity of 20 
were very stable to separation. They usually 
sedimented the least; except for the most uniform 
systems on aging (tragacanth, Methocel, and 
CMC), they were not the easiest to  redisperse (Table 
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Fig. 4.-Weekly separation rate of zinc oxide 
suspensions (Kelmar as the suspending agent). 
Key: 0, vehicle apparent viscosity, 1; 0, vehicle 
apparent viscosity, 5; 0, vehicle apparent viscosity, 
10; A ,  vehicle apparent viscosity, 20. 


11). The resuspendibility of the suspensions was 
expressed in terms of the number of shakes produced 
by a mechanical shaker (3) required to  resuspend 
the sediment resulting from a 3-month storage period 
at room conditions. 


The sulfamethazine suspensions separated more 
rapidly initially and (in general) to  a much greater 
extent than the zinc oxide suspensions, particularly 
a t  the higher viscosity levels. However, the zinc 
oxide suspensions caked, while the sulfamethazine 
suspensions did not. There are many factors, alone 
or in combination, which are responsible for dis- 
persed particle behavior in suspension systems. 
These factors include (a) wettability of the insoluble 
particles, (b) electrokinetic properties of the system, 
(c) free surface energy of the system, (d) concentra- 
tion of insoluble material, (e) particle size distribu- 
tion, (f) particle interaction, (g) flocculation. and 
(h)  density of each phase. 


The microscopically observed flocculated condi- 
tion of the sulfamethazine suspensions is probably 
a major factor in accounting for the difference in the 
separation and sedimentation behavior between 
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these and the zinc oxide suspensions (which showed 
no flocculation). 


While it is virtually always impossible to  make 
absolute correlations between apparent viscosity 
and suspension stability due to  the complexity 
of the systems and the numerous physical factors 
involved, there are advantages to  determining ap- 
parent viscosity (pseudoplastic viscosity) and the 
relationship of th is  parameter to concentration in 
product development. These advantages include 
comparing the suspension activity of pseudoplastic 
polymers at fixed apparent viscosities for any 
insoluble drug of interest, calculation from the 
viscosity-concentration relationship of the con- 
centration corresponding to  acceptable suspension 
stability for any extrapolated viscosity value, and 
better comparisons of vehicle costs based on calcu- 
lated polymer concentration requirements required 
to  achieve any viscosity level. In addition, certain 
physical studies of suspension stability would be 
facilitated by being able to  calculate rather precise 
concentrations of various pseudoplastic polymers 
to  achieve constant apparent viscosity levels. 


SUMMARY AND CONCLUSIONS 


Pseudoplastic suspension vehicles of natural and 
synthetic polymeric suspending agents having ap- 
parent viscosities of 1, 5, 10, and 20 were used for a 
study of their suspension activity for zinc oxide and 
sulfamethazine. The suspension stability was 
evaluated according to  sedimentation and separation 
rates and resuspendibility. The following con- 
clusions may be made: ( a )  The alginates when 
used alone are poor suspending agents for sulfa- 
methazine, based on a rapid separation rate. ( b )  
The sedimentation rate and separation rate of the 
sulfamethazine preparations and sedimentation 
rate of the zinc oxide preparations in this study 
were exponential. The separation rate of the 
zinc oxide preparations was zero order. (c) The 
pseudoplastic suspending agents which were com- 
patible with the insoluble materials studied provided 
adequate particle suspension at an apparent vis- 
cosity of 10 and above, according to separation and 
sedimentation ratio data. 
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Simplified Assay of Vitamins A and E in Mixtures 
By WILLIAM T. FISHER, NANCY M. EDWARDS, and ROBERT W. LEHMAN 


Assay for vitamins A and E in mixtures has required separate saponifications; the 
extraction for vitamin A had to be carried out from the alkaline mixture, while the 
extraction for vitamin E had to be from an acidic one. Furthermore, vitamin A inter- 
feres with the ferric chloride-dipyridyl determination of vitamin E, and vitamin E 
interferes with the spectrophotomeuic determination of  vitamin A. Ascorbic acid 
in the alkaline medium was found to permit a common saponification and extraction 
for both vitamins A and E. The extraction of the unsaponifiable fraction can be 
shortened by using a single extraction with a large volume of ether instead of three 
or four extractions with smaller volumes. H drogeaation of portions of the un- 
saponifiable fraction was shown to eliminate tge mutual interference. These three 
improvements have been incorporated into a proposed procedure which is valid for 


the determination of  vitamin A and vitamin E in  the presence of each other. 


HE ASSAY for vitamins A and E in mixtures 
using official procedures is lengthy and may 


yield inaccurate results. Separate saponifica- 
tions are necessary, and several ethyl ether 
extractions are required to  isolate the unsaponi- 
fiable fraction. In  addition, vitamin E inter- 
feres in the spectrophotometric determination of 
vitamin A, often lowering the assay result, and 
vitamin A interferes in the colorimetric assay of 
vitamin E, often raising the assay result. 


EXPERIMEATTAL 


Three simplifications in the assay of mixtures of 
vitamins A and E were considered in the course of 
this work. These are: ( a )  a common saponifica- 
tion, (b)  a single extraction, and (c) elimination of 
the mutual interference so that accurate assay 
values can be obtained. 


Common Saponi5cation.-Adaptations of “The 
National Formulary” assays (1) for vitamin E in 
pharmaceutical products would usually require 
alkaline saponification, acidification of the saponi- 
fication mixture, and extraction of the unsaponifiable 
fraction with three portions of ethyl ether. The 
U.S.P. assay (2) for vitamin A requires alkaline 
saponification and extraction of the unsaponifiable 
fraction with four portions of ethyl ether. A com- 
mon saponification is not possible for both vitamins ’ unless modifications are made in one of the official ’ procedures. Unesteriiied tocopherol is very un- 


’ stable to air in an alkaline medium. Therefore, the 
N.F. procedure calls for acidification of the saponi- 
fication mixture with hydrochloric acid. Vitamin 
A, on the other hand, is unstable in the presence of 
strong acids, dehydrating to form anhydrovitamin A 
(3). 


To prevent destruction of vitamin A by the acid 
added to  the saponification mixture to preserve 
vitamin E, ascorbic acid was substituted for the 
hydrochloric acid. After several levels were tried, 
an amount of 4.5 Gm. was found satisfactory. 
Smaller quantities did not afford complete protec- 
tion to  the vitamin E; larger quantities might have 
caused anhydrovitamin A formation. I t  was 
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necessary to use ascorbic acid U.S.P. having a mini- 
mum purity of 99%. Inadequate protection of 
vitamin E was obtained using a less pure prepara- 
tion. If a pharmaceutical product has a high pH, 
more ascorbic acid may be required. This could be 
determined by titration of the sample. 


Simplified Extraction.-Another simplification 
considered in this work was the reduction in number 
of extractions. Various proposals for a single extrac- 
tion of the unsaponifiable portion of oil-soluble 
vitamins have appeared in the literature. These 
utilize a variety of solvents, including benzene (4). 
chloroform (5). and ethyl ether (6. 7). 


To reduce the number of extractions required in 
working up the saponification solution, two of the 


PROCEDURES FOR ASSAYING COMMERCIAL VITAMIN A 
PALMIT ATE 


TABLE I.-EVALUATION O F  SIMPLIFIED EXTRACTION 


Vitamin A Morton-Stubbs 
Extraction Procedure Content. u./Gm. Factor 


U.S.P. 1,565,440 1.005 
U.S.P. 1,562,710 1.014 - 


Av. 1,564,080 1.010 
Mulder 1,528,050 0.955 
Mulder 1 ,556,260 0.974 - 


Av 1 ,542,160 0.965 
Napoli, el al. 1,543,750 1.000 
Napoli, et al. 1,531,230 0.988 


Av. 1,537,490 0.994 
- 


TABLE I1 .-EVALUATION OF SIMPLIFIED EXTRACTION 
PROCEDURES FOR ASSAYING d-a-TOCOPHERYL ACID 


SUCCINATE N.F. 


Vitamin E Content, 
Extraction Procedure u./Gm. 


N.F. 1190 
N.F. 1220 - 


Av . 1205 
Mulder 
Mulder 


Av. 
Napoli, ef al. 
Napoli, et al. 


Av. 


1180 
1240 


1210 
1200 
1230 


1215 


- 


- 
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Fig. 1.-Ultraviolet ab- 
sorption spectrum of d- 
a- tocopherol. 


O L !  m w 3  )40 


WAVELENGTH, mp 
methods (4, 7) were compared with the official 
methods (1, 2). Results of these assays are shown 
in Tables I and 11. In  the assay of mixtures of 
vitamins A and E, considerable reduction in solvent 
volume is required prior to final measuring. Al- 
though both procedures evaluated appeared satisfac- 
tory, the Napoli, et al. (7), procedure was chosen 
because i t  uses ethyl ether, and the more volatile 
extracting solvent leads to shorter work-up time. 
Elimination of Mutual Interference.-Vitamins A 


and E interfere with each other in the colorimetric or 
spectrophotometric steps when an attempt is made 
to  apply the present official assay procedures to  
nonofficial preparations. 


The U.S.P. method for vitamin A uses a formula 
originally derived by Morton and Stubbs ( 8 )  t o  
correct for linear irrelevant absorption. The present 
formula (9) is: corrected A(3a) = 6.815 A ( a )  - 
2.555 Atalo) - 4.26 A(w). Although its absorption 
maximum is at 292 mp, a-tocopherol has some 
absorption a t  310, 325, and 334 (Fig. 1). Its effect 


Fig. 2.-Hydrogen 
ation apparatus. 


on the U.S.P. vitamin A assay is to increase slightly 
the uncorrected A(*%), but to decrease corrected 
A(m),  since its absorption is nonlinear in the region 
310 to 334 mp. 


Two general methods have been proposed for 
eliminating tocopherol interference so that vitamin 
A can be estimated accurately. Actual removal of 
vitamin E by partition chromatography on a column 
of Celite-polyethylene glycol 600 has been suggested 
(10). In another approach (11, 12). vitamin A is 
destroyed by washing an aliquot with 60% v/v sul- 
furic acid for use as a spectrophotometric blank. 


Tocopherol reduces ferric chloride, and the ferrous 
ions react with dipyridyl to form a red complex. 
However, vitamin A also reduces ferric chloride. 
When vitamin A is present, vitamin E assay results 
tend to be too high. 


Several methods have been suggested for destroy- 
ing or removing vitamin A so that vitamin E can be 
determined accurately. These include washing with 
85% v/v sulfuric acid (13), destruction of vitamin A 
with antimony trichloride (14), and hydrogenation 
(15). A number of procedures for chromatographic- 
ally separating vitamins A and E have been de- 
scribed in the literature. These have used stannous 
chloride treated Floridin (16). alkaline alumina (17), 
and kaolin (18). 


The use of hydrogenation in destroying vitamin A 
in the assay of vitamin E was described by Quaife 
and Biehler (15). Fox and Mueller (11) had used 
sulfuric acid to  destroy the vitamin A in part of the 
sample to  give a spectrophotometric blank used to 


RUBBER RUBBER 
KEIS 


EXHNIST ’ - 
Fig. 3.--Construction and operating details of 


hydrogenation apparatus. 
cancel the extraneous (nonlinear) absorption interfer- 
ing in the assay of vitamin A. We employed 
hydrogenation for this purpose instead of sulfuric 
acid. 


The apparatus we used is the same as that pre- 
viously described (15) with differences only in ex- 
ternal design. The apparatus and a hydrogen flow 
diagram are shown in Figs. 2 and 3. Hydrogen gas 
is bubbled through alcohol in the blank tube using a 
microporous dispersion tube. The gas saturated 
with alcohol vapor is bubbled through the sample in 
the sample tube. The exhaust gas passes through a 
pressure gauge and needle valve, allowing control of 
pressure in the system. In our work, 2 to 3 lb. 
hydrogen pressure was effective with 5 minutes 
hydrogenation time. 


Two aliquots are taken for hydrogenation and 
determination of the two vitamins. Vitamin E is 
measured directly in one hydrogenated aliquot by 
ferric chloride-dipyridyl. The other hydrogenated 
aliquot is used for a blank in determining vitamin A 
spectrophotometrically ; the sample for vitamin A 
determination is an unhydrogenated portion of this 
aliquot. Absorbance curves are shown in Fig. 4 for: 


15 


Fig. 4.-Absorbance 
curves for: (A) a mixture 
of vitamins A and E 8 
against an isopropanol 5 
blank; (B) the vitamin 2 
mixture against a hydro- 8 
genated blank; and (C) m 05 


the hydrogenated aliquot 
against isopropanol. 


340 zm m 


WAVELENGTH, mp 
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TABLE V.-MIXTU~ OF 50,OOO UNITS COMMERCIAL 
VITAMIN A PALMITATE AND 10 UNITS d-a- 


TOCOPHERYL ACETATE 


Ferric Chloride- 


u./Gm. Input Factor u./Gm. Input 


1,612,600 . . .  1.012 2754 . . .  
1,640,500 ... 1.022 2730 . .. 


---Vitamin A- Morton- Dipyridyl 
To of Stubbs % of 


No Hydrogenation 


_ I -  


Av. 1,626,550 104.0 1.017 2742 200.1 
With Hydrogenation 


1,558,460 . . . 1.012 1391 .. . 
1,540,050 , , . 1.004 1401 . . .  - -  


Av. 1,549,260 99.1 1.008 1396 101.9 


(a) a mixture of vitamins A and E against an iso- 
propanol blank, (b) the vitamin mixture against a 
hydrogenated blank, and ( c )  the hydrogenated 
aliquot against isopropanol. 


Several mixtures of vitamins A and E were pre- 
pared and assayed, using a common saponification 
and single extraction, followed by hydrogenation to 
avoid interference from each vitamin during the 
measurement of the other. These mixtures con- 
tained both oil and dry vitamins A and E a t  various 
ratios of A to E. Results are shown in Tables V-XI. 
Recovery of the vitamins was based on assay values 
of the input materials shown in Tables I11 and IV. 


PROPOSED PROCEDURE 


In sampling for assay, use at least 10 I.U. of 
vitamin E since this facilitates dilution during later 
steps. Vitamin A concentration is less critical. 


Transfer the sample for assay to  a 125ml. low 
actinic saponification flask. Add 3 ml. of 50'% w/v 
KOH solution, displace the air in the k k  with 
nitrogen, attach an air condenser, and swirl the 
saponification llask over a steam bath for 2 to  3 
minutes. This aids in the release of vitamins from 
the solid matrix if present in a dry form. Add 50 
ml. of ethanol through the condenser and saponify 
for 20 minutes. Remove from the steam bath and 
add 4.5 Gm. ascorbic acid U.S.P. through the con- 
denser. (Caution: do not open the system until 
acidified!) Wash any ascorbic acid adhering to the 
sides of the condenser into the saponification flask 
with a small amount of water. Cool under tap 
water and transfer to a 500-ml. low actinic separator 
with 100 ml. of distilled water. Rinse the saponifica- 
tion llask with three 50-ml. portions of peroxide-free 
ethyl ether, combining these in the separator. 
Stopper, and shake vigorously to  mix the layers 
thoroughly. Allow the layers to separate; draw off 
and discard the aqueous layer. 


Wash the ether layer with 100-ml. portions of dis- 
tilled water to  neutrality as determined with phenol- 


TABLE III.-AssAY RESULTS ON VITAMIN A USED 
IN PREPARING VITAMIN A-E MIXTURES 


Commercial Dry Vitamin A Palmitate 
Morton-Stubhs 


U.S.P. XVI u./Gm. Pactor 
560,430 1.005 
561,030 1.025 


Av. 560,730 1.015 


1,565,440 1.005 
1.014 1,562,710 


Av. 1,564,080 1.010 


Commercial Vitamin A Palmitate 


- 


TABLE IV.-ASSAY RESULTS ON VITAMIN E' USED 
IN PREPARING VITAMIN A-E MIXTWS 


Dry d-a-To- 
copheryl Acetate 


d-p-Tocopheryl Acid d-a-Tocopheryl (Acacia Carrier). 
Succinate, u./Gm. Acetate, u./Gm. u./Gm. 


1190 1370 354 
354 1220 1370 


Av. 1205 1370 354 
__ _- __ 


Vitamin E determined hy ferric chliiricle-dipyridyl 
method on unsayonifiable fraction. 


TABLE VI.-MIXTURE OF 25,000 UNITS COMMERCIAL. 
VITAMIN A PALMITATE AND 10 UNITS d-a- 


TOCOPHERYL ACETATE 


Ferric Chloride- 


u./Gm. Input Factor u./Gm. Input 


1,559,580 . . .  0.964 2130 .. . 
1,501,520 ... 0.930 2350 ... 


-Vitamin A- Morton- Dipyridyl 
To of Stubhs % of 


No Hydrogenation 


- -  
Av. 1,530,550 97.9 0.947 2240 163.5 


With Hydrogenation 
1,573,540 ... 1.009 1396 ... 
1,564,130 . . .  1.038 1453 . .  . - -  


Av. 1,568,840 100.3 1.024 1425 104.0 


TABLE VII.-MIXTURE OF 50,ooo UNITS COM- 
MERCIAL DRY VITAMIN A PALMITATE AND 10 


UNITS DRY ~-~-TOCOPHERYL ACETATE 


Ferric Chlonde- 


u./Gm. Input Factor u./Gm. Input 


-Vitamin A- Morton- Dipyridyl 
% of Stubbs % of 


No Hydrogenation 
538,980 . . . 0.967 385 . . . 
539,990 . . . 0.958 466 . . . - -  


Av. 539,490 96.2 0.963 426 120.3 
With Hydrogenation 


544,730 . . . 0.989 370 .. . 
553,810 . . .  0.993 357 . . . - -  


Av. 549.270 98.0 0.991 364 102.8 


phthalein. Filter the ether extract through anhy- 
drous sodium sulfate and reduce the volume to 10 to 
20 ml. in a stream of nitrogen. Warm gently to  aid 
solvent removal, but avoid overheating. Dilute the 
extract to  50 ml. with ethyl ether in a volumetric 
flask. Dilute aliquots from the master solution for 
assay as follows. 


Vitamin E.-Prepare a solution of the unsaponi- 
fiable fraction in ethanol containing approximately 
0.2 units vitamin E per milliliter. Transfer about 
10 ml. of this solution to a 50-ml. centrifuge tube, 
and add approximately 20 mg. of catalyst (570 
palladium on calcium carbonate.') Stir with a glass 
rod, and hydrogenate for 5 minutes a t  2 to 3 Ib. 
~ 


I Baker and Co , Inc., Newark .j, N. J .  
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TABLE VIII.-MIXTURE OF 25,000 UNITS COM- 
MERCIAL DRY VITAMIN A PALMITATE AND 10 


UNITS DRY ~-~-TOCOPHERYL ACETATE 


Ferric Chloride- 


% of Stubbs % of 
u./Gm. Input Factor u./Gm. Input 


-Vitamin A- Morton- Dipyridyl 


No Hydrogenation 
553,890 ... 0.974 
522,810 . . . 0.939 - 


Av. 538,850 96.1 0.957 
With Hydrogenation 


529,840 . . .  1.004 
543,190 . . .  1.038 - 


Av. 536,520 95.7 1.021 


534 . . .  
470 . . , - 
502 141.8 


333 . .  . 
371 . . . 
352 99.4 


TABLE IX.-MIXTURE OF 50,000 UNITS COM- 
MERCIAL DRY VITAMIN A PALMITATE AND 10 


UNITS d-a-TOCOPHERYL ACID SUCCINATB 


Ferric Chloride- 
-Vitamin A- Morton- --Dipyridyl- 


% of Stuhbs 7% of 
u./Gm. Input Factor u./Gm. Input 


No Hydrogenation 
561,010 . .. 0.992 2856 .. . 
527,880 . . . 0.954 3096 . . . - -  . . .  -- 


Av. 544,450 97.1 0.973 2976 247.0 
With Hydrogenation 


551,620 . . .  1.055 1277 . . .  
552,890 . . .  1.049 1302 . . . 
-- - -  


Av. 552,260 98.5 1.052 1290 107.1 


TABLE X.-MIXTURE O F  25,000 UNITS COM- 
MERCIAL DRY VITAMIN A PALMITATE AND 10 


UNITS ~-~-TOCOPHERYL ACID SUCCINATB 


Ferric Chloride- 
-Vitamin A- Morton- rDipyridy1- 


% of Stuhbs % of 
u./Gm. Input Factor u./Gm. Input 


467,990 . .. 0.919 2336 . . . 
551,110 . . . 0.965 2097 . .  . 


No Hydrogenation 


- -  
Av. 514,050 91.7 0.942 2217 184.0 


With Hydrogenation 
551,810 . . .  1.045 1270 . . . 
529,900 ... 0.984 1210 .. . - -  


Av. 540,860 95.6 1.015 1240 102.9 


pressure. Centrifuge until the solution is clear and 
proceed with the determination of vitamin E by 
ferric chloride-dipyridyl assay.* 


Vitamin A.-Prepare a solution of unsaponiiiable 
fraction in isopropanol containing approximately 10 
units vitamin A per milliliter. Hydrogenate a por- 
tion of this solution as above. Centrifuge and use 
this as a reagent blank. Use an unhydrogenated 
portion of the isopropanol solution as the sample for 
assay. Determination and calculation of vitamin A 
from this point is by the U.S.P. procedure (2). 
Since vitamin E is not hydrogenated at the condi- 
tions used here, both ssmple and hydrogenated 
blank contain the same amount of vitamin E. 


1 Adaptation3 of official vitamin E assay procedures for 
“unofficial” products are discussed by Lehman (19). 
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Vitamin E in the blank cancels out the vitamin E in 
the sample, allowing accurate measurement of the 
vitamin A. This is illustrated in Fig. 4. 


RESULTS AND DISCUSSION 
The results obtained using the proposed procedure 


on a variety of mixtures of vitamins A and E 
representing combinations that might be encoun- 
tered in finished pharmaceutical dosage forms are 
presented in Tables V-XI. 


The modifications introduced into the saponifica- 
tion and extraction technique (use of ascorbic acid 
instead of hydrochloric and use of a single ether 
extraction instead of three or four) have not pre- 
vented quantitative recovery of both vitamins. 
Hydrogenation was effective both for preventing 
interference of vitamin A in the dipyridyl assay for 
vitamin E and the interference of vitamin E in the 
spectrophotometric assay for vitamin A. 


The need for hydrogenation and its degree of 
effectiveness is seen by comparing the data on per 
cent recovery in Table XI1 with those in Table XIII. 
This comparison shows that without hydrogenation, 
assays for vitamin E appear to be falsely high when 
vitamin A levels are high, and that assays for vita- 
min A tend to be falsely low when vitamin E levels 
are high. Both defects are overcome by the hydro- 
genation step in the procedure as outlined. 


CONCLUSIONS 
The assay of vitamins A and E in mixtures has 


been simplified by employing a common saponifica- 


TABLE XI.-MIXTURE OF 5,000 UNITS COMMERCIAL 
VITAMIN A PALMITATE AND 100 UNITS d-a- 


TOCOPHERYL ACETATE 


Ferric Chloride- 
--Vitamin A- Morton- YDipyridyl- 


Yo of Stubbs % of 
u./Gm. Input Factor u./Gm. Input 


No Hydrogenation 
1,056,530 . .  . 0.656 1390 .. . 
1,066,490 .. . 0.660 1390 ... - -  


Av. 1,061,510 67.9 0.658 1390 101.5 
With Hydrogenation 


1,564,850 . .  . 1.070 1390 . . .  
1,564,850 . . .  1.098 1400 . . .  - -  


Av. 1,564,850 100.1 1.084 1395 101.8 


TABLE XII.-RECOWRY OF VITAMINS A AND E 
WITHOUT H Y DROGENATION 


I Input 
Vitamin Vitamin E 7% Recovery- 
A Units Units Vitamin A Vitamin E 
50,OOO 10 (oil, 104.0 200.1 


(oil) acetate) 
25.000 10 (oil. 97.9 163.5 


(oil) acetate) 


(dry) acetate) 


(dry) acetate) 


50,000 lO(dry, 96.2 120.3 


25,000 lO(dry, 96.1 141.8 


50,000 10 (succinate) 97.1 247.0 


25,000 10 (succinate) 91.7 184.0 
(dry) 


( d w )  


(oil) acetate) 
5,000 100 (oil. 67.9 101.5 
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T A B L E  XIII.--RECOVERY OF VITAMINS A AND E 


USING PROPOSED PROCEDURE 
smaller ones) in a simplified procedure for the assay 
of these two vitamins in mixtures. The proposed 
assay is valid for a number of typical mixtures. Inout 


Vitamin 
A Units 
50,000 


(oil) 
25,000 
(oil) 


50,000 
(dry) 


25,000 
(dry) 


50,000 
(dry) 


25,000 
(dry) 


5,000 
(oil) 


~~ 


~ Vitamin E -% Recovery- 
Units Vitamin A Vitamin E 


10 (oil, 99.1 101.9 


10 (oil, 100.3 104.0 


10 (dry. 98.0 102.8 


10 (dry. 95.7 99.4 


acetate) 


acetate) 


acetate) 


acetate) 
10 (succinate) 98.5 107.1 


10 (succinate) 96.5 102.9 


100 (oil, 100.1 101.8 
acetate) 


tion which allows good recovery of both vitamins. 
The key change from previous procedures is the 
substitution of ascorbic acid for hydrochloric acid in 
acidifying the saponification mixture before extrac- 
tion. 


Hydrogenation is effective in removing the  mutual 
interference of vitamins A and E upon each other. 


These two new improvements have been combined 
with one previously described (using a single large 
volume of ether for extraction rather than several 
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Pinacol Rearrangement of Phenaglycodol I 
Characterization of Products Produced 


By HUBERT 


HENACLYCODOL~ is one of a series of anti- 
convulsant ethylene glycols described by 


Mills, et al. ( l ) ,  which has been evaluated in 
the clinic as an anticonvulsant and neuro- 
sedative agent by Gruber and Mosier (2). This 
compound is characterized by a somewhat per- 
sistent bitter taste. In the hope of obtaining a 
product with a sufficiently improved taste to per- 
mit the convenient administration of phena- 
glycodol in liquid preparations, several attempts 
were made to prepare derivatives of this glycol. 


All attempts to esterify one or both of the 
hydroxyl groups with acid anhydrides or acid 
chlorides were fruitless, even when special meth- 
ods developed for tertiary hydroxyl groups were 
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carried out. Likewise, all efforts at trans- 
esterification with a number of commonly used 
catalysts and attempted etherifications were un- 
successful. I t  was observed that a character- 
istic odor developed in those instances in which 
acidic conditions were maintained during at- 
tempted esterification. Moreover, it  was diffi- 
cult to recover the unreacted phenaglycodol 
in crystalline form from these experiments. The 
possibility of a pinacol rearrangement was con- 
sidered, and a typical odoriferous reaction mix- 
ture was treated with 2,4-dinitrophenylhydrazine 
reagent. The presence of a ketone was revealed 
by the separation of an orange, crystalline 2,4-di- 
ni trophenylhydrazone. 


Further experimentation furnished a sub- 
stantially quantitative method of converting 
phenaglycodol into a ketone by refluxing the 
glycol with 10% sulfuric acid. The ketonic 
liquid obtained was immediately subjected to 
careful fractionation at reduced pressure. The 
main component was 2-methyl-2-(p-chloro- 
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the basic physical systems involved in the formula- 
tions under study. A few shrewd observations 
early in the game will often save a great deal of 
trouble and effort later on. 


( r )  When using heat toaccelerate a physical aging 
process in a heterogeneous preparation, it should 
be remembered that the system a t  elevated tem- 
peratures is different from the system a t  room 
temperature; consequently, extrapolation to room 
temperature stability must be done with care and 
caution. 


(d) The analytical method employed to study 
disperse systems (suspensions, etc.) must not be too 
harsh because the disturbed system may have little 
or no relationship to the system as it sits on the shelf. 


A change in pH can often have a profound 
effect on physical stability; consequently, all 
physical stability data should include periodic 
measurement of pH whenever possible. 


One of the most important aspects of physical 
stability-physiological availability of the active 
ingredient-is often the most neglected. All 
good stability studies should include in vitro tests 


(e) 


(I) 
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(dissolution rate, etc.) that will help detect when 
changes in in vivo absorption characteristics are 
likely to occur. 


Before final approval is given to the physical 
stability of any product, it should be taken home and 
used just as a patient would use it (without actually 
taking the medication). This “home trial” often 
reveals physical stability problems that never arise 
in the laboratory, 


(g) 
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Assignment of the N-Methyl Hydrogen NMR Peaks of Caffeine 
By THOMAS G. ALEXANDER and MILLARD MAIENTHAL 


The NMR spectrum of caffeine exhibits a separate peak for each of the three N- 
methyl groups. Assignment of each peak to a specific N-methyl group was made by  
comparison of the spectrum of caffeine with those of two caffeine homologs, in each 


of which one of the N-methyl groups is replaced with an N-ethyl group. 


N THE nuclear magnetic resonance spectrum of I caffeine published by Bhacca, et al. (l) ,  N-methyl 
hydrogen peaks are shown a t  6.60, 6.41, and 5.99 
p.p.m. However, there is no specific assignment of 
these to the 1. 3, and 7 positions. We undertook 
this study to make such assignments. 


The N-methyl hydrogen peaks of caffeine can be 
selectively removed from the spectrum by (a) the 
substitution of the methyl hydrogen atoms with 
deuterium atoms, (b) the substitution of methyl 
groups with ethyl groups, or ( 6 )  the substitution of 
methyl groups with hydrogen atoms. The last tech- 
nique might result in a significant difference in the 
chemical shift of the remaining N-methyl hydrogen 
peaks from the corresponding ones of caffeine, since 
a hydrogen atom would have considerably less in- 
ductive effect upon the rings than a methyl group. 
Because it was more convenient to synthesize two of 
caffeine’s higher homologs than to prepare the par- 
tially deuterated caffeines, the second approach was 
used. The homologs were synthesized by treating 
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theobromine and theophylline with ethylating 
agents. Samples of these compounds and of caffeine 
were dissolved in deuterated chloroform and their 
NMR spectra were obtained (Fig. l).l Tetra- 
methylsilane was used as an internal reference 
standard. 


Caffeine- 1,3,7-Trimethylxanthine).-Eastman’s 
white label was used. 


Ethyltheobromine - (3,7 - Dimethyl -1 - ethylxan- 
thine).-The sample was prepared by the method of 
Rodionov (2). When recrystallized from water, the 
product melted at 161-163”. 


Ethyltheophylline - (1,3 - Dimethyl - 7 - ethylxan- 
thine).-The sample was prepared by a modification 
of Schmidt’s method (3). One gram of theophylline 
and 2 ml. of ethyl sulfate were refluxed in 20 ml. of 
5% NaOH for several hours. The solution was kept 
basic during the refluxing by the addition of 5% 
NaOH. The product, when extracted with chloro- 
form and recrystallized from water, melted at 150- 
151’. (Schmidt reported a value of 154O.) 


As anticipated, the spectra of each of the caffeine 
homologs consisted of two sharp N-methyl peaks, a 
triplet, a quartet, and a single olefinic hydrogen 


1 A model A-60 Varian NMR spectrometer was used in 
these studies. 
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Fig. 1.-NMR spectra. 


TABLE I.-ASSIGNBD C ~ s a a w  SHIFTS IN TAU UNITS 


-afitinc----- 
Reported Observed Ethyltheobromine Ethyltheophylline 


0 N-Methyl hydrogens at 1 ... 6.60 . . .  6.58 
0 0.42 6.40 N-Methyl hydrogens at 3 ... 0.41 
a 5.98 N-Methyl hydrogens a t  7 ... 5.99 ... 


N-Ethyl hydrogens a t  1 
Methyl triplet ... ... 8.74 ... 
Methylene quartet ... ... 5.89 ... 


N-Ethyl hydrogens at  7 
Methyl triplet ... ... ... 8.46 
Methylene quartet ... ... . . .  5.01 


Olefinic hydrogens 2.40 2.44 2.44 2.38 


O Unassigned A'-methyl hydrogen peaks are shown at 6.88, 6.41, and 6.80 p.p.m. (1). 


peak. The triplets and quartets result from the 
spin-spin interaction of the methyl and methylene 
hydrogens of the N-ethyl groups. The introduction 
of the methylene groups into the molecule causes 
very little change in the observed chemical shifts of 
the remaining N-methyl hydrogens. Thus, the 
technique chosen proved to be satisfactory for the 
interpretation of the caffeine spectrum, and it may 
prove valuable in similar problems of interpretation.' - Common to all three spectra was a sharp line 
between 6.40 and 0.42 p.p.m. This was assigned 
to position 3 since there is an N-methyl group at this 
position in each of the compounds. The other 
assignments are presented in Table I. 


2 The work of Graham and Rogers (4) and of Brey and 
Jones (5) shows that this technique would not work m the 
spectra interpretation of derivatives of cydopropnne and 
pyrPzoline. 


It is particularly interesting to note that the N- 
methyl hydrogens of position 1 resonate at a higher 
field strength than do those a t  positions 3 and 7. 
Also. the N-ethyl hydrogens of ethyltheobromine 
resonate a t  higher field strengths than those of 
ethyltheophylline. There appears to be a greater 
degree of magnetic shielding for those groups at 
position 1 than for those a t  position 7. 
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8-Alkoxyquinolinium and 8-Alkoxy-N-alkylquino- 
linium Salts and Their Antibacterial Activity 


By WILLIAM 0. POYE and JAMES R. MARSHALL* 


A series of 8-alkoxyquinolinium hydrobromides and 8-alkoxy-N-alkylquinolinium 
quaternary iodides has been synthesized. Quaternization of the 8-allcoxy ethers 
was difficult or impossible with alkyl groups larger than ethyl. The quaternary 
salts showed characteristic antibacterial activities lower than that from 8-hydroxy- 
quinoline itself. The lower ethers had antibacterial activities which showed more 


variation with liposolubility and may be attributed to metal ion complexation. 


LBERT'S PROOF that 8-hydroxyquinoline (ox- A ine) exerts its antibacterial activity as a 
result of its metal-binding ability (1) may now be 
considered as classical, although several investi- 
gators have disagreed, at least in part, with this 
postulation (2u,b). One of the more convincing 
bits of evidence advanced by Albert in favor 
of a metal-binding mechanism was the lack of 
antibacterial activity of oxine derivatives unable 
to chelate metal ions, notably the O-methyl and 
the N-methyl derivatives. Other reports from 
the literature, however, state that 8-alkoxy de- 
rivatives and N-alkyl quaternary salts of oxine do 
possess antibacterial activity (3). To resolve 
this apparent discrepancy, a series of 8-alkoxy 
ethers and N-alkyl quaternary derivatives of 
oxine covering a range of liposolubilities has been 
synthesized and tested for activity against sev- 
eral microorganisms. It was believed that any 
activity found should vary widely with lipo- 
solubility if the derivatives were acting as metal- 
binding agents, as already shown by Albert (4) 
for oxine derivatives but would show only small 
changes with varying liposolubilities if t h t  deriva- 
tives were behaving as quaternaries. 


The formation of an 8-alkoxyquinoline was 
first reported in 1881 by Bedall and Fischer (5) 
by reaction of oxine with methyl iodide in aka -  
line solution. Other short chain 8-alkoxyquino- 
lines have since been prepared by this procedure 
or by the Skraup synthesis (6), although Kuhn 
and Westphal (5) have reported 8-dodecoxy- 
quinoline and its methyl methosulfate. The 
first reported quaternization of oxine was by 
Ciaus and Howitz (8), who prepared the N- 
methyl and N-methyl-8-methoxy iodides in a 
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sealed tube at 100'. Vis (9) also reported the 
8-ethoxy ether and its ethiodide at the same time. 
Dialkyl sulfates have also been used to prepare 
both the ether quaternary salts and the 8-alkoxy 
ethers (10). The quaternary derivatives of 
oxine reported have generally been the methyl, 
ethyl, or allyl, although Ioffe and Selezneva (1 1) 
recently reported the octyl and hexadecyl iodides 
of oxine from reaction in sealed tubes a t  110'. 
However, the latter derivative was impure. 


DISCUSSION 
The 8-alkoxyquinolines reported here were pre- 


pared by refluxing the sodium salt of oxine and the 
appropriate alkyl halide, generally the iodide, in 
absolute ethanol. Exclusion of water from the 
reaction was necessary. After neutralization and 
distillation, the resulting oils were converted to 
stable hydrobromides. Crystallization of the hy- 
drobromides was accomplished by a variety of 
methods, including repeated crystallization attempts 
from anhydrous ether or other anhydrous solvents, 
removal of moisture by azeotropic distillation, or 
freezing. Recrystallization could then be carried 
out in absolute ethanol. 


Quaternization of oxine with alkyl iodides was at- 
tempted under pressure at  100". The methyl and 
ethyl derivatives were obtained in quantitative 
yield, but the reaction failed with longer chain io- 
dides. Albert (12) has claimed that quaterniza- 
tion of pyridine and quinoline occurs readily with 
methyl, allyl, or benzyl iodides but more reluctantly 
with ethyl or higher iodides. He stated further 
that difficult quaternizations may sometimes take 
place in refluxing nitrobenzene. When this solvent 
was utilized in the reaction with butyl iodide, a 
solid product was obtained which gradually de- 
composed over a 10-day period. The solid was 
found to be the hydroiodide of oxine by comparing 
the melting point and Rf value to a freshly prepared 
sample. Reaction of oxine and butyl iodide in a 
Parr bomb at temperatures up to 250' produced 
8-butoxyquinoline hydroiodide which was charac- 
terized by conversion to the hydrobromide. 


Further identification of the two possible deriva- 
tives, the ether and the quaternary salt. was made 
by treatment of each with silver oxide. The ethers 
were converted to the oils already identified, whereas 
the suspected quaternaries gave solid hygroscopic 
hydroxides. In addition, infrared absorption spec- 
tra in KBr wafer gave clear evidence of both N- 
and O-alkylation. A diffuse H-bonding absorption 
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TABLE I.-OXINE ETHERS AND ETHER QUATERNARIES 


A. 8-AUroxyquinoline Hydrobromides 


No. 
1 
2 
3 
4 
5 
6 
7 


No. 
8 
9 
10 
11 
12 
13 
14 
15 
16 


PurifiCa- 
tion Pro- Yield, y - c ,  %- 


M.P., OC. cedureo % Formula Calcd. Found 
183kQ A 40 C,nHlnBrNO 60.02 49.52 ~- - - - - _ _  - - 
iegisj A 48 C;k;;BrNO 51.99 51.99 
200-202 A 54 CnHuBrNO 53.74 53.82 
178-180 B 60 Cl,HIaBrNO 55.33 54.56 
137-139 B 75 C&I&rNO 58.07 58.05 
105-107 B 71 C17HuBrNO 60.37 60.09 
70-72 C 68 C1eHmBrNO 62.29 61.88 


B. SHydroxy- and 8-Alkoxy-N-alkylquinolinium Iodides 


p+ IT I- 


Yield, --c, %- 
M.P.. 'C. % Formula Calcd. Found 


CHI 182-1846 100 Ci&pINO 41.83 41.86 
GHs 134-136' 100 CiiHitINO 43.88 44.22 


Rf 


~ ~~ .. 


CH; 166( s). 100 C;;HJINO 43.88 43.21 
GHS 168-170' 100 CiaHiJNO 47.43 46.48 
n-CtH, 133-135 25 Ci&JNO 50.43 51.55 
CHs 165(s) 100 C&I,aINO 48.99 47.94 
CHI 1371139 100 C;&INO 51.76 52.02 
CHa 117-119 100 ClsHisINO 54.16 53.36 
CHa 119-121 100 GJImINO 56.20 56.11 


---H. %- 
Calcd. Found 
4.20 4.74 
4.76 4.90 
5.26 5.63 
5.72 5.84 
6.50 6.81 
7.i5 7.08 
7.70 7.88 


---H. %- 
Calcd. Found 
3.61 4.22 
4.03 4.23 
4.03 4.69 
4.90 4.87 
5.64 5.61 
5.29 5.01 
5.97 6.06 
6.56 6.38 
7.08 7.04 


a A, repeated washing with hot anhydrous ether and cooling to 5". B, repeated washing with hot ethyl acetate and cooling 
A hydrate of this compound has bee: to 5 O .  


reported (8). m.p. 143' dec. 
C, azeotropic distillation with toluene and cooling to 5'. s = sublimed. 


d Reported (11) m.p. 129-132°. Reported (8) m.p. 180' dec. I Reported (9) m.p. 168-169 


band at 3000 cm.-' was observed in both oxine 
hydrobromide and the N-methiodide of oxine but 
was absent in the methyl ether of oxine. Absorp- 
tion due to N-CHI was found a t  1350 cm.-' in the 
methiodide but was missing in both oxine hydro- 
bromide and the methyl ether. 


Since the longer cham quaternary salts were diffi- 
cult or impossible to obtain in good yield or purity, 
a series of ether quaternaries of varying liposolu- 
bility was prepared. The length of the ether alkyl 
varied from methyl to decyl, while the quaternary 
alkyl was methyl in all cases. These compounds 
were easily obtained from the ethers described above. 
Attempts to obtain ether quaternaries with longer 
chain alkyls on the quaternary nitrogen gave the 
methyl methoxy iodide and the ethyl ethoxy iodide 
in quantitative yield but the propyl propoxy iodide 
in only 25% yield. Higher homologs of this type 
could not be obtained, probably because of steric 
hindrance. Construction of the Stuart-Briegleb 
molecular model of the 8-propoxy- N-propyl deriva- 
tive showed that quaternization of an oxine ether 
with an alkyl chain longer than two carbon atoms 
was attended with considerable steric strain. The 
various ethers, quaternary salts, and ether quater- 
naries prepared are described in Table I. 


Antimicrobial Activity-Generally, nonchelate- 
able derivatives of oxine of the ether or quaternary 
type have shown antibacterial activity of a lower 
degree than oxine itself (3). A series of methyl 


methosulfates of 8-alkanoyl esters of oxine reported 
by Vogt (3d) particularly did not show a high degree 
of antibacterial activity YCISUS E. coli or staphylo- 
cocci. Dorier ct al. (13) have stated that N-methyl- 
8-hydroxyquinolinium sulfate possessed no anti- 
bacterial activity, and Bahal c: al. (3c) reported 
that the methyl ether of oxine was inactive. 


The serial dilution procedure of McKee (14) was 
followed in determining the minimum inhibitory 
dilutions of the oxine derivatives prepared using 
five common microorganisms. These included Gram- 
positive cocci, a Gram-positive rod, Gram-variable 
rod, and Gram-negative rod. As shown in Table 11, 
the oxine derivatives were less effective than oxine 
itself. The best activity among the ethers was 
shown by the ethyl derivative, and the best activity 
among the quaternaries was shown by the N-methyl- 
8-octoxy derivative. Increase in alkyl chain length, 
either on the oxygen or nitrogen, generally appeared 
to lower the activity, except for the hexyl and 
octyl ethers and the N-methyl8-octoxy quaternary 
salt. A greater variation in activity with chain 
length is evident among the ethers, compared to the 
quaternary salts, and may be expected where a 
metal-binding mechanism of antibacterial activity 
is involved. 


The activity of the quaternary salts may be due to 
the cationic group, known to be antibacterial in a 
variety of compounds. The activity of the ether 
derivatives cannot immediately be explained as 
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TABLE II.-ANTIBACTERIAL ACTIVITIES OF THE OXINE DERIVATIVES 
. . - _. _- 


,- ___- Min Inhibitory Concn , 1 / M  - ____ - 
S anrcus Compd M S faecalts B subfrlrs B sreatolhcrmophrlc R crrculans 


Ouinc. HBr 42,500 42,500 42,500 42,500 42,500 
1 2,125 2,125 1,063 1,063 1,063 
2 8,500 8,500 4,250 4,250 2,833 
x 850 850 850 850 850 


2,833 
2,833 


850 


2,125 2,125 
2.833 4,250 


850 850 


2 ,  i25 
2,833 


850 


1,063 
1,214 


850 
x5o 850 850 850 850 


9 8% 850 850 850 850 
10 850 850 850 850 850 
11 1,417 1,417 1,417 1,417 1,063 
12 850 850 850 850 850 
13 1,063 1,063 1,063 1,063 1,063 
14 1,063 1,063 1,063 1,063 1,063 


8,500 8,500 8,500 
850 850 850 


15 8,500 
16 850 


8,500 
850 


due to either metal ion chelation or cationic activity. 
Pershchin and Vichkanova (36) claimed that their 
higher 8-alkoxyquinolines possessed antibacterial 
activity because of the membrane-disrupting effect 
of substances with long aliphatic chains. However, 
the methoxy and ethoxy ethers hardly qualify for 
this type of action, and a more likely explanation 
may be derived from a statement of Thilo and 
Demant (15). They claimed that residual valences 
were present in metal-oxine chelates, as shown by 
their ability to add hydrogen chloride. A corollary 
to  this postulation is that the oxine ethers may 
undergo weak metal binding analogous to oxonium 
salt formation. 


Accordingly, the ethers were tested with ferric 
chloride test solution, and a weak positive test for 
complexation was given in each case. In addition, 
1% ferric chloride solution was added to 0.1 N 
sodium hydroxide solution saturated with 8-ethoxy- 
quinoline and compared to  its reaction with 0.1 N 
sodium hydroxide solution alone. The latter solu- 
tion gave a copious precipitate of ferric hydroxide, 
whereas the former produced a dark, blue-green 
solution. Acidification discharged the color. This 
evidence may indicate that the lower oxine ethers 
may still undergo metal binding or complexation of 
a weak nature, and their antibacterial activity may 
be associated with this ability. 


The conclusion is that the antibacterial activities 
exerted by the oxine ether quaternaries are due to 
the positively charged nitrogen rather than to  a 
metal-binding effect. However, the latter mech- 
anism is a possibility with the oxine ethers because 
of their demonstrated ability to  prevent precipita- 
tion of ferric hydroxide from solutions of ferric ion 
and their variation in antibacterial activity with 
variation in alkyl chain length. 


EXPERIMENTAL. 


Melting points were taken on a Fisher-Johns or 
Mel-Temp block and are uncorrected. Carbon- 
hydrogen analyses were done by Weiler and Strauss, 
Oxford, England. 


Sodium 8-Quinolate.-One mole (145.15 Gm.) 
of 8-hydroxyquinoline was dissolved in 500 ml. of 
acetone. While the solution was stirred, a hot solu- 
tion of 40.01 Gm. (1.0 mole) of sodium hydroxide 
in 50 ml. of water was added slowly. Bright yellow 


crystals of sodium 8-quinolate precipitated im- 
mediately and were filtered, washed with acetone, 
and recrystallized from hot water. A yield of 
160.2 Gm. (90%) was obtained, m.p. above 300'. 


BAlkoxyquinoline Hydrobromides.-The follow- 
ing procedure is representative. A solution of 
sodium 8-quinolate (50.1 Gm., 0.3 mole). absolute 
ethanol (200 ml.), and iodomethane (42.6 Gm., 0.3 
mole) was stirred and refluxed for 6 hours. The 
alcohol was then removed by distillation through 
a short Vigreux column. The oily residue was 
treated with 20 ml. of 10% sodium hydroxide solu- 
tion, and the resultant two-phase system was ex- 
tracted with diethyl ether for 6 hours using a 
liquid-liquid continuous extractor. The ether ex- 
tract was distilled in vucuo to  remove the solvent, 
and the remaining viscous yellow oil was distilled 
in vucuo with an acetone-dry ice bath surrounding 
the receiver. The clear yellow oil was redissolved 
in diethyl ether and dried over anhydrous sodium 
sulfate for 24 hours. Anhydrous hydrogen bro- 
mide was passed into the filtered solution cooled in 
an ice-salt bath, and an ether-insoluble oil was iso- 
lated. The oil was crystallized by three washings 
with anhydrous diethyl ether and cooling to 5" 
and recrystallized from absolute ethanol. The 
yield of yellow-green solid was 28.8 Gm. (40%), 
m.p. 183' with sublimation. 


Anal.-Calcd. for CloHIoBrNO: C, 50.02; H. 
4.20. Found: C.49.52; H.4.74. 


8-Hydroxy- and 8-Alkoxy-N-alkylquinolinium Io- 
dides.-The following procedure is representative. 
8-Hydroxyquinoline (14.5 Gm., 0.1 mole) and 21.3 
Gm. (0.15 mole) of iodomethane were placed in a 
Parr bomb, capped and heated in a water bath 
at 100' for 1 hour. After the contents were cooled, 
precipitation of golden crystals occurred and was 
increased by the addition of 100 ml. of diethyl ether. 
The crystals were isolated, extracted with diethyl 
ether in a Soxhlet extractor for 2 hours, and re- 
crystallized from hot acetone-ethanol solution. A 
quantitative yield (28.5 Gm.) of product was ob- 
tained, m.p. 182-184". 


And-Calcd. for CloHIoINO: C, 41.83; H, 3.51. 
Found: C, 41.86; H, 4.22. 


Antimicrobial Testing 
Each compound was placed in a separate sterile 


100-ml. volumetric flask, and sterile nutrient broth 
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was added to the mark, giving */w M solutions. 
A 10.0-ml. portion of this solution was placed in 
each of five sterile test tubes inoculated with 0.5 
ml. each of a 24-hour nutrient broth culture of the 
following organisms : Streptococcus faecalis, Stuphylo- 
coccus aureus, Bacillus subtilis, Bacillus stearothermo- 
phile, and Bacillus carculans. The seeded test tubes 
were incubated for 24 hours at 37’. If growth was 
observed at the initial concentration of compound, 
no dilutions were made. If growth was not ob- 
served at this concentration, additional dilutions 
were tested by taking appropriate quantities of the 
stock solution of inhibiting compounds and adding 
sterile broth in the required amount. The tubes 
were examined visually for growth. Minimum in- 
hibitory concentrations, expressed as l/molarity are 
recorded in Table 11. 
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Effect of Procainesterase Levels on Duration of 
Procaine Local Anesthesia 


By H. B. DANIELL*, A. E. WADE, and F. FORD MILLIKAN 


This study originated with the observation that rabbit serums consistently exhibited 
low !evels of cholinesterase activity while havin variable levels of procainesterase 
activity. This hading enabled the authors to cfetermine the effects of procaines- 
terase on the duration of procaine anesthesia using a single species. On conducting 
double blind duration studies, an inverse correlation between serum procainesterase 
activity and duration of conduction anesthesia existed which was highly si niiicant 
(p < .001). Atropinesterase activity was present in the serurns of those rabtits that 
contained intermediate or high procainesterase activity but was not evident in the 
serums of rabbits exhibiting low procainesterase levels. This, cou led with the 
fact that atropine inhibited procaine hydrolysis, suggested that in rabtit serum pro- 


caine and atropine are hydrolyzed by the same enzyme. 


HUE THE LIVER is the chief site of enzymatic 
wdetoxication of drugs, other tissues in the 
body are capable of drug inactivation. Human 
blood seturn contains an enzyme capable of 
hydrolyzing acetylcholine and certain other 
choline esters (1). This enzyme is also responsi- 
ble for the hydrolysis of the local anesthetic 
procaine (2) and other noncholine esters (3). 
Serums of other species appear to contain esterases 
that differ from those in human serum (4-8). 
Sawyer (9) reported the presence of an esterase 
in guinea pig and rabbit liver which hydrolyzes 
benzoylcholine but is not concerned with acetyl- 
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choline hydrolysis. A similar enzyme has been 
found in the plasma of rabbits (6). 


The serum of certain rabbits exhibits atropin- 
esterase activity, while that of others does not 
(10). This enzyme is also capable of deacetylating 
some derivatives of morphine (1 1) and hydrolyzing 
several a&yl and aryl esters (12). It appears to 
be daerent from cholinesterase (12, 13). 


Kalow (2) suggested that an inverse correlation 
existed between the duration of action of certain 
local anesthetics and their speed of hydrolysis 
in Vitro by human serum cholinesterase. It was 
the purpose of this investigation to determine the 
correlation between serum procainesterase ac- 
tivity in vitro and duration of procaine local 
anesthesia in vivo and to determine if any rela- 
tionship exists between the activities of pro- 
cainesterase, acetylcholinesterase, and atropin- 
esterase in the serum of rabbits. 








Corn munications- 


Synthesis of 
dl- 0-Methylarmepavine 


Sir: 


In a continuation of studies on the alkaloids of 
Magnolia acuminata L. (1, 2), what appears to 
be the first isolation and characterization of 
d-0-methylarmepavine from plant was reported. 
For purposes of comparison, a reference sample 
of the alkaloid was required. The dl form of the 
base was synthesized by a method differing from 
that reported by Marion et al. (3) and Tomita and 
Yamaguchi (4). 


In a series of five steps, Marion and co-workers 
obtained mepavine starting from homo- 
veratrylamine and 4-nitrophenylacetyl chloride. 
The phenolic base was methylated with diazo- 
methane to yield dl-0-methylarmepavine, m.p. 
92'. Tomita and Yamaguchi (4) condensed 
homoveratrylamine with 4 - benzyloxyphenyl- 
acetyl chloride to yield armepavine in a series of 
four steps. Methylation of the phenolic alkaloid 
with diazomethane yielded its 0-methyl ether, 
m.p. 62'. Since the melting point of this syn- 
thetic compound and that reported by Marion 
and co-workers was different, Tomita and Yama- 
@chi considered erroneous the melting point of 
92' for dl-0-methylarmepavine. 
In our synthesis of dl-0-methylarmepavine, 


homoveratrylamine (I) and 4-methoxyphenyl- 
acetyl chloride (11) were condensed to yield the 
amide (111), m.p. 126-128' [reported m.p. 
123.5' ( 5 ) ] .  Cyclization of I11 under Bishler- 
Napieralski conditions (4), using phosphorus 
oxychloride and toluene, yielded from the reaction 
a white product (IVa), m.p. 145-147' (petroleum 
etherchloroform). This product was shaken 
with water, basified with ammonia, and ex- 
tracted with chloroform in an atmosphere of 
nitrogen. The chloroform extracts, on evapora- 
tion, yielded presumably IV as a syrupy mass. 
The mass was treated with methyl iodide to ob- 
tain the methiodide (V), m.p. 126-128' (petro- 
leum ether-chloroform). The methiodide (V) 
was reduced with zinc and hydrochloric acid to 
yield, after basifying with ammonia and ex- 
traction with chloroform, a light brown mass. 
Crystallization of this mass using ether-petroleum 
ether gave a colorless compound (VI), m.p. 
60-61'. The compound was left overnight in 
UUGUO (0.500 mm. pressure) and the melting point 


CH30 NH, C H P  
I 


CH30 
I1 


VI w 


again recorded. The compound (VI) now melted 
at 89-90'. This change of -30' in melting point 
was again observed when a second crop was ob- 
tained and left in vucuo as previously. 


Reduction of methiodide (V) was also per- 
formed with sodium borohydride in methanol (6) 
to afford a yellowish product. Crystallization of 
this product with benzene-petroleum ether and 
seeding with crystals, m.p. 89-90', from zinc 
hydrochloric acid reduction yielded VI, m.p. 
89-90'. 


The synthetic d-0-methylmepavine, m.p. 
89-90', yielded a crystalline picrate, m.p. 172- 
173' [reported m.p. 170-172' (7)], and the 
methiodide, m.p. 138-139' (softens 135') [re- 
ported 135136' (3)j. The I.R. spectra of this 
methiodide and methiodide prepared from au- 
thentic l-0-methylarmepavine were identical. 
Paper, thin-layer, and gas-liquid chromatographic 
data and I.R. and U.V. spectra of the crystalline 
dd0-methylmepavine, m.p. 89-90', were iden- 
tical to authentic I-0-methylmepavine. The 
NMR spectrum of the synthetic compound, m.p. 
89-90', was the same as that of d-0-methyl- 
mepavine isolated from M. acumimta leaves 
(2). 
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And-Calcd. for CmHssNO3: C, 73.36; H, 
7.70 N, 4.28. Found: C, 73.80; H, 7.86; N, 
4k2.  


In a separate experiment, preparation of 
Schiff base (IV) was attempted under the follow- 
ing conditions. 


The white product (IVa) was shaken with 
water, basified with ammonia, and extracted with 
benzene. The benzene extracts, on evaporation, 
yielded a light orange mass. A colorless 
crystalline compound, m.p. 101-102° [Ama,. 
226 m p  ( C  23,400), 290 (20,600); on addition of 
dilute hydrochloric acid, the peaks shifted to 248 
(14,720), 308 (18,900), and 373 (10,500)] was 
isolated from the product. The I.R. spectrum of 
the compound indicated a carbonyl peak a t  1667 
an.-’. An A& system in the NMR 6 = 8.04 
and 6.98 p.p.m. also suggested the presence of an 
anisoyl moiety. The presence of 3,4-dihydro- 
jsoquinoline was shown by a four proton com- 
plex near 6 = 2.8. This compound yielded a 
semicarbazone, m.p. 200-202°, and the picrate, 
m.p. 22%230° dec. (darkens 220’). Evidently 
the reported (8-1 1) aerial oxidation of l-benzyl- 
3,4-dihydroisoquinoline (IV) to I-benzoyl-3,4- 
dihydroisoquinoline (VII) had occurred during 
extraction from alkaline solution with benzene. 


Anal.-Calcd. for ClgHlgNOI: C, 70.14; H, 
5.89; N,  4.31. Found: C, 70.58; H, 5.i9; N, 
4.06. Mol. wt. 325.35. Found: 324 ( 3 ~ 4 )  (vapor 
pressure osmometer) . 


Govindachari and Nagarajan (13) reported 
preparation of VII by oxidizing an alcoholic solu- 
tion of IV  by prolonged exposure to air or with 
iodine. The melting points reported for the base 
(VII) and its picrate were 110-112° and 220’ 
dec., respectively. 


The observation of the change in the melting 
point of the dl-0-methylarmepavine indicates 
that the alkaloid exists in polymorphic forms. 


EtOH 


Journal of Pharmaceutical Sciences 


This alteration in the melting point might ex- 
plain the discrepancy in the melting point of 
synthetic 0-methylmepavine, m.p. 92O, re- 
ported by Marion et al. (3) and for & form of the 
alkaloid, m.p. 62O, synthesized by Tomita and 
Yamaguchi (4). 


Details of the synthesis reported here will be 
published at  a later date. 
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of freshly distilled acetic anhydride and allowed to 
stand in the dark for 2 days. The volatile products 
were then removed under vacuum, and the last traces 
of acetic acid were removed by azeotropic distilla- 
tion with xylene. The remaining oil was distilled 
under vacuum, b.p. 133-135’/0.5 mm., yield 400/o. 
(See Table I1 for physical constants, yields, and 
analyses.) 
Partition CoefBcients.-The partition coefficients 


of both the 3-alkylsydnones and the 3,4-dialkylsyd- 
nones were obtained between water saturated n-amyl 
alcohol and n-amyl alcohol saturated water. Several 
concentrations of each compound in water saturated 
n-amyl alcohol were equilibrated a t  23” with varying 
quantities of n-amyl alcohol saturated water. The 
concentration in the n-amyl alcohol before and after 
equilibration wi th  the aqueous phase was determined 
from the ultraviolet absorption at the maximum. 


3ournat‘of Phurniuceutual SciencLs 


An average of at least four determinations for each 
compound was used. (See Table 111). 


Determination of CD, Values.--The same pro- 
cedure previously referred to (5) was used to deter- 
mine the CDm values. The CDu values for the 3-al- 
kylsydnones were reported in a previous communica- 
tion ( 2 ) .  (See Table 111). The partition coefficient 
versus CD, values are graphically portrayed in 
Fig. 1. 
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Color Reactions of Veratrum Alkaloids with 
Sulfuric Acid and Sulfuric Acid Reagents 


By HORACE D. GRAHAM1 


Veratrum alkaloids, when treated with concentrated sulfuric acid, or “sulfuric acid 
reagents” give red, purple, yellow, or violet with characteristic absorption maxima. 
This reaction can be used as the basis of a simple, rapid colorimetric method for 
the determination of isolated samples of this class of alkaloids. The  final concentra- 
tion of sulfuric acid is very critical for maximum color development and, since color 
intensity is decreased if water is resent to the extent of greater than 1 per cent, an 
anhydrous medium is recommenied for maximum development. The  typical color 
is best obtained when ethyl alcohol or methyl alcohol is used as the solvent for the 
alkaloids. Exce t for hydrochloric acid, no color is obtained with acids other than 
sulfuric. After [eating for several minutes in hydrochloric acid, some color devel- 
oped, but the intensity was always much less than that produced after treatment of 
the same amount of alkaloid with sulfuric acid. Inorganic salts, sodium benzoate, 
and glucose, above certain limiting concentrations, will interfere with color 


development. 


ONSIDERABLE INTEREST has developed in C the veratrum alkaloids because of their 
potent hypotensive action. This was forcibly 
emphasized by Kupchan ( I ) ,  who recently re- 
viewed the hypotensive veratrum ester alkaloids, 
paying particular attention to the relationship 
between structure and hgpntensive activity. 
However, despite tlteir growiFtg iiitl)i)rteiic~e i n  
medicine a r i d  pliar~iiacciI(igy, siitiplc, rapid 
methiids for t l t r  qualititativc assay of veratruni 
alkaloids arc still lackiiig. As far as can I)c 
ascertained, present methods of detection arid 
assay involve mainly biological means such as 
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the pigeon emetic response or intricate physical, 
chemical, or other methods (2-18). Dadlez. 
et al. (19), reported on the color reactions of 
alkaloids, including veratrine, with sulfuric acid 
and sulfuric acid in combitlation with several 
other reagents such as Furfural, p-dimethyl- 
aiiiinobenzaldehyde, and vanilliii. hloraes arid 
Palma ( 2 0 )  employed both concwitrated nitric 
acid and conceiitratcd sulfuric ;i&l i l l  studyill:: 
the color reactions o f  several alkalciids iiirludinK 
veratriitc, following separation of the alkaloids 
by paper chroniatography. Mandeliii reagent 
(concentrated sulfuric acid plus formalin) and 
F r k h d e  reagent (concentrated sulfuric acid plus 
ammonium molybdate) were also used. 


Reference has been made (21) to  the red, pur- 
ple, or violet developed by certain veratrum 
alkaloids on treatment with concentrated sulfuric 
acid. Since alkaloids of many other classes do 
not give these colors, a study of the reaction 
was undertaken to  delineate those factors which 
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TABLE I.-COLORS PRODUCED BY VERATRUM ALKALOIDS AND OTHER ALKALOIDS WITH SULFURIC ACID AND 
SULFURIC ACID REAGENTS 


Reagent No.”? 
Alkaloid Tested I 2 3 4 5 


Veratrine sulfate R P P R R 
Veriloid oowder Pk-Y P P R-Br Pk-0 
Total aldaloids of Verafrum vir& Pk-Y Br-Y Br-Y R-Br Pk-0 
Jervine Y Y Y-Br G-Y Y 
Protoveratrines A and B P-Pk P P R Pk 
Protoveratrine A Pk-P P P P Pk 
Protoveratrine B 
Cevadine 
Veratridine 
Veratrine alkaloid 
Alpha veratrine 
Veratramine 
Veratric acid 
Tomatine 
Tomatidine 
Solanine 


P P Pk-P P R 


R P P K R 
Y Y-Br G-Y R-Br Y-G 
NC NC NC Y Y 
Y -  B r- P Br G-Br 
Y G-Br P R G-Y 
Y Y-G Br 0-Br G-Y 


Conessine Y Y Y Y G Y  
Colchicine Y Y Y Y G-Y 
Sitosterol acetate Y P-Br P-Br 0-Br G Y  
Stigmasterol 0 P-Br P-Br 0-Br Br 
Cholesterol 0-Y Br R-Br 0-Br 0-Br 
Ergosterol 0-Br Br P-Br Br 0-Br 
Digitonin Y Br Y 0-Br 0-Br 
Reagent blank NC NC NC NC Y 


0 I ,  Concentrated HISO,: 2. concentrated H&O4 + FeCIa; 3, concentrated H&O, 4- FeNH4(SOl)r. 12Ar0; 4. concentrated 
HBO4 + ~-dimethylaminobenzaIdehydehe; 5. hydroquinone + H&Od. R = Red; Pk 0 pink; Y = yellow; B blue; Br 
P brown; 0 = orange; C - green; P = purple; NC = nocolor. 


influence the reaction and, specifically, to exploit 
it for rapid quantitative determination of these 
alkaloids. 


Sulfuric acid alone or in combination with 
other inorganic or organic reagents has been 
used frequently for the colorimetric determina- 
tion of many important alkaloids and steroids 
(22-24). A preliminary survey showed that, 
in addition to  the colors produced in  concentrated 
sulfuric acid, the veratrum alkaloids gave pro- 
nounced colors with some of the reagents re- 
ported by  Jakovljevic (25) in his method for 
vinblastine. This communication summarizes 
the results of experiments on the many factors 
which may inffuence the reaction between the 
veratrum alkaloids and concentrated sulfuric acid. 
Among those investigated were the final acid 
concentration necessary for maximum color 
development, the inffuence of the presence of 
water, added salts and other excipients in  the 
reaction medium, color stability, the influence 
of various solvents for the  alkaloids, and the 
substitution of other acids for sulfuric acid. 
Color development with various sulfuric acid 
reagents was also studied. 


EXPERIMENTAL. 


Materials.-The alkaloids are listed in Table I. 
Sulfuric acid, reagent grade-9598%, sp .gr. 1.8407 
to 1.8437; absolute ethyl alcohol and methyl alco- 
hol; vanillin U.S.P.; ammonium molybdate, 
(NH4)&m&.4HtO; ferric chloride, FeCL.6 


HtO; p-dimethylaminobenzaldehyde. m.p. 74- 
75’; ferric ammonium sulfate, FeNH4(S0&. 
12 HIO; and inorganic salts, organic salts, and 
other chemicals (see Table 11) were employed. All 
of U.S.P. or C.P. grade obtained from commercial 
sources and used without further purification. 


The sulfuric acid-ferric chloride reagent was 
prepared according to  the directions given by 
Zak, et al. (23). The ferric ammonium sulfate 
TABLE 11. -INFLUENCE OF ADDED SALTS, GLUCOSE, 
AND OTHER COMPOUNDS ON THE COLOR REACTION 
BETWEEN VERATRINE SULFATE AND SULFURIC ACID 


(Monovalent) 
Salt Added Limitins Concn. 


(M) 
Sodium chloride 5 x 10-4 
Sodium biphosphate 5 x 10-4 
Ammonium chloride 1 x 10-4 
Ammoqium carbonate 1 x 10-4 
Sodium carbonate 1 x 10-4 
Potassium chloride 2 x 10-4 
Lithium chloride 2 x 10-4 


Barium chloride 2 x 10-4 
Magnesium chloride 2 x 10-4 
Magnesium sulfate 2 x 1 0 - 4  
Mercuric chloride 2 x 10-4 


(Divalent) 


(Trivalent) 
Ferric chloride 1 x 10- 
Aluminum chloride 0.6 X 10” 


(Organic Salts and Other Compounds) 
Sodium benzoate 3 x 10-4 
Sodium acetate 5 x 10-4 


Potassium acid phthalate 2 x 10-4 


Hexamethonium chloride 0 . 5  mg. 
Promazine hydrochloride 0.01 mg. 
Promethazine 0.01 mg. 


Glucose 0.01 mg. 
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Fig. 1.-Absorption spectra of 
veratrum alkaloids in concen- 
trated sulfuric acid. Key: I, 
veratramine; 11, jervine; 111, 
protoveratrine A ; IV, cevadine; 
V, veratridine; \'I, protovera- 
trine B. 


WAVELENGTH. rnp WAVELENGTH, m p  


solution was prepared in a manner similar to  the 
ferric chloride reagent. The vanillin and p-di- 
rnethylaminobenzaldehyde reagents were prepared 
as 1% (w/v) solutions of the respective compounds 
in concentrated sulfuric acid. 


Equipment.--Coleman model 14 universal spectro- 
photometer, 30-ml. Pyrex glass-stoppered test tubes, 
vacuum oven, and 50-ml. acid buret were utilized. 


General Procedure for Screening the Color Reac- 
tions of the Various Alkaloids with Sulfuric Acid and 
Sulfuric Acid Reagents.-For routine screening, the 
alkaloids were dissolved in absolute methyl alcohol 
or glacial acetic acid. One milliliter of each stock 
solution containing 500 mcg. of the particular alka- 
loid was placed in a glass-stoppered Pyrex test tube. 
A t  the end of this period, 9 ml. of concentrated 
sulfuric acid or sulfuric acid reagent was added and 
the tubes allowed to stand a t  room temperature. 
The color developed was noted immediately after 


the addition of the sulfuric acid, after 30 and 60 
minutes, and again after 24 hours. The results are 
summarized in Table I. 


Determination of Wavelengths of Maximum Ab- 
sorption of the Colors Developed with the Various 
Reagents and the Molar Extinction Coefficients or 
Some of the Veratrum Alkaloids.-One milliliter of 
a 10-8-10-5 M solution of the particular alkaloid 
was placed in a ground-glass-stoppered test tube, 
and 9 ml. of the sulfuric acid or sulfuric acid reagent 
was added. The tubes were shaken to  mix the 
ingredients thoroughly and allowed to stand a t  
room temperature for 60 minutes. The wave- 
length of maxinium absorption was then deter- 
mined by measuring the optical density of the solu- 
tions over the wavelength range of 380-700 mp and 
plotting the optical density as a function of the 
wavelength. Molar extinction coefficients were 
calculated for six of the alkaloids used; the plots 


15,000. 


14,000. 


13.000. 
1v 
n 


Fig. 2.-Absorption spectra of 
veratrum alkaloids in concen- 
trated sulfuric acid plus ferric 
chloride. Key: I, cevadine; 11. 
jervine; 111, protoveratrine A; 
IV, veratramine; V. veratri- 
dine; VI. protoveratrine B. 


1 
380 4 2 0  460 500 540 580 620 660 700 380 420 460 500 540 580 620 660 ?OO 


WDVELENGTH, mp WAVELENGTH. mp 







Vol. 53, No. I, January 1964 89 


TABLE III.-ABSORPTION CHARACTERISTICS OF VERATRUM ALKALOIDS I N  CONCENTRATED SULFURIC ACID 
AND CONCENTRATED SULFURIC ACID PLUS FERRIC CHLORIDE 


7- In HtSOd-- -In H2SO+FcCla- 
Alkaloid A Max. Mol. Rxt Coeff. A Max. Mol. Ext. Coeff. 


Veratrine sulfate 390 . . .  380 . . .  
540 . . .  550 . . .  


Veriloid powder 410 . . .  400 . . .  
Total alkaloids of Veratrum viride 390 ... 380 . . .  
Veratrine 400 . . .  400 . . .  


Jervine 470 5.95.X 103 420-480 6 .7”X 103 


Protoveratrine A 390 3.20 X 10’ 530 3.37 x 103 


Protoveratrine B 540 5.10 X 10’ 550 5.30‘X 103 


520-530 11.90 X 10* 540 13.98 x 103 
Veratridine 400 11.3 x 108 540-550 10.01 x 103 


510 


Veratramine 410 16.76 X 10’ 410 13.01 X loa 
470 8.93 X 10’ 460 12.84 x 10’ 


530-540 4.60 x 10’ . . .  
Cevadine 400 11.70 X 10’ 400 12.20 x 103 


540 7.00 x 10’ . . .  . . .  


of molar extinction coefficients ueisus wavelength 
are shown in Figs. 1 and 2. 


Data for Figs. 1 and 2 were obtained from meas- 
urements against reagent blanks. Data for the other 
alkaloids listed in Table 111 were obtained from 
measurements against distilled water. 


Influence of Variables on the Reaction of Vera- 
tnun Alkaloids with Sulfuric Acid.-For all experi- 
ments on the influence of variables on the reaction, 
veratrine sulfate only was used. A constant quan- 
tity (500 mcg.) of veratrine sulfate was treated with 
sulfuric acid according to the general procedure, 
except that the variables were tested over the 
following ranges: acid normality (3.6 to  32.4N), 
final concentration of water (0.0 to  5.0’%), and 
time for color development (0.0 minutes to  72 
hours). 


Acids substituted for sulfuric acid were: con- 
centrated hydrochloric, glacial acetic, phosphoric 
(85y0), formic, and lactic acids. The intensity of 
the color developed was measured after 60 minutes 
at 540 mp against a reagent blank. 


Influence of Added Salts, Glucose, and Other 
Compounds on the Color Reaction of Veratrine Sul- 
fate with Sulfuric Acid.-The influence of added 


salts was determined by adding varying amounts of 
the particular salt to a tube containing a constant 
amount (500 mcg.) of veratrine sulfate and develop- 
ing and measuring the optical density of the result- 
ing color after 60 minutes. This influence is con- 
sidered of importance since as noted in the “Merck 
Index” (26) the alkaloids of Veratrum v i d e  are 
usually administered after dilution with saline. 
Since dilution with 5% glucose may also be done 
prior to administration (26), the influence of this 
sugar on color development was also assessed. 
The severity of interference from other compounds 
such as promazine hydrochloride, sodium benzoate, 
etc., was also determined. 


The term “limiting concentration” is used here 
to mean the maximum concentration of added salt 
or other compound which will cause a deviation in 
optical density of the color developed of not more 
than 1% of the color density given by the control 
system, i .e . ,  by 500 mcg. of veratrine sulfate in 1 ml. 
of absolute methanol and 9 ml. of concentrated 
sulfuric acid. The results are summarized in 
Table 11. 


Quantitative Response of Alkaloids in Sulfuric 
Acid.-After the influence of the several variables 


Fig. 3.-Quantitative color re- 
sponse of veratrum alkaloids 
when treated with concentrated 
sulfuric acid. Key: I, veratri- 
dine.; 11, veratrine alkaloidb; 
111, jervined; IV, veriloid’; 
V, veratrine sulfate.; VI, proto- 
veratrines A and B.; VII, vera- 
trarninea; VIII, a-veratrine.; 
IX,  cevadineb; X, total alkaloids 
of Verufrum v i d e ’ ;  XI, proto- 
veratrine Ab; XII, protovera- 
trine B’. Letters indicate wave- 
lengths at which measurements 
of color intensity were made. 
Key: a, 540 mp; b, 530 mp; 
c, 410 mp; d. 470 mp; e. 390 
w. 
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The sulfuric acid-ferric chloride reagent (re- 
agent 2) provides some distinction between jervine 
and veratramine. The former exhibited a broad 
absorption maximum at 420-480 mp while the 
latter absorbed maximally at 410 and 460 mp. The 
presence of a benzene ring in veratramine probably 
could have contributed to the difference in absorp- 
tion maxima. If these two alkaloids must be 
separated, veratramine can be precipitated by 
digitonin, whereas jervine will not be precipitated. 
In many cases the optical density of the color pro- 
duced by the veratrum alkaloids was greater a t  the 
lower wavelength of maximum absorption, usually 
390-410 mp. However, if the iron reagents are 
used, these do exhibit some absorption in this 
region. For this reason, measurements a t  the 
higher wavelength of maximum absorption (530- 
550 mp) are preferable. Although veratrum alka- 
loids produced colors with two of the classical 
steroid reagents-namely, the Lieberman-Burchard 
and Salkowski reagents, color development was so 
slow that these reagents are of no advantage. 
Likewise, sulfuric acid plus vanillin or ammonium 
molybdate or dichroinate are too nonspecific. 
When veratrine sulfate was used as the representa- 
tive alkaloid, the typical color was obtained if ethyl 
alcohol, methyl alcohol, ether, chloroform, or 
benzene were used as solvents. Best results were 
obtained when ethyl or methyl alcohol were used. 
With isopropyl alcohol and amyl alcohols, yellowish 
pink colors and a muddy appearance of the mixture 
resulted. 


The mechanism of the reaction of the veratrum 
alkaloids with sulfuric acid and sulfuric acid re- 
agents is not definitely known, but dehydration is 
certainly involved since water inhibits the reac- 
tion. The production of color may also be due 
partially or wholly to  degradation products of the 
alkaloids (27-30). 


The “heat of the reaction” resulting from the 
addition of the sulfuric acid or sulfuric acid reagents 
to the alkaloid solution provides enough heat for 
the immediate development of the red color formed 
from the reaction of veratrine sulfate. If cold 
(deep freeze) HSO, is added to  frozen samples of 
veratrine sulfate and the mixture kept in an ice 
water bath, a yellow color develops. After 3 
hours a t  room temperature (30’), the typical red 
color appeared; after 8 hours it reached the in- 
tensity of a sample treated by the general procedure. 
If the tubes to  which the cold acid was added were 
heated, the typical red developed after 10-15 
minutes a t  40’. A t  70’. the intensity of the color 
developed after 8 minutes of heating was equivalent 
to  that produced from the same amount of alkaloid 
treated according to the general procedure. This 
indicates that, although the heat of reaction leads 
to the immediate production of the typical color, 
in H?SOd of 32.4 N ,  this typical color will still 
result even at relatively low temperatures, provided 
a long enough reaction time is allowed. 


was delineated, it was decided to test the quantita- 
tive response of the alkaloids in sulfuric acid. For 
this, 0.0 to 1.0 ml. of a stock solution containing 
varying arnounts of the alkaloids was added to 
consecutive ground glass-stoppered test tubes. 
Where necessary, the volume was made up to  1 ml. 
with absolute methanol. Nine milliliters of con- 
centrated sulfuric acid was added to each test tube 
and, after standing a t  room temperature (30’) 
for 60 minutes, the colors developed were measured 
at the appropriate wavelengths of maximuni 
absorption. The results are summarized in Fig. 3. 


DISCUSSION 


In  the proposed method, the final concentration 
of sulfuric acid is very critical for maxirnuni color 
development. As the acid concentration in- 
creased, the density of the color also increased, 
but over the range tested (3.6 to 32.4 N )  , no con- 
stancy in the density of the color developed was 
observed. Therefore, it is recommended that the 
highest final normality of acid (32.4 N )  be used. 
Several other acids were substituted for sulfuric 
acid but, except for concentrated hydrochloric 
acid, no color development occurred. On heating 
with concentrated hydrochloric acid, veratrine 
sulfate gave some color. Water, if present to the 
extent of greater than 1% of the total volume of the 
reaction vessel, will diminish color intensity. It 
can be removed simply by heating with a recovery 
of 96 to 100.1% of the alkaloid. Maximum color 
development occurred after 30-60 minutes; the 
colors are stable for as long as 12 hours. 


Salts and glucose interfere with the development 
of the color. Such interference is minimal at the 
limiting concentrations or amounts shown in 
Table 11. Substances such as promazine hydro- 
chloride and promethazine interfere because they, 
too, produce colors in concentrated sulfuric acid. 
Only slight differences in the sensitivity of the 
various reagents were noted and, because of its 
gross simplicity, concentrated sulfuric acid alone 
is highly suitable. Other related alkaloids-for 
example, tomatine, tomatidine, solanine, and cones- 
sine also give colors with the reagents (Table I), 
but the colors are different from those produced by 
the veratrum alkaloids. With most of the veratrum 
alkaloids, two distinct absorption maxima occurred 
usually at 390-410 mp and 530-550 mp (Table 111); 
with the tomatine, tomatidine, etc., only a single 
absorption maximum was observed. generally at 
400-420 mp. 


Figures 1 and 2 show plots of molar extinction 
coefficients weisus wavelength for six defined alkaloids 
in sulfuric acid and sulfuric acid-ferric chloride. 
Although slight shifts in wavelengths of maximurn 
absorption of the colors developed with these 
reagents occurred (Table 111). the molar extinction 
coefficients of any particular alkaloid do not differ 
greatly from one reagent to the other. However, 
with either reagent and especially at the higher 
wavelength of maximum absorption. the molar 
extinction coefficient of the alkaloids differ greatly, 
thus allowing for some differentiation. Figure 3 
shows that the method as outlined is quantitative 
and that within the concentrations employed, 
Beer’s law was obeyed. 


SUMMARY 


The color produced by veratrum alkaloids in 
concentrated sulfuric acid or concentrated sul- 
furic acid containing ferric chloride or ferric ant- 
monium sulfate can serve as a rapid, simple test. 
for the quantitative determination of these alkaloids 
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The presence of water in the  reaction vessel reduced 
color intensity which reaches a maximum after 60 
minutes. The color developed is stable for at least 
6 hours. With most of the alkaloids used, t w o  
absorption maxima, usually at 39W10 mp and 
530-550 mp, were observed. With the sulfuric 
acid-ferric chloride reagent, jervine and veratramine 
absorbed at 42W80 mp and 410 and 460 mp, 
respectively. Several of the  steroids tested produced 
colors. However, they exhibited a single absorp- 
tion maximum which was generally always around 
400-420 my. 
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Stability of the Cobalamin Moiety in Buffered 
Aqueous Solutions of Hydroxocobalamin 


By ARNOLD D. MARCUS and JOSEPHINE L. STANLEY 


The degradation of hydroxocobalamin has been studied kinetically in various buffer 
systems. Degradation was lirst order with respect to the substrate in all cases. The 
most stable solution studied was composed of a pH 4.3,0.05 M acetate buffer made 
isotonic with sodium chloride. The apparent heat of activation has been found in 
the above system to be 26.95 Kcal./mole. Extra olations to 2 5  and 30° show hy- 
droxocobalamin to be suthciently stable to permit formulation of injectable solutions 
under practical conditions. Even when the data are constrained to give a poor sta- 
bility picture at 25 and 30°, the predicted stability remains excellent. At worst, a 
solution of hydroxocobalamin in pH 4.3 acetate buffer will retain at least 90 per cent 
of claimed cobalamin at 30“ for 170 weeks if a modest 2 0  per cent overage is in- 
cluded in the solution. The poorer stability in other buffer systems indicates the 
degradative reaction(s) to be subject to general base catal sis. The influence of 


some amines on the reaction rate tend to support t%is inference. 


YDROXOCOBALAMIN is an analog of vitamin 
B12 in which a hydroxyl function has re- 


placed the cyano group in the cobalt coordination 
complex. Recent clinical studies (1) have pro- 
vided dramatic evidence that parenterally ad- 
ministered hydroxocobalamin yields considerably 
more prolonged high blood levels of biologically 
active cobalamin than does cyanocobalamin. 
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Unfortunately, hydroxocobalamin has acquired 
over the years the reputation of being unstable in 
solution (2, 3). We have found that, far from 
being unstable, hydroxocobalamin in suitably 
buffered solutions is actually quite stable. Even 
when viewed pessimistically, hydroxocobalamin 
is sufficiently stable to allow the preparation of 
injectable solutions under practical conditions 
which will retain the claimed cobalamin content 
for long periods of time. 


Preliminary stability tests (4) indicated that an 
apparently stable solution of hydroxocobalamin 
could be obtained in pH 4.3, 0.05 M acetate 
buffer made isotonic with sodium chloride. The 
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for selective irreversible inhibition of heart LDH. 
but not skeletal muscle LDH, and vice versa, has 
been found, which is attributed to exploitable dif- 
ferences in the secondary-tertiary structure of these 
two substrate-identical enzymes. Differences in 
secondary-tertiary structure of these two substrate- 
identical enzymes have previously been shown by 
amino acid analysis (24) and by antisera cross reac- 
tions (14, 24). The LDH from skeletal muscle 
and heart in the same animal are distinctly different, 
but the skeletal muscle LDH from different species 
are more similar; also, heart LDH from different 
species are more similar. Even though the studies 
in this paper were carried out with the LDH’s from 
two distinct tissues of two species, these experiments 
give a first approximation of the selective inhibition 
that may be obtained in tissues of the same animal. 


If this irreversible specificity for substrate- 
identical enzymes, which is presumably due to ex- 
ploitable differences in the secondary-tertiary struc- 
ture of the enzymes, can be carried over to  such 
critical areas for cell division as (a) purine (19) or 
pyrimidine biosynthesis of ( b )  the folk cofactor 
area, the potential utility in chemotherapy would 
be obvious. Such studies in area (a) (13) and 
area (b)  (9) are continuing in these laboratories. 
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Interaction of Weak Organic Acids with 
Insoluble Polyamides I 


Sorption of Salicylic Acid by Nylon 66 


By A. J. KAPADIA, W. L. GUESS, and J. AUTIAN 


Insoluble polyamides have been shown to bind various chemical agents having 
acidic hydrogens. To ex lore i n  more detail the interaction of an acidic drug, 
salicylic acid, with a spec& polyamide (nylon 66), a study was undertaken to ascer- 
tain the influence of concentration, temperature, pH, and solvent com osition on 
the sorption phenomenon. From the sorption studies, a number of p$sical con- 
stants were evaluated: (a) saturation value, (b) standard affinities, (c) heat of sorp- 


tion, ( d )  apparent d i h s i o n  coefficients, and (e) activation energy of difhsion. 


VEN THOUGH plastics have made a great 
impact in the various facets of pharmacy and 


medicine, some problems have occurred which 
should indicate that perhaps there should be a 
slower pace to the introduction of these items to  
the health professions. This laboratory in the 
past has reported on some of these problems 
(1, 2). To the industrial and hospital pharmacist 
an appreciation and understanding of drug- 
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plastic interactions would help minimize costly 
errors and at the same time provide the many 
advantages to be gained by the use of plastics. 


The insoluble polyamides (various types of 
nylon) have a number of applications as parts or 
component parts in various apparatus where 
strength and resistance to thermal changes are 
needed. In pharmaceutical and medical ap- 
plications these nylon parts‘ may come in 
contact with drug or biological products for 
varying periods of time. Depending upon a 
number of factors, selective drugs and chemical 


1 For exam le component parts of heart lung machine, 
containers. &&s, syringes, valve parts for aerosol bottles, 
etc. 
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Fig. 1.-A Langmuir plot for the sorption of sali- 
I l C  


cylic acid by nylon (41.5 C."). 


intervals aliquots of solution were withdrawn and 
the salicylic acid content remaining (in the solution) 
was determined by measuring the optical density 
of the sample at a wavelength of 296 in a DU 
spectrophotometer, employing proper dilutions 
(using distilled water) and blanks. In all instances 
duplicate or triplicate tubes were run; the results 
reported in this paper are the average values of the 
two or three samples. The difference betweeu the 
amount of salicylic acid remaining in the solution 
and the original concentration was then assumed to 
be the amount of the drug sorbed by the nylon. 


Effect of Concentration on Equilibrium Sorption.- 
An experiment was conducted at a temperature of 
41.5" to  determine the equilibrium concentration 
of salicylic acid sorbed by nylon at different original 


1 


TIME, HRS 


agents might be sorbed by the nylon, reducing 
the concentration of the component in the 
solution. 


Previous studies have revealed that nylon 
will sorb drugs and other agents having protonic 
groups (3, 4). This paper and others will 
present further information on drug-nylon 
interactions with the hope of relating structural 
configurations of solutes to  their propensity to be 
sorbed by  several types of nylon. This par- 
ticular paper reviews the sorption of salicylic 
acid by nylon 66. 


EXPERIMENTAL. 


General Procedures.-In all experiments reported 
in this paper, nylon 66 sheets2 having a thickness 
of 0.012 in. were employed. The sheets were cut 
into strips measuring approximately 1 by 16 in., 
and soaked in a %yo alcohol-water solution for a 
period of 15 minutes, then repeatedly rinsed in 
distilled water to remove adhering contaminates. 
The strips were then dried to  constant weight and 
placed into desiccators until ready for use. In 
any particular experiment, one or more strips were 
weighed accurately' and placed into a specially 
constructed glass tube. The particular solution 
(150 ml.) was then added and the tube closed by 
inserting a ground-glass stopper which was further 
secured to the tube by two metal springs. This 
tube and other tubes in the particular series were 
placed into a shaking device immersed in a con- 
stant temperature water bath. At various time 


* Polypenco Nylon 101. Polymer Corp. of Pennsylvania, 


8 A d a g e  weight of strips was 3.5 Gm. 
Reading Pa. 


Fig. 2.-The effect of 
temperature on the sorp- 
tion of salicylic acid. 


concentrations. In all instances the strips of nylon 
were kept in contact with the solutions for suffi- 
cient periods of time to ensure that equilibrium had 
been reached. 


With Langmuir's equation in the following form 


1 1 1 
p K S C + S  
- -  _ -  


where q is the amount of salicylic acid sorbed at 
equilibrium in milligrams per gram of nylon, S 
is the saturation concentration when all sites in the 
nylon are occupied. C is the equilibrium concentra- 
tion of the drug in solution (as grams per 150 ml.), 
and K a constant, a linear relationship was found 
when l /q  was plotted against 1/C for the range of 
concentrations employed in the experiment. From 
the intercept, the saturation value or S was cal- 
culated by the method of least squares and found to  
be equal to  117 mg./Gm. of nylon or 0.85 mole/Kg. 
(see Fig. 1). 


Effect of Temperature on Sorption.-Nylon strips 
were kept in contact with 150 ml. of salicylic acid 
solution (0.15%), and at various time intervals the 
quantity of drug sorbed by the plastic was de- 
termined. This experiment was conducted at four 
different temperatures (35.4", 41.5", 46.O0, and 
60.0'). A sorption isotherm is shown for each 
of these temperatures in Fig. 2, where milligrams of 
uptake per gram of nylon is plotted against time 
in hours. 


Afbity and Eeat  of Sorption.-From equilibrium 
studies of sorption for salicylic acid by nylon, the 
standard affinity ( 5 )  was calculated using 


- Ap' = RT In C./Ct (Eq. 2) 


where -Ab" is the difference in standard chemical 
potential between the solute in the liquid phase 
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(Cl )  and the solute in the solid phase (Cs). The 
concentration terms for Ci and C, are expressed for 
calculation purposes in moles per kilogram rather 
than in activities. For this specific nylon, standard 
affinities a t  several temperatures are shown in 
Table I. 


From the relationship 
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where ApO is as previously defined, AHo is the 
standard heat of sorption, T is the absolute tem- 
perature, and C a constant, it is possible to evaluate 
AH" from the slope of the line when -Apo/T is 
plotted against l/T. The heat of sorption was 
equal to - 1.89 Kcal./mole in this case. 


Diffusion of Salicylic Acid in Nylon.-To evaluate 
the apparent diffusion coefficient at one original 
concentration (0.15%) and at several temperatures, 
experiments were run as previously described where 
the uptake of a drug by the nylon was followed over 
a period of time a t  isothermal conditions. This 
type of experiment, where a limited volume of a 
solution is well agitated and in contact with a 
plane sheet, can be conveniently employed to 
accumulate data which can be treated by the method 
of Berthier (6, 7) using simple graphical procedures 
to evaluate the apparent diffusion coefficient. 


The experimental data are plotted as M t / M ,  
against the square root of time (dg for each tem- 
perature as shown in Fig. 3. Correspondingly. for 
each temperature (each temperature has a different 
total uptake), a theoretical curve is plotted using 
the values of Mi/hl ,  (fractional uptake) versus 
d i  from Berthier's table (6). An example of this 
type of curve is shown in Fig. 4 for a total per cent 
uptake of 45.83 (at 35.5'). Clearly, it can be 
seen that a t  a particular Mt/M,  value from the 
experimental curve, a corresponding time ( 1 )  can 
be deduced and similarly at the Same MI/h!f- 
value on the theoretical curve, a corresponding K 
can be found. Now since K = Dt/P and since K ,  
t ,  and 1 are known, i t  is a simple matter to calculate 
the diffusion coefficient D. 


A second method which appears to give more ac- 
curate values for the apparent D is to determine the 
slopes of both the experimental and theoretical 
curves by the method of least squares. In this 
method the experimental curve niay be expressed 


M t / M ,  = Set"' (Eq. 4)  


where M I / M ,  and t are the same as previously 
defined, and S. is the slope of the line. Correspond- 
ingly. the theoretical curve may be expressed 


na,/n.I, = SlK"2 (Eq. 5) 


where SI is the slope of the line and K is the same 
constant as defined before. When 


TABLE ~.-STANDARD AFFINITIES ( - A p " )  FOR 
SALICYLIC ACID AT SEVERAL TEMPERATURES= 


Temp., "C. - b" (Kcal./mole) 
35.4 1.863 
41.5 
54.0 
60.0 


~. _ _ _  
1 . s o  
1.833 
1.836 


Original concentration of solution: 22.5 mg. in 150 ml. 
Plastic sample: nylon 66. 


l o r  


09  ~ 


0 0  - 


0 1  - 


06 - 


04 - 


0 3  - 


VI 
Fig. 3.-Fractional uptake of salicylic acid 


nylon vs. square root of the time (in hours) 
different temperatures. 


by 
at  


// 
T 


Fig. 4.-Theoretical plot of fractional uptake us. 
h-. From Berthier table (at total uptake of 45.83%). 


M l / M ,  (experimental) = 
M 1 / M ,  (theoretical) (Eq. 6) 


S , p  = SlK"2 


and since K is equal to 0 1 / 1 0  


(Eq. 7)  Set"' = S t (  Dt/12)1'2 


or finally 


Table I 1  includes the data from the diffusion 
experiments with calculated apparent diffusion 
constants (by the slope method) for each tempera- 
ture. 


The influence of temperature may be noted by 
referring to Fig. 5. I t  follows a typical Arrhenius 
relationship which may be written 


log D = log D ,  + AE/2.303 RT (Eq. 9) 


where DO is a pre-exponential factor indicating the 
value of D a t  infinite temperature, AE the activation 
energy for diffusion, R the appropriate gas con- 
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TABLE II.-SORPTION DATA OF SALICYLIC ACID BY NYLON AS A FUNCTION OF TIME AND TEMPERATURE 


Temp., 
OC. 
35.4 


41.5 


46.0 


51.0 


54.0 


60.0 


M I ,  
t ,  m /  q,  Mg. Se I s t ,  


Time in Sarnpfi of Sorbed per Slope Slope 


1 1.OOO 14.88 0.141 4.303 0.1701 1.443 
2 1.414 23.47 0.227 6.786 . . . . . .  


Hrs. 4 Nylon M # / M m c  Gm. Nylon (Exptl.) (Tbeoret.) 


~ 


4 2.660 35.21 0.341 10.178 . . . . . .  
6 2.449 42.08 0.408 12.16 . . .  . . .  
9 3.000 50.95 0.494 14.79 . . .  . . .  


12 3.464 58.68 0.569 16.96 . .  
25 5.000 74.99 0.727 21.68 . . .  . . .  
50 7.071 92.02 0.892 26.60 . . .  . . .  


122.5 11.06 1O3.1lb . . . 29.58 . . .  . . .  
Total Yo Uptake (Amt. Removed from Soln. a t  Equilibrium) = 45.83 


1 1.000 18.89 0.190 5.296 0.2024 0.0409 
2 1.414 31.48 0.316 9.049 . . . . . .  
11 3.317 66.94 0.674 19.23 . . .  . . .  -~ _ _ _  .. .~ 


16 4.000 75.53 0.760 2 i . n  . . .  . . .  
20 4.472 81.87 0.823 23.58 . . .  . . .  
84 9.165 99.34b . . .  27.99 .. 


Total yo Uptake (Amt. Removed from Soh. a t  Equilibrium) = 44.17 


1 1.000 24.04 0.250 7.018 0.2575 0.0663 
2 1.414 36.07 0.376 10.42 . . .  . .. 
6 2.449 60.37 0.629 17.45 . . .  . . .  


10 3.162 64.56 0.725 20.10 . . .  . . .  
25 5.000 91.31 0.952 27.57 . . .  . . .  
49 7.000 9 5 . W  . . .  ... . . .  . . .  


Total yo Uptake (Amt. Removed from Soln. a t  Equilibrium) = 42.60 


1 1.OOO 25.60 0.289 7.26 0.2986 1.418 
3 1.732 46.77 0.529 13.26 ... . . .  
5.50 2.345 60.14 0.681 17.05 ... . . .  


22.5 4.761 84.44 0.956 23.94 . . .  . . .  
41.5 6.442 88.31b ... 24.49 . . .  . . .  


Total yo Uptake (Amt. Removed from Soh. a t  Equilibrium) = 39.25 


2.5 1.581 45.67 0.500 12.47 0.3469 1.418 
5.0 2.236 66.51 0.728 18.17 . . .  . . .  
7.5 2.738 73.53 0.804 20.09 . . .  . . .  


13.0 3.605 84.78 0.928 23.16 . . .  . . .  
25.0 5.000 88.08 0.964 24.06 . . .  . . .  
42 .O 6.480 91.35b . . .  24.36 . .. . . .  


Total yo Uptake (Amt. Removed from Soh. at Equilibrium) = 40.60 


1.0 1.000 30.08 0.370 8.578 0.4213 0.1775 
2.0 1.414 44.55 0.549 12.70 . . .  . . .  
3.5 1.870 60.12 0.741 17.14 . . .  . . .  
5.0 2.236 69.05 0.851 19.68 . . .  . . .  


24.0 4.899 81.13b ... 23.38 . . .  . . .  
Total yo Uptake (Amt. Removed from Soh. at Equilibrium) = 36.14 


. . .  


8.97'X 10-lo 


. . .  


1.26 x 10-9 


. . .  


. . .  
2 . 0 8 ' ~  10-9 


. . .  


. . .  


. . .  
. .  


2 . 7 3 ' ~  10-9 
. . .  


. . .  


. . .  


3:86 x 10-9 


. . .  


. . .  


. . .  


5:90 x 10-9 
. . .  


M t / M ,  = Fractional uptake. Af, - Final uptake at each temperature. 


Fig. 5.--Variation of diffusion rate with tempera- 
ture. 


Fig, 6.-Effect of 
pH on the sorption of 
salicylic acid by 
nylon (41.5"C.). 


stant, and T the absolute temperature. From the 
slope of  the line (~E/2.303 R), AE may be calcu- 
lated. In  this case with the specific nylon samples 
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and shows a carboxylic group at one end and an 
amine group at the other end of the chain. In the 
chain proper, on every sixth carbon, an amide link- 
age is present. It may be seen clearly that the 
amide groups are far in excess of the terminal end 
groups. The binding of weak organic acids and 
phenols by both soluble and insoluble polyamides 
has been noted in the literature. 


Much work has been performed on the dyeing of 
synthetic yams with dyes which can be classified as 
organic acids. A nearly analogous situation may 
be drawn in the sorption of a drug by nylon as the 
dyeing of nylon yam by a particular dye. Peters 
(8) has demonstrated both theoretically and ex- 
perimentally that at pH values of 3 and above an 
ionic interaction takes place between the terminal 
amino group which in this pH range has a positive 
charge and the anion of the drug. The total 
amount of dye sorbed, however, is small and tends 
to  be limiting. As the pH of the solution is de- 
creased, a sudden surge of uptake or binding 
occurs; here the interaction is assumed to occur on 
the very weakly basic nitrogen in the amide which 
can take on a hydrogen atom (at very low pH 


40- 


z s 


"0 a m 1 0 . 0 ~ 1  m m w w m  
TIME, H R S  


Fig. 9.-Effect of glycerin on the sorption of salicylic 
acid (o.150/0) by nylon (41.5'C.). 


v ,  I I I I I I I .  I 
10 M 30 40 10 W .D W Do 


TIME, HRS 


Fig. 7.-Effect of ethyl alcohol on the sorption of 
salicylic acid (0.15y0) by nylon (41.5"C.). 


TIME. HRS 


Fig. &--Effect of propylene glycol on the sorption of 
salicylic acid (0.150j0) by nylon (41.5"C.). 


used, the activation energy ( A E )  of diffusion was 
equal to 20.5 Kcal./rnole. 


Effect of pH on Sorption.-Salicylic acid solutions 
having an original concentration of 0.15% were 
adjusted to various hydrogen ion concentrations 
using hydrochloric acid a t  very low pH values and 
sodium hydroxide at the higher values. These 
were placed in contact with nylon strips as in the 
previous experiments. The tubes were placed in a 
constant temperature water bath having a tem- 
perature of 41.5' for a period of time to insure that 
equilibrium had been reached. The amount of 
salicylic acid which was sorbed by the nylon was 
then determined as well as the final pH of the 
solution. These data were plotted as milligrams 
uptake per gram of nylon against pH as shown in 
Fig. 6. 


Effect of Solvents on Sorption.-Experiments 
were conducted to determine the effect several 
solvents might have on the uptake of salicylic acid. 
Several concentrations of alcohol-water, propylene 
glycol-water, glycerin-water, and polyethylene 
glycol 400-water were kept in contact with strips 
of nylon and the uptake of salicylic acid at various 
times observed. Sorption data of these results 
are shown in Figs. 7-10. 


DISCUSSION 


As has been demonstrated in the experiments 
reported in this paper, salicylic acid will be sorbed 
by nylon. The sorption of the drug may be 
thought of as an intermolecular reaction between 
binding sites in the polymer and the drug. An 
analysis of the chemical structure of nylon 66 
reveals three polar sites which could attract solute 
particles. The structure of the plastic may be 


TIME, HFS 


Fig. 10.-Effect of polyethylene glycol 400 on the 
sorption of salicylic acid (o.150/0) by nylon (41.5'C.). 


values). This positive site then attracts the nega- 
tively charged dye anion. In a later paper, OBriain 
and Peters (9) indicated that high uptake a t  low 
pH may also be due to hydrolysis of the nylon per- 
mitting more binding sites than originally present. 


In  the case of salicylic acid the over-all pattern 
is the same, as may be noted by referring to  Fig. 6. 
At high pH values little or no interaction is seen, 
but as the pH is decreased, the degree of binding 


0 H 0 
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From the apparent diffusion coefEuent data a t  
several temperatures it was possible to calculate 
the activation energy of diffusion which was found 
to  be 20.5 Kcal./mole. The activation energy may 
be looked upon as the energy necessary for the 
solute to  overcome the cohesive force existing be- 
tween the polymers and other obstacles to  migra- 
tion. 


The effect of concentration on sorption (equi- 
librium) which is shown as a Langmuir plot in 
Fig. 1 reveals a linear relationship. It should not 
be assumed that this linear relationship would 
continue had other concentrations been employed. 
Previous work in this laboratory has demonstrated 
that anomalous isothermal curves can result in 
different concentration zones. This point needs 
more attention both experimentally and theo- 
retically. 


The replacement of water with less polar solvents 
such as alcohol, glycerin, propylene glycol. and PEG 
400 decreased the sorption of salicylic acid at the 
20 and Myo levels. With hydrophilic plastics such 
as nylon, the water will have a great degree of 
attraction to  the polymer and will in a sense help 
plasticize the nylon permitting greater ease of the 
solute to diffuse within the plastic. 


SUMMARY 


The sorption of salicylic acid by nylon 66 was 
studied at a number of conditions. Physical con- 
stants such as saturation value (S), standard 
affinity ( -AM' ) ,  standard heat of sorption (AH'), 
apparent diffusion coefficients (D), and activation 
energy of diffusion (a) were evaluated. Results 
of the various experiments indicate that the rate- 
determining step in the uptake of salicylic acid by 
nylon 66 is the diffusion of the solute within the 
polymeric structure of the plastic. The low energy 
requirement of sorption and the results from the 
pH experiments support the contention that the 
salicylic acid is most likely interacting in the un- 
dissociated state with basic groups in the nylon 
(amides) through hydrogen bonding. Secondary 
valence forces appear to stabilize the interaction. 
Finally, a decrease in the polarity of the solvent 
system decreases the extent of sorption. 


increases greatly. Here it may be assumed that 
in the pH range of 6 to 9, most of the binding is 
occurring at the amine end groups. The plateau 
effect indicates that all the available sites are filled 
and that the drug is bound as the salicylate ion. 
Below pH of 8.0 the large uptake of the drug may 
be ascribed to the binding of the drug in the un- 
iopized form through hydrogen bonding with the 
&bony1 group in the numerous amide linkages. 
Even at the lower pH values (below 3.0) this 
mechanism is probably still operating, and in this 
instance the mehanism differs from the case of the 
dye. At the very low pH values all of the drug is 
in the unionized form and it would seem difficult 
to vision an interaction of a solute having protonic 
characteristics to  be attracted to a positive site 
(on the amide nitrogen). The organic dyes even 
at low pH values are dissociated to a signiticant 
degree and can thus appear as anions. In  fact, 
Cannon (10) has excluded the possibility of phenolic 
compounds interacting with the amide nitrogen 
and postulates hydrogen bond formation with car- 
bony1 groups. It is interesting to  note that above 
a pH of 9.5 little sorption is detected, and this 
may be attributed to  the loss of positive charges 
on the end terminal amines. 


In the pH region of high uptake, one must con- 
sider that secondary valence forces are probably 
operating in stabilizing the interaction. This 
reasoning has already been demonstrated by other 
workers who have experimentally proved that the 
hydrophobic characteristics of the drug or agent 
can materially influence the degree of binding (11, 
12). 


What has been elucidated above is most likely 
an oversimplification of a highly complex mech- 
anism. Obviously, other factors either recognized 
or completely obscured are surely influencing the 
uptake. 
As might be expected (Table I )  the standard 


affinity tends to  decrease as the temperature is in- 
creased. This type of Occurrence has been noted 
for other polymer-solute interactions and can be 
viewed as meaning that at the higher temperature 
the kinetic energy of the molecules of both the 
solute and the polymer is greater than at lower 
temperatures which in turn prevents proper orienta- 
tion of the solute to the binding site and eventual 
loss of the solute from the particular site. 


The heat of sorption ( -  1.89 Kcal./mole) found for 
salicylic acid (with the specific nylon 66 used in the 
experiment) indicates the low energy requirement 
for binding and supports the contention that 
dipole-dipole interactions (hydrogen bonds) with 
secondary valence forces are in operation. 


The apparent diffusion values, as predicted by 
theory, increase as the temperature is increased 
(Table 11). The diffusion values, as stated, are 
apparent values since a number of assumptions 
have been made ( i e . ,  diffusion in only one direction, 
constant D as diffusion takes place in the plastic, 
etc.). 
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Ruticulomycins, New 
Anthracycline Antibiotics 


Sir: 


In the past decade a considerable number of 
anthracycline antibiotics has been described (1). 
Most of these compounds are aminoglycosides 
of various hydroxylated tetrahydronaphthacene- 
quinones differing from one another in the oxy- 
genation pattern of the aromatic rings and in the 
number and nature of the attached sugars. 
Because these compounds bear a formal struc- 
tural resemblance to the tetracycline antibiotics 
and appear likely to have a similar biochemical 
origin (2), they have been studied intensively. 


The authors present a preliminary report on 
the isolation of two new anthracycline antibiotics 
which belong to a spectral class not previously 
reported. The antibiotics are produced by 
cultivation of a strain of Streptomyces rubriretu- 
uli under conventional conditions of agitation 
and aeration when grown in a medium composed 
of 1% molasses, 1% glucose, 1% N-2 Amine 
Type A,1 and 0.1% calcium carbonate. Crude 
mixtures of the antibiotic components were 
isolated by solvent extraction of the filtered 
mash a t  neutral pH values. The organic layers 
were extracted with dilute mineral acid, the 
acidic extracts were neutralized, then extracted 
with chloroform. The chloroform extracts were 
dried, concentrated to small volume, and diluted 
with hexane. The precipitated bright-red to 
orange powder contains numerous minor and 
two major components which are partially 
separated by solvent partition chromatography 
on columns of diatomaceous earth using a system 
composed of cyclohexane-butanol-water-=tic 
acid (465:925:1100: 13). Approximately equal 
amounts of fairly pure ruticulomycins A and B 
were obtained. Final purification was obtained 
by repartition using mixtures of benzene-petro- 
leum ether-alcohol-water (8: 12: 15:5 for A, 
3: 1 : 3 : 1 for B). Ruticulomycin A crystallizes 
from acetone-hexane in dark-red plates, m.p. 183- 
184' dec., XzgE 235, 258, 295, and 475 mp 
(El::. 650, 300, 120, and 170, respectively), and 
significant infrared bands (KBr) at 3450 (hy- 
droxyl), 1740 (ester), 1668, 1624 [hydrogen 
bonded quinone (3)], and 1576 cm.-I. Re- 
producible analytical figures could only be ob- 
tained by drying the compound over PzOs for 
20 hours at  70' and 


Anal.-Found: C, 58.52; H, 6.71; N, 1.80. 
mm. pressure. 


I N - 2  Amine Type A is an enzymatic digest of casein. 
Marketed by the Sheffield Chemical Division, National 
Dairy Products Cow. 


(O)methyl, 7.26; (N)methyl, 4.42; mol. wt. 
942 (thermistor). 


Ruticulomycin B crystallizes from acetone- 
ether in red rosettes, m.p. 179-180' dec. The 
ultraviolet spectrum is virtually identical with 
that of A, except for some differences in El%. 
values (690, 300, 120, and 190, respectively), 
and the infrared spectrum differs from that of A 
only in minor detail. Although not so hygro- 
sropic as A, B was dried for analysis under the 
same conditions. 


And-Found: C, 57.09; H, 6.37; N, 1.84. 
(O)methyl, 5.87; (Njmethyl, 2.13. 


Both antibiotics show absorption maxima 
at 595 and 650 mp when dissolved in concentrated 
sulfuric acid. 


The number and position of the hydroxyl 
groups have a marked influence upon the ab- 
sorption spectra of the various hydroxyanthra- 
quinones (Table I). This fact has been used as 
a diagnostic tool in elucidating the hydroxylation 
pattern of the various anthracyclines (1). In 
this respect it is clear that the spectra of rutic- 
ulomycins A and B are closely related to that 
of 1,4-dihydroxyanthraquinone (Table I, No. 1; 
broad visible maximum at 470 mp which shifts 
to 545 mp in alkaline solution). The tetracyclic 
nature of A and B was demonstrated by zinc 
dust distillation which produced a hydrocarbon 
whose ultraviolet absorption spectrum (maima 
at 398, 420, 446, and 476 mp) in chloroform solu- 
tion was very similar to that of naphthacene 
(maxima a t  397,419,444, and 478 mp). 


The common anthracyclines readily undergo 
acid hydrolysis to produce a mixture of sugars 
and an insoluble aglycone chromophore. In 
this respect, ruticulomycins A and B are ex- 
ceptional, for they do not give rise to a nitrogen- 
free chromophore except under very Vigorous 
acid conditions (heating in 48% hydrobromic 


TABLE I.-VISIBLE MAXIMA OF A VARIETY OF 
HYDROXYANTHRAQUINONES 


R O R '  


----Substance- -Visible max.,--- 
No. R R' R. R"' mr Ref. 


I OH H OH H 4701MeOH) (4)  - -. 
2 OH OH H H ao(Me0Hj  (4) 
3 OH H H OH 420(MeOH) (4) 
4 OH OH OH H 529.516,495,483(~~- 


clohexane (5) 
5 OH OH OH OH 563,548,524,513,490 


(cyclohexane) (6) 
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pose structure I as a working hypothesis for 
further studies and to infer that A and B differ 
from one another in the sugar portion of the 
molecule. 


acid in glacial acetic acid after acetylation with 
acetic anhydride/pyridine), and then in very 
poor yield. Under these strenuous conditions, 
the anthracycline terminal ring undergoes de- 
hydration to the fully aromatic system. Our 
amorphous product has so far resisted purifica- 
tion but possesses a visible absorption maximum 
at 478 mp in methanol solution. Brockmann 
has shown that in many cases conversion of 
anthraquinones to the corresponding tetracene- 
quinones results primarily in an increase in 
ultraviolet absorption intensity and has relatively 
little influence upon the position of the visible 
maxima (7). Aklavinone (11) would appear to 
be exceptional, for in this case a pronounced 
wavelength shift was obtained (8). Because 
this introduces an element of uncertainty in the 
spectral conclusions, 1 ,Pdihydroxynaphthacene- 
5,12-quinone, m.p. 2W0, was prepared by the 
Friedel-Crafts condensation of 1 ,Cdimethoxy- 
benzene and naphthalene-2,3-dicarboxylic acid 
anhydride. 


AnaL-Calcd. for ClsHmO,: C, 74.48; H, 
3.47; 0, 22.05. Found: C, 74.17; H, 3.68; 
0,21.48. 


Due to poor methanol solubility, carbon 
tetrachloride was used as solvent for spectral 
examination, and a visible maximum was ob- 
served a t  466 mp. This is in reasonable agree- 
ment with that of 1,4-dihydroxyanthraquinone 
(max. at 470 mp). Thus, there Seems to be little 
doubt that the chromophore of the ruticulornycins 
is as depicted in formula I. These observations 
serve to emphasize the uniqueness of the rutic- 
ulomycins among the anthracyclines, since all 
of the previously described members have at 
least one hydroxyl substituent in ring B (1). 


Using the anthracycline parent nucleus (1) 
and placing the ester function by analogy to 
those compounds of this series whose structures 
are already known, it seems reasonable to pro- 


Characterization of a New 
Magnoliaceae Alkaloid 


Sir: 


In a previous communication (1) the authors 
reported results of preliminary studies on the 
alkaloids of Magnolia acuminata L. Fractiona- 
tion of the stem extracts revealed the major alka- 
loids to be of the quaternary type. Five such 


HO OH 0 OH 
(n) 


(1) For a review of these communds. see Brockmann. H.. 
“P;ogrcss in the Chemistry of brganic Natural Products.‘’ 
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bases were detected by paper chromatographic 
technique. Of these, three phenolic alkaloids- 
vie., salicifoline, magnoflorine, and magnocurarine 
-were identified. Choline was revealed to be 
the fourth base. Identification of salicifoline and 
m a g n d e  was confirmed by isolation of the 
picrates of the alkaloids and comparison with 
authentic samples. 


Chromatography of the purified quaternary 
alkaloid fraction indicated magnoflorine to be the 
major phenolic base. While purifying other frac- 








Factorial Study of Thiourea Adjuvants on 
Quinine and Quinidine Absorption 


By PATRICK W. RAGOZZINO* and MARVIN H. MALONE 


A factorially designed experiment using the single perfusion technique i n  rats 
indicated that thiourea consistently enhanced absor tion of uinine from the intes- 


sorption of both alkaloids. I-Phenyl-2-thiourea was an inhibitor of alkaloidal 
absorption, except when tested in fasted animals. With this exception, fastiog rou- 
tinely decreased the ability of the animals to absorb these isomers. Strong and 


tine while being ineffective for quinidine. N, N P -Diethyl&ourea increased ab- 


weak buffer systems did not interfere with alkaloidal absorption. 


ERFUSION STUDIES conducted by Ragozzino 
and Malone (1) indicated that thiourea, 


N, N‘-diethylthiourea, l-phenyl-2-thiourea, and 
3-benzyl-2-thiourea were all effective as ad- 
juvants in increasing the absorption of quinine 
from the small intestine of anesthetized rats. 
N,N’-Diethylthiourea was the only significant 
adjuvant reported for quinidine. These ad- 
juvants appeared to  be specific and apparently 
operating on some enzyme-dependent transport 
process. Most absorption studies that have ap- 
peared in the literature (2) utilized experimental 
animals that had been fasted for 20 to 24 hours 
prior to  experimentation. In  view of reports in- 
dicating that  fasting for as little as 16 hours nulli- 
fied certain enzyme-dependent detoxication sys- 
tems (3), it was considered important to study the 
effect of fasting on the enzvme-dependent ad- 
juvant transport system. A factorial experiment 
was designed to  examine the relative effects of 
thiourea, N,N’-diethylthiourea, 1-phenyl-2-thio- 
urea, fasting, ionic strength, and some of their 
interactions on the absorption of quinine and 
quinidine as measured by the disappearance of 
these drugs from the rat small intestine. 


EXPERIMENTAL 
Methods and Materials.-Wistar strain albino 


rats of each sex were obtained from E. G. Steinhilber, 
Oshkosh, Wis., and housed separately in the animal 
quarters of this laboratory for a t  least 1 week prior 
to use, with Purina Lab Chow and water being al- 
lowed ad libitum. Weights of the animals varied 
from 120 to 160 Gm. a t  the time of testing. When 
fasting was specified, food was withheld from the rats 
for 24 hours prior to experimentation, but water was 
permitted ad libitum. Animals were housed in cages 
having wide-mesh screen floors to prevent coproph- 
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agy. The rats were anesthetized lightly with 
pentobarbital sodium, 50 mg./Kg. i.p., to  implant 
the perfusion cannulae surgically into the duodenal 
and ileal ends of the small intestine. The stomach 
and cecum were closed by ligatures. 


The perfusion experiments with quinine and 
quinidine were camed out according to  the “single 
perfusion technique” described by Schanker, et al. 
(2). with the following minor changes. Inulin re- 
coveries were based on the colorimetric method of 
Smith (4). Six experiments were run concurrently 
so that each of six rats would receive exactly the 
same treatment. Three of these animals received 
perfusate warmed to  37” from waterbath A and the 
remaining three from waterbath B. A Phipps and 
Bird perfusion pump was utilized, delivering fluid at 
the constant rate of 1.5 ml./minute. The perfusion 
solution termed “Buffer A” in these experiments con- 
sisted of the drug in a concentration of 1 mmole/L. 
in a weakly buffered saline solution containing the 
following salts in millimoles per liter: NaCI, 145; 
KCI, 4.56; CaCL, 1.25; NarHPO4.1.33; and NaH9- 
Pod, 0.33. “Buffer B” differed only with respect to 
the concentration of ingredients: NazHP04 was 
changed to 72 mmole/L. and NaHzPO4 to 28 
mmole/L., so that the total phosphate concentration 
would be 0.10 M. Sodium ion concentration was 
maintained at 145 mmolejl., and the chloride con- 
centration reduced in proportion to the added buffer 
anions. The initial pH of all perfusion solutions was 
adjusted to  7.2 f O . O 1  M o r e  experimentation. 
After perfusion, the pH of solutions containing 
Buffer A was 6.6 and for perfusion solutions con- 
taining Buffer B:7.1. 


Quinine and quinidine were estimated spectro- 
photometrically using a modification of the method 
of Brodie (5). Following the extraction of the 
alkaloid with the polar solvent ethylene dichloride, 
the alkaloid was returned to the aqueous phase by 
the addition of 0.1 N H&04 and re-extracted with a 
less polar solvent, benzene. This procedure was re- 
peated twice, since it was found that complete ex- 
traction of the alkaloids without their metabolic or 
degradation products was achieved. Using this 
double extraction procedure, the biological blank 
was negligible in every case. 


In analyzing the results of this study, the general 
statisti-XI methods used were those described by 
Snedecor (6). except that  the analysis of variance 
was performed as described by Cochran and Cox (7). 
These experiments were planned to  have a 2‘ X 4 
factorial design involving five factors, four of them at  
two levels each, and the fifth one at four levels. In 
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most cases the low level of a factor occurring at two 
levels indicated that none of that factor was present. 
In the case of the four-level factor, each level actually 
represented a different mode of administration of 
the treatment. Only one-half of the 64 possible 
combinations were used. However. the 32 chosen 
combinations were selected in such a way that 
information on the effects of interest would not 
be sacrificed. The following scheme (Table I)  lists 
the factors studied together with the "levels" of 
each. In the Code column, the customary notation 
for a two-level factorial is used, the presence or 
absence of the code letter for a particular factor 
indicating the level of that factor. In the case of 


TABLE  FACTORIAL DESIGN OF PERFUSION STUDY 


Factor Level Code 
Dm3 Quinine a 


Quinidine No a 
Thiourea Present b 


Absent Xo b 
N ,  N'- Diethy lthio- Present C 


urea Absent No c 
1-Phenyl-2-thio- Present d 


urea Absent Yo d 
Mode of Buffer A (weak) No e, no f 


administration Buffer B (strong) e alone 
Fasted 24 hours f alone 
Not fasted e and f 
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TABLE II.-EFFECT OF \'ARIOUS ADJUVANTS ON RAT 
INTESTINAL ABSORPTION OF QUININE AND QVINI- 


DINE: A FACTORIAL EXPERIMENT 


Test Group Cod@ 
a b  
ad 
ac 
abcd 
abde 
acde 
ae 
abce 
abdf 
acdf 
af 
abcf 
abef 
acef 
adef 
abcdef 
d 


bc 
bd 
cd 
de 
bcde 
be 
ce 
df 
bcdf 
cf 
bf 
ef 
bcef 
bdef 
cdef 


% Absorbedb 
49.9 (48.9 to 51.1P 
20.7 (17.9 to 25.5) 
30.2 (28.9 to 31.5) 
47.9 (45.7 to 50.4) 
47.6 (46.1 to 49.2) 
32.9 (31.2 to 37.01 
i5.2 (i3.0 to i8.7) 
53.1 (53.0 to 53.2) 
52.6 (49.6 to 55.0) 
30.0 (27.2 to 32.5) 
13.1 (12.3 to i3.9j 
53.4 (51.6 to 55.2) 
29.0 (15.4 to 39.5) 
31.0 (28.9 to 33.4) 
19.9 (9.9 to 27.3) 
50.5 (46.4 to  54.2) 
17.2 (16.6 to 18.2) 
99.5 (98.7 to 100.0) 
17.6 (16.3 to 19.2) 
99.1 (98.7 to 100.0) 
20.6 (17.3 to 23.4) 
88.7 (87.8 to 89.6) 
16.8 (12.9 to 19.1) 


14.8 (11.1 to 18.1) 
80.4 (77.8 to 83.4) 
99.6 (98.7 to  100.0) 
17.0 115.4 to  19.1) 


99.0 (97.4 to 100.0) 


i7.i (i5.2 to i8.4j 
99.5 (98.4 to 100.0) 
16.7 (12.5 to  31.7) 
98.4 (96.4 to 100.0) 


a For identification see Table 1. b The per cent absorbed 
is expressed as the mean for a total of six animals run con- 
currently three males and three females Four determina- 
tions wer; made per animal, one each for the four 10-minute 
samples collected after the 30-minute dru perfusion period 
which followed the initial 30-minute drug-fee cleansing per- 
fusion. =Observed range of the mean values per group. 
d No coded factor present. 


T A B L E  I~I.-ANALYSIS OF \'ARIANCE 


Degrees 
of 


Source of Variation Freedom 
Experiments 1 


Main effects 
A: Quinine m. quinidine 1 
B: I-Phenyl-2-thiourea 1 
C: Thiourea 1 
D:  N.N'-Diethylthiourea 1 
M :  Methods of treatments 3 


Interaction between main effects 
A X B  1 
A X C  1 
A X D  1 
B X C  1 
B X D  1 
C X D  1 
A X M  3 
B X M  3 
C X M  3 
D X M  3 


Interactions with experiments 
A X Experiments 1 
B X Expaiments 1 
C X Experiments I 
D X Experiments 1 
M X Experiments 3 


Remainder or pooled error 30 


Further comparisons 
AC: quinine with thiu- 


Quinidine. quinidine 
urea I 


with thiourea, qui- 
nine without thio- 
urea 2 


AC X M X Experiments 3 
AC X M 3 
AC X Experiments 1 


Mean F 
Square Ratio 


24,708.34 10.3' 


19,436.63 8.1' 
32,701.03 13.7" 
37.282.14 15.6O 
35.350.56 14 8' 
55,205.26 23.1' 


1.119.25 0 4 
21,053.34 8 8' 
1.5.678.31 6.5* 
2,032.12 0.8 
6,526.80 2 . 7  


13.484.89 5.6* 
1,196.87 0 . 5  


12.650.62 5.3b 
5.765.63 2 . 4  
1.541.73 0 . 6  


6.186.34 2 . 5  
3,154.03 1 . 3  


629.74 0 . 2  
4.584.63 1 . 9  
1.076.02 0 . 4  
2,385.81 . . .  


74,569.57 31.20 


719.71 0 . 3  
84.244 23 35.3' 
2.926.47 1 . 2  
7.309.13 3 . 0  


a Statistically si nificant at the lVo probability level. 
b Statistically signiecant at the 5% probability level. 


TABLE IV.-INTERACTION BETWEEN QUININE AND 
QUlNIDINE AND PRESENCE VelSUS ABSENCE OF 


THIOUREA EXPRESSED I N  ABSOLUTE UNITS 


Thiourea Quinidine Quinine Av. Difference 
Absent 144.82 143.50 144.16 44,24 
Present 154.97 221.82 188.40 
Av. 149.90 182.66 
Difference 32.76 


the four-level factor, two code letters are required 
to specify the level. 


RESULTS AND DISCUSSION 


Interpretation of the Factorial.-The results of 
these experiments are shown in Table 11. The 
mean per cent absorbed for each group represents a 
total of 24 separate determinations. Amount ab- 
sorbed was calculated from the difference in the 
concentration entering and leaving the intestine. 
The analysis of variance in Table I11 shows that all 
the main effects were statistically significant as well 
as four of the first-order interactions. These will be 
considered separately. 


For the purpose of analysis, the data could be 
arranged so that an internal comparison could be 
made concerning the duplicatability of the results. 
The results of the analysis indicated that the three 
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TABLE V.-~NTERACTION BETWEEN QUININE-THIO- 
UREA AND METHODS OF TREATMENTS EXPRESSED IN 


ABSOLUTE UNITS 


Buffer Buffer 
B Av. Factor Food Fasting A 


Experiment I :  
Quinine with 


thiourea 177.01 118.45 242.19 206.04 185.93 
others 171.64 44.63 192.10 132.04 135.12 
Diflerences 5.37  73.82 50.09 74 .00  50 .81  


ExQerimenl 2: 


Quinine with 
thiourea 356 15 180.72 230.10 262.75 257.63 


Others 159 82 87 .05  216.53 178.61 160.44 
Differences 196 33 93 .67  13.57 84.14 97.19 


rats on one side of the perfusion apparatus supplied 
by water bath A responded to  a different degree than 
the three rats on the other side of the apparatus 
supplied by water bath B, possibly due to slight but 
inherent differences between the two constant tem- 
perature water baths employed. To determine 
whether this effect was significant, the analysis of 
variance was determined as if two concurrent experi- 
ments had been carried out-three rats per run or a 
total of 12 analyses per group. For the simplicity 
of calculation and to  demonstrate more dramatically 
the variation or similarity in response of the various 
factors and levels, all the data were coded so that the 
values represented absolute units ranging from 0 to  
400. 


The main effect A (quinine weisus quinidine) and 
the main effect C (presence versus the absence of 
thiourea) were studied together because their inter- 
action, A X C, is statistically significant. The 2 X 
2 table or Table IV represents the four averages in- 
volved, each value being an average of 16 items, eight 
from one experiment and eight from the other ex- 
periment. The explanation of the significant main 
effects ( A ,  C) and the interaction A X Cis now ap- 
parent. Averaged over the quinidine and the 
quinine, the addition of thiourea caused a mean in- 
crease of 44.24 units. Quinine was higher than 
quinidine by 32.76 units, when averaged over the 
presence and absence of thiourea. However, the 
difference between thiourea and lack of thiourea was 
much greater with quinine than with quinidine, and 
the difference between the quinine and quinidine 
existed only when thiourea was present-thus caw- 
ing the significant A X C interaction. Further in- 
spection of Table IV confirms this conclusion since 
there appears to be no difference between the two , 


isomers when thiourea is absent, and there appears 
to  be no effect of thiourea on quinidine. This sug- 
gests that instead of looking a t  the A ,  C, and A X C 
effects, one should examine the effect of quinine with 
thiourea contrasted with the other three combina- 
tions (quinidine, quinidine with thiourea, and 
quinine without thiourea) averaged together. This 
comparison is listed at the bottom of the analysis 
of variance in Table 111. This comparison is, in 
fact, statistically significant to  a high degree (F 
ratio = 31.2). while the variation among the remain- 
ing three means is well within experimental error 
( F  ratio = 0.3). 


Considering the effect resulting from the combina- 
tion of quinine and thiourea as the one of greatest 
interest, it  seemed worthwhile to  determine if this 
effect would be exhibited by both experiments and 
with all four modes of treatment. For this purpose, 
the remainbig comparisons listed among the Further 
comparisons in Table 111 were made. There is a 
moderately large but not significant interaction be- 
tween this effect and Experiments and also a signifi- 
cant ( F  ratio = 35.3) second-order interaction among 
this effect, Erperiments and the methods of treat- 
ments. The reason for this is shown in Table V. 
The combinations of quinine and thiourea when 
averaged over the four methods of treatments was 
50.81 units better than the others in Experiment 1, 
and 97.19 units better in Experimcn62. Thus, the two 
experiments agree on the superiority of this combina- 
tion, but they disagree on its magnitude. This is 
the cause of the rather large interaction of A C  X 
Experiments. However, this interaction was not 


TABLE \ r I . - I ~ ~ ~ ~ ~ ~ ~ ~ ~  BETWEEN METHODS OF 
TREATMENTS AND PRESENCE us. ABSENCE OF 1- 


PHENYL-2-THIOUREA I N  ABSOLUTE UNITS 


l-Phenyl-2- Buffer Buffer 
thiourea Food Fasting A B Av. 


Absent 243.87 75 .68  229.58 200.92 187.51 
Present 137.94 97 .90  195.19 149 15 145.05 
Differences 105.93 -22 .22  34 .39  51 .77  42.46 


statistically significant and the interaction A C  X 
methods of treatments was not significant. Ob- 
servation of the individual differences listed in Table 
V indicates that in Experiment 1 the superiority of 
the combination of quinine and thiourea was uni- 
formly substantial, except for the nonfasted animals. 
On the other hand, in Experiment 2 there was a large 
difference for the nonfasted animals, but the differ- 
ence was rather small with Buffer A. This discrep- 
ancy between the results of the two experiments was 
the cause of the significant AC X M X Experiments 
interaction. I t  should be noted that the mean 
values listed in Table V for quinine with thiourea 
are averages of only two items, and they are sub- 
ject to large experimental errors. 


The reason for the statistically significant main 
effect B (presence weisus the absence of l-phenyl-2- 
thiourea) is that the average of the 32 items with 1- 
phenyl-2-thiourea absent was 187.51 units (Table 
VI) compared with 145.05 units for the average of 32 
results with 1-phenyl-2-thiourea present. Appar- 
ently this adjuvant was detrimental to the absorp- 
tion of the alkaloids. However, there is a significant 
interaction between this effect and the methods of 
treatments. Table VI  shows averages of eight items 
per entry. The reason for the significant interaction 
with methods of treatments is evident-the 1- 
phenyl-2-thiourea was not detrimental when ad- 
ministered to fasted animals but was detrimental 
when given with Buffer A, Buffer B, and to rats that 
had not been fasted. 


The presence wersus the absence of N,N'-diethyl- 
thiourea, or the main effect D, was statistically 
significant according to the analysis of variance 
(Table 111). In Table VII the average of 32 items 
with this adjuvant present was 188.31 units; the 
average of 32 items without N,N'-diethylthiourea 
was 144.21 units. This is a difference of 44.10 units 
in favor of the addition of this adjuvant. However, 
there is a significant C X D interaction, indicating 
that the effect of this adjuvant may depend upon 
whether thiourea is present. This interaction is 
shown in Table VII, which indicates that the effect 
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TABLE \-II.-INTERACTION BETWEEN PRESENCE us. 


us. ABSENCE OF THIOUREA 
.4BSENCE OF N, N’-DIETHYLTHIOUREA AND PRESENCE 


N,N’- No 
Diethylthiourea Thiourea Thiourea Differences 
Present 196.86 179.83 17.03 
Absent 179.93 108.40 71.53 
Differences 16.93 71.43 


TABLE VIII.-EFFECTS OF METHODS OF TREAT- 
MENTS ON ALKALOID ABSORPTION EXPRESSED IN 


ABSOLUTE UNITS 


Methods Av. 
Food 190.95 
Fasting 
Buffer A 
Buffer B 


86.79 
212.39 
174.99 


of N,N‘-diethylthiourea is greater when thiourea is 
absent (71.43 units contrasted to  16.93). There is a 
large statistically significant effect for the interaction 
A X D. Gross inspection of the lower half of Table 
I1 indicates that there is a large effect between N,N‘- 
diethylthiourea and quinidine as previously reported 
( l ) ,  and this is the reason for the significant A X D 
interaction. 


The Methods of treatments comparison was sta- 
tistically significant as indicated in the analysis of 
variance of Table 111. Table VIII indicates that this 
was almost entirely due t o  the 24-hour fasting of the 
rats prior t o  the test. Fasting definitely hinders 
absorption of the alkaloids in these experiments. 
Each figure in Table VIII is the mean of 16 items. 
The inhibitory &ect of fasting can be seen as a uni- 
t o m  phenomenon in Tables V and VI. Inspection 


of Table VI indicates that 1-phenyl-2-thiourea in a 
fasted animal encourages alkaloidal absorption as 
reported earlier (1); yet in a nonfasted animal its 
presence actually discourages absorption. 


SUMMARY 


A factorial experiment was camed out in rats to 
study the effects of thiourea, N, N’-diethylthiourea, 
l-phenyl-2-thiourea, ionic strength, ad libitum food, 
and 24-hour fasting on the absorption of quinine 
and quinidine. Thiourea administered in equal 
weight with quinine consistently gave enhancement 
of absorption, while absence of effect from thiourea 
was observed when given with quinidine. 1-Phenyl- 
2-thiourea administration resulted in lowering the 
rate of absorption in nonfasted animals while in- 
creasing absorption in fasted animals. N,N‘- 
Diethylthiourea routinely increased the absorption 
of both quinine and quinidine. There was no 
noticeable interference with alkaloidal absorption 
from either the strongly buffered or the weakly 
buffered vehicles. Fasting exerted a strong in- 
hibitory effect on quinine and quinidine absorp- 
tion. 
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Influence of Adrenergic Receptors on Blood Sugar 
and Lactic Acid Levels in the Rat 


By BENJAMIN W. LEI* and ROB S. MCCUTCHEON 


Six treatment combinations were compared for their production of blood sugar and 
lactic acid in rats. T h e  challenging drugs-saline, epinephrine, and levarterenol- 
isoproterenol combined-were tested against saline (without adrenergic blockers) 
and against DCI combined with hyder ine. Epinephrine and levarterenol-isopro- 
terenol, the challenging amines, were Lth effective in  increasin the production 
of blood sugar and lactic acid. The adrener ic blockade produced f y  DCI combined 
with hydergine was effective in inhibiting %oth hyperglycemia and hyperlacticaci- 
demia. Since a specific blockade of both a and B adrenergic receptors prevented the 
glycogenolytic effects of epinephrine and levarterenol-isoproterenol, it is con- 


cluded that this effect is mediated through these receptors. 


T IS WELL known that  the sympathetic amines 
will cause an increased production of both blood 


uncertainty as t o  which adrenotropic receptors, 
if any, are responsible for the mediation of this 


sugar and lactic acid (1) ; there is, however, some response. Glycogenolysis was first attributed . .  - -  
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t o  the  a receptors by Ahlquist (2), then to both 
receptors by  Van der Pol (3) and Claasen and 
Noach (4). Mayer, et al. (5), and McCutcheon 
(6) took exception t o  this and suggested that the 
fi receptors-- or possibly Some unknown receptors 


vallis. 
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T A B L E  XIII.--RECOVERY OF VITAMINS A AND E 


USING PROPOSED PROCEDURE 
smaller ones) in a simplified procedure for the assay 
of these two vitamins in mixtures. The proposed 
assay is valid for a number of typical mixtures. Inout 


Vitamin 
A Units 
50,000 


(oil) 
25,000 
(oil) 


50,000 
(dry) 


25,000 
(dry) 


50,000 
(dry) 


25,000 
(dry) 


5,000 
(oil) 


~~ 


~ Vitamin E -% Recovery- 
Units Vitamin A Vitamin E 


10 (oil, 99.1 101.9 


10 (oil, 100.3 104.0 


10 (dry. 98.0 102.8 


10 (dry. 95.7 99.4 


acetate) 


acetate) 


acetate) 


acetate) 
10 (succinate) 98.5 107.1 


10 (succinate) 96.5 102.9 


100 (oil, 100.1 101.8 
acetate) 


tion which allows good recovery of both vitamins. 
The key change from previous procedures is the 
substitution of ascorbic acid for hydrochloric acid in 
acidifying the saponification mixture before extrac- 
tion. 


Hydrogenation is effective in removing the  mutual 
interference of vitamins A and E upon each other. 


These two new improvements have been combined 
with one previously described (using a single large 
volume of ether for extraction rather than several 
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Pinacol Rearrangement of Phenaglycodol I 
Characterization of Products Produced 


By HUBERT 


HENACLYCODOL~ is one of a series of anti- 
convulsant ethylene glycols described by 


Mills, et al. ( l ) ,  which has been evaluated in 
the clinic as an anticonvulsant and neuro- 
sedative agent by Gruber and Mosier (2). This 
compound is characterized by a somewhat per- 
sistent bitter taste. In the hope of obtaining a 
product with a sufficiently improved taste to per- 
mit the convenient administration of phena- 
glycodol in liquid preparations, several attempts 
were made to prepare derivatives of this glycol. 


All attempts to esterify one or both of the 
hydroxyl groups with acid anhydrides or acid 
chlorides were fruitless, even when special meth- 
ods developed for tertiary hydroxyl groups were 
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carried out. Likewise, all efforts at trans- 
esterification with a number of commonly used 
catalysts and attempted etherifications were un- 
successful. I t  was observed that a character- 
istic odor developed in those instances in which 
acidic conditions were maintained during at- 
tempted esterification. Moreover, it  was diffi- 
cult to recover the unreacted phenaglycodol 
in crystalline form from these experiments. The 
possibility of a pinacol rearrangement was con- 
sidered, and a typical odoriferous reaction mix- 
ture was treated with 2,4-dinitrophenylhydrazine 
reagent. The presence of a ketone was revealed 
by the separation of an orange, crystalline 2,4-di- 
ni trophenylhydrazone. 


Further experimentation furnished a sub- 
stantially quantitative method of converting 
phenaglycodol into a ketone by refluxing the 
glycol with 10% sulfuric acid. The ketonic 
liquid obtained was immediately subjected to 
careful fractionation at reduced pressure. The 
main component was 2-methyl-2-(p-chloro- 
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phenyl)-3-butanone (€3, Fig. 1). In addition, very 
small amounts of 2-(pchlorophenyl)-3-methyl- 
butadiene- 1,3 and p-chlorophenyl krt-butyl ketone 
were present. Any delay in fractionation allows 
the substituted butadiene to polymerize readily 
(probably catalyzed by peroxides) by a 1:4 
addition to form an amorphous insoluble polymer. 


A literature search produced no reference to p-  
chlorophenyl tert-butyl ketone. It was, there- 
fore, necessary to synthesize this compound for 
comparison with the conjugated ketone detected 
in the reaction mixture. The first attempted 
synthesis of this ketone was from chlorobenzene 
and trimethyl-acetyl chloride via a Friedel- 
Crafts reaction. A ketone was separated by 
careful fractionation of the reaction product, but 
infrared absorption studies indicated that it was 
not a conjugated ketone. An alternate synthesis 
from pchloroacetophenone and methyl iodide 
furnished the desired ketone. 


Investigators have established rules for pre- 
dicting the “migration aptitude” and percentage 
migration which can be expected for symmetrical 
pinacols (3), but no satisfactory rules have been 
formulated to predict the extent of migration of 
the groups of an unsymmetrical pinacol (4). 
Collins, in a recent review, states: “Every un- 
symmetrically substituted glycol can rearrange in 
two conceivable ways, depending upon which of 
the two hydroxyl groups is lost during reaction.” 
(See Fig. 1.) 


To confirm that 2-methyl-2-(p-chlorophenyl)- 
3-butanone was formed in almost quantitative 
yield and that it had not resulted from rearrange- 
ment during fractionation, a typical reaction 
mixture was subjected to a selective oxidation 
process for methyl ketones (5). A substantially 
quantitative yield of a mixture of p-chlorophenyl- 
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dimethylacetic acid along with a small amount of 
fi-chlorobenzoic acid was obtained. The mother 
liquor and washings from the oxidation process 
were worked up, and a small amount of 
nonoxidized ketone was isolated as the crystal- 
line 2,4-dinitrophenylhydrazone. The powder 
X-ray diffraction pattern of this crystalline 
hydrazone was identical with that of the, hydra- 
zone prepared from the fractionated 2-methyl-2- 
(fi-chlorophenyl)-3-butanone. The possibility 
that p-chlorophenyl tert-butyl ketone might form 
a 2,4-dinitrophenylhydrazone with difficulty or 
not at all was considered, but studies with the 
synthetic ketone prepared for comparison re- 
vealed that it formed the 2,4-dinitrophenylhydra- 
zone even more readily than the unconjugated 
isomer. 


PHARMACOLOGICAL STUDIES 
2-Methyl-2-(p-chlorophenyl)-3-butanone which 


had been purified by fCactionation was studied in 
mice for neurosedative activity and in rats for anti- 
convulsant activity. Quite unexpectedly, this 
ketone displayed one-third to one-half the pharma- 
cological activity of phenaglycodol. The acute 
toxicity (LDm 1650 f 50 mg. per Kg.) by mouth in 
white mice was about one-half that of phenaglycodol. 
Since p-chlorophenyl-dimethylacetic acid is a possi- 
ble metabolite of phenaglycodol, the toxicities of 
the sodium salt by mouth and after intravenous 
injection in white mice were determined. 


EXPERIMENTAL’ 


2-Methy1-2-(p-chlorophenyl)-J-butanone ( B, Fig. 
l).-One-hundred grams of commercial phen- 
aglycodol was added to a solution of 20 ml. of con- 
centrated sulfuric acid in 180 ml. of water in a 
round-bottomed flask. This mixture was refluxed 
gently with constant stimng for 16 hours. The 
heavier molten glycol separated to the bottom of 
the flask at  first, but as rearrangement progressed 
the lighter ketonic layer rose to the surface. 


The acidic mixture was cooled, transferred to a 
500-ml. separator and the lower aqueous phase 
separated and discarded. The yellow, oily liquid 
was washed six times with about 80 ml. of 10% 
sodium chloride solution, then dried with 20 Gm. of 
anhydrous sodium sulfate. The dried product was 
filtered into a still pot which was attached to a spin- 
ning band reflux column. The column had a cal- 
culated efficiency of 28 theoretical plates. The 
liquid was fractionated at 3 mm. Hg and its composi- 
tion was as indicated in Table I. 


The fraction boiling at 105’ was 2-rnethyl-Z-(p- 
chlorophenyl)-3-butanone displaying characteristic 
infrared absorption bands at  5.83 p for the uncon- 
jugated ketone, at 9.09 f i  and 9.82 f i ,  characteristic 
of p-chlorophenyl, and at 11.96p, characteristic of p- 
substituted phenyl. Nuclear magnetic resonance 
studies supported the assigned structure. 


And-Calcd. for CllHl$210: C, 67.17; H, 6.66; 
CI, 18.03. Found: C, 67.18; H, 6.50; CI, 17.62. 


PHENAGLYCO DO L 


M.d In r l d l M  w d w  
! 


CI A Tr 3 0 0  


yc-c--cH, 
I w 


B C 


Fig. 1.-Expected course of pinacol rearrangement. 
1 All boiling points and melting points reported have not 


been corrected. 
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TABLE ~ . - ~ O ~ P O S l T I ~ N  OF REACTION MIXTURE FROM PHENAGLYCODOL REARRANGEMENT 


ReRux Ratio B.p., OC. Volume, a t .  n v  d:lo 
9 : l  80-82 0.62 . . .  
5: 1 82-84 2.56 1 ..5& . . .  
7 : l  
7 : l  
8 :  1 
8 :  1 


84-87 
87-90 
90-94 
94-98 


8: 1 98-102 0.67 . . .  . . .  
8:  1 102-105 0.67 


5: 1 106-140 1 .3  . . .  . . .  
Residue . . .  . . .  . . .  . . .  6 . 3  Gm. 


2: 1 105 75.8 1 :5250 1.0964 


2.4-Dinitrophenylhydrazone (6) recrystallized 
from isopropanol, m.p. 199'. 
2-(p-Chlorophenyl)-3-rnethylbutadiene-l,3.-The 


fraction boiling at  82-84' (Table I) consisted prin- 
cipally of a butadiene with displayed infrared 
absorption peaks at 6.25, 6.68, 9.09, 9.82, 11.03, 
and 11.96 p. The 9.09 and 9.82-p bands are 
characteristic of p-chlorophenyl; the 11.96-p band 
is characteristic of the p-substituted-phenyl group. 
The absorption a t  11.03 p is characteristic of a 
terminal methylene group. There was also present 
in this fraction small amounts each of an uncon- 
jugated ketone which displayed carbonyl absorption 
a t  5.83 p and a conjugated ketone which displayed 
absorption at 5.92 p, respectively. The butadiene 
structure of the principal component was confirmed 
by nuclear magnetic resonance studies. 


Upon standing at room temperature, this fraction 
became very viscous; most of it became insoluble in 
acetone and in methanol. An insoluble, amorphous 
solid was obtained by repeated washing with boiling 
methanol. The infrared absorption of this solid 
indicated a complete loss of all terminal methylene 
absorption, but the absorption band at 6.68 p and 
the two bands for p-chlorophenyl and that for p-  
substituted phenyl were still present, although all 
absorption peaks were shifted to slightly longer 
wavelengths. 


Anal.-Calcd. for (CIIHIICl)n: C, 73.95; H, 6.21; 
CI, 19.85. Found: C, 74.07; H, 6.24; C1, 19.56. 


Trimethyl-acetyl Chloride.-Meyer (7) has re- 
ported that this chloride was easily made by 
using thionyl chloride, but he gave no details. A 
33.4-ml. quantity of thionyl chloride (0.47 mole, 56 
Gm.) was placed in a round-bottomed flask provided 
with a magnetic stirrer and a water cooled reflux 
condenser. This was heated on a water bath at 
65' while being stirred, and trimethyl-acetic acid, 
40.85 Gm. (0.4 mole), was added in small portions 
through the condenser during the course of 1 hour. 
The fumes from the condenser were collected in a 
water trap. When all the acid had been added, the 
reaction mixture was refluxed for 0.5 hour. The 
reaction mixture was then distilled from a glycerin 
bath and 25 ml. of a fraction boiling at 102-105° a t  
757 mm. Hg was collected [Butlerov (8) 105-106' at 
760 rum.]. Some unconverted acid, 8 ml., was 
collected 62-64' at 5 mm. Hg. 


Attempted Synthesis of p-Chlorophenyl tert-Butyl 
Ketone by Friedel-Crafts Reaction.-This reaction 
was carried nut by a slight modification of the pro- 
cedure described by Schweitzer (9, 10) for bromo- 
Iwnzene and acetyl chloride. The reaction product 


TABLE II.-COMPOSITION OF REACTION MIXTURE 
FROM METHYLATION OF p-CHLOROACETOPHENONE 


a s 0  ReEux Bbp.. Volume, 
Ratio C. ml . 7ID 


5: 1 85-88 0.33 


5: 1 90-94 2 . 0  . . .  . . ~  


3:  1 88-90 11.86 1.5497 i.'i% 
... . . .  


5: 1 94-98 2 . 0  . . .  ... 
3 : i  100-102 21 .9  1.5288 i.'ii96 
7: 1 98-100 2 .7  


from chlorobenzene and pivalyl chloride was frac- 
tionated on a spinning band column and a ketonic 
fraction boiling at 109" at 2 mm. Hg was isolated; 
nnso ,, - - 1.5250. Infrared absorption studies revealed 
absorption bands at 5.83 I( (unconjugated ketone), 
the p-chlorophenyl bands at 9.09 p and 9.82 p, and 
the p-substituted phenyl band at 11.96 p. How- 
ever, the phenyl absorption bands were of much 
lower intensity with respect to  the carbonyl absorp- 
tion band than they were in the spectrum of 2- 
methyl-2-(P-chlorophenyl)-3-butanone. There were 
other spectral differences which left little doubt that 
this ketone was different from the one isolated from 
the rearrangement of phenaglycodol. Nuclear 
magnetic resonance studies confirmed this difference, 
but the structure of the synthesized ketone was not 
established. A 2.4-dinitrophenylhydrazone of this 
ketone was not obtained by the usual method of 
preparation. 


No conjugated ketone was detected by infrared 
absorption studies in any of the fractions separated 
from the reaction mixture or in the considerable 
amount of high boiling residual liquid which re- 
mained in the still pot. 


p-Chlorophenyl tert-Butyl Ketone (C, Fig. 1).- 
This ketone was prepared by exhaustive methyla- 
tion of p-chloroacetophenone by a modification of the 
method of Haller and Bauer (11). One-hundred- 
fifty milliliters of benzene, which had been dried over 
sodium, was placed in a round-bottomed three-necked 
flask provided with a water bath, a magnetic stirrer, 
a reflux condenser, and a dropping funnel. Sodiuni 
amide (35.2 Gm., 0.9 mole) was added to  the dry 
benzene and mixed well. A mixture of 45.5 Gm. 
(0.295 mole) of p-chloroacetophenone and 149.5 
Gm. (1.05 moles) of methyl iodide was added 
slowly from the dropping funnel. The rate of addi- 
tion was adjusted so that the reaction never became 
violent. After all of the p-chloroacetophenone and 
methyl iodide had been added, the reaction mixture 
was gently refluxed with cnnstnnt stirring for 3 
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was acidified with acetic acid. This required about 
4 hours. Sulfur dioxide was then passed into the 
reaction mixture until no more bromine was liberated 
when a few drops of the reaction mixture was made 
strongly acidic with concentrated hydrochloric 
acid. The reaction mixture was filtered; the filtrate 
was made strongly acidic by the addition of 75 ml. of 
concentrated hydrochloric acid. The acidified 
liquid was stirred for 10 minutes, then stored over- 
night a t  5". The separated crystals were collected 
on a filter and washed with about 200 ml. of cold 
distilled water. The filtrate and washings were 
saved for the recovery of nonoxidized ketone. The 
washed crystals of precipitated acid were dried in a 
vacuum desiccator at 5 mm. Hg for 12 hours at 25'. 
Yield, 48 Gm. (Theory, 50.50 Gm.) 


This product when examined by nuclear magnetic 
resonance proved to be a mixture of about 90% p -  
chlorophenyl-dimethylacetic acid and 10% p-  
chlorobenzoic acid. This benzoic acid was produced 
by oxidation of some unconverted phenaglycodol. 
Its formation from phenaglycodol was confirmed in 
a separate experiment. 


Pure p-chlorophenyl-dimethylacetic acid was 
prepared by oxidizing a like amount of the fraction- 
ated 2-methyl-2-( p-chlorophenyl)-3-butanone by the 
same method. The yield of dried product was 50 
Gm., m.p. 126". The oxidation of the purified 
ketone proceeded at a much slower rate than that 
of the crude reaction mixture. 


Anal.-Calcd. for CloHIIClOz: C, 60.46; H, 5.58; 
CI. 17.85. Found: C, 60.15; H, 5.62; CI, 17.58. 


Infrared and ultraviolet absorption spectra and a 
nuclear magnetic resonance study supported the 
assigned structure. The solubility in water at 
26' was 2 mg. per ml. The pKa' in 66% dimethyl- 
formamide was 7.0, and the calculated molecular 
weight was 195 (theory 198.65). The acute toxici- 
ties for the sodium salt determined in fasted white 
mice after 7 days' observation were: LDw by 
mouth, 1052 f 129 mg. per Kg.; LDm intravenous, 
553.9 f 67.6 mg. per Kg. 
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hours. The reaction mixture was allowed to  
stand at room temperature for 12 hours, then 50 ml. 
of distilled water was added slowly and carefully 
from the dropping funnel to  decompose any excess 
of sodium amide. The reaction mixture was trans- 
ferred to a separator, 100 ml. of distilled water was 
added, and the benzene phase was extracted. The 
aqueous layer was separated and discarded. Ex- 
traction with 150 ml. of distilled water was repeated 
five times; then the benzene phase was separated and 
dried with 20 Gm. of anhydrous sodium sulfate. 
The sodium sulfate was removed by filtration, and 
the filtrate was fractionated in a spinning band 
column at 4 mm. Hg. The composition was as in- 
dicated in Table 11. 


The fraction collected at 88 to 90' was p-chloro- 
acetophenone; the fraction boiling at 100 to 102' 
was a mixture containing about 45 mole per cent of 
the desired p-chlorophenyl ferl-butyl ketone. The 
infrared absorption pattern displayed, in addition to  
the typical p-chlorophenyl bands at 9.09 and 9.82 p 
and p-substituted phenyl band at 11.96 p, the con- 
jugated carbonyl absorption at 5.92 p. Nuclear 
magnetic resonance studies of this fraction indicated 
that three species of ketones were present. A 
monomethylated ketone was present in about 7 mole 
per cent concentration, a dimethylated ketone 
(isopropyl) in about 48 mole per cent concentra- 
tion, and the trimethylated ketone (lerl-butyl 
ketone) in 45 mole per cent concentration. Since 
these ketones could not be separated by fractiona- 
tion, a small amount was converted easily to a 
mixture of the 2,4-dinitrophenylhydrazones. These 
were separated into an isopropanol insolubk frac- 
tion with a melting point of 213' and a fraction that 
was recrystallized from isopropanol, m.p. 121'. 
Nuclear magnetic resonance studies revealed that 
the 2,4-dmitrophenylhydrazone melting at 121' was 
the dimethylated ketone (isopropyl), and the 2,4- 
dmi t rophenylhydrse  melting a t  213' was that 
of the trimethylated (fert-butyl) ketone. 


Anal.--Calcd. for (2,4dinitrophenylhydrazone of 
p-chlorophenyl isopropyl) C1$H&lN404: CI, 9.77. 
Found: C1,g.M. 


And.-Calcd. for (2,4-dinitrophenylhydrazone of 
p-chlorophenyl tert-butyl ketone) CnHnCIN~O~: 
C1, 9.41. Found: C1,Q.S. 
p-Chlorophenyl-dimethylacetic Acid.-A mixture 


of 930 ml. of 3 N sodium hydroxide solution and 67 
ml. of bromine was placed in a 2-L. three-necked, 
round-bottomed flask provided with a magnetic 
stirrer and a water bath. This mixture was stirred 
until homogeneous; 50 Gm. of the crude washed re- 
action mixture consisting primarily of 2-methyl-2- 
(p-chlorophenyl)-3-butanone was added all at once. 
The flask was heated to 68-70" while the contents 
were constantly stirred until bromine ceased to be 
liberated when a few drops of the reaction mixture 
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Presence of Three New Ingredients in Spearmint Oil 
By THOMAS F. BURKS* and GUNNAR GJERSTAD 


By use of gas chromatography, spearmint oil 
N. F. was separated into 19 fractions. CO- 
chromatogra hy with known reference sub- 
stances concfwively demonstrated the pres- 
ence of cineole, a-pinene, and linalool in  the 


oil. 


UB TO THEIR chemical heterogeneity, volatile D oils have so far defied a complete and accurate 
analysis. Until recently, the only available meth- 
ods for proximate analyses of these oils were frac- 
tional distillation and derivative formation of 
variable accuracy. The relatively recent develop- 
ment of gas chromatography as an analytical 
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Fig. 1.-Gas chromatogram of spearmint oil N. F. 
on a17.5 f t .  stainless steel column of l/d-in. diameter; 
Silicone Dow 710 on firebrick; helium flow 50 ml./ 
minute; sensitivity attenuation 2 X.  Total time 
required for separation into 19 fractions was 18 
minutes. This recording was obtained a t  160°C. 
However, lower temperatures gave the same number 
of peaks. 
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After the completion of this paper, it  was noted that J. 1. 


Brderick demonstrated the presence of cineole in spearmint 
oil. (Burchfield. H. P., and Storrs, E. E.,"Biochemical A p  
plications of Gas Chromatography," Academic Press, Inc., 
New York. N. Y.. 1962. pp. 463-465.) 


method for volatile oils appeared to us to offer great 
advantages over conventional methods. 


Carvone has for some time been recognized as 
the main ingredient of spearmint oil, the official 
purity rubric specifying a minimum concentration 
of 55% (1). Among the other known ingredients, 
the exact percentages of which have not been 
conclusively established, are pulegone (2). d-3- 
octanol (3). limonene, phellandrene, acetic and 
valeric acids esterified with dihydrocuminyl alcohol, 
and dihydrocarveol esterified with acetic acid (4). 
In most instances the literature gives no particular 
data on conformational structural formulas. The 
presence of pinene, linalool, and cineole has been 
indicated in various oils of related species from cer- 
tain foreign habitats; these reports have been 
questioned by other workers, and we can find no 
substantiation hereof in American oils (4,5). 
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Electronik recorder of 1-mv. sensitivity. Silicone 
Dow 710 and diethyleneglycol succinate. both 
adsorbed on firebrick, were the most suitable 
stationary phases; the other experimental condi- 
tions are listed under Fig. 1. 


Inspection of Fig. 1 reveals that the oil may be 
separated into a total of 19 fractions, eight repre- 
senting minor and 11 major components. Due to 
the lack of authentic blank substances, all of these 
ingredients have yet to be positively identified, but 
work is in progress. Carvone produced the most 
prominent peak (No. 18) which was readily iden- 
tified by use of added reference standard. 


Comparison of retention volumes and co-chro- 
matography with added pure reference standard 
under identical experimental conditions were em- 
ployed in the identification of three compounds in 
the oil, the presence of which had previously been 
disputed. Authenticated reference substances, pure 
and in 2% mixtures in natural oil. were gas chro- 
matographed individually and in various com- 
binations. 


The addition of 2% liialool to  the oil produced an 
The results are presented in Fig. 2. 
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increase in the size of peak 12 at a retention time of 
4.3 minutes, which is identical t o  that of pure 
linalool under the stated conditions. Added 
cineole similarly effected an increase in peak 11, 
which appeared only as a "shoulder" on peak 
10 in the natural oil, and clearly separated it from 
peak 10. The retention time of 3.7 minutes for 
peak 11 corresponds to that of pure cineole. Pinene, 
with a retention time of 2.2 minutes, caused a 
marked increase in peak 7. 


Gas chromatography was found to be a highly 
versatile and valuable method for the complete 
analysis of complex naturally occurring volatile 
substances. 
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. Separation and Investigation of a Stable Solid Free 
Radical of Chlorpromazine 


By P. H. MERKLE, C. A. DISCHER, and A. FELMEISTER* 


A solid stable free radical of chlorpromluine was repared and characterized. The 
free radical nature of this corn und was veriilef by electron spin resonance and 
ultraviolet spectral studies. X m o l e c u l P r  weight and melting point of the free 


radical were determined. 


LTHOUCH the pharmacological importance of A chlorpromazine is well established, its meta- 
bolic fate is not fully known (1). While studies of 
the oxidation of chlorpromazine have been reported 
(2,3) and the existence of a free radical intermediate 
proposed (4, 5), little is known regarding the nature 
of this radical in the solid state (0,7). The prepara- 
tion and characterization of this free radical inter- 
mediate was undertaken as a preliminary step to the 
study of its role in the electrochemical and photo- 
oxidation mechanisms of chlorpromazine. 
Prepurtion of Free Radial Incermcdhre 


A procedure based on that outlined by Billon (8 )  
for the preparation of a phenazothionium salt of 
phenothiazine was used in the preparation and sep- 
aration of solid free radical. Approximately 0.5 
Gm. of chlorpromazine &oxide hydrochloride' was 
dissolved in 10 ml. of 70% perchloric acid. The re- 
sulting dark red solution was agitated for 10 to 16 
minutes and diluted first with an equal volume of 
acetone and then ether. Upon cooling to  about - 5" 
a strongly red-purple, !be crystalline solid sep- 
arated. This solid material will be referred to in 
future discussions as Compound R. The solid 
softened over the range of 185-195', before melting. 
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vcrmt& 1 C orpromarine hydrochloride and chlorpromazine 5- 
oxide were supplied by Smith Kline and French Laboratories, 
Philadelphia. Pa. 


New York. N .  Y. 


Cbaracreriution of Compouod R 


Schieser and Tuck (9) prepared a semiquinone 
free radical of chlorpromazine by dissolving chlor- 
promazine in concentrated sulfuric acid; electron 
spin resonance. studies were used to  confirm the 
presence of the free radical in the reaction mixture. 
Visible and ultraviolet spectra of the radical, pre- 
pared by the method of these workers, were obtained 
on a Beckman DK-2 ratio-recording spectropho- 
tometer. These spectra were identical to  those of 
Compound R, Fig. 1. 


Electron spin resonance spectra indicate that 
Compound R is strongly paramagnetic.' 


Elemental analysis of the free radical, Compound 
R, indicates that it probably exists as the hemi- 
hydrate of the diperchlorate salt. Structure I is 


%-C+'&-NW2-HU04 + [ K:n" ] ~ o : . t H * O  


I 
proposed. Calculated theoretical percentages of 
the elements in the proposed structure, based on a 
molecular weight of 527.5, are in good agreement 
with the analytical results, Table I. 


3 Electron spin resonance measurements were performed by 
Mrs. N .  Steinberger, Columbia University, Department of 
Chemistr The authors wish to thank Dr. G. Fraenkel and 
his staff fir the use of their laboratory facilities in making 
these measurements. 
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was added to the mark, giving */w M solutions. 
A 10.0-ml. portion of this solution was placed in 
each of five sterile test tubes inoculated with 0.5 
ml. each of a 24-hour nutrient broth culture of the 
following organisms : Streptococcus faecalis, Stuphylo- 
coccus aureus, Bacillus subtilis, Bacillus stearothermo- 
phile, and Bacillus carculans. The seeded test tubes 
were incubated for 24 hours at 37’. If growth was 
observed at the initial concentration of compound, 
no dilutions were made. If growth was not ob- 
served at this concentration, additional dilutions 
were tested by taking appropriate quantities of the 
stock solution of inhibiting compounds and adding 
sterile broth in the required amount. The tubes 
were examined visually for growth. Minimum in- 
hibitory concentrations, expressed as l/molarity are 
recorded in Table 11. 
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Effect of Procainesterase Levels on Duration of 
Procaine Local Anesthesia 


By H. B. DANIELL*, A. E. WADE, and F. FORD MILLIKAN 


This study originated with the observation that rabbit serums consistently exhibited 
low !evels of cholinesterase activity while havin variable levels of procainesterase 
activity. This hading enabled the authors to cfetermine the effects of procaines- 
terase on the duration of procaine anesthesia using a single species. On conducting 
double blind duration studies, an inverse correlation between serum procainesterase 
activity and duration of conduction anesthesia existed which was highly si niiicant 
(p < .001). Atropinesterase activity was present in the serurns of those rabtits that 
contained intermediate or high procainesterase activity but was not evident in the 
serums of rabbits exhibiting low procainesterase levels. This, cou led with the 
fact that atropine inhibited procaine hydrolysis, suggested that in rabtit serum pro- 


caine and atropine are hydrolyzed by the same enzyme. 


HUE THE LIVER is the chief site of enzymatic 
wdetoxication of drugs, other tissues in the 
body are capable of drug inactivation. Human 
blood seturn contains an enzyme capable of 
hydrolyzing acetylcholine and certain other 
choline esters (1). This enzyme is also responsi- 
ble for the hydrolysis of the local anesthetic 
procaine (2) and other noncholine esters (3). 
Serums of other species appear to contain esterases 
that differ from those in human serum (4-8). 
Sawyer (9) reported the presence of an esterase 
in guinea pig and rabbit liver which hydrolyzes 
benzoylcholine but is not concerned with acetyl- 
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choline hydrolysis. A similar enzyme has been 
found in the plasma of rabbits (6). 


The serum of certain rabbits exhibits atropin- 
esterase activity, while that of others does not 
(10). This enzyme is also capable of deacetylating 
some derivatives of morphine (1 1) and hydrolyzing 
several a&yl and aryl esters (12). It appears to 
be daerent from cholinesterase (12, 13). 


Kalow (2) suggested that an inverse correlation 
existed between the duration of action of certain 
local anesthetics and their speed of hydrolysis 
in Vitro by human serum cholinesterase. It was 
the purpose of this investigation to determine the 
correlation between serum procainesterase ac- 
tivity in vitro and duration of procaine local 
anesthesia in vivo and to determine if any rela- 
tionship exists between the activities of pro- 
cainesterase, acetylcholinesterase, and atropin- 
esterase in the serum of rabbits. 
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TABLE L-SERUM CHOLINBSTERASE ACrrNITY 


Subjects 
Tested, ChoE Activitv f 


Species No. S. D. 
Human 5 0.966f .12 
Guinea pig 10 0 . 6 3 5 9 ~  .10 
Rabbit 22 0.256 i .05 


EXPERIMENTAL 


Serum Cholinesterase Activity.-Serum cholin- 
rsterase activity a t  25f1’  was determined by the 
procedure of Michel (14) using a Beckman model G 
pH meter. The acetylcholine chloride substrate 
(0.165 M) was prepared daily by dissolving 100 mg. 
acetylcholine chloride (Merck & Co.) in 3.33 ml. of 
distilled water. The cholinesterase activity was 
expressed as corrected pH change per hour. 


Blood was taken by heart puncture from guinea 
pigs (mixed breed) and rabbits (New Zealand) and 
from the cephalic vein in humans (Caucasian). 
The serums were removed from the clot, clarified by 
centrifugation a t  room temperature, and stored at 
-20’. Before use, the serums were diluted with 
distilled water so that each milliliter of the solution 
contained 0.02 ml. of serum. 


Serum Procainesterase Activity.-The enzymatic 
hydrolysis of procaine was conducted in 1-cm. 
quartz cells a t  25f1’  by the method of Kalow (2). 
Two milliliters each of a 1 : 4 dilution of rabbit serum 
and 1 X 10-4 M procaine solution were mixed and 
added to the cell. The absorbance at 313 mp was 
determined within 45 seconds of mixing the two solu- 
tions and at 5-minute intervals thereafter for 1 hour 
using the Beckman model DU spectrophotometer. 
The M/15 phosphate buffer of Kalow and Lindsay 
(15) was used as the diluent and the blank. Pro- 
caine hydrolysis a t  timed intervals was calculated 
from the decrease in absorbance and reported as 
micromoles of procaine hydrolyzed per hour per 
milliliter of serum. 


Duration of Procaine Local Anesthesia.-The 
duration of procaine local anesthesia in the rabbit 
and guinea pig was determined by a modification of 
the intracutaneous wheal method of McIntyre and 
Sievers (16) and by other investigators (17-19). 
The animal’s hair was clipped from the lumbar re- 
gion of the back, and the sensitivity of the area was 
tested by six jabs with a dissecting needle at inter- 
vals of not less than 3 seconds. In all animals used, 
the six jabs elicited six flinches of the skin prior to  
drug administration. One-half milliliter of a 1.0% 
solution of procaine hydrochloride in isotonic so- 
dium chloride solution was injected intracutaneously 
in the area predetermined to  be sensitive, and the 
slight elevation in the skin produced by the injected 
solution was marked off. The duration of anesthesia 
was measured by testing the marked area in the 
manner described at 5-minute intervals until the 
end point was reached. The end point chosen for 
the duration of anesthesia was the reappearance of 
response to at least four of the six jabs in two suc- 
cessive trials. Since this procedure involved some 
subjective judgment on the part of the researcher, 
it was conducted “double blind.” 


Atropinesterase Activity.--Ing el al. (20) described 
a procedure for determining the presence of atropine 
involving the intraperitoneal injection of atropine 
into albino mice with the subsequent observation 
of the mydriatic effect. A modification of this 
method was used in this study to  determine the 
presence of atropinesterase activity of serum. 


Groups of five male albino mice (BALB/c strain) 
were used. A solution of 250 mcg. atropine sulfate 
in 5.0 ml. of rabbit serum was incubated in a water 
bath for 1 hour at 37’. One-half milliliter of this 


u Expressed as corrected pH change/hour. 


sulfate) was injected intrapentoneally into each of 
five mice, and 0.25 ml. of the same solution was in- 
jected into five additional mice. This procedure 
was repeated using rabbit serums of different pro- 
cainesterase activity. In addition, two groups of 
mice received intraperitoneal injections of 25 and 
12.5 mcg. of atropine sulfate in normal saline solu- 
tion, respectively. The diameter of the pupil of 
each mouse was measured prior to  and 15 minutes 
after injection. 


Inhibition of Procaine Hydrolysis by Atropine.- 
Rabbit serums with high procainesterase activity 
were used in this study. The effect of atropine sul- 
fate on the rate of procaine hydrolysis by this serum 
was investigated by comparing the absorbances a t  
313 mp of solutions of procaine in serum with those 
of a mixture of procaine and atropine in serum. 


In assessing the rate of uninhibited procaine 
hydrolysis by the serum, an 8.4 X 10-6 M concen- 
tration of procaine hydrochloride was prepared. 
One milliliter of this solution diluted with 1.0 ml. 
of buffer was mixed with 2.0 ml. of a 1 :4 dilution of 
rabbit serum. The rate of hydrolysis was measured 
as described previously. The rate of hydrolysis of 
the same dilution of procaine hydrochloride in the 
presence of atropine sulfate was measured by mixing 
1.0 ml. of 8.4 X M procaine hydrochloride with 
1.0 ml. of 1 x 10-4 M atropine sulfate solution and 
allowing the mixture to equilibrate for 5 minutes. 
This mixture was then added to 2.0 ml. of 1 : 4 rabbit 
serum, and the procaine hydrolysis observed. This 
procedure was repeated using 1.0 ml. of 1 X lo-’ M 
atropine sulfate. The percentage of inhibition of 
procaine hydrolysis by atropine was calculated by 
use of the formula provided by Varley (21). 


Change in O.D./ 
% hr. with Atropine 


Change in O.D./ Inhibition = 1 - 
of Procaine hr. without Atropine 


x 100 


Statistical Analyses.-All analyses were conducted 
by the University of Georgia Bureau of Statistics on 
standard I.B.M. electronic data processing equip- 
ment using standard statistical formulas. Levels of 
significance, where applicable, were determined 
using n-2 degrees of freedom (22). 


RESULTS 


Cholinesterase Activity.-The cholinesterase ac- 
tivity of human, guinea pig, and rabbit serums was 
relatively constant within each species tested, with 
human serum having the greatest activity and 
rabbit serum the least (Table I). This agrees with 
earlier findings of Mendel et al. (23). The human 
serum cholinesterase activity reported here falls 
within normal established limits (24). 


Procaine Hydrolysis.-The ultraviolet absorption 
incubated solution (equivalent to 25 mcg. atropine spectra of a 5 X 10-6 M solution of procaine hydro- 
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chloride in phosphate buffer and of a 5 X 10-6 M 
solution of p-arninobenzoic acid in buffer are shown 
in Fig. 1. Since the absorbance of p-aminobenzoic 
acid was negligible at 313 mp, this wavelength was 
chosen for enzymatic hydrolysis studies. Although 
a greater difference in the absorbance of the sub- 
strate and its metabolized product exists at wave- 
length 300, this point could not be used because of the 
absorbance of serum at this wavelength. 


The relationship between absorbance a t  313 mp 
and molar concentration of procaine is shown in 
Fig. 2. Since Beer's law is obeyed, a factor was 
calculated which allowed the conversion of decrease 
in absorbance to micromoles of procaine hydrolyzed. 
A t  this wavelength a change in absorbance of 0.078 
occurred for each change of 1 X 10-6 M concentra- 
tion. Since each milliliter of a 1 X 10-6 M con- 
centration contains .01 Nm. of procaine, a drop in 
absorbance of O.Oi8  would be the equivalent of .01 
pm. of procaine hydrolyzed per milliliter of the 
solution. 


Typical hydrolyses of procaine at timed intervals 
by human and guinea pig serums are shown in Fig. 
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Fig. 1.-The ultraviolet absorption spectra of a 
5 X 10-6 M solution of procaine hydrochloride in 
phosphate buffer (x )  and a 5 X 10-' M solution 
of paminobenzoic acid in buffer (0). 
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Fig. 2.-The relationship between absorbance at 
313 mp and molar concentration of procaine hydro- 
chloride in phosphate buffer. 
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Fig. 3.-Typical hydrolyses of procaine at timed 
intervals by guinea pig serum (0) and human 
serum ( x ) as calculated from absorbance measure- 
ments a t  313 mp. 
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Fig. 4.-Typical hydrolyses of procaine at timed 
intervals by different rabbit serums as calculated 
from absorbance measurements at 313 mp. 


3. Human serum hydrolyzed procaine at a rate 
more rapid than that of either of the other two test 
species. In the presence of excess substrate, this 
hydrolysis was relatively constant until substrate 
concentrations became low, at which time the rate 
of hydrolysis decreased. Guinea pig serum, while 
fairly rich in cholinesterase activity, failed to 
hydrolyze procaine to an appreciable extent. 


The amounts of procaine hydrolyzed by three 
different but typical rabbit serums is shown in Fig. 
4; unlike the human and guinea pig serums tested, 
rabbit serums exhibit wide variations in procain- 
esterase activity. The procainesterase activities of 
the serums from test rabbits were grouped at three 
levels of activity: low (0.0152 to 0.0592 pm./hour/ml. 
serum), intermediate (0.1232 to  0.1824 pm./hour/ml. 
serum), and high (0.248 to 0.368 pm./hour/ml. 
serum). 
Duration of Procaine Local Anesthesia.-The 


duration of local anesthetic action due to the intra- 
cutaneous injection of 0.5 ml. of 1% procaine hydro- 
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TO DURATION OF ACTION OF PROCAINE In Vivo 
TARLE I1.-RELATIONSHIP BETWEEN CHOLINESTERASE AND PROCAINBSTBRASE ACTIVITY I N  RABBIT SERUM 


Procainesterase Activity 
ChoE Activity rm. Hydrolyzed/Hr./ Duration of 


Rabbit No. pH Change/Hr. Drop in O.D./Hr. ml. Serum Anesthesia,a Min. 
12 
20 
15 
18 
10 
2 
1 
6 
14 
16 
8 
7 
5 
17 
21 
3 
11 
19 
13 
22 
9 


0.21 
0.23 
0.23 
0.31 
0.20 
0.26 
0.23 
0.35 
0.20 
0.23 
0.31 
0.16 
0.31 
0.21 
0.28 
0.24 
0.23 
0.24 
0.24 
0.26 
0.35 


0.015 
0.016 
0.017 
0.020 
0.026 
0.027 
0.037 
0.040 
0.047 
0.050 
0.050 
0.057 
0.058 
0.120 
0.144 
0.175 
0.178 
0.242 
0.275 
0.334 
0.359 


0.0152 
0.0168 
0.0176 
0.0208 
0.0264 
0.0280 
0.0376 
0.0408 
0.0480 
0.0512 
0.0512 
0.0584 
0.0592 
0.1232 
0.1480 
0.1792 
0.1824 
0.2480 
0.2824 
0.3424 
0.3680 


95 
96 
120 
93 
120 
118 
100 
90 
115 
110 
80 
115 
126 
62 
62 
50 
60 
55 
86 
40 
45 


a Due to intracutaneous injection of 0.5 ml. of 1% procaine hydrochloride in isotonic sodium chloride solution. 


chloride in guinea pigs was 42.9f4.1 minutes. This 
was shorter than that observed in those rabbits hav- 
ing the highest procainesterase levels. Thus, it  
became apparent that the duration of local anesthesia 
in different species could not be explained on the 
basis of procainesterase levels in the serum. 


Due to the wide variation of serum procainesterase 
activity between individual rabbits, this animal was 
used to compare procainesterase activity of serum 
in vitro to duration of procaine anesthesia in  vivo. 
Table I1 illustrates this correlation. The correlation 
coefficient of procainesterase activity versus the 
reciprocal of duration of procaine local anesthesia 
was calculated to be 0.8539 (p< .001). 


Atropinesterase Activity.-Ing ef al. (20) reported 
that the extent of dilatation of the mouse pupil by 
atropine is directly correlated with the logarithm of 
the dose. In this study mice having pupil diameters 
of 0.43 mm. prior to atropine injection had pupil 
diameters of 1.1 and 1.9 mm. 15 minutes following 
12.5 and 25 mcg. of atropine sulfate, respectively. 


The comparison of procainesterase activity to 
atropinesterase activity of the individual rabbit 
serums is shown in Table 111. Serum atropines- 
terase activity is indicated if atropine mydriasis is 
destroyed upon incubation of the drug with the 
serum. Each animal received an Gtraperitoneal 
injection of 0.5 ml. of rabbit serum that had been 
incubated for 1 hour with 25 mcg. of atropine sul- 
fate. Rabbit serums having little procainesterase 
activity had little atropinesterase activity; however, 
rabbit serums having appreciable procainesterase 
activity were able to destroy 50 mcg. of atropine 
sulfate per milliliter of serum in 1 hour. 


The inhibitory effects of atropine upon procaine 
hydrolysis by a rabbit serum are illustrated in Fig. 
5. Approximately equal molar concentrations of 
the two drugs resulted in only a slight inhibition of 
procaine hydrolysis; but when 2.5 X lo-* M (final 
dilution) atropine sulfate was incubated with 2.1 X 
10-6 M (final dilution) procaine hydrochloride, pro- 
caine hydrolysis was inhibited 85.2% a t  the end of 
1 hour. 


TABLE III.-PROCAINBSTERASB AND 
ATROPINESTERASE ACTIVITIES OF RABBIT SERUMS 


Procainesterase Activity Atropinesterase Activitp 
Mouse Pupil Size Bdore 


Rabbit Hydrolyzed/Hr./ and After I. P. Injection 
NO.  ml. Serum Incubated Serum, mm. 


Before After 


Cm. Procaine 


20 
20 
20 
2 
2 
6 
6 
6 
3 
3 
3 
22 
22 
9 
9 


0.0168 
0.0168 
0.0168 
0.0280 
0.0280 
0.0408 
0.0408 
0.0408 
0.1792 
0.1792 
0.1792 
0.3424 
0.3424 
0.3680 
0.3680 


0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 


1.74 
2.17 
1.74 
1.96 
1.74 
1.74 
1.74 
1.74 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 
0.43 


a Indicated bymabsence of atropine mydriasis after incuba- 
tion of serum with 50 mcg. of atropine sulfate/milliliter for 1 
hour. 


DISCUSSION 
The serum cholinesterase activity of humans, 


guinea pigs, and rabbits varies widely. As pre- 
viously reported (23). human serum exhibits the 
greatest amount of cholinesterase activity, followed 
by guinea pig and then by rabbit serum. Optimum 
substrate concentrations exist for both pseudo- 
cholinesterase and true cholinesterase (23). The 
method employed for cholinesterase determinations 
in this study requires the use of high acetylcholine 
substrate concentrations. The inability of rabbit 
serum to hydrolyze acetylcholine to any appreciable 
extent at these high substrate concentrations lends 
support to the findings of Levine et al. (6) that 
acetylcholine hydrolysis by rabbit serum is largely 
a function of pue  cholinesterase. Similarly, the 
high activity of human serum toward acetylcholine 
in high substrate concentrations indicates that 
acetylcholine hydrolysis by human serum is a func- 
tion of pseudocholinesterase. 
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Fig. 5.-The hydrolysis of procaine by a rabbit 
serum when uninhibited ( x )  and when inhibited 
(0 )  by atropine. 


Guinea pig serum, while exhibiting the character- 
istic action of pseudocholinesterase toward acetyl- 
choline, failed to hydrolyze procaine at an apprecia- 
ble rate. This finding indicates that acetylcholine 
hydrolysis is accomplished in the serum of guinea 
pigs in the same manner as it is in the liver, by true 
cholinesterase ( 9 ) ,  or by a pseudocholinesterase 
which is distinct from the nonspecific enzyme found 
in human serum. 


The human serum enzyme exerted the same high 
activity for the hydrolysis of procaine as toward 
the hydrolysis of acetylcholine. This was antici- 
pated since i t  has been shown that in man both 
hydrolyses are accomplished by the same enzyme 
(2). This hydrolysis in vitio clearly shows that 
human serum cholinesterase has the ability to  de- 
stroy considerable amounts of procaine when in- 
jected in vivo. 


Rabbit serums varied widely in their ability to 
hydrolyze procaine in d r o .  Three distinct levels 
of procainesterase activity were observed in the 
serums of individual rabbits. Procainesterase ac- 
tivity in vitro in the first group was essentially the 
same as that found in the serums of guinea pigs. 
This slow hydrolysis of procaine might be due to the 
action of some enzyme system not primarily con- 
cerned with substrates of the general molecular con- 
figuration of procaine. Procaine hydrolysis by the 
second and third groups is accomplished by an 
enzyme capable of actively hydrolyzing procaine, 
differing only in the level of enzymatic activity. No 
relationship was found between in Vitro cholines- 
terase activity and in viho procainesterase activity 
in rabbit serum; however, both are inhibited by 
diisnpropyl phosphorofluoridate. 


The duration of local anesthesia in guinea pigs was 
generally shorter than in rabbits. Since the serum 
of guinea pigs failed to hydrolyze procaine in uitro, 
i t  might be assumed that this short duration of ac- 
tion was due to a more rapid diffusion from the site 
of injection with or without subsequent destruction 
by the enzymes of some other organ of the body. 


Many variables exist between different species of 
animals, such as rates of diffusion, skin sensitivity, 
and the presence of different enzymes in the serums. 
Therefore, attempts to correlate serum enzyme 
activity and duration of local anesthetic action be- 
tween different species may easily lead to erroneous 
conclusions. Consequently, duration of anesthesia 


determinations in viuo were not conducted in 
humans. However, since rabbits have several pro- 
cainesterase levels, they appeared to be the ideal 
test animal to study the relationship between quan- 
tity of serum procainesterase and duration of an- 
esthetic action of procaine in viuo. 


Studies in the rabbit imply that the duration of 
local anesthetic activity of procaine is indeed affected 
by the level of procainesterase activity in the serum. 
A correlation ( Y  = 0.8539) existed between the 
procainesterase activity of serum and the reciprocal 
of anesthetic duration which was highly significant 
statistically ( p  < 0.001). Based on the results of 
these experiments in rabbits one may assume, there- 
fore, that if an enzyme is found in the serum of a 
given species capable of destroying a given drug ac- 
tively, the duration of action of that drug will be 
affected directly by the enzymatic level of the serum. 


It was not within the scope of this investigation to 
quantitate the amount of atropinesterase activity 
but to determine if atropinesterase activity was 
present in the serum of those rabbits that had dis- 
played procainesterase activity. Qualitative tests 
employing the mouse pupil as an indicator for the 
presence of atropine showed that atropinesterase 
activity occurred in rabbit serums that had pro- 
cainesterase activity; conversely, this activity was 
absent in the serum of rabbits that  did not hydrolyze 
procaine extensively. 


Inhibition studies provided additional evidence 
that procaine and atropine are hydrolyzed by the 
same enzyme. Low substrate concentrations of 
atropine produced only a transient effect on pro- 
caine hydrolysis, while higher concentrations of 
atropine were able to inhibit hydrolysis of procaine 
by rabbit serum by as much as 85% for 1 hour. 
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Fig. 1.-Dependence 
upon pH of observed 
pseudo first-order rate 
constants (log scale) for 
hydrolysis of benzyl peni- 


001 cillin catalyzed by CDM. 
Concentration of penicil- 
lin was 0.002 M; CDM 
was 0.00133 M. 


iii' 
P M  


Catalysis of Penicillin Hydrolysis 
by Catechol and 3,6-Bis- 


(dimethylaminomethyl) catechol 


Sir: 


Penicillins (I) are hydrolyzed to penicilloic acids 
(11) by hydroxyl ion and by the enzyme penicil- 
linase (1). It has now been found that this 


A 


I1 


reaction is also catalyzed by catechol and even 
more markedly by 3,6-bis(dimethylamino- 
methy1)catechol (CDM).' The rates of penicil- 
lin hydrolysis were measured by following the 
acid produced by the reaction with a recording 
pH-stat. The rates were pseudo first order at 
constant pH; Fig. 1 shows the dependence upon 
pH of the rate of hydrolysisof penicillin G (R = 
CsH&H*--) in the presence or 1.33 X M 
CDM dihydrochloride a t  31.5'. This bell-shaped 
curve with maximum at pH 8.0 is consistent with 
catalysis by the species 111, the monoanion of the 
dihydrochloride. That I11 is the monoanion 


is evidenced by the pKa of 6.35 and 9.65 ob- 
tained by potentiometric titration and the batho- 
chromic shift in the ultraviolet absorption maxi- 
mum noted after neutralization of 1 proton of the 
dihydrochloride. The latter is typical of phenolic 
ionization (2). In the case of catechol, the pH 
dependence of the reaction also showed that the 
monoanion was the reactive species. Catalytic 
second-order rate constants for the reaction of the 
following species with penicillin G a t  31.5' were 
(liter mole-' minute-') : hydroxyl ion, 12.5; 
monocatecholate ion, 3.8; and species 111, 54.0. 
Based on these constants, the half-life of penicil- 


'This compound was originally synthesized by Dr. J. 
Epstein and co-workers U. S. Army Chemicnl Center Edge- 
wood. Md., and is highl'y reactive with phosphonoflu&dates. 
It is expected that their synthesis will be published shortly. 


lin G in aqueous solution a t  pH 8 would be ap- 
proximately 575 hours2 with no catalyst added, 
about 25 hours in the presence of 0.001 M cate- 
chol, and only 13 minutes in the presence of 0.001 
M CDM. 


In the past, monocatecholate ion has been shown 
to be an effective catalyst for hydrolysis of phenyl 
chloroacetate (3) and to react unusually rapidly 
with isopropyl methylphosphonofluoridate (sarin) 
(4). In both cases the ortho acidic hydroxyl group 
was necessary for enhanced reactivity. It has also 
been demonstrated that aminoalkyl groups in- 
crease the reactivity of phenol with sarin (5) and 
the rate of catalysis of p-nitrophenyl acetate 
hydrolysis by imidazole (6). In the latter case, 
the rate enhancement was attributed to polariza- 
tion of the ester carbonyl by the charged amine, 
thus increasing the electrophilicity of the car- 
bony1 carbon. 


In the present case, where both an acidic ortho 
hydroxyl group and a charged aminoalkyl group 
are present, it seems likely that both may be in- 
volved in the reaction. Further work is under- 
way to elucidate the mechanism of this catalysis 
and will be reported at a later date. There is 
some evidence that the nature of the side chain 
of the penicillin (R in I) plays a role. I t  seems 
probable from past work that CDM will also 
catalyze the hydrolysis of certain esters; this is 
also being investigated. 


(1) Schwartr, M. A., and Buckwalter, F. H., THIS JOUR- 


( B  ~ d s a l l .  J. T., and Wyman, J.. "Biophysical Chemis- 
try,'' Vol. I. Academic Press Inc.. New York, N. Y., 1958, p. 
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2 This half-life was computed on the basis of alkaline hy- 
drolysis only. The actual half-life will be somewhat shorter 
due to a spontaneous hydrolysis which is also known to occur. 
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The presence of water in the  reaction vessel reduced 
color intensity which reaches a maximum after 60 
minutes. The color developed is stable for at least 
6 hours. With most of the alkaloids used, t w o  
absorption maxima, usually at 39W10 mp and 
530-550 mp, were observed. With the sulfuric 
acid-ferric chloride reagent, jervine and veratramine 
absorbed at 42W80 mp and 410 and 460 mp, 
respectively. Several of the  steroids tested produced 
colors. However, they exhibited a single absorp- 
tion maximum which was generally always around 
400-420 my. 
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Stability of the Cobalamin Moiety in Buffered 
Aqueous Solutions of Hydroxocobalamin 


By ARNOLD D. MARCUS and JOSEPHINE L. STANLEY 


The degradation of hydroxocobalamin has been studied kinetically in various buffer 
systems. Degradation was lirst order with respect to the substrate in all cases. The 
most stable solution studied was composed of a pH 4.3,0.05 M acetate buffer made 
isotonic with sodium chloride. The apparent heat of activation has been found in 
the above system to be 26.95 Kcal./mole. Extra olations to 2 5  and 30° show hy- 
droxocobalamin to be suthciently stable to permit formulation of injectable solutions 
under practical conditions. Even when the data are constrained to give a poor sta- 
bility picture at 25 and 30°, the predicted stability remains excellent. At worst, a 
solution of hydroxocobalamin in pH 4.3 acetate buffer will retain at least 90 per cent 
of claimed cobalamin at 30“ for 170 weeks if a modest 2 0  per cent overage is in- 
cluded in the solution. The poorer stability in other buffer systems indicates the 
degradative reaction(s) to be subject to general base catal sis. The influence of 


some amines on the reaction rate tend to support t%is inference. 


YDROXOCOBALAMIN is an analog of vitamin 
B12 in which a hydroxyl function has re- 


placed the cyano group in the cobalt coordination 
complex. Recent clinical studies (1) have pro- 
vided dramatic evidence that parenterally ad- 
ministered hydroxocobalamin yields considerably 
more prolonged high blood levels of biologically 
active cobalamin than does cyanocobalamin. 


Received May 9, 1963, from the Pharmaceutical Research 
and Development Department Merck Sharp and Dohme 
Research Laboratories. West Pdiot. Pa. 


Accepted for publication June 13. 1963. 
The authors express their thanks to  Mr. J. W. Carr and 


Mi. E. J. Hanus who provided the early formulation data 
and to  M n .  H. R. Skeggs. Merck Sharp and Dohme Researci 
Laboratories, for her valuable suggestions concerning the 
assays. Special thanks is also extended to Dr. T. J. Macek 
for his considerable help in preparing this manuscript. 


Unfortunately, hydroxocobalamin has acquired 
over the years the reputation of being unstable in 
solution (2, 3). We have found that, far from 
being unstable, hydroxocobalamin in suitably 
buffered solutions is actually quite stable. Even 
when viewed pessimistically, hydroxocobalamin 
is sufficiently stable to allow the preparation of 
injectable solutions under practical conditions 
which will retain the claimed cobalamin content 
for long periods of time. 


Preliminary stability tests (4) indicated that an 
apparently stable solution of hydroxocobalamin 
could be obtained in pH 4.3, 0.05 M acetate 
buffer made isotonic with sodium chloride. The 
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presence of chloride ion seemed important in 
achieving a stable solution. When the buffer 
concentration was increased to 0.1 111 acetate, 
the  cobalamin was less stable. In a buffer com- 
posed of 0.1 A2 dibasic sodium phosphate and 
0.05 M citric acid at pH 4.3, the hydroxocobala- 
min appeared to be just as stable as  in the iso- 
tonic 0.05 M acetate buffer. 


These observations indicated the need for a 
more careful evaluation of the entire stability 
picture. It was necessary to  determine, if pos- 
sible, the precise stability of hydroxocobalamin 
in each system in order t o  attempt to  predict the 
stability under "ordinary" conditions. It is the 
purpose of this communication to  report such 
evaluations and the prediction of stability as de- 
termined by kinetic studies under accelerated 


L I 
200 400 600 Boo 1000 


TI=, HR. 


Fig. 1 .-Plots showing degradation of hydroxo- 
cobalamin to be first order with respect to the 
substrate under a variety of experimental conditions. 
Key: 0 ,  pH 4.3, 0.05 M ,  acetate at 70"; 0, pH 
4.3, 0.05 M, acetate a t  90"; A, pH 4.3, citrate- 
phosphate at 80'. 


TABLE I.--KATE CONSTANTS FOR THE DEGRADATION 
OF HYDROXOCOBALAMIN I N  VARIOUS BUFFERS" 


Bu5er Compn. Temp.. ' C .  k, hr.-' X 10-8 


pH 4.3, 0.05 M acetate* 90 10.5 
pH 4.3, 0.05 M acetate* 80 3 .35  
pH 4.3, 0.05 M acetate* 70 1.07 
pH 4.3, 0.05 dd acetate 90 10.5 
pH 4.3, 0.05 IM acetate 80 3.36 
pH 5.5, 0.05 A1 acetate 90 20.0 
pH 5.5, 0.05 A f  acetate 80 7 . 2  
pH 4.3, citrate-phosphate 90 25 .0  
pH 4.3, citrate-phosphate 80 6 . 9 0  
pH 5.5, citrate-phosphate 90 22 .2  
pH 5.5, citrate-phosphate, 


no NaCl 90 22.1 
pH 5.5, citrate-phosphate 80 7.85 


O All buffers contained 8.2 mg./m.l. sodium chloride unless 
otherwise noted. *Solution contained 200 mcg./ml. hy- 
drorocobalamin initially. These data were used for the 
Arrheniustype plot of Fig. 2. All other solutions contained 
1000 mcg./ml. initially. 


1 0 0  


7 0  P\ 


TIME, HR. 
Fig. 2.-A plot showing the degradation of 


hydroxocobalamin in a pH 5.5 citrate-phosphate 
buffer (90') to  be unaffected by inclusion of sodium 
chloride. Key: 0, no chloride; n, 0.14 M in NaCI. 


conditions. This report confirms the prelim- 
inary observations that hydroxocobalamin is a 
stable species in  the proper solution environ- 
ment. The response of hydroxocobalamin to 
various buffers, however, indicates that the deg- 
radative reactiods) may involve general base 
catalysis. 
In the  buffered aqueous solutions of hydroxo- 


cobalamin used in this study, the designation 
hydroxocobalamin is actually inaccurate. Nu- 
merous cobalamins or cobalaminium species could 
actually be present. However, the original term 
will be retained t o  simplify the text and discus- 
sion. Furthermore, the  inherent biological ac- 
tivity resides in  the cobalamin moiety; the as- 
sociated anions, coordinated functions, or pres- 
ence of a formal charge can influence only sta- 
bility and compatibility, not the qualitative 
activity. That  the buffer constituents could af- 
fect the ability of hydroxocobalamin to provide 
prolonged high blood levels was recognized, but 
this would be revealed by clinical studies. 


EXPERIMENTAL 


Reagents.-All chemicals were Merck, reagent 
grade, except for the hydroxocobalamin. This was 
crystalline material assaying at least 95% hydroxo- 
cobalamin on an anhydrous basis. All buffers were 
prepared to give the desired pH at the actual tem- 
perature of the run. 


Procedure.-The solutions were flushed with 
nitrogen and carefully filled into 5-ml. ampuls to 
avoid streaking the ampul stems. This prevented 
charring during the flame-sealing and avoided 
introduction of extraneous materials which might 
influence the rate of degradation. The ampuls were 
placed in constant temperature baths regulated to 
within f0.05'. After thermal equilibrium was 
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attained, three samples were removed, chilled, and 
stored at 4”. These were designated our “zero” 
hour samples. Other samples were removed a t  
suitable intervals and quenched in the same manner. 
All samples were assayed for residual hydroxo- 
cobalamin by the microbiological procedure of 
Skeggs, et al. (5, 6). 


RESULTS AND DISCUSSION 


As shown in Fig. 1, the degradation of hydroxo- 
cobalamin is first order with respect to the substrate 
under a variety of experimental conditions. The 
various rate constants are given in Table I. The 
apparent activation energy for the degradation of 
hydroxocobalamin in pH 4.3, 0.05 M acetate buffer 
was calculated from the slope of the line in Fig. 2. 
This value was a rather high 26.95 Kcal./mole. 
Although the apparent heat of activation could have 
been used to calculate the rate constants for lower 
temperatures, the values given in the following dis- 
cussion were actually obtained by graphical extra- 


c 
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hours-’. Calculations based on these “new” values 
indicated a loss of 10% of the initial cobalamin con- 
tent after 125 weeks at 25” and 60 weeks a t  30”. 
Despite the still good stability a t  25O, a temperature 
of 30” is not unusually high for the storage of 
pharmaceuticals. It seemed important, therefore, 
to  attempt to insure good stability under such stor- 
age conditions. 


Calculations based on kao = 1.0 X hours-’ 
showed that the use of a 20y0 average of hydroxo- 
cobalamin would yield a solution retaining a t  least 
90% of “label claim” for no less than 150 weeks at 
30”. Under such conditions, therefore, and ernploy- 
ing extrapolations prejudiced to show greatest 
degradation, it was apparent that hydroxocobalamin 
is not “unstable” in solution. 


When the degradation of hydroxocobalamin in 
other buffers was studied, some unexpected results 
were obtained. In an isotonic pH 5.5, 0.05 M ace- 
tate buffer, for example, the rate of degradation was 
approximately twice the rate at pH 4.3. Since in 
this pH range the hydroxocobalamin-aquocobalamin 
equilibrium favors the “aquo” form ovenvhelm- 
ingly, pH alone did not appear to  be the major 
degradative influence. This was shown, in part, by 
rate studies in a buffer prepared to  be 0.1 M in di- 
basic sodium phosphate and 0.05 M in citric acid. 
The rate in this buffer was also twice that in the iso- 
hydric acetate buffer. Since all three systems con- 
tained the same concentration of chloride ion, the 
differences in rate were inexplicable on the basis of 
the relative coordinating ability of chloride and other 
anions. Indeed, as shown in Fig. 3, the actual need 
for chloride ion is problematical. However, this 
single run at 90” may not accurately reflect the 
conditions and reactions which hold at conventional 
temperatures. 


Since it appears somewhat doubtful that chloride 
ion functions to  exert any “protective” effect and 
acetate is also an unlikely candidate for this type of 
action. an explanation of the “buffer effect” was 
sought elsewhere. Although no precise evidence 
was available, it  seemed likely that this response 
stemmed from nucleophilic attack by the buffer 
anions. In this sense, acetate is not a “protective” 
agent but actually a less objectionable species. 
This would certainly tie in well with the rates a t  pH 
5.5 in acetate systems. The effect of the citrate- 
phosphate system could be explained in like manner. 
Another facet of the present study which lends sup- 
port to  this possibility is the observed degradative 
iduences of aniline and pyridine. In a rather 
qualitative two-point study we have found that both 
of these nucleophiles. present at 0.1 M, in pH 4.3. 
0.05 M acetate buffer, caused an approximately 
twofold increase in the rate of degradation of 
hydroxocobalamin. The precise effects of these and 
similar agents is being studied further. 


The apparent general base catalyzed degradation 
of hydroxocobalamin is being studied currently in 
greater detail. The effect of pH, per se, also will be 
evaluated. However, it should not be at all surpris- 
ing that this type of degradation could occur in the 
cobalamin moiety. There are seven amide func- 
tions and two ester linkages in the molecule. With- 
in the past 10 years, the number of instances of 
general acid-base catalyzed degradation of amides 
and esters has been well documented (7-9). 


1/T X 10’ 


Fig. 3.-An Arrhenius-type plot illustrating the 
effect of temperature on the degradation of hydroxo- 
cobalamin in pH 4.3. 0.05 M, acetate buffer. The 
apparent activation energy calculated from the 
slope of the line is 26.95 Kcal./mole. 


polation. When the calculated and extrapolated 
values were compared, the differences were insignif- 
icant. 


Examination of the extrapolated rate constants 
shows that at 30’ the rate is 6.2 X lod hours-’. 
As a result, even at this relatively elevated tempera- 
ture, solutions of hydroxocobalamin in pH 4.3, 
0.05 M acetate buffers are sufficiently stable t o  
retain at least 90% of the claimed cobalamin con- 
tent for 125 weeks. The same solution at 25” could 
be expected t o  retain no less than 90% of the claimed 
hydroxocobalamin content for a t  least 220 weeks. 
These data make it clear that under suitable condi- 
tions hydroxocobalamin is quite stable in aqueous 
solutions. 


Despite the optimistic nature of the preceding 
treatment, the possibilities for error inherent in 
microbiological assays and long-range extrapolations 
were recognized. I t  seemed judicious, therefore, to 
try to make predictions from extrapolations tending 
to give the least favorable 30 and 25” stability pat- 
terns. When this was done, the rate constants were 
kao = 1.0 x 10” hours-’ and k25 = 4.6 X 10- 
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Interaction of Some Pharmaceuticals 
with Macromolecules I 


Effect of Temperature on the Binding of Parabens and Phenols 
by Polysorbate 80 and Polyethylene Glycol 4000 


By N. K. PATEL and N. E. FOSS 


A quantitative evaluation of the effect of temperature on the interaction of methyl, 
propyl, and butylparaben, phenol and -chlorophenol with polysorbate 80 was ob- 
tained with an equilibrium dialysis tecgnique utilizing a lexiglas dialysis cell and a 
semipermeable membrane. Interactions of parabens w i g  polyethylene glycol 4000 
have been studied by the solubility method. The binding affinity of polysorbate 80 
for the parabens employed decreased with increase in temperature, whereas that of 
polyethylene glycol 4000 showed an increase. There was no evidence of 
temperature dependency of the binding of phenol and p-chlorophenol with poly- 
sorbate 80. Parachlorophenol showed a greater tendency to interact with poly- 
sorbate 80 than with phenol. The significance of these results relative to the possible 


mechanism of these interactions is considered. 


N RECENT YEARS considerable attention has I been centered on the interaction of preserv- 
atives with nonionic macromolecules (1-5) and 
the importance of considering such interactions 
when determining proper preservative concen- 
trations (2). These interactions are particularly 
noticeable with phenolic preservatives in the 
presence of surfactants which are polyoxyethyl- 
ene derivatives of fatty acid esters. Several re- 
view articles have been published describing the 
possible mechanism of the interaction of phenolic 
compounds with surfactants (6-9). 


Higuchi and Lach (10) and Guttman and 
Higuchi (1 1) hypothesized that the complex 
formation between phenols and polyethylene 
glycols could be due to hydrogen bond formation 
between the hydrogen of the phenolic hydroxyl 
group and basic oxygen atom of polyethylene 
glycol. It would thus be expected that proton 
donors like phenol and p-chlorophenol might 
form molecular complexes with surfactants con- 
taining polyoxyethylene groups. 


Guttman and Higuchi (1 1) have indicated that 
addition of thermal energy to the phenol-PEG 
interaction might result in a decrease in associa- 
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tion between phenol and PEG. Thus, if the 
principal binding force between a phenolic 
preservative and a nonionic surfactant is due to 
hydrogen bond formation, the increase in tem- 
perature might decrease the intermolecular 
association in such a system. Furthermore, 
nonionic surfactants usually contain a relatively 
large number of hydrophobic g~ oups in the mole- 
cule and contribution of hydrophobic interactions 
(10) to the magnitude of binding of a phenolic 
preservative by the macromolecule might be of 
considerable importance. 


Tn the present investigation an equilibrium 
dialysis technique was utilized to obtain infor- 
mation regarding the extent of binding of methyl, 
propyl, and butylparaben, phenol and p-chloro- 
phenol with polysorbate 801 at various tempera- 
tures, for the purpose of relating these inter- 
actions to the reported possible mechanism of 
binding. The solubility method was employed 
to study the interaction of methyl and propyl- 
paraben with PEG 4000 at  20'. The selection 
of the phenolic compound was based on the 
relative proton donating power of the compound 
and on the length of the hydrocarbon chain of the 
p-hydroxybenzoic acid esters. 


EXPERIMENTAL 
Reagents-Recrystallized methyl p-hydroxy- 


benzoate,' m.p. 127-128' ; recrystallized propyl 
'Polyoxyethylene (20) sorbitan monwleate. Marketed as 


'Methyl Parasept. purified: supplied through the courtesy 
Tween 80 by the Atlas Powder, C o . .  Wilmington. Del. 


of Heyden Newport Chemical Corp.. New York, N. Y. 








Influence of Chemical and Physical Factors 
on Biological Responses to Neomycins B and 


By W. T. SOKOLSKI, C.  G. CHIDESTER, and D. G. KAISER 


The two known components of the neomycin complex-neomycins B and C- 
have been shown to respond differently under the usual conditions of bioassay. 
Potassium phosphate, commonly used as a diluent, antagonizes both the activities 
of the neomycins and the growth of Stapbylococcus aureus. The antagonism is 
greater against neomycin C than against neomycin B. The same effect occurs with 
potassium chloride. Both components adsorb to agar and are released by salts. 
There is  an apparent difference in binding to Bacto agar compared to Noble agar 
with binding of B and C less on Noble agar. The potency values in neomycin 
bioassay will vary de ending on  the B:C ratios of the  test and standard prepara- 
tions and the methogused for assay. This is probably the cause of many lab-to- 
lab differences in  potency results. A critical analysis of existing methods and 
standards and some agreement on the method and the definition of neomycin 


standards is recommended. 


HE TERM “NEOMYCIN” usually refers t o  mix- 
Ttures of neomycin B and neomycin C. The 
“United States Pharmacopeia” (1) makes no 
direct mention of components or relative amounts 
of B and C that  may be present. Kaiser (2) 
has shown that production lots from various 
sources which he examined varied in neomycin C 
content from 6.2 to  28.5%. The differences in  
the B : C ratio between neomycin preparations 
may be a factor in assay problems of day-to- 
day, lab-to-lab, and method-to-method varia- 
tions. 


The structures of neomycins B and C have been 
reported by  Rinehart, et al. (3, 4), as 4-ring com- 
pounds; the only difference between the two 
components, excluding glycosidic linkages which 
have not all been established, is the optical con- 
figuration of an aminomethyl group in a pyranose 
sugar. As similar as the two structures are, 
however, the biological activities in  broth (5-7) 
and in agar (7-9) are sometimes markedly differ- 
ent. This paper is a report on some factors 
which influence the responses to neomycins B and 
C in liquid and agar media. 


METHODS AND RESULTS 
Two lots of each component, neomycins B and C, 


were used in these studies. The neomycin C prep- 
arations, 2733-R2 and 2569-MEB, were found to 
be free (<1%) of neomycin B in a radioisotopic 
assay (2). The neomycin B preparations, 2732-R2 
and 2689-MEB, contained approximately 4 and 11% 
neomycin C, respectively. Chemical and physical 
properties of the MEB preparations were described 
by Ford and co-workers (10). 


Effect of Potassium Phosphate on Neomycin 
Activity.-Salts have been reported to  antagonize 
the antibacterial activity of neomycin (11, 12). 
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Since phosphate buffer is commonly used as a 
diluent in assay procedures (8, 13-15), the effect 
of phosphate on the activity of neomycin may be 
a factor in the assay response. 


Minimum inhibitory concentration (MIC) end 
points were determined for neomycin B and neo- 
mycin C in broth, designated SAB, consisting of 
0.1570 beef extract, 0.3y0 yeasts extract, and 0.6% 
peptone adjusted to  pH 7.9 before autoclaving. 
Sterile solutions of potassium chloride and phos- 
phate at pH 7.9 were added to the media after auto- 
claving for h a 1  concentrations of 0.1 M. Readings 
of growth or no growth were made after 24 hours 
incubation at 32’. Table I shows the greater 
antagonism of both salts to neomycin C than to  B 
and the greater antagonism to both neomycins with 
potassium phosphate than with potassium chloride. 


Effect of Potassium Wosphate on the Growth of 
S. aureus.-Stuphylococcus aureus FDA 209-P is the 
test organism of choice for neomycin assays in the 
U. S. Food and Drug Administration laboratories 
(14). The effect of potassium phosphate on S. 
aureus was examined because any influence on the 
test organism could be a factor in the antibiotic re- 
sponse in the assay system. The growth with phos- 
phate buffer was compared with the growth with 
trishydroxymethylamino methane (tris) buffer. 


Cell suspensions of S. aureus were prepared by 
diluting a culture grown in SAB 1 : lo00 with water 
to approximately the numbers of organisms encoun- 
tered in an assay plate. Further dilutions and 
viable counts were made with the usual poured- 
agar-plate technique. One milliliter of diluted cell 
suspension was added to one end of the plate, 
and 1 ml. of water or 1OX strength pH 7.9 phos- 
phate or tris buffer was added to the other end. 
Care was taken so that the buffer did not contact 
the organisms before the agar was added. Eight 
milliliters of l0/8 strength Bacto streptomycin 
assay agar (SAA) or neomycin assay agar (NAA) 
were added to  each plate, and the entire contents 
was mixed. All plates were incubated for 24 hours 
a t  37”. Three experiments were conducted with 
results indicating that 0.1 M potassium phosphate 
antagonized the powth of S. aweus (Table 11). 
while 0.1 M tris buffer did not. 


Adsorption of Neomycin on Agar.-Adsorption 
tests were conducted by adding antibiotic to a 1.5% 
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TABLE 1.-EFFECT OF SALTS ON THE ACTIVITY O F  NEOMYCIN AGAINST s. aureus IN pH 7.9 BROTH 


Minimum Inhibitory Concn., mcg./ml.' - 
No salt control 0.2 (>0 .1) 0.15 ( > O .  1) 0.1 ( > O  .05) 0.2 ( > O  . 1 ) 0.2 ( > O .  11 0.5 ( > O .  2'1 


Neomycin B . P N e o m y c i n  C- 
Salt Expt. 1 Expt. 2 Expt. 3 Expt. 4 Expt. I Expt. 2 


0.1 M potassium 


0.1 M Dotassium 
chloride 1.0(>0.5) 0.75(>0.5) 0.5(>0.2) 1.0(>0.5) 6(>2) 5 (>2)  


phosihate 10 (>5) 7.5 (>5) 5 (>2) 10 (>5) 50(>20) 75(>50) 


a Numbers in parentheses are the highest concentrations tested in which growth occurred. 


TABLE II.--VIABLE COUNTS OF S. aureus SUSPEN- 
SIONS IN BUFFERED MEDIA 


Expt. Medium 
1 NAA 


NAA 
NAA 
SAA 
SAA 
SAA 


2 NAA 
NAA 
SAA 
SAA 
SAA 
SAA 


3 NAA 
NAA 
NAA 
NAA 
NAA 


Viable 
Concn. of Buffer Count" 


Water control 6.9 X 106 
0.05 A2 phosphate 3.7 X 106 
0.1 Mphosphate 1.2 X 106 
Water control 7.0 X lo6 
0.05 Mphosphate 3.5 X 106 
0.1Mphosphate 1.9 X 106 
Water control 4 x 106 
0.1 Mphosphate 3 X 106 
Water control 2.5 X 1CP 
0.01 Mphosphate 2.5 X 1W 
0.05 Mphosphate 5 X 106 
0.1 Mphosphate 3 X 106 
Water control 4 x 106 
0.05 Mphosphate 2.8 X 105 
0.1 Mphosphate 3.2 X 106 
0.05 M tris 4 x l@ 
0 . 1  M tris 4 x 106 


a On agar containing phosphate. the colonies were appreci- 
ably smaller than on agar without buffer. The colonies 
looked normal on agar with tris buffer. 


agar solution at a", allowing the agar to gel, spin- 
ning the gel in an ultracentrifuge with a force of 
50,000 X g for 2 hours, and assaying the supernatant 
liquid. The radioisotopic assay procedure reported 
by Kaiser (2) was used for the 1 mg./ml. or higher 
concentrations. Bioassays were used for the lower 
concentrations. In the bioassay procedure, stand- 
ard and test solutions were diluted with supernatant 
liquid removed from agar gel in order to keep 
the solutions consistent. Potencies of the superna- 
tant  test solutions were estimated from standard 
curves using neomycin B as standard for B solutions 
and neomycin C for C solutions. Per cent binding 
was calculated by subtracting the per cent anti- 
biotic remaining in the supernatant liquid after 
centrifugation from 100. 


Table 111 shows that neomycin components were 
less adsorbed to  Noble than to Bacto agar. When 


and zone diameters were averaged for each solution. 
(Figure 1 indicates greater sensitivity with niedium 
containing Noble agar than with medium contairi- 
ing Bacto agar.) The responses from neomycin B 
are almost identical to those from neomycin C. 


Effect of Potassium Phosphate on the Response 
to Neomycin B in an Agar-Dsusion System.-Dose- 
responses were obtained comparing neomycin B in 0.1 
M pH 7.9 potassium phosphate buffer to neomycin 
B in 0.1 M pH 7.9 tris buffer. The test plates were 
made as described in the preceding section, but 
only with the medium prepared with Noble agar. 
Figure 2 indicates lesser sensitivity but a slightly 
steeper slope with tris buffer. 


Effect of Salt on the Activity of Neomycin B and 
Neomycin C.-Neomycin activity is known to be 
antagonized by salts (11, 12). The activity of 
neomycin C was reported (7) to be markedly sup- 
pressed by potassium chloride, more so than B, in 


TABLE III.-ADSORPTION OF NEOMYCIN TO AGAR 


concn. 
Antibiotic 


in Agar Gel, -Yo Boundo- 
Antibiotic mn./ml. Bacto Anar Noble Aear -. . 


Neomycin B 0.05 . . .  56,73 
0.20 . . .  62 
0.50 30,40 


2.0 . . .  25 
1 .o 58,6i 35 


10.0 . . .  0 
Neomycin C 0.05 . . .  70,80 


0.20 . . .  65 
0.50 36,45 
1.0 43, $1 53 25.32 
2.0 . . .  18 
10.0 . . .  . . .  


Multiple numbers indicate results of different experi- 
ments. 


3y0 potassium chloride was added to the system, 
no adsorption of neomycin B or C was detected. DD 


Effect of the Agar on Neomycin Dose-Responses. El ,, 
-Because of the apparent difference in binding be- 2 ,, 
tween Bacto and Noble agar, dose responses were 4 
obtained with neomycins B and C in media compar- 0 " 


ing the two agars. Streptomycin assay broth was 'I 


prepared and adjusted to  pH 7.9. Each agar was 8 '' 
added to an aliquot of the broth for 1.5y0 solutions, 8. 


and both media preparations were autoclaved. ,, 
Ten-milliliter single layer test plates were made 
with agar seeded with 1% of a S. aurcus culture 
incubated overnight a t  32" in SAB. Antibiotic 
solutions were made in water. Each solution was mcg. NEOMYCINS B OR c PER ml. WATER 


added to  four cylinders, one on each of four plates. 
The plates were incubated for 18 hours a t  32". agars. 


Fig. 1.-Neomycin dose-response curves comparing 
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the fractional length of the streak by the antibiotic 
concentration in the top agar layer. Fractions of 
one-tenth or less and nine-tenths or more of the 
streaks were not used in the determinations. The 
results in Table V indicate a large day-to-day varia- 
tion in MIC end points, but an analysis of salt antag- 
onism ratios indicates that salt antagonizes neomy- 
cin C more than it does B. Also, the extent of 
antagonism differs with the two test organisms. 


DISCUSSION 


Many factors contribute to  the responses obtained 
in agar-ditfusion assays. To minimize the inescap- 
able day-today variations in bioassays, the analyst 
attempts to  standardize those factors which influ- 
ence the response of the active agent. For some 
agents, designing an assay is routine; a buffered 
diluent, a nutrient medium, a susceptible test organ- 
ism, an optimum temperature for growth, and the 
usual standardization of steps in the procedure. 
For many agents, the problems in developing an 
assay lead to "monumental headaches." The 
headaches become astronomical when the agent is a 
complex whose individual components react dif- 
ferently in the commonly accepted assay systems, 
particularly when the components are difficult to  
separate and the content ratios vary between test 
and standard preparations. Such is the case with 
neomycin. 


Phosphate buffer, used as a diluent, is probably a 
cause of some of the day-to-day variation in neomy- 
cin assays. It antagonizes the activity of neomycin, 
more so than potassium chloride (Table I), but more 
important, it  antagonizes the growth of the com- 
monly used test organism, S. aureus (Table 11). 
This is supported by the greater sensitivity to 
neomycin in phosphate buffer than in tris buffer 
(Fig. 2). The flatter slope obtained with phos- 
phate buffer may be caused by the antagonism of the 
phosphate to  the growth of the test organism, allow- 
ing concentrations of neomycin to be inhibitory 
which would be subinhibitory without phosphate. 


Consider that potassium phosphate and neomycin 
are diffusing into the agar independently of each 
other. This is a situation in which two substances 
influence an assay response and only one is sup- 
posedly measured. 


Neomycins B and C are both adsorbed to  agar. 
The adsorption appears to  be less on Noble agar than 
on Bacto agar (Table 111). This is supported by the 
increased activity of neomycin in medium with 


I D  I 5  2 5  10 


mcg. NEOMYCIN B PER ml. 


Fig. 2.-Neomycin standard dose-response curves 
comparing buffers. 


an agar-diffusion system. This system was used to  
assay neomycin B in the presence of neomycin C 
(8). The difference in response between neomycin 
B and neomycin C in an agar diffusion system 
suggested studies on the effect of salt on the activity 
of each component in broth and agar systems. 


Minimum inhibitory concentrations in SAB 
with and without 3y0 potassium chloride were 
determined for neomycin B and neomycin C 
against S. aureus. Each tube was inoculated with 
0.1 ml. of a 1:lOO dilution of a culture in SAB 
incubated overnight at 32'. The MIC end points 
shown in Table IV indicate that the salt antagonized 
neomycin C activity to a greater extent than it 
did B. 


Since the antagonistic effect of salt may be dif- 
ferent in agar and broth systems, a more intensive 
study was made of antagonism in agar against two 
species of bacteria reportedly used in neomycin 
assays, S. aureus FDA 209 (1-14) and Bacillus 
subtilis UC564 (8, 13-15). In a series of eight 
experiments, gradient plates were prepared accord- 
ing to the method described by Szybalski (16) with 
a 10-ml. SAA lower layer without antibiotic and 
a 10-ml. upper layer with antibiotic. In the plates 
with salt, 3% potassium chloride was added to 
both layers. The concentrations of antibiotic in the 
upper layer for plates without salt were 0.005, 0.01, 
0.02,0.05,0.1,0.2,0.5, and 1.0 mcg./ml.; the concen- 
trationsforplateswithsaltwere0.1,0.2,0.5, 1.0.2.0, 
5.0, and 10.0 mcg./ml. Each concentration was 
tested in duplicate plates. Cell suspensions of 
approximately 10 (7) cells per milliliter were streaked 
across the gradient with cotton swabs, and the 
plates were incubated at 32' for 24 hours. The 
MIC for each plate was determined by multiplying 


TABLE IV.-EFFECT OF 3% POTASSIUM CHLORIDE ON THE ACTIVITY OF NEOMYCIN AGAINST S. aureus 
IN BROTH 


Coacn. Neomycin Bb - Neomycin Cb 
Antibiotic, No salt With KCI No salt With KCI 
mcg./ml." 35 hrs. 72 hrs. 35 hrs. 72 hrs. 35 hrs. 72 hrs. 35 hrs. 72 hrs. 
0 ++ ++ ++ ++ 
0.05 +-f +* . . .  
0.1 --f f-f . . .  . . .  ++ ++ 0.2 


_ -  . . .  ++ ++ 
-- . . .  ++ ++ 0 . 5  


1.0 
. . .  ++ ++ 2 .0  


5 . 0  . . .  . . .  
10.0 . . .  . . .  
20.0 . . .  . . .  


_ _  - _  


-- 
_ _  


-- 
-- - _  
-- -- 


++ ++ _ _  
_ _  
_ _  
_ -  
_ _  
. . .  
. . .  
. . .  


++ ++ ++ _ _  
_ _  
_ _  
_ _  
. . .  
. . .  
... 


++ 
++ ++ ++ ++ ++ +- 


. . .  


. . .  


-- 


++ 
++ ++ ++ ++ ++ ++ 


. . .  


. . .  


-- 
a Each concentration was tested in duplicate. Each sign represents a growth response in one tube. +. Good growth; 


f, slight growth; and - ,no growth. 
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TABLE V.-EPPECT OF 3% POTASSIUM CHLORIDE IN AGAR ON THE ACTIVITY OF NBOMYCIN 


-Minimum Inhibitory Concn., mcg./ml. 
B.  sublilis- S. aureus - 


YNeomyc in  h -Neomyan C- -Neomycin B- -Neomycin C- 
No  With No With No With No With 


Expt. salt Salt Salt Salt Salt Salt S d t  Salt 
1 0.005 0.09 0.01 1 .oo 0.02 0.40 0.03 1.80 
2 0.01 0.16 0.03 2.70 0.02 0.60 0.05 2.80 
3 
4 
5 
6 


. . .  ... ... . . .  0.02 0.70 0 .03  3.20 
0.01 0.05 0.02 0.34 0.02 0.12 0.03 0.48 
0.02 0.03 0.03 0.82 0.02 0.16 0.02 0.65 
0.01 0.08 0.06 1.20 0.02 0.17 0.04 1 .oo 


7 0.01 0 . 2  0.02 3.20 0.02 0.62 0 .02  2.40 
8 0.01 0 .1  0.03 3.00 0.02 0.52 0.04 2.40 


Av . 0.01 0.11 0.03 1.72 0.02 0 . 4 1  0 .03  1.m 
MIC Salt 
MIC No salt 


MIC No salt/ 
MIC Salt 
MlC No salt 


11 57 


5.4 f 1.4 (95% Conf.) 


20 61 


3 f 0.5 (9501, Conf.) 


Noble agar (Fig. 1). Since salt releases the bound 
neomycin. a plausible explanation for the change 
in slope in the presence of salt as reported by Sokolski 
and Carpenter (8) is that neomycin is not bound 
in the salt agar and diffuses more freely. Noble 
agar with the lesser binding of neomycin may be a 
better agar to use for a lower day-to-day variation 
in the assay. 


Salts appear to  antagonize the activity of neomy- 
cin C more than B (Tables I and V). It is evident 
then that the ionic strength of the medium is an 
important factor for standardizing the assay pro- 
cedure. 


We have attempted to  point out some of the 
factors that affect the responses of neomycins B 
and C in bioassay systems. Standardization of the 
neomycin assay necessitates an understanding of 
these factors. 


Since the neomycin C content varies from lot-to- 
lot, the potency of one particular preparation will 
depend on the B: C ratio in the test and standard 
preparations. The variation of assay results be- 
tween laboratories will depend on these ratios plus 
the differences in assay systems and how much of 
the C responds in these systems. 


If neomycin C is included in the definition of 
neomycin, as it apparently is, then the present day 
assay methods should be made to  assay the B and 
C additively. The Food and Drug Administration 
assay (14) performed in our laboratories measures 
only 500/, of the C. Since all of the neomycin 
preparations tested in our laboratories contain some 
neomycin C, the problem becomes one of definition 
of potency. If the present concept of neomycin 
potency is retained, then rigid policies establishing 
universal standards and assay methods should be 
adopted. If neomycin C is to  be considered as 
neomycin, then an assay design for the additive re- 
sponse to  B and C would be more realistic than the 
existing methods. 


SUMMARY 


more antagonistic than is potassium chloride, and 
both salts antagonize neomycin C more than B. 


The effect of 0.1 M buffers on S. aureus, a com- 
monly used assay organism, indicated that potas- 
sium phosphate antagonized growth, while tris did 
not. 


Neomycins B and C are both adsorbed to  agar 
gel and desorbed with potassium chloride. The 
adsorption phenomenon slows neomycins diffusion 
in agar. Adsorption is less on Noble agar than on 
crude agar. 


The extent of antagonism in an agardiffusion 
system is more pronounced against S. aureus than 
against B. subtilis, with neomycin C being more 
antagonized than B. This emphasizes the impor- 
tance of choice of test organisms for assays on prepar- 
ations containing neomycin C. 


Agreement on assay methods and standards are 
recommended for elimination of lab-to-lab differ- 
ences in neomycin potency estimates. 
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pose structure I as a working hypothesis for 
further studies and to infer that A and B differ 
from one another in the sugar portion of the 
molecule. 


acid in glacial acetic acid after acetylation with 
acetic anhydride/pyridine), and then in very 
poor yield. Under these strenuous conditions, 
the anthracycline terminal ring undergoes de- 
hydration to the fully aromatic system. Our 
amorphous product has so far resisted purifica- 
tion but possesses a visible absorption maximum 
at 478 mp in methanol solution. Brockmann 
has shown that in many cases conversion of 
anthraquinones to the corresponding tetracene- 
quinones results primarily in an increase in 
ultraviolet absorption intensity and has relatively 
little influence upon the position of the visible 
maxima (7). Aklavinone (11) would appear to 
be exceptional, for in this case a pronounced 
wavelength shift was obtained (8). Because 
this introduces an element of uncertainty in the 
spectral conclusions, 1 ,Pdihydroxynaphthacene- 
5,12-quinone, m.p. 2W0, was prepared by the 
Friedel-Crafts condensation of 1 ,Cdimethoxy- 
benzene and naphthalene-2,3-dicarboxylic acid 
anhydride. 


AnaL-Calcd. for ClsHmO,: C, 74.48; H, 
3.47; 0, 22.05. Found: C, 74.17; H, 3.68; 
0,21.48. 


Due to poor methanol solubility, carbon 
tetrachloride was used as solvent for spectral 
examination, and a visible maximum was ob- 
served a t  466 mp. This is in reasonable agree- 
ment with that of 1,4-dihydroxyanthraquinone 
(max. at 470 mp). Thus, there Seems to be little 
doubt that the chromophore of the ruticulornycins 
is as depicted in formula I. These observations 
serve to emphasize the uniqueness of the rutic- 
ulomycins among the anthracyclines, since all 
of the previously described members have at 
least one hydroxyl substituent in ring B (1). 


Using the anthracycline parent nucleus (1) 
and placing the ester function by analogy to 
those compounds of this series whose structures 
are already known, it seems reasonable to pro- 


Characterization of a New 
Magnoliaceae Alkaloid 


Sir: 


In a previous communication (1) the authors 
reported results of preliminary studies on the 
alkaloids of Magnolia acuminata L. Fractiona- 
tion of the stem extracts revealed the major alka- 
loids to be of the quaternary type. Five such 


HO OH 0 OH 
(n) 


(1) For a review of these communds. see Brockmann. H.. 
“P;ogrcss in the Chemistry of brganic Natural Products.‘’ 
Vol. 21. S ringer-Verlag, Vienna. Austria, 1963, p. 121. 
(2) Miier, M. W., and Hochstein, F. A., J .  olg. Chnn.. 27. 


2525( 1962). 
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Soc. 1959 178. 
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5 )  Bmckmonn, H.. Boldt, P., and Niemeyer. J., Chcn. 


En. 96, 1356(1963) 
(6) Brockmann, H., and Boldt, P., i e d . .  94, 2174(1961). 
(7 )  Brockmann. H.. and Muller, W., rbid., 92,1164(1969). 
(8) Gordon. J. J., d d., Tetrahedron Letters. (No. 8) 28 
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bases were detected by paper chromatographic 
technique. Of these, three phenolic alkaloids- 
vie., salicifoline, magnoflorine, and magnocurarine 
-were identified. Choline was revealed to be 
the fourth base. Identification of salicifoline and 
m a g n d e  was confirmed by isolation of the 
picrates of the alkaloids and comparison with 
authentic samples. 


Chromatography of the purified quaternary 
alkaloid fraction indicated magnoflorine to be the 
major phenolic base. While purifying other frac- 
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tions of the leaves, however, Kapadia isolated a 
nonphenolic tertiary alkaloid and a neutral 
ketone. The latter cornpound was isolated from 
petroleum ether extract of dry leaves and char- 
acterized as palmitone by elemental analysis and 
comparison of I.R., NMR, m a s  spectra, and 
mixed melting point of the isolated and syn- 
thetically prepared ketone. 


The alkaloid was isolated from an ethanolic 
extract of the leaves which were previously de- 
prived of petroleum ether and methylene chloride 
extractives. The residue from alcoholic extract 
was purified, and the alkaloidal oxalate was ob- 
tained as a colorless product from chloroform. 
Attempts to obtain a crystalline free base were 
not successful, but paper, thin-layer, and gas- 
liquid chromatographic examination of the prod- 
uct, [a]: = 68.7' and [a]: = 177.6' (C = 
1.165, CHCL), indicated a single alkaloid to be 
an almost exclusive constituent. NMR spectrum 
(in CDCla) indicated presence of three aromatic 
methoxyl groups (9H at 6 = 3.87, 3.80, 3.60 
p.p.m.) and one N-methyl(3H at 6 = 2.55 p.p.m.). 
Other peaks could most likely be assigned as four 
aromatic protons in an ApBl system (6 = 7.07, 
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6.83 p.p.m.) suitable for R a O C H a  and 


one proton each at 6 = 6.60 and 6 = 6.10 
p.p.m., each of which was also probably aro- 
matic. Results suggested that the alkaloid was 
d-0-methyhepavine. Identity of the base was 
confirmed with this compound by comparison 
with an authentic sample of 1-0-methylarmepa- 
vine. Paper, thin-layer, gas-liquid chromato- 
graphic data, and U.V. and I.R. spectra of the 
isolated base and authentic Z-0-methylarme- 
pavine were identical. The NMR spectrum of 
the isolated alkaloid was also identical with tbat 
of d-0-methylarmepavine, synthesized by a 
method' differing from that reported by Marion 
el al. (2) and Tomita and Yamaguchi (3). Prep- 
aration of crystalline hydrochloride [m.p. 198- 
199' (chloroform-petroleum ether)]. 


And.-Calcd. for CmHNOsNCl: N, 3.85%. 
Found: N, 3.84%. 


The methiodide [m.p. 135-137' (sinters at 
128'); reported m.p. 135' (sinters a t  127') (4) 


1 A m o u e d  synthesis of dl-0-methylarmepavine is bdng 
reported apprptdy. 


and 137-138' (5); [ a z  = 91.7' and = 
249' (C = 0.193, MeOH)] of theisolated alkaloid 
and I.R. spectra identical to that of the cor- 
responding alkaloidal hydrochloride and meth- 
iodide prepared from authentic base further con- 
firmed the isolated compound as d-0-methyl- 
armepavine. 


Although d-0-methylarmepavine has been syn- 
thesized (2,3) and d ,  I, or d- forms of the alkaloid 
have been obtained either as derivatives of arme- 
pavine and codaurine (6-9) or in degradation 
studies of bisbenzylisoquinolines (5, 10-15), M. 
acuminutu appears to be the first plant from which 
the alkaloid has been isolated and characterized. 


Details of the methods for isolation and char- 
acterization reported here will be published a t  a 
later date. 
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TABLE \-II.-INTERACTION BETWEEN PRESENCE us. 


us. ABSENCE OF THIOUREA 
.4BSENCE OF N, N’-DIETHYLTHIOUREA AND PRESENCE 


N,N’- No 
Diethylthiourea Thiourea Thiourea Differences 
Present 196.86 179.83 17.03 
Absent 179.93 108.40 71.53 
Differences 16.93 71.43 


TABLE VIII.-EFFECTS OF METHODS OF TREAT- 
MENTS ON ALKALOID ABSORPTION EXPRESSED IN 


ABSOLUTE UNITS 


Methods Av. 
Food 190.95 
Fasting 
Buffer A 
Buffer B 


86.79 
212.39 
174.99 


of N,N‘-diethylthiourea is greater when thiourea is 
absent (71.43 units contrasted to  16.93). There is a 
large statistically significant effect for the interaction 
A X D. Gross inspection of the lower half of Table 
I1 indicates that there is a large effect between N,N‘- 
diethylthiourea and quinidine as previously reported 
( l ) ,  and this is the reason for the significant A X D 
interaction. 


The Methods of treatments comparison was sta- 
tistically significant as indicated in the analysis of 
variance of Table 111. Table VIII indicates that this 
was almost entirely due t o  the 24-hour fasting of the 
rats prior t o  the test. Fasting definitely hinders 
absorption of the alkaloids in these experiments. 
Each figure in Table VIII is the mean of 16 items. 
The inhibitory &ect of fasting can be seen as a uni- 
t o m  phenomenon in Tables V and VI. Inspection 


of Table VI indicates that 1-phenyl-2-thiourea in a 
fasted animal encourages alkaloidal absorption as 
reported earlier (1); yet in a nonfasted animal its 
presence actually discourages absorption. 


SUMMARY 


A factorial experiment was camed out in rats to 
study the effects of thiourea, N, N’-diethylthiourea, 
l-phenyl-2-thiourea, ionic strength, ad libitum food, 
and 24-hour fasting on the absorption of quinine 
and quinidine. Thiourea administered in equal 
weight with quinine consistently gave enhancement 
of absorption, while absence of effect from thiourea 
was observed when given with quinidine. 1-Phenyl- 
2-thiourea administration resulted in lowering the 
rate of absorption in nonfasted animals while in- 
creasing absorption in fasted animals. N,N‘- 
Diethylthiourea routinely increased the absorption 
of both quinine and quinidine. There was no 
noticeable interference with alkaloidal absorption 
from either the strongly buffered or the weakly 
buffered vehicles. Fasting exerted a strong in- 
hibitory effect on quinine and quinidine absorp- 
tion. 
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Influence of Adrenergic Receptors on Blood Sugar 
and Lactic Acid Levels in the Rat 


By BENJAMIN W. LEI* and ROB S. MCCUTCHEON 


Six treatment combinations were compared for their production of blood sugar and 
lactic acid in rats. T h e  challenging drugs-saline, epinephrine, and levarterenol- 
isoproterenol combined-were tested against saline (without adrenergic blockers) 
and against DCI combined with hyder ine. Epinephrine and levarterenol-isopro- 
terenol, the challenging amines, were Lth effective in  increasin the production 
of blood sugar and lactic acid. The adrener ic blockade produced f y  DCI combined 
with hydergine was effective in inhibiting %oth hyperglycemia and hyperlacticaci- 
demia. Since a specific blockade of both a and B adrenergic receptors prevented the 
glycogenolytic effects of epinephrine and levarterenol-isoproterenol, it is con- 


cluded that this effect is mediated through these receptors. 


T IS WELL known that  the sympathetic amines 
will cause an increased production of both blood 


uncertainty as t o  which adrenotropic receptors, 
if any, are responsible for the mediation of this 


sugar and lactic acid (1) ; there is, however, some response. Glycogenolysis was first attributed . .  - -  
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t o  the  a receptors by Ahlquist (2), then to both 
receptors by  Van der Pol (3) and Claasen and 
Noach (4). Mayer, et al. (5), and McCutcheon 
(6) took exception t o  this and suggested that the 
fi receptors-- or possibly Some unknown receptors 


vallis. 
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containing 0.1 mg. each of the dihydrogenated ergot 
alkaloids in 1 ml. 


Rats, fasted for 16-18 hours, were anesthetized 
intraperitoneally with pentobarbital (Abbott Lab- 
oratories), 35 mg./Kg. Three rats received 0.1 ml. 
of saline, and three other rats received the conjoint 
administration of DCI (10 mg./Kg.) and hydergine 
(0.2 mg./Kg.). Thirty minutes after pretreatment 
of the three rats with saline, they were given, ( I )  
saline 0.1 ml., (11) epinephrine (0.2 mg./Kg.) and 
isoproterenol (0.2 mg./Kg.). The three rats pre- 
treated with the combined a and ,!3 adrenergic block- 
ers were treated in exactly the same manner: 
(IV) saline 0.1 ml., (V) epinephrine (0.2 mg./Kg.), 
and (VI)  levarterenol (0.2 mg./Kg.) conjointly 
with isoproterenol (0.2 mg./Kg.). Since all doses 
were given intraperitoneally, the doses used by Van 
der Pol (3) and Claasen and Noach (4) were reduced 
to  give approximately the same activity according 
to  Ellis (8). The chosen dose of hydergine (0.2 
mg./Kg.) was successful in antagonizing the hyper- 
glycemic effect without gross signs of side effects 
(11). 


Chemical Methods.-One hour after treatment, 
blood collected by cardiac puncture with a 1-ml. 
tuberculin (precision) syringe coated with heparin 
(5, 12) was ejected directly into the deproteinizing 
solution (13). After deproteinization by the method 
of Van Slyke and Hawkins (14), blood sugar was de- 
termined according to the method of Nelson (15). 
in which an alkaline copper solution is reduced by 
glucose, an arsenomolybdate color reagent added, 
and the resulting degree of change determined in a 
colorimeter. The lactic acid was determined by the 
method of Barker and Summerson (16). in which 
glucose and other interfering substances are removed 
from the protein free filtrate with copper sulfate and 
calcium hydroxide. The lactic acid is converted to 
acetaldehyde with sulfuric acid and determined 
colorimetrically after reaction with p-hydroxydi- 
phenyl in the presence of copper ions. 


Statistical Method.-This experiment utilized 
a 2 X 3 factorial design in randomized complete 
blocks. The combined a and f l  adrenergic blocking 
agents ( DCI-hydergine) and saline constituted one 
factor. The other factor was composed of saline, 
I-epinephrine, and levarterenol-dl-isoproterenol com- 
bined. Thirteen replications were made; each 
replication or block represented an individual ex- 
periment with six treatment combinations with one 
rat per treatment. The random numbers table (17) 
was used to  group the rats into blocks, to  determine 
the sequence of treatments, and to determine the 
assignment of treatment to each rat. F values were 
calculated at 1 and 55 degrees of freedom and all 
results indicated as significant are a t  the 5y0 level or 
less (17). 


-were responsible for this glycogenolytic effect. 
However, Furchgott (7) contends that this 
response cannot be assigned to either the a or 0 
receptors, and he has suggested a separate class- 
y receptors-for glycogenolysis. 


Despite this controversy, some observations 
regarding glycogenolysis have been consistently 
reported. First, epinephrine, a potent a and 0 
stimulant, produced the greatest increase in 
blood sugar and lactic acid, whereas isoproterenol, 
a specific p stimulant, produced the smallest 
effect. The potency ratio in this regard for the 
three classical amines are: I-epinephrine > 
levarterenol > dl-isoproterenol (8, 9) (Claasen 
and Noach(4)). Second, no complete blockade 
of catecholamine-induced glycogenolysis has been 
demonstrated when using either a or B blocking 
agents independently. The  reported inhibition 
of this response has varied from relatively ineffec- 
tive to relatively effective. Third, of all the 
adrenergic blocking agents used t o  inhibit this 
response, the derivatives of the ergot alkaloids 
have been shown t o  be the most effective. This 
class of drugs is considered primarily blockers of 
the a receptors with some blocking action on the 
0 receptors (10). Fourth, the rise in blood 
sugar produced by the conjoint administration 
of levareterenol and isoproterenol, independent 
CI and 0 stimulants, was greater than that of 
either alone at the same dosage level (3). 


These observations are best explained if it is 
assumed that  glycogenolysis was mediated 
through the synergistic effects of both (Y and 0 
receptors. Thus, further evidence for such a 
hypothesis would be advanced if data  could be 
presented t o  demonstrate tha t  the combined 
blockade of the a and adrenotropic receptors 
completely inhibited this response. 


METHODS 


1-Epinephrine bitartrate, levarterenol bitartrate, 
and dl-isoproterenol HCI (Sterling-Winthrop Re- 
search Institute) were made up in 0.001 M solutions 
in 0.1% sodium bisulfite and 0.1% chlorobutanol 
as preservatives. Dichloroisoproterenol, d-1-(3',4'- 
dichlorophenyl)-2-isopropylaminoethanol HCI (DCI, 
Eli Lilly and Co.) was preserved in the same manner. 
Hydergine (Sandoz, Inc.) was used from ampuls 


TABLE I .-SUMMARY OF SIX-TREATMEXT COMBINATIONS FOR BLOOD  SUGAR^ 


Mean Mean Blood Mean S E.  
Body Wt.. Sugar Values, Deviation of the 


Pretreatment Treatment Gm. mg. % from Control meanb 
Saline Saline 230 95 0 f 4.64 
Saline l-Epinephrine 226 210 115 f11.75 
Saline Levarterenol-dl-isoproterenol 237 138 43 f 7.17 
DCI-Hydergine Saline 232 109 14 f 4.95 
DCI-Hydergine I-Epinephrine 251 126 31 f 7.08 
DCI-Hydergine Levarterenol-dl-isoproterenol 247 105 10 f 2.75 
o Thirteen replicates were run on each treatment combination. b Significant a t  the 5% level (17). 
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TABLE II.--Smmmy OF SIX-TREATMENT COMBINATIONS FOR BLOOD LACTATE" 


Mean Mean Blood Mean S.E. 
Body Wt., Lactate Values, Deviation of the 


Pretreatment Treatment Gm. mg. % from Control Meanb 
Saline Saline 230 9.2 0.0 f1.19 
Saline 1-Epinephrine 226 26.6 17.4 f3.72 
Saline Levarterenol-dl-isoproterenol 237 17.5 8.3 f2.57 
DCI-Hydergine Saline 232 14.2 5.0 f2.30 
DCI-Hydergine I-Epinephrine 251 15.1 5.9 f2.60 
DCI-Hydergine Levarterenol-dl-isoproterenol 247 16.1 6.9 f 4 . 7 5  


n Twelve replicates were run on each treatment combination. b Significant at the 5% level (17). 


RESULTS 


Blockade of Catecholamine-Induced Hypergly- 
cemia by Conjoint Administration of Dichloroiso- 
proterenol-Hydergine.-To measure the degree of 
inhibition, it was of interest to sample only the 
period during which the maximum increase oc- 
curred. According to  the reports of Claasen and 
Noach (4), Ellis (8), and Mayer ( 5 ) ,  the maximum 
output was determined to be approximately 1 hour 
after intraperitoneal injection. Thus. a sample 
taken during this period would be most significant in 
demonstrating the degree of inhibition. 


A summary for the six treatment combinations 
is shown in Table I. These values show that the 
combined DCI-hydergine is a potent antagonist to  
the effects of both epinephrine and levarterenol- 
isoproterenol induced hyperglycemia. The small 
increase in blood sugar due t o  the blocking agents 
alone is approximately 14 mg. %. The subtrac- 
tion of this value from the values found in treat- 
ments (V) and (VI) reflects the true blocking ability 
of this combination. The adjusted value for treat- 
ment (V)  is 112 mg. %, which is 17 mg. % above the 
simultaneous control of treatment ( I ) .  This in- 
crease is not statistically significant, and it repre- 
sents an inhibition of 85%. The increase in blood 
sugar after this treatment combination would be 
more accurate a t  7 mg.%, for the additional 10 
mg.% is the result of two observations with large 
deviations. The degree of inhibition would then 
be 94%. These values were included as such to  
maintain the completeness of each block. The rise 
in blood sugar found in treatment (VI) shows the 
increase in blood sugar due to  the adrenergic block- 
ing agents alone. The values obtained by these 
two treatment combinations justifies the conclusion 
that a complete blockade has been demonstrated. 
The F test in the analysis of variance also supports 
the contention that a complete blockade has been 
demonstrated. 


Blockade of Catecholamine-Induced Hyperlactic- 
acidemia by Conjoint Administration of DCI and 
Hydergiue.-Table I1 contains a summary of 
the six treatment combinations. A comparison of 
treatment (I)  and (IV) shows that the blocking 
agents produced an increase in blood lactate which 
is statistically significant. Consequently, the ob- 
servations for treatments (IV), (V), and (VI) had 
to  be adjusted by subtracting this increase, 5 mg. 
%, before computing the analysis of variance. 
The similarity of the values found in treatments 
(IV), (V), and (VI) indicate that the adrenergic 
blockers have prevented sympathomimetic amine- 
induced hyperlacticacidemia. By using treatment 
( I V )  as an internal control with 14.2 mg.% as 100% 
inhibition, the degree of inhibition in treatments 


( V )  and (VI) were 94% and 87% respectively. The 
similarity of these three treatment effects and the 
computed F values demonstrated the completeness 
of this blockade. 


DISCUSSION 
Because both levarterenol and isoproterenol 


produced a small but significant increase in blood 
sugar and because the con joint administration of 
these two amines produced an effect greater than 
either alone, Van der Pol (3) suggested that the gly- 
cogenolytic effect was due to the synergistic inter- 
actions of both Q and B receptors. To confirm this 
hypothesis, Claasen and Noach (4) studied the 
glycemic effect of epinephrine, levarterenol, and iso- 
proterenol against the pretreatment of saline and 
DCI. Their investigation demonstrated that the 
hyperglycemic effect of levarterenol was unaffected 
by DCI, while the effect of epinephrine was par- 
tially inhibited, and the effect of isoproterenol was 
completely inhibited. This clearly shows that while 
the B receptors were blocked, the Q receptors con- 
tinued to  mediate glycogenolysis. 


Mayer, el al. (5 ) ,  however, took exception to this 
premise and suggested that the glycogenolytic effect 
was mediated by the B receptors because (a) DCI 
blocked epinephrine-induced augmentation of car- 
diac contraction, heart phosphorylase, and hyper- 
glycemia. (b) Ergotamine,and phenoxybenzamine. 
both potent Q blockers, were unable t o  prevent the 
increase in blood sugar and lactic acid. ( c )  DCI 
partly blocked epinephrine-induced hyperlactica- 
cidemia, but ergotamine had no such effect. 


Further evidence for this proposal was advanced 
by McCutcheon (6) whose investigation of adrener- 
gic amines after adrenergic blockade confirmed those 
observations made by Mayer, el al. ( 5 ) .  


To reconcile the findings of these two groups of 
investigators, the most obvious means would be to  
attribute these differences t o  (a) species variation 
(between dogs and rats), ( b )  differences in route 
of drug administration (between infusions and sub- 
cutaneous injections), or ( c )  the actions of some 
unknown receptors. 


Despite the differences in animals and technique, 
the results of these two groups can be best ex- 
plained if the hypothesis is accepted that glycogen- 
olysis is mediated through the interactions of both 
receptors. Thus, the blockade produced by DCI 
may be partial because the P receptors were still 
free to mediate its effects. The partial inhibition of 
epinephrine-induced hyperlacticacidemia reported 
by Mayer ( 5 )  could also be explained on this basis. 
Since muscle is the main source of lactic acid and 
since the receptors here are of the B type (18), this 
inhibition would be expected. 


Inhibition of glycogenolysis with DCI alone has 
failed to abolish this response completely. This 
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indifferent antagonism is equally true with the ergot 
alkaloids. This partial inhibition would be expected 
if glycogenolysis was mediated through both a 
and 6 adrenotropic receptors. If these a and B 
adrenergic blockers were given together. then the 
increase in blood sugar and lactic acid can be abol- 
ished. 


If the contention is true that epinephrine has a 
greater glycogenolytic effect than either levartere- 
no1 or isoproterenol because it stimulates both a 
and 6 receptors, then it is reasonable to assume tha t  
the combined blockade cf both a and j3 receptors 
will completely inhibit glycogenolysis. This has 
been shown to be the case. The results of this 
study give only an incomplete insight into the 
mechanisms involved in glycogenolysis, but do sug- 
gest that the receptors involved include both the 
CY and the B adrenotropic receptors. 


REFERENCES 
(1) Cori. C. F.. Cori, G. T., and Buchwald, D .  W., A m .  


J .  Physrd. ,  93, 27X1930). 


(2) AFquist, R. P.. “Adrenergic Drugs In Pharmacology 
in Medicine.” edited by Drill, V. A., 2nd ed., McGraw-Hill 
Book Co. New York. N. Y. 1958 pp. 878-407. 


(3) V;n der Pol, M. C., kcla khysiol. Pharmacol. Necrl., 
4. 541(1956). 


(4) Claasen. V.. and Noach. E. L. .  Arch. Inlcm. Pharma- 
codin:. izza, s s i ( i ~ a 0 ) .  


(5) Mayer, S. E., Moran. N. C., and Fain, J . ,  J .  Pharma- 


(6) McCutcheAn. R’. S .  ibid.. 136, 309(1962). 
(7) Furchgott, R. ,  Pha;macd. Reo., 11, 429(1959). 
(8) Ellis S. ,  1. Pharmacd. Expf l .  Therap. 101, 92(1951). 
(9) Ellis’ 5. Pharmacd.  Rev., 8,  485(19563. 


(10) Lev;, B., J .  Pharmacd.  E x p l l .  Therap., 127. 150 


cd. Ezpl l .  Therap. 134 l8(1961). 


(1959). 
(11) Phatak. N. M., and David, N. A,, i b id . ,  109. 139 


(1953). 
(12) Jarpes E. J. “Heparin in the Treatment of Throm- 


bosis,” 2nd ed.,  Oxfbrd University Press, New York. N. Y.. 
1946, p. 260. 


(13) Fnedman. T. E.. and Haugen, G .  E., J .  B i d .  C lem. .  
144, 67(1942). 


(14) Van Slvke. D. D.. and Hawkins. J .  A., ibid. ,  79, 739 
(1928). 


(15) Nelson, N., ibid., 153, 375(1944). 
(16) Barker, S .  B.. and Summerson. W. J. .  ibid. .  138, 535 


(1941). 
(17) Li J. C. F. ,  “Introduction to Statistical Inference,” 


(18) Vrij Gho B. K. de  Groot C. A. and Weber 
Edwards Brothers, Ann Arbor, Mich., 1957, p. 553. 


J. F. ,  A d a  d & d .  Pharmac‘d. N e d ,  4, 547(1’956). 


Polarography of Diastereoisomeric 
N-Nitrosoephedrines 


By LOUIS MALSPEIS and NELL G. M. HUNG 


The polarographic reductions of N-nitrosoephedrine (erytho isomer) and N-nitroso- 
pseudoephedrine (threo isomer) were examined in the pH range 0.6 to 10. Below 
p H  3.2, the limiting currents of both compounds are diffusion controlled and iden- 
tical. In the p H  range 3.2 to 8.2, the limiting currents of the diastereoisomers are 
controlled by diffusion and rate of reaction. At a given pH value in chis region, 
under identical conditions, the limiting current for N-nitrosoephedrine is  greater 
than that for N-nitrosopseudoephedrine. The kinetic currents are catalyzed both by 
hydrogen ion and general acids. With Delahay’s equation, the heterogeneous rate 
constants of protonation of the diastereoisomers were calculated. The rate of pro- 
tonation of N-nitrosoephedrine is greater than that of N-nitrosopseudoephedine. 
These relative rates are interpreted in  terms of structural considerations. T h e  rate 
of protonation is greater with that isomer in  which there is a lesser degree ofintra- 
molecular hydrogen-bonding. Kinetic currents can be used to distinguish between 


diastereoisomers. 


IMITING POLAROCRAPHIC currents which are 
controlled by the rate of a chemical reaction 


and by diffusion are generally referred to  as 
kinetic currents (1, 2). One type of kinetic 
current is controlled by the rate of reaction in 
the electrode reaction layer of an electro inactive 
species which diffuses to the electrode surface 
from the bulk of the solution. Since the relative 
reaction rates of diastereoisomers depend upon 
the population of the possible conformations (3), 
kinetic currents could be used to distinguish be- 
tween diastereoisomers. At a given concentra- 
tion that  diastereoisomer which undergoes reac- 
tion a t  the higher rate should afford the higher 


kinetic current. The primary object of this 
investigation is to determine the effect of con- 
figurational differences on the kinetic currents of 
diastereoisomers. 


The compounds chosen for study are the N- 
nitroso derivatives of (-)-ephedrine and (+)- 
pseudoephedrine, diastereoisomers having well 
established configurations (4-7) (see Scheme I). 
These compounds satisfy the requirement tha t  a 
center of asymmetry must not be involved in the 
reaction at the electrode surface, a requirement 
which increases the likelihood tha t  the reduction 
mechanisms of the two compounds under compa- 
rable conditions will be the same. 
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EXPERIMENTAL 


Materials.-The diastereoisomeric N-nitrosoephed- 
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Absolute Configuration of Certain Analgesic 
( - ) -N- [ 2- (Phenalkylmethylamino) propyl] propionanilides 


By PHILIP S. PORTOGHESE and DENNIS L. LARSONf 


The absolute configuration of certain (-)-N-[ 2-(phenalkylmethylamino) ropyll- 
propionanilides has been determined by relating them to D-(-)-alanine. T i e  com- 
pounds corresponding to the L-configuration have greater analgesic otency than 
those with the Dconfiguration. An interpretation of the significance ofthe relation- 
ship of absolute configuration to analgesic activity is discussed in terms of an analgesic 


receptor surface. 


HE RELATIONSHIP of the absolute spatial 
Tgeometry of medicinal agents to their pharma- 
cological potency has received serious attention 
only in the past 10 years. There are numerous 
observations recorded in the literature on the 
optical specificity of enzymes and on the unequal 
distribution of pharmacological activity between 
(+)- and (-)-enantiomers of many types of 
drugs (1). 


One of the few classes of drugs which has been 
systematically investigated from a three-dimen- 
sional point of view is the narcotic analgesic 
group. Though there has been a considerable re- 
search effort devoted to the elucidation of the 
optimum structural requirements for analgesic 
molecules, only the methadone-type (including its 
isosteres) and thiambutene-type compounds 
have been studied from an absolute configura- 
tional approach. In  such experiments Beckett 
and co-workers have shown that most of the 
analgesic activity resides in the enantiomorphs 
possessing the D-configuration. A hypothesis 


I 
H-C-NR, H-6-W 


I I 
CH3 CH, 


D-Methadone Series D-Thiambutene Series 
was advanced in an attempt to explain this antip- 
odal specificity on the basis of three point con- 
tact with a receptor in which only one antipode 
can fit properly (1). 


The need for more information concerning the 
relationship of configuration to analgesic activity 
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Educntion. 


has prompted us to determine the absolute con- 
figuration of certain potent analgesics of the basic 
anilide type (I1 and IV) (2). We have reported 
some of our experiments in prior preliminary com- 
munications (3, 4) and now wish to present a de- 
tailed description and interpretation of our re- 
sults. 


The configuration of the (-)-enantiomem of I1 
and I V  have been related to D-( -)-alanine by an 
unambiguous sequence in which the stereochemi- 
cal integrity of the asymmetric carbon in question 
was at all times preserved. 


In preliminary experiments, attempts at  direct 
optical resolution of racemic I1 and IV were not 
successful. Therefore, we turned to the resolution 
of the (It)-diamine (I) which is an intermediate in 
the synthesis of racemic basic anilide analgesics 
containing the phenalkyl moiety (2). This was 
accomplished by mixing equivalent amounts of 
the (+)-diamine (I) and (+)-tartaric acid in 95% 
ethanol. Several recrystallizations afforded a salt 
of high purity which, on treatment with aqueous 
sodium hydroxide, yielded optically pure (+)- 
diamine (I). The enantiomeric (-)-diamine (I) 
was obtained in pure form by triangular crystal- 
lization of a second crop of crystals obtained 
from the alcoholic mother liquor. The (+)- 
diamine (I) was converted to the (-)-propion- 
anilide (11) by heating in propionic anhydride. 
Catalytic hydrogenolysis of (-)-I1 produced the 
debenzylated (+)-intermediate (111) which was 
subsequently phenethylated to give the (-)- 
propionanilide (IV) . 


Catalytic hydrogenolysis of the resolved ( +)- 
diamine ( I )  produced the debenzylated ( - )-diamine 
(VII).  This compound was shown to have the 
o-configuration through an unambiguous synthetic 
procedure. D-( - )-Alanine was converted to  ( +)- 
carbobenzoxy-o-alanine (V) (5) by treating with 
benzyl chloroformate. This intermediate (V)  was 
transformed to the (+)-anilide ( V I )  in high yield by 
allowing a tetrahydrofuran solution of compound V, 
aniline, and dicyclohexylcarbodiimide to  stand for 
several hours. Reduction of VI with lithium alumi- 
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num hydride afforded D-( - )-Na-methyl-N1-phenyl- 
1,2-propanediamine, whose physical properties are 
identical with the (-)diamine (VII) derived from 
the catalytic hydrogenolysis of (+)-I. 


The preceding sequence of transformations, there- 
fore, unequivocally demonstrates that the ( - )- 
enantiomers of I1 and I V  are stereochemically re- 
lated to D-( - )-alanine. 


The (+)- and (-)-enantiomers of analgesics I1 
and IV have been tested by others (6) on rats by a 
modification of the rat tail heat response method. 
As illustrated in Table I, the L-isomers of I1 and IV 
possess activity comparable to  that of morphine, 
whereas the D-isomers are less active. These phar- 
macological results are quite unexpected, as it has 
been demonstrated that the more active enantio- 
morphs of methadone-type and thiambutene-type 
analgesics have the D-configuration (1). The addic- 
tive properties of I1 and IV (7) and their antagonism 
by nalorphine (8) suggest that they are acting on the 
same analgesic receptor through which methadone 
and other potent analgesics exert their activity, de- 
spite the fact that the more active enantiomorphs 
of these compounds (I1 and I V )  are related to 
L-( +)-alanine. 


These results are in disagreement with the hy- 
pothesis that all highly active analgesics possessing 
an asymmetric carbon have the D-configuration (1). 
Moreover, the apparent inversion of antipodal 


D-( -) 
VII 


specificity in an analgesic receptor is not without 
precedent. It has been reported that (-)-a- 
methadol derived from the catalytic reduction of L- 
( +)-methadone is seven times more active than ( +)- 
a-methadol obtained from D-( - )-methadone (9). 
Interestingly, the sodium-in-propanol reduction of 
D-( -)-methadone affords a preponderance of the 
diastereomeric ( -)-@-methado1 which has seven 
times greater potency than ( +)-@-methado1 derived 
by reducing L-( +)-methadone (9). These results 
are summarized in Table 11. 


The preceding example is highly significant be- 
cause it serves to  illustrate how a reversal in potency 
ratio between D- and L-isomers of diastereomeric 
methadols can be effected by merely altering the 
stereochemistry of the hydroxyl group. 


It has been postulated (1) that an aromatic ring. 
basic nitrogen, and a hydrocarbon moiety interact 
with the analgesic receptor in a certain conformation. 
Accordingly, the receptor can make contact with 
analgesics of the D-configuration in such manner as 
to  accommodate all three of the aforementioned 
groups, whereas the L-mnfiguration could not easily 
fit the receptor because the hydrocarbon moiety no 
longer can fill a suitably oriented “cavity” on the 
receptor surface. 


Since the basic anilide analgesics (I1 and LV) and 
the a-methadols do not conform to the above hy- 
pothesis, there may be certain additional require- 
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TABLE I.-RELATIONSHIP OF ABSOLUTE CONFIGU- 


RATION TO ANALGESIC POTENCY 


Configuration Compd. hD'P.b (mg./Kg.) 
D 11" Inactive at 50 
1. 1 1 c  4.3  


Journal of Phurmceutual Sciences 
TABLE I~.--.\NALGESIC ACTIVITY OF ISOMERIC 


METHADOLS (9) 


Parent 11 ethadol 
Methadone ED%" I snmer EDsQO 


L-( + ) 25.7 - )-a 3 . 5  
D-( - 0.8 ( + )-a 14 .7  
L-( + ) . . .  ( + 1-B 6 3 . i  
D-( - ) . . .  ( - 1-B i . 6  


0 Values are mg./Kg. administered subcutaneously in mice. 


D ivd 11.7 
L 1Vd 3 .6  


Meperidine 11.0 
Morphine 3 .0  


n i v d  11 7 - 
L 


- .  


1Vd 
Meperidine 
Morphine 3 .0  


. 


3.6  
11.0 


0 We thank Dr. W B.  Wright and Dr. R .  A. Hardy for 
forwarding us their pharmacological data prior to publica- 
tion h ADw - the subcutaneous dose which elevates the 
rat tail radiant heat response time by 100~'  in 50y0 of the 
animals. d Tested as the 
free base. 


c Tested as the hydrochloride salt. 


ments which must be considered in the depiction of 
an analgesic receptor syrface 


I n  comparing the potency ratios of the D- and L- 
isomers cf the basic anilide type (I1 and IV) to  those 
in the methadone series, it is tempting to  speculate 
that, as in the case of the optically active methadols, 
the reversal in potency ratio on going from the 
anilides to the methadones is due to a difference in 
the orientation of the oxygen function. Inspection 
of Dreiding stereomodels of anilide analgesics (11 
and IV) and methadone-type compounds reveal 
that there is a distinct difference in the position of 
the carbonyl oxygen relative t o  the rest of the 
molecule. The amide moiety is planar due to  partial 
sp2 character in the bond connecting the nitrogen 
and carbonyl carbon. In contrast to  compounds I1 
and IV, the quaternary carbon in the methadone 
series is tetrahedral. The planarity of the amide 
moiety consequently causes the orientation of the 
amide carbonyl oxygen (relative to the rest of the 
molecule) to differ from that of the ketonic oxygen in 
the methadone compounds. 


If the relative position of the oxygen function does 
influence the optical specificity of an analgesic recep- 
tor, the stereochemical course of binding of certain 
analgesic molecules to the active site may in part be 
governed by the orientation of the oxygen function 
(hydroxyl, amide carbonyl oxygen, and ketonic 
oxygen) which would be capable of interacting with 
a secondary site of the analgesic receptor. 


We are presently engaged in stereochemical 
studies on the methadols, methadones, and basic 
anilides in order to gain further insight into factors 
which may alter the stereochemical course of molecu- 
lar binding to an analgesic receptor. 


EXPERIMENTAL 


( +) - N*- Benzyl - N*- methyl - N1- phenyl- I,% 
propanediamine (I).-A solution of 34.66 Gm. 
(0.136 mole) of (f)-diamine (I)  (2) in 70 ml. of 95% 
ethanol was mixed with 280 ml. of an ethanolic solu- 
tion containing 20.48 Gm. (0.136 mole) of (+)-tar- 
taric acid. The combined solution was allowed to  
stand at 25' for 24 hours. The crystals were col- 
lected and recrystallized four times from 95% 
ethanol t o  afford 17.3 Gm., m.p. 101-103".~ of the 
tartrate salt, [alz" - 16.0" (c 5% in water). 


Anal.-Calcd. for G I H ~ N & - H ~ O :  C, 59.98; H, 
7.17; N, 6.64. Found: C, 60.01; H, 7.13; N ,  
6.72. 


1 All melting points are uncorrected and were obtained with 
a "Hoover" capillary melting point apparatus. 


To 16.4 Gin. of the above salt there was added 80 
ml. of 1 N s,dium hydroxide and 100 ml. of water; 
the mixture was extracted with ether and dried over 
sodium sulfate. On removal of the solvent in uacuo, 
9.1 Gm., m.p. 54-61", of (+)-I crystallized, + 31.2" (c 5% in ethanol). This compound was 
analyzed as the monopicrste. m.p. 168-169". 


Anal.-Calcd. for C&12:,S,@: C, 57.11; H, 
5.21; N ,  14.48. Found: C, 56.84; H, 5.33; N,  
14.38. 


( - ) - N2 - Benzyl - NZ - methyl - N1 - phenyl - 1,2- 
propmediamine.-The combined mother liquor 
from the preceding resolution was concentrated and 
allowed to stand 12 hours a t  25". The crystalline 
product was collected and purified by triangular 
crystallizatim from water. There was obtained 8 5 
Gm., m.p. 82-84", of tartrate salt, [a]20p0 + 30.0" 
(c  2% in water). 


Anal.-Calcd. for C ~ I H ? I N ? O I . ~ H ~ O :  C, 57.29; 
H, 7.12; N, 6.37. Found: C, 57.18, H, 7.39; N. 
6.17. 


The (+)-salt (7.6 Gm.) was converted to 3.8 Gm. 
of ( - ) - Ng-benzyl- N z -  methyl - N1 - phenyl-1.2-pro- 
panediamine, m.p. 59-60", [a]go - 30.8" (c 5% in 
ethanol) by the procedure described for the (+)- 
diamine (I). 


( - )  - N - [2 - (Benzylmethy1amino)propylJpro- 
pionanilide (II).-A mixture of 5.08 Gm. (0.02 
mole) of (+)-diamine ( I )  and 10 ml. of propionic 
anhydride was heated on a steam bath for 2 hours. 
The propionic acid and propionic anhydride were 
removed by distillation and the residue fractionated 
through a spinning band column to give 4.9 Gm. 
(80yo yield) of (-)-anilide (11), b.p. 152-157' 
(0.3 mm.), [alyo - 45.7" (c 5% in ethanol). This 
compound exhibited an infrared spectrum and gas 
chromatographic retention time which are identical 
with that of racemic I1 (2). 


( +) - N - [2 - (Methylamino)propyl]propionani- 
lide (III).-The preparation of (+)-I11 was similar 
to the procedure employed in the synthesis of 
racemic I11 (2). A mixture of 18.0 Gm. (0.058 
mole) of (-)-anilide (11). 14.5 ml. of 4 N HCl, 115 
ml. of 95% ethanol, and 1.2 Gm. of 10% palladium- 
on-carbon was shaken in a hydrogen atmosphere a t  
a pressure of 40 p.s.i. for 24 hours. The mixture was 
filtered, evaporated in uacuo to an oil, basified with 
aqueous sodium hydroxide, and extracted with 
ether. After the ether extract was dried over sodium 
sulfate, the solvent was removed in  W ~ C U O  and the 
residue distilled. The yield of (+)-111, b.p. 110- 
114" (0.1 mm.), n Z J o  1.5214, [ a ] ' , 6 O  + 14" (c  5% in 
ethanol), was 8.1 Gm. (690/,). The infrared spec- 
trum of (+)-I11 is identical with that of racemic 
111. 


( - )  - N - (2 - (Phenethylmethylamino)propylJ- 
propionanilide (N).-A mixture of 1.75 Gm. (0.008 
mole) of (+)-111. 1.48 Gm. (0.008 mole) of phen- 
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ethyl bromide and 0.85 Gm. of anhydrous sodium 
carbonate was refluxed in 12 ml. of benzene for 48 
hours. The mixture was extracted with water and 
the benzene solution concentrated in uacuo. Dis- 
tillation through a spinning band column gave 2.0 
Gm. (77%) of product, b.p. 154-163' (0.1 mm.), 
nPeo 1.5440, [alas" - 26.4' ( c  5% in ethanol). The 
infrared spectrum and gas chromatographic reten- 
tion time are identical with that of racemic IV (2). 


Preparation of ( -)-NrMetbyl-N1-phenyl-l,2- 
propanediamine (M) from (+)-NLBenzyl-N*- 
methyl-N~phenyl-l,2-propanediamine (I).-A mix- 
ture of 2.54 Gm. (0.01 mole) of (+)-diamine (I), 2.5 
ml. of 4 N HCI, 20 rnl. of 95% ethanol, and 0.2 Gm. 
of 10% palladium-on-carbon was shaken in an at- 
mosphere of hydrogen at a pressure of 40 p.s.i. 
When the theoretical amount of hydrogen was ab- 
sorbed, the mixture was filtered and the ethanol re- 
moved in vacuo. The remaining liquid was made 
basic with aqueous sodium hydroxide, extracted 
with ether, and dried over sodium sulfate. Removal 
of the solvent afforded an oil which on distillation 
through a spinning band column yielded 1.2 Gm. 
(73%) of hygroscopic (-)-VII, b.p. 75-78' (0.3 
mm.), m.p. 34-35', [(r]Y" - 29.5' (c  5% in 
ethanol). The dipicrate, infrared spectrum, and gas 
chromatographic retention time of this compound 
(VII) are identical with those of the (-))iliamine 
derived from D-( - )-alanine. 


(+)-Carbobenzoxy-palanine (V).-This was pre- 
pared ( 5 )  by reacting D-( - )-alanine and benzyl- 
chloroformate in sodium bicarbonate solution (10). 


(+)-CarbobeIwxy-palanine Anilide (VI).-To a 
mixture of 30 Gm. (0.13 mole) of (+)-carbo- 
benzoxy-D-alanine and 12.1 Gm. (0.13 mole) of 
aniline dissolved in 200 ml. of tetrahydrofuran there 
was added a solution of 29.5 Gm. (0.143 mole) of di- 
cyclohexylcarbodiimide in an equal volume of tetra- 
hydrofuran. After allowing the mixture to  stand 6 
hours, the solution was concentrated to  200 ml. 
Five milliliters of acetic acid was added and the 
solution was again filtered. Removal of all the 
solvent produced 36 Gm. (93%) of crude (+)- 
anilide (VI). Recrystallization from 95% ethanol 
produced crystals, m.p. 162-164'. [a]:' + 28.4'. 
An infrared spectrum of the product exhibited 
bands at 3 . 0 ~  (-NH), 5.92 p (-OCO-N), and 6.03 
p (amide). 


Anal.-Calcd. for Cl,H~~NtQ: C, 68.44; H,  
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6.08; N, 9.33. Found: C, 68.19; H, 6.13; h', 
9.66. 


Synthesis of D-( - )-NLMethyI-N'-phenyl-l,Z- 
propmediamine (VII) from ( +)-Carbobenzoxy- 
palanine Anilide (VI).-To a stirred mixture of 
10.64 Gm. (0.28 mole) of lithium aluminum hydride 
and 200 ml. tetrahydrofuran, there was added (over 
a 30-minute period) a solution of 20.88 Gm. (0.07 
mole) of VI in an equal volume of tetrahydrofuran. 
The mixture was rduxed for 5.5 hours, cooled, and 
treated successively with 11 ml. of water, 28 ml. of 
15% sodium hydroxide, and 28 ml. of water. The 
mixture was filtered, dried over sodium sulfate, and 
the solvent removed in vacuo. Ethyl acetate was 
added to the residue, and it was extracted with 100 
ml. 1 N HCI. The aqueous solution was made basic 
with 1 N sodium hydroxide and extracted with 
ethyl acetate. After removal of solvent in uacuo, the 
residue was distilled through a spinning band 
column. There was collected 9.0 Gm. (78% yield) 
of D-( -)-diamine (VII), b.p. 67-71' (0.1 mm.). 
[a]: - 29.2' (c  5% in ethanol), whichcrystallized, 
m.p. 35-36.5', on cooling. This compound is very 
hygroscopic and quickly liquifies on exposure to  moist 
air. The product was analyzed as the dipicrate. 


Ad.-Calcd. fur C&H22NSO14: C, 42.43; H, 
3.56; N, 18.00. Found: C, 42.49; H, 3.60; N ,  
18.23. 


The infrared spectrum, gas chromatographic re- 
tention time, and dipicrate were found to  be identi- 
cal with those of (-)-diamine VII  derived from the 
catalytic hydrogenolysis of ( +)-ZP-benzyl-N*- 
methyl-N1-phenyl-l,2-propanediamine (I). 
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Electronik recorder of 1-mv. sensitivity. Silicone 
Dow 710 and diethyleneglycol succinate. both 
adsorbed on firebrick, were the most suitable 
stationary phases; the other experimental condi- 
tions are listed under Fig. 1. 


Inspection of Fig. 1 reveals that the oil may be 
separated into a total of 19 fractions, eight repre- 
senting minor and 11 major components. Due to 
the lack of authentic blank substances, all of these 
ingredients have yet to be positively identified, but 
work is in progress. Carvone produced the most 
prominent peak (No. 18) which was readily iden- 
tified by use of added reference standard. 


Comparison of retention volumes and co-chro- 
matography with added pure reference standard 
under identical experimental conditions were em- 
ployed in the identification of three compounds in 
the oil, the presence of which had previously been 
disputed. Authenticated reference substances, pure 
and in 2% mixtures in natural oil. were gas chro- 
matographed individually and in various com- 
binations. 


The addition of 2% liialool to  the oil produced an 
The results are presented in Fig. 2. 
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increase in the size of peak 12 at a retention time of 
4.3 minutes, which is identical t o  that of pure 
linalool under the stated conditions. Added 
cineole similarly effected an increase in peak 11, 
which appeared only as a "shoulder" on peak 
10 in the natural oil, and clearly separated it from 
peak 10. The retention time of 3.7 minutes for 
peak 11 corresponds to that of pure cineole. Pinene, 
with a retention time of 2.2 minutes, caused a 
marked increase in peak 7. 


Gas chromatography was found to be a highly 
versatile and valuable method for the complete 
analysis of complex naturally occurring volatile 
substances. 
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. Separation and Investigation of a Stable Solid Free 
Radical of Chlorpromazine 


By P. H. MERKLE, C. A. DISCHER, and A. FELMEISTER* 


A solid stable free radical of chlorpromluine was repared and characterized. The 
free radical nature of this corn und was veriilef by electron spin resonance and 
ultraviolet spectral studies. X m o l e c u l P r  weight and melting point of the free 


radical were determined. 


LTHOUCH the pharmacological importance of A chlorpromazine is well established, its meta- 
bolic fate is not fully known (1). While studies of 
the oxidation of chlorpromazine have been reported 
(2,3) and the existence of a free radical intermediate 
proposed (4, 5), little is known regarding the nature 
of this radical in the solid state (0,7). The prepara- 
tion and characterization of this free radical inter- 
mediate was undertaken as a preliminary step to the 
study of its role in the electrochemical and photo- 
oxidation mechanisms of chlorpromazine. 
Prepurtion of Free Radial Incermcdhre 


A procedure based on that outlined by Billon (8 )  
for the preparation of a phenazothionium salt of 
phenothiazine was used in the preparation and sep- 
aration of solid free radical. Approximately 0.5 
Gm. of chlorpromazine &oxide hydrochloride' was 
dissolved in 10 ml. of 70% perchloric acid. The re- 
sulting dark red solution was agitated for 10 to 16 
minutes and diluted first with an equal volume of 
acetone and then ether. Upon cooling to  about - 5" 
a strongly red-purple, !be crystalline solid sep- 
arated. This solid material will be referred to in 
future discussions as Compound R. The solid 
softened over the range of 185-195', before melting. 
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Rutgen .The Stnte Wniverhy, Newark, N . 5 .  
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vcrmt& 1 C orpromarine hydrochloride and chlorpromazine 5- 
oxide were supplied by Smith Kline and French Laboratories, 
Philadelphia. Pa. 


New York. N .  Y. 


Cbaracreriution of Compouod R 


Schieser and Tuck (9) prepared a semiquinone 
free radical of chlorpromazine by dissolving chlor- 
promazine in concentrated sulfuric acid; electron 
spin resonance. studies were used to  confirm the 
presence of the free radical in the reaction mixture. 
Visible and ultraviolet spectra of the radical, pre- 
pared by the method of these workers, were obtained 
on a Beckman DK-2 ratio-recording spectropho- 
tometer. These spectra were identical to  those of 
Compound R, Fig. 1. 


Electron spin resonance spectra indicate that 
Compound R is strongly paramagnetic.' 


Elemental analysis of the free radical, Compound 
R, indicates that it probably exists as the hemi- 
hydrate of the diperchlorate salt. Structure I is 


%-C+'&-NW2-HU04 + [ K:n" ] ~ o : . t H * O  


I 
proposed. Calculated theoretical percentages of 
the elements in the proposed structure, based on a 
molecular weight of 527.5, are in good agreement 
with the analytical results, Table I. 


3 Electron spin resonance measurements were performed by 
Mrs. N .  Steinberger, Columbia University, Department of 
Chemistr The authors wish to thank Dr. G. Fraenkel and 
his staff fir the use of their laboratory facilities in making 
these measurements. 
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Fig. 1.-Ultravi- 
olet spectrum of 
Compound R in 1 
N sulfuric acid, im- 
mediately after so- 
lution. 


TABLE ~.-CALCULATED THEORETICAL PERCENT- 
AGES OF THE ELEMENTS IN THE PROPOSED STRUC- 
TURE COMPARED TO THE ANALYTICAL PERCENTAGES 


-Per Cent- 
Element Calcd. Found 


Carbon 38.67 38.11 
Hydrogen 3.98 3.77 
Nitrogen 5.31 5.64 
Chlorine 20.19 21.48 
Sulfur 6.07 6.59 


25.78 25.30 oxygen 


100.00 100.89 
- 


The molecular weight was confirmed using a 
spectrophotometric technique. Solutions of chlor- 
promazine hydrochloride (approximately loa M) 
were prepared in concentrated sulfuric acid. Under 
these conditions the chlorpromazine is converted 
quantitatively to  the free radical, as verified by 
ultraviolet spectral studies. These solutions obey 
Beer’s law at 277 ma, with a molar absorbancy index 
of 4.15 X 10‘. Sulfuric acid solutions (9 N) of 
Compound R were then prepared. The ultraviolet 
spectra of these solutions of Compound R were 
identical to those of the free radical produced in con- 
centrated sulfuric acid. Assuming that the molar 
absorbancy index of Compound R in 9 N acid 
does not differ appreciably from the molar absorb- 
ance index of the free radical produced by reaction 
of chlorpromazine with concentrated sulfuric acid, 
its molecular weight may be calculated from absorb- 
ancy measurements a t  277 mr. Three such deter- 
minations gave calculated molecular weights of 
530, 519, and 547, respectively, with an average 
value of 532. 
Reactiriw of Compound R 


Ultraviolet spectral studies indicate that aqueous 
solutions of Compound R disproportionate rapidly 
giving rise to equimolar mixtures of chlorpromazine 
and its h x i d e .  This was verified by comparison 
with the spectrum of a synthetic mixture of chlor- 
promazine hydrochloride and its &oxide, Fig. 2. 


0.8 


~ 0.6 
U 
2 < 
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250 300 
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Fig. 2.-Ultravi- 
olet spectra of an 
aqueous solution 
of Compound R. 
Key: Curve 1, im- 
mediately after so- 
lution; Curve 2. 
after 1 minute; 
Curve 3, after 5 
minutes; Curve 4, 
spectnim of syn- 
thetic equimolar 
mixture of chlor- 
promazme hydro- 
chloride and its 5- 
oxide. 


TABLE II.--COULOMBTRICALLY DETEWNED 7t 
VALUES FOR THE CONTROLLED-POTRNTXAL 


ELECTROLYSIS OF C O ~ O U N D  R 


Number of Moles Taken 
Based on M. W. of 527.5 


m Value 
Obtained 


Oxidation 9.478 X 0.98 
Reduction 9.478 X lo-‘ 0.94 


This spontaneous disproportionation may be 
expressed as 
2 free radicals 4 1 chlorpromazine + 


(deep red) (colorless) 
1 chlorpromazine 5-oxide 


(colorless) (Eq. 1) 
Further evidence of the free radical nature of 
Compound R was obtained by controlled-potential 
electrolysis.’ Samples of the free radical were 
oxidized and reduced electrolytically in 9 N sulfuric 
acid. The coulometrically determined 1z values (the 
number of equivalents per mole) are reported in 
Table 11. 


SUMMARY 
On the basis of these studies it was concluded that 


Cornpound R is a free radical of chlorpromazine. 
The role of the free radical as an intermediate in 
the electrochemical and photo-oxidation of chlor- 
promazine will be reported shortly. 
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Readout voltages were measured with a Non-Linear Systems 
484 A digital voltmeter. 








Solubilization of Weakly Acidic and Basic Drugs by 
Aqueous Solutions of Polysorbate 80 


By E. G. RIPPIE*, D. J. LAMB, and P. W. ROMIGt 


T h e  relationship of apparent solubility of weakly acidic and basic drugs to pH and 
surfactant concentration has been established. Equations are presented which 
enable calculation of the total solubility of such drugs as represented by methyl- 
prednisolone hemiesters and procaine. T h e  fraction of drug i n  the various solvated 


states can be computed readily. 


ONIONIC SURPACTANTS have been studied by 
various workers (1-7) and found to  solu- 


bilize effectively drugs which possess low water 
solubilities. In particular, Guttman et al. (8) and 
Hall (9) have presented da ta  on the relationship 
of surfactant concentration t o  the degree of solu- 
bilization for anti inflammatory steroids and 
salicylic acid, respectively. Solubilization may 
take place by several mechanisms, i e . .  shallow 
or deep penetration of the micelles or simply by 
surface adsorption. 


The  present study was undertaken to define 
the relationship of apparent solubility of weakly 
acidic and basic drugs in aqueous systems to 
both pH and surfactant concentration. Ac- 
cordingly, equations are presented which enable 
calculation of total solubility at any given pH and 
surfactant concentration and of the fraction of 
material present in the various solvated states. 
Three methylprednisolone-21-hemiesters and pro- 
caine have been investigated in aqueous solutions 
of polysorbate 80. 


THEORY 
Consider the case of a sparingly soluble drug 


possessing a single acidic functional group capable 
of salt formation. The total solubility of drug can 
be expressed as the sum of the various species 
present. 


(Eq. 1) 
where ( D)T = total drug concentration, (D)  = free 
acid not in micelle, (D-) = ionized acid not in 
micelle, [ D] = free acid in micelle, [ D-] = ionized 
acid in micelle, and concentration is expressed in 
terms of total volume. 


If it is assumed that solubilization occurs by par- 
titioning of the drug into micelles formed by the 
surfactant, partition coefficients can be defined for 


the free and ionized acid as K' = = partition 
(D)o [D-jo coefficient of free acid into micelles and K" = __- 


(D-)o 
= partition coefficicnt of ionized acid into micelles. 


(D)T = (D) + (D-) + ID1 + ID-] 


- .- 
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The subscript 0 denotes concentrations expressed in 
terms of the individual phase volumes rather than 
total volume. These constants may also be ex- 
pressed in terms of total volume for convenience in 
computation and measurement. 


Micelle concentration (M) is considered equal to 
volume fraction surfactant, neglecting that which is 
present in true solution. Where (M)  is relatively 
small, the term 1-(M) can be neglected and the 
following equations used as a good approximation: 


[Dl = K'(D)(M) (Eq. 2) 


(Eq. 3) ID-] = K'(D-)(M) 


Substituting Eqs. 2 and 3 into Eq. 1 


(D)T = (D)[1 + K'(M)I + 
(D-)U + K"(M)I (Eq. 4) 


The fraction, X, of drug unionized in the aqueous 
phase is 


where Xa is the acid dissociation constant of the 
drug. 


Let ( D)T* = (D) f (D-) = total drug solubility 
a t  a given pH in the absence of surfactant. Since 
from Eq. 5 


then 


A plot of ( D)T/( D)T* versus ( M )  should give a 
straight line with slope equal to [(H+)K' + KaK"]/ 
[Ka + (H+)]. From Eq. 5 


(H+)K' + KuK" 
Ka + (H+) 


Slope = --__ -.__ = XK' + (1 - X)R' 


If the slope of (D)T/(D)T* versus (M) is plotted 
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uersus X. the intercept a t  X = 0 is K', and at X = 1 
is K'. K' and K' as previously defined are the par- 
tition coefficients of the free and ionized acid, re- 
spectively. Given (D), Ka, K', and K' 


(D)T = (D)]  1 + K' (M)  + @)[1 + K'(M)I 1 
may be used to calculate total drug solubility a t  any 
pH and surfactant concentration. 


The following equations derived from preceding 
considerations are listed for information and hold 
at all concentrations of drug, at saturation or below, 
subject to  the assumptions made previously. 


(D)/(D)= = fraction of drug present as free acid 


1347 


( D-)/(D)T = fraction of drug present asionized acid 


[ D] /( D)T = fraction of drug present as free acid in 
the micelles 


1 Ka K'Ka 
= [l + K'(M) 4- K'(H+)(M) + m] 


[D-]/(D)T = fraction of drug present as ionized 


1 (H+) K'(H+) -l 


The forms of the equations given above will re- 
main essentially the same for the case of a drug hav- 
ing a single basic functional group. Consider the 
protonated base as analogous to  the ionized acid 
discussed earlier and define K' and K' as the parti- 
tion coefficients of the free and protonated forms of 
the base, respectively. By substituting Kw/Kb for 
(H +), and (H +) for Ka in the previous equations, 
one obtains expressions peculiar to a basic drug with 
dissociation constant Kb. 


acid in the micelles 


= [ I +  K . 0  + KCKa(M) + mzl 


EXPERIMENTAL. 


Materials.-Methylprednisolone hemi-&@'di- 
methylglutarate, methylprednisolone hemiglutarate, 
and methylprednisolone hemisuccinate were re- 
crystallized from water-alcohol and micronized. 
Procaine hydrochloride U.S.P., procaine base (B. L. 
Lemke & Co., Inc.), and polysorbate 80 (Atlas 
Powder Co.) were used without purification. 


Equilibration.-The apparent solubilities of three 
methylprednisolone hemiesters and procaine base in 
buffered aqueous solutions of polysorbate 80 have 
been studied by equilibration of the drugs with the 
solvent and subsequent analysis of total drug in 
solution. Solubilities of the steroids were deter- 
mined by shaking an excess of the hemiesters with 
5 ml. of buffer containing the surfactant. Equili- 
bration was carried out in 6-ml. vials with butyl 
closures for periods of a t  least 48 hours. Procaine 
solubilities were determined in a similar manner, 
except that a %hour equilibration time was sufficient. 


Temperatures were maintained f0.01" in all 
cases. Solutions of steroid were buffered between 
pH's of 3 and 7 using a combination of 0.1 M tri- 
(hydroxy methyl)-aminomethane and 0.1 M h@'- 
dimethylglutark acid titrated to  the desired p H  with 


% W/V POLYSORBATE 80 
Fig. 1.-Plot of (D)T/(D)T* vs. per cent w/v 


polysorbate 80 for aqueous solutions of methyl- 
prednisolone DMG at  25°C. Key: 0, pH 3.0; 
8, pH 4.8; 0, pH 6.9 in 0.1 M tris buffers. 


h 


E 


II'. 402 


Y l  c 


v loo 
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FRACTION OF STEROID UNIONIZED 
Fig. 2.-Graph showing the slopes of the lines of 


Fig. 1 plotted us. the fraction of methylprednisolone 
DMG unionized. The intercepts are the partition 
coefficients of the free acid ( K ' )  and that of the 
ionized acid (K'). 


concentrated HCI or NaOH solution. Procaine 
solutions were studied in the pH range 8.5 to 9.4 with 
0.5 M ammonium hydroxide - HC1 buffers. Hy- 
drolysis of polysorbate 80 was negligible under these 
conditions over the time intervals involved. 
Assay Procedure.-Filtered aliquots of the steroid 


solutions were diluted with 95% alcohol and ana- 
lyzed for steroid content spectrophotometrically at 
243 mp. Procaine solutions were treated in the same 
way, except that  absorption measurements were 
made at 271.5 and 288 mp and the procaine content 
calculated by the method of Higuchi et al. (10). 
This method was employed since it was desired to  
avoid interference by p-aminobenzoic acid which is 
formed upon hydrolysis of procaine. Vials contain- 
ing only the buffer and surfactant solutions, treated 
in the same way as the samples, served as blanks for 
both the steroid and procaine analyses. In no case 
was a shift in absorption maxima observed as a re- 
sult of the presence of surfactant. All spectrophoto- 
metric determinations were made with a Beckman 
model DU spectrophotometer. 


RESULTS AND DISCUSSION 


Data were plotted in accordance with theory for 
methylprednisolone hemi-&@'-dimethylglutarate, 
methylprednisolone hemiglutarate, methylprednis- 
olone hemisuccinate, and procaine. Good agree- 
ment with theory was found in all cases. A typical 
plot of ( D)T/( D)T* versus per cent w/v polysorbate 80 
is shown in Fig. 1 for methylprednisolone hemi-&9'- 
dimethylglutarate. Good linearity is evident over 
the pH range 3.0 to 6.9. 


Figure 2 plots the slope of [(D)T/(D)T* uersus 
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TABLE I .-PARTITION COEFFICIENTS IN BUFFERED 
.4QUEOUS SoLUTlONS OF POLYSORFJATE 80 _ _  - 


Temp., 
Compd. OC. K' K' 


Methvlmednisolone hemi- 


Journal of Pharmaceutical Sciences 


In methylprednisolone hemi-8,8'dimethylgluta- 
rate, determinations were made at several tempera- 
tures and the enthalpy of partitioning calculated. 
AH for the over-all process was -2.2 Kcal. per mole 
for the undissociated acid and -4.7 Kcal. per mole 
for the acid anion. The greater energy required for 
partitioning of the ionized acid may be due in part 
to the ion-dipole interaction with water which does 
not OCCUT in the free acid. The lower consolute 
temperature of the water-polysorbate 80 system 
limits the temperatures over which these studies 
can be made. It has been reported (12) that the 
micelle weight increases exponentially with tempera- 
ture at temperatures below the cloud point. This 
would indicate that the observed changes in the 
partition coefficients with temperature change may 
be partially due to  the expected change in micelle 
size. 


Acid dissociation constants of the steroid hemi- 
esters and the base constant for procaine are given 
in Table 11. Constants were derived from the pH 
dependency of solubility in the absence of surfactant. 
These values were used in calculation of the data 
presented in Table I.  


A graphical representation of the procaine- 
polysorbate 80 system is shown in Fig. 3. The frac- 
tion of total procaine present in the indicated sol- 
vated states over the pH range 7 to 11 (4% poly- 
sorbate 80) was computed from data in Tables I and 
11. Similar plots can be made for systems com- 
prising other combinations of drugs and surfact- 
ants. Such information can be useful in the deter- 
mination of the relative stability of drugs within 
micelles and in product formulation. 


CONCLUSIONS 


The micellar solubilization of weakly basic and 
acidic compounds, represented by procaine and 
methylprednisolone hemiesters, can be described 
by equations based on the assumption that the drugs 
partition into the micelles. 


Calculation of the concentrations of the several 
solvated species in solution is possible. 


Given the partition coefficients and dissociation 
constants, total solubility can be predicted for a 
range of pH and surfactant concentrations. 
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&@'-dimethylgIutarate 13.8 534 158 
25.0 402 168 
34.8 390 125 
45.2 358 102 
55.3 312 77 


Methylprednisolone hemi- 
succinate" 25.0 400 22 


Methylprednisolone hemi- 
glutarateO 25.0 680 43 


Procaine 30.0 53 11 
a Polysorbate 


Swan (11). 
80 purified the method of Malkemus and 


TABLE II.-DISSOCIATION CONSTANTS IN AQUEOUS 
SOLUTIONS AT SATURATION 


Temp., Dissociation 
Compd. O C .  Constant 


Methylprednisolone hemi- 
&Y-dimethylglutaraten 25.0 4.0 X 


Methylprednisolone hemi- 
glutarate 25.0 2.7 X 10+ 


Methylprednisolone hemi- 
succinate 25.0 1.5 x 10-6 


Procaine 30.0 1.6 X 10-6 


a No change in the value observed at 25' was noted over 
the temperature range studied. 


a z 
PH 


Fig. 3.-Graph showing the fraction of procaine 
present in various solvated states in 4% aqueous 
solutions of polysorbate 80. Calculations are for 
systems a t  30°C. buffered with 0.5 M ammonium 
hydroxide-ammonium chloride. Key : (PH +), pro- 
tonated procaine in the bulk of the solution; (P), 
free procaine in the bulk of the solution; [PH+], 
protonated procaine in the micelles; [PI, free pro- 
caine in the niicelles. 


(M)]  versus X, the fraction of drug unionized. 
Again, good linearity indicates close conformity with 
theory. Extrapolation of the curve to X = 0 and 
X = 1 gives the partition coefficients of ionized and 
free drug. K' represents the partition coefficient of 
ionized acid for an acidic drug or protonated base in 
the case of a basic drug. Table I presents partition 
coefficients of procaine and the selected steroids be- 
tween polysorbate 80 micelles and the bulk of the 
solutions. 








Selection of an Optimal Surface 
for the Preparation of Uniform 


Detached Films of Adhesive 
Materials 


Sir: 


Shellac films are used extensively in the phar- 
maceutical industry in sugar-coated tablets as 
waterproof barriers, in enteric medication, and in 
sustained-release dosage forms. These polymeric 
films often vary with time because of complex 
chemical and physical changes, which may be 
the cause of erratic drug-release patterns ob- 
served in several dosage forms. 


Studies of the aging of shellac films can be 
handicapped seriously when they are restricted 
to applied films, since this procedure can intro- 
duce exogenous variables which may lead to er- 
roneous or misleading results. In addition, 
many properties of the film itself cannot be 
evaluated after application. 


The development of a detached shellac film 
presents a particularly S c u l t  problem. Shellac 
displays a high degree of adhesion to surfaces used 
routinely for film casting. Removal of the cast 
and & i d  film from these surfaces can result in 
destruction of film integrity. 


Surfaces such as glass, stainless steel plates, 
chromium-plated steel plates, celluloid, and 
fonnica were evaluated in our laboratories and 
rejected as inadequate to overcome this problem. 
Attempts to utilize Gardner’s (1) technique of 
casting on a mercury surface met with only mod- 
erate success. Wax-free shellac glazes could be 
spread on a mercury surface, but a small amount 
of mercury adhered to the detached dry film. 
In addition, film thickness was extremely difficult 
to control. On the other hand, glazes containing 
natural wax possess a sufficiently high interfacial 
tension against mercury, so that a negative 
spreading coefficient results, and they could not 
be spread uniformly on a mercury surface. 


To prepare films of uniform thickness from 
most types of shellac, a surface upon which the 
shellac glaze demonstrates a positive spreading 
coefficient and a low work of adhesion was re- 
quired. Therefore, the decision was made to in- 
vestigate silicone-treated paper as a possible film 
casting surface. These papers are available in a 
wide range of silicone content and antiadhesive 
quality. A series of 8 X 11 in. silicone-treated 
papers was mounted on a level formica-plated 
platform. Solutions contlning 40% (w/w) 


shellac resin,’ suitably plasticized with 2 to 5% 
(w/w) dibutyl phthalate in anhydrous ethyl alco- 
hol, were freshly prepared and cast on the treated 
papers according to the method described by 
Kanig and Goodman (2). 


The solutions used in this study were prepared 
from samples of the two basic types of shellac 
resins: one type is produced by a chemical 
bleaching process, and the other is purilied by 
mechanical means. Each type was tested with 
and without the natural wax content. After 
casting, the films were dried under ambient con- 
ditions or in ovens at  various temperatures for a 
period of 24 hours, then manually removed. 


Optimum results were obtained utilizing Rie- 
gelease MF separator paper No. 53044 for both 
types of wax-free shellac and Riegelease paper 
No. J-4043 for both types of wax shellac2 The 
latter paper represents a more highly treated sili- 
cone surface. In each case, neither the casting of 
the glaze nor the removal of the dried film posed 
difficulty. Test films of 5 and 10 mil wet thick- 
ness were readily cast and easily detached. Sili- 
cone adherence to the dried films was not evi- 
denced. A high degree of uniformity of the dry 
film was observed. The dry film thickness, 
measured by means of an Ames model 2W dial 
comparator to an accuracy of lo-.‘ in., varied less 
than *lo%. 


Providing that caution is exercised to insure 
that the solvent system employed has no affinity 
for the silicone resin impregnated in the paper, 
the silicone-treated surfaces appear to offer a 
considerable advantage because, with a minimum 
of procedural screening, an optimal surface for 
the casting of free films may be selected quickly. 
It is suggested that this approach will greatly 
simplify the study of highly ad.hesive, tenacious, 
film-forming polymers. 
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Interaction of Some Pharmaceuticals 
with Macromolecules I 


Effect of Temperature on the Binding of Parabens and Phenols 
by Polysorbate 80 and Polyethylene Glycol 4000 


By N. K. PATEL and N. E. FOSS 


A quantitative evaluation of the effect of temperature on the interaction of methyl, 
propyl, and butylparaben, phenol and -chlorophenol with polysorbate 80 was ob- 
tained with an equilibrium dialysis tecgnique utilizing a lexiglas dialysis cell and a 
semipermeable membrane. Interactions of parabens w i g  polyethylene glycol 4000 
have been studied by the solubility method. The binding affinity of polysorbate 80 
for the parabens employed decreased with increase in temperature, whereas that of 
polyethylene glycol 4000 showed an increase. There was no evidence of 
temperature dependency of the binding of phenol and p-chlorophenol with poly- 
sorbate 80. Parachlorophenol showed a greater tendency to interact with poly- 
sorbate 80 than with phenol. The significance of these results relative to the possible 


mechanism of these interactions is considered. 


N RECENT YEARS considerable attention has I been centered on the interaction of preserv- 
atives with nonionic macromolecules (1-5) and 
the importance of considering such interactions 
when determining proper preservative concen- 
trations (2). These interactions are particularly 
noticeable with phenolic preservatives in the 
presence of surfactants which are polyoxyethyl- 
ene derivatives of fatty acid esters. Several re- 
view articles have been published describing the 
possible mechanism of the interaction of phenolic 
compounds with surfactants (6-9). 


Higuchi and Lach (10) and Guttman and 
Higuchi (1 1) hypothesized that the complex 
formation between phenols and polyethylene 
glycols could be due to hydrogen bond formation 
between the hydrogen of the phenolic hydroxyl 
group and basic oxygen atom of polyethylene 
glycol. It would thus be expected that proton 
donors like phenol and p-chlorophenol might 
form molecular complexes with surfactants con- 
taining polyoxyethylene groups. 


Guttman and Higuchi (1 1) have indicated that 
addition of thermal energy to the phenol-PEG 
interaction might result in a decrease in associa- 
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tion between phenol and PEG. Thus, if the 
principal binding force between a phenolic 
preservative and a nonionic surfactant is due to 
hydrogen bond formation, the increase in tem- 
perature might decrease the intermolecular 
association in such a system. Furthermore, 
nonionic surfactants usually contain a relatively 
large number of hydrophobic g~ oups in the mole- 
cule and contribution of hydrophobic interactions 
(10) to the magnitude of binding of a phenolic 
preservative by the macromolecule might be of 
considerable importance. 


Tn the present investigation an equilibrium 
dialysis technique was utilized to obtain infor- 
mation regarding the extent of binding of methyl, 
propyl, and butylparaben, phenol and p-chloro- 
phenol with polysorbate 801 at various tempera- 
tures, for the purpose of relating these inter- 
actions to the reported possible mechanism of 
binding. The solubility method was employed 
to study the interaction of methyl and propyl- 
paraben with PEG 4000 at  20'. The selection 
of the phenolic compound was based on the 
relative proton donating power of the compound 
and on the length of the hydrocarbon chain of the 
p-hydroxybenzoic acid esters. 


EXPERIMENTAL 
Reagents-Recrystallized methyl p-hydroxy- 


benzoate,' m.p. 127-128' ; recrystallized propyl 
'Polyoxyethylene (20) sorbitan monwleate. Marketed as 


'Methyl Parasept. purified: supplied through the courtesy 
Tween 80 by the Atlas Powder, C o . .  Wilmington. Del. 


of Heyden Newport Chemical Corp.. New York, N. Y. 
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p-hydroxybenzoate,s m.p. 96-98" ; recrystallized 
butyl p-hydr~xybenzoate,~ m.p. 70-72'; phenol. 
reagent grade (Mallinckrodt Chemical Works); 
p-chlorophenol, reagent grade (Eastman Organic 
Chemicals); polysorbate 80. a commercial sample; 
polyethylene glycol 4000.s 


Equilibrium Dialysis Method.-The experimental 
technique was identical in principal to that used by 
Patel and Kostenbauder (1) in studying the inter- 
action of parabens with polysorbate 80. Becape 
the nylon membrane' employed during the present 
investigation was in the form of a thin film, a 
dialysis cell similar t o  that suggested by Kosten- 
bauder (12) was utilized. 


Each 
dialysis cell consists of two plexiglas7 blocks 
21ln X 2l/r X 11/16 in., each having a cavity of 
20-1111. capacity and four */la in. holes at the comers. 
The dialysis membrane was placed between the two 
blocks with the cavities facing each other. The 
blocks were held firmly together by the use of four 
stainless steel head bolts 3 l / p  X */I@ in., inserted in 
the comer holes and secured with stainless steel 
wingnuts. Each block has a threaded hole entering 
the cavity used for the introduction of the solution 
or the removal of sample for analysis. After the 
two blocks were securely tightened, 10 ml. paraben 
solution was placed in the cavity on one side of the 
membrane and 10 ml. polysorbate 80 solution was 
placed on the other side of the membrane. The 
entire assembly was then stoppered tightly by means 
of Plexiglas screw-plugs with thin polyethylene gas- 
kets and agitated at a constant temperature until 
equilibrium was attained (1). 


Nylon membranes were unsatisfactory for the 
dialysis studies involving phenol and p-chlorophenol, 
since aqueous solutions of these substances converted 
the structure of nylon from a thin membrane to a 
gummy, resinous mass. A thin rubber membrane8 
was found to be highly satisfactory. since it proved 
to be permeable to  phenol and impermeable to 
polysorbate 80. The experimental procedure was 
identical to  that reported previously (1). 


After equilibration, aliquots were removed from 
both sides of the membrane and concentrations of 
the compounds under study were determined 
spectrophotometrically at a wavelength of 255 mp 
for methyl, propyl. and butylparaben, 270 m p  for 
phenol, and 278 mp for p-chlorophenol, using a 
Beckman DU spectrophotorneter. 


Solubility Method.-The solubility of methyl and 
propylparaben was determined in the presence of 
varying concentrations of polyethylene glycol 4000. 
The experimental procedure (3). method of assay, 
and treatment of the data have been dcscribed pre- 
viously ( 1 ). 


RESULTS 
Effect of Temperature on the Binding of Parabens 


by Polysorbate 8O.-Binding of methyl and propyl- 


A typical dialysis cell is shown in Fig. 1. 


Vropyl Parasept, purified; supplied through the courtesy 
of Heyden Newport Chemical Corp.. New York. N. Y. 


'Butyl Parasept, purified; supplied through the courtesy of 
Heyden Newport Chemical Corp. New York, N. Y. 


&"Carbowax" 4000; supplied ' through the courtesy of 
Union Carbide Chemicals Co , New York. N. Y. 


Erlaskon Nylon, 0.5 mil thickness: supplied through the 
courtes of Cenval Research Laboratories, Allied Chemical 
Corp. Xlorristown. N. J .  


'Mithy1 methacrylate. Marketed as Plexiglas by the 
Rohm and Haas Co., Philadelphia, Pa. 


Supplied through the courtesy of Julius Schmid. Inc., 
New Y a k ,  N. Y. 
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paraben by polysorbate 80 at 30' has been reported 
previously (1). Blaug and Ahsan ( 5 )  determined 
the solubility of propyl and butylparaben in aqueous 
solutions of polysorbate 80 at 0". In the present 
study the magnitude of binding of methyl, propyl. 
and butylparaben by polysorbate 80 at varying 
temperatures was determined by the dialysis 
method. 


Figures 2-4 show that the paraben-polysorbate 80 
interaction exhibits a marked temperature de- 
pendency. The slope values given in these figures 
are indicative of the relative magnitude of binding of 
parabens by polysorbate 80. It is evident from 
these slope values that an increase in temperature 
decreases the extent of binding of methyl, propyl, 
and butylparaben by polysorbate 80. 


Figures 2-4 illustrate further that the degree of 
binding increases in general order of 1:6:18 from 
methyl to  propyl to butylparaben ; the correspond- 
ing slope values increase from 0.7 to  4.4 to  12.9 at 
30' and 0.63 to 3.9 to 11.3 at 40". 


Effect of Temperature on the Binding of Phenols 
by Polysorbate 80.-The phenol-polysorbate 80 
interaction shows only a minor temperature de- 


Fig. 1.- 
Dialysis 


5.n t 9 


6-7~-2 3 4 5 6 7 8 
POLYSORBATE 80. % W/V 


cell. 


Fig. 2.-Binding of methylparaben by polysor- 
bate 80 in aqueous solution at  40 and 50'. A, 
40'; B, 50'. The broken line represents a theor- 
etical line which would be obtained if no binding 
were t o  have taken place. Such a line will be 
labelled "n" in the figures of this paper. 
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the benzene ring increases the proton-donating 
power of phenol, making it more susceptible to  hy- 
drogen bond formation (14). 


Higuchi and Lach (10) demonstrated that com- 
pounds such as phenol with acidic hydrogen would 
associate with electrophilic atoms such as oxygen; 
and they further suggested that such an interaction 
could be rendered favorable by "squeezing to- 
&her" of the hydrophobic portions of the inter- 
acting molecules. This is a possible explanation of 
the experimental findings that as the hydrophobic 
character of the phenolic compound was increased 
from methyl to  propyl to butylparaben, the binding 
affinities of these compounds for polysorbate 80 in- 
creased in the order of approximately 1 : 6: 18. 


Thermal agitation would be expected to exert two 
antagonistic tendencies on the binding of phenol by 
polysorbate 80. It would result in a decrease in 
association of phenol with polysorbate 80 by 
weakening attractive forces between them (11). 
On the other hand, it might be favored by the 
thermal desolvation of the polyoxyethylene chain. 
These two tendencies apparently nullify each other 
in the binding of phenol and p-chlorophenol by poly- 
sorbate 80. Furthermore, the molecular structure 


40 
44 t 
36 


32 


28 


24 


20 


16 


12 


8 


4 


0 
0 1 2 3 4 5 6 7 8  


POLYSORBATE 80, 7 0  W/V 


Fig. 3.-Binding of propylparaben by polysor- 
bate 80 in aqueous solution at various temperatures. 
A, 20' ; B, 30'. Data from Patel and Kostenbauder 
(1): C, 40"; D, 50". 


pendency as shown in Fig. 5. There was no 
indication of any change in the degree of binding of 
p-chlorophenol by polysorbate 80 a t  40 and 50" 
(Fig. 6). Figures 5 and 6 illustrate that the binding 
tendency of polysorbate 80 toward phenols increases 
from phenol to p-chlorophenol. The slope value is 
1.4 for p-chlorophenol compared to 0.25 for phenol, 
indicating that the magnitude of binding of p-chloro- 
phenol with polysorbate 80 is in the order of approxi- 
mately six times that of phenol. 


Effect of Temperature on the Binding of Parabens 
by PEG 4000.-Solubilities of methyl and propyl- 
paraben were determined in aqueous solutions of 
PEG 4000 a t  20" to observe the effect of this 
temperature on the extent of interactions compared 
to results previously reported a t  30" (3). Curves 
A and B of Figs. 7 and 8 indicate that the extent of 
interaction of both the parabens with PEG increases 
with the increase in temperature. 


DISCUSSION 
Polysorbate 80.-Micellar solubilization of the  


phenolic preservative (7, 13) or the formation o f  
molecular complexes of the type described by 
Higuchi and co-workers (10, 11) has been suggested 
as the possible mechanism of the interaction between 
a phenolic compound and polysorbate 80. A 
micelle of a nonionic surfactant (7) might be expected 
to provide an ideal model for the association with a 
phenol providing for both the possibility of hydro- 
gen bond formation and hydrophobic interactions. 


The hydrogen bonding tendency can easily be 
shown by correlating the magnitude of binding 
with protondonating power of the phenolic com- 
pounds. The affinity of polysorbate 80 for p-chloro- 
phenol is approximately six times greater than that 
for phenol. The substitution of a chlorine atom in 


/ 
/ 
/ 


.... r_._i . . .~i~ ..i_._i -. ..; 


0 1 2 3 4 5 6 7 8  
POLYSORBATE 80, 70 W/v 


Fig. 4.-Binding of butylparaben by polysorbate 
A, 80 in aqueous solution a t  various temperatures. 


30"; B, 40'; C, 50". 


4.0 1 


--.-.. ._ . . _.___. ____. . . _ _  - . ~  


0 1 2  3 4 6 6 7 8 9 10 
POLYSORBATE 80, 70 W/V 


Fig. 5.-Binding of phenol by polysorbate 80 in 
aqueous solution at  30 and 40'. .4, 30'; B, 40". 
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of the interacting compounds and the steric hin- 
drance may account for the decreased magnitude of 
binding of parabens by polysorbate 80 at higher 
temperatures. Addition of heat to such a system 
tends to  increase rotation and vibration of the 
hydrocarbon moieties (7) of the ester linkages in 
both polysorbate 80 and paraben molecules. It 
seems probable that hydrogen-oxygen bonding would 
be sterically and statistically less favored a t  an 
elevated temperature. Phenol and P-chlorophenol 
with the absence of any ester linkage showed no 
temperature dependency, while butylparaben, hav- 
ing the largest ester linkage, showed a maximum 
temperature dependency. 


Polyethylene Glycol 4000.-The effect of tem- 
perature on PEG-parabea interaction indicates that 
the binding increases with temperature. These 
interactions would be favored by thermal desolvation 
of the polymer chain, thus providing more sites for 
attachment for the competing interaction with 
paraben (11). Addition of heat might result also 
in a decrease in association of parabea with the 
polymer by weakening attraction forces between 
them. In addition, there is no steric hindrance due 
to ester linkage which is present in polysorbate 80. 
Thus, it  is likely that desolvation of the polymer 
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Fig. 6.-Binding of p-chlorophenol by polysor- 
bate 80 in aqueous solution at 40 and 50". 0. 
40"; 0, 5 0 O .  


I . . . . . .  , I _  


" 0 1 2 3 4 5 6 7 8 9 1 0  
% POLYETHYLENE GLYCOL m, % W/V 


Fig. 7.-Ratio, R, of total methylparaben con- 
centration to  free methylparaben concentration as a 
function of the concentration of PEG 4000 at 20 


1 00 
Q .  


0 1 2 3 4 5 6 7 8 9  10 
POLYETHYLENE GLYCOL 4000, % W/V 


Fig. 8.-Ratio, R, of total propylparaben con- 
centration to free propylparaben concentration as a 
function of the concentration of PEG 4OOO at 20 
and 30". A, 20"; B, 30'. Data from Miyawaki, 
Patel, and Kostenbauder (3). 


chain, allowing the competing paraben molecules to 
take part in the hydrogen bonding and "squeezing 
together" of the hydrophobic moieties (10) without 
any steric hindrance contribute to  the stability of the 
complex at a higher temperature. 


SUMMARY 
The interaction of methyl, propyl, and butyl- 


paraben, phenol and p-chlorophenol with poly- 
sorbate 80 has been studied quantitatively by means 
of a dialysis technique utilizing a Plexiglas dialysis 
cell and a semipermeable membrane. 


The degree of binding of polysorbate 80 by 
methyl, propyl, and butylparaben increased ap- 
proximately in the order of 1 :6 : 18. 


The extent of this intermolecular association was 
dependent upon the relative proton-donating prop- 
erties of the phenolic compound. 


The binding affinity of polysorbate 80 for the 
parabens employed in this study decreased with in- 
crease in temperature, whereas that of polyethylene 
glycol 4OOO showed an increase. The phenol-poly- 
sorbate 80 interaction was found to be temperature 
independent. 


Interpretation of these data regarding the possible 
mechanism of interaction of a phenolic compound 
with macromolecules of the polyoxyethylene type 
has been discussed. 
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Lawsone Derivatives I1 


Sulfonium Mustard Precursors and 1-Naphthylisocyanate Complexes 


By H. MACHATZKE and W. R. VAUGHAN 


An approach to synthesis of derivatives of 2-hydroxy-1,4-naphthoquinone (lawsone) 
bearing the bis-8-chloroethylsulfonium group in  a 3-alkyl side chain is described 
along with incidental formation of a related hemi sulfur mustard. In addition, 
the unexpected formation of what appear to be charge-transfer complexes of lawsone 
derivatives with 1-naphthylisocyanate is reported for the first time. The  free 2- 
hydroxyl of lawsone a pears to be essential for complexation, since in  its absence 
insoluble complexes $0 not form. The resence of a 3-alkyl substituent also 
appears to be necessary since lawsone itselfdoes not afford an insoluble complex. 


LTHOUGH IT IS not the purpose of this paper to  A report on or suggest the existence of 
significant physiological properties in the various 
compounds described but rather t o  delineate 
problems encountered in  the course of a specific 
type of synthesis which may be of use in other 
contexts, i t  nevertheless seems appropriate t o  
describe the rationale for undertaking the 
synthesis considered here. 


A previous paper concerned with the potential 
use of lawsone derivatives bearing “alkylating” 
functions in a 3-alkyl side chain, pointed out 
that initial attempts afforded only very unstable 
products owing to  facile reversal of the Mannich 
reaction whereby they were produced. Hence, 
i t  was desirable t o  prepare higher homologs 
wherein the alkylating group was farther re- 
moved from the quinone nucleus. To this end 
the preparation of w-substituted 3-polymethylene 
lawsones was investigated with the replacement 
of the terminal substituent by the bis-8-chloro- 
ethylamino group as the  objective. However, 
the chemistry of such compounds proved t o  be 
unexpectedly complex owing to  a surprising 
tendency for even decamethylene groups with 
terminal ester or halogen substituents to  cyclize 
both inter- and intramolecularly under the in- 
fluence of diethanolamine (1). 


Since these anomalous reactions appear to  de- 
pend upon the basic character of diethanolamine. 
attention was directed toward introduction of the 
sulfonium mustard system. Sulfonium salts of 
structure I are known to undergo a characteristic 
elimination in a basic medium (Scheme I )  (2). 


The reactivity of his-vinyl sulfonium ions such 
as I1 toward nucleophiles, especially mercaptans a t  
physiological pH (Scheme 11) has been demonstrated 
(3). and sulfonium salts such as I (X = bromine or 
chlorine) have been shown as a consequence to be 
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&2HzCHpX /CH=CH* 
OHe (slow) , R-S R-S 


\CH?CH~X \CH=CH? 
I I1 


Scheme I 


Scheme I1 


cytostatically active (3-5). Thus, synthesis of a 
number of compounds of type I, wherein R = 
(2 - hydroxy - 1,4 - naphthoquinon - 3 - y1)poly- 
methylenyl, was undertaken. 


In each case a 3w-halopolymethylenelawsone 
(111) was used to alkylate bis-8-hydroxyethylsulfide 
(IV) in refluxing ethanol. 


8 


I11 
(a) R = H, n = 3, X = C1 
( b )  R = CHs, n = 3, X = CI 
(c) R = H, n = 10, X = Br 


The reaction of IIIa (6) with IV was abortive, 
with only starting materials being recovered, and 
the reaction of IIIb afforded cyclized materials 
(6) as in the diethanolamine reactions cited above. 
Consequently, attention was focussed on IIIc (7) 
as the alkylating agent for IV. 


This reaction was successful; 60% of the desired 
product, bis-~-hydroxyethyl-l0(2-hydroxy-l,4-naph- 
thoquinon-3-yl) decylsulfonium bromide (V), was 
obtained. 


0 


In addition, a by-product, 2-hydroxy-3( 10-hydroxy- 
decyl)-1,4-naphthoquinone (VI), was obtained, 
presumably from V by an SN reaction with adequate 
precedence (8). 


730 
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,/CHzCHzOH 
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B r y ~ ~ 2 ~ ~ z ~ ~  
,/CHtCHzCl e/CHzCHtCl 


R-S + R-S 
C1yCH&H,Br B r T ~ ~ 2 ~ ~ 2 ~ i  


Scheme 111 


Since previous work (9) had shown that thionyl 
chloride reacts with compounds such as I (R = 
OH, anion = Bre) with appreciable exchange of 
ionic bromide and covalent chloride in the product 
(Scheme 111) and since V may well exist, at least 
in part, as the thetine and hydrogen bromide owing 
to  the pronounced acidity of the 2-hydroxyl of the 
lawsone system, a model compound, bis-p-hydroxy- 
ethyl-lO-carboxydecylsulfoniurn bromide (VII), was 
prepared for study by alkylating IV with 10- 
bromoundecanoic acid (lo), a reaction which pro- 
duced tris-p-hydroxyethylsulfonium bromide as a 
by-product. Treatment of VII with thionyl 
chloride at 0-5" in chloroform, followed by treat- 
ment of the resultant colorless oil with perchloric 
acid afforded an oily product (VJII) whose com- 
position most nearly corresponds to that of a 3:l 
mixture of the thetine, p-bromoethyl-p-chloroethyl- 
decylsulfonium-lo-carboxylate and its hydroper- 
chlorate. 


This result was unpromising for a similar conver- 
sion of V, but since the reaction represented by 
Scheme I may also involve X=OCOCHJ, conversion 
of VII to  the diacetyl fluoborate (IX) and bromide 
(X) by treatment with boron trifluoride etherate 
in acetic anhydride (11) (for IX)  followed by 
ethereal hydrogen bromide addition to methanolic 
IX (for X) was carried out. Unlike the colorless 
crystalline IX, bis - f l -  acetoxyethyl - lO(2 - hydroxy- 
(XI), 1,4-naph-thoquinon-3-yl)decylsulfonium 8110- 
borate prepared analogously from V, was a brown- 
yellow oil. 


The reaction of V with thionyl chloride proved 
as complex as expected, and in only one instance 
was a readily characterizable unique product oh- 
tained; at 60" the expected mixed bis-p-haloethyl- 
sulfonium halide (XII) decomposed to  give a small 
quantity of pchloroethyl-10(2-hydroxy-1,4-naph- 


thoquinon-3-y1)decyl sulfide (XIII). At the rec- 
ommended lower reaction temperature (4) XI1 
showed considerable instability ; hence conversion 
to a perchlorate was attempted (XIV). The in- 
frared spectrum of XIV does not show the charac- 
teristic hydroxyl of the lawsone system, but the 
microanalysis is not far out of line for C2,H&*Ok% 


S i c e  the initial reaction product of V with thionyl 
chloride was too unstable to permit analysis, an 
attempt was made to effect reaction of its 2-hydroxyl 
group with 1-naphthylisocyanate (XV) to  provide 
a more tractable and crystalline product. How- 
ever, on treatment of XI1 with XV in chloroform, 
another unstable oil was obtained (XVI). Exam- 
ination of the infrared spectrum of XVI showed a 
strong band at 2260 cm.-l due to  isocyanate as well 
as a broad band at 3220 cm.-l, neither of which 
could be removed by repeated treatment with 
chloroform. Furthermore, the carbonyl band a t  
1640 was appreciably less intense than in 
the spectrum of XII, and there was a slightly 
greater than 10% increase in absorbance for the 
ultraviolet band at 3270 A. 


These observations led us to suspect the forma- 
tion of a complex with XV rather than urethane 
formation. And since both XI1 and XIV appeared 
to be too unstable for satisfactory study, V (the 
precursor of XII) was investigated. Similar 
treatment with XV afforded a yellow crystalline 
precipitate (XVII) as did IIIc (XVIII) and 6- 
(2-hydroxy-l,4-naphthoquinon-3-y1)hexanoic acid 
(XIX) which afforded XX. 


The acetyl derivatives of XIX (XXI) as well as 
lawsone itself, 2-chloro-l,4-naphthoquino11e, and 
2 - methoxy - 3(3 - chloropropyl) - 1,4 - naphtho- 
quinone do not afford insoluble complexes with S V  
under similar conditions. 


Analyses indicate that the complexes (XVII.  
XVIII, XX) comprise two molecules of the lawsone 
moiety and one of 1-naphthylisocyanate. Each 
of them shows the characteristic isocyanate band 
(2260 crn.-l) in the infrared spectrum in addition 
to  one hydroxyl band, which is shifted from 3310- 
3315 ern.-' (sharp) to lower frequency and 
broadened (3220 Table I presents the 
significant infrared data, and except for the bands 
listed, the spectra are essentially unchanged from 


HCIO,. 


TABLE I.-PRINCIPAL INFRARED BANDS IN FREE LAWSONE DERIVATIVES AND THEIR ~-NAPHTHYLISOCYANATE 
COMPLEXES 


0 


0 


-C=O (cm. -1)- -N=C=O 
R OH (crn.-I) a B (cm. -9 


(CHI )sCOzH Free 3310 (Sharp) 1660 (sh.) 1640 2260 
Complex 3220 (Broad) 1670 1 645b 2260 


(CH&oBr Free 3315 (Sharp) 1660 (sh.) 1645 ... 


Complex . . .  1670 164Ob 2260 
1-Naphthylisocyanate . . .  . . .  . . .  . . .  2260 


Complex 3220 (Broad) 1670 1645' 2260 
(CHt),$( CHzCH20HbBre Free 3220" 1670 1640 . . .  


0 The shift of the hydroxyl frequency is not visible because of the additional hydroxyl groups in the side chain. * Less 
intense than in the free quinone. 
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those of the constituent parts (12) which are 
characteristic for the quinone system and the 1- 
naphthy lisocyanate. 


Infrared studies have shown two carbonyl 
bands: one (a) “normal” a t  about 1670 cm.-l, 
and one shifted and weakened due to hydrogen 
bonding (8 )  (13-15). In the lawsone complexes 
a decrease in absorption band p and an increase in 
absorption band a is apparent. Consequently, 
i t  would appear that there may be less hydrogen 
bonding to the carbonyl groups of the quinone 
moieties, in spite of an increase in total hydrogen 
bonding shown by the more pronounced shift in 
the hydroxyl absorption. Failure of lawsone de- 
rivatives lacking the free hydroxyl to form complexes 
suggests that this hydrogen bonding is essential 
but not necessarily sufficient for complex formation. 


The visible-ultraviolet spectra of the complexes 
compared with those of the quinone constituents 
show changes characteristic of charge-transfer or 
rcomplexes (16). In acetone solution two of the 
complexes show a strong absorption a t  3270 A., 
compared to absorption a t  about 3310 A. for the 
free quinones, with marked increase in the ab- 
sorbances of the former. Pertinent data are 
collected in Table 11. 


Whether the complexes are of a “sandwich” 
type with one lawsone derivative bonded to the 
isocyanate nitrogen by a hydrogen bridge and the 
other to the opposite face of the isocyanate by 
charge-transfer attraction cannot be stated with 
the evidence at hand; but the possibility is at- 
tractive and accounts for the spectrographic 
phenomena as well as for the failure to  detect com- 
plexes where the lawsone hydroxyl is masked. 
The role of the 3-substituent is not clear, but failure 
to obtain a complex with lawsone itself implies a 
contributory factor which is not associated with the 
ability of the system to hydrogen bond, since all 
of the lawsone derivatives examined are necessarily 
weaker acids than lawsone itself. It should be 
noted that whatever the structure of the complex 
may prove to  be, the charge-transfer character has 
but a single precedent in which the quinone is the 
electron donor; phloroglucinol with two benzo- 
quinones (17). 


EXPERIMENTAL‘ 
2 - Methoxy - 3 - (3 - chloropropyl) - 1,4 - naph- 


thoquinone (IIIb).-The diacyl peroxide of 4- 
chlorobutyric acid was obtained in 46% yield by 
the hydrogen peroxide method (18). The alkyla- 
tion of lawsone was effected by the “flash-off” 
method (18). Fractional crystallization from metli- 
anol or methanol-water afforded the quinone (IIIh) 
in 45% yield (based on recovered lawsone), m.p. 
67-68’. 


Anal.-Calcd. for CJLaClOa: C, 63.50; H,  4.95; 
CI, 13.40. Found: C, 63.72; H, 4.91; C1, 13.29. 


Bis - p - hydroxyethyl - lO(2 - hydroxy - 1,4- 
naphthoquinon-3-yl)decylsulfonium Bromide (V). 
--A solution of 5.1 Gm. (0.013 mole) of 2-hydroxy- 
3(10 - bromodecyl) - 1,4 - naphthoquinone (1116) 


1 Melting points are uncorrected; Ko0er block indicated 
by superscript k where used. Microanalyses by Spang 
Microanalytical Laboratory, Ann Arbor, Mich. Infrared 
spectra of Nujol mulls obtained with Perkin-Elmer model 
21 double beam recording spectrometer. Ultraviolet 
spectra obtained with Cary model I1 double beam spec- 
trometer. The authors are indebted to Mr. B. E. Wenrel 
lor preparing certain of these spectra. 
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TABLE II.-SIGNIFICANT ULTRAVIOLET ABSORPTION 
BANDS IN FREE LAWSONE DERIVATIVES AND THEIR 
LNAPHTHYLISOCYANATE COMPLEXES IN ACETONE 


SOLUTION 


-Free Quinone- - Complex - 
R X max. ea X max. ta 


(CH7)6CO*H 3310 2800 3270 5900 
(CHz)laBr 3310 2900 3270 5400 


El 
(CHi)ioS 


(CHEHzOH)*Bre 3270 3000 3270 3400 
0 Molecular absorbance. Complex calculated for two 


quinones plus one isocyanate. 


(8) and 6.0 Grn. (0.05 mole) of bis-p-hydroxyethyl 
sulfide (IV) in 50 ml. of 90% ethanol was refluxed 
for 2 days. Next the solvent was removed on the 
steam bath and ether was added; the resultant 
oily precipitate was repeatedly recrystallized by 
solution in methanol or methanol-acetone followed 
by addition of ether. The product was a yellow, 
crystalline substance which dissolves in water to 
give a red solution; 3.5 Gm. (53%), m.p. 87-880k. 


Aml.-Calcd. for GrH1sBrOsS: C, 56.00; H ,  
6.83; Br. 15.50; S, 6.23. Found: C, 55.74; H,  
6.84; Br, 16.05; S, 6.45. 


2 - Hydroxy - 3( 10 - hydroxydecyl) - 1,4 - naph-. 
thoquinone (VI).-The ether-soluble residues from 
several preparations of V were triturated with 
petroleum ether (4&60”), and upon evaporation of 
the solvent there remained a yellow crystalline 
product which was recrystallized once from meth- 
anol and twice from acetone, m.p. 8o-8loX. Ap- 
proximately 10-20% (based on 1116) was recovered 
in this manner. 


Anal.-Calcd. for CmHz6Or: C, 72.70; H, 7.93. 
Found: C, 72.80; H,  8.26. 


Bis - f l  - Hydroryethyl - 10 - carboxydecylsul- 
fonium Bromide (VII).-A solution of 7.0 Gm. 
(0.026 mole) of 10-bromoundecanoic acid (10) and 
3.7 Gm. (0.03 mole) of bis-8-hydroxyethyl sulfide 
(IV) in 50 ml. of SO,% ethanol was refluxed for 3 
days. The solvent was then removed in wucuo 
and the oily residue taken up in methanol. Upon 
addition of ether there precipitated white crystals 
which were recrystallized three times from methanol 
to which ether was added to  effect reprecipitation; 
4.5 Gm. (45%). m.p. l l G l l l o k .  


And-Calcd. for CIsH31BrOS: C, 46.60; H, 
8.08. Found: C, 46.87; H. 8.11. 
tris - p - Hydroxyethylsulfonim Bromide.- 


When a large excess of I V  was used in the preceding 
preparation, the product was rather difficult to 
purify and under these circumstances fractional re- 
crystallization afforded tris-p-hydroxyethylsulfo- 
nium bromide (19) in substantial amounts, m.p. 


AnuL-Calcd. for C6HIsBrOS: C, 29.20; H,  
6.13; Br, 32.40; S, 12.93. Found: C, 29.70; 
H, 6.20; Br, 31.73; S, 12.98. 


Reaction of V I I  with Thionyl Chloride Followed 
with Perchloric Acid (VIII).-To a solution of 3.9 


96-970k. 
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TABLE III.-ANALYTICAL DATA FOR ~-NAPHTHYLISOCYANATE COMPLEXES 


Complex 7 Anal.  
No. M.p.. OC. Quinone Compn. (ZQaXV) C H Br N S 


XVI Oil XI1 Unstable 
XVII 106” V CspHnBr~N011S2 Calcd. 59.10 6.47 13.20 1.17 5.35 


Found 59.02 6.50 13.30 1.40 5.44 
XVIII 70” IIIc CslH6,Br2NG Calcd. 64.10 6.02 8.40 1.46 . . . 


Found 64.01 6.18 8.69 1.40 . . . 
xx 117” XIX CuHaoN011 Calcd. 69.20 5.27 . . . 1.88 . . . 


Found 69.50 5.54 . . . 1.74 . . . 


Gm. (0.01 mole) of VII in 50 ml. of chloroform at 
0” (ice-bath) was added slowly and with magnetic 
stirring 6.0 Gm. (0.05 mole) of purified thionyl 
chloride. After 2 hours the reaction was allowed 
to come to room temperature and stirring was con- 
tinued for 3 additional hours. Addition of dry 
ether caused a colorless oil t o  separate, but the latter 
could not be crystallized. Consequently, an at- 
tempt was made to  convert it  to the perchlorate by 
solution in water and dropwise addition of per- 
chloric acid until no further precipitate was formed. 
The resultant oil was dried in vacuo for analysis 
(2.5 Gm.). 


A nd-Calcd. for ClJ-IlgBrClW (A) (thetine) : 
C, 46.40; H, 7.27; Hal (Cl), 18.30; S, 8.25. 


Calcd. for ClsHp9BrC10sS (B) (thetine hydro- 
perchlorate): C, 37.00; H, 6.00; Hal (Cl), 21.80; 
S. 6.57. 


Calcd. for 3A + 1B: C, 43.50; H, 6.90; Hal 
(CI), 19.40; S, 7.75. Found: C, 43.10; H. 7.12; 
Hal (CI), 20.80; S, 7.40. 


Bis - acetoxyethyl - 10 - carboxydecylsulfonium 
Fluoborate (=).-A 0.01-mole sample of VII in 
10 ml. of acetic anhydride was treated dropwise 
with 4 ml. of redistilled boron trifluoride etherate 
(11) and then allowed to  stand at room temperature 
for 24 hours. Addition of dry ether afforded a 
colorless crystalline substance which was recrystal- 
lized from absolute methanol, precipitation being 
effected by addition of dry ether; m.p. 85-86”. yield 


Anal.-Calcd. for CldI~BF40sS:  C, 48.60; H, 
7.55; S, 6.85. Found: C, 48.38; H, 7.45; S, 
6.56. 


Bis - 0 - acetoxyethyl - 10 - carboxydecylsul- 
fonium Bromide (X).-A 2-Gm. sample of IX was 
dissolved in 5 ml. of absolute methanol, and a dry 
ether solution of hydrogen bromide was added. 
The treatment was repeated, after which the product 
was repeatedly washed with dry ether, then dried 
in wcuo over both phosphorus pentoxide and 
sodium hydroxide; 76%, m.p. 85-86”. 


Anal.-Calcd. for C10HuBr06S: C, 48.40; H, 
7.50; Br, 16.80. Found: C, 48.51; H, 7.63; 
Br. 16.40. 


Bis - 0 - acetoxyethyl - lO(2 - acetoxy - 1 , 4  
naphthoquinon - 3 - y1)decylsulfonium Fluoborate 
(=).-A 2.5-Gm. (0.01 mole) sample of V was 
treated in acetic acid with redistilled boron tri- 
fluoride etherate as for VII. The solution became 
red, but addition of the dry ether produced a brown- 
yellow oil which was “recrystallized” as for IX; 
2.5 Gm. (92y0). 


Anal.-Calcd. for CaHuBF&13: C, 55.50; H, 
6.38; S, 4.96. Found: C, 55.32; H, 6.33; S, 
4.96. 


Reaction of V with Thionyl Chloride (XII).- 


62%. 


A 2.6-Gm. sample of analytically pure V in 20 ml. 
of chloroform was cooled in an ice-bath and treated 
dropwise with purified thionyl chloride while being 
magnetically stirred. Subsequent work-up was the 
same as for VIII. The product, a yellow oil, was 
reprecipitated three times from absolute methanol 
by addition of dry ether, but upon drying in vacuo 
it was apparent that decomposition was setting in. 
Consequently, conversion to the perchlorate (XIV 
below) was attempted. Infrared and ultraviolet 
spectra were obtained on freshly prepared samples. 


B - Chloroethyl - 10 - (2 - hydroxy - 1,4 - naph- 
thoquinon - 3 - y1)decylsulfide (XIII).-In a similar 
reaction to the preceding the temperature was 
allowed to reach 60’. The product was extracted 
with petroleum ether and the extract then recrystal- 
lized three times from petroleum ether to give 
yellow crystals, m.p. 64-65”’. 


Anal.-Calcd. for C*ZHZ&!IOJS: C, 64.50; H, 
7.13; C1, 8.68; S, 7.82. Found: C, 64.63; H, 
7.03; C1, 8.96; S, 7.56. 


The infrared spectrum showed the characteristic 
hydroxyl band of the lawsone system. 


Reaction of XI1 with Perchloric Acid (XIV).-The 
brown-yellow oil (XII, above) was dissolved in 
20 ml. of water and treated dropwise with concen- 
trated perchloric acid until no further precipitation 
occurred. After refrigeration the water was de- 
canted and the oily residue washed twice with dis- 
tilled water and then twice “recrystallized” from 
methanol-ether. The resultant very viscous oil 
was dried in vucuo over phosphorus pentoxide. 


Ad.-Found: C, 49.40; H, 5.60; Hal (Cl), 
22.30; S. 6.25. 


Ethyl 6 - (2  - Hydroxy - 1,4 - naphthoquinon- 
3-y1)hexanoate (XIX Ethyl Ester).-This com- 
pound was prepared from lawsone and the 
peroxide obtained from the acid chloride of ethyl 
hydrogen pimelate by the Fieser procedure (20). 
The product was taken up in ether and washed with 
potassium bicarbonate until the extracts were 
nearly colorless ; recrystallized from petroleum 
ether (90-100°), 69%, m.p. 72-74’. 


And-Calcd. for ClsHaOb: C, 68.40; H, 6.33. 
Found: C, 68.34; H, 6.24. 


6 - (2 - Hydroxy - 1,4 - naphthoquinon - 3 - y1)- 
hexanoic Acid (=).-A solution of 16 Gm. of the 
ethyl ester of XIX in 10 ml. of methanol was 
dropped into 300 ml. of a 30% aqueous potassium 
hydroxide solution containing 20 Gm. of sodium 
hydrosulfite (20). and the resultant solution was 
refluxed for 2 hours, then allowed to stand overnight 
at room temperature, after which it was acidified 
with hydrochloric acid and extracted with ether. 
The ether extract was then washed thoroughly 
with water and dried over magnesium sulfate. 
Evaporation afforded the quinone which recrystal- 







734 


lized from niethanol-water (three times); 9.5 Gm. 
(05%). 1n.p. 113-114". 


Anal.-Calcd. for C~~HIEOS: C, 66.65; H, 5.61. 
Found: C, 66.50; H,  5.80. 


6 - (2  - Acetoxy - 1,4 - naphthoquinon - 3 - y1)- 
hexanoic Acid (XXI).-The boron trifluoride pro- 
cedure described for I); and XI (11) was applied to 
15 Gin. of S I X  in 150 nil. of glacial acetic acid. 
After 2 hours at room temperature, water was 
carefully added and the yellow crystalline pre- 
cipitate was recrystallized from niethanol-water; 
9.0 Gni. (537bi), m.p. 85--80°. 


And-Calcd. for CisHisO~: C, 65.50; H,  5.50. 
Found: C, 65.58; H, 5.31. 


Complexes with 1-Naphthylisocyanate (XV) : 
XVI, XVII, XVIII, XX-The following procedure 
(XV + V )  was also applied to S V  and IIIc, XII, 
and XIX. A solution of 2 Gni. of V in 10 ml. of 
absolute chloroform was prepared by gentle warm- 
ing, and 3-3 ml. of XV was added dropwise, where- 
upon yellow crystals immediately precipitated. 
Lipon cooling the product was filtered off and an 
infrared spectrum taken. I t  was then washed 10 
times with absolute ether and dried over phos- 
phorus pentoxide. No change in the intensity of 
the 2260 cm.-l band in the spectrum was observed 
after washing; 1.8 Gm. (77%), m.p. 106". 


The same complex was obtained by refluxing a 
chloroform solution of V and XV for 5 hours. 
Neither the lawsone nor the primary alcohol groups 
in the side chain were affected. 


When the complex was dissolved in absolute 
ethanol, the ethyl urethane was readily formed, 
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and the quinone moiety could be recovered by 
addition of ether to the reaction mixture. 


Analytical data for the complexes are collected 
in Table 111. 
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Comparative Chromatographic Identification of the 
Alkaloids of Ten Apdeg iu  Species 


By CHARLES L. WINEK, JACK L. BEAL, and MICHAEL P. CAVA 


The results of a comparative study of the alkaloid constituents in the roots of ten 
species of A rikgiu are reported. Magnoflorine was present in  all of the species, 
while in  eig& of the species berberine and aquilegeninine were also present. A 
fourth alkaloid, unidentified, is believed to be present in  the roots of A. cumdensis. 


H E  GENUS A qdegiu is classified botanically 
Tamong the Ranunciilnreae. The Rantin- 
czrlnreue, like the closely related (1) Berberiduceae, 
constitute a family among which a number of 
alkaloid-containing genera are found (2, 3). In 
this paper the results of a comparative study of 
the alkaloid constituents of ten species of 
Aquilegia are reported. 


A literature search revealed a paucity of 
phytochemical information concerning the genus 
Aquikgiu. Indeed, the only report of a 
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constituent analysis of an Aquilegia species 
dates from 1897, when De Rochebrune (4) 
described the isolation of a n  alkaloid, which he 
called aquilegine, from the seed of A. oulgaris. 


Munz recognizes 67 species of Apziilegia (5) 
distributed throughout the world. Of these, 
there are approximately 24 species in North 
America. 


It is readily apparent when examining mono- 
graphs on Aquilegiu (5,6) tha t  most species have 
several synonymous names which would lead one 
to  believe that  a larger number of species must 
have been considered to  exist prior to the 
thorough study of the genus. Aquilegias are 
found throughout the entire United States and 
were considered at one time for the title of 








Catalytic Hydrogenation of Acetophenone 
By MORRIS PREIFFLDER, TAIMI ANDERSON, YEW HAY NG, and VICTOR PAPENJXCK 


The low pressure hydrogenation of acetophenone to 1-phenylethanol in the presence 
of some nickel and noble metal catalysts is described. The effects of each are noted. 
While palladium-on-carbon appears to be the catalyst of choice, others can be used 
under proper conditions. Only rhodium causes enough side reaction to discourage 


its use. 


HE HYDROGENATION of acetophenone (I)  to  1- T phenylethanol (11) has been studied before. 
Delepine and Horeau (1) carried out the reduction' 
with Raney nickel which was promoted with alkali. 
They obtained I1 but reported no yield. Theilacker 
and Drossler (2) used platinum and palladium blacks 
from the freshly prepared corresponding oxides. A 
third group (3), in what was essentially a rate study, 
described the effect of platinum metal catalysts on 
the conversion of I to  11. 


In the reduction of I to  11, competing reactions 
can and do take place. Other by-products are 
ethylbenzene (111), l-cyclohexylethanol (IV), and 
ethylcyclohexane (V). Breitner and her asso- 
ciates (3) suggested from their work that two or 
more competing reactions occur concurrently or at 


Platinum oxide,' Raney nickel,' and a reduced and 
stabilized nickel' also were tried. The last named 
was only effective at a high ratio when promoted 
with sodium hydroxide (1). 


EXPERIMENTAL 
The following preparation is typical of those 


carried out with the various catalysts, except 
for the addition of 0.5 ml. of 20% sodium hydroxide 
solution in the two runs with nickel. 


A solution of 30 Gm. (0.25 mole) of acetophenone 
in 100 mi. of ethyl alcohol was hydrogenated in the 
presence of 3.0 Gm. of 5% palladium-on-carbon. 
When one equivalent of hydrogen was absorbed, the 
solution was filtered from the catalyst and examined. 
(See Table I for results.) 


TABLE I .-RESULTS 


Products of Re~ction,% 
Catalyst' Ratio, *% Reaction Time, Hr. If IIh IIIh IVA Vh 


A 1 2 10.24 90.5 0.2 ... ... 
B 10 5-6 Trace 99.9 0.1 ... ... 
C 10 0.5 to 0.75' 6.28 75.9 . . .  16.4 2.6 


3 3.75 33.4 50.3 0.3 12.5 3.0 
D 15c 1.5 1.090 99.0 0.1 ... ... 
E 4w. 12-15 0.2 99.3 0.5 ... ... 


0 A ,  platinum oxide; B. 5% palladium-on-carbon; C, 6% rhodium on alumina. D Rauey nickel. E G B Q  nickel. The 
c One-half milliliter df 26% sodium hydroxide 


Over 
I Determined by comparison with the ultraviolet spectrum of I. 


ratio is  based on grams of catalyst (total weight) per 100 Gm. of corn 
solution was added. 
hydrogenation occurred; uptake was more than theoretical. 
I After distillation, less than 1% was observed. 


und 
d When a 20% catalyst ratio was used, no uptsocc;rred with or without sodium hydroude. 


Determined by gas chromatography with available pure standards. 


nearly similar rates. It is our opinion that  this is 
due to the rather high catalyst ratios that were used 
by this group. 


Since there was a need in this laboratory for a sub- 
stantial amount of 11. i t  gave us an opportunity to  
reinvestigate the reaction. It was our aim to carry 
out the reductions at low pressure in alcoholic solu- 
tion in the presence of modest ratios of commercially 
available catalysts and to identify the products of 
reaction by gas chromatography* and ultraviolet 
spectroscopy. 


The results seen in the table indicate that, of those 
used for the reductions, 5% palladium-on-carbon* 
is indeed the best catalyst (3). They also show that 
the competing reactions of I1 to 111 and of I1 to IV 
do not occur concurrently with the conversion of I 
to  11. It is likely that the rates are energy depend- 
ent and that side reaction can be easily controlled, 
except with 5% rhodium on alumina.' It is of 
interest that IV was still formed with the rhodium 
catalyst a t  a 3% ratio. Its propensity toward ring 
reduction precludes its use for the preparation of 11. 
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I These authors found that the.reduction was accelerated 


by the addition of sodium h dronde. 
1 Gas phase chromatopropi was carried out with a Barber- 


Colman unit, model 10, modized with a thermal conductivity 
detector. 


I Available from Engelhard Industries, Newark, N. J. 


1-Phenylethanol.-Ths was used as one of the 
standards for gas chromatography and was prepared 
by hydrogenation of acetophenone in alcoholic solu- 
tion at 125" and 1900 p.s.i. in the presence of barium 
promoted copper chromite catalyst. The product 
was distilled and redistilled over a column 30 cm. 
long packed with glass helices, b.p. 123"/55 rnm. (4), 
reported 118", 40 mm. and 198". atmospheric pres- 
sure. I ts  ultraviolet spectrum indicated a maximum 
of 0.3% of acetophenone. Gas phase chromatog- 
raphy showed only traces of impurities. 
1-Cycloherylethanol.-Sixty grams of acetophe- 


none was hydrogenated in the presence of 0.6 Gm. of 
ruthenium dioxide' at 100' and lo00 p.s.i. (1  hour). 
Distillation of the residual oil after removal of the 
catalyst gave a product which boiled at 188" at 
atmospheric pressure, ns6 1.4635 (5); yield, 88%. 
(Reported 189.4 to  189.8', 761 mm., n v  1.4677.) 
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Thin-Layer Chromatography of Ergot Alkaloids 
By J. L. MCLAUGHLIN, J. E. GOYAN, and A. G. PAUL 


A technique for qualitative identification and quantitative determination of micro 
quantities of ergot alkaloids has been developed. Using glass plates spread with 
a layer of silica gel G and a solvent system composed of benzene:dimethylforma- 
mide (1 3 : 2) or of ethyl acetate :dimethylformamide:ethanol (1 3 : 1.9 : 0. I ) ,  one 
can separate ergonovine, er otamine, ergosine, ergocristine, and a mixed zone 
composed of ergocornine anjergokryptine. The  mixed zone is removed from the 
plate, the alkaloids eluted with 10 per cent methanol in chloroform, and filtered 
or centrifuged to remove the silica gel. T h e  eluant is evaporated, and the mixture 
of the alkaloids is dissolved in a standard volume of methanol-chloroform. The 
res otting of this solution on  glass plates spread with a layer of aluminum oxide G 
a n 8  chromatographed with a solvent system composed of chloroform :ether :water 
( 3  : 1 : 1) results in the separation of ergocornine and ergokry tine. These sol- 
vent systems can be utilized to separate the isomers of the six alfaloids with equal 
facility. The technique has been extended to  the resolution and quantitative esti- 


mation of the alkaloids. 


HESE INvEsTwATioxs were undertaken to de- 
Tvelop a rapid technique for the qualitative 
identification and quantitative estimation of 12 
ergot alkaloids in micro amounts. The technique 
of thin-layer chromatography (TLC) was chosen 
because of its advantages over paper partition 
chromatography in requiring shorter time of 
equilibration and shorter time of development. 
In addition, 18 spots can be chromatographed 
on one plate, 8 X 8 in., and resolved components 
of mixtures are easily recovered from the de- 
veloped chromatogram by elution. 


A procedure reported by Teichert, et nl. 
( l ) ,  combines some of the advantages of TLC with 
the versatility of paper partition chromatography 
using cellulose layers for the separation of the 
water insoluble ergot alkaloids. This procedure 
is useful for qualitative identification of ten of the 
12 alkaloids. However, the Rf values of ergo- 
corninine and ergocristinine, and of ergokryptine 
and ergocornine are almost identical. This pro- 
hibits use of this technique as a quantitative tool. 
Other reports using adsorption TLC show only 
group-wise separation of the alkaloids (1, 2). 


The clavine types of ergot alkaloids, which are 
found in saprophytic cultures and in certain 
species of the fungus, have been successfully 
separated by T L C  and paper chromatog- 
raphy(3-5). 


EXPERIMENTAL 


Apparatus-The RSCo model A-200 chromato- 
film assembly for TLC was used in these investiga- 
tions. * Glass plates were 8 X 8 in. 


Reagents.-Chemicals used in these investigations 
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were reagent grade or equivalent, except for the 
following: N,N-dimethylforiiiamide and p-dimethyl- 
aminobenzaldehyde were obtained from Eastman 
Organic Chemicals, and silica gel-G (SGG) and 
aluminum oxide-G ( Al,03G) were obtained from the 
Research Specialties Co.1 


Preparation of Plates.-A slurry was prepared by 
mixing 25 Gm. of the adsorbent (SGG or AlsOaG) 
with 35 ml. of deionized water to a uniform con- 
sistency. An additional 15 ml. of deionized water 
was added to the slurry and the mixture stirred. 
The final slurry was poured into the spreader, and 
this in turn was rapidly drawn over the glass plates 
arranged on the aligning tray.l The plates were 
permitted to air-dry for approximately 5 minutes, 
placed in a storage rack, and activated for a t  least 
30 minutes a t  105'. Plates were stored at  105' 
until used. 


Just prior to  use, 7 mm. of adsorbent was scraped 
from the starting edge of each plate with a razor 
blade, using a plastic template as a guide. 


Plates used for the determination of RI values 
were scored with a sharp stylus in the direction of 
solvent development a t  1-cm. intervals. This scor- 
ing of plates yields 18 individual strips of adsorbent 
and reduces the drift of zones due to irregularities 
in thickness of the adsorbent layer. 


Standard Solutions.-The alkaloids3 used in these 
investigations included ergonovine, ergometrinine, 
ergotamine, ergotaminine, ergosine, ergosinine, ergo- 
cristine, ergocristinine, ergokryptine, ergokrypti- 
nine, ergocornine, and ergocorninine. Solutions 
were prepared by dissolving 1.00 mg. of each alka- 
loid, weighed with a Cahn model M-10 electro- 
balance,' in 10% methanol in chloroform and dilut- 
ing to  1.0 ml. in a volumetric flask. Mixtures of 
ergocornine and ergokryptine and of all 12 alkaloids 
were prepared in the same concentration as well. 
The solutions of alkaloids were protected from light 
and stored at refrigerator temperature. Solutions of 
alkaloids used for quantitative studies were pre- 
pared just prior to use. 


Solvent Sys tems.4f  the 111 solvent systems 
tested, the following were most effective in separat- 


* The fixed-thickness spreader employed delivers a layer 
of slurry approximately 250 p thick. 


8 Ergotamine obtained from Mann Research Laboratories, 
New York N. Y. A11 other alkaloids obtained from Sandoz 
Pharmace;ticals, Hanover. N. J. 


Cahn Instrument Co.. Paramount, Calif. 
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ing the ergot alkaloids tested: ethylacetate: N,N- 
dimethylformamide : ethanol, 13: 1.9: 0.1 ( A  ); ben- 
zene: N,N-dimethylformamide, 13 :2(B); chloro- 
form:ethyl ether:water, 87.5.12.5:25(C); and 
chloroform :ethyl ether: water, 3: 1 :  1(D). The first 
two solvent systems were mixed at  21 f 0.5" and 
used immediately. Solvent systems C and D were 
mixed, shaken vigorously, and allowed to  equilibrate 
for 18 to 24 hours at 21 f 0.5'. The organic phase 
was separated from the aqueous phase just prior to 
use. 


Application of Test Solutions.-Solutions of the 
alkaloids were applied to the plates 2 cm. from the 
starting edge, using Kirk niicropipets. For studies 
of qualitative separation of the alkaloids, 2 pl. of  
each solution was spotted in successive portions to 
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Fig. 3.-Thin-layer chromatogram of mixture of 
ergot alkaloids. (Solvent system C.) 


Fig. 1.-Thin-layer chromatogram of mixture of 
ergot alkaloids. (Solvent system A , )  


Fig. 4.-Thin-layer chromatogram of ergokryptine 
and ergocornine. (Solvent system D.) 


assure a zone no greater than 5 mm. in diameter 
using a template as a guide. In  the studies of quan- 
titative separations of the alkaloids and in qualita- 
tive confirmation of ergokryptine and ergocornine, 
solutions were applied as a series of spots, using a 
10-jd. Kirk micropipet, resulting in a band of the test 
compound. Again, the rate of application was con- 
trolled to  assure a band width of no greater than 5 


ergot alkaloids. (Solvent system B.) Preparation of Developing Chambers.-Glass 
Fig. 2.-Thin-layer chromatogram of mixture of mm. 
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jars, S1/, X 3 X 9 in. (internal dimensions) were 
lined with Whatman No. 1 filter paper as wicks. 
The solvent system (250 ml.) was added, the jars 
covered, leveled, and allowed to equilibrate for a t  
least 30 minutes a t  21 f 0.5". 


Development of Chromatograms.-Plates were 
placed on a stainless steel support rack, immersed 
in the solvent pool, covered, and development al- 
lowed to proceed to within l cm. of the upper edge 
of the plate, unless otherwise specified. Ordinarily, 
development to  this height required 80 minutes on 
SGG plates and 60 minutes on AliOa plates. 


Detection of Alkaloids.-Short wavelength U.V. 
light and reaction with Ehrlich's reagent (5% p- 
dimethylaminobenzaldehyde in concentrated HCl) 
were used to  locate the positions of alkaloids on the 
chromatograms. 


Quantitative Determination of Alkaloids.--Soh- 
tions of alkaloids were assayed by mixing 1 part of 
the solution with 2 parts p-dimethylaminobenzalde- 
hyde T.S. (U.S.P.), permitting reaction to occur for 
30 minutes, and determining absorbance using a 
Beckman model DU spectrophotometer a t  a wave- 
length of 590 m p  with a 0.0g-mm. slit width. 


RESULTS AND DISCUSSION 
Qualitative Analysis of Alkaloids.-Using solvent 


system A and SGG, the following alkaloids and mix- 
tures of alkaloids (in order of increasing I?, values), 
were separated: ergonovine, ergotamine, ergosine, 
ergometrinine, ergocristine, ergocornine plus ergo- 
kryptine, ergotaminine, ergosinine, and a mixture 
of ergocristinine, ergocorninine, and ergokryptinine. 
Figure 1 shows a chromatogram of these results. 


Using solvent system B and SGG, the same order 
of separation of the alkaloids occurred, with minor 
variations in resolution. The Rf values of ergome- 
trinine and ergosine varied only slightly, but some 
resolution of ergokryptinine from ergocorninine and 
ergocristinine was achieved (Fig. 2). 


With solvent system C and ALOaG, poor resolu- 
tion of the alkaloids occurred, except for ergocristi- 
nine, ergocorninine, and ergokryptinine. These 
three alkaloids were well separated from the ot 


(Fig. 3). 
Resolution of ergocornine from ergokryptine 


occurred in solvent system C, but separation could 
not be achieved in mixture with the other alkaloids 
because of the close proximity of ergotaminine, ergo- 
sinine, and ergocristine. Solvent system D, using 
AL03G, gave better resolution of ergocornine and 
ergokryptine, but again the separation was obscured 
by ergotaminine, ergosinhe, and ergocristine. 


Using either solvent system A or B and SGG, 50 
pl. of the mixture of 12 alkaloids was applied to the 
TABLE IL-SOLVENT SYSTEMS USED FOR RESOLU- 
TION OF ALKALOIDS FOR QUANTITATIVE DETERMINA- 


nine alkaloids and well separated from one an0 8 er 


TIONS 


Alkaloid Combination Solvent Systems 
Ergonovine A on SGG 
Ergotarnine + ergosine A on SGG 
Ergometrinine A on SGG 
Ergocristine + ergokryptine + 


ergocornine A on SGG 
Ergokryptine + ergocornine D on AlzOsG 
Ergotaminine + ergosinine A on SGG 
Ergocristinine + ergokryptinine + 


ergocorninine C on AlzOIG 
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TABLE 111 .-STATISTICAL ANALYSIS OF THE ASSAYS" 


.4lkaloid n (X10') b (XlOr) b* (X106) n .c. z ( x  - 2)* s* (X106) 
Ergonovine -3.35 14.8 219.0 15 0.262 750 3.85 
Ergometrinine -5.26 14.8 219.0 10 0.243 500 9.63 
Ereotamine -2.40 7.92 62.72 10 0.134 500 3.86 
Eriotarninine 
Ergosine 
Ergosinine 
Ergocristine 
Ergocristinine 
Ergocornine 
Ergocorninine 
Ergokryptine 
Errcookrvotinine 


-3.25 6.58 43.23 20 0.099 1000 7.77 
-2.99 7.50 56.25 10 0.120 500 74.5 
-4.29 6.63 43.96 20 0.090 1000 15.8 
-3.36 7.83 61.31 25 0.123 1250 1.32 
-3.45 7.31 53.33 25 0.117 1134 13.3 
-5.79 9 .23  85.19 10 0.127 500 15.1 
-1.76 4.73 22.40 25 0.081 1134 20.0 
-5.40 7.56 57.18 10 0.098 500 13.9 
-2.31 6.17 38.08 24 0.104 1116 12.7 


Erioco&ine + ergokryp- 
tine -5.77 7.93 62.82 25 0.259 5OOO 77.4 


0 y = Absorbance. x = Concentration (micrograms per milliliter). n = Total number of determinations. r( = Variance 
about the regression. 


%,Y--n 
b 


where V ( x )  - variance of a prediction of concentration from a new absorbance value, 
m = number of absorbance determinations of tbe new sample. 


Y = absorbance of a new sample, and 


adsorbent in a line 7.5 cm. in length (Figs. 1 and 2). 
The chromatograms were examined under U.V. 
light, and the band corresponding t o  the mixture of 
ergocornine and ergokryptine was outlined. This 
area was scraped from the plate, the powder added 
to  a test tube (9.5 X 1.5 cm.), and the alkaloids 
eluted with two 5-ml. portions of 10% methanol in 
chloroform. The eluates were filtered, combined 
in a 50-ml. round-bottomed flask, and the solvent 
removed under vacuum at 40°, using a Rinco model 
VE-1000B rotating evaporator! Sufficient 10% 
methanol in chloroform was added to  the flask to  
give a total volume of 50 pl. 


This solution was spotted in the usual manner on 
ALOaG, and the chromatogram developed with sol- 
vent system D (Fig. 4). Confirmation of the pres- 
ence of one or both of these alkaloids was achieved 
in this manner. 


Table I lists the average R, values of the 12 ergot 
alkaloids in the various solvent systems. The RI 
values of the alkaloids chromatographed as single 
compounds (individually) are the averages of six 
determinations. The Rf values determined when a 
mixture of all 12 alkaloids were chromatographed 
represent the averages of 36 determinations. Stand- 
ard deviations were calculated in the usual manner. 
Reproducibility of the values differ significantly with 
each development. The order of separation and the 
resolution of the mixtures is constant, however. 


Quantitative Analysis of Alkaloids.-With suc- 
cessful resolution for qualitative identification, the 
investigations were extended to  studies of the 
resolution and quantitative estimations of 20 to 60 
mcg. quantities of each of the 12 alkaloids. Because 
the ergot alkaloids are easily decomposed by light, 
the following manipulations were carried out in sub- 
dued light. 


Solutions of the alkaloids were prepared in the 
following combinations: ergonovine; ergotamine and 
ergosine; ergometrinine ; ergocristine, ergokryptine, 
and ergommine; ergotaminine and ergosiniie; 
and ergdst inine,  ergokryptinine. and ergocorni- 


'Rinco Instrument Co., Inc.. Greenville, 111. 


nine. Each solution contained 1 mcg./pl. of each 
alkaloid of the combination. Solutions were spotted 
on the adsorbents with a 10-pl. pipet to form a band 
as described previously. Each 10 pl .  of solution was 
restricted in the length of spotting to 1.5 cm. on 
SGG and to  3.0 cm. on AI2OsG. After emptying the 
pipet, 10 pl. of 10% methanol in chloroform was 
drawn into i t ;  this rinse was superimposed on the 
area just spotted. Using the pipet 20, 30, 40, 50, 
and 60-pl. quantities of the solutions were applied 
to  the chromatograms as bands, varying in length 
from 3 to 9 cm. on SGG and 6 to 18 cm. on ALOaG. 
The chromatograms were developed in the appro- 
priate solvent system as shown in Table 11. Chro- 
matograms on SGG were developed to  within 1 
cm. of the top edge of the plate. Better resolution 
was obtained with chromatograms on AllOaG by 
permitting continuous development for 120 minutes. 


The chromatograms were examined under U.V. 
light and the bands outlined with a sharp stylus. 
The adsorbent within an outlined area was scraped 
from the plates with a razor blade onto glassine 
paper. The powder was then carefully transferred 
to a 9.5 X 1.5-cm. centrifuge tube; 2 ml. of a sol- 
vent composed of methanol: deionized water: glacial 
acetic acid (4.5:4.5:1.0) was added to  the tube to  
affect desorption (3). 


The solvent-adsorbent mixture was stirred with a 
Vortex Jr. mixer, model K-500J,' during an 8-10- 
minute period. Four milliliters of p-dimethylamino- 
benzaldehyde T.S. was added, the time noted im- 
mediately, and the mixture stirred with a glass 
stirring rod. The suspension was centrifuged a t  
4500 r.p.m. for approximately 7 minutes, and the 
supernatant was then decanted into a 1-cm. quartz 
spectrophotometer cell. Absorbance was deter- 
mined 30 minutes after the addition of the p-di- 
methylaminoMzaldehyde T.S. as previously de- 
scribed. 


The absorbance values of each alkaloid chromato- 
graphed were tabulated in terms of the original con- 
centrations. These data were analyzed by the 


6 Sdcntific Industries, Inc., Queens Village, N. Y. 
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method of least squares, and the variance about the 
regression was determined (6). The statistical data 
are given so that concentration and variance for any 
given absorbance value mav be determined by the 
equations in Table 111. 


Investigations were undertaken to  study the ef- 
fect on quantitative recovery of rechromatogranh- 
ing the ergokryptine-ergocornine mixture obtained 
by resolution with solvent system A ,  using solvent 
system D on A1203G. The earlier studies indicated 
that quantitative recovery of this mixture from 
chromatograms developed with solvent system A 
was possible. Quantitative recoveries of the sepa- 
rate alkaloids by chromatography of the mixture 
with solvent system D on AltOzG were also success- 
ful. These data are presented in Table 111. 


Mixtures of several concentrations of ergocristine- 
ergokryptine-ergocornine were chromatographed 
with solvent system A in the usual manner. The 
bands corresponding to the ergokryptine-ergocor- 
nine mixture were removed, the alkaloids eluted, and 
the solution concentrated in the manner described 
previously. The residues were taken up in the 
appropriate volumes of 10% methanol in chloro- 
form and applied to A120aG plates as bands. The 
chromatograms were developed with solvent system 
D. On examination of the chromatograms with 
U.V. light, several fluorescent bands were revealed. 
Two corresponded to  the alkaloids chromatographed, 
two to isomers-ergokryptinine and ergocorninine- 
and at least three bands of unknown composition. 


The bands corresponding to  ergokryptine and 
ergocornine were outlined, the adsorbent removed, 
and the compounds eluted and analyzed in the usual 
manner. The absorbance values determined for 
replicate concentrations and between the several 
concentrations tested were too erratic to make the 
method useful. 


CONCLUSIONS AND SUMMARY 


Journal of Pharmaceutical Sciences 


Chromatography of the mixture on SGG using 
solvent system A resolves ergonovine, ergometrinine, 
ergotamine, ergotaminine, ergosine, ergosinine 
ergocristine, a mixture of ergokryptine and ergo- 
cornine, and a mixture of ergocristinine, ergokryp- 
tinine, and ergocorninine. 


Ergokryptine and ergocornine can be identi- 
fied by removing the mixture of them from SGG 
plates developed with solvent A ,  eluting the alka- 
loids from the adsorbent, and rechromatographing 
the eluate on A12OSG with solvent system D. 


Chromatography of the mixture on A120aG 
using solvent system C resolves ergocristinine, ergo- 
kryptinine, and ergocorninine from each other and 
the other alkaloids of the mixture. 


All of the alkaloids, except for ergocornine 
and ergokryptine, can be resolved from a mixture 
of the 12 alkaloids and concentrations of 20 mcg. or 
more quantitatively recovered. 


Quantitative recovery of a mixture of ergo- 
cornine and ergokryptine from chromatograms de- 
veloped with solvent system A was demonstrated. 
The separate alkaloids can be resolved and quanti- 
tatively recovered from chromatograms developed 
with solvent system D. 


7. The quantitative data have been analyzed 
statistically. The variance of the data about the re- 
gression is given so that the relative precision of the 
different assays is available. The other statistical 
parameters are presented so that the concentration 
and its variance may be determined when using the 
method as an assay procedure. 


2. 


3. 


4. 


5. 


6. 


1. The 12 ergot alkaloids investigated can be 
qualitatively identified in a mixture in concentrt- 
tions of 2 mcg. by the thin-layer chromatographic 
procedures outlined. 
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Solubility of Salicylic Acid as a Function 
of Dielectric Constant 


By A. N. PARUTA*, B. J. SCIARRONE, and N. G. LORD1 


The solubility of salicylic acid was determined in various pure solvents and binary 
solvent mixtures having known or measured dielectric constants. When the solu- 
bility was plotted w e r s w  the dielectric constant, a peak solubility or “dielectric re- 
quirement” occurred at a vdue independent of the nature of the solvent or solvent 
mixture. Salicylic acid showed two rather close solubility peaks occurring at t 
= 15 and e = 2 5 which may be due to Merent molecular s ecies present in solu- 
tion. The magnitude of the peak solubility varied for d e n t  binary systems, 
but a family of curves was observed having a common shape and a common peak 


dielecuic requirement. 


N PREDICTlNG solubility Of solutes, Hilde- I brands solubility parameter theory (1) ap- 
plies quite well when both components are non- 
polar, The application of this theory is most 
striking in “regular” or near-ideal solution (2,. 
The theoretical solubility in these systems is 
maximized when the solubility parameter of both 
the solute and solvent mixtures are the same. 
Accordingly, the solubility of the solute at  solu- 
bility parameter values differing from that of 
the solute results in diminished solubility, and a 
solubility distribution curve is observed. 


In extending this principle to semipolar sys- 
tems with its greater pharmaceutical utility, 
Martin and Chertkoff (3) found that the shape 
of the theoretical solubility curve was approxi- 
mately maintained, but that the prediction of the 
actual solubility failed. Since this is the case, 
it  was felt that the dielectric constant of solvents 
would be a more advantageous property of solu- 
tions upon which one may qualitatively predict a 
solubility distribution curve. This is based on 
the relationship of polarity to dielectric constants 
(4.5). 


An empirical equation linking the dielectric 
constant and solubility parameter which has been 
reported (6) is given by 


6 = 7.5 + 0.2c (Eq. 1) 


The validity and utility of Eq. 1 depends upon 
observation of a solubility distribution curve as a 
function of the dielectric constant rather than 
the solubility parameter. A maximum solubility 
of a given solute should occur within a particular 
narrow dielectric constant range, regardless of 
whether this dielectric constant is of a pure sol- 
vent or from an appropriate mixture of two 
solvents. 
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To test this proposition, the solubility of sali- 
cylic acid was studied in pure solvents and binary 
mixtures. The solvent mixtures tested were 
prepared so that a number of binary mixtures 
could be made which would cover the dielectric 
constant a t  peak solubility. and a number of 
binary mixtures of various chemical types could 
be obtained. Thus, solubility was studied as a 
function of the dielectric constant by “bridging” 
the gap between nonpolar and polar solvents 
through the use of semipolar solvents which were 
miscible with both the nonpolar and polar sol- 
vents. 


EXPERIMENTAL 


The solubility of salicylic acid was determined in 
pure solvents and solvent mixtures using 15-ml. 
screw-capped vials fitted with Teflon liners. The 
vials were attached to a rotating wheel in a water 
bath maintained at 30.6 i 0.2’. The equilibrium 
time of 24 hours was sufficient in all cases. The 
solvents were used as such or purified as previously 
described (7). After 24 hours, samples were with- 
drawn from the reaction vials using a pipet fitted 
with a glass wool filtering plug. The solubility of 
salicylic acid was determined by base titration using 
freshly prepared 0.1 N sodium hydroxide as titrant 
and phenolphthalein as the end-point indicator. 
The sodium hydroxide was standardized against 
recrystallized salicylic acid. Each solvent or solvent 
mixture was titrated with sodium hydroxide solution 
to determine the base consuming capacity of the 
solvent . 


Although the solubility of salicylic acid was 
studied at  30.6 f 0.2’ and the dielectric constants 
were measured at 25 f l .Oo,  the latter values could 
be used directly due to the relatively small tempera- 
ture effect. Typical temperature coefficients (8 )  
for benzene and cyclohexane are 0.002 and 0.0016, 
respectively. A 5’ change causes an approximate 
change of 0.01 units in the dielectric constant for 
nonpolar solvents which is far below the accuracy 
of the experimental method. 


For polar liquids such as water and methanol, 
a 5’ change can result in a large change in the di- 
electric constant. For example, the dielectric con- 
stant of water is reduced to 76.3 at 30’ from 78.5 
at 25’. This change can result in a shift of about 
0.5 dielectric constant units at peak solubility. 


1349 







1350 


400 


2 300 
E 
'' 
M 
E 
w 


> 
I- 


200 


3 s 
100 


400 


300 


10 20 30 40 50 60 70 
DIELECTRIC CONSTANT 


Fig. 1.-A composite plot of the solubility of sali- 
cylic acid at 30.6' us. the dielectric constant of 16 pure 
solvents: Key: 1, dioxane; 2, benzene; 3, chloro- 
form; 4, ethyl acetate; 5, ethyl cellosolve; 6, ace- 
tone; 7, ethanol; 8, propanol; 9, n-butanol; 10, 
cyclohexanol ; 11, benzyl alcohol ; 12, methanol ; 13. 
propylene glycol; 14, ethylene glycol; 15, glycerin ; 
16, water. 
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Fig. 2.-A plot of the solubility of salicylic acid at 
30.6' us. the dielectric constant in the binarylmix- 
ture, dioxanewater. 


However, it  is felt that this shift could be neglected 
since the dielectric constant a t  peak solubility appar- 
ently varied about 3 dielectric constant units for all 
the binary systems studied. 


The dielectric constants of all solvent systems were 
determined by a resonance method. The general 
approach was to utilize and measure the resonance 
peaks at 550 micromicrofarads and 200 micromicro- 
farads at a fixed frequency of 300 kc./second for a 
cell containing air. A coupled, tunable, capacitance 
bridge was dialed until a maximum voltage was 
obtained on  a vacuum tube voltmeter. A t  the 
maximum voltage, the apparent capacitance was 
noted for a given sample. 


The calibration curves were obtained by measur- 
ing the relative capacitances of a pure anhydrous 
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solvent at the two resonance peaksand plotting these 
values versus their known dielectric constants (8). 


The dielectric constant was obtained by reading 
the dielectric constant scale a t  a point perpendicular 
to  the average value of the capacitance from the 
calibration curves. All binary solvent mixtures 
were checked against both calibration curves, and 
average values were obtained. 


RESULTS AND DISCUSSIONS 


The solubility of salicylic acid was first deter- 
mined in pure solvents of known dielectric constant 
for the purpose of scanning the dielectric constant 
spectrum for maximum solubility. The results are 
shown in Fig. 1. The dashed lines are drawn to 
indicate that the full line may be the sum of a t  
least two solubility distribution curves when plotted 
as a function of the dielectric constant. When 
the peak solubility of a solute occurs at a given 
dielectric constant for pure solvents or solvent mix- 
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Fig. 3 (left).-Plots of the solubility of salicylic 
acid a t  30.6' us. the dielectric constant of binary mix- 
tures of benzene and either A, ethanol; B, methanol; 
C, n-propanol; or D, n-butanol. Fig. 4 (right).- 
Plots of the solubility of salicylic a a d  a t  30.6' us. the 
dielectric constant of binary mixtures of dioxane 
and either A, ethanol; B, methanol; C, n-propanol; 
or D, n-butanol. 
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Fig. 5 (left).-Plots of the solubility of salicylic 
acid a t  30.6" us. the dielectric constant of binary mix- 
tures of chloroform and either A, ethanol; B, meth- 
anol; C, n-propanol; or D, n-butanol. Fig. 6 
(right).-Plots of the solubility of salicylic acid at 
30.6" us. the dielectric constant of binary mixtures 
of ethyl acetate and either A, ethanol; B, methanol; 
C, n-propanol; or D, n-butanol. 
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plotted uersus the dielectric constant of the binary 
mixtures noted. Since the binary mixtures de- 
scribed below contained the same four alcohols, it 
was thought necessary to vary the nonpolar com- 
ponent with respect to chemical type and to  provide 
a narrow range of dielectric constants. The four 
nonpolar components chosen as one component of 
the binary mixtures were benzene, dioxane, chloro- 
form, and ethyl acetate, which have dielectric 
constant values of 2.2,2.2,4.8, and 6.0, respectively. 
The purpose of using these four solvents was to  
test the assumption of a fairly constant dielectric 
requirement, irrespective of the nature of the sol- 
vents used to prepare the binary mixtures. 


In Fig. 3, the solubility of salicylic acid is plotted 
versus the dielectric constant of the binary mixtures 
composed of benzene and n-alkyl alcohols ranging 
from methanol to butanol. The apparent dielectric 
requirement for salicylic acid in these binary mix- 
tures is about 15. It is observed further that solu- 
bility distribution curves exist when the solubility 
of salicylic acid for these binary mixtures is plotted 
on common axes. The difference in solubility a t  
the peak observed for the different binary mixtures 
is probably related to the magnitude of the particular 
solute-solvent interaction. 


Figure 4 shows a plot of the solubility of salicylic 
acid versus the dielectric constant of the binary 
mixtures composed of dioxane and n-alkyl alcohols 
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Fig. 7.-Plots of the solubility of salicylic acid at 
30.6' us. the dielectric constant of binary mixtures of 
ethyl cellosolve and either benzene ( 0 ) .  dioxane (o), 
chloroform (o), ethyl acetate (a), or water (0). 
The peak occurs in pure ethyl cellosolve. 


Fig. 8.-Plots of the solu- € 


bility of salicylic acid at 
v 30.6" vs. the dielectric con- 
t stant of binary mixtures of 


acetone and either A, ben- c 
: 400 zene; B. dioxane; C ,  chloro- 
3 form; or D, ethyl acetate. 
2 -  
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tures, this dielectric constant value is defined as 
the "dielectric requirement" of the solute. It 
would appear that the dielectric requirement for 
salicylic acid may be species dependent. Under 
these conditions, the f i s t  peak at a value of about 
15 may be due in part to a certain degree of solute 
association. The prediction of the species present 
is complex in view of another possible peak at a 
value of 25. Whether the first peak is due to some 
association and the possible second peak due entirely 
to  the monomeric species is difficult to interpret, 
since these values are rather close to each other. 
I t  is further possible that if a solvent of the correct 
chemical nature and dielectric constant were tested, 
these two solubility curves may be superseded by a 
major peak, the dielectric requirement being a value 
intermediate between these two solubility curves. 


Since dioxane-water mixtures can be made to 
cover the dielectric constant range from 2 to about 
80. it  was deemed advisable to Scan the solubility 
curve in these mixtures. In Fig. 2, the solubility 
of salicylic acid is plotted uersus the dielectric con- 
stant for the binary mixtures of dioxane and water. 
It is evident that only one peak is present a t  a value 
of about 15. A mixture of dioxane and water with 
a dielectric constant value of above 25 formed a 
two-phase immiscible system in the presence of 
salicylic acid; therefore, if a second peak did exist, 
it could not be determined for these binary mixtures. 


In Figs. 3-6, the solubilit? of slicylic acid is 
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Fig. O.-Plots of the solu- 
bility of salicylic acid at 30.6' 
us. the dielectric constant of 
the binary mixtures acetone- 
water (O), and n-propanol- 
water (0). 
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Fig. 10 (left).-Plots of the solubility of salicylic 
acid at 30.6O us. the dielectric constant of the binary 
mixtures propylene glycol-dioxane (0) and ethylene 
glyml4ioxane (0). Fig. 11 (right).-Plots of the 
solubility of salicylic acid a t  30.6' 8s. the dielectric 
constant of the binary mixtures propylene glycol- 
chloroform (0) and ethyl acetate-propylene glycol 
(0). 
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that this is also in the order of increasing dielectric 
constant of the pure solvent. 


Figure 9 shows a plot of the solubility of salicylic 
acid in the usual manner for the binary mixtures 
composed of acetone and water and n-propanol and 
water. In both of these binary mixtures, a solu- 
bility distribution curve is observed, but in these 
cases the dielectric requirement for salicylic acid 
is about 25. This is a confirmation that a second 
peak for this solute exists, although only a shoulder 
is found in the pure solvent scan. 


To test the existence of this second peak in other 
binary mixtures, the solubility of salicylic acid was 
determined in propylene glycol-dioxane and ethylene 
glycol-dioxane mixtures. The glycol solvents were 
chosen to  broaden the dielectric constant range so 
that the second peak a t  a value of 25 would be a 
value intermediate between the extremes of the 
pure solvents (Fig. 10). Both of these solvent 
systems give a dielectric requirement for salicylic 
acid at a value of 15. Enough experimental points 
were obtained only for the dioxane-ethylene glycol 
mixtures; the resultant solubility curve showed a 
shoulder a t  a value of 25. 


Since propylene glycol was miscible with both 
chloroform and ethyl acetate, it  was deemed ad- 
visable that data with a glycol as one component in 
binary mixtures should provide a further basis for 
the dielectric requirement being essentially inde- 
pendent of the nature of the components (Fig. 11). 
In a previous communication (a), a correlation 


between solubility parameters and dielectric con- 
stants was presented. This study illustrates the 
utility of studying solubility phenomena in terms 
of dielectric constants. 


The data obtained for the dielectric requirement 
for the binary mixtures tested have been summa- 
rized in Table I. 


The binary mixtures studied are listed in Table 
I1 and give the peak solubility for the first peak of 
salicylic acid. Also given in this table are the 
maximum solubilities of salicylic acid for the first 
peak along with a solubility ratio. In this case, the 
solubility ratio is defined as the experimentally 
determined solubility compared to an arbitrary 
standard solubility of 500 mg./ml. The purpose 
of this table is to  illustrate further the relatively 
constant dielectric requirement for the first salicylic 
acid peak, but the magnitude of the solubility at 
this dielectric requirement varies widely. From 
these results, it  can be stated qualitatively that the 
magnitude of the peak solubility depends mainly 


ranging from methanol to butanol. The same re- 
marks apply here as discussed under Fig. 1. It is 
interesting to  note a shoulder in the methanol- 
dioxane binary mixture at a value of about 25. 
This experimental point and points close to it were 
determined several times. 


Again, in each solubility distribution curve. the 
peak solubility for salicylic acid occurred at a di- 
electric constant of about 15. A shoulder occurred 
a t  a value of 25 when methanol and dioxane mix- 
tures were used, but could not be duplicated in 
mixtures of benzene and other alcohols since this 
dielectric constant value cannot be attained in these 
mixtures. The decreasing magnitude of the solu- 
bility at the peak values is in the order: ethanol, 
methanol, propanol, and butanol. 


In Fig. 5, the solubility of salicylic acid is plotted 
wersz(s the dielectric constant for the binary mix- 
tures composed of chloroform and n-alkyl alcohols 
ranging from methanol to butanol. As with the 
previous mixtures with these alcohols, these binary 
mixtures show the same solubility behavior, having 
a peak at about 15. Chloroform-methanol mix- 
tures also show a shoulder at a value of about 25. 


The results for the binary mixtures formed be- 
tween ethyl acetate and n-alkyl alcohols are shown 
in Fig. 6. 


Figure 7 gives the solubility curve for salicylic 
acid as a function of the dielectric constants ob- 
tained from binary mixtures using ethyl cellosolve as 
a common solvent. Since the dielectric constant of 
this solvent is approximately 15, which is also the 
dielectric requirement for salicylic acid, greater 
solubility should be expected in this solvent alone. 
Adding solvents with a greater or lesser dielectric 
constant than 15 should result in a binary solvent 
with decreased solvent power for salicylic acid. 
This was true when the solubility of salicylic acid 
was determined in ethyl cellosolvewater mixtures 
or mixtures with either benzene, dioxane, chloro- 
form, or ethyl acetate. Figure 7 illustrates these 
distribution curves which all show a peak occurring 
at the value for pure ethyl cellosolve. 


In Fig. 8, the solubility of salicylic acid is plotted 
for the binary mixtures of acetone with either ben- 
zene, dioxane, chloroform, or ethyl acetate. Again, 
the dielectric requirement for salicylic acid in these 
binary mixtures have a common value of about 15. 
When acetone is the common solvent, the magni- 
tudes of the solubility in these binary mixtures are 
in the decreasing order benzene, dioxane, chloro- 
form, and ethyl acetate. It is interesting to  note 


TABLE L-SUMMARY OF THE EXPERIMENTALLY DETBRMINBD DIELECTRIC REQUIREMENT OF SALICYLIC 
ACID IN BINARY MIXTURES 


_. 
Ethyl 


Benzene Dioxane Chloroform Acetate Water 
Solvent emu. e m -  tr-. e r n  hW. 


Ethvl cellosolve 14. 5a 14. 5a 14.5" 14.5" 14. 5a 
Acetone 
n-Butanol 
n-Propanol 
Ethanol 


15.6 15.5 16.1 15.0 25. Ob ~~ ~ i5.4 14.5 14.0 
15.3 14.8 15.3 
15.8 15.0 15.7 


15.0 ... 
15.3 22.3b 
16.0 . . .  


Methanol 16.0 16.3" 16.0 16.0 . . .  
Ethylene glycol . . .  17.5" . . .  . . .  . . .  
Propylene glycol . . .  15.1 16.2 16.8 . . .  
Water . . .  14.5 . . .  . . .  . . .  


a Dielectric requirement of a l i c  lic acid and dielectric constant of ethyl cellosolve have about equal values; thus"peak" 
0 Shouldering in these systems exists at exists at the dielectric constant. 


about 25. 
Dielectric requirement for the second peak. 
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Solvent Mixture 
Ethanol-chloroform 
Benzeneacetone 
Dioxane-ethanol 
Dioxane-acetone 
Chloroformacetone 
Dioxane-methanol 
Benzene-ethanol 
Benzene-ethyl cellosolveb 
Dioxane-ethyl cellosolve* 
Chloroform-ethyl cellosolveb 
Ethyl acetat-thy1 cellosolveb 
Ethyl acetateacetone 
Ethyl acetatethanol 
Benzenemethanol 
Ethyl acetatm-propanol 
Chloroform-methanol 
Ethyl acetate-methanol 
Ethyl acetate+-butanol 
Chloroform-n-propanol 
Benzene-n-propanol 
Dioxane-n-propanol 
Chloroform-propylene glycol 
Dioxane-propylene glycol 
Chloroform-n-butanol 
Dioxanen-butanol 
Dioxane-water 
Ethyl acetate-propylene glycol 
Dioxane-zthylene glycol 


TABLE II.-SUMMARY OF THE SOLUBILITY OF SALI- 
c n I c  ACID AND SOLUBILITY RATIO AT THE PEAK 
VALUES FOR THE BINARY MIXTURES INDICATED 


-Solubility - 
mn./ml. RatiW - .  
595 1.19 
510 1.02 
495 0.99 
475 0.95 
445 0.89 
440 0.88 
430 0.86 
425 0.85 ~~ ~ 


425 0.85 
425 0.85 
425 0.85 
415 0.83 
390 0.78 
390 0.78 
355 0.71 
348 0.70 
335 0.67 
330 0.66 
315 0.63 
315 0.63 
305 0.61 
292 0.58 
290 0.58 
282 0.56 
268 0.54 
250 0.50 
160 0.32 
89 0.18 


Solubility ratio baaed on 600 rng./ml. = 1. In these 
mixtures c w c a  wntinuoudy rise to a maximum solubility 
corresponding to the solubility in ethyl celloaolve done. 


upon the degree of the solute-solvent mixture inter- 
actions. However, the prediction of the degree 
of these interactions cannot be deduced from the 
nature of the binary mixtures tested. Furthermore, 
there appears to be no apparent order in the magni- 
tude of solubility for solvent mixtures containing a 
common liquid or functional group. 


The only important qualitative observation 
made is that the maximum solubility is a function 
of the difference of the dielectric constant of the 
individual solvents with respect to the value of the 
dielectric requirement. 


The data concerning the only two binary mix- 
tures which exhibited the second peak are given 
in Table 111. Both the solubility and solubility 
ratio are also given. Systems showing shouldering 
a t  the dielectric requirement of 25 are not included. 
All the pure solvents used in this study with 


their respective dielectric constants are given in 
Table IV. Also listed are the respective salicylic 
acid solubilities in these pure solvents and the solu- 
bility ratio as defined above. Table 1V is presented 
to illustrate the cosolvent effect by comparison with 
solubility ratio values in Table 111. For example, 
the solubility ratios for salicylic acid in pure ethanol 
and pure chloroform are 0.74 and approximately 
0.004, respectively. Yet an appropriate mixture 
of ethanol and chloroform gives a solubility ratio 
of 1.2 a t  peak solubility. Thus, salicylic acid shows 
a greater solubility in mixtures of solvents than in 


TABLE-III.-SUMMARY OF THE EXPERIMENTALLY 
DETERMINED DIELECTRIC REQUIREMENT OF 
SALICYLIC ACID FOR THE SECOND PEAK AND 


SOLUBILITY RATIO 


Solvent Mixture Exptl. rng./ml. Ratio. 
Acetone-water 25.0 387 0.77 
Water-n-propanol 22.3 320 0.64 


Ratio based on 600 mg./ml. = 1. 


TABLE IV.-SUMMARY OF THE SOLUBILITY AND 
SOLUBILITY RATIO FOR S a I c n I c  ACID IN PURE 


SOLVENTS 


Solvent c rng./rnl. Rati@ 
Benzene 2.2 7 0.014 


0.080 Dioxane 2.2 
Chloroform 4.8 
Ethyl acetate 6.0 23 0.040 
Benzyl alcohol 13.00 203 0.406 
Ethyl cellosolve 14.5 425 0.850 
Cyclohexanol 15.0 217 0.430 
n-Butanol 17.1 251 0.500 
n-Propanol 20.1 287 0.560 
Acetone 20.7 381 0.760 
Ethanol 24.3 377 0.740 
Methanol 32.6 299 0.600 
Propylene glycol 33.0 118 0.230 
Ethylene glycol 37.7 42 0.084 
Glycerin 42.5 15 0.030 
Water 78.5 3 0.006 


40 2 0.004 


~ 


* Dielectric constant of pure solvent. *Solubility ratio 
based on 500 mg./ml. - 1. 


either one alone. By comparing the solubility 
ratio of any pure solvent to the solubility ratio of 
any binary mixture formed from that solvent, the 
binary mixture always shows greater solvent power. 


That a reproducible peak solubility occurs within 
a narrow range of dielectric constant of the solvent 
and apparently independently of its chemical 
nature, strongly indicates a close tie to Hildebrand’s 
solubility parameter theory. Possibly the more 
rigorous link to the dielectric constant and solubility 
parameter lies in a closer examination of the “cohe- 
sive energy density” concept. This, of course, 
requires a more exact knowledge of the liquid state 
which is yet unresolved. 
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Books,- 


REVIEWS 


Ionic Equilibria in Analytical Chemistry. By 
HENRY FREISER and QUINTUS FERNANDO. John 
Wiley & Sons Inc., 605 Third Avenue, New York. 
N. Y., 1963. xiii + 334 pp. 
Price $4.95. 
The authors have attempted to present “a logical 


stepwise development of the principles of chemical 
equilibrium and techniques of calculation.” Al- 
though treatment of the subject is not exhaustive, it 
does present a thorough and orderly discussion of 
equilibrium principles and calculations suitable for 
use on the undergraduate and graduate levels. 
Chapters 1 through 3 represent background informa- 
tion on concentrations of solutions, chemical equi- 
librium, and activity concepts. Subsequent chapters 
develop the expressions and calculations associated 
with acid-base, precipitation, metal complexation, 
oxidation-reduction, and ion exchange equilibria. 
Expansion of these equilibrium considerations is 
discussed in applications to various types of titra- 
tions. Also included in the book as an Appendix 
are comprehensively tabulated equilibrium con- 
stants. These include acid-base dissociation con- 
stants, solubility products, formation constants of 
metal complexes, oxidation-reduction potentials, 
and acid dissociation constants for metallochromic 
indicators. 


An interesting feature of the book is the log C-pH 
diagt-ams which are particularly helpful in following 
the change of concentrations for various species 
with pH. Elimination of negligible species as ob- 
served from the diagrams simplifies the calculations 
of many complex systems. The book is well written 
and can serve as a text or reference volume for 
courses in analytical chemistry. 


15 X 23.5 cm. 


Reviewed by Edward F. Salim 
American Pharmaceutical Association 
Foundation 
Washington, D. C. 


The Australian Pharmaceutical Formulary. 9th Ed. 
Wdke & Co., Ltd., 19-47 Jeikott St., Melbourne, 
A u s M i ,  1964. 266 pp. 10 X 16 cm. 
This edition, published by the Pharmaceutical 


Association of Australia, will become operative on 
November 1, 1964, and is divided into two sections. 
the Therapeutic Formulae and the Supplementary 
Formulae. The Therapeutic Formulae section has 
been adopted by the Australian National Health 
Service as its official formulary and includes a 
Children’s Section with dose tables and special 
formulations. The Supplementary Formulae is 
devoted to items not required by the National 
Health Service and other items still used in medicine 
but not of significance to be included in the Thera- 
peutic Formulae. Many of the formulas are 
identical to those appearing in the British Phar- 
macopoeia or the British Pharmaceutical Coda, 
and this is noted in the appropriate monographs. 


Structure Bucidafian of Natural Products by Mass 
Spcctromctry. Vool. 1.- Alkaloids. By HER~ERT 
Bmzrru~mcz,  CARL DJERASSI, and DUDLEY H. 
W ~ L M S .  Holden-Day, Inc., 728 Montgomery 
St., San Francisco, Calif., 1964. 233 pp. Price 
$10.50. 
Most workers in the field of natural products 


have had occasion to wish for a technique whereby 
milligram quantities of material, isolated by labori- 
ous methods from natural sources, could be made to 
yield a maximum, if not total, amount of structural 
information. This relatively error-free publication 
lucidly reveals how such data, largely unavailable 
through conventional analytical and degradative 
techniques. can be achieved by the use of the modern 
mass spectrometer. The present volume, prefaced 
by two chapters on general considerations and 
deuterium labeling, specifically considers plant 
alkaloids, an area that has been particularly sus- 
ceptible to mass spectrometry. The authors, 
having contributed substantially to the original 
literature, are eminently well qualified to write 
authoritatively concerning it. Throughout the 
book the discussions are well documented with 
references. 


The power of the technique, judiciously sup- 
plemented by other physical and chemical proce- 
dures, is particularly evident in its application and 
interpretation in the field of indole and related 
alkaloids. Chapter by chapter, the fragmenta- 
tions of these bases, from relatively simple to 
rather complex polycyclic structures, are considered 
in a detailed and comprehensive manner. Par- 
ticularly outstanding is the chapter devoted to 
aspidospermine and related alkaloids, a group that 
has been very instrumental in the rapidly growing 
acceptance of the method. Alkaloids other than 
those related to indole are adequately covered also, 
although the principal emphasis has apparently 
been in the area of greatest interest to the authors. 
Nevertheless, they have successfully dispelled the 
“mystery” often associated with mass spectrometry 
and have created a book that should be an asset to 
any research library. Foreseeing that mass spec- 
trometry, in future years, will become one of the 
indispensable and common tools for sophisticated 
work in the area of natural products, this book is 
recommended reading for anyone with such in- 
terests. 


Reviewed by Taito 0. Soine 
College of Pharmacy 
University of Minnesoh 
Minneapolis 


Bioslalistus. By AVRAM GOLDSTEIN. The Mac- 
millan Company, 60 Fifth Ave.. New York, N. Y.. 
1964. 272 pp. Price $9.60. 
This introductory textbook is the outgrowth of a 


course taught by the author and his colleagues to 
medical students. 


The author makes no pretense of giving the under- 
lying mathematical statistical basis for the various 
topics considered, but sufficient discussion and 
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Drug Standards - 


Qualitative and Quantitative Tests for 
Nandrolone Decanoate 


Provisional, unofficial monographs are developed by the Drug Standards Labora- 
tory, in cooperation with the manufacturers of the drugs concerned, for publication 
in  the Journal of Pbarmaceutical Sciences. The ready availability of this information 
affords discriminating medical and pharmaceutical practitioners with an added 
basis for confidence in the quality of new dru products generally, and of those cov- 
ered by the monographs particularly. Sucg monogra hs will appear on  drugs 
representing new chemical entities for which suitable ijentity tests and assay pro- 
cedures are not available in the published literature. The purity and assay limits 
reported for the drugs and their dosage forms are based on  observations made on  
samples representative of commercial production and are considered to be reason- 
able within expected analytical and manufacturing variation. Drug Standards La- 


boratory 


19- NOR-A4-ANDROSTENE- 178-OL-3-ONE decano- 
ate; C?aHtrOs; M.W. 428.66. The structural for- 
mula of nandrolone decanoate may be represented 
as follows: 


c H:, 


Physical Properties.-Nandrolone decanoate oc- 
curs as a white to  creamy white crystalline powder 
which is odorless or may have a slight odor, m.p. 
33-35' (U.S.P. XVI, Class Ia). It is very soluble 
in acetone, in alcohol, in dioxane, and in methanol, 
and is practically insoluble in water. 


Identity Tests.-A 1 :100,000 solution of nandro- 
lone decanoate in alcohol exhibits an ultraviolet ab- 
sorbance maximum a t  about 239 mp (absorptivity 
(I%, 1 cm.) about 4001. The ultraviolet absorp- 
tion spectrum is shown in Fig. 1. 


The infrared spectrum of a 0.5'z dispersion of 
tiandrolone decanoate in potassium bromide in a 
disk of about 0.82-tnm. thickness is shown in Fig. 
a. 


Mark a 4 X 19-iii. stril) o f  filter paper (What- 
mati No. 1 or the equivaletit) wi th  a fold hie  :j iii. 
from *me elid. Mark the starting line 21'/4 in. below 
tlir fold line. Iinpregnate the strip with iiiimohile 
solvent consistiitg of a 2 :  1 : 3  mixture of pri)pyIetie 
glycol, 3-yheiioxyethario1, and iiietlianol. Blot 
the strip with dry filter paper and hang it in a hood 
for a few minutes to dry. Prepare 1% solutions 
of nandrolone decanoate (Test preparation) and nan- 
drolone decanoate reference standard (Sfandard 
preparation) in methanol and spot the paper a t  the 
starting line as follows: Apply 5.0 pl. of the Test 
preparation (50 mrg.) to one spot, 5.0 PI .  of the Sfand- 
ard preparation (50 mcg.) to a second spot, and 


Received August 27 1963 from the Drug Standards La- 
horatury. AMSKICAN PHAR~ACEUTICAL ASWCIATIUN FOIIN- 
OA r IuN.  Washington. D.C. 


Accepted for puhlication October 14, 1963. 
Organon. Tnc.. has cooperated by furnishing samples and 


data to aid in the development and preparation of this mon- 
ograph. 


3.5 pl. each of the Test preparalion and of the Stand 
ard preparation to a third spot. Place the strip in 
a tank arranged for descending chromatography, 
add an escess of n-heptane to the bottom of the tank, 
and equilibrate the system for 1 hour. Add the 
mobile solvent, consisting of a 2: 1:200 mixture of 
propylene glycol, 2-phenoxyethanol, and n-heptane, 
seal the tank, and allow the solvent front to pass 
to the bottom of the strip. Remove the strip from 
the tank, and hang it in a hood for a few minutes 
to air-dry. Heat the strip in an oven a t  100" 
for 30 minutes. allow it to cool to rooin temperature, 
and pass it through a 0.25% solution of 2,4-dinitro- 
phenylhydrazine in 2 N hydrochloric acid. Al- 
ternatively. spray the strip with the reagent by 
means of a suitable atomizer Red spots appear 
slowly a t  room temperature. The spot obtained 
with the Test preparation agrees in color and R ,  
value with that obtained with the Skndard prepara- 
tion The chromatogram obtained with the mixed 
spot is monodisperse. 


Purity Tests.-Dry about 250 mg. of nandrolone 
decanoate, accurately weighed, in a vacuum desic- 
cator over phosphorus pentoxide for 4 hours. The 
loss in weight does not exceed 0.5%. 


I . .  . . , ' ,  . ~- . . . . . . ,  . 7  


', 
28D n.0 170  I 3 0  ,:" 5.L 


WAVELENGTH. nlp 
Fig. 1 -Ultraviolet absorption spectrum of nail- 


drolone decanoate in alcohol (15 mcg. per ml.); Beck 
man model DK-2A spectrophotometer. 
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Determine the optical rotation of a 1% solution of 
nandrolone decanoate in dioxane by the method of 
U.S.P. XVI. The specific rotation is between 
+32 and +36”. 


Prepare a 2% solution of nandrolone decanoate in 
dioxane: the solution is clear and is free of mechani- 
cal impurities. 


Assay 
Assay Preparation.-Transfer about 25 mg. of 


nandrolone decanoate, accurately weighed, to  a 100- 
ml. volumetric flask, dilute to  volume with meth- 
anol, and mix. Transfer 10.0 ml. of this solution to  
a 100-ml. volumetric flask, dilute to  volume with 
methanol, and mix. 


Isoniazid Reagent.-Transfer 500 mg. of isoniazid 
to a 500-ml. volumetric flask, dissolve it in methanol, 
add 0.625 ml. of hydrochloric acid, dilute to volume 
with methanol, and mix. 


Procedure.-Pipet 5 ml. of the Assay Preparafion 
into a 10-ml. volumetric flask, add isoniazid reagent 
to volume, and mix. Allow to stand for 1 hour with 
occasional shaking. Determine the absorbance in a 
1-cm. cell at 380 mp with a suitable spectrophotom- 
eter versus a blank prepared by diluting isoniazid 
reagent with an equal volume of methanol. Cal- 
culate the quantity, in mg., of C2sH4,Oa in the por- 
tion of nandrolone decanoate taken by the formula 
W X A./A, ,  where A .  is the absorbance of the solu- 
tion, A ,  is the absorbance of a similarly prepared 
solution of nandrolone decanoate reference standard, 
and 1.1’ is the weight of nandrolone decanoate ref- 
erence standard taken. The amount of nandrolone 
decanoate found, on the anhydrous basis. is not 
less than 96.Opj, and not more than l c W . O ~ o  of 
CzaH44Oa. 


DOSAGE FORMS OF NANDROLONE 
DECANOATE 


Nandrolone Decanoate Injection 
A sterile solution of nandrolone decanoate in  


vegetable oil. 
Identity Test.-Prepare a 2 X 19-in. strip of 


filter paper as in the assay for nandrolone decanoate 
injection. Apply 10 pl. each of the Assay prepara- 
tion and of the Standard preparation to the starting 
line, */, in. apart, and develop the chromatogram 
in the Same manner as in the assay. After drying 
at  100” for 30 minutes, allow the strip to cool to 
room temperature, and pass it through a 0.25y0 
solution of 2,4-dinitrophenylhydrdzine in 2 N hy- 
drochloric acid. Alternatively. spray the strip 
with the reagent by means of a suitable atomizer. 
Red spots appear slowly a t  room teiriperature. The 
spot obtained with the Assay preparafion agrees 


Fig 2.-Infrared spectrum 
of nandrolone decanoate in 
potassium bromide disk 
(o.5yO); Perkin-Elmer model 
21 spectrophotometer, sodium 
chloride prism. 


, 


in color and R, value with that obtained with the 
Standard preparation. 


Assay.-Standard preparafion.-Dissolve about 
50 mg. of nandrolone decanoate reference standard, 
accurately weighed, in su5cient acetone to  make 
10.0 ml., and mix. 


Assay preparation.-By means of a pipet cali- 
brated “to contain,” transfer a volume of nandrolone 
decanoate injection, equivalent to  about 50 mg. of 
nandrolone decanoate, to a 10-ml. volumetric flask, 
rinse the pipet with small portions of acetone, dilute 
to volume with acetone, and mix. 


Isoniazid reagenf.-Transfer 500 mg. of isoniazid 
to a 1000-ml. volumetric flask, dissolve it in metha- 
nol, add 0.625 ml. of hydrochloric acid, dilute to  
volume with methanol, and mix. 


Procedure.-Prepare six l’ /z  X 19-in. strips of 
filter paper (Whatman No. 1 or t h e  equivalent) 
as follows. Mark the fold line 3 in. from one end, 
and the starting line 2l/4 in. below the fold line. 
Wash the strips twice with methanol and hang them 
in a hood to  air-dry. Impregnate the strips with 
immobile solvent, consisting of a 1:1:2 mixture of 
propylene glycol, 2-phenoxyethanol, and methanol. 
Blot the strips with dry filter paper, and hang them 
in a hood for a few minutes to dry. 


By means of micropipets, spot three of the strips 
at the starting line with 10.0 pl. of the Standard 
prepnration and the other three with 10.0 pl. of the 
Assay preparation. Place the strips in a tankarranged 
for descending chromatography, add an excess of 
n-heptane to the bottom of the tank, and equilibrate 
the system for 1 hour. Add the mobile solvent, con- 
sisting of a 1: 1:200 mixture of propylene glycol, 
2-phenoxyethanol, and n-heptane, seal the tank, and 
allow the chromatogram to develop until the sol- 
vent front reaches the end of the paper (2-3 hours). 
Remove the strips from the tank, hang them in a 
hood for 15 miiiutes to air-dry, and heat them in  ail 
oven a t  100” for 80 minutes. By means of a short 
wavelength ultraviolet lanip (niaximurn emission 
at  about 2 . 9  mp). locate the positions of the spots, 
which appear dark purple against a light purple 
background. Outline the spots lightly with pencil, 
and cut the strips transversely a t  a distance of 3 
cm. above and below the center of the spot. For 
the blank determinations. cut a second 6-cm. seg- 
ment from the portion of each strip which lies im- 
mediately below the excised segment. Roll the 
twelve 6-cni. segments and place each in an 18 
X 150-mm. test tube. To each tube add 4.0 ml. 
of isoniazid reagent, thoroughly wetting the paper. 
Close the tubes and allow them to stand for 1 hour 
at room temperature with occasional agitation. 
Decant the contents of each test tube into separate 
15-ml. centrifuge tubes, and centrifuge a t  5OOO 


No secondary spots appear. 
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r.p.m. to remove any filter paper fibers. Decant 
the clear solutions into 1-cm. cells and determine 
their absorbances in a suitable spectrophotometer 
a t  380 mp uersus the isoniazid reagent. Correct 
the absorbances for their respective blanks, and 
average the three absorbances obtained with the 
Standard Preparation and the three obtained with 
the Assay preparation. Record the average ab- 
sorbance obtained with the Standard preparalion 
as A ,  and that obtained with the Assay preparation 
as A ,  and calculate the quantity, in milligrams. 
of CaH4403 in the volume of the sample taken by 
the formula 14; X A " / A , .  in which W represents the 
quantity, in milligrams, of nandrolone decanoate 
reference standard taken. The amount of nandro- 
lone decanoate is not less than 90.0% and not more 
than 115.070 of the labeled amount of C2~H4,O1. 
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The colorimetric determination of nandrolone 
decanoate with isoniazid (isonicotinic acid hydra- 
zide) is suitably accurate and precise as an assay 
for the bulk material. Beer's law is obeyed for 
final solutions covering an approximate concentra- 
tion range of 540 mcg. per ml. Hence, the reac- 
tion also possesses the sensitivity required of an 
assay method to be used in conjunction with paper 
chroniatography. 


The quantitative paper chromatographic assay 
for nandrolone decanoate in the dosage form is 
highly specific for the intact molecule. Washing 
of the paper with methanol prior to impregnation 
with the immobile phase removes traces of material 
which could later contribute to the absorbance meas- 
urements. Variations in blank absorbances were 
noted when separate paper strips were used for the 
blank determinations. These variations were re- 
duced considerably by applying a blank correction 
obtained with a segment of each paper used in the 
assay. While this may not be an acceptable prac- 
tice in many instances, no interfering absorbance 
due to artifacts was found in the segments used, and 
a general increase in precision was obtained. Where 
interference, due to decomposition products or 
other extraneous material in the dosage form exists, 
this method of blank determination should not be 
used. A discussion of the factors involved in this 
type of assay may be found in a recent publication 
by Roberts and Florey (7). 


Analysis of a commercial preparation of nandro- 
lone decanoate injection gave an average value of 
97.4 f 2.4%' of the labeled amount. A synthetic 
sample (similar in composition t o  the commercial 
product) containing 50 mg. per rnl. of nandrolone 
decanodte plus 107' benzyl alcohol in sesame oil 
was prepared and assayed. An average recovery 
of 98.9 f 3.27'* of the theoretical amount of nan- 
drolone decanoate was obtained. Recoveries and 
precisions agree with published figures for a similar 
assay method (7). 


REFERENCES 
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DISCUSSION 


U.S.P. and N.F. terminology for solubility, melt- 
ing range, reagents, etc., have been used wherever 
feasible. 


Nandrolone decanoate' is a long-acting anabolic 
agent which is chemically related to the andro- 
genic steroids. Nandrolone differs from testoster- 
one in the absence of a methyl group in the 19 posi- 
tion of the molecule. 


Identity Tests.-Due to its possession of physical 
and chemical properties which are closely related to 
those of similar steroidal compounds, a specific 
paper chromatographic identity test is included in 
the monograph for the bulk material. A direct 
comparison of the R, value (about 0.4 in the system 
used) with that of authentic material serves to aid 
in the identification of the con~pound. The 2,4- 
dinitrophenylhydrazine reagent which is used to 
locate the spots on the developed chromatogram 
further aids in identification by establishing the 
compound as a member of the ketosteroid class. 


Quantitative Methods.-The quantitative meth- 
ods included in the monograph were chosen froni 
many which have been applied to this class of com- 
pounds. Due to the presence of an a,@-unsaturated 
carbonyl group in ring A of the steroid molecule, 
nandrolone decanoate may be assayed spectropho- 
tometrically (1, 2), gravimetrically as the semicar- 
bazone (3) or as the 2.1-dinitrophenylhydrazone 
(4), and colorirnetrically following its reaction with 
isoniazid (5) or other reagents (6). 


1 Marketed as Deca Durabolin by Organon. Inc., West 
Orange, N.J .  


. ~ . ~~~ 


(4) Johnston,'C.~G.,  Science. 106, Ql(1947). 
(5) Umberger, E. J., Anal .  Chcm., 27, 768(1955). 
(6) Forist. A. A.. and Johnson. J. I. .. in Higuchi. T.. and 


Brochmann-Hansseo. E.,- "Pharmaceutical Analysis," Intu- 
science Publishers, New York, N. Y.. 11)61. pp. 69-136. 
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(1962). 


2 Maximum deviation from the mean value. 
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indifferent antagonism is equally true with the ergot 
alkaloids. This partial inhibition would be expected 
if glycogenolysis was mediated through both a 
and 6 adrenotropic receptors. If these a and B 
adrenergic blockers were given together. then the 
increase in blood sugar and lactic acid can be abol- 
ished. 


If the contention is true that epinephrine has a 
greater glycogenolytic effect than either levartere- 
no1 or isoproterenol because it stimulates both a 
and 6 receptors, then it is reasonable to assume tha t  
the combined blockade cf both a and j3 receptors 
will completely inhibit glycogenolysis. This has 
been shown to be the case. The results of this 
study give only an incomplete insight into the 
mechanisms involved in glycogenolysis, but do sug- 
gest that the receptors involved include both the 
CY and the B adrenotropic receptors. 
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Polarography of Diastereoisomeric 
N-Nitrosoephedrines 


By LOUIS MALSPEIS and NELL G. M. HUNG 


The polarographic reductions of N-nitrosoephedrine (erytho isomer) and N-nitroso- 
pseudoephedrine (threo isomer) were examined in the pH range 0.6 to 10. Below 
p H  3.2, the limiting currents of both compounds are diffusion controlled and iden- 
tical. In the p H  range 3.2 to 8.2, the limiting currents of the diastereoisomers are 
controlled by diffusion and rate of reaction. At a given pH value in chis region, 
under identical conditions, the limiting current for N-nitrosoephedrine is  greater 
than that for N-nitrosopseudoephedrine. The kinetic currents are catalyzed both by 
hydrogen ion and general acids. With Delahay’s equation, the heterogeneous rate 
constants of protonation of the diastereoisomers were calculated. The rate of pro- 
tonation of N-nitrosoephedrine is greater than that of N-nitrosopseudoephedine. 
These relative rates are interpreted in  terms of structural considerations. T h e  rate 
of protonation is greater with that isomer in  which there is a lesser degree ofintra- 
molecular hydrogen-bonding. Kinetic currents can be used to distinguish between 


diastereoisomers. 


IMITING POLAROCRAPHIC currents which are 
controlled by the rate of a chemical reaction 


and by diffusion are generally referred to  as 
kinetic currents (1, 2). One type of kinetic 
current is controlled by the rate of reaction in 
the electrode reaction layer of an electro inactive 
species which diffuses to the electrode surface 
from the bulk of the solution. Since the relative 
reaction rates of diastereoisomers depend upon 
the population of the possible conformations (3), 
kinetic currents could be used to distinguish be- 
tween diastereoisomers. At a given concentra- 
tion that  diastereoisomer which undergoes reac- 
tion a t  the higher rate should afford the higher 


kinetic current. The primary object of this 
investigation is to determine the effect of con- 
figurational differences on the kinetic currents of 
diastereoisomers. 


The compounds chosen for study are the N- 
nitroso derivatives of (-)-ephedrine and (+)- 
pseudoephedrine, diastereoisomers having well 
established configurations (4-7) (see Scheme I). 
These compounds satisfy the requirement tha t  a 
center of asymmetry must not be involved in the 
reaction at the electrode surface, a requirement 
which increases the likelihood tha t  the reduction 
mechanisms of the two compounds under compa- 
rable conditions will be the same. 
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EXPERIMENTAL 


Materials.-The diastereoisomeric N-nitrosoephed- 
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( - )-Ephedrine 


CsHs 


H3c@: HO 
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O=N CH3 


H3c@rH H 
N H C H ~  


( +)-&Ephedrine 


( +)-N-Nitrosoephedrine ( $)-N-Nitroso-$- 
erythro ephedrine threo 


SCHEME I 


rines were prepared from a commercial sample of 
( - )-ephedrine hydrochloride and a research sample 
of (+ )-pseudoephedrine hydrochloride kindly fur- 
nished by Burroughs Wellcome and Co., using a 
modification of the method of Mitchell (8). The 
rate of nitrosation using 10% hydrochloric acid was 


extremely slow; the rate was rapid when concen- 
trated hydrochloric acid was used. To the alkaloidal 
salt (5.0 Gm.) dissolved in 13 ml. water was added a 
solution of 3.0 Gm. of sodium nitrite in 5 ml. of 
water. To this mixture was added 2.0 ml. of con- 
centrated hydrochloric acid with constant stirring 
for 10 minutes. The reaction mixture was stirred 
for 1 hour longer and the resulting yellow oil was 
separated and purified according to  Mitchell's 
procedure. There was obtained 2.58 Gm. of N- 
nitrosoephedrine, m.p. 93.8 to 94.2', [u]y + 80.7' 
(reported (8) m.p. 93', [u]y + 80.5') and 3.03 Gm. 
of N-nitrosopseudoephedrine, m.p. 88.0 to 88.5", 
[u]*%' + 126.7' (reported (8) m.p. 86.0', [u]y + 
124.5'). 


The buffer systems were prepared from reagent 
grade chemicals which were used without further 
purification. The composition of the buffers for the 
pH dependence study are listed in Table I. 


Equipment.-Polarograms were recorded with a 
Leeds and Northrup Electro-Chemograph, type E; 
the electrolysis vessel was an H-type cell containing a 
saturated calomel reference electrode separated 
from the solution compartment by a potassium 
chlorideagar plug and a sintered-glass disk. The 
polarographic cell was thermostated at 25 f 0.1". 


TABLE I.-BUPPER COMPOSITION, IONIC STRENGTH = 0.29 


BuRer P H ~  Composition. moles/L. 


0.60 
1.60 
2.61 


3.11 
3.23 
3.39 
3.53 
3.70 


3 
3.94 
4.38 
4.75 
5.11 
5.20 
5.47 
5.70 


4 
5.57 
5.82 
6.15 
6.45 
6.65 
6.74 
6.82 
6.89 
7.00 
7.11 
7.21 
7.33 
7.48 
7.62 
7.84 
7.95 
8.22 


5 


HCI 
0.300 
0.030 
0.003 
HSCitrate 
0.005 
0.005 
0.005 
0.005 
0.005 


0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
mxp04 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 


HCd%Oz 


0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 


NaHlCitrate 
0.00 175 
0.00250 
0.00345 
0.00400' 
0.00477 
NaC2H30z 
0.001 
0.002 
0.005 
0.012 
0.015 
0.020 
0.045 
KzHPO4 
0.0003 
0.0006 
0.0011 
0.0021 
0.0033 
0.0041 
0.0050 
0.0061 
0.0075 
0.0093 
0.0116 
0.0150 
0.0200 
0.0283 
0.0450 
0.0600 
0.0950 


NHiOH NH4Cl 
8.95 0.005 0.0117 
9.33 0.005 0.0050 
9.61 0.005 0.0021 
10.03 0.005 0 ,0006 


0 pH values of the buffer solutions after the addition of 10% by volume of 95% ethanol. 


KC1 


0.260 
0.287 
KCI 
0.2882 
0.2875 
0.2866 
0.2860 
0.283 
KCI 
0.289 
0.288 
0.285 
0.278 
0.275 
0.270 
0.235 
KCI 
0.2841 
0.2832 
0.2817 
0.2787 
0.2751 
0.2727 
0.2700 
0.2667 
0.2625 
0.2571 
0.2502 
0.2400 
0.2250 
0.2001 
0.1500 
0.1050 


KCl 
0,2783 
0.2850 
0.2879 
0.2894 


... 
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The dropping mercury electrode had values of 
?n2’3t1/6 of 2.165 mg.2’a s e ~ . - ” ~  open circuit and 
2.092 rng.2/a sec.-l” at -1.35 v. weisus S.C.E. in 
orthophosphate buffer, 2.165 rng.z’a sec. open 
circuit and 2.084 n ~ g . ” ~  sec.-u2 at -1.35 v. versus 
S.C.E. in acetate buffer, 2.140 mg.*/a sec.-I/* open 
circuit and 2.045 rng.2/a sec.-’/2 a t  -1.70 v. versus 
S.C.E. in ammonia buffer, and 2.170 mg.2/asec.-*’2 
at pH 3.70 and 2.144 rng.2/3 s e ~ . - l / ~  at pH 3.11 open 
circuit in citrate buffer. The values of nt2’311/6 are 
at a corrected mercury head of 80.9 cm., except in 
the experiments concerned with the variation of 
average limiting current with the head of mercury. 


Applied voltages were measured with a Rubicon 
model 2730 potentiometer and the iR drop in the 
circuit was measured with an Industrial Instruments 
model RC conductivity bridge. A Beckman model 
G pH meter was used. 


Polarographic hocedure.-A stock solution of the 
nitrosamine was prepared daily by dissolving a 
weighed amount of the compound in 95% ethanol. 
The sample solution was made by the dilution of 
5.00 ml. of the stock solution to 50.00 ml. with the 
appropriate buffer solution. The polarographic cell 
was rinsed with the sample solution and then filled. 
The solution was deaerated in the cell by bubbling 
nitrogen gas through the solution in accordance with 
standard practice, and the polarographic wave was 
recorded at a constant head of mercury (80.9 crn. 
corr.). The initial potential of the polarogram was 
measured and the voltage span of the polarograms 
was calibrated with the Rubicon potentiometer. 
The reported half-wave potentials are corrected for 
ohmic drop; the reported limiting currents are cor- 
rected for the residual current. Damping “2” was 
used throughout the study. The reported limiting 
currents are average currents. 


The ritual used for determining half-wave poten- 
tials involved bisecting the distance between the 
residual current and the tangent to  the wave and 
constructing a parallel to the residual current through 
this point; the voltage corresponding to the point 
of intersection of the rising wave with the parallel 
was taken as the half-wave potential. 


RESULTS 
Wave Characteristics.-Both nitrosamines gave a 


I / /  


a. 


2 3 14 L5 
-E, M L T S  1 s  S C E  


Fig. 1 .-Polarograrns of N-nitrosoephedrine ( I )  
and N-nitrosopseudoephedrine (11) in 0.41 A4 ace- 
tate buffer (a )  a t  pH 5.69 and in 0.0045 Mphosphate 
buffer (b)  a t  pH 7.48. Depolarizer concentration 
4 X 10 4 A l .  
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TABLE IL-WAVE HEIGHTS AND HALF-WAVE 
POTENTIALS IN 4 X lo-‘ M SOLUTIONS OF THE 
DIASTEREOISOMERIC N-NITROSOEPHEDRINES AT 


VARYING pH AT 25’ 


PH 
0.60 
1.60 
2.61 
3.11 
3.23 
3.39 
3.53 
3.70 
3.94 
4.38 
4.75 
5.11 
5.20 
5.47 
5.7ob 
5.57 
5.82 
6.15 
6.45 
6.65 
6.74 
6.82 
6.89 
7.00 
7.11 
7.21 
7.33 
7.48 
7.62 
7.84 
7.95 
8.22 
8.95 
9.33 
9.61 


10.03 


N-Nitrosopseudo- 
hi-Nitrosoephedrine ephedrine 
- EL8’, v. Wave - E l / * .  v. Wave 
us. S.C.E. Ht..4 FA. us. S.C.E. Ht.,a FA. 


0.730 
0.843 
0.958 
1.005 
1.018 
1.033 
1.052 
1.060 
1.084 
1.108 
1.125 
1.146 
1.151 
1.166 
1.175 
1.165 
1.174 
1.178 
1.181 
1,184 
1.186 
1.190 


C 


c 


c 


c 


c 


c 


e 


C 


c 
C 


1.522 
1.524 
1.532 
1.540 


5.51 
5.51 
5.51 
5.51 
5.51 
5.51 
5.47 
5.43 
5.24 
4.80 
4.61 
4.09 
3.94 
3.31 
2.80 
1.52 
1.35 
1.06 
0.77 
0.60 
0.53 
0.47 
0.43 
0.41 
0.41 
0.33 
0.40 
0.27 
0.22 
0.21 
0.20 
0.18 
2.87 
2.70 
2.52 
2.30 


0.728 
0.837 
0.952 
0.996 
1.010 
1.027 
1.046 
1.042 
1.081 
1.115 
1.136 
1.156 
1.163 
1.178 
1.184 
1.163 
1.174 
1.177 
1.189 


c 
c 


C 


c 
c 


C 


C 


e 


C 


c 


c 


c 


c 


1.524 
1.532 
1.531 
1.542 


5.51 
5.51 
5.51 
5.51 
5.51 
5.47 
5.39 
5.35 
4.96 
4.51 
4.13 
3.62 
3.39 
2.60 
2.21 
1.22 
1.03 
0.79 
0.57 
0.47 
0.41 
0.35 
0.33 
0.27 
0.26 
0.25 
0.22 
0.19 
0.17 
0.18 
0.13 
0.12 
2.48 
2.30 
2.22 
2.09 


~ ~ ~~~ 


Q Data were secured at -1.35 v. vs. S.C.E. in the pH 
range 0.60 to 8.22 and at -1.70 v. us. S.C.E. in the pH range 
8.95 to 10.03. Currents in the pH range 0.60 to 3.70 are 
extrapolated values. b Buffer 3. c Poorly defined wave. 


single wave in acidic solutions up to pH 3.7. A 
second wave was observed in the pH range 3.9 to 
6.9. In alkaline solution, pH 8.95 to 10.03, only 


0 8 L 3  01  i 5 on 6 7% 


Fig. 2.--Variation of half-wave potential, El/?,  
with pH for 0 N-nitrosoephedine and 0 N-nitroso- 
pseudoephedrine. Identical half-wave potentials for 
both diastereoisomers are denoted by (3. 
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Fig. 3.-Variation of limiting current with pH at 
25°C. and ionic strength 0.261. Key: 0 , 4  X 10-4 
M N-nitrosoephedriine; 0, 4 X 10-4 M N-nitroso- 
pseudoephedrine. pH range 0.60 to  8.22, -1.35 v. 
us. S.C.E.; pH range 8.95 to  10.03, -1.70 v. us. 
S.C.E. Currents in the pH range 0.60 to 3.70 are 
extrapolated values. Identical currents for both 
diastereoisomers are denoted by (3. pH 0.60 to 2.60, 
buffer 1;  pH 3.10 to  3.65, buffer 2; pH 3.94 t o  5.70. 
buffer 3; pH 5.57 to 8.22, buffer 4; pH 8.95 to 10.03, 
buffer 5. 


one wave was seen. The reported values of poten- 
tial and current refer to the first wave in the pH 
range where two waves occur. 


The second wave possessed a prominent maxi- 
mum. The total height of the first and second waves 
remained constant in both the acetate (16.4 PA.) and 
orthophosphate buffer systems (13.5 PA.). Ac- 
curate values of the half-wave potentials could not 
be determined because of the maximum. Within 
the experimental error, the half-wave potentials of 
the second wave and lo& wave heights for both 
diastereoisomers appeared to be the same in both 
buffer regions. 


The first wave in strongly acidic solution is well 
defined, and up to  pH 3.23 the waves appear to  be 
identical for both isomers. With increasing pH, 
the characteristic wave shape of the compounds be- 
comes increasingly drawn out. Figure 1 shows that 
the current-potential curve of the first wave for 
N-nitrosopseudoephedrine is more irreversible than 
the curve for N-nitrosoephedrine at pH 5.69 in ace- 


tate buffer. At pH 6.65 for the lhreo isomer and pH 
6.89 for the erylhro isomer, the waves become poorly 
defined. Typical poorly defined waves at pH 7.48 
are given in Fig. 1. 


The irreversible character of the reduction was 
demonstrated by the results of the logarithmic analy- 
sis of the first wave. At pH 0.6 and 1.6, the plot of 
log (i/id - 'i) versus E exhibited two straight line 
segments. At pH 2.6, the log plot yielded a single 
straight line with a slope of 11.8 v.-l for both 
diastereoisomers. At pH 3.1, straight line log plots 
with slopes of 12.0 v.-l for N-nitrosoephedrine and 
11.0 v.-l for N-nitrosopseudoephedrine were ob- 
tained. At  higher pH values, the log plots showed 
two and three straight-line segments and occasionally 
single straight lines. Similar results have been 
reported for the reduction of aromatic N-nitroso- 
hydroxylamines (9). 


pH Dependence.-The half-wave potentials and 
limiting currents of the diastereoisomeric nitros- 
ainines a t  different pH values are listed in Table 11. 


The half-wave potentials of both compounds shift 
to more negative values with increase in pH. I t  is 
evident from Fig. 2 that the linear variation of half- 
wave potential with pH in the acid region (pH 0.60 
to 6.82) is divided into three pH ranges. In the pH 
range 0.60 to  3.53, the half-wave potentials of the 
isomers are approximately the same. The half- 
wave potential varies with pH according t o  the ex- 
pression & / p ( E )  = -0.668 -0.110 pH for N-nitroso- 
ephedrine and EL/*(+) = -0.663 - 0.110 pH for 
N-nitrosopseudoephedrine, where the intercepts are 
obtained by extrapolation. The half-wave poten- 
tial of the erythro isomer is clearly more positive 
than that of the threo isomer in the pH range 3.70 to 
5.70 (acetate buffers); however, the slopes of the 
EI!~  versus pH plots are identical, so that EIIZ.(E) = 


pH. The half-wave potentials of both isomers are 
virtually identical in the pH range 5.57 to  6.82 
(phosphate buffers), and the linear variation of Ell2 


with pH is slight; the expression El/, = -1.073 
- 0.016 pH applies to  both diastereoisorners. 


In the alkaline region, only the pH range 8.95 to 
10.03 (ammonia buffers) was examined in the 
present study. The half-wave potentials of both 
isomers are identical in this region, and there is also a 


-0.863 - 0.055 pH and &/e(+) = -0.873 - 0.055 


[I(t2 H, 0 3  X 10' 


Fig. 4.-Variation of limiting current with concen- 
tration of HC&O, (-1.35 v. us. S.C.E.). Acetate 
buffer pH 5.65; ionic strength, 0.261. Curve I: 
4 x 10-4M N-nitrosoephedrine; curve 11: 4 X 
10 M N-nitrosopseudoephedrine. 


a41 
0 5 0 I5 20 25 30 35 


[n2P0.-],  M X O3 


Fig. 5.-Variation of limiting current with concen- 
tration of H2PO4: ( ~ 1 . 3 5  v. us. S.C.E.). Phosphate 
buffer pH 5.59; ionic strength 0.261. Upper curve, 
4 X lo-' M N-nitrosoephedrine; lower curve, 4 X 
lo-' M N-nitrosopseudoephedrine. 
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TABLE V.-DEPENDENCE OF WAVE HEIGHT ON 
DEPOLARIZER CONCENTRATION ( - 1.35 v. vs. S. C. E. ) 
IN ORTHOPHOSPHATE BUFFER AT pH 7.45 AND 


IONIC STRENGTH 0.261 


-Wave Ht..  PA.-- 
Concn., N-Nitroso- N-Nitrosopseudo- 
M x 10‘ ephedrine ephedrine 


20 0.768 0.673 
16 0.626 0.532 
12 0.496 0.413 
8 0.366 0.307 
4 0.248 0.189 


linear shift of E L / ,  with pH to more negative values 
as the pH is increased. The pH-dependence of the 
half-wave potentials in this region is given by El/, = 


The effect of pH on the limiting currents is shown 
in Fig. 3. Since the present study is primarily con- 
cerned with kinetic currents in the pH range 3.53 to 
8.22, comparisons of limiting currents in the acid 
region were made a t  -1.35 v. versus S.C.E. Ac- 
cordingly, it was necessary to extrapolate currents 
in the pH range 0.60 to 3.70 to  -1.35 v. versus 
S.C.E. Comparisons of limiting currents in the 
alkaline region are at -1.70 v. versus S.C.E. The 
limiting currents for both isomers were identical and 
constant in the pH range 0.60 to  3.23. With in- 
creasing pH, the height of the waves decreased in 
the manner characteristic of polarographic currents 
controlled by reaction rate and by diffusion. The 
striking result is that a t  a given pH in the range 3.39 
to 8.22 under identical conditions, the limiting cur- 
rent for N-nitrosoephedrine is invariably greater 
than the current for N-nitrosopseudoephedrine. For 
each set of buffers in the acid region of the pH- 
limiting current profile (Fig. 3), the concentration of 
the buffer acid was maintained constant (Table I). 


ACETIC ACID CONCENTRATION (-1.35 v. us. S.C.E.) 
IN ACETATE BUFFERS AT pH 5.65 AND IONIC 


STRENGTH 0.261 


-1.380 - 0.021 pH. 


TABLE III.-DEPENDENCE OF WAVE HEIGHT ON 


Wave Ht., PA. . 
IHCiHaOzl N-Nitrosopseudo- 
M X 10’ N-Nitrosoephedrineo ephedrinea 


13.5 2.32 
10.8 2.84 2.28 
8.1 2.84 2.24 
6 .3  2.80 2.19 
5.4 2.76 2.17 _ _  
4.5 2.68 2.13 
4 . 1  2 66 2.11 
3 6  2.60 2.07 
3.2  2.56 2.05 


_ _  
4.5 2.68 
4 . 1  2 66 
3 6  2.60 
3 .2  2.56 


2.13 
2.11 
2.07 
2.05 


2 .7  2.52 2 
1 . 8  2.26 1 
0 .9  1.83 1 


- 
n 1)epolarizer concentration 4 X 10-6 M. 


.03 


.93 


.54 


TABLE IV.-DEPENDENCE OF WAVE HEIGHT ON 
DIHYDROGEN PHOSPHATE CONCENTRATION ( - 1.35 v. 
?IS. S.C.E.) IN ORTHOPHOSPHATE BUFFERS AT pH 


5.59 AND IONIC STRENGTH 0.261 


-- Wave Ht., PA.- 7 


[ HzPOd - 1  N-Nitroso- N-Nitrosopseudo- 
M x 10’ ephedrinea ephedrine0 


36.0 2.93 2.18 
31.5 2.64 2.13 
27.0 2.50 2.08 
22 5 2.44 1.97 
18.0 2.35 1.83 
16.2 2.30 . . .  
14 4 2.28 
12.6 2.19 
10.8 2.11 
9 .0  1.93 
7.2 1.80 
5.4 1.70 
4.5 1.54 
3.6 1.43 
2.7 1.38 
1 .8  1.09 
0.9 0.77 


. . .  
1.73 
1.63 
1.51 
1.44 
1.36 
1.30 


1.08 
0.96 
0.75 


. . .  


n Depolarizer concentration 4 X 1 0 - 4  M. 


O a t  9 


O 8 t  


0- 
O E P O L ~ I I Z E R  CONC N X I O ~  


Fig. 6.-The kinetic current in phosphate buffer, 
pH 7.45, ionic strength 0.261 as a function of N- 
nitrosoephedrine (upper curve) and N-nitroso- 
pseudoephedrine (lower curve) concentrations 
(-1.35 V. VS. S.C.E.). 


The discontinuity in the pH profile at about pH 5.6 
occurs where there is a change from acetate buffers to 
orthophosphate buffers. I t  is evident that the 
limiting current depends on the concentration and 
type of the buffer acid as well as the hydronium ion 
concentration. 


In the alkaline region, pH 8.95 t o  10.03, a linear 
decrease of limiting current with increasing pH was 
observed for both isomers. The ammonia concen- 
tration was maintained constant in this experiment. 
It is significant that a t  a given pH under identical 
conditions the limiting current of the erythro isomer 
is greater than that of the threo isomer. 


Variation of Limiting Current with General Acid 
and Depolarizer Concentration.-The dependence of 
the limiting current on the concentrations of acetic 
acid a t  pH 5.65 and dihydrogen phosphate ion a t  pH 
5.59 are summarized in Figs. 4 and 5 and Tables I11 
and IV. In these experiments, the buffer ratio was 
maintained constant; constancy of pH was checked 
throughout the experiment. In each case, a t  very 
low concentrations of general acid the limiting 
currents were very low and increased rapidly with an 
increase in the general acid concentration. Then 
followed a range of concentrations of the general acid 
over which the limiting current proved to be a linear 
function of the buffer acid concentration. A t  higher 
concentrations of the general acid, the rate of 
change of wave height with concentration of the 
buffer acid decreased, and the limiting currents ap- 
peared to approach a constant value. For a sub- 
strate concentration of 4 X 10-4 M ,  i t  was observed 
that the limiting current varies linearly with [HC2- 


and that the limiting current varies linearly with 
[HzPOd-] = 4.5 X to  10.8 X lo-* M a t  pH 5.59. 
I t  is apparent in both cases that the slope of the 


Ha021 = 2.7 X SO-’ to  5.4 X 10-3 M at pH 5.65 
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TABLE V1.-VARIATION OF AVERAGE LIMITING C U R R E N ~  WITH HEAD OF MERCURY FOR N-NITROSOEPHED- 
RINE AT pH 5.59, 7.45, 8.22, A N D  9.33 A N D  IONIC STRENGTH 0.261 


7 N-Nitrosoephedrineb 
Ir corr., c pH 5.594 pH 5.598 pH 5.591 p~ 7 . 4 ~  pH 8.221 p H  9,330 


cm. i l ,  #A. i i /hVa h, PA. i i /hV* h,  PA. i i /hV* h, FA. i i /hVa i i .  PA. i i / h V  i i ,  *A. i i / h V 2  


813.9 2.62 0.291 1.93 0.216 1.55 0.172 0.236 0.0262 0.165 0.0184 2.80 0.311 -_  - 
65.3 21% 0.309 i.ii 0.224 i.44 0. i78  0.Zi3 0.0263 0.1% 0.0190 2.56  0.3i7 
49.3 2.32 0.330 1.69 0.241 1.38 0.196 0.189 0.0269 0.136 0.0194 2.30 0.328 
31.2 2.08 0.371 1.50 0.267 1.26 0.225 0.159 0.0286 0.112 0.0201 1.95 0.349 


(I Data were secured at -1.35 v. us, S.C.B. at pH 5.59. 7.45. and 8.22 and at - 1.70 v. us. S.C.E. at y H  9.33. b Depolarizer 
(I [Hz- concentration 4 x 1 0 - 4  M. 


PO*-] = 0.009 M. 
c Mercury height corrected for back pressure; h,.,in. = 2.5 em. d [HtPOd-I = 0.036 M. 


I [HaPOd-] = 0.0045 M. Q [NHIOHI - 0.0045 M. 


linear plot for the erythro isomer is greater than that 
for the threo isomer. 


Preliminary experiments were performed to 
arrive a t  an estimate of the rate constants of pro- 
tonation due to  water, hydronium ions, and the 
&POI- ion. Several studies of the above type 
using a constant buffer ratio (HzPO,-J/[HPOI‘J 
were made in the narrow pH range 5.59 t o  5.91. 
The slopes of the plot of limiting current against 
[H,Po4-] were “almost” parallel ; slight deviations 
are undoubtedly due to protonation of the nitros- 
amines by HPO,‘ ion. 


The variation of the limiting currents with the 
concentration of the substrate was examined at pH 
7.45, where the limiting current is largely kinetic 
current. The limiting current varied linearly with 
concentration for both diastereoisomers between 
4 X lo-’ M and 2 X 


Variation of Average Limiting Current with Head 
of Mercury.-Wave heights of N-nitrosoephedriue 
were determined at pH values 5.59, 7.45, 8.22, and 
9.33 at different mercury column heights from 31.2 
to 80.9 cm. (Table VI). The average limiting cur- 
rents were corrected for variations of residual current 
with mercury column height, and the mercury 
head was corrected for back pressure. The experi- 
ments in the pH range 5.59 to  8.22 were camed out in 
phosphate buffers; those at pH 9.33 were done in 
ammonia buffers. In each experiment a decrease in 
limiting current and an increase in the ratio ii/hl’* 
resulted from a decrease in the height of the mercury 
column. A t  pH 5.59, the concentration of dihy- 
drogen phosphate ion was varied from 4.5 X lo-* 
to  3.6 X lo-* M to  determine the effect of the buffer 
acid concentration on the variation of the average 
limiting current with the mercury head. I t  is seen 
that with increasing concentration of the buffer 
acid, the increase in the ratio i i /hli9 with the 
decrease in the mercury head becomes more pro- 
nounced. 


DISCUSSION 
Over-all Reactions.-Systematic studies of the 


polarographic reduction of N-nitrosamines of 
secondary aliphatic and heterocyclic amines were 
reported by Lund (10) and by Zahradnik, Svbtek, 
and Chvapil(l1). Based upon controlled potential 
electrolysis at a macro mercury electrode. Lund 
proposed that a four-electron reduction yielding a 
hydrazine derivative occurs in the acid region and 
that a two-electron reduction yielding the secondary 
amine occurs in alkaline solution. 
RR’N-N = OH+ + 4H+ + 4 e - 4  


M (Table V, Fig. 6). 


RR’N-NHs+ + 2Ht0 
2RR’N-N = 0 + 3H10 f 4e- + 


2RR’NH + NzO + 40H-  


The same course of the reduction in the acidic 
region was proposed by Zahradnik and co-workers 
based upon their analysis of the polarographic 
waves. Analogous to the reaction scheme postulated 
by Kolthoff and Liberti (12) for the reduction of N- 
nitrosophenylhydroxylamine, Zahradnik, et al., sug- 
gested that the reduction proceeds in two stages: 
a two-electron reduction of the nitrosamine to  the 
aminohydroxylamine, followed by a two-electron 
reduction of the aminohydroxylamine t o  the 
hydrazine derivative. In the present study the 
acid region is considered to  extend to pH 8.22. The 
assumption is made that the hydrazine derivative is 
the product of the electrochemical reduction. 


pH Dependence of Half-Wave Potentials.-The 
fact that the slopes of the plots of El/, versus pH 
are the same for both N-nitrosoephedrine and N- 
nitrosopseudoephedrine indicates that the number of 
hydrogen ions which react with the substrate for 
each electron which is transferred is the same for 
both diastereoisomers in each of the three pH 
ranges of the acid region (Fig. 2). I t  is noted that 
changes of slope occur with changes of buffer system 
in the pH region where the current is not entirely 
diffusion controlled. The first change of slope 
occurs at about pH 3.5; a t  this pH the limiting cur- 
rent changes its character from diffusion controlled 
current to  diffusion and kinetic-controlled current. 
The second change of slope is at about pH 5.7, 
where the limiting current becomes largely kinetic 
controlled. At a given pH value in both acetate and 
orthophosphate buffers, the half-wave potentials were 
not dependent upon the concentration of the buffer 
acid, although a slight shift to  more negative poten- 
tials was observed at high orthophosphate buffer 
concentrations. 


According to  Elving (9), no satisfactory interpreta- 
tion of the magnitudes of the slopes of the Ei/* 
versus pH plots is known for the aromatic N-nitroso- 
hydroxylamines. The same problem is present in 
the reduction of the N-nitrosamines. The different 
slopes in the acid region suggest that the reaction 
mechanisms a t  the electrode surface change and 
that the buffer components participate in the reac- 
tions. 


Current Controlled by Reaction Rate and DitTu- 
&on.-It appears from the shape of the pH-limiting 
current profile (Fig. 3) that the nitrosamine is pro- 
tonated prior to  reduction (11). The unprotonated 
nitrosamine is either not reduced at the electrode 
surface, or more likely, it is reduced a t  greater nega- 
tive potentials than the protonated compound. 
The second wave may be due to reduction of the 
unprotonated compound. 


Unlike the kinetic currents of most weak acids 
which have been studied (13). where the weak acid 
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and its conjugate base are present in solution. the 
N-nitroso derivatives of aliphatic amines are so 
weakly basic that the protonated nitrosamine is not 
present in aqueous solution at  pH 0.5 or greater. 
The ultraviolet absorption spectra of N-nitroso- 
ephedrine and N-nitrosopseudoephedrine did not 
change over the pH range 0.60 to 8.22. Hazeldine 
and Martinson (14) observed that the ultraviolet 
spectrum of diethylnitrosamine is the same in aque- 
ous neutral, acidic, or alkaline solutions. Zahradnik, 
et al. (l l) ,  reported that the pK values a t  22' of 
N-nitroso derivatives o f  secondary aliphatic and 
heterocyclic amines determined in 18.4% sulfuric 
acid ( H ,  = -0.80) range from -1.28 to -1.99. 
Thus, it is concluded that the nitrosamine exists only 
as the unprotonated species in the bulk of the solu- 
tion, and that it is only in the field of the electrode 
that protonation occurs. 


The limiting current in the reduction of the proton- 
ated nitrosamine is determined by the diffusion of 
the nitrosamine to the electrode and by the rate of 
protonation at the electrode surface. In the pH 
range 0.60 to  3.39 for N-nitrosoephedrine and 0.60 
to 3.23 for N-nitrosopseudoephedrine, the limiting 
current is invariant with pH change (Fig. 3). The 
concentration of the hydrogen ion in the electrode 
double layer is high in this region, and the current is 
diffusion controlled. It is apparent that the dif- 
fusion currents of both diastereoisomers are the 
same, and it follows that the diffusion coefficients of 
their conjugate acids are the same. Assuming that 
four electrons are involved in the reduction, the dif- 
fusion coefficient D, was calculated from the clas- 
sical Ilkovic equation to  be 7.36 X 10- cm.* sec.-l. 


With increasing pH, the limiting currents decrease 
as they are controlled by both diffusion and the rate 
of protonation. Since the diffusion coefficients of 
both diastereoisomers are the same, the higher 
limiting current for N-nitrosoephedrine at a given pH 
value in the range 3.39 to  8.22 under identical condi- 
tions indicates that the rate of protonation at the 
electrode surface of N-nitrosoephedrine is greater 
than that of N-nitrosopseudoephedrine. 


The fact that the limiting current for the reduction 
of secondary aliphatic and heterocyclic N-nitros- 
amines in strongly acidic and strongly alkaline solu- 
tions is diffusion controlled was established by both 
Lund (10) and Zahradnik, et el. (11). who found that 
the limiting current varied linearly with the square 
root of the corrected mercury column height. The 
present study is primarily concerned with the reduc- 
tion of aliphatic N-nitrosamines in aqueous buffers 
where the current is both diffusion and kinetic con- 
trolled. In Table VI, it is seen that the average 
limiting current decreases and the ratio ii/hL'* in- 
creases as the head of mercury is decreased at pH 
5.59, 7.45, 8.22, and 9.33. Clearly, the current is not 
diffusion controlled in these buffers. The decrease 
in limiting current with a decrease in the head of 
mercury is characteristic of currents controlled both 
by reaction rate and diffusion (15). Unexpectedly, 
the currents at pH 7.15 and pH 8.22 do not appear 
to be pure kinetic currents, for the magnitude of the 
currents are dependent on the mercury head. 


A t  about pH 5.6, there is a discontinuity in the pH- 
limiting current profile, which indicates that the 
buffer acids also protonate the nitrosamines at the 
electrode surface. Since protonation occurs in the 
potential field of the electrode, the kinetic current 
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TABLE VII -HETEROGENEOUS PSEUDO FIRST- 
ORDER RATE CONSTANTS OF PROTONATION ( - 1.35 v.  
vs. S.C.E.) IN ORTHOPHOSPHATE BUFFERS AT pH 


5.91 AND IONIC STRENGTH 0.261 


N-Nitroso- N-Nitrosopseudo- 
eybedrinec ephedrinec 


[HtPOa-I, (kr)h .  cm./sec.-' (kr)h. cm./seC.-' 
M X 10' Erpt1.o Ca1cd.b Expt1.o Ca1cd.b 


9 . 0  0.398 0.436 0.306 0.309 
7 . 2  0.388 0.395 0.282 0.280 
5 . 4  0.347 0.353 0.249 0.251 
4 . 5  0.328 0.332 0.238 0.237 
3 . 6  0.309 0.312 0.225 0.223 


4 Experimental values determined by the graphic method 
from Uelahay's equation (15) .  b Calculated values are from 
the heterogeneous rate constants of protonation of Table 
VIII .  c Depolarizer concentration 4 X 1 0 - 4  M. 


due to protonation of the substrate by acetic acid 
must be larger than the kinetic current, due to  pro- 
tonation by dihydrogen phosphate ion because of the 
repulsion of the negatively charged ion by the elec- 
trode. Consequently, the limiting currents a t  pH 
5.57 in acetate buffers are higher than the limiting 
currents in orthophosphate buffers at the same con- 
centration of buffer acid. 


There are three concentration regions of interest 
in the plots of limiting currents versus general acid 
concentration (Figs. 4 and 5). At very low concen- 
trations of the general acid, the concentration of the 
general acid in the electrode double layer is less than 
that in the bulk of the solution as the electrolysis 
proceeds. The limiting current in this first region is 
very low since the catalyst molecule must diffuse to 
the electrode double layer prior to protonation of the 
substrate. As the concentration of the buffer acid 
is increased, the change of the buffer acid concentra- 
tion in the electrode double layer is relatively small 
as the electrolysis proceeds, and the concentration 
of the buffer acid in the electrode double layer can be 
assumed to  be the same as that in the bulk of the 
solution. The kinetic current in this region varies 
linearly with the concentration of buffer acid. In 
the third region. the concentrations of the buffer acid 
are high, and the limiting current tends to become 
independent of the buffer acid concentration. The 
attainment of a constant limiting current is the 
consequence of reaching a limiting rate of protona- 
tion at high catalyst concentrations since the 
catalyst concentrations are much larger than the 
substrate concentrations in these systems. 


The fact that the slopes of the linear variation of 
limiting current with the concentrations of acetic 
acid or dihydrogen phosphate ion are greater for 
N-nitrosoephedrine than for N-nitrosapseudoephed- 
rine suggests that the former compound is proton- 
ated at a faster rate by these acids. 


I t  is of interest to note that Zahradnik and co- 
workers (11 )  also observed dependence of the limit- 
ing current on phosphate buffer concentration in the 
polarographic reduction of N-nitrosopyrrolidine. 
However, the reported pH dependency of the wave 
height showed no discontinuity upon change of the 
buffer system. In this laboratory, it was observed 
thatthe limitingcurrent in the reduction of N-nitro- 
pyrrolidine at pH 5.57 is greater in acetate buffer 
than in orthophosphate buffer having the samf 
concentration. I t  is probable that the concentra- 
tions of both acetate and phosphate buffers which 
were used by Zahradnik, et al. ( l l ) ,  were very high, 
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TABLE VIII.-ORDERS OF MAGNITUDE OF RATE 
CONSTANTS OF PROTONATION OF DIASTEREOISOMERIC 


N-NITROSOEPHEDRINES (-1.35 v. vs. S.C.E.) 


(kO)hB (kR+)h ,  (kH,POr-)h, 
cm. L. cm. L. cm. 


Compd. see. - 1  moles-’ moles-1 
sec. - ‘ Sec. - 1 


N-Nitroso- 0.171 4.73 X 10‘ 23.0 


N- Nitrosopseudo- 
ephedrine 


ephedrine 0.115 4.07 X 10‘ 15.9 
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or that the acetate buffer concentration was low and 
the phosphate buffer concentration was very high. 


Orders of Magnitude of Rate Constants of Ro- 
tonation.-The rate constants of protonation of the 
nitrosamines can be calculated from the kinetic cur- 
rents (16), providing the ionization constants of the 
conjugate acids aze known. However, the concept 
of the ionization constant of the protonated nitros- 
amines in dilute aqueous solution is meaningless 
because these compounds are strong acids and are 
formed only a t  the electrode surface. Nevertheless, 
Zahradnik, et al. (ll), using the pK value determined 
in 18.4% sulfuric acid, calculated the reaction rate 
constant of protonation of N-nitrosopyrrolidine to  be 
5.0 X 10‘ L./mole-l/sec.-l, and the rate constant of 
dissociation to  be 9.6 X loL6 L./mole-’/sec.-’ with 
Koutecky‘s equation. 


A meaningful estimation of the rate constants of 
protonation of the diastereoisomeric N-nitroso- 
ephedrines can be obtained using the method of 
Delahay (15), in which heterogeneous rate constants 
are calculated from the kinetic currents. In this 
treatment of kinetic polarographic currents, Delahay 
assumed that the protonation reaction occurs in a 
monolayer a t  the electrode surface. The boundary 
conditions cited apply to  the present situation. 
Delahay’s equation for the average current controlled 
by reaction rate and diffusion is i = 12558nmY8- 
7*”Co(k,)h in which T is the average current in 
microamperes, n is the number of electrons involved 
in the reduction, m is the rate of mercury flow in 
mg./sec.-’, 7 is the drop time in second, C, is the 
bulk concentration of the substrate in millimoles per 
liter, (k,)h is the heterogeneous rate constant in 
cm./sec.-’, andbisafunction y[l - +((k,)nd~TD}] 
exp [(kv*)hT]/D in which n is the diffusion coefficient 
in cm.*/sec.-l, where y is the average current to 
maximum current ratio, and +( (k,)nd\/z/D) is the 


error integral 2 / 4 r  e-%z. With the 
- 


graphic method (15). rate constants have been cal- 
culated for linear segments of the limiting current 
versus [HzPOd-] plots a t  constant buffer ratios 
[H,PO4-]/[HPO4-] in the pH range 5.59 to  5.91. A 
typical set of rate constants is presented in Table 
VII. The rate constant (k , )r  is the heterogeneous 
rate constant for a pseudo first-order reaction. For 
a reaction catalyzed by both hydrogen ions and 
general acids in orthophosphate buffer (k)h = 


(ka~o;)h[HPO,’]. The slope of the plot of (&)h 
versus [HzPOI-] in the linear region is given by 
( ( ~ E , P ~ , - ) A  -k ( ~ E P o ; ) I [ H P ~ ‘ ] / [ H ~ P ~ ~ - ]  ), and 
the intercept is given by ( (ko)n -I- (ka+)n[H+] 1. 
The pH range 5.59 to  5.91 was selected t o  yield the 


( k o ) h  + (ka+)r[H+] + (KHZPO~-)~IH~POI-I + 


best approximation of the rate constant of protona- 
tion due to  hydrogen ions. 


The limiting current in this pH range, while con- 
trolled by both diffusion and rate, is largely rate 
controlled. Delahay (15) determined that when 
(k,)~ D-1/2 is smaller than 0.05 sec.-l’*, the 
current is completely rate controlled, and for 
(k , )h D-I” values between 0.05 and 5 sec.-1’2 the 
current is controlled by both diffusion and rate. 
The current in these experiments is substantially 
kinetic current, since the values of (k,)~ D-”Z 
ranged from 0.083 to 0.187 s e ~ . - ~ / ~ .  I t  may also be 
noted that on the pH-limiting current profile (Fig. 
3), the current is entirely kinetic current in the pH 
range 6.65 to  8.22. 


The value of (kapo;)~ certainly must be small 
as a consequence of the repulsion of the doubly 
charged HPQ’ ion by the electrode. Nevertheless, 
the slight deviations from parallel slopes observed in 
plots of (kr)h versus [H*PO4-] in the linear region at 
constant buffer ratios in the pH range 5.59 to  5.91 
for both N-nitrosoephedrine and N-nitrosopseudo- 
ephedrine are undoubtedly due to  catalysis by HPO,‘ 
ions. However, the concentrations of HPO4’ in 
this pH range are so small that for the purposes of 
the present approximate calculations, it  will be 
assumed that (~HPo;)~[HPO~’] = 0 and that 
(ks,po,-)n will be taken as an average value of the 
slopes. From the slopes and intercepts of the (k,)h 
versus [H*PO4-] plots, second-order heterogeneous 
rate constants of protonation were calculated (Table 
VIII). A further assumption in these calculations 
is that the reaction a t  the electrode surface is first 
order in both hydrogen and H2P04- ions. 


The agreement between experimental and cal- 
culated heterogeneous first-order rate constants is 
satisfactory (Table VII), considering that the 
average values of the slopes were used to calculate 
(kErPO,-)h. It can be shown that above pH 5.6, 
protonation by H20 molecules represents a major 
contribution of the kinetic current. 


It is of interest to  estimate the order of magnitude 
of the rate constants of protonation of the nitros- 
amines in terms of “conventional” rather than 
“heterogeneous” rate constants for comparison pur- 
poses. An approximation of the ionization constant 
K of the protonated nitrosamines (K = kd/k,, in 
which ka and k, are the rate constants of dissociation 
and protonation, respectively) is required for the 
calculation. However, the rate of protonation of 
the nitrosamine at the electrode surface is quite dif- 
ferent from the rate in the bulk of the solution. Ac- 
cordingly, the requisite ionization constant is the 
value at the surface of the electrode determined 
under conditions that the concentrations of hydrogen 
ions and nitrosamine at the electrode surface are the 
same as the concentrations in the bulk of the solu- 
tion. Based upon this interpretation, the value of K 
to be used in the calculation is the polarographic 
value; that is, the pK is the pH at which the limiting 
current is one-half the diffusion current. It should 
be noted that fluctuation of the hydrogen ion concen- 
tration in the vicinity of the electrode surface (15) 
permits the determination of only an approximate 
value of the pK. 


The polarographic pK could be determined di- 
rectly from the pH-limiting current profile (Fig. 3) if 
the reduction were specific acid-catalyzed. How- 
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TABLE IX.-ORDERS OF MAGNITUDE OF RATE CONSTANTS OF PROTONATION OF DIASTEREOISOMERIC N- 
NITROSOEPHEDRINES (-1.35 v. us. S.C.E.) 


Polarographic kn * h I * P l 4 -  
Compd. PK ko sec. -1 I,. mole-! s e c - 1  L. mole-’ scc - 1  


N- Nitrosoephedrine 4.67 8.49 X 6.50 X lo9 1.54 X LOa 
N- Nitrosopseudoephedrine 1 .61  4.41 X 5.52 X loo 0.854 X 10’ 


ever, the reductions above pH 3.23 are also catalyzed 
by the buffer acids. In this case, the polarographic 
pK can be determined from a constructed pH-limit- 
ing current profile in which the limiting current a t  a 
given pH is the value extrapolated to zero general 
acid concentration. An alternate procedure is to 
calculate the pK from the heterogeneous catalytic 
constants due to  hydrogen ion, as described by 
Delahay (15). According to Delahay, the pH of 
the solution in which the limiting current is one-half 
the diffusion current is given by (pH)’/* = log 


(ka+)b  is the heterogeneous catalytic constant for 
H +, and [(kr)h]ln is the heterogeneous pseudo fust- 
order rate constant for a limiting current equal to  
one-half the diffusion current. The values of pK. 
calculated by this latter procedure, were 4.67 and 
4.61 for N-nitrosoephedrine and N-nitrosopseudo- 
ephedrine, respectively. 


Assuming that the calculated polarographic K 
values are the ionization constants of the protonated 
nitrosamines at the electrode surface, it is possible to 
calculate the orders of magnitude of the conventional 
rate constants of protonation from the heterogeneous 
rate constants using the relationship (17) k, = 
K / D  (kt)h2 in which k, is in L. mole-’ sec.-I, 
when (&)A is in L. cm. mole-’ set.-', and k, is in 
sec.-l when (k,)~ is in cm. sec.-l. The conven- 
tional rate constants of protonation calculated in 
this way are listed in Table IX. 
Currents in Alkaline Solution.-Neither Lund (10) 


nor Zahradnik, el al. ( l l ) ,  reported currents con- 
trolled by reaction rate and diffusion for the reduc- 
tion of N-nitrosamines in alkaline solution. Lund 
reported that above pH 9, diffusion currents were 
independent of pH while Zahradnk el al., ob- 
served that limiting currents decreased slightly with 
increasing pH. 


A decrease in wave height with increasing pH in 
the pH range 8.95 to 10.03 was observed in the 
reduction of both diastereoisomeric N-nitroso- 
ephedrines (Fig. 3). Variation of the limiting cur- 
rent with mercury column height (Table \’I) indi- 
cates that the current in this region is both kinetic 
and diffusion controlled. The kinetic current for 
N-nitrosoephedrine is greater than that for N-nitroso- 
pseudoephedrine. Thus, the diastereoisomers can 
be distinguished by comparing the limiting currents 
obtained under identical conditions in alkaline and 
acidic solutions. 


Structural Considerations 


While the configurations of (-)-ephedrine and 
( +)-pseudoephedrine are firmly established, the 
conformational population of the ground states is 
still questionable. I t  is well agreed that the most 
stable conformation of ( +)-pseudoephedrine is the 
one in which the NH and OH functional groups are 
gauche. This conclusion is based on crystal- 
lographic data (18), infrared (19) and N.M.R. 
spectra (20), and the results of reaction product 


( k H + ) h  D-”* -log [(kr)n D-’’a]i,t - 3, where 


studies (21-24). On the other hand, differing views 
are held regarding the most stable conformation of 
( - )-ephedrine. The view most widely held, based 
upon reaction product studies (21-24) and a study 
of hydrogen bonding in the diastereoisomeric 
ephedrines by N.M.R. (20), is that the NH and OH 
groups are in a preferred trans conformation. The 
alternate view, based upon crystallographic data 
(18) and evidence from infrared spectra that intra- 
molecular hydrogen bonding occurs in ephedrine 
(19), is that in the most stable conformation of (-)- 
ephedrine, the NH and OH groups are gauche. 
The pKa values in 80% cellosolve have been deter- 
mined to  be 9.14 for ( - )-ephedrine and 9.22 for ( +)- 
pseudoephedrine ; these results have been inter- 
preted in terms of a favored NH, OH trans conforma- 
tion for (-)-ephedrine and a favored NH, OH 
gauche conformation for ( +)-pseudoephedrine (25). 
However, the very small difference between the pK 
values suggests that the NH and OH groups are 
gauche in both diastereoisoiners with a greater 
degree of hydrogen bonding in ( +)-pseudoephedrine, 


The conformational population of the ground 
states of the diastereoisomeric N-nitrosoephedrines 
should be the same as that of the diastereoisomeric 
ephedrines since the conformations are governed by 
the Same nonbonded interactions. Intramolecular 
hydrogen bonding occurred in both N-nitroso- 
ephedrines, suggesting that the N-N = 0 and OH 
groups are gauche in both isomers (26), with a 
higher degree of intramolecular hydrogen bonding in 
N-nitrosopseudoephedrine. 


CH@ H $&H 


N-Nitrosopseudoephedrine N-Nitrosoephedrine 


I t  is evident from the structures, that the non- 
bonded interactions are greater in N-nitroso- 
ephedrine. The canonical forms of the N-nitros- 
amines shown above depict the barrier to  rotation 
about the N-N bond. The large contribution of 
these canonical forms to  the structures of the N- 
nitrosamines is indicated by the nonequivalence of 
the two methyl groups of dimethylnitrosamine, 
which exhibit two seperate resonances in the room 
temperature N.M.R. spectrum (27). Intramolec- 
ular OH . . . 0 hydrogen bonding, although involv- 
ing a seven-membered ring, should stabilize these 
resonance structures. 


Based upon these structural considerations, it is 
expected that the protonation preceding electron 
transfer in the electrochemical reduction will take 
place at the nitroso-oxygen. The compound in 
which there is the greater degree of hydrogen bond- 
ing will be protonated a t  the slower rate. Accord- 
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ingly, the kinetic current is expected to be greater for 
N-nitrosoephedrine than that for N-nitrosopseudo- 
ephedrine. The experimental results confirm this 
view. In addition, these results suggest tha t  intra- 
molecular hydrogen bonding occursin both diastereo- 
isomers in dilute aqueous solution, and that the 
NNO, OH gauche conformation is important in both 
compounds. 
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Coating Pharmaceuticals by Coacervation 
By RUSSELL E. PHARES, JR., and G. J. SPERANDIO* 


The objectives of this study were to investigate the phenomenon of coacervation as a 
new means of coating pharmaceuticals and to develop procedures of operation for 
coating some commonly used drugs. Factors decting coacervate drop size, some 
methods of regulating coating thickness, and techniques of controlling the volume 
of the coacervate produced were determined. Using sodium sulfate solutions and 
gelatin solutions as the coacervating liquids, five solids and two liquids were coated 


and processed to produce dry powders. 


HE OBJECTIVES of this project were to investi- 
Tgate the phenomenon of coacervation as it is 
related to the coating of pharmaceuticals and to 
originate and develop procedures for coating 
pharmaceuticals by coacervation. 


Coacervation is a phenomenon associated with 
colloidal solutions. A colloidal system is com- 
monly defined as a two-phase system in which one 
phase is a continuous liquid, while the other phase 
is a solid which is highly dispersed throughout the 
liquid as particles ranging in size from 0.001 to 
0.5 F. This definition has been extended to 
include any (micro) homogeneous system con- 
taining colloidal particles or structures derived 
from them, so that systems containing kinetic 
units smaller than 0.001 p may still be considered 
colloids (1). 


In a true solution of macromolecules, that is, a 
system containing kinetic units smaller than 
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0.5 p ,  certain changes-such as changes of tem- 
perature or pH or the addition of substances-can 
produce a reduction in solubility that will cause a 
large part of the macromolecules to separate into 
a new phase. This colloid-rich phase may exist 
either in a high or low state of dispersion. When 
a system contains a colloid-rich phase in a low 
state of dispersion, it is possible to distinguish 
microscopically and macroscopically between 
crystallization and coacervation, which is the 
formation of amorphous liquid drops. These 
liquid drops constitute the coacervate and under 
favorable conditions will coalesce in a matter of 
hours into one clear, homogeneous liquid layer 
known as a coacervate layer (1). 


Coacervates will, in general, accept and sur- 
round drops of organic liquids which are immisci- 
ble with water, as well as insoluble solid particles, 
when they are offered in the equilibrium liquid 
(1). It is this ability of coacervates to coat 
insoluble materials present in the equilibrium 
liquid that makes it a method of microencapsula- 
tion. “Simple” coacervation as a coating method 
has been shown to be economically feasible by the 
National Cash Register Co., Dayton, Ohio, 
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lized from niethanol-water (three times); 9.5 Gm. 
(05%). 1n.p. 113-114". 


Anal.-Calcd. for C~~HIEOS: C, 66.65; H, 5.61. 
Found: C, 66.50; H,  5.80. 


6 - (2  - Acetoxy - 1,4 - naphthoquinon - 3 - y1)- 
hexanoic Acid (XXI).-The boron trifluoride pro- 
cedure described for I); and XI (11) was applied to 
15 Gin. of S I X  in 150 nil. of glacial acetic acid. 
After 2 hours at room temperature, water was 
carefully added and the yellow crystalline pre- 
cipitate was recrystallized from niethanol-water; 
9.0 Gni. (537bi), m.p. 85--80°. 


And-Calcd. for CisHisO~: C, 65.50; H,  5.50. 
Found: C, 65.58; H, 5.31. 


Complexes with 1-Naphthylisocyanate (XV) : 
XVI, XVII, XVIII, XX-The following procedure 
(XV + V )  was also applied to S V  and IIIc, XII, 
and XIX. A solution of 2 Gni. of V in 10 ml. of 
absolute chloroform was prepared by gentle warm- 
ing, and 3-3 ml. of XV was added dropwise, where- 
upon yellow crystals immediately precipitated. 
Lipon cooling the product was filtered off and an 
infrared spectrum taken. I t  was then washed 10 
times with absolute ether and dried over phos- 
phorus pentoxide. No change in the intensity of 
the 2260 cm.-l band in the spectrum was observed 
after washing; 1.8 Gm. (77%), m.p. 106". 


The same complex was obtained by refluxing a 
chloroform solution of V and XV for 5 hours. 
Neither the lawsone nor the primary alcohol groups 
in the side chain were affected. 


When the complex was dissolved in absolute 
ethanol, the ethyl urethane was readily formed, 


Journal of Pharmaceutical Sciences 


and the quinone moiety could be recovered by 
addition of ether to the reaction mixture. 


Analytical data for the complexes are collected 
in Table 111. 
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Comparative Chromatographic Identification of the 
Alkaloids of Ten Apdeg iu  Species 


By CHARLES L. WINEK, JACK L. BEAL, and MICHAEL P. CAVA 


The results of a comparative study of the alkaloid constituents in the roots of ten 
species of A rikgiu are reported. Magnoflorine was present in  all of the species, 
while in  eig& of the species berberine and aquilegeninine were also present. A 
fourth alkaloid, unidentified, is believed to be present in  the roots of A. cumdensis. 


H E  GENUS A qdegiu is classified botanically 
Tamong the Ranunciilnreae. The Rantin- 
czrlnreue, like the closely related (1) Berberiduceae, 
constitute a family among which a number of 
alkaloid-containing genera are found (2, 3). In 
this paper the results of a comparative study of 
the alkaloid constituents of ten species of 
Aquilegia are reported. 


A literature search revealed a paucity of 
phytochemical information concerning the genus 
Aquikgiu. Indeed, the only report of a 
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constituent analysis of an Aquilegia species 
dates from 1897, when De Rochebrune (4) 
described the isolation of a n  alkaloid, which he 
called aquilegine, from the seed of A. oulgaris. 


Munz recognizes 67 species of Apziilegia (5) 
distributed throughout the world. Of these, 
there are approximately 24 species in North 
America. 


It is readily apparent when examining mono- 
graphs on Aquilegiu (5,6) tha t  most species have 
several synonymous names which would lead one 
to  believe that  a larger number of species must 
have been considered to  exist prior to the 
thorough study of the genus. Aquilegias are 
found throughout the entire United States and 
were considered at one time for the title of 
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TABLE I.-SPECIES OF Apuikgia SCREENED 


Methanol 
Av. Extractable 


Dried Wt. Material in 
No. per Root. Dried Roots 


Species Source Plants Gm. % 
A .  canadensis Gardens of the Blue Ridge, Ashford, N. C. 50 8.34 18 
A .  vulgaris erecta edel- 


wease 
A .  skinneri 
A .  oxysepala 
A .  Jonesii 
A .  canadensis nana 
A .  chrysanthu 
A .  chrysanthu alba 
A .  McKana hybrid 
A .  caerulea 


American Perennial Gardens, Garden City, Mich. 
American Perennial Gardens, Garden City, Mich. 
American Perennial Gardens, Garden City, Mich. 
American Perennial Gardens, Garden City, Mich. 
American Perennial Gardens, Garden City, Mich. 
Springbrook Gardens, Mentor, Ohio 
Springbrook Gardens, Mentor, Ohio 
Springbrook Gardens, Mentor, Ohio 
Wayside Gardens, Mentor, Ohio 


25 
25 
15 
15 
15 
50 
50 
50 


100 


7.32 
3.64 
1.67 
0.20 


9.84 
6.56 


9.83 


18.2 


10.4 


36 
21 
10 


40 
44 
25 
40 
40 


national flower (7). As with many plants, 
Aquilegia has acquired various common names. 
In many sections of the United States i t  is known 
incorrectly as honeysuckle (8, 9). Probably the 
most widespread common name oi Aquilegia is 
columbine. Two references to  the medicinal use 
of the genus Apuikgk have been encountered. 
Culpeper (10) wrote in  1814 tha t  the leaves 
of columbine were commonly used in lotions for 
the treatment of sore mouths and throats, and 
that seeds of the plant were used in treatment of 


jaundice and as an oxytocic. He reported also 
tha t  Spaniards used the root to treat kidney 
stones. Felter and Lloyd reported (11) in 1884 
that  co lumlhe  possessed antiscorbutic, diuretic, 
and diaphoretic properties. They also wrote that  
Linnaeus regarded the plant as toxic to children. 


The alkaloids magnoflorine, berberine, and 
aquileginine have been isolated from Aquilegia 
hybrids var. Scott-Elliott (16). 


Extracts of A .  hybridu var. Scott-Elliott and 
authentic samples of magnoflorine chloride and 


TABLE II.-SUMB~ARY OF R, VALUES OF AquileRk SPECIES QUATERNARY FRACTION 


No. of 
Solvent Alkaloidal" Fluorescence. 


Species System Spots U.V. 
A .  hybrida, Scott-Elliott PAW" 1 Blue (magnoflorine) 


BAWd 1 Blue (rnagnoflorine) 
1 Blue (magnoflorine) 


A .  canadensis PAW I Blue 
PEW' 


BAW 2 Blue 


PEW 2 Blue 


A .  canadensis nana PAW 1 Blue 
BAW 1 Blue 
PEW 1 Blue 


0 


Nonfluorescen t 


Nonfluorescent 


Nonfluorescen t 


~ ~ .. 


A .  vulgaris erecta edelweise PAW 
BAW 
PEW 


A .  skinneri PAW 


1 Blue 
1 Blue 
1 Blue 
1 Blue 


R r  
0.54 
0.55 
0.26 
0.55 
0.83 
0.55 
0.85 
0.26 . ~. 


0.63 
0.55 
0.55 
0.26 
0.55 
0.55 
0.26 
0.55 


BAW 1 Blue 0.55 
PEW 1 Blue 0.26 


BAW 1 Blue 0.55 
PEW 1 Blue 0.26 


A .  Jonesiib PAW 1 Blue 0.55 
B AW 1 Blue 0.55 
PEW 1 Blue 0.26 


A .  chrysantha PAW 1 Blue 0.55 
BAW 1 Blue 0.55 
PEW 1 Blue 0.26 


A .  chrysantha alba PAW 1 Blue 0.55 
BAW 1 Blue 0.55 
PEW 1 Blue 0.26 


A. McKana hybrid PAW 1 Blue 0.55 
BAW 1 Blue 0.55 
PEW 1 Blue 0.26 


A. caerulea PAW 1 Blue 0.55 
BAW 1 Blue 0.55 
PEW 1 Blue 0.26 


A .  oxysrpalab PAW 1 Blue 0.55 


a Stained with Dragendorff's reagent. 
Butanol, acetic acid, water; 5: 1:4 (top phase, ascending). 


Represents total extractive. Propanol, ammonium hydroxide. water; 2:  1 : 1 .  
e Pyridine, ethyl acetate, water; 310:750: 165. 
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A .  McKnnn hybrid 


A .  chrysantha 


A .  chrysantha alba 


A .  canadensis nana 


A .  caericlea 


TABLE III.-SUMMARY OF R, VALUES OF Aquilegia SPECIES TREATED CHLOROFORM FRACTION 


No. of 
Solvent Alkaloidal" Fluorescence, 


Species System spots U.V. R/ 
A .  hybridu Scott-Elliott PAWb 2 Yellow (berberine) 0.58 


Nonfluorescent 0 .85  
BAWc 2 Yellow (berberine) 0 .41 


Nonfluorescen td 0.84 
PEWd 2 Yellow (berberine) 0.35 


NonfluorescentC 0.54 
PAW 2 Yellow 0.58 


Nonfluorescent 0 .85  
BAW 2 Yellow 0.41 


Non fluorescen t 0.84 
PEW 2 Yellow 0.35 


Nonfluorescen t 0.54 
PAW 2 Yellow 0.58 


Nonfluorescent 0.85 
BAW 2 Yellow 0.41 


Nonfluorescent 0.84 
PEW 2 Yellow 0 35 


Nonfluorescent 0.54 
PAW 2 Yellow 0 . 5 8  


Nonfluorescen t 0.85 
BAW 2 Yellow 0.41 


Nonfluorescent 0.84 
PEW 2 Yellow 0.35 


Nonfluorescent 0.54 
A .  canadensis PAW 2 Yellow 0.58 


Nonfluorescen t 0.85 
B.4W 2 Yellow 0.41 


Nonflu crescen t 0.84 
PEW 2 Yellow 0.35 


Nonfluorescent 0.54 
A .  vulgaris erecta edelweise PAW 2 Yellow 0.58 


Nontluorescen t 0.85 
BAW 2 Yellow 0.41 


Nonfluorescent 0.84 
PEW 2 Yellow 0.35 


Nonfluorescent 0.54 
A .  skinneri PAW 2 Yellow 0.58 


N on fluorescent 0.85 
BAW 2 Yellow 0.41 


Nonfluorescent 0.84 
PEW 2 Yellow 0 . 3 5  


Nonfluorescent 0 54 
PAW 2 Yellow 0.58 


Nonfluorescen t 0 .85 
BAW 2 Yellow 0.41 


Non fluorescen t 0.84 
PEW 2 Yellow 0.35 


Nonfluorescent 0.54  
PAW 2 Yellow 0.58 


0.85 Nonfluorescen t 
BAW 2 Yellow 0.41 


Nonfluorescent 0.84 
PEW 2 Yellow 0.35 


Nonfluorescent 0.54  


'* Stained with Dragendorff's reagent. Propaool, ammonium hydroxide, water; 2:  1 : l .  Butanol, acetic acid, water: 
Identical with the R/ value of the non- 6 : 1  :4 (top phase, ascending). 


fluorescent compound, aquileginine, isolated from A .  hybrida var. Scott-Elliott. 
Pyridine, ethyl acetate, water; 310:750:165. 


berberine chloride were used as reference samples 
in this study, the object of which was the screen- 
ing of ten additional species of Aquilegia for the 
presence or absence of the alkaloids present in A .  
?i ybridu var. Scott- Elliott. 


EXPERIMENTAL 
Procurement of Plant Material and Extraction of 


Roots.-Whole plants of the Aquilegia species listed 
in Table I were obtained as indicated by the source 
of supp1y.l The plants were dried in an oven at 60" 


1 A plant of each species is being grown to Serve as a 
herbarium specimen. 


and the aerial portions separated from the roots. 
The dried roots were ground to a coarse powder in a 
Wiley mill. The number of plants obtained and the 
resulting average dry weight per root is reported for 
each species in Table I. This information is given 
to afford an appreciation of the variance in plant 
size of the species under investigation. One- 
hundred grams of each species (except for A .  
Jonesii, A .  skinneri, and A .  oxysepala which yielded 
lower weights as indicated in Table I) were extracted 
in a Soxhlet apparatus with methanol. Extraction 
was carried to exhaustion as indicated by a negative 
Valser's test. The extracts were concentrated t o  
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chromatographic data obtained with three solvent 
systems (Tables I1 and H I ) ,  a total of only four 
different alkaloids appeared to be present in the 
entire group. Three of these compounds were 
chromatographically identical with the three alka- 
loids isolated from Aquilegia hybrida var. Scott- 
Elliott-namely, berberine, magnoflorine, and aquil- 
eginine (12). 


Magnoflorine was present in every species screened 
in this study. In the case of three species (A .  
Skinneri, A. McKana, and A.  canadensis), its 
identity was confirmed by the actual isolation of 
crystalline magnoflorine chloride (15). I n  the 
case of two species (A. Jonesii and A .  oxysepala) 
magnoflorine was the sole alkaloid detected; how- 
ever, the apparent absence of other alkaloids may 
be caused by the very limited amount of plant 
material available in these two instances. 


All species investigated (except A.  Jonesii and A.  
oxysepala) appeared to contain berberine. Since 
the completion of this work, however, we have 
been forced to the conclusion that berberine and the 
closely related palmatine cannot be distinguished 
satisfactorily by paper chromatography (17). 
In  view of this fact, the possibility that palmatine 
may occur in Apuilegia species cannot be discounted 
at this time. 


Every species containing berberine also contained 
a third alkaloid apparently identical with aquil- 
eginine, a new crystalline quaternary alkaloid 
found in A .  hybrida var. Scott-Elliott (12). In  
addition, a fourth alkaloid, not pet characterized, 
was detected only in A .  canadensis. Both the 
nature of this fourth alkaloid and the constitution of 
aquileginine are under continued investigation. 


dryness and the weights recorded (Table 1). Each 
total extract was dissolved in dilute acid (aqueous 
hydrochloric, pH 2), made alkaline with ammonium 
hydroxide solution, and extracted with chloroform 
in a rotary film extractor.’ This procedure yielded 
two fractions: an aqueous alkaline mother liquor 
(quaternary fraction) and a chloroform fraction. 


Paper Chromatography.-The descending tech- 
nique was utilized (except with one solvent system 
where the ascending technique was used) as indi- 
cated in Tables I1 and 111. Sheets of Whatman No. 
1 paper were employed. Extracts were chromato- 
graphed simultaneously with reference extracts and 
authentic alkaloids. The spotted paper sheets were 
equilibrated for several hours prior to  development. 
Developed, air-dried chromatograms were viewed 
under long wave ultraviolet light to mark fluorescent 
spots and were then sprayed with Dragendorffs 
reagent (13) to  reveal positive alkaloidal spots. 
All R, values were calculated from measurements 
taken at the center of stained spots. 


Quaternary Fractions.-The aqueous alkaline 
mother liquor from each species was made acid (pH 
4) with 10% HCI, and the quaternary bases were 
precipitated with ammonium reineckate after the 
procedure of Panouse (14) as modified by Hogg (15). 


, The alkaloidal reineckates were converted to the 
corresponding alkaloidal chlorides via the method of 
Kampfhammer (16). The resulting alkaloidal 
chlorides were dissolved in alcohol and chromato- 
graphed simultaneously with the corresponding 
fraction from Apuilegia hybrida, var. Scott-Elliottand 
with an authentic sample of magnoflorine chloride. 
The results are indicated in Table 11. 


Chloroform Fractions.-The chloroform fraction 
from each species was concentrated and chromato- 
graphed along with the corresponding fraction from 
the Scott-Elliott variety. However, because of 
extraneous matter, the chloroform fractions yielded 
brown areas on developed chromatograms which 
made positive alkaloidal spots difficult to discern 
with Dragendofls reagent. It was then found that 
the alkaloids from this fraction could be extracted 
in purer form from an acid solution with chloroform. 
Therefore, each chloroform fraction was con- 
centrated to dryness, and the residue was dissolved 
in dilute hydrochloric acid (10%) and again ex- 
tracted with chloroform in a rotary film extractor. 
The resulting clear brown chloroform fractions were 
then chromatographed simultaneously with a 
known sample of berberine chloride and the cor- 
responding chloroform fraction from A.  hybridu var. 
Scott-Elliott as references. The results are listed 
in Table 111. Because of a limited supply of plant 
material, a chloroform fraction was not prepared 
from A .  oxysepala and A .  Jonesii. 


DISCUSSION 


All ten species of Apuilegia examined contained 
alkaloids in the roots. On the basis of paper 


2 Rinco liquid-liquid extractor, Scientific Glass Apparatus 
co.  
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Alkaloids of the Bark of Teclea grandifolia 
By FRANK D. POPP and D. P. CHAKRABORTY 


T h e  bark of Teclea grandifolia Engl. was 
found to contain evoxanthine, norevoxanthine, 


and an unidentified alkaloid. 


N 1957, GELLERT (1) reported on the constituents I of the bark of Teclea grandzjoliu Engl. Rutaceac. 
In addition to identifying a number of nonalka- 
loidal constituents, Gellert reported the presence of 
about 1.2% alkaloids in the stem bark of T.  grandi- 
f o l k .  However, this material was stated to be 
amorphous in character and was not further exam- 
ined. In 1958, Paris and Stambouli (2) reported 
that the roots of T. grandijolia contained the alka- 
loid evoxanthine. In view of the medicinal use of 
T.  grandifolia in Africa (1) and the presence of alka- 
loids in related genera, we now report an extension 
of Gellert's investigation of the stem bark of T.  
grandifliu. 


The ground stem bark was extracted with naphtha 
to remove the nonalkaloidal constituents, and the 
residue was extracted continuously with 90% 
ethanol. The residue remaining after concentration 
of the ethanol extract was digested with acid and the 
acidic solution brought to pH 8. At this pH a pre- 
cipitate was collected and chromatographed to give 
an alkaloid, m.p. 217-218", in O.Wyo yield. This 
material was homogeneous by paper chromatog- 
raphy (3). Its ultraviolet and infrared spectra were 
identical with evoxanthine; it did not depress the 
melting point of an authentic sample of evoxanthine. 


The residual remaining after the acid digestion 
was extracted with methylene chloride to give after 
chromatography an alkaloid, m.p. 274-275", in 
O.OOS~O yield. This alkaloid gave derivatives, tests, 
and spectra consistent with that of norevoxanthine 
(4). That it was norevoxanthine was confirmed by 
its conversion to evoxanthine on treatment with 
diazomethane. 


After precipitation of the crude evoxanthine at  
pH 8, a chloroform extraction of the basic solution 
yielded after chromatography a trace of yellow solid, 
m.p. 185". in less than 0.00270 yield. This nitrogen 
containing material was homogeneous on paper 
chromatography, gave a positive Lebat test, had 
ultraviolet maxima at 208 and 278 mp (95y0 ethanol) 
and the infrared spectra included bands a t  3600 and 
1620 cm.-' Sufficient material for further identifica- 
tion was not available. 


While a total ethanol extract of the bark and a 
total naphtha extract of the bark both exhibited 
snme activity against cell culture (KB line) (EDu 
of 3.0 X 10' and 6.2 X 1CP mcg./ml., respectively), 
evoxanthine itself was inactive (EDw of >1.0 X 
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10' mcg./ml.).l The total ethanol extract exhibited 
no activity or toxicity against the Dunning leu- 
kemia in Fisher ra t s2  


EXPERIMENTAL 
Plant Material.-The tree bark (trunk) of T. 


grandifollicr was supplied by the Silviculturist, Ghana. 
A small amount of the initial material was supplied 
by Dr. Gellert (1). 
Extraction and Isolation.-The dried powdered 


bark was extracted first with naphtha and then 
with 90% ethanol. The ethanol extract was con- 
centrated in vacuo and the concentrate digested with 
8% hydrochloric acid. The acidic digest was fil- 
tered, brought to  pH 8 with sodium carbonate, and 
a dirty green precipitate obtained. Chromatography 
of this precipitate over alumina (Merck, reagent 
chromatographic aluminum oxide) gave, with chloro- 
form as the eluent, a solid (O.O40J, yield), m.p. 217- 
218' (from ethyl acetate). The Rf on paper chroma- 
tography using butano1:acetic acid: water (4: 1: 1) 
was 0.87 (3). This material was identical in every 
respect with an authentic sample of evoxanthine. 
The powdered residue obtained after the hydro- 
chloric acid digestion of the ethanol extract was ex- 
tracted with methylene chloride. Concentration of 
the methylene chloride gave a solid (0.006%), m.p. 
274275" [reported (4) for norevoxanthine, m.p. 
275"j. This material appeared to be identical tc 
norevoxanthine in all of its reactions. That it waa 
norevoxanthine was confirmed by reacting it with 
diazomethane in methanol to  give evoxanthine. 
The norevoxanthine had an R ,  of 0.79 in the above 
solvent system. The basic solution left after the 
precipitation of the crude base a t  pH 8 was ex- 
tracted with chloroform, and the concentrated ex- 
tract was chromatographed over alumina (Merck) 
to give in the methanol eluate a material (0.0020/,), 
n1.p. 185'. with an R, of 0.72 in the above solvent 
system. This material contained nitrogen and gave 
a positive Lebat test. The details of its spectra are 
included in the text. 


A number of other extraction schemes were tried 
with the same qualitative results. Solid nitrogen 
containing compounds with R ,  for other than 0.87, 
0.79, and 0.72 were not obtained. Traces of non- 
crystalline materials with R, of 0.58 and 0.69 were 
observed in some cases. 
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Investigation of Drug Release from Solids V 
Simultaneous Influence of Adsorption and Viscosity on the 


Dissolution Rate 


By DALE E. WURSTER and GERALD P. POLLIt 


The simultaneous influence of several factors including chemical reaction, adsorp- 
tion, and viscosity on the dissolution rate of a slightly-soluble acidic solid was in- 
vestigated usin bentonite, a montmorillonite clay. Adsorption isotherms, de- 
termined by a dlialysis procedure, were developed for a benzoic acid and bentonite 
system. The viscosity of various bentonite and neutralized bentonite suspensions 


was determined. 


HE INFLUENCE OF adsorption on the dissolu- 
Ttion rate was shown in a previous report from 
this laboratory (1). Experimental evidence ob- 
tained from a diffusion controlled dissolution 
process indicated that an adsorbent, when used in 
adequate amounts, was capable of increasing the 
dissolution rate obtained under a decreasing con- 
centration gradient to the maximum rate ob- 
tained at a constant concentration gradient by 
removing solute molecules from solution. In 
the case of the viscosity parameter, the current 
study showed the dissolution rate for 96% of 
the total viscosity range studied (1 to 260 cps.) to  
be a function of the viscosity raised to the -0.5 
power. However, a nearly linear relationship was 
obtained at low viscosities (1 to  5 cps.). 
In most pharmaceutical and in w’uo systems it 


would not be possible to separate the viscosity 
influence from that caused by the adsorbent. 
Therefore, a study of the simultaneous influence 
of these factors on the dissolution rate was at- 
tempted. 


EXPERIMENTAL 


Apparatus and Procedure.-The apparatus, tab- 
let production, and general experimental procedure 
for determining the dissolution rate were identical 
to  that used in previous investigations (1,2). 


Adsorption Isotherms.-Adsorption isotherms 
were determined at 25 f 1” for benzoic acid by 
bentonite U.S.P. (3-7) using a dialysis procedure. 
A 50-ml. quantity of distilled water was added to  a 
125ml.. wide mouth, ground glass-stoppered con- 
tainer, containing 750 mg. of bentonite. A cellulose 
bag’ containing 25 ml. of a standard benzoic acid 
solution was placed in the bentonite suspension. 
Control runs using distilled water instead of benzoic 
a a d  solutions were also included in order to  correct 
the alkalinity of bentonite. The containers were 
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closed and shaken until equilibrium was reached 
Although preliminary studies demonstrated equi- 
librium after only 4 hours, each flask was shaken for 
24 hours. A sample of the clear fluid from inside 
the dialysis bag was taken for analysis at the end 
of this time. The amount of benzoic acid in solution 
was determined by titrating with a standard sodium 
hydroxide solution under an atmosphere of nitrogen 
using phenolphthalein as the indicator. The 
amount of benzoic acid adsorbed by the bentonite 
was calculated by difference. The amount of 
benzoic acid adsorbed was verified by assaying the 
suspension outside the dialysis bag for benzoic acid 
using a back titration technique. 
Dissolution Studies in Bentonite Suspensions.- 


The bentonite suspensions (2 L. of freshly boiled 
distilled water plus an accurately weighed quantity 
of bentonite) were prepared 2 days before using. 
Agitation of the solvent medium was started 15 
minutes before zero dissolution time. This was 
done to allow m y  shearing of the suspension by 
the stirrer to occur before the initial viscosity was 
measured. 


Using an Epprecht rheometer, the viscosity was 
determined at zero dissolution time and after com- 
pletion of each run. Bentonite suspensions, at 
sufficient concentrations, exhibit thixotropic flow. 
A standard method for measuring viscosity was 
necessary since various concentrations were to  be 
studied; therefore, the following method was used 
throughout. The shear rate was increased until the 
pointer was deflected approximately half scale in 
order to remove entrapped air; the instrument was 
then stopped. After 2 minutes, the instrument was 
again started and the appropriate shear rate selected 
so that the pointer was deflected approximately half 
scale. The initial reading was recorded and the 
bob was allowed to rotate for 30 seconds. All lower 
shear rates were then measured in rapid succession. 
This was repeated twice, at 2-minute intervals. 
Cup and bob “0” were used for all measurements. 


The dissolution rates of benzoic acid tablets in 
bentonite suspensions of increasing concentration 
were determined as previously described (2). 


Dissolution Studies in Neutralized Bentonite 
Suspensions.-The procedure was the same as given 
above, except for the following. The alkalinity 
introduced by the bentonite was eliminated by 
titrating to  pH 7.0 using a standard HCl solution. 
Twenty-four hours were allowed for the neutraliza- 
tion. The suspensions were brought to their final 
volume at the end of the neutralization period. 


The dissolution rates of benzoic acid tablets in 
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neutralized bentonite suspensions of increasing 
coilcentration were then determined. 


RESULTS AND DISCUSSION 


The method of calculating the dissolution rate 
including the surface-weight and shape-volume 
factors have been discussed previously (1, 2). 


Adsorption Isotherms 
Before the adsorption isotherms were determined, 


several exploratory experiments were carried out. 
Adsorption of benzoic acid by the cellulose dialysis 
bag did not occur. This was determined by placing 
a standard benzoic acid solution in the glass con- 
tainer and distilled water in the dialysis bag and 
allowing the system to equilibrate. All the benzoic 
acid was accounted for by assaying the inside and 
outside solutions. Also, significant amounts of 
bentonite did not pass through the wall of the 
dialysis bag. Experimentally, this was determined 
by gravimetric analysis of the solids content when a 
dialysis bag containing distilled water was immersed 
in a bentonite suspension and allowed to come to 
equilibrium. The osmotic pressure effect was 
negligible, too. This was determined by measuring 
the volume of the solution inside the dialysis bag 
after attaining equilibrium with a bentonite sus- 
pension. A significant difference in the volume of 
the solution was not found. 


A typical adsorption isotherm is shown in Fig. 1. 
The adsorptive capacity ranged from 26.1 to  28.9 
mg. of benzoic acid per 750 mg. of bentonite. 
Thus, while bentonite did adsorb benzoic acid from 
aqueous solution, the adsorption was only moderate. 
The adsorption of this relatively small amount was, 
however, readily reproducible. 


Viscosity 
The viscosity was determined with a rheogram; 


the viscosities of various bentonite and neutralized 
bentonite suspensions are shown in Fig. 2. The 
average scale reading at each rate of shear was used 
t o  determine total 7. The bentonite suspensions 
exhibited both Newtonian and plastic flow; the 
tendency for plastic flow increased as the bentonite 
concentration increased. The yield values ranged 
from 0 to  1 dyne/cm.*, whereas the neutralized 


Journal of Pharmaceutical Sciences 


bentonite suspensions gave yield values from 0 to  
7.6 dynes/cm.* 


Dissolution Studies in Bentonite and Neutralized 
Bentonite Suspensions 


Chemical Reaction, Adsorption, and Viscosity.- 
Figure 3 shows the dissolution rate plotted against 
the concentration of the suspensions for both 
bentonite and neutralized bentonite. The point 
where both curves intersect the ordinate is, of course, 
the dissolution rate in water under conditions of a 
decreasing concentration gradient. This figure 
shows that an initial increase, followed by a leveling 
off, and subsequently, a decline in the dissolution 
rate occurred. The initial increase in rate in the 
upper curve is a result of the combined effects of the 
alkalinity of the bentonite and its adsorbent prop- 
erty; both of these properties result in an increased 
dissolution rate. The theoretical aspects of these 
effects are thoroughly treated in previous papers 
from this laboratory (1, 8). The decrease in rate 
results from the increase in viscosity. As stated 
previously, a near linear relationship existed between 
the decrease in dissolution rate of benzoic acid and 
the viscosity of methylcellulose solutions varying 
between 1 to 5 cps. The more rapid decline of the 
dissolution rate in the case of the neutralized ben- 
tonite resulted from the slight increase in viscosity 
over that of the bentonite suspensions a t  the 
Same concentration, as shown in Fig. 2. How- 


6 -  


Fig. 2.--Vis- 
cosity of bento- 
nite suspension vj 
us. concentration 8 
of bentonite in - 4 -  


2 L. of distilled 
water. +, bentc- g 
nite supensions; g - 
0, neutralized 5 
bentpnite sus- 
pensions. 


0 I I ' I ( * I '  


BENTONITE, GM. 
0 20 40 80 60 


ever, the main difference between the two curves 
in Fig. 3 is due to the alkalinity of bentonite. 


Curves A and B in Fig. 4 were obtained from the 
data given in Fig. 3. Here the dissolution rate is 
plotted as a function of viscosity. The viscosity 
is that of the corresponding bentonite Concentration 
given in the previous figure. Curve C was obtained 
from the dissolution rate studies in methylcellulose 
solutions and shows only the effect of viscosity on 
the dissolution rate. In general, the explanation 
given for Fig. 3 also explains curves A and B; 
however, several other points should be mentioned. 
In a previous study (1) it was shown that an 


adsorbent is capable of increasing the dissolution 
rate up to a maximum. The maximum is the rate 
obtained in pure water under such conditions that no 
appreciable buildup of the solute occus, and a 
constant concentration gradient (Nernst-Briinner 
film theory) is maintained. When the concentra- 
tion of the solute increases to  the point where the 
concentration gradient decreases significantly, the 


Fig. 1.-Typ- 
ical adsorption 
isotherm for 
benzoic acid 
by bentonite. 
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dissolution rate is also decreased. However, an 
adsorbent in adequate concentration is capable of 
increasing the rate to  the maximum by removing 
solute molecules from solution and thereby main- 
taining the concentration gradient at the maximum. 
A further increase in the adsorbent concentration 
will not increase the dissolution rate above this 
maximum. This is apparently the explanation 
for the plateau region in curve B. The maximum 
dissolution rate of benzoic acid in these neutralized 
bentonite suspensions was 0.0462 Gm./cm.'/hour. 
This compares favorably to  the value of 0.0459 


Fig. 3.-Dis- 
solution rate of 
benzoic acid us. 
concentration of 
bentonite in 2 
L. of distilled 
water. Key; 0, 
bentonite sus- 
pensions; 0, 
neutralized ben- 
tpnite suspen- 


0.02 !k-k-%A s'ons- 
BENTONITE, GM. 


Gm./cm.*/hour obtained with Norite (1) and the 
rate of 0.0456 Gm./cm.*/hour in water. 


A t  low viscosities adsorption appeared to be the 
dominant factor; ultimately the influence of vis- 
cosity overcomes this factor. Above 3.5 cps., for 
the viscosity range studied, curves B and C are 
nearly identical. This indicates that viscosity is 
the controlling factor for these concentrations of 
neutralized bentonite. This behavior would be 
expected, theoretically, since a linear relationship 
between the amount adsorbed and the concentra- 
tion of the adsorbent would exist. A linear rela- 
tionship between the dissolution rate and viscosity 
over the range of 1 to 5 cps. also exists; however, 
the viscosity increases at a faster rate with an 
increase in the bentonite concentration. 


The difference between curves A and B can be 
accounted for by the alkalinity of the untreated 
bentonite. Also, since the in5uences of alkalinity 
and adsorption are superimposed upon the vis- 
cosity in5uence. the dissolution rate of a solid weak 
acid will be greater in bentonite suspensions than 
that indicated solely by the viscosity of the medium. 


Salt Effect.-In the case of neutralized bentonite 
suspensions another possible effect on the dissolu- 
tion rate should be mentioned. This is the salt 
effect. Again it was shown previously (2) that the 
dissolution rate decreased in a linear manner as 
the equilibrium concentration decreased. The 
latter concentration decreases as the concentration of 
various salts increases and thus decreases the water 
concentration (1, 8). For a suspension containing 
80 Gm. of bentonite in 2 L. and neutralized with 
HCI, the amount of salt formed in terms of NaCl 
was approximately 7 X lo-* moles/l. On the 
basis of the above-mentioned experiments this salt 
concentration would not cause a significant change 
in the dissolution rate of the benzoic acid. For 
example, a 0.154 MIL. concentration of NaCl 
caused the dissolution rate under the existing 


Fig. 4.--Sim- 


dissolution rate. 8 
Key: A, chem- 


cosity; B, ad- 


viscosity; C, vis- 
cosity. 


sorption and VISCOSITY, CPS. 


conditions to change from 0.0426 to 0.0414 Gm./ 
cm.¶/hour (8). 


Viscosity.-The measured viscosity of all ben- 
tonite suspensions was essentially the same after 
the dissolution experiment 8s before except for the 
neutralized suspensions containing 60 and 80 Gm. 
of bentonite. For these suspensions the h a 1  
viscosity was 0.9 and 2.3 cps. higher. respectively, 
than the viscosity at zero dissolution time. In 
these two cases the average viscosity was used. 


Change in pH.-The pH of the suspensions fol- 
lowing the dissolution experiments varied with the 
bentonite concentration, the pH being higher for 
those suspensions of greater concentration. The 
final pH varied from 4.6 to 7.3 over the range of 
bentonite concentrations studied (10 to  80 Gm./2 
L.). The increased pH was due to  both increased 
chemical reaction and adsorption as the bentonite 
concentration increased. 


The pH of the neutralized bentonite suspensions 
was followed as a function of dissolution time. The 
results indicated that neutralized bentonite had 
little or no buffer capacity toward benzoic acid. 
The h a 1  pH varied from 4.0 t o  4.6 for the range of 
neutralized bentonite concentrations studied (10 to  
80 Gm./2 L.). The increased pH was due to  the 
increased adsorption of benzoic acid as the bentonite 
concentration increased which then resulted in a 
decrease in the equilibrium concentration of the acid. 


SUMMARY 


Using bentonite U.S.P.. a montmorillonite clay, 
the simultaneous induence of several factors on the 
dissolution rate of compressed benzoic acid tablets 
was investigated. 


The adsorption isotherms, determined by a dialysis 
procedure, showed bentonite to  have a moderate 
and reproducible adsorption capacity for benzoic 
acid. 
When the dissolution rate was determined in 


bentonite suspensions, the controlling factors were 
characterized as chemical reaction, adsorption, and 
viscosity; when the dissolution rate was determined 
in neutralized bentonite suspensions, only adsorption 
and viscosity were the controlling factors. 


For both bentonite and neutralized bentonite 
suspensions, the dissolution rate increased, leveled 
off, and finally decreased as the concentration of 
bentonite increased. 


In methylcellulose solutions of various concentra- 
tions where a correction was made for the increased 
solubility of benzoic acid in this medium, viscosity 
was made the only variable affecting the rate of 
solution. A linear relationship between the rate 
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and the viscosity was found for viscosities of 1 to 5 i b ~ 2 ~ ~ ; ~ $ ! i Q ~ ) , L -  Wunter, D. E., and Higuchi. T.. 
cps. The dissolution rate was a function of the  (3) w ~ r y  E.T. A m .  Miner. 10 i20(1825) 
viscosity raised to the -0.5 power for the rest of the (4) M a n h h  C.’E. J .  P h . ’ C h A t .  41 935(1937) 


(5 )  Davis, d. W.,’ Vacher. H. C:, aZd Conley: J. E.,  
viscosity range studied (1 to 260 cps.). “Bentonite: Its Properties, Mining, Preparation, and 


Utilization,” U. S. Dept. of the Interior, Bull. 609, 1940, 
p. 13. 
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Technical Articles 
Continuous Production of Tablet Granulations in a 


Fluidized Bed I 


Theory and Design Considerations 


By MORTON W. SCOTT*, HERBERT A. LIEBERMAN, ALBERT S. RANKELL, 
and  JOSEPH V. BATTISTA 


A single step rocess for the production of tablet granulations on a continuous 
basis is descriged. The process is based on the use of a modified fluidized bed 
dryer. Im omnt  considerations in the design and operation of the equipment 
are derivezfrom material and energy balances and from heat and mass transfer 
relationships. The report illustrates the usefulness of the pharmaceutical engi- 


neering approach in the analysis of new process developments. 


LUIDIZATION TECHNIQUES have been used in 
various process industries for over 20 years 


(1, 2). The unit operation has found applica- 
tions in areas as diverse as roasting processes 
(3), refining uranium ores (4), gasification of 
carbon (5), and ion exchange procedures (6). 
Fluidized bed drying has been studied extensively 
(7-9). The usefulness of fluidization techniques 
for the drying of tablet granulations was also 
discussed recently (10) ; rapid rates of drying and 
reduced operating costs were some of the ad- 
vantages reported for the process. 


Procedures for coating particulate solids in 
fluidized beds have been developed by Wurster 
(11) and applied to a variety of pharmaceutical 
products. When the coating agents have ad- 
hesive qualities, the technique also can be used for 
agglomeration and for the preparation of tablet 
granulations (12). The Wurster apparatus oper- 
ates in a batchwise fashion and thus finds major 
usefulness when numerous small batches of dif- 
ferent formulations must be processed. 
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The present report introduces a new fluidiza- 
tion process capable of high-volume production of 
tablet granulations on a continuous basis. The 
fundamental pharmaceutical engineering rela- 
tionships which have been applied successfully in 
designing and operating the fluidized bed granu- 
lator are developed in this report. A brief discus- 
sion of conventional batch and continuous fluidi- 
zation processes is presented as background mate- 
rial. An accompanying report reviews the process 
performance levels and product characteristics 
obtained in batchwise and continuous operation 
of the equipment (13). 


The analysis of the fluidized bed granulation 


Chombrr 


- _ _ _ _ _ _ _ _ _ _  
Envonded section 


Tionsition section Troniition section 


Fig. 1. -Schematic drawing of a simple fluidized bed. 
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Cardiovascular Pharmacology of 
N,N'-Bis-[ a- (2-pyridyl)ethyl]-eth yienediamine 


Dimaleate 
By ROBERT P. HALLIDAY*, WILLIAM J. KINNARD, and JOSEPH P. BUCKLEY 


N,N'-Bis-[a-(2-pyridyl)ethyl] -ethylenediamine dimaleate (JB 5058) ,  a substituted 
olymethylene diamine with hypotensive action, was noted to have alpha adrenergic 


!locking activity, as demonstrated in the cat superior cervical ganglion nictitating 
membrane reparation. It did not produce a centrally mediated hypotensive re- 
sponse in tge dog cross-circulation preparation. JB 5058 produced only a tran- 
sient decrease in  cardiac output while increasing femoral blood flow. The hypo- 
tensive activity of JB 5058 appears to be caused by a decrease i n  peripheral vascular 
resistance primarily due t o  a1 ha adrenergic blockade. It also appears to  produce 


a modest antagonism ofangiotensin I1 o n  vascular smooch muscle. 


ALLIDAY ET AL. (1) have reported that  N,N'- 
bis- [a-(2-pyridyl)ethyl]ethylenediamine di- 


maleate (JB 5058) was the most active hypo- 
tensive compound in a series of substituted poly- 
niethylene diamines. The compound produced 
marked hypotensive effects of long duration in 
anesthetized rats and dogs, and preliminary data  
suggested that  the compound blocked alpha 
adrenergic receptors. This present study was 


ander taken  t o  define more clearly the effects of 
JB-5058I on the cardiovascular system and to 
elucidate more fully the mechanisms of action of 
this compound. 


METHODS 


Dog Cross-Circulation Preparation.-The central 
and peripheral hypotensive activity of JB 5058 
was investigated in the dog crosscirculation prepa- 
ration, as described by Bickerton and Buckley (2). 
Mongrel dogs were anesthetized by an intravenous 
injection of 35 mg./Kg. of pentobarbital sodium 
and the vertebral venous sinuses and vertebral 
arteries occluded between C-2 and C-3 or C-3 
and C-4 utilizing a 21-gauge stainless steel wire. 
Circulation was established between the left common 
carotid artery of the anesthetized donor dog, and 
the two common carotid arteries of the recipient, 
and the two jugular veins of the recipient, and the 
left jugular vein of the donor. Circulatory leakage 
between the head and'trunk of the recipient was 
determined periodically utilizing the Ilal method. 
Blood pressure was recorded from a femoral artery 
of each dog via a Statham transducer onto a Grass 
polygraph. Only those experiments in which no 
leakage was observed were utilized for this study. 
JB 5058, 35 mg./Kg., was administered into the 
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arterial inflow to  the recipient's head in three such 
preparations. 


Cat Nictitating Membrane.-The cat superior 
cervical ganglion-nictitating membrane preparation 
was utilized to investigate the effects of JB 5058 on 
ganglionic transmission. Cats of either sex were 
anesthetized with pentobarbital sodium, 35 mg./Kg., 
by intraperitoneal injection. The head was rigidly 
secured and a nictitating membrane connected to an 
isotonic lever system which recorded on a kymo- 
graph. Responses of the membrane to submaximal 
electrical stimulation of the pre- and postganglionic 
fibers and to exogenous epinephrine, 10 mcg., i.v., 
were recorded prior to and following the administra- 
tion of JB 5058, 35 mg./Kg., i.v. 


Cardiac Output.-The effects of JB 5058 on 
cardiac output were investigated in anesthetized 
dogs using the method described by Olmsted (3). 
Dogs, 12 to 15 Kg., were anesthetized with pento- 
barbital sodium, 35 mg./Kg., i.v. The dogs were 
placed on intermittent positive-pressure respiration 
utilizing a Mine Safety Appliance respirator and the 
left thoracic wall opened at the fourth intercostal 
space using electrocautery. The lungs were re- 
tracted to expose the pericardium, which was then 
incised, retracted, and fastened to the chest wall 
with wound clips. The ascending aorta was care- 
fully stripped of surrounding tissue and a 14-mm. 
i.d. probe placed around the vessel. Negative 
pressure was created in the thoracic cavity by over- 
inflation of the lungs while the chest was tightly 
closed with sutures. Artificial respiration was 
then discontinued and the animal permitted to 
breathe voluntarily. Cardiac output (ascending 
aortic blood flow) was recorded via an electro- 
magnetic flowmeter (Medicon FM-6) and femoral 
blood pressure via a Statham transducer onto a 
Grass polygraph. After femoral blood pressure and 
cardiac output had stabilized, JB 5058 was adminis- 
tered intravenously. In  two of the experiments, 
the effects of epinephrine, 1 to 2 mcg./Kg., i.v., on 
cardiac output, prior to and following J B  5058, 
also were determined. 


Peripheral Blood Flow.-The effects of the com- 
pounds on renal and hind-limb blood flow and 
coronary perfusion pressure were investigated in 
anesthetized dogs. Dogs were anesthetized with 
pentobarbital sodium, 35 mg./Kg., i.v. Renal and 
femoral blood flows were determined utilizing a 
Medicon electromagnetic flowmeter in which a 


I 354 
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TABLE I.-EFFECT OF JB 5058,35 mg./Kg., ON DOG CROSS-CIRCULATION PREPARATION 


Expt. Original Blood Max. Duration. 
N O .  Animal Route Pressure, mm. Hg Change, ?% Min. 
1 Donor 210/120 - 47/46 80+ 


2 Donor 300/125 - 40/M SO+ 


3 Donor 160/100 - 38/35 4204- 


Recipient IA-Ra 150/100 +33/25 7 


Recipient IA-R 1151 70 +26/28 20 


Recipient IA-R 150/ 90 +84/94 5 
a IA-R = Intra-arterially m’o the carotid inflow to the recipient’s head. 


suitable probe was placed around the respective 
artery. 


Me an Blood Pressure (mm.Hg) - 
Vascular resistance was calculated using 


- 
Flow (ml./min.) 


Vascular Resistance Units 


The left descending coronary arteries were perfused 
in the following manner. A carotid artery was 
cannulated and flow established between the carotid 
artery and the anterior descending branch of the left 
coronary artery. Flow w a s  held constant utilizing 
a Sigmamotor pump and perfusion pressure re- 
corded Via a T-tube on the outflow side of the pump 
with a Statham transducer. Heparin, lo00 units/ 
Kg.. i.v., was administered to  prevent clotting. 
In each experiment, femoral blood pressure and 
either renal blood flow, hind limb blood flow, or 
coronary perfusion pressure were recorded on a 
model 5 Grass polygraph. 


Pithed Rat.-Rats were anesthetized with ure- 
than, 1.2 Gm./Kg., i.p., and placed on positive- 
pressure respiration. A rod (2.2 mm. in diameter 
and 25 cm. long) was inserted obliquely into and 
through the eye socket and passed down the length 
of the spinal canal. The vagi were cut and a carotid 
artery cannulated for blood pressure recording. 
Blood pressure responses to 2 mcg. of epinephrine 
HC1 and synthetic angiotensin II,* 1 mcg., were 
obtained prior to  and after the administration of 
JB 5058, lOmg./Kg., i.v. 


Rabbit Aortic Spirals.-The method described by 
Furchgott and Bhadrakoni (4) was employed for this 
study. Albino rabbits, 2 to 4 Kg., were sacrificed by 
cervical dislocation. A segment of the descending 
aorta between the arch and the diaphragm was re- 
moved, pulled over polyethylene tubing (PE 360), 
and rotated against a scalpel blade so that spiral 
strips approximately 0.5 cm. in width were cut. 
A strip then was suspended in a magnus bath con- 
taining Tyrode’s solution maintained at 38’ and 
oxygenated with 95% and 5% Cot. Contrac- 
tions were recorded onto a Grass polygraph via a 
Grass force displacement transducer ad‘usted to 
apply 5-Gm. tension to the strip. Responses in- 
duced by epinephrine, 0.1 mcg./ml., of bathing 
solution or angiotensin 11, 0.1 mcg./ml., were ob- 
tained prior to and after the addition of JB 5058 in 
doses ranging from 25 to 800 mcg./ml. 


Denervated Dog Hind Limb.-Mongrel dogs were 
anesthetized with pentobarbital sodium, 35 mg./ 
Kg.. i.v., the right femoral artery and vein isolated, 
and the right sciatic and femoral nerves cut, as 
described by Clonninger and Green (6). A wire 
tourniquet was placed beneath the exposed vessels 
and tightened around the limb utilizing a Schifirin 


Kindly supplied by Ciba Pharmaceutical Products, 
Inc., Summit, N. J. 


wire tightener. Carotid blood was perfused into the 
cannulated femoral artery of the isolated limb by 
means of a constant output pump (Sigmamotor 
pump, model TM-10) and perfusion pressure re- 
corded on a Grass polygraph Via a force displace- 
ment transducer. Arterial blood pressure was 
recorded from the left femoral artery. Responses to  
epinephrine HCl, 5 mcg., and angiotensin 11, 0.5 
mcg./Kg., injected into the arterial inflow to the 
limb were recorded prior to and after administra- 
tion of JB 5058, 35 mg./Kg., i.v. 


RESULTS 


Dog Cross-Cudation Preparation.-The effects 
of JB 5058, administered Via the arterial inflow to the 
recipient’s head, on the blood pressure of the 
recipient and donor animals are summarized in 
Table I. JB 5058 produced marked hypotensive 
effects in the donor animal only, and the donor’s. 
blood pressure remained depressed throughout the 
remainder of the experiment. The compound 
produced pressor responses of relatively short 
duration in the recipient’s trunk. It would appear 
that these d e c t s  in the recipient animal were of a 
reflex nature. 


Cat Nictitating Membrane.-JB 5058, 35 mg./ 
Kg., i.v., reduced the response of the nictitating 
membrane to stimulation of both pre- and post- 
ganglionic fibers of the superior cervical sympathetic 
nerve approximately 60% in three cats. Response 
of the membrane to exogenous epinephrine was 
completely abolished; in one experiment, four times 
the control dose of epinephrine failed to stimulate 
the nictitating membrane. 


Cardiac Output.-JB 5058, 35 mg./Kg., i.v., 
produced a transient (1 to 2 minutes) decrease in 
cardiac output ranging from 10 to 43% in three of 
four dogs. Cardiac output then returned to predrug 
levels and remained constant for the duration of the 
experiments (2 to 3 hours). The compound did not 
alter the increase in cardiac output produced by 
epinephrine in two additional experiments. 


Renal and Hind-Limb Blood Flow and Coronary 
Perfusion Pressure.-Effects of JB 5058, 35 mg./ 
Kg., i.v., on renal blood flow and vascular resistance 
are summarized in Table 11. Renal vascular resist- 
ance was reduced approximately 350/0, even though 
only a slight change in actual renal blood flow 
occurred. JB 5058, 35 mg./Kg. administered intra- 
venously reduced vascular resistance in the hind 
limb and produced an increase in blood flow in 
three experiments (Table 111). JB 5058, 35 me./ 
Kg., i.v., reduced coronary perfusion pressure %yo 
in two dogs (Table IV). Perfusion pressure re- 
turned to  predrug levels approximately 30 minutes 
following administration of the compound, even 
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TABLE IV.-EFFEM OF JB 5058, 35 mg./Kg., I.v., 
ON CORONARY PERFUSION PRESSURE IN THE DOG 


___. 


TABLE II.-EFFECT OF JB 5058, 35 mg./Kg., I.v., 
ON RENAL VASCULAR RESISTANCE 


._ .. ~ 


-Control Responses," %- 
Mean Vascular 


Time, Blood Renal Blood Resistance 
Min. Pressure Flow Units 


Control 100 ion 1M _.. _ _ _  ~~~ ~~ ~ . .  


5 59 f 11 83 f 30 74 f 17 
15 62 f 12 102 f 24 73 f 8 
30 70 f 7 105 f 17 74 f 6 
60 i 0  f 6 113 f 18 66 f 9 
120 62f 5 109f16 6 5 f  8 


"2 z t  S. E. N = 3. 


TABLE 111.-EFFECT OF JB 5058. 35 mg./Kg., 
I.v., ON VASCULAR RESISTANCE IN HIND LEG OF THE 


DOG 


-Control Responses," %- 
Time, Mean Blood Femoral Blood Resistance 
Min. Pressure Flow Units 


Vascular 


Control 100 100 100 
5 58f9 155f23 43&8 
15 6 8 f 3  156f 8 4 7 f 3  
30 69fl 140f13 5 0 f 6  
60 67 f 5 123 & 13 59 + 6 
120 75 f 3 140 f 13 52 f 4 


" X * S . E .  N-3. 


though arterial pressure was still depressed approxi- 
mately 50%. 


Pithed Rats.-The effects of JB 5058 on the epi- 
nephrine and angiotensin I1 pressor responses in the 
pithed rat are summarized in Table V. The com- 
pound depressed the pressor response to both 
epinephrine and angiotensin I1 48 and 42%. respec- 
tively. Administration of the compound itself 
produced a mild transient pressor effect. Injec- 
tions of normal saline solution, equal to  the volume 
of drug solution injected, produced similar pressor 
responses. However, the saline solution did not 
alter the responses to epinephrine and angiotensin 
11. 


Rabbit Aortic Strips.-JB 5058 blocked or 
diminished contractions of the rabbit aorta induced 
by epinephrine and angiotensin 11. The inhibitory 
dosew for JB 5058 against epinephrine-induced 
contractions was approximately 70 mcg./ml. of 
bath, whereas the inhibitory dosew against angio- 
tensin 11-induced contractions was approximately 
350 mcg./ml. 


Dog Denemated Limb.-JB 5058, 36 mg./Kg.. 
produced a mean decrease in perfusion pressure of 
38% in three preparations. Hind-limb perfusion 
pressure returned to predmg levels within 20 
minutes, even though the hypotensive effect was 
still at its maximum. The compound inhibited 
the vasoconstricting effects of epinephrine and 
angiotensin administered directly into the perfused 
femoral artery 75 and 23%, respectively. 


DISCUSSION 


JB 5058 has been reported to  produce hypotensive 
effects of long duration in anesthetized rats and dogs, 
to reverse the pressor response to epinephrine, and to  
decrease the pressor response to l-norepinephrine, 
angiotensin I I, and bilateral carotid occlusion in 
anesthetized dogs (1). In the present study, the 


Expt. 
No. Time, Min. 
1 Control 


5 
15 
30 


5 
15 
30 


3 " Control 


Mean Blood 
Pressure. 
mm. H g  
120 
50 
60 
60 


140 
70 
80 
85 


Coronary" 
Perfusion 
Ressure. 
mm. Hg 
125 
90 ~~ 


100 
120 
175 
125 
150 
1 70 


'A Sigmamotor pump was used to perfuse the anterior 
descending coronary artery. 


TABLE V.-EFFECT OF JB 5058, 10 mg./Kg., I.v., 
ON PRESSOR RESPONSE TO EPINEPHRINE AND 


ANCIOTENSIN I1 IN THE PITHED RAT 


Control Response, Response after JB 
Expt. mm. Hg 5058, mm. Hg 
No. Epi. Ang. Epi. Ang. 
1 115 28 60 12 _. -_ ~~ 


2 100 96 40 65 
3 115 32 61 17 
4 140 . .  60 


compound decreased the response of the nictitating 
membrane in the cat to both pre- and postganglionic 
stimulation by the same magnitude, thus indicating 
no interference with the impulse transmission across 
the ganglion. The response of the nictitating mem- 
brane to injected epinephrine was abolished, further 
substantiating the previously observed alpha 
adrenergic blocking activity of JB 5058. The 
compound appeared to produce its hypotensive 
effects through purely peripheral mechanisms when 
investigated in the dog crosscirculation preparation. 
Administration of the compound into the arterial 
inflow to the isolated head of the recipient failed to 
produce a centrally induced depressor response. 


Page and Bumpus (6) have reported that other 
adrenolytic agents have relatively little effect on 
the pressor response to  angiotensin 11. JB 5058 
appears to inhibit angiotensin I1 directly, inde- 
pendent of its alpha adrenergic blocking activity and 
mild vascular smooth muscle depressing action. 
JB 5058 inhibited the constricting effects of angio- 
tensin I1 in uitro (rabbit aortic spirals) and in uiuo 
(pithed rat and perfused denervated dog hind limb). 
In the denervated hind limb, the compound produced 
only transient direct relaxation of arterial smooth 
muscle, whereas the inhibitory effects of angiotensin 
I1 could be demonstrated long after this brief 
dilatory effect of JB 5058. 


JB 5058 produced only a transient decrease in 
cardiac output, an indication that the hypotensive 
activity of the compound was due to the marked 
decrease in peripheral resistance. Blood flow 
studies suggest that this decreased resistance was, 
at least in part, due to increased blood flow to 
skeletal muscle and cutaneous tissue. The renal 
blood flow remained approximately unchanged, 
even though systemic blood pressure was greatly 
reduced. In conclusion, the hypotensive activity of 
JB 5058 results in a decrease in peripheral vascular 
resistance, primarily due to alpha adrenergic block- 
ade. The compound also appears to produce a 
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mild inhibitory effect on the direct vasoconstrictor blood flow was increased, coronary vascular resist- 
activity of angiotensin I1 on vascular smooth ance was transiently decreased, and renal blood 
muscle. flow was unchanged. 


A modest antagonisni of arigiotensin I1 was ob- 
SUMMARY served with JB  5058 both in viwo and in  ailro. 


No centrally induced hypotensive effect could 
be demonstrated with JB  5058 in the don cross- REFERENCES - 


(1) Halliday. R. P.. Kinnard, W. J., and Buckley, J. P.. 
THIS JOURNAL, 53, 19(1964). 


(2) Bickerton. R. K . ,  and Buckley. J. P., Proc. SOC. Exptl. 
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108,129(1953). 
11if)2$;;52p G. L.. and Green, H. D., Am. J .  Phwiol. ,  


(6) Page, I. H., and Bumpus, F. F., Physiol. Rm., 41, 331 
1961). 


circulation preparation. 
Alpha adrenergic blocking activity in the absence 


of ganglionic blockage was demonstrated with JB 
50% in the cat superior cervical ganglion nictitating 
membrane preparation. 


Cardiac output, except for a brief (1-2 minutes) 
reduction, was not altered by the administration of 
JB 5058. 


Following the administration of JB 5058, femoral 


(4) Furchgott, R. F., and Bhadrakoni, S., J .  Pharmacol., 


Eftect of the Site of Release on the Absorption of 
Trimepra~ine-S~~ and Penicillin G in Dogs 


By T. H. LIN*, J. R. GUARINI, S. P. ERIKSENt, and J. V. SWINTOSKY 


A radiofrequency generator described in a previous aper was applied to release 
trimeprazine-S' and potassium penicillin G at selectei sites in the gastrointestinal 
tract of do s. Plasma and urinary excretion data indicate that trime razine-S" is 
readily mcfefficiently absorbed when released in the stomach and $e upper and 
middle small intestine. Potassium penicillin G in its biologically active form is 
more available for absor tion when released just beyond the pylorus than when re- 


leased in either z e  stomach or more than 3 ft. beyond the pylorus. 


HE EFFECT of drug release site on the rates 
Tand efficiency of drug absorption has been a 
subject of great interest to pharmaceutical in- 
vestigators. A technique developed in our lab- 
oratories using a radiofrequency generator for 
opening specially designed capsules at selected 
sites in the gastrointestinal tract offers a useful 
tool for studying the effect in intact animals under 
normal physiologic conditions. Useful informa- 
tion thus can be gathered for the design and 
evaluation of oral dosage forms. This report 
describes:the application of this technique to a 
study of the effect of release site on the absorp- 
tion of a phenothiazine antipruritic, trimepra- 
zine, and an antibiotic, potassium penicillin G. 
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EXPERIMENTAL 
The design and the filling of the capsule and the 


release of drugs from the capsule by induction heat- 
ing from a radiofrequency generator have been 
described in detail in a previous report (1). 


Adult mongrel dogs were fasted (18-20 hours) 
prior to the oral administration of a capsule. In- 
duction heating (approximately 5 minutes) was 
applied either 15-30 minutes after capsule admin- 
istration to release the drug in the stomach or after 
sufficient time had been allowed for the capsule to  
reach certain sites in the intestine, determined by a 
marked thread attached to the capsule or by fluor- 
oscopy (1). Usually the dog had been fasted for 
21-25 hours prior to drug release. Urine was col- 
lected up to 24 hours following drug release by 
catheterizing the dogs and for longer periods by 
housing the animals in a metabolic cage. Blood 
samples were drawn from the jugular vein. 
Absorption of Trimeprazine-S%-Each capsule 


was filled with 0.3-0.4 ml. of an aqueous solution 
of the drug to provide the dose of 2.5 mg. of tri- 
meprazine-P tartrate/Kg. body weight. To help 
provide adequate urine collection, each dog was 
given 20 ml./Kg. of water 1 hour before drug re- 
lease. Blood was drawn prior to  induction heating 
and a t  0.5, 1 ,  2. 3. 6, 9, 12. and 24 hours thereafter. 
Urine was collected for the periods: 0 . 5 ,  0.5-1, 








Books,- 


REVIEWS 


Ionic Equilibria in Analytical Chemistry. By 
HENRY FREISER and QUINTUS FERNANDO. John 
Wiley & Sons Inc., 605 Third Avenue, New York. 
N. Y., 1963. xiii + 334 pp. 
Price $4.95. 
The authors have attempted to present “a logical 


stepwise development of the principles of chemical 
equilibrium and techniques of calculation.” Al- 
though treatment of the subject is not exhaustive, it 
does present a thorough and orderly discussion of 
equilibrium principles and calculations suitable for 
use on the undergraduate and graduate levels. 
Chapters 1 through 3 represent background informa- 
tion on concentrations of solutions, chemical equi- 
librium, and activity concepts. Subsequent chapters 
develop the expressions and calculations associated 
with acid-base, precipitation, metal complexation, 
oxidation-reduction, and ion exchange equilibria. 
Expansion of these equilibrium considerations is 
discussed in applications to various types of titra- 
tions. Also included in the book as an Appendix 
are comprehensively tabulated equilibrium con- 
stants. These include acid-base dissociation con- 
stants, solubility products, formation constants of 
metal complexes, oxidation-reduction potentials, 
and acid dissociation constants for metallochromic 
indicators. 


An interesting feature of the book is the log C-pH 
diagt-ams which are particularly helpful in following 
the change of concentrations for various species 
with pH. Elimination of negligible species as ob- 
served from the diagrams simplifies the calculations 
of many complex systems. The book is well written 
and can serve as a text or reference volume for 
courses in analytical chemistry. 


15 X 23.5 cm. 


Reviewed by Edward F. Salim 
American Pharmaceutical Association 
Foundation 
Washington, D. C. 


The Australian Pharmaceutical Formulary. 9th Ed. 
Wdke & Co., Ltd., 19-47 Jeikott St., Melbourne, 
A u s M i ,  1964. 266 pp. 10 X 16 cm. 
This edition, published by the Pharmaceutical 


Association of Australia, will become operative on 
November 1, 1964, and is divided into two sections. 
the Therapeutic Formulae and the Supplementary 
Formulae. The Therapeutic Formulae section has 
been adopted by the Australian National Health 
Service as its official formulary and includes a 
Children’s Section with dose tables and special 
formulations. The Supplementary Formulae is 
devoted to items not required by the National 
Health Service and other items still used in medicine 
but not of significance to be included in the Thera- 
peutic Formulae. Many of the formulas are 
identical to those appearing in the British Phar- 
macopoeia or the British Pharmaceutical Coda, 
and this is noted in the appropriate monographs. 


Structure Bucidafian of Natural Products by Mass 
Spcctromctry. Vool. 1.- Alkaloids. By HER~ERT 
Bmzrru~mcz,  CARL DJERASSI, and DUDLEY H. 
W ~ L M S .  Holden-Day, Inc., 728 Montgomery 
St., San Francisco, Calif., 1964. 233 pp. Price 
$10.50. 
Most workers in the field of natural products 


have had occasion to wish for a technique whereby 
milligram quantities of material, isolated by labori- 
ous methods from natural sources, could be made to 
yield a maximum, if not total, amount of structural 
information. This relatively error-free publication 
lucidly reveals how such data, largely unavailable 
through conventional analytical and degradative 
techniques. can be achieved by the use of the modern 
mass spectrometer. The present volume, prefaced 
by two chapters on general considerations and 
deuterium labeling, specifically considers plant 
alkaloids, an area that has been particularly sus- 
ceptible to mass spectrometry. The authors, 
having contributed substantially to the original 
literature, are eminently well qualified to write 
authoritatively concerning it. Throughout the 
book the discussions are well documented with 
references. 


The power of the technique, judiciously sup- 
plemented by other physical and chemical proce- 
dures, is particularly evident in its application and 
interpretation in the field of indole and related 
alkaloids. Chapter by chapter, the fragmenta- 
tions of these bases, from relatively simple to 
rather complex polycyclic structures, are considered 
in a detailed and comprehensive manner. Par- 
ticularly outstanding is the chapter devoted to 
aspidospermine and related alkaloids, a group that 
has been very instrumental in the rapidly growing 
acceptance of the method. Alkaloids other than 
those related to indole are adequately covered also, 
although the principal emphasis has apparently 
been in the area of greatest interest to the authors. 
Nevertheless, they have successfully dispelled the 
“mystery” often associated with mass spectrometry 
and have created a book that should be an asset to 
any research library. Foreseeing that mass spec- 
trometry, in future years, will become one of the 
indispensable and common tools for sophisticated 
work in the area of natural products, this book is 
recommended reading for anyone with such in- 
terests. 


Reviewed by Taito 0. Soine 
College of Pharmacy 
University of Minnesoh 
Minneapolis 


Bioslalistus. By AVRAM GOLDSTEIN. The Mac- 
millan Company, 60 Fifth Ave.. New York, N. Y.. 
1964. 272 pp. Price $9.60. 
This introductory textbook is the outgrowth of a 


course taught by the author and his colleagues to 
medical students. 


The author makes no pretense of giving the under- 
lying mathematical statistical basis for the various 
topics considered, but sufficient discussion and 
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Qualitative and Quantitative Tests for 
Carphenazine Maleate 


Provisional, unofficial monographs are develo ed by the Drug Standards Laboratory, 
in cooperation with the manufacturers of the &ugs concerned, for publication in the 
Jorrmalof Pbarmrrcecrticalsciences. The ready availability of this information aEords 
discriminating medical and pharmaceutical practitioners with an added basis for 
confidence in the quality of new drug products generally, and of those covered by the 
mono rapbs particularly. Such monographs will appear on drugs representing 
new cfemical entities for which suitable identity tests and assay procedures are not 
available in the ublished literature. The purity and assay limits reported for the 
drugs and their gosage forms are based on observations made on samples re resen- 
tative of commercial production and are considered to be reasonable witgin ex- 


pected analytical and manufacturing variation. Drlrg Standards Laboratory 


1 - ( 10 - ( 3  - [4 - (2 - HYDROXYETHYL) - 1 - PIPERA- 
ZINYL~ - PROPYL)PHENOTHIAZIN - 2 - YL) - 1 - PRO- 


Fischer) method: carphenazine maleate 
not more than 1% water. 


sntain 


PAHONE BIS(H&ROGEN MALEATE); C24HaINaOS.2- Char about 1-Gm. of carphenazine maleate, ac- 
CIHIOI; M.W. 657.75. The structural formula curately weighed, cool the residue, add 1 ml. of 
of carphenazine maleate may be represented as sulfuric acid, heat cautiously until the evolution of 


Physical Properties.-Carphenazine maleate 
occurs as a finely divided, odorless, yellow powder, 
m.p. 162-167'. with decomposition, U.S.P. XVI 
Class Ia. It is slightly soluble in alcohol and in 
water, and practically insoluble in ether. The pH 
of a 1% suspension in carbon dioxide-free water is 
between 2.5 and 3.5. 


Identity Tests.-Dissolve 15 mg. of carphenazine 
maleate in 10 ml. of water. Place 5 drops of the 
solution in a depression of a white spot plate and add 
1 drop of a solution of chloramine-T (1 in 10): a 
violet precipitate forms, slowly changing to  gray. 
To another 5 drops of the solution add 1 drop of the 
buffered palladous chloride solution used in the 
Assay: a permanent red develops. 


Dissolve 15 mg. of carphenazine maleate in 10 
ml. of alcohol and place 1 drop of the solution on a 
piece of filter paper. Allow the solvent to  evaporate 
and examine the residue under a short wavelength 
ultraviolet lamp (maximum emission a t  about 254 
mp): a yellow fluorescence is observed. 


A 1 in 50,OOO solution of carphenazine maleate 
in 0.1 N hydrochloric acid exhibits ultraviolet ab- 
sorbance maxima a t  about 243 nip [absorptivity 
(ly', 1 cm.) about 3851 and 277 mp, and minima a t  
about 228and 260 mp. The ratio of the absorbances 
a t  243 and 277 mp is between 1.27 and 1.41. The 
spectrum is shown in Fig. 1. 


The infrared spectrum of a 0.5% dispersion of car- 
phenazine maleate in potassium bromide, in a disk 
of about 0.82-mm. thickness, is shown in Fig. 2. 


Purity Tests.-Determine the water content of 
carphenazine maleate by the titrimetric (Karl 


sulfur trioxide ceases, ignite, cool, and weigh: the 
residue does not exceed 0.2%. 


Assay 
Palladous Chloride Stock Solution.-Transfer 


500 mg. of palladous chloride to  a 250-ml. beaker, 
add 5 ml. of hydrochloric acid, and warm the mix- 
ture on a steam bath. Add 200 ml. of hot water in 
small portions until solution is complete, cool, 
transfer the solution t o  a 500-ml. volumetric flask, 
dilute to volume with water, and mix. 


Butrered Palladous Chloride Solution.-Transfer 
75 ml. of the Palladous chloride stock solution to  a 
500-ml. volumetric flask, add 50 ml. of 1 N sodium 


I . . . . . . . .  . . . . .  Received September 13, 1963, from the Drug Standards .m *.* -70 ,&a >I* 


Laboratory, AMERICAN PHARMACEUTICAL ASSOCIATION 


Accepted for publication October 11, 1963. 
Wyeth Laboratories has cooperated by furnishing samples 


and data to aid in the development and preparation of this 
monograph. 


WAVELENGTH, mp FOUNDATION, Washington. D. C .  20037. 
Fig. 1.-Ultraviolet absorption spectrum of car- 


Phenazine maleate in 0.1 N hydrochloric acid (2 mcg. 
per ml.); Beckman model DK-2Aspectrophotometer. 
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Fig. 2.--Infrared spectrum 
of carphenazine maleate in 
potassium bromide disk 
(0 5Y0): Perkin-Elmer model 
21 spectrophotometer, sodium 
chloride prism. 14 " -  


3 "2 3 i ; 6 i i 9 Ib i I  li l i  1'4 I?  


WAVELENGTH, p 


acetate solution and 41 ml. of 1 N hydrochloric acid, 
dilute t o  volume with water, and mix. 


Standard Preparation.-Transfer about 50 rng. 
of carphenazine maleate reference standard, pre- 
viously dried in vacuuni over phosphorus pentoxide 
for 18 hours arid accurately weighed, t o  a 350-nil. 
volumetric flask. Dissolve i t  in about 100 ml. of 
diluted alcohol, add diluted alcohol to volunie, and 
mix. 


Procedure.-Transfer ahout 50 mg. of carpheiia- 
zine maleate, accurately weighed, t o  a 250-ml. volu- 
metric flask; dissolve it in about 100 ml. o f  diluted 
alcohol, add diluted alcohol t o  volume, and mix. 
Pipet 4 ml. o f  Buffered palladous chloride solution 
into each of three glass-stoppered test tubes. 
Pipet 3 ml. of the assay solution and of the Standard 
preparation. respectively, into separate tubes and 
prepare a blank by adding 3.0 ml. of diluted alcohol 
to the remaining tube. Mix the contents of each 
tube thoroughly: within 10 minutes spectrophoto- 
metrically determine the absorbances of  the solu- 
tions containing carplienazine maleate. in 1-cm 
cells, at the wavelength of maximum absorbance 
at about 490 nip, using the blank to  set the instru- 
ment to zero absorbance. Record the absorbancc 
of the solution from the Standard preparation 
as A. and that from the assay solution as A ,  and 
calculate the weight, in milligrams, of carphenazine 
maleate in the portion of carphenazine maleate 
taken by the formula W X A./A, ,  where W is 
the weight, in milligrams, of carphenazine maleate 
reference standard taken. The amount of carphen- 
azine maleate found, on the anhydrous basis, is 
not less than 98.0% and not more than 103.00/, 
of the weight of the sample taken 


DOSAGE FORMS OF CARPHENAZINE 
MALEATE 


Carphenazine Maleate Tablets 
Identity Tests.--Transfer t o  a glass-stoppered 


250-1111. conical flask an amount of powdered tablets 
equivalent to about 25  mg. of carphenazine maleate. 
Add 100 ml. of alcohol, shake occasionally during 
15 minutes, and filter through a medium porosity 
sintered-glass filter, discarding the first few milli- 
liters of filtrate. Evaporate 6 ml. of the filtrate to 
dryness on a water bath with the aid of a current 
of air and dissolve the residue in 1 ml. of water: 
the solution responds to the two color identity tests 
under carphenazine maleate. 


Evaporate 4 ml. of the filtrate obtained in the 
previous test to dryness on a water bath with the 
aid of a current of air and dissolve the residue in 
50 nil. of 0.1 N hydrochloric acid: the solution ex- 
hibits ultraviolet absorbance maxima at about 243 


and 277 mp. and the ratio of the absorbances at 
these wavelengths is between 1.27 and 1.41. 


Assay.-Weigh and finely powder not less than 
20 carphenazine maleate tablets. Transfer an  
amount of powder equivalent t o  about 20 mg. of 
cdrphenazine maleate, accurately weighed, t o  a 
medium porosity sintered-glass funnel. Fit  the 
funnel into the neck of a vacuum bell jar  so that the 
stem discharges into a 100-ml. volumetric flask 
containing 50.0 ml. of water. Extract the powder 
with successive 5ml .  portions of alcohol until the 
flask is filled almost to the mark. Dilute to volume 
with alcohol, mix, and readjust the volume to the 
mark with alcohol. Proceed as directed in the 
Assay  under carphenazine maleate, beginning with 
"Pipet 4 ml. of Buffered palladous chloride solu- 
tion., . ." The amount of carphenazine maleate 
found is not less than 95.070 and not more than 
l l O . O ~ o  of the labeled amount. 


DISCUSSION 


U.S.P. and N.F. terminology for solubility, 
melting range, reagents, etc.. have been used wher- 
ever feasible. 


Carphenaziiie maleate' is a pheriothiazine de- 
rivative which is used in the management of chronic 
psychosis. 


Identity Tests.-Carphenazine maleate was found 
to undergo the typical color reactions of pheno- 
thiazines with the eight test reagents described by 
Yung and Pernarowski (1). The reactions ob- 
tained with the chloramine-T and palladous chloride 
reagents are particularly distinctive and together 
serve to differentiate carphenazine maleate from the 
13 phenothiazine tranquilizers reported in their 
paper. The fluorescence test is nonspecific and 
represents a typical class property. Identification 
is further aided by the characteristic ultraviolet and 
infrared spectra. 


Attempts to  prepare sharp-melting solid deriva- 
tives of carphenazine maleate were unsuccessful. 
The picrate, reineckate. and 2.4-dinitrophenyl- 
hydrazone derivatives were obtained but  could not 
be recrystallized to  yield sharp-melting products. 


When the ultraviolet absorption identity test 
was performed on commercial 25mg.  tablets, the 
ratio of the absorbances at 243 and 277 mfi was  1.310. 
A similar test sample was purified by extraction with 
ether from alkaline medium, evaporation of the 
solvent, and dissolution of the residue in dilute hy- 
drochloric acid. The ratio of absorbances obtained 
with this solution was 1.316. Purification, there- 
fore, was not necessary for identification purposes. 


I Marketed as Proketazine Maleate tablets by Wyeth 
Laboratories. Philadelphia, Pa. 
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Repetitive analyses performed on the same tablet 
extracts were more precise so that the gross deviation 
may be attributed mainly to variations in the extrac- 
tion procedure. 


Samples of carphenazine maleate dissolved in 
glacial acetic acid and in a 4 : l  mixture of chloro- 
form and acetonitrile were titrated potentiometri- 
cally with 0.1 N perchloric acid in glacial acetic acid 
and in dioxane, respectively. The former system 
gave a sharp break (about 100 mv.) in the curve, 
equivalent to 98.1% of the amount of carphenazine 
inaleate taken; the latter solvent system was un- 
satisfactory. In  both systems a small amount of 
a dark gummy precipitate (soluble in acetone) 
formed as the titration progressed. 


Quantitative Methods.-The red palladium (11)- 
carphenazine color complex developed in the colori- 
metric assay forms immediately on addition of the 
test solution to  the palladous chloride reagent and is 
stable for about 15 minutes. The color fades 
slowly thereafter, and the absorbance of the solution 
decreases about 2.5y0 in 3.5 hours. With reagent 
containing 0.0150/, palladous chloride, the colors 
produced by solutions of carphenazine maleate 
obeyed Beers law in the concentration range of 0.0 
to 0.3 mg. per ml. Reagents containing 0.005 and 
O.OIO~o palladous chloride failed to  produce linear 
concentration-absorbance plots with the same con- 
centration range of carphenazine maleate. The 
acidity of the reagents was kept constant throughout 
these tests (pH 2.1 to 2.2). Analysis of comniercial 
tablets labeled to  contain 25 mg. of carphenazine 
maleate gave an average value of 96.7 f l.O%.* 


3 Maximum deviation from the mean value. 
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Technical Articles 


Improved Viable Counting Method for 
Petrolatum-Based Ointments 
By W. T. SOKOLSKI and C. G. CHIDESTER 


A filtration method for recovery of viable micro-organisms from petrolatum-based 
Ointments is described. In this method the ointment is dissolved in isopropyl 
myristate and passed through a filter. Advantages of the method are that all the 
micro-organisms in the ointment sample are concentrated on the filter pad, and the 
filter pad can be rinsed to remove antibacterial agents and traces of trolatum. 
Markedly higher recoveries were obtained by the proposed method than methods 


in common use. 


URRENT VIABLE COUNTING methods for One objection t o  the use of aqueous extraction c petrolatum-based ointments involve either methods for ointments that  contain antimicrobial 
(a) smearing the ointment directly on the surface agents is that  the resulting concentrations 
of a n  agar plate (1, 2) or (b) extracting the micro- 
organisms from ointment by shaking with water 
(3, 4) and plating the aqueous phase. There 
have been conflicting reports concerning the 
sterility of ophthalmic ointments. Using an 
extraction method, Vander Wyk and Granston 
(3) found that 85% of the ointments they tested 
were contaminated with micro-organisms ; Bow- 
man and  Holdowsky (4) found only 10% con- 
taminated in a similar method. Neither report 
included a test of the effectiveness of the extrac- 
tion method-such as a n  at tempt  t o  recover a 
known inoculum from ointment. 


Fig. ].-Filter unit for 
viable count or sterility 
testing of petrolatum- 
based ointments. 
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ingly, the kinetic current is expected to be greater for 
N-nitrosoephedrine than that for N-nitrosopseudo- 
ephedrine. The experimental results confirm this 
view. In addition, these results suggest tha t  intra- 
molecular hydrogen bonding occursin both diastereo- 
isomers in dilute aqueous solution, and that the 
NNO, OH gauche conformation is important in both 
compounds. 
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Coating Pharmaceuticals by Coacervation 
By RUSSELL E. PHARES, JR., and G. J. SPERANDIO* 


The objectives of this study were to investigate the phenomenon of coacervation as a 
new means of coating pharmaceuticals and to develop procedures of operation for 
coating some commonly used drugs. Factors decting coacervate drop size, some 
methods of regulating coating thickness, and techniques of controlling the volume 
of the coacervate produced were determined. Using sodium sulfate solutions and 
gelatin solutions as the coacervating liquids, five solids and two liquids were coated 


and processed to produce dry powders. 


HE OBJECTIVES of this project were to investi- 
Tgate the phenomenon of coacervation as it is 
related to the coating of pharmaceuticals and to 
originate and develop procedures for coating 
pharmaceuticals by coacervation. 


Coacervation is a phenomenon associated with 
colloidal solutions. A colloidal system is com- 
monly defined as a two-phase system in which one 
phase is a continuous liquid, while the other phase 
is a solid which is highly dispersed throughout the 
liquid as particles ranging in size from 0.001 to 
0.5 F. This definition has been extended to 
include any (micro) homogeneous system con- 
taining colloidal particles or structures derived 
from them, so that systems containing kinetic 
units smaller than 0.001 p may still be considered 
colloids (1). 


In a true solution of macromolecules, that is, a 
system containing kinetic units smaller than 
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0.5 p ,  certain changes-such as changes of tem- 
perature or pH or the addition of substances-can 
produce a reduction in solubility that will cause a 
large part of the macromolecules to separate into 
a new phase. This colloid-rich phase may exist 
either in a high or low state of dispersion. When 
a system contains a colloid-rich phase in a low 
state of dispersion, it is possible to distinguish 
microscopically and macroscopically between 
crystallization and coacervation, which is the 
formation of amorphous liquid drops. These 
liquid drops constitute the coacervate and under 
favorable conditions will coalesce in a matter of 
hours into one clear, homogeneous liquid layer 
known as a coacervate layer (1). 


Coacervates will, in general, accept and sur- 
round drops of organic liquids which are immisci- 
ble with water, as well as insoluble solid particles, 
when they are offered in the equilibrium liquid 
(1). It is this ability of coacervates to coat 
insoluble materials present in the equilibrium 
liquid that makes it a method of microencapsula- 
tion. “Simple” coacervation as a coating method 
has been shown to be economically feasible by the 
National Cash Register Co., Dayton, Ohio, 
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which produces oil-containing capsules for use in 
making "carbonless carbon paper" (2-4). 


EXPERIMENTAL 
Since references to  previous pharmaceutical in- 


vestigations of coacervation as a coating method 
could not be found, it was often impossible to  plan 
entirely all phases of this work in advance. Many 
facts which are related to  one phase of the work were 
discovered while working on another aspect of the 
problem. In this report all experiments and their 
results have been arranged for the convenience of 
the reader and therefore are not necessarily pre- 
sented in the order in which the work was actually 
done. 


In all the experimental investigations, gelatin 
(Type A )  solutions were used as the solution of 
macromolecules. In the first set of experiments the 
gelatin solutions were coacervated with alcohol. 
The effects produced by varying the amount of 
gelatin in a coacervated system while keeping the 
ratio of water to  alcohol constant were first deter- 
mined. Ten grams, 5 Gm., and 2.5 Gm. of gelatin 
were each dissolved in 50-ml. portions of distilled 
water a t  No, and each solution was then coacervated 
by adding a mixture of 50 ml. of distilled water and 
100 ml. of alcohol. After the coacervated systems 
lwhich were stored at 50') had separated into two 
ayers, the only noticeable differences between them 
were the volumes of their coacervate layers. These 
volumes varied directly with the amount of gelatin 
used in the preparation of the original systems. 


Experiments in which a constant ratio of gelatin to 
distilled water was maintained while the amount of 
alcohol was varied were performed next. The 
noticeable differences between the systems were 
again the volumes of the coacervate layers, which in 
this experiment varied inversely with the volume of 
ethanol used. A variation in the viscosities of the 
coacervate layers was also noticed, This variation 
was directly proportional t o  the volume of alcohol 
used in the original systems. 


The conditions in the above experiments can be 
represented on Kruyt's (5) phase diagram for the 
system gelatin, water, and alcohol (Fig. 1). Line 
A E  on the diagram represents all systems having a 
ratio of ethanol to  water of 1 : 1, and line DB repre- 
sents all systems having a ratio of gelatin to  water of 
1: 19. The farther a point such as V is from side c 
of the curve, the smaller will be the proportion of 
coacervate phase produced in the system that the 
point represents. Since point V lies farther from 
curve c than does point W, the system represented 
by V should have less coacervate phase than does 
the system represented by W; and since point V 
represents a system containing a smaller amount of 
gelatin than does point W ,  the theoretical and ex- 
perimental results are in agreement. Similarly, it 
can be seen that the theoretical and actual results 
for the second experiment are in agreement. 


In another series of experiments, factors influenc- 
ing the size of coacervate drops were studied. The 
diameters of the coacervate drops were measured 
using a microscope with a calibrated eyepiece. As 
soon as a system had been coacervated. it was 
cooled in an ice bath until it was below 25". The 
capsules were thus gelled to prevent the coacervate 
drops from coalescing on the microscope slide before 
their size could be measured. 
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Fig. 1.-Phase diagram of gelatin, water, and alcohol 
(5). 


The proportion of ingredients in a coacervate 
system had little if any effect on the size of coacer- 
vate drops, but the material added to  cause gelatin 
solutions to coacervate could have an effect. When 
alcohol was added to  a gelatin solution, coacervate 
drops which had a modal diameter of 30-35 p were 
formed. Ethanol containing as little as 1% dis- 
solved aspirin produced drops having a modal 
diameter of 2-3 p. Solutions of sodium sulfate also 
produced coacervate drops having a modal diameter 
of 2-3 p. Other salt solutions gave the same 
results as the sodium sulfate solutions. When 
coacervate drops that had been permitted to  
coalesce into a single layer were reformed by gentle 
shaking, they had the same modal diameter as those 
in a freshly coacervated system. The temperature 
at which gelatin solutions were coacervated also had 
an effect on the size of the resulting coacervate 
drops. As the temperature was raised above 50", 
the coacervate droplets became smaller; as the 
temperature was lowered below 50'. the droplets 
increased in size. 


It is felt that the size of coacervate drops is de- 
pendent upon the interaction of many complex 
physical properties of the entire coacervate system 
and therefore cannot be attributed to  a single con- 
trollable factor. The interfacial tension of a 
coacervated system appeared to  have an important 
effect on the size of coacervate drops; by con- 
trolling this property, one may be able to  regulate 
the size of the drops. 


Experiments showed that when insoluble drugs 
were present in a coacervated system, the coacervate 
drops would surround the suspended particles. 
When the coacervate drops were gelled by cooling, 
encapsulation of the drug was complete. 


Recovery of the gelled capsules offered consider- 
able problems. Many different filter media were 
tried, using both gravity and suction filtration; but 
the gelatin capsules always clogged the pores of the 
filters. The only successful method of recovering 
the capsules was to  allow them to settle from the 
surrounding liquid for several hours in a closed con- 
tainer. After the capsules had settled, the upper 
phase could be decanted. 


When the recovered capsules were allowed to  air 


Alcohol 
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dry, a very hard, solid mass resulted. Many sam- 
ples of capsules were washed with cold water, alco- 
hol, formaldehyde, and various proportions and 
combinations of these materials, but with only occa- 
sional-and not necessarily reproduciblesuccess. 
Treatment with a combination of formaldehyde and 
alcohol produced a desirable product. The best 
procedure was t o  add 1 ml. of formaldehyde t o  each 
milliliter of capsules and stir the mixture for 5 
minutes. Two milliliters of ethanol were then added 
for each milliliter of formaldehyde which had been 
used, and the entire system was stirred for 5 more 
minutes. The large white floccules which had 
occurred upon the addition of the alcohol were next 
removed by gravity filtration through filter paper. 
Upon drying, the filter cake could be easily crumbled 
into a fine powder which was washed in a large 
volume of cold water and again filtered and dried. 


The final phase of this study was concerned with 
actually coating pharmaceuticals and obtaining them 
as dry powders. The procedure consisted of pre- 
paring a solution containing 11 Gm. of sodium sulfate 
and 45 ml. of distilled water at 37' and another 
solution containing 4 Gm. of gelatin and 40 ml. of 
distilled water at 37'. The material to  be coated 
was then thoroughly suspended or dispersed in the 
warm gelatin solution. Coacervation was effected 
by the addition of the sodium sulfate solution with 
stirring. After the coacervated system had been 
thoroughly mixed, it was cooled by immersion in an 
ice bath a t  10' and stirring steadily until the tem- 
perature of the mixture was below 30'. The system 
was covered with aluminum foil, and the capsules 
were permitted to separate from the eqtdibrium 
phase by gravity. The gelled capsules were then 


Fig. 2.-Empty coacervate capsules. 


Fig. 3.-Capsules containing charcoal. 


recovered as a dry powder by the method previously 
described. 


The following pharmaceuticals were coated and 
recovered as fine powders: riboflavin, cod liver oil, 
procaine penicillin G, carbon tetrachloride, charcoal, 
micro-ion-exchange resin, and castor oil. Aspirin 
and acetanilid could not be coated by this method 
because they were both incompatible with the 
system being used. 


Aspirin was successfully coated and recovered as a 
h e  powder, however, by using a modification of the 
above system. Two and five-tenths grams of 
aspirin were suspended in a solution containing 1 
Gm. of gelatin and 50 ml. of distilled water a t  37". 
This system was then coacervated by the addition of 
28.5 ml. of distilled water which contained 13 Gm. 
of sodium sulfate. The aspirin-containing coacer- 
vate drops which were produced were gelled and 
recovered as a powder by the method previously 
described. 


Acetanilid was coated by suspending 1.5 Gm. in a 
solution containing 1 Gm. of gelatin and 25 ml. of 
distilled water at 37O. This system was then 
coacervated by adding 10 Gm. of sodium sulfate 
dissolved in 50 ml. of distilled water a t  37". The 
resulting coacervate drops, containing acetanilid, 
were gelled and recovered as previously described. 


During the coating experiments it was noticed 
that the size of the encapsulated materials had an 
effect on the diameter of the gelled coacervate drops. 
By comparing Fig. 2 (which is a photomicrograph of 
empty coacervate capsules) with Fig. 3 (which 
shows coacervate capsules Containing charcoal) and 
with Fig. 4 (which shows coacervate capsules con- 
taining riboflavin), the effect of "particle" size can be 
seen. Small coacervate drops like those in Fig. 2 
are able to  coalesce and form larger drops which will 
encapsulate large particles or cohering small parti- 
cles. This phenomenon can be seen in Figs. 3 and 4. 
Whenever particles smaller than the coacervate 
drops are present, they are coated singly or as 
groups without any increase in coacervate drop size. 
This can be seen in the case of some charcoal parti- 
cles in Fig. 3. 


SUMMARY AND CONCLUSIONS 
1. The objectives of the work were to  investigate 


the phenomenon of coacervation as it is related to 
the coating of pharmaceuticals and t o  originate and 
develop procedures t o  be employed when coating 
pharmaceuticals by coacervation. 


Fig. 4.-Capsules containing riboflavin. 
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2. A preliminary investigation revealed that 
many different compounds could be used to coacer- 
vate gelatin solutions. 


By varying the proportion of the components 
of a coacervate system, the amount of a coacervate 
phase and/or the composition of a coacervate could 
be controlled. 


Almost any insoluble particle can be coated 
with coacervate drops. 


Of all the variables investigated, i t  appeared 
that only those that affected interfacial tension had 
an effect on coacervate drop size. 


6. Pharmaceuticals can be coated by coacerva- 
tion, but they may intensify the degree of coacerva- 
tion. 


7. A process was originated for obtaining coacer- 
vate-coated pharmaceuticals as fine, dry powders. 


3. 


4. 


5. 


Journal of Pharmaceutical Sciences 


The following pharmaceuticals were coated 
and recovered as fine, dry powders: riboflavin, cod 
liver oil, procaine penicillin G, carbon tetrachloride, 
charcoal, a micronized ion-exchange resin, castor oil, 
aspirin, and acetanilid. 


Coacervation not only Seems to be an effective 
method of coating pharmaceuticals but also a 
superior method of coating many drugs. 
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Preparation of a Phase Diagram for Coacervation 
By RUSSELL E. PHARES, JR., and G. J. SPERANDIO* 


The objective of this study was to develop a method of preparing a phase diagram of 
coacervated systems using physical measurements instead of chemical analyses. The 
per cent weight-in-weight concentration of three-component solutions of micro and 
macromolecules was related to the refractive indexes and specific gravities of the 
solutions by an algebraic equation. The composition of both phases of several 
different coacervated systems was determined by using the derived equations. By 
making accurate quantitative dilutions, it was also possible to determine the com- 
position of solutions the specific gravity of which did not remain linear because of 
a high concentration of electrolyte. This study indicates that the points needed for 
plotting a hase diagram (including tie lines) of three-component systems can 
quickly ancf accurately be determined by using measurements of specific gravities 


and refractive indexes. 


OST OF THE quantitative assay procedures 
currently available cannot be universally 


adapted to three-component systems without 
separating the components. The procedure of 
Leach and Lithgoe, as corrected by Williams 
(1, 2), for the determination of the percentage 
composition of a solution of water plus methanol 
plus ethanol could be very useful if i t  were not for 
the need of preparing extensive tables. If this 
technique, which uses specific gravity and refrac- 
tive index, could be improved to eliminate the 
need of tables, it would be useful not only for the 
analysis of alcohol but also for obtaining the data 
necessary for plotting three-component phase 
diagrams. The role of phase diagrams in phar- 
macy will become increasingly important as co- 
acervation. which was recently introduced as a 
pharmaceutical operation (3), is used as a means 
of obtaining many improved pharmaceuticals. 
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The purpose of this work was to develop a sim- 
ple method of preparing a three-component phase 
diagram which would eliminate the need for 
complicated chemical assays of the ingredients. 
It was felt that the per cent weight-in-weight 
concentration of a solution of three components 
could be calculated directly from the experi- 
mentally determined specific gravity and refrac- 
tive index of the solution without using tables. 


THEORY 
The weight-in-weight composition of an  ideal 


three-component solution in which there is no inter- 
action may be represented by 


m + n + p = l  (Eq. 1) 
where m, n, and p represent the grams of solvent, 
ingredients 1 and 2, respectively, per gram of solu- 
tion. Therefore 


m = l - n - p  (Eq. 2) 
The refractive index of the solution can be written 


R.I. of solution = R.I. of solvent + Cn + Dp 
or 


p = (AR.1. - Cn)/D (Eq. 3) 








Immunoassay for Extracted Insulin 
By W. E. BAUM*, W. F. BROWN, and R. E. CRABTREE 


A rapid, accurate, and reproducible assay has been developed for commercial in- 
sulin. The  assay is based on the competition between the insulin sample to  be 
analyzed and I1a'-labeled insulin for binding to guinea pig anti-insulin antibody. 
Antibody bound insulin is separated from free insulin by the salt precipitation tech- 
nique of Grodsky and Forsham. This  rocedure is described in detail together with 
the adjustment of variables that m u s t k  made. Examples are given to show the 
influence of the purity of the samples, species differences, statistical variation, and 
specificity of the assay. Comparisons with the mouse convulsion and U.S.P. rabbit 
assays show that this immunological approach is valid and has many advantages 


over the in vim assays. 


OR MANY YEARS a method has been sought t o  
supplant the small animal assays used to 


control the development and production of in- 
sulin. The requirements for a new assay were 
(u) that it  not be subject t o  the biological varia- 
tions exhibited in live animals, (6) that i t  yield 
results in  a few hours, (c) that it be relatively 
inexpensive to  operate, and (d) that it be sensitive 
to hormonal activity in  preparations having 
specific activities from 0.5 t o  26.0 u./mg. and yet 
not be too sensitive to  operate in areas where 
insulin contamination is a possibility. 


The introduction of the immunochemical 
assay of Grodsky and Forsham (l), which uses 
salt precipitation of antibody bound in~ul in- I '~ ' ,  
provided for the first time a procedure which met 
these requirements. 


The present study was directed at determining 
the capability of the assay with regard t o  the 
number of samples that could be assayed, its 
ability t o  assay low purity samples, its specificity 
for hormonally active protein, its statistical 
reproducibility, and its ability to assay insulin 
from various species. In  the process of the 
investigation, data were collected on technique 
and the effect of possible chemical interference. 


We have made several studies comparing the 
immunochemical assay per Grodsky (1) with the 
m o u x  convulsion assay (2) and with the "twin- 
crossover" rabbit blood-sugar-lowering assay 


Though there are other aspects to  investigate, 
it is our belief that this flexible and reliable assay 
procedure should be made available t o  others 
interested in the assay of insulin. 


(3). 


MATERIALS AND METHODS 


Insulin Antibody Production.-A modification of 
the procedure of Morse (4) is used to prepare insulin 
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in adjuvant. Crystalline zinc-insulin is dissolved in 
37.0 ml. of insulin diluent (3) a t  pH 3.2. This solu- 
tion is then mixed with 25.0 Gm. of heavy liquid 
petrolatum and 12.5 Gm. of Aquavor (Dukes 
Laboratories). The mixture is homogenized in a 
Virtis 45 homogenizer. Enough insulin is used to 
make a final concentration of about 0.5 mg./ml. 


Young guinea pigs (250 Gm.) of either sex are 
given subcutaneous injections of 0.5 ml. of insulin 
in adjuvant. The injections are repeated 30 and 
270 days later and 10 days before each blood collec- 
tion. After each injection, the animals are observed 
for hypoglycemic convulsions for a 7-hour period. 
Convulsions are treated with 1 ml. of myo (w/v) 
dextrose (subcutaneous injection preferably) as soon 
as the hypoglycemic response is recognized. Blood 
is withdrawn oia heart puncture, and after coagula- 
tion in an ice bath, is centrifuged at 15". Serum 
is held a t  -20". 


Pooled batches of serum are evaluated in the 
adjustment procedure below and diluted to  the titer 
indicated with 5% albumin stock solution. Aliquots 
of the diluted antibody, sufficient for each half day 
of operation, are placed in plastic bottles and kept 
frozen until needed. 


Standard Reagents.-All standard insulins used 
were compared in the rabbit bioassay (3) against 
U.S. P. zinc-insulin crystals reference standard 
"G." The radioactive insulin was obtained from 
Abbott Laboratories.' This form of iodo-insulin 
had full potency when tested in the mouse-convul- 
sion test. This labeled material is diluted in 5y0 
(w/v) human albumin stock solution; sufficient 
nonradioactive insulin is added t o  make a concen- 
tration of 100 microunits (pu. )  and 0.04 pc. in 20 
pl. of the iodo-insulin stock solution. For prepara- 
tion of the albumin stock solution, a 25% (w/v) 
commercial solution of human serum albumin 
(Cutter Laboratories) was diluted to 5% with a 
0.9% (w/v) NaCl solution containing 0.2'7; (w/v) 
phenol. 
(w/v) NaOH. This solution was stored at 5". 
The 30% (w/v) urea solution in 5% albumin, as 
used by Grodsky, is always made daily. An 
ammonia-free reagent grade glycine is required for 
0.2 M glycine solution in 5% albumin. 


Inactivated Human Plasma.-&veral bags of 
blood bank plasma (relatively free of hemoglobin) 
are pooled, centrifuged in the cold to remove residual 
blood cells, adjusted to pH 10.5 with 40% NaOH, 
and stored 24 hours a t  5'. Following this aging, 
the pH is lowered to 7.4 with 10% HCI, the pooled 


The pH was adjusted to 8.5 with 
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reference standard. A 27.32% (w/v) sodium sulfite 
solution in HsO is prepared which will give an 18.5% 
(w/v) salt concentration after addition to the 
reaction mixture. 


Four standard levels (one tube each of 0, 50, 100, 
and 150 mu.) are run with each possible combina- 
tion of the serum and plasma dilutions. The set of 
conditions which gives the largest difference in 
supernatant radioactivity between the 50- and 150- 
mu. levels, while maintaining a low value for the 
0-mu. level, is selected. In our hands, this difference 
is about 19%, and the low value for 0 mu. is about 
20% of the initial radioactivity in the supernatant. 
A curve, as shown in Fig. 1, is plotted to show the 
linearity and the slope a t  these standard points. 


With some antibody pools, pork and human 
insulins require 75, 150. and 225 mu./ml. standard 
levels to duplicate the competitive binding affinity 
of beef insulin for the same antibody. Assay system 
adjustment is usually required each time the al- 
bumin, serum, or plasma is changed. 


Sample Preparation.-Micro dilutions of highly 


Fig. I.-An ex- 


curve to  m- 
$! I dicate the accept- 
! # ?  able operating 
: Dll range, 150, 300, 
5 1  and 450 mu./ml., 
Y s. selected for one of 


w .I y) Ixl 8.) 7o our adjusted sys- 


plasma is centrifuged in the cold, and the super- 
natant decanted from a slimy precipitate. After 
experimental determination of the dilution strength 
needed in the assay, the pooled plasma is divided 
into aliquots sufficient for each half day of operation 
and frozen until needed. Dilutions in this plasma 
are made immediately before use. 


Assay System Adjustment.-Inactivated plasma 
and the antibody serum are diluted to  concentrations 
of 1:3,1: 5, and 1 :8 with 5% albumin stock solution. 
Beef insulin in insulin diluent (3) is diluted with 
5y0 human albumin stock solution to 50, 100, and 
150 milliunits (mu.)/ml. concentrations for use as a 


tended standard 
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one blank tube (no unlabeled insulin or antibody 
added) are included in each set with the eight- 
sample-per-day pattern. One control tube is made 
containing 20 pl. of the radioactive insulin stock 
solution. The volume differentials in the blank, 
zero, and control tubes are corrected with 5% al- 
bumin stock solution. Next, 2.04 ml. of the primary 
solution with antibody is rapidly injected sequen- 
tially into all the tubes except the blank. Glass 
rods are inserted in the tubes, and the set of tubes 
is placed on a rotating shaker (A. H. Thomas No. 
3623) for 1 hour of gentle agitation at 24". At the 
end of 1 hour, 0.8 ml. of the diluted inactivated 
plasma is injected sequentially into each of the tubes. 
Following the addition of plasma and a 15minute 
agitation period on the rotating shaker, 6.0 ml. of 
27.32T0 Na&Oa is added to  each of the tubes sequen- 
tially. This mixture is agitated on the rotary 
shaker for 1 hour at 24'. After the glass rods are 
removed, the tubes are centrifuged in a refrigerated 


0 - 
I -  ;+ s,.. 


0 a z  4 -  


z 
Fig. 2.-A sample graph to illustrate calculation 


of imniunoassays for extracted insulin. Key: 0, = 
average response of the j th  sample; si = average 
standard response at the ith dilution; p i  = insulin 
concentration of the j th  sample; ci = insulin 
concentration a t  the ith dilution. 


concentrated insulin solutions are made with insulin 
diluent to about 50 u./ml., and the final dilution 
step is always made using 5% albumin stock solu- 
tion. After final dilution, the samples are allowed 
to stand overnight a t  5'. 
Assay Procedure.-Six replicate tubes are run 


on each sample. Two patterns are used: eight 
samples per day in triplicate with two sets of 36 
tubes. Fourteen samples per day can be run in 
duplicate with three sets of 36 tubes (only one "zero" 
tube is used with this pattern). 


All glassware is cleaned with detergent, rinsed in 
2'37, (w/v) HCI, water-rinsed, and oven-dried before 
use. A primary solution containing 38.0 ml. of 
307, urea and 38.0 ml. of 0.2 M glycine solution is 
prepared for a set of 36 tubes. After removal of 
2.04 ml. of the primary solution for a blank tube, 
the diluted antibody serum is added. The pH of 
this primary solution is adjusted to  8.5 with 10% 
NaOH, and the solution is stirred until it reaches 
room temperature. Twenty microliter-volumes of 
the diluted 1lg1 insulin are measured into glass test 
tubes using a '/,-mI. syringe microburet (Micro- 
metric Instruments Co.). The microburet, with a 
syringe for each dilution, is then used to measure 
20 MI. aliquots of each of the standard dilutions and 
of the samples into their appropriate test tubes. 
Two zero tubes (no unlabeled insulin added) and 


01, PORK 1131-INSULIN REMAINING 
IN SUPERNATANT 


Fig. 3.-Responses of an antibody pool to insulins 
from different species. Rabbit assays (P = 0.95) 
on the insulins used are: W-3776, solution of U.S.P. 
reference standard a t  24.0 u./mg. ; 493-10GP-182- 
20.80 (22.63 to  19.12) u./mg.; ML 26-24.78 
(26.01 to 23.61) u./mg.; PJ-5158-22.84 (24.75 to 
21.07) u./mg. Key: 0-0, U.S.P. insulin, W3776; 
A-A, human insulin, 493-10GP-182; 0-0. beef 
insulin, ML26; and 0-0, pork insulin, PJ5158. 


TABLE 11.-A SCHEMATIC INSULIN PURIFICATION PROCEDURE WITH THE IMMUNOASSAY RESULTS ON ONE 
LOT EXPRESSED AS A PER CENT OF TOTAL INITIAL PANCREAS EXTRACT ACTIVITY AT EACH ASSAY POINT 


Active Portion Discarded Portion 
Pancreas Extract Meat Residue 


100% 
1 


Salt Precipitate 
97.#3% + 


1st Isoelectric Point Precipitate 
82. !% 


t. 
2nd Isoelectric Point Precipitate 


102 5% + 
3rd Isoelectric Point Precipitate 


98.9% 
1 


Salt Filtrate 
1.96% 


1st Isoelectric Point Filtrate 
1.19% 


2nd Isoelectric Point Filtrate 
2.52% 


3rd Isoelectric Point Filtrate 
(not assayed) 


Zinc-Insulin Crystals 
92.58% 


.4111orphous Fraction 


Soluble Insulin 
5.53% 


2.03% 
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4 a h 


00000000 


angle head centrifuge at 15" at  a relative centrifugal 
force of 2400 X g. for 45 minutes. Following 
centrifugation, 5 ml. of supernatant is carefully 
removed from each tube and placed in a plastic 
tube for counting. 


Radioactivity Measurement.-A control tube is 
made up for counting with each set of samples 
containing 5 ml. of the diluted iodo-insulin solution 
(20 11. diluted t o  8.88 ml. with 57, albumin stock 
solution). Due to  the short half-life of I I a l  the 
control count must be corrected for decay when 
calculating the result on each sample tube. Sets 
of samples are conveniently counted overnight in 
an automatic gamma spectrometer (Packard Instru- 
ments Co.) for the peak emission of ILsl. A thallium 
activated sodium iodide crystal is used in the 
spectrometer. The usual counting time is 5 minutes 
per sample. 


Calculation of Potency.-The statistical design 
of the assay procedure is presented in Table I. 
Total counts are corrected for backgrounds and 
reduced to counts per minute. The tube count 
is then divided by the control count (corrected for 
decay during counting) to obtain the per cent 
radioactivity remaining in the supernatant. Si or 
Uj. A three point standard curve may be plotted 
on semilog graph paper as shown in Fig. 2. Sample 
potency can be estimated from this graph or calcu- 
lated using Eqs. 1 or 2. With a point-to-point 
linear assumption (when SI < . . . < Si < . . . < Sn), 
any one of 2n - 1 situations may be encoun- 
tered. For an n point standard curve with K 
sample replication, the generalized formulas are: 
when < oj < si ( 1  < i I n) 


where 


When 0j = si (1 i 5 n), 
In p i  = In c i  (Eq. 2) 


Variance of Sample Potency.-The variance of the 
In pj may be estimated by the formula for the 
propagation of error ( 5 ) .  This solution becomes 
asymptotic as the value of K increases. For the 
situation $1 < Uj < Si ( 1  < i I n) 


si - si-, var (In pi) = [In ( cc dci ) ]  ' VZ 


Let 
si - Dj 


= si - S C ,  
then 


By the usual methods of partial differentiation and 
variance determination of an independent variable 


K 
K (s ib) '  - ( sir)' 


k = l  k = 1  var Si = K*(K - 1) 







I =A 
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the variance of the In p j  may be written as 


+ (Wj - 3 i - J S  var si 
+ (Ti - Si-,)* vw Ujl (Eq. 3) 


The variance, when In pj = In c;, must be esti- 
mated from the limits of Eq. 3 as oj approaches si 
from both a positive and negative direction. By 
averaging (when 1 5 i 5 n )  


1 
var (In p j )  = [In ( c i - i / ~ i ) ] '  


1 


Reporting of Assay Results.-The logs of the 
results from each set of tubes are averaged. The 
antilog of this average coupled with the 95% 
confidence interval values is reported as the assayed 
potency of the sample dilution. A digital computer 
(IBM 1620) program is available to perform the 
necessary calculations. 


RESULTS 
Species Similarities in Competitive Insulin Bind- 


ing Situations.-The data in Fig. 3 demonstrate the 
similarity in binding affinity for human, beef, and 
pork insulins, and U.S.P. reference standard in- 


TABLE V.-~OMPARISON OR PORK AND BEEF IODO- 
INSULIN IN LIKE ASSAY SYSTEMS' 


1':' Remaining in the Supernatant, % 
Tube Beef Iodo-Insulin Pork Iodo-Insulin 


Description A.M. P.M.  A.M. P.M. 
Blank 82.53 85.12 84.10 78.86 
Zero 22.35 21.71 21.90 19.15 
50 mu./ml. W-3743 


beePstandard 32.53 33.60 39.45 38.80 
100 rnu./rnl. W-3743 


beefb standard 49.13 49.78 55.98 54.38 
150 mci./ml. W-3743 


beefb standard 56.07 55.92 60.62 60.01 
50 mu./rnl. U.S.P. 


standard 29.87 31.05 38.21 37.29 
100 mu./ml. U.S.P. 


standard 45.89 45.74 55.76 52.86 
150 mu./ml. U.S.P. 


standard 51.71 50.66 57.50 58.95 
100 mu./ml. W-3752 


acidified U.S.P. 
protamine zinc 
insulin 44.97 45.40 51.72 52.73 


100 mu./ml. W-3751 
acidified beef 
NPH insulin 49.25 48.96 55.03 55.56 


100 mu./ml. W-3750 
acidified beef 
protamine zinc 
insulin 48.64 49.64 54.60 54.82 


100 mu./ml. W-3751 
supernatant 21.23 21.16 20.08 19.39 


100 mu./rnl. W-3750 
supernatant 21.07 20.62 19.65 19.40 
0 Three-tube averages except on blank and zero. Beef 


insulin used in W-3743. W-3750, and W-3751 was from M L  
795372 which assayed 25.54 u./mg. in the U.S.P. rabbit test 
for insulin (368 rabbits). 
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TABLE VI.-ASSAYS OF PROTAWNE-INSULIN MIXTUFSS4 


Estimated 
Potency, - Estimated Potency Found, % - 


Insulin Soh. U./ml. Iodo-Insulin Beef Iodo-Insulin Pork 
W-3752, U.S.P. protamine zinc insulinb 40.0 83.46( 87.05-80. OO)d 88.17( 92.05-84.43)d 
W-3751, Beef NPH insulinb 40.0 98.6O( 106.28-91.48) 102.31(108.48-96.48) 
W-3750, Beef protamine zinc insulinb 40.0 98.68( 103.23-94.33) 98.71( 104.95-92.83) 


W-3750, P.Z.I. supernatant' 1.0 2 9 . 8 0 6  21.80" 
W-3751, NPH supernatant' 1.0 29 6oc 21.60" 


a Results are calculated against the recoveries shown in Table V for beef standards. Acidified with 30 fil. concentrated 
C Values were extrapolated from standard 


Antibody pool used was demonstrating species specific properties; thus the pork 
e The result on this sample from a 24-rabbit U.S.P. 


HCI/IO ml. of mixture for solution prior to dilution with albumin stock solution. 
curve; confidence limits not calculated. 
insulin content of the U.S.P. reference standard insulin causes low results. 
assay was 0.09 (0.1950.013) u . / d .  


sulin at various dilution levels. Each of these 
samples has been carefully tested on the U.S.P. 
assay for insulin in rabbits (3). The actual rabbit 
assay results are given in the caption under Fig. 3. 
When antibody pools demonstrate differential 
competitive binding, it can be circumvented by 
either using the same species on both the standard 
and sample or by appropriate mixing of the standards 
from different species. Thus, reliable assay results 
can be obtained for an insulin solution of known 
species composition. 
Total Competitive Binding Curve.-Figure 1 


gives a typical total competitive binding curve 
which is shown to illustrate the portion selected for 
the performing of assays. 


Assay of Low Purity Samples.-Low purity 
samples from the manufacturing process are normally 
not tested in rabbits because of the toxic effects 
caused by the impurities present. Table I1 illus- 
trates an experiment to  show that immunoassay 
results on low purity samples are within the range 
of expectation. Both the beef and pork insulin 
manufacturing processes were sampled at various 
stages of purification and material balance figures 
computed from the immunoassay results. 


Acidification Before Dilution.-In an experiment 
to test for ionic interference with the immunoassay 
results, the apparent interference caused by some 
ions could be nullified by acidification of the sample 
prior to  dilution in the 5% albumin stock solution. 
Table I11 illustrates the differences found with pH 
6.5 and pH 3.0 solutions in the presence of various 
ions. 


Day-to-Day Replications.-Replicate samples of 
two different production lots of insulin were prepared 
and frozen. A fresh sample was removed and 
assayed each day for a period of 5 days. The data 


TABLE V1I.-SAMPLES OF CRYSTALLINE INSULIN 
DILUTED TO ABOUT 80 u./ml. IN INSULIN DILUENT 


AT PH 3.0a 


Boiling 
Time, 7-Immunoassay Results, u./ml.-- 
Hr. Reef Insulin Pork Insulin 
0 77.9 (87.p69.3)h 75.2 (94.5-59.9)c 
1 62.2 (71.&53.9) 47.1 (56.5-39.3) 


3 46.5(53.6-40.4) 39.8(47.&33.4) 
2 48.0(52.2-44.1) 48.8(59.&40.0) 


4 41.6(46.7-37.0) 35.2 (42.1-29.4) 
5 37.8 (42.4-33.7) 29.5 (37.2-23.5) 
6 32.2 (35.7-29.1)d 32.5 (38.7-27.3)' 


4 Solutions gently refluxed at 100°C. U.S.P. rabbit 
assay in 48 rabbits on pooled lots C2730, 1, 3. and 4 showed 
this to be 76.58 (93.89 to 62.46) u./ml. U.S.P. rabbit assay 
in 240 rabbits 0-1 lot C2732X showed this to be 76.48 (80.80 to 
72.38) u./ml. U.S.P. rabbit assay in 96 rabbits showed this 
to be 23.11 (25.60,to 20.87) u./ml. e U.S.P. rabbit assay in 96 
rabbits showed this to be 27.48 (30.38 to 24.88) u./ml. 


in Table IV show the characteristic variations iri 
results. 


Comparison of Pork and Beef 11** Labeled In- 
sulin.-Duplicate assays on known standard ma- 
terial were run first using beef 1'8' insulin and then 
pork 11** insulin. The comparative results are 
shown in Table V. 


Specificity for Biologically Active Insulin.- 
To demonstrate that the antibodies were specific for 
biologically active insulin and also to  demonstrate 
that the assay could be used with long-acting forms 
of insulin, several experiments were seen to show 
this selective action. Table VI shows the final re- 
sults obtained with acidified NPH and protamine 
zinc insulins run against their respective solutions of 
insulin crystals in insulin diluent (computed from 
the data in Table V). Table VII gives the results 
when solutions of insulin (either beef or pork) are 
boiled in acid solution. The data in Table VIII 
show a comparison between mouse, rabbit, and im- 
munoassay. These data also illustrate the sensitivity 
of the immunoassay for that insulin which has not 
been attacked by trypsin. The mouse and rabbit 
data were previously published in Table I of (6). 


Comparative Assay Results-Table IX shows a 
collection of routine assays performed on the 
samples with both the U.S.P. rabbit assay (3) and 
this immunological technique. 


Influence of Ethanol.-Table X shows how small 
amounts of ethanol present before dilution with al- 
bumin diluent affect the antibody. 


DISCUSSION 


Some of our antibody pools have demonstrated a 
species specificity such as indicated by Berson (7). 
Carefully standardized lots of different insulin 
would give curves, plotted as in Fig. 3, having 
different slopes. When differential binding is 


TABLE VIII.-TRYPSIN HYDROLYZED BEEF INSULIN 
 SAMPLE^ 


---Biological Activity, u./mg.- 
Hydrolysis Immuno- 
Time, Min. assayb Mouse Rabbit 


0 22 23 25 
5 17 17 18 
11 15 14 . . .  
19.5 12 9 10 
46 
80 
160 


4.6 3.4 ... 
1.8 0.7 ... 
0.8 . . .  0.3 


4 All hydrolyzed samples are presumed to contain insulin, 
desoctapeptide insulin, alanine. heptapeptide, trypain, and 
soybean trypsin inhibitor. b These were three-tube assays. 
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TABLE IX.-IMMUNOASSAYS AND U.S.P. RABBIT ASSAYS ON SOME UNUSUAL AND ROUTINE SAKPLSS 


-- Immunoassay ~ - 
Potency, Confidence Limits Potency. 


Lot and Description u./ml. (# - 0.95). u./ml. u./ml. 
Dealaninateda pork insulin CT- 


1530A 118.5 (128.4-109.4) 107.38 
Human insulin 493-10GP-182 155.7 (162.9-148.7) 123.10 
Acidified beef protamine zinc insulin 


190-14GP-21A 18.1 (19.3-17.1) 20.50 
190-14GP-21B 


w-3775 
w-3786 


Pork and beef insulin 


Beef insulin 
M.L. 31 
M.LI 32 
C-2695-96 
C-2701 + 2706 
C-2710-11 + 13-14 
Pl-5504 


Po& inikin 
(2-2712 + 2715 
C-2716-17 
C-2732X 


9 . 2  


37.9 
41.0 


36.0 
38.6 
41.7 
38.2 
39.6 
41.0 


39.1 
39.1 
40.1 


(11.3-7.5) ’ 


(40.6-35.3) 
(45.1-37.2) 


(36.7-35.3) 
(39.5-37.6) 
(42. 5 4 0 . 8 )  
(41.7-35.1) 


(42.4-39.7) 


(41.3-37.1) 
(41.2-37.0) 
143.3-37.2) 


(43.3-36.2) 


11.18 


40.69 
40.07 


39.47 
40.96 
36.72 
41.79 
41.09 
42.82 


37.70 
36.84 
37.48 


C-2730-31-33-34 40.2 (41.7-38. 7 j 36.87 


a Dealaninated insulin, porcine insulin less the C-terminal alanine on the B-chain. 


TABLE X.-~MMUNOASSAY TOLERANCE FOR 
ETHANOL IN SAMPLES FOR  ASSAY^ 


Anticipated 
Potency, Original Activity Found, 


u./ml. Ethanol. .I, O h  


3 20 
2 40 
1 60 


102.4 
108.9 
107.5 


a Test solutions were mnde from MI. 26 beef insulin. 


observed, beef insulin is the most effective competi- 
tor for binding sites, followed in decreasing order by 
U.S.P. reference standard (beef and pork), pork, and 
human insulins. Errors in potency estimation 
show up as parallel lines in plots such as those 
shown in Fig. 3. A change in slope represents a 
proportionate difference and species specificity. 


One of the questions which must be answered 
about any in vilro hormone assay is the specificity 
of the assay for the active hormone. We have 
attempted to supplement the work of Grodsky (8) 
by indirect activity correlation and some inter- 
ference testing. Table I1 is an indirect correlation 
of crude extract assays and intermediate purity 
assays with final crystal results. One of the prob- 
lems with prior in vdro or chemical techniques is a n  
inability to assay insulin quantitatively in mixtures 
having a specific activity of less than 16 u./mg. 
We believe that this test gives adequate results down 
to 0.05 u./mg. specific activity. 


The data in Table 111 resulted from an experiment 
to discover if the ions used in processing insulin 
would interfere with the assay. This is the first 
report showing that the pH of the sample must be 
below the isoelectric point of insulin prior to  dilution 
with pH 8.5 albumin stock solution. This pH re- 
quirement holds for both beef and pork insulins. 
There are at least two explanations for the apparent 
loss of activity in alkaline solutions. First, insulin 
is lost through adsorption on glassware at higher 
pH’s; or second, the insulin molecule is modified 
so that the antibody cannot bind it. We prefer the 
latter explanation since we found that acidification 


-U.S.P. Rabbit Assay- 
Confidence Limits 
( p  = 0.95), u./ml. 


( 116.50-98.97) 
(133.93-113.16) 


(25.02-17.12) 
(13.57-9.46) 


(43.15-38.37) 
(42.41-37.86) 


(42.72-36.47) 
( 4 4 4 3 3 7 . 7 6 )  
(42.12-32, oi j 
(50 33-34.70) 
(46.06-36.65) 
(49.56-37.00 j 


(43.04-33.02) 
(40.54-33.48) 
(39. fx-35.47) 
(40.60-33.48) 


-7 


No. 
Rabbits 


96 
72 


24 
24 


240 
192 


96 
96 
48 
48 
48 
96 


48 
48 


240 
96 


was necessary to give reliable results on NPH and 
PZI insulins which are originally nearly neutral. 
I n  Table I V  the assay shows normal variation about 
a weighted mean for both beef and pork samples. 


The experiments described in Tables V and VI  
were designed to show several points about and uses 
for the assay. Either the beef or pork section of 
Table V illustrates a complete set of converted data 
from an eight-sample assay pattern. Subset replica- 
tion is indicated. The use of the assay with pro- 
tamine containing samples both for acidified total 
potency and centrifuged supernatant assays, and 
the two forms of commercially available iodo- 
insulin were compared. We have concluded from 
the completed calculations in Table V I  that there 
was no appreciable difference in the two tests due to 
changes in the species of iodo-insulin used. 


The experiments described in Tables 1’11 and 
VIII  illustrate that the assay discriminates between 
natural and denatured forms of insulin. Neither 
heat nor enzyme denatured insulin are effective in 
the assay. 


In Table IX we reported routine instances of 
direct comparison with some fairly precise U.S.P. 
rabbit assays. The high immunoassay results on 
the human insulin sample are possibly due to a low 
response on the standard (493-10GP-90) which 
could in turn be due to poor stability in albumin 
stock solution, statistical variation due to  the rela- 
tively small samplings of the rabbit population when 
its potency was established in the U.S.P. test, or 
some other unrecognized variable. 


The two protamine zinc insulin samples were of 
interest as 20-year-old room temperature samples 
which are still active (though weaker than they 
were a t  time of manufacture). Thus, a supposedly 
mildly inactivated portion of these samples does not 
affect the immunoassay. 


Ethanol in samples, such as crude extracts, 
apparently does not inhibit the antibody as in- 
dicated in Table X. 


Output quantity is a function of manpower, 
equipment available, and the specialization possible 
with larger numbers of samples. The following 
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sample patterns 8, 14, and 22, respectively, require 
about 1.5, 2.0, and 2.5 men per day. The assay 
takes a little longer than a mouse convulsion test, 
but is many times moreaccurate. 


Since we were not assaying serum insulin we were 
able to  increase volumes, standard concentrations, 
and I1al-insulii concentration to  provide adequate 
counting quantities when low specific activity com- 
mercially available iodo-insulin was used. If high 
specific activity iodo-insulin is used, the sensitivity 
of the test could be increased by reverting to  the 
original volumes used by Grodsky (1). 


As suggested by Grodsky (l), we started using 
NazSa in the salt-out step but changed to Na2S04 
for operation at 24'. Frictional heat arising during 
centrifugation led us to the use of a refrigerated 
centrifuge. However, since NafiO4 crystallizes at 
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5-15', we returned to  Na2SOI and 15' as our operat- 
ing temperature. 


We have found this test to  be accurate, fast, 
inexpensive, and specific for natural insulin. 
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Gas-Liquid Chromatography of Local Anesthetics 
and Related 


By HENRY M. KOEHLER 


Conditions for the as chromatography of 
local anesthetics and? related materials were 
investigated. Flexol on Chromosorb W and 
SE 30 on glass bead columns were preferred 
for the low and high melting compounds, re- 


spectively. 


NALYSES OF local anesthetic drugs in various A dosage forms and tissue preparations have 
been carried out using ultraviolet, visible, and 
infrared spectrophotometric and titrimetric and 
gravimetric methods. The use of chromato- 
graphic methods for separation, identification, 
and quantitation of components of mixtures is 
well established in pharmaceutical analysis. 
Gas-liquid chromatography offers the advantage 
of rapidity combined with the  sensitivity and 
versatility of other chromatographic techniques 
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butacaine sulfate, benzocaine, procaine HCl. and 3-dibut 1 
amino ropanol by Abbott Laboratories. lidocaine and N 
diethyfkninoacetic acid by Astra Phar'macenticd Produits 
Inc.; mepivacaine HCI, propoxycaine HCl and tetracain; 
HCl by Cook-Waite Laboratories, Inc.; diethylaminoethanol 
dimethylaminoethanol, and 2,6xylidene by Sterling Win: 
throp Research Institute, division of Sterling Drug; benox- 
inate HCl by Dorsey Laboratories. division of the Wander 
Co.; pyrrocaine HCl by Graham Chemical Co.; chloropro- 
caine HC1 by Lederle Laboratories, division of Amencan 
Cyanamid Co.; piperocaine HCI and N-(3-hydroxypropyl)- 
a-pipecoline by Eli Lilly and Co.; isobucaine HC1, mepryl- 
came HCI, 2-propylamino-Zmethylpropanol, and Z-isobntyl- 
amino-2-methylpropanol by Mirzy, Inc.; butethamine HCL, 
metabutcthamine HCI. metabutoxycaine HCl. na nine 
HCI. isobutylaminoethanol. and amylaminoethan? by 
Novocol Chemical Manufacturing Co . dydonine HCl by 
Pitman-Moore Co.. division of Doa'khemicd Co.; and 
parethoxycaine HCl by B. R. Squibb and Sons, division of 
Olin Mathieson Chemical Corp. 
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Analysis of Locpl Anesthetics IX. 


Compounds 
and JOHN J. HEFFERREN 


(1). This technique was applied to the detection 
and quantitation of local anesthetic bases, hy- 
drochloride salts and degradation products. 
Kirk, describing the application of gas-liquid 
chromatography to criminalistic problems, in- 
cluded procaine hydrochloride among the drugs 
which could be chromatographed (2). 


APPARATUS 


The instrument used in this work was the Aero- 
graph Hy-Fi model 600 fitted with a gold-plated 
hydrogen flame ionization detector and a Sargent 
model SR recorder with an input filter and a Disc 
integrator. Hydrogen, at a flow rate of 25 ml./ 
minute, was provided for the flame ionization de- 
tector by the Aerograph hydrogen generator, model 
650. Dry nitrogen was used as carrier gas at a flow 
rate of 30 ml./minute. Liquid phases used included 
Carbowax 400, Apiezon L, Ucon Polar, Flexol 
plasticizer 8N8, and silicone rubber SE 30. Solid 
supports used included 60-80 mesh firebrick, 100- 
120 mesh siliconized Chromosorb W, and 100-120 
mesh siliconized glass beads. Five-foot columns 
of inch O.D. copper, aluminum, or stainless 
steel tubing were used. 


The liquid phases were coated on the solid sup- 
ports by evaporating with a Rinco rotary evaporator 
a slurry of the solid support and a dichloromethane 
solution of the liquid phase. The columns were 
packed with a vibrator and shaped into 2l/* inch 
diam. coils which were conditioned overnight in a 
slow stream of nitrogen at the expected operating 
temperature or at 20O0, whichever was lower. 


RESULTS AND DISCUSSION 


The structural relationships of the local anesthetic 
agents used in this study are summarized in Table 








Synthesis of Some Dialkyl Esters of m-Nitrobentenephosphonic Acid 
By LINDLEY A. CATES* and TONY E. JONES 


The dimethyl, di-n- ropyl, diisopro yl, di-n- 
butyl, and diisobutyfeaers of m-nitro!enzene- 
phosphonic acid were synthesized for pharmo- 
cological screening. Two of the derivatives 


displayed some anticancer activity. 


T HAS BEEN shown that m-nitrobenzenephosphonic I acid has in  nitro antibacterial activity (1) and 
possesses the ability to  immobilize T. pdlidum (2). 
These cytotoxic properties, accompanied by low 
toxicity, prompted the synthesis of dialkyl esters of 
the acid for investigation as chemotherapeutic 
agents. 


The only simple dialkyl ester of m-nitrobenzene- 
phosphonic acid which has been reported is the 
diethyl derivative (3). The compounds reported 
in this paper were synthesized by the same pro- 


the use of an increased temperature during esteri- 
fication more satisfactory for the synthesis of the 
higher homolog esters. 


Preparation of Dialkyl m-Nitrobenzenephospho- 
nates.--Nitrobenzenephosphonic acid ( 0.089 
mole) and phosphorus pentachloride (0.187 mole) 
were intimately mixed in a 250-ml. three-necked 
flask with a glass stirring rod. The powders partially 
liquified with evolution of heat, and the flask was 
gently heated until no solid particles remained. 
The flask was immediately equipped with a thermom- 
eter, an outlet to  a water aspirator, and an air 
leak. Both the air leak and outlet were protected 
with drying tubes. Vacuum from the water 
aspirator was applied (approx. 10 mm.), and the 
flask was gradually heated to  90" until the excess 


TABLE L-DIALKYL m-NITROBENZBNEPHOSPHONATBS 


02Nb , /-p-*o 'OR 
\OR 


Anal. % -c- -If- 
No. R B.p., 'C.a Yield, %* Calcd. Found Calcd. Found 


I1 n-Prowl 161-164A mm. 39 50.2 49.9 6.3 6.6 
I Methyl 14&152/1 mm. 49 41.6 41.6 4.4 4.7 


. _  


I11 IsoprOpyl 1.56-1sO)l m i .  58 50.2 50.1 6.3 6.6 
IV n-Butyl 162-167/0.6 mm. 44 53.3 52.7 7 0  7.2  v Isobutyl 161-163/0.6 mm. 62 53.3 52.8 7.0 7 .2  


a All boiling points are uncorrected. I ,  Based on analytically pure compounds achieved by triple distillation. 


cedure, except that a higher temperature was main- 
tained during esteriiication. 


Preliminary pharmacological testing' of these 
compounds indicated that compounds I1 and I11 
were toxic when tested against carcinoma 585 at a 
concentration of 200 mg. /Kg. 


EXPERIMENTAL 
m-Nitrobenzenephosphonic acid was prepared 


according to  the method of Kosolapoff (4) and con- 
verted to  the dichloride by the procedure described 
by Freedman and Jaffe (3). These latter investi- 
gators esterified m-nitrobenzenephosphonic acid 
under conditions similar to  those prescribed by 
Toy (5), whereby a pressure of less that 30 mm. and 
a temperature of not substantially over 30" were 
maintained during the alcohol addition. We found 
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phosphorus pentachloride and most of the phos- 
phorus oxychloride formed in the reaction were 
removed. Carbon tetrachloride (20 ml.) was added 
t o  the reaction mixture and the flask equipped with 
a dropping funnel, thermometer, and reflux con- 
denser with an outlet to a water aspirator. Vacuum 
was applied (approx. 10 mm.), and the appropriate 
alcohol was added dropwise. Heat was applied as 
needed t o  maintain a reflux temperature for 15 
minutes. Following the alcohol addition, the 
condenser was replaced with a water aspirator outlet 
and the 9ask heated t o  90" in uacuo to remove the 
carbon tetrachloride and excess alcohol. The 
residual liquid was cooled and washed with 50 ml. of 
water, 50 ml. of 10% sodium carbonate solution, 
and 50 ml. of water. Vacuum distillation of the 
organic layers gave the pale yellow products. 
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Technical Articles 
Continuous Production of Tablet Granulations in a 


Fluidized Bed I 


Theory and Design Considerations 


By MORTON W. SCOTT*, HERBERT A. LIEBERMAN, ALBERT S. RANKELL, 
and  JOSEPH V. BATTISTA 


A single step rocess for the production of tablet granulations on a continuous 
basis is descriged. The process is based on the use of a modified fluidized bed 
dryer. Im omnt  considerations in the design and operation of the equipment 
are derivezfrom material and energy balances and from heat and mass transfer 
relationships. The report illustrates the usefulness of the pharmaceutical engi- 


neering approach in the analysis of new process developments. 


LUIDIZATION TECHNIQUES have been used in 
various process industries for over 20 years 


(1, 2). The unit operation has found applica- 
tions in areas as diverse as roasting processes 
(3), refining uranium ores (4), gasification of 
carbon (5), and ion exchange procedures (6). 
Fluidized bed drying has been studied extensively 
(7-9). The usefulness of fluidization techniques 
for the drying of tablet granulations was also 
discussed recently (10) ; rapid rates of drying and 
reduced operating costs were some of the ad- 
vantages reported for the process. 


Procedures for coating particulate solids in 
fluidized beds have been developed by Wurster 
(11) and applied to a variety of pharmaceutical 
products. When the coating agents have ad- 
hesive qualities, the technique also can be used for 
agglomeration and for the preparation of tablet 
granulations (12). The Wurster apparatus oper- 
ates in a batchwise fashion and thus finds major 
usefulness when numerous small batches of dif- 
ferent formulations must be processed. 
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The present report introduces a new fluidiza- 
tion process capable of high-volume production of 
tablet granulations on a continuous basis. The 
fundamental pharmaceutical engineering rela- 
tionships which have been applied successfully in 
designing and operating the fluidized bed granu- 
lator are developed in this report. A brief discus- 
sion of conventional batch and continuous fluidi- 
zation processes is presented as background mate- 
rial. An accompanying report reviews the process 
performance levels and product characteristics 
obtained in batchwise and continuous operation 
of the equipment (13). 


The analysis of the fluidized bed granulation 


Chombrr 


- _ _ _ _ _ _ _ _ _ _  
Envonded section 


Tionsition section Troniition section 


Fig. 1. -Schematic drawing of a simple fluidized bed. 
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process is derived from the statements of the 
material balance and the heat and mass transfer 
requirements of the system. The value of this 
method of attack in defining the interrelationships 
of process variables has not been illustrated pre- 
viously in the pharmaceutical literature. How- 
ever, the approach is not limited to the specific 
fluidization system described here, and will be 
applied to film coating operations and other 
pharmaceutical processes in subsequent reports. 


SIMPLE FLUIDIZATION 


Figure 1 is a schematic drawing of a simple fluid- 
ized bed. Three essential components are involved: 
(a) a vertical chamber for containing the solids to be 
fluidized, (b)  a source of air (such as a blower), and 
(c) an air distributor device for obtaining the proper 
velocity profile for the inlet air. The air distributor 
may be a perforated plate, a fine mesh screen, or a 
honeycomb plate, etc., (1). A short transition sec- 
tion may be included beneath the distributor. 


The unit is operated by charging the feed solids 
to  the fluidization chamber and admitting an inrreas- 
ing flow of air through the distributor plate. When 
correct flow conditions are established, fluidization 
of the solids will occur. A t  this point, the bed of 
solids expands appreciably and has an appearance 
similar to a boiling fluid. Pressure readings gen- 
erally are taken at gage locations 1 and 2 (Fig. 1) 
during the operation in order to follow the progress of 
fluidization. 


Figure 2 is a generalized diagram of the relation- 
ship between pressure drop (between gages 1 and 2) 
and the air velocity in the bed. At low flow rates, 
air passes between the particles of solid without 
causing motion. As the velocity of air is increased, 
the pressure drop (PI - P,) rises until eventually i t  
equals the force of gravity on the particles. This 
occurs at point A, and the particles begin to  move. 
Increasing the air velocity to  point B causes the 
particles to separate, and the bed expands. Point B 
represents the star t  of true fluidization. Much of 
the air passing through the fluidized bed a t  this 
stage is in the form of “bubbles” and “pockets” 
containing little or no solids. In the bed itself, the 
solids move in more or less distinct aggregates (14). 
Air velocities higher than that at point B result in 
further bed expansion with little increase in the pres- 
sure drop. Turbulence and overall bed turnover, 
however, become more marked. At point C, the 
bed height equals the height of the container and 
pneumatic transport occurs. 


M e n  heated air is used for fluidization, high heat 
transfer rates are obtainable because of the turbu- 
lence and efficient mixing occurring in the bed. The 
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advantages of the fluidized bed dryers now com- 
mercially available for drying tablet granulations 
stem from these considerations (10). In well de- 
signed systems, heat transfer between the inlet air 
and the fluidized solids may be complete within less 
than one quarter of an inch above the air distributor 
plate (15). Therefore, in drying applications, the 
temperature of the bulk solids may be kept rela- 
tively low regardless of the inlet air temperatures 
used. 


Fig. 2.-Influence 
of air velocity on 
pressure drop in 
fluidized beds. 


CONTINUOUS FLUIDIZATION SYSTEMS 


The batch equipment shown in Fig. 1 may be con- 
verted to  a continuous system by the simple addition 
of a feed pipe and an outlet pipe. A dust collector 
may be added to catch any entrained solids in the 
exit air stream. This type of equipment is shown 
schematically in Fig. 3. Other continuous systems 
have been illustrated in the literature (1,2).  


When the rate of adding solids to the fluidized 
bed equals the rate of withdrawal, no net accumula- 
tion or loss of solids will occur. Therefore, the 
weight of solids in the bed remains constant. Since 
the pressure drop across the bed is determined by 
the weight of solids it contains (l) ,  pressure drop 
values can be used as a convenient indicator of bed 
inventory. In continuous operations, feed rates 
and/or product withdrawal rates are controlled and 
adjusted in accordance with the pressure drop across 
the bed. 


CONTINUOUS GRANULATION 
IN FLUIDIZED BEDS 


A system lor rapid production of tablet granula- 
tions can be designed around the basic components 
of the continuous fluidized bed unit shown in Fig. 3. 
For this purpose, an atomizing nozzle is installed in 
the fluidization chamber to  apply a spray of liquid 
binding agent onto the fluidized solids. Heated inlet 
air, as employed in the fluidized bed dryers, is used 
to  fluidize the solids and for simultaneous evapora- 
tion of the atomized solvent. 


The flow of materials to and from such equipment 
is shown in the material balance diagram in Fig. 4. 
Relationships between the various flow streams can 
be developed readily and can be used to  uncover a 
number of important operating and design criteria. 


The following primary material balances apply 
when an aqueous granulating solution (containing 
no active ingredient) is used: 


for air A i  = A. 0%. 1) 


for solids Si + CGi = Po (Eq. 2) 


xisi = X.P. 0%. 3)  
for active ingredients 


for moisture 
MiSi + HiAi + ( 1  - C)Gi = H A .  + M Z 0  


(Eq. 4) 


where A = air flow rate (dry basis), Kg. per minute; 
C = concentration of solids in granulating liquid, Kg. 
per Kg.; G = granulating liquid flow rate, Kg. per 
minute; H = absolute humidity, Kg. water per Kg. 
dry air; M = moisture content of solids (dry basis), 
Kg. per Kg.; P = product removal rate (dry basis), 
Kg. per minute; S = solids feed rate (dry basis), Kg. 
per minute; X = concentration of active ingredient 
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Chomhr t 


Air lnlrl ' 
Fig. 3.-Continuous fluidized bed. 


(assay value on a dry basis), Kg. per Kg.; a = inlet; 
and o = outlet. 


Maintenance of Product Assay.-Equation 2 
shows that solids derived from the liquid granulating 
agent are included in the granulated product. To 
attain a given product assay value (X,,), the con- 
centration of active ingredient in the powder feed 
cannot be made equal to  that desired in the product, 
but must be adjusted in accordance with Eq. 3. The 
relationship between the desired product assay and 
the feed concentration for various flow rates and 
concentrations of the granulating agent is established 
by substitution of Eq. 2 into Eq. 3 


For the special case when water is used as the 
granulating liquid, C equals 0, and X i  will equal X, .  
No adjustment in feed assay, therefore, would be re- 
quired. Similarly, it  can be shown that modifica- 
tions in feed assay would not be necessary when a 
slurry of the feed solids (in a volatile solvent) is used 
as the granulating agent.1 However. for all other 
cases Eq. 5 establishes the changes required in feed 
concentration in order to achieve desired product 
assays. 
Influence of Entrainment Losses.-Equations 


1-5 assume no loss of solids in the effluent air 
stream, A,. In general practice, however, some en- 
trainment losses do occur from fluidized beds (1, 2). 
Extensions of the material balance relationships can 
be developed, as shown below, to predict the in- 
5uence of these losses on product assay. The need 
for adequate dust collection systems thereby can be 
established as an early design requirement. 


When entrainment losses occur, the material 
balance for solids and for the active ingredients are 
given by Eqs. 6 and 7, respectively 


for solids Si + CGi = P o  + L 
XiSi = XoPo + X L L  


(Eq. 6) 


(Eq. 7) 
for active ingredients 


where L = entrainment losses, Kg. per minute; and 
XL = concentration of active ingredient in entrain- 
ment solids, Kg. per Kg. 


1 For this case. Eq. 3 must be modified to amount for the 
addition ol active ingredient to the system by the granu- 
lating agent. Thus 


XfSf + XtCGL = X O P O  (Eq. 3 A )  
Substitution of the value for Po from Eq. 2 into Eq. 3A estab- 
lishes that Xi will equal Xo.  


61wl@lM Pmdw 
P * ~ U ~ . X ~ l  


Ll-+ 111d A i l M i I  A t  


Fig. 4.-Material balance diagram for fluidized 
bed granulator. Key: A = air flow rate, dry basis, 
Kg. per hour; H = absolute humidity, Kg. (H20) 
per Kg. (dry  air); S = solids feed rate, dry basis, 
Kg. per hour; P = product exit rate, dry basis, 
Kg. per hour; M = moisture content of solids, 
dry basis, Kg. (HzO) per Kg. (dry solids); X = 
concentration of active ingredient, Kg. (A.I.)  
per Kg. (dry solids); G = liquid feed rate, Kg. per 
hour; C = concentration of granulating agent, 
Kg. (solids) per Kg. (liquid); z = inlet conditions; 
o = outlet conditions. 


Rearrangement of Eq. 7 after substitution for Po 
as defined in Eq. 6 yields the desired relationship be- 
tween entrainment losses and product assay 


L Xi = X,, 1 + -' + [ X L  - Xo] - (Eq. 8 )  [ 21 S; 
For the special case in which the losses consist only 


of product granules (XL = X o ) ,  the last term of Eq. 8 
vanishes, and the relationship reduced to Eq. 5. 
Under these conditions, the entrainment loss, L, does 
not in5uence the feed concentration, X i ,  required to 
achieve a given product assay. 


When the entrained solids consist of only un- 
processed feed powder, XL will equal Xi, and Eq. 8 
can be simplified 


Xi  = (S i  + CGi - L) (Eq. 9) 


For this condition, Eq. 9 shows that the magnitude 
of the solids loss will alter final product assays. The 
necessary adjustments in feed concentration re- 
quired to maintain a desired product assay can be 
calculated from Eq. 9, however, providing that re- 
liable estimates of the losses are available. 


Equations 5 and 9 represent the limiting cases. 
In normal operation, it is likely that the losses from 
the fluidized bed granulator will contain varying pro- 
portions of feed powder togetherwith finished granules 
and partially processed materials. Since each type 
of loss exerts a different effect on product assay, it is 
apparent that adequate control of these losses must 
be a prerequisite for consistent production of 
granules meeting assay specifications. This in turn 
suggests that efficient cyclone collectors (or other 
dust collection units), preferably operating with 
continuous recycling of the elutriated solids to the 
fluidized bed, should become an early design con- 
sideration. 


Allowable Liquid Flow Rates.-The relationship 
between the flow rates of liquid granulating agent 
and inlet air is obtained by substituting the value 
of A. (from Eq. 1) and P o  (from Eq. 2) into Eq. 4. 
Rearrangement of terms leads to 


si - L 


Gi = K ( A i ( H o  - H i )  - Si(Mi - M o ) ]  (Eq. 10) 


where K = 
1 


1 - c - M,C' 







Certain simplifying restrictions can be imposed on 
Eq. 10 as a result of process requirements. For ex- 
ample, the moisture content of the product, Mo, will 
be fixed by the required flow and compression 
characteristics for the granulated material. Gen- 
erally, the moisture content of the raw materials 
will be close to that of the product granules, and Mi 
will approximate Mo. Under these conditions the 
last term of Eq. 10 disappears and the relation re- 
duces to  


Gi = KAi(He - Hi) (Eq. 11) 


For maintenance of steady state conditions, Eq. 
11 shows that the allowable granulating liquid feed 
rate varies directly with the inlet air flow rate. 
Therefore, increasing the air flow rate Will permit 
operation with a higher liquid rate giving. in turn, an 
overall increase in the production rate. 


Influence of Outlet Air Temperature and Humid- 
ity.-Equation 11 shows that permissible liquid 
flow rates will be directly proportional to the dif- 
ference in moisture content between the outlet 
and inlet air. However, for any outlet air tempera- 
ture, the outlet moisture content, H,, cannot exceed 
that obtained in saturated air a t  that temperature. 
If liquid flow rates, Gi, exceed those established by 
Eq. 11 in process, material can be expected to become 
increasingly overwet. This condition may not be 
fully detected by inlet and outlet humidity measure- 
ments alone. When the outlet air is partially 
saturated (less than 100% R.H.), a fluctuation in 
liquid or air flow rate will be reflected in the outlet 
humidity level. Instrumentation for these psychro- 
metric measurements, therefore, should be pro- 
vided in the design of the granulating unit. 


For optimum thermal efficiency, it is desirable to 
raise the level of the moisture in the outgoing air as 
high as possible. However, when the outlet air is 
saturated, condensation of water in the dust collec- 
tion systems (cyclones, etc.) will occur readily. The 


Air dislribulor plole 


Fig. 5.-Fluidized 
granulator. 
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bed 


relative humidity of the outlet air must be kept 
under 100% to avoid this condensation. 


High outlet air temperatures also would appear de- 
sirable in increasing thermal efficiency since the 
moisture content of saturated air (100% R.H.) in- 
creases with increasing temperature. The thermal 
stability characteristics of the product impose a 
practical limitation on the outlet temperature, since 
the temperature of the solids will be close to  the 
outlet air temperature (7) under good fluidization. 


In the absence of other data, however, this tem- 
perature need be no lower than that selected for 
drying the product by conventional tray drying tech- 
niques. 


Thermal Energy Balances.-Simplified thermal 
energy balances can be established as shown in Eq. 
12 for the fluidized bed granulator2 
Aid,( Tai - Tao) = XGi( 1 - C) + 


SiCp(T.o - Tai) + EL (Eq. 12) 
where Ai, = air flow rate (wet basis),' Kg. per 
minute; C,. = humid heat capacity of air, Kcal. 
per Kg. per OC.; C, = heat capacity of solids, Kcal. 
per Kg. per OC.; T = temperature, "C.; X = heat of 
vaporization of water, Kcal. per Kg.; C = concen- 
tration of solids in granulating liquid, Kg. per Kg.; 
Gi = flow rate of granulating liquid, Kg. per minute; 
Sj = solids feed rate, Kg. per minute; EL = thermal 
energy losses, Kcal. per minute; a = air; s = solid; 
i = incoming conditions; and o = outgoing condi- 
tions. 


The thermal energy losses, EL, in Eq. 12 pri- 
marily arise as a result of radiation and convection 
heat transfer from the fluidization chamber. These 
losses will be negligible when the outlet air tempera- 
ture i s  maintained close to  the ambient temperature. 


* This equation neglects the energy requirements for heat- 
ing the granulating solids and the vaporized granulating 
liquid to the outlet temperatures. Heats of solutron and 
wetting also are neglected. * Air flow rate on a wet basis is 


(Eq. 12.4) A f w  = A t  + R f A f  
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Similarly, the term C,, (Ta0 - T,i), representing 
losses associated with the heating up of the solids, 
becomes negligible when the outlet temperature is 
held near the incoming feed temperature. Under 
these conditions, the evaporation process in the 
fluidized bed granulator occurs adiabatically and 
will be similar to that found in an adiabatic humidi- 
fier or spray dryer. The process can be defined and 
traced more or less completely on psychrometric 
charts (16). 


When air flow rate (Ai),  concentration of granu- 
lating agent (C), and product temperature (T,, equal 
to Tao) are fixed, Eq. 11 shows that maximum liquid 
flow rates will be directly proportional to the inlet 
air temperature. 


Increasing the inlet air temperature, therefore, 
represents a convenient and predictable method for 
increasing production rates. 


Rates of Evaporation and Drying.-The fore- 
going analysis has concerned the heat and material 
balance requirements. Analyses of some of the 
factors governing the rates of evaporation in a fluid- 
ized bed granulator are also useful in setting design 
and operating criteria. 


For maintenance of steady state conditions, the 
rate of evaporation must equal the rate of addition 
of liquid granulating agent. The rate of evaporation 
is 


R. = Ai(Ho - Hi) (Eq. 13) 


where R. = rate of evaporation, Kg. water per 
minute. 


The required relationship is shown in Eq. 14 and 
is obtained by rearrangement of Eq. 10 and com- 
bination with Eq. 13 
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the average droplet particle size in the spray. Fac- 
tors which improve the degree of atomization (such 
as decreasing the liquid feed rate, decreasing the 
liquid viscosity,‘ or increasing the nozzle pressure) 
will improve the rate of evaporation. Measurements 
of the flow rate, temperature, and pressure of the 
liquid (and air pressure, if pneumatic nozzles are 
used) will be useful in controlling rates of evapora- 
tion. 


Equation 15 shows further that increased rates of 
evaporation are obtainable by increasing the inlet 
air temperature. Since the heat transfer coefficient, 
h,  improves with high air velocities (14), increased 
rates of evaporation also can be expected with increas- 
ing air flow rates. 


Factors Related to Fluidization Quality.-Under 
proper fluidizing conditions, the solids in the bed 
undergo efficient mixing, and little or no segregation 
will occur (1 ,  2). All particles will tend to move 
in more or less random directions and have equal 
opportunity to enter the zone near the top where the 
concentration of droplets of granulating agent will be 
highest. Some “short circuiting” between the 
solids inlet and outlet positions may be expected, 
but this will be minimized in the well fluidized bed. 
Proper fluidization is evidenced by the “surging” in 
the manometer lines which results from the fonna- 
tion and collapse of air bubbles in the bed (1, 2). 
Uniform temperatures will also be observed through- 
out the bed when good fluidization has been 
achieved. 


Bed expansion will occur with increasing inlet air 
velocities. Under these conditions, the momentum 
of the particles will increase, and increased degrees 
of particle attrition may result. Bed losses will 
also increase with increasing air velocity; however, 
improved collector efficiency may compensate for 
these effects. 


Empirical correlations are available for f i s t  esti- 
mates of required air velocities for fluidization. 
The selection of optimum velocities is best deter- 
mined by experimental tests and will represent a 
compromise between bed loss, attrition effects, 
collector efficiency, and heat transfer considera- 
tions. Once the air velocity has been selected, the 
maximum value of liquid flow rate, G,, can be deter- 
mined (for any given inlet air temperature) from 
the previous equations. 


Possible Mechanism for Agglomeration.-The 
exact mechanisms by which size enlargement and 
agglomeration can occur in the fluidized bed granu- 
lator are difficult to  establish on the basis of theo- 
retical considerations alone. It is probable that 
small granules will be formed when two or more 
solid particles impinge with a droplet of liquid 
granulating agent. As the solvent evaporates, these 
particles will be cemented together. Further size 
enlargement may occur when these small granules 
impinge with other liquid droplets and particles. 
Rates of agglomeration can be expected to be in- 
fluenced by the probability of droplet-particle 
collision. This will in turn be governed by bed 
height, droplet and particle, size and size distribu- 
tion, rate of evaporation, and nozzle position among 
other factors. 


For a given nozzle operating a t  a fixed position 
aiid with fixed inlet air conditions to  the granulator, 


This may be accomplished by increasing the tempera- 
ture of the granulating liquid or decreasing its solids content. 


When the liquid flow rate exceeds the rate of 
evaporation, overwetting of the product will occur. 
If sufficient evaporative capacity is available in the 
incoming air, this condition will be evidenced by 
rising outlet air temperatures. Excessive rates of 
evaporation will not be detectable by a correspond- 
ing decrease in air temperature but will be reflected 
by a decrease in product moisture content. Meas- 
urements of outlet air temperature and product 
moisture content, therefore, can serve as convenient 
indices of equipment performance; suitable in- 
strumentation should be provided for these measure- 
ments. 


The rate of evaporation of the atomized graiiulat- 
ing liquid can be put in general form (15) 


where R, = rate of evaporation in Kg. (of water) per 
minute; h = overall heat transfer coefficient, Kcal. 
per minute per “C. per cm.* surface area; S = total 
surface area of droplets created by atomization of 
liquid granulating agent, ern.*; Tmi = temperature 
of inlet air, “C.; T d  = temperature at surface of 
droplet, “C.; and X = heat of vaporization of water, 
Kcal. per Kg. 


Equation 15 shows that an increase in the surface 
area of the liquid droplets will increase the rate of 
evaporation. This can be accomplished by reducing 
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the length of the spray cone will determine the num- 
ber of liquid droplets entering the fluidized bed. 
Lowering the nozzle height will increase the prob- 
ability of droplet-particle contacts. An increase in 
droplet size will also improve this probability. 
Elevating the nozzle high above the bed can be ex- 
pected to result in premature evaporation of the 
granulating solvent. This will lead to  the formation 
of spray dried particles of the granulating agent, and 
little agglomeration of the feed solids will occur. 
Finally, control of the length and angle of the nozzle 
spray cone will be required so that the walls of the 
fluidized bed are not wetted by the liquid granulat- 
ing agent. 


CONTINUOUS FLUIDIZED 
BED GRANULATOR 


Figure 5 is a schematic diagram of the continuous 
fluidized bed granulator. The system was developed 
From a commercially available fluidized bed reactol4 
which was suitably modified and instrumented for 
granulating operations in line with the preceding 
theoretical analyses. 


The fluidization section of the unit consists of a 12 
in. diameter, vertical, steel pipe with an expansion 
section at the top. The overall height of the unit is 
approximately 15 f t .  
Air is supplied to the fluidized bed by a blower 


fitted with an adjustable control damper on its 
outlet. A calibrated orifice meter to measure the air 
flow rate is installed in the air line past the blower. 
The pressure drop across the orifice is measured by 
appropriate manometers. 


The fluidizing air is heated to the desired tem- 
perature by passage through a steam heat exchanger. 
The temperature of the air leaving the exchanger is 
controlled by adjustment of inlet steam conditions. 
The heated air then passes through an air distribu- 
tor plate into the bottom of the bed. 


The solids to  be granulated are fed into the bed 
from a powder hopper discharging into a screw con- 
veyor. The inlet for the feed is located below the 
expansion section. 


Air leaving the fluidized bed passes through a 
cyclone collector which removes the entrained solids. 
These solids are returned automatically to  the 
fluidization section through a one-way trickle valve 
and connecting pipe inlet. All lines carrying solids 
are set at sharp angles with the vertical to insure 


Liquid granulating agent is sprayed onto the 
fluidized solids through a pneumatic atomizing nozzle. 
The nozzle enters the unit from the top and is aimed 
in a downward direction. The liquid granulating 
agent is fed to  this nozzle by a calibrated pump. 
The flow rate is measured by a calibrated rotameter 
installed in the liquid feed line. 


Granulated product is removed near the bottom 
of the bed through an outlet pipe located slightly 
above the distributor plate; the rate of product re- 
moval is controlled by adjustment of an outlet 
valve. 


Manometer taps are located directly above the 
distributor plate and at  the approximate midpoint 
of the fluidization section. Pressure drop values be- 
tween these points are obtained from respective 
manometer readings and are used to determine the 


good flow. 


1 Fluo-Solids Reactor, Dorr-Oliver. Inc., Stamford, Coon. 


weight of solids in the fluidized bed; additional 
manometer taps are located below the distributor 
plate and near the top of the unit. Thermocouples 
are placed below and above the distributor plate 
and at three additional elevations within the 
fluidized bed granulator. 


The relative humidities of the ambient and outlet 
air are obtained with a sling-type psychrometer held 
near the blower inlet and the cyclone exhaust; the 
relative humidity of the heated air entering the 
fluidized bed is obtained by tracing the heating 
process in the steam heat exchanger on appropriate 
psychrometric charts. 


FEASIBILITY STUDY 


An introductory experiment with the fluidized bed 
granulator was completed to demonstrate the 
feasibility of the process. For this run, a 30-Kg. 
preblend of the components of a standard tablet 
formulation was used as the solid charge to  the unit. 
The liquid granulating agent was syrup U.S.P. and 
was sprayed into the bed at a rate of 7.5 L. per hour. 
The fluidizing air velocity was set at approximately 
73 c.f.m. with an inlet air temperature of approxi- 
mately 240’ F. Under these conditions a bed tem- 
perature of approximately 100’ F. was maintained. 
The relative humidity of the outlet air was close to  
100%. The agglomerated product obtained after 
approximately 40 minutes of operation showed an 
increase in average particle size from approximately 
75 p (feed) to  approximately 275 p (product) and 
was dry. This experiment established the feasibility 
of the process for agglomerating operations. Fur- 
ther, the operating conditions (outlet humidity, bed 
temperature, air temperature) obtained in this run 
were in accord with those predicted from the equa- 
tions established in the previous sections of this re- 
port. 


Further experiments have been completed to con- 
firm and extend the value of this system in the con- 
tinuous, high-speed production of tablet granula- 
tions. These studies are presented in an accompany- 
ing report (13). 


SUMMARY AND CONCLUSIONS 


A fluidized bed granulator has been designed and 
constructed. The unit allows continuous addition 
of powder feed and granulating liquid and continuous 
removal of dry granulated product. 


The basic design criteria were developed by 
analysis of material and energy balances and con- 
sideration of rates of heat and mass transfer. The 
equations developed by this approach were used to 
predict the relationships among the important 
process variables. 


This report also is intended to illustrate the value 
of applying pharmaceutical engineering techniques 
in the analysis of both new and conventional proc- 
esses in pharmacy. 
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Continuous Production of Tablet Granulations 
in a Fluidized Bed I1 


Operation and Performance of Equipment 


By ALBERT S. RANKELL, MORTON W. SCOTT*, HERBERT A. LIEBERMAN, 
FRANK S. CHOW, and J. V. BATTISTA 


Data collected from batch runs in a 1-ft. diameter fluidized bed granulator were em- 
ployed in preliminary evaluation of process performance. Moisture content, 
screen analysis, and compressibility tests were used to evaluate the granulater:% 
uct. Process variables such as powder and liquid feed rates, inlet air tem- 
pefature, and nozzle location iduenced the characteristics of the product. Losses 
rom the unit were related to cyclone collector efficiency. Data obtained from repli- 


cate continuous runs under selected operating conditions illustrated the ability of the 
process to maintain product uniformity from run to run. Finished granulations from 
the continuous runs were evaluated on a rotary press. Tablets made from these 
granulations conformed to tablets made from identical ingredients granulated by 


conventional techniques. 


IGNIFICANT ADVANCES have been made recently S in the development of direct compression 
techniques for the production of tablets. How- 
ever, until the physical and chemical principles of 
compression are more fully understood, wet 
granulation techniques will be required for 
numerous formulations. 


New procedures for preparing tablet granula- 
tions have been reported in the recent literature. 
These techniques include a method for vapor 
ph& granulation (1) and an air suspension 
granulation method (2) ; procedures for preparing 
granulations in coating pans have also been de- 
scribed (3,4). 


An accompanying report (5) describes the 
theory and design of a continuous fluidized bed 
granulation technique. The present report 
represents an extension of this study, and is an 
evaluation of the performance of a pilot model 
fluidized bed granulator, including a study of 
process variables. The apparatus used has been 
adapted from a fluidized bed dryer (of the type 
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commonly used in the chemical process industry)' 
which was specifically modified for the production 
of tablet granulations. The unit is adaptable for 
batch processing, but is particularly useful in the 
continuous granulating of large volumes of raw 
materials. 


EXPERIMENTAL 


Materials.-The product granulated in these ex- 
periments was an antacid mixture based primarily 
on aluminum hydroxide. A preblend of all formula 
components (except lubricants) was used as the feed 
powder. The particle size of the feed was less than 
200 mesh (74 p ) ;  loss on drying (L.O.D.) was ap- 
proximately 5%. 


The feed powder contained sucrose. To maintain 
constant assay levels in the granulated product, the 
concentration of sucrose in the feed was varied from 
run to run as required by the changes in the sucrose 
content of the granulating liquid. The granulating 
agents included in this study were water, diluted 
syrup (43% w/v), simple syrup (85% w/vL and a 
10% w/v aqueous gelatin solution. A mixture of 
water soluble dyes (FD&C Red No. 2 plus FD&C 
Red No. 4) was dissolved in the granulating liquid 
(syrup) in one experiment. 


Equipment.-The general design of the fluidized 
bed granulator used in these studies was discussed 


* The authors express their thanks to Dorr-Oliver. Inc., 
Stamford, Conn., for the use of thar 12-in. DorrCo FluSolids 
teat unit. 
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Review Article- 


Oximes Antagonistic to Inhibitors of Cholinesterase 
Part I1 


By ROBERT I. BUIN and J. HENRY WILLS 


PHARMACEUTIC ASPECTS 


Experiments with 2-PAM indicated that the 
iodide form of the o h e  would be of little prac- 
tical value because of its comparatively low 
solubility in water. The iodide is approximately 
2% soluble in water a t  room temperature (144), 
while saturated aqueous solutions a t  25' con- 
tain only 4.8%. In View of the fact that 2-PAM 
is efTective in humans in doses of 20 or more 
mg./Kg., a volume of a t  least 30 ml. would be 
needed for a single injection. Such volumes are 
obviously impractical for intramuscular injection. 
There is an additional inherent disadvantage 
in the use of the iodide form. Large doses of 
2-PAM can, and have, eliated symptoms of 
iodism (145). 
In attempting to find more soluble salts of 2- 


formyl N-methyl pyridinium oxime (PFMPO), 
the nitrate was made by simply adding silver 
nitrate to 2-PAM (146). Fundamental prin- 
ciples of general chemistry tell us that this reac- 
tion should go to completion readily, with the 
formation of insoluble silver iodide and the 
nitrate of the oxime. The resulting nitrate was 
found to be 15 times more soluble than the iodide. 
Other salts were subsequently synthesized. 
Table I11 shows the water solubilities and the 
percentages of oxime in each salt. The chlo- 
ride salt (2-PAMC1) on the basis of its excellent 


Received from the Physiolo Division, Directorate of 
Medid Research U S. Army &ernicd and Research Lnb- 
oratories, Edgewoh ksend. Md.. 


EDITOP'S NOTE: Part I of thts review appeared in the 
September issue, THIS JOURNAL, 53, 895(1964). 


water solubility, its high o x h e  content per mole 
of compound and, most important, its physio- 
logical compatibility, was proposed as the oxime 
of choice. The methanesulfonate of 2-formyl 
N-methyl pyridinium oxime (2FMPOMS), has 
been championed by another group of investi- 
gators (147). The latter contains 56.6% oxime 
per mole of compound and is about as soluble 
as the chloride in water. Equivalent concentra- 
tions of various oxime salts reactivate inhibited 
eel cholinesterase a t  approximately the same 
rate; that is, there is little or no effect due to 
the anion moiety. 


Aqueous solutions of the chloride can be auto- 
claved without significant breakdown, provided 
that a suitable pH is maintained. Unbuffered 
2.5, 10, and 20% solutions of 2-PAMCl showed 
less than a 4% breakdown when autoclaved at  
120' (15 pounds pressure) for 15 minutes. The 
decomposition of the oxime occurs ui0 two pH- 
TABLE III.-SOLUBILITY AND PER CENT OXIME 
MOIETY IN METHYL PYRIDINIUM ALDOXIME SALTS 


(145) 


2-PAM Salt 
Chloride 
Nitrate 
Dihydrogen phosphate 
Hydrogen sulfate 
Iodide 
Fumarate 
Acetate 
Tartrate 
Lactate 


. Solubility 
mg./d.  oi 
Soln. at 2 5 O  


640 
675 
46 


640 
48 


389 


565 
1000 


. . .  


Percentage 
Oxime 
79.5 
68.9 
58.6 
58.6 
51.9 
70.6 
69.9 
64.9 
60.6 
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group have been found to possess activity as 
antibacterial, antifungal, antirickettsial, try- 
panocidal, tuberculostatic, anticonvulsant, cen- 
trally depressant, antispastic, insecticidal, or 
locally anesthetic agents, probably the most 
striking biological activity of this type of com- 
pound is the ability of some oximes to serve as 
reactivators of cholinesterase inhibited by cer- 
tain organophosphorus and carbamate compounds 
and as antagonists of poisoning by these inhibitors 
of cholinesterases. The oximes that have been 
found to have value in these ways fall in general 
into one of three groups, all mentioned previously. 


R-C( 0)-C( Ri)=NOH 
0x0-Oximes 


I 


dependent mechanisms. At pH values below 4, 
the hydrogen ion catalyzes hydrolysis of the acid 
form of the oxime; various states of equilibrium 
between %PAM and its hydrolytic products, py- 
ridine-r carboxaldehyde methiodide and hydroxyl- 
amine, are established in accord with the pH and 
temperature of the reaction mixture. Above pH 
4, the decomposition is due either to hydroxyl ion 
catalysis of breakdown of the acid form of the 
oxime or to noncatalytic, direct attack on the 
oximate ion. Hydroxyl ion attack at the methine 
hydrogen results in the removal of a proton and 
the formation of a carbanion as the rate-controll- 
ing step (134). Subsequent loss of hydroxide 
ion from the oximino nitrogen results in the 
formation of a triple bond-in this case the cor- 
responding nitrile The nitrile, depending on 
whether there is direct hydroxide ion attack on 
the cyano grouping or addition to the pyridine 
ring, forms carbamidopyridinium or hydroxypy- 
ridinium ions. On further reaction with hy- 
droxide ions, the latter forms a pseudo base which 
loses water to form N-methyl-a-pyridone. Ellin 
(123) showed the presence of 2-cyanopyridinium 
ion. cyanide ion, and N-methyl-pyridone in alka- 
line hydrolysates of 2-PAM. Kosower and 
Patton (148) conclusively showed that 2-carbam. 
idopyridine methiodide formed when 2-cyano- 
pyridine methiodide was placed in alkaline media. 
One would then expect the formation of this 
amide when 2-PAM is degraded in basic solution; 
its presence among the products of alkaline d e  
gradation of 2-PAM has been confirmed by paper 
chromatographic techniques. 


Because cyanide had been found to be a de- 
composition product of 2-PAM (101, 133), ex- 
periments were run to check for the presence of 
cyanide in aqueous solutions stored over long 
periods of time. Accelerated storage-stability 
studies established that the toxicity resulting 
from 10 and 20% concentrations of oxime was 
due only to the initial oxime concentration (145). 
From the established equations for the degrada- 
tion of PAM, the stability of the oxime in aqueous 
solution at any pH and temperature may be 
predicted. Kinetic data show that a solution of 
%PAM, maintained at pH 4.36 at  25O, should 
retain half of its original concentration of oxime 
even after a period of 80 years. 


Other oximes, such as the aforementioned 
TMB-4, show promise as antagonists of the 
toxic effects of organophosphorus compounds, 
but have not been investigated so extensively 
as 2-PAM. Experiments concerned with the 
stability of TMB-4 are complete and are being 
prepared for publication (149). 


Although chemicals containing the o x h e  


Q-R 


HON=CH 


Monoquaternary Pyridine Aldoxinies 
I1 


HON= CH ~ H = H O N  


Bisquaternary Pyridine Bisoximes 
111 


A few oximes antagonistic to organophosphorus 
compounds but having other ring structures, 
including one having the oxime group attached 
directly to a ring carbon, have been described. 
These compounds have not exceeded in activity 
the usual types of oximes. 


TOXICITY OF OXIMES 


The best known members of the 0x0-oxime 
group (I) are MINA, DAM, and DINA; the 
best known of the group of monoquaternaxy 
pyridine aldoximes (11) are the chloride, iodide, 
and methanesulfonate salts of 2-formyl N -  
methylpyridinium oxime. Among the bisquat- 
ernary pyridine aldoximes (III), the best known 
is 1,3-bis-(4-formylpyridinium) propane bisoxime 
dibromide (B4FPBOBrz or TMB-4). Table IV  
gives toxicity information about a representative 
group of oximes. It is apparent that DINA is 
the most lethal of the group. O’Leary et al. 
(158) have examined the lethal effectiveness in 
the mouse of i.v. injection of mixtures of equal 
parts of pyridinium monoximes and bispyridin- 
ium bisoximes; in four cases (2FMPOI + 
B4FPBOBr2, BFMPOL + B4FPBOBr2, 2FM- 
POCl + B4FPBOC12, and 2FMPOMS + 
B4FPBOBr2), the toxicity of the mixture of 
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TABLE IV.-TOXICITIBS OF SELECTED OXIMES - 


Oximea Species Route LDM Ref. 
Oximinoacetarnide Mouse i.p. 4200 mg./Kg. (100) 
MINA Mouse i.p. 150 (100) 


Rat (M) ?.P. 50 (150) 
!.P. 74 (150) 


DINA Mouse ?.P. 20 (100) 


2-Oximino-3-pentanone Mouse 1.p. 350 ( 100) 


Rat (F) 
DAM Mouse ?.P. 51, 85, 900 (100, 151,152) 


2FMPOI( 2-PAM) Mouse i.v. 140-178 (157, 158) 
Mouse i.p. 136-260 (100,150-154,156, 


16U) 


2FMPOCl 


2FMPOL 
ZFMPOMSPZS) 


2FMPOMS( P2S) 


4FPPOBrt 
B4FPBOBrs( TMB-4) 


B4FPBOCIz 


Mouse 
Mouse 
Rat 
Mouse 
Mouse 
Mouse 
Rabbit 
Mouse 
Mouse 
Mouse 
Mouse 
Rat 
Rat 
Guinea pig 
Rabbit 
Monkey 
Mouse 
Mouse 
Mouse 
Mouse 
Rabbit 


S.C. 290-340 (i53: 159) 
p.0. 1500-4000 (156, 160) 
i.p. 305 (150) 
1.v. 115 (158) 
i.p. 205 (156) 
P.0. 4 100 (156) 
1.v. 95 (158) 
i.v. 121 
i.v. 118-122 
i.p. 216 
p.0. 3700 
i.v. 109 (150) 
i .D.  262 
i.m. 
i.v. 
i.m. 
i.p. 
i.v. 
i.p. 
i.v. 
i.v. 


305 
147 
356 
202 
53-89 
130 
57 
44 


0 2FMPOI P 3-formyl N-methylpyridinium oxime iodide (2-PAM) ; 2FMPOCl 2-formyl N-methylpyridin,ium ogme 
chloride. 2FMPOL - 3-formyl N-methylpyridinium odme lactate. 2FMPOMS = 2-formyl N-methylpyridinnnn oxime 
methau&ulfonate; 4FPPOBrr = 1-(4-formylpyridinium)-3-p~dini;m propane odme dibromide; B4FPBOBra - 1,3-bis(4- 
formy1pyridiuium)-propane bisoxime dibromide (TMB-4) ; 4FPBOCL - 1,3-bis(4-formylpyridinium)-propaee bisoxime 
dichloride. 


oximes was between those of the two components 
and close to the value calculated from the toxici- 
ties of the individual components. This last 
finding suggests that there is no potentiation of 
the toxicity of B4FPBOBrl (TMB-4) by either 
the iodide, the lactate, or the methanesulfonate 
of 2-formyl N-methylpyridinium oxime and none 
of that of B4FPBOC12 by the chloride of the 
monoxime. 


EFFECTIVENESS OF OXIMES 


Table V summarizes available information 
about the effectiveness of the same oximes in 
antagonizing the toxic effects of organophos- 
phorus and carbamate inhibitors of cholinester- 
ases. This table shows several things: (a) the 
oxime with which the greatest volume of work 
has been done is 2FMPOI (or 2-PAM), (b) the 
only poisoning of humans in which an oxime has 
been used fairly extensively is that by parathion, 
(c )  pyridinium oximes (either mono or bis oximes) 
are more active than the 0x0-oximes, and (d) 
although the oximes are effective antagonists to 
many of the inhibitors of cholinesterase, there 
are some anticholinesterase compounds with 
effects that either are not antagonized by oximes 
or are made worse by administration of an oxime. 


In the latter group, Sevin and Diazinon seem to 
be particularly likely to have their toxic effects 
enhanced by administration of oximes. This 
enhancement of toxicity probably occurs through 
the formation of stable phosphorylated (60, 231) 
or carbamylated derivatives of the oximes. 


The only recourse available today as an aid to 
atropine in the treatment of Severe poisonings by 
such compounds as Sevin and Diazinon is arti- 
ficial ventilation. In carrying out this form of 
therapy, a first requirement is that the airway 
be rendered patent by removal of secretions and 
other occlusive material from the pharynx. The 
maintenance of a patent airway is aided by 
tilting backwards the head of the supine patient. 
With a patent airway, one must next insure that 
the method of artificial respiration being used 
actually produces effective pulmonary ventila- 
tion. 


Some of the papers from which the data in 
Table V are derived contain other information of 
considerable importance for most effective em- 
ployment of the oximes in therapy of poisonings 
by inhibitors of cholinesterase. One such piece 
of information is that administration of atropine 
along with the oxime increases the antagonistic 
activity of MINA against sarin and tabun 
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TABLE V.-ACTIVITIES OF OXIMES AND SALTS OF OXIMES AS ANTAGONISTS OF LETHAL AND OTHER EFFECTS 
OF ANTICHOLINES'I~RASE COMPOUNDS 


-- - .- 


Oxime Anti-ChE Compouada 


Oxirninoacetamide Sarin 
MINA Sarin 


MINA 
MINA 
MINA 
MINA 
MINA 
MINA 
MINA 
MINA 
MINA 
MINA 
MINA 
MINA 
DINA 
DINA 
DAM 


Sarin 
Tabun 
DFP 
DFP 
TEPP ~- ~ 


DMNP 
OMPA; Parathion 
CHa-Parathion 
Diazinon 
EPN, Malathion 
Dipterex 
Ph ysostigmine 
Sarin 
DFP, TEPP 
Sarin 


DAM Sarin 
DAM Tabun 
DAM 
DAM 
DAM 
DAM 


DFP 
DFP 
TEPP 
OMPA 


DAM Paraoxon ; Parathion 
DAM CHs-Parathion 
DAM Diazinon; EPN 
DAM Malathion; Dimefox 
DAM Dipterex 
DAM Physostigrnine 
DAM Neostigmine 
DAM Bisneostigrnine 
DAM Bispyridostigmine 
DAM Ambenonium 
2-Oximino-3-penta- Sarin 


2-Oximino-3-penta- DFP 
none 


none 
2FMPOI 
2FMPOI 


Sarin 
Sarin 


2FMPOI Sarin 
2FMPOI Soman 
2FMPOI Tabun 
2FMPOl DFP 


2FMPOI 
2FMPOI 
BFMPOI 


DFP 
DFP 
TEPP 


2FMPOI TEPP ~ ~~~ ~ _ _  ~ _ _  - ~ 


2FMPOI OMPA 
BFMPOI OMPA 
2FMPOI Paraoxon 


2FMPOI Paraoxon 
2FMPOI Paraoxon 
2FMPOI Parathion 
LFMPOI Parathion 


2FMPOI CH8-Parathion 
2FMPOl Demeton 
LFMPOI CH8-Demeton 
ZFMPOl Isosystox 
2FMPOI Phenkaptone 
2FMPOI CHn-Phenkaptone 
2FMP01 Diazinon 
2FMPOI Diazinon 


Test Objecth Antogooismo 


m. r + 
m, r, gp + 
direct reaction 
r 
r, c 
rb eye 
rn; r 
r 
m 
m 
m 
m 
m 
rb eye 
m;  r 
r 
m, r, gp, rb, mk; 


direct reaction 
r 
r, c 
rb or human eye 
m, r 
rn, man 
m 
m 
m 
m 
m 
human eye 
c ;  man 
man 
man 
man 
m. r 


man 


+ + + + 
-; + + 
- ;  + 
0 


0 
f + 
f; + + +; f 


- 


+ + + + 
+ 
f 
0 


-; f 
- ;  0 
f + +; f + 
f + + 


- 


rb eye + 
m, r f 
rn, r, rb, c, d ,  man + 
direct reaction f 
rn, rb 0 
m. r, c. d + 
m, r, gp, c, man + 
m, rb or human eye + 
direct reaction + 
m, r, c + 
direct reaction + 
m 0 ;  t 
man f 
m. r, gp, rb. c + 
rn eye + 
direct reaction + 
r 0 
in, r, gp, rb. c, d, h, + 


man 


m, r 
m, r 
m, rb 
r 
in. r 


m 
r; ct 


111 


+ + + + + 
0 
- ;  + 
f; 0 


Ref. 


(59. (100) loo, 102, 120, 144, 


163-167) 
(120, 167) ' 
(168) 
(59, 163, 166, 169) 
1167. 173. 174) 


i 175 j 
1175) 
(iiij 
(100; 59, 163) 
(59, 163) 
(59, loo, 102, 120, 144, 


2 18-220) 
(120) 
( 168) 
(59, 165, 169) 
(170, 174) 
(59, 118,127,165,175) 
(175,218-220) 
(118; 175) 
(175) 


158,164.165,171,172; 


( i75j  
(175; 118) 
(175) 
(170) 
(123; 218-220) 
( 218-220) 
(218-220 j 


(100) 


(174) 


(100) 
(59, 102, 120, 124, 125, 


(60. 120) 


(218-220) 


144,152,158,163,176- 
181. 182, 218-220) 


155.163. l i  . 
(116. 168) 


, . .  
(21i3-220) 
(81, 82. 116-118, 121, 


122,151,155,178,184, 
188. 189) 


(1%) 
(186) 
(176, 188) 
(122, 129-132. 151, 153, 


175,176,178,184,189- 
209) 


(175, 191, 193,210) 
1191.211.213) 
(190; i g i j  . 
(161) 
(191, 193) 
(191) 
(175; 191) 
(193; 212) 
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2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 


2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 


2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOI 
2FMPOCl 
2FMBOL 
2FMPOMS 


2FMPOMS 
2FMPOMS 
2FMPOMS _ _ _ _ _  _ ~ _ _  
2FMPOMS 
2FMPOMS 
2FMPOMS 
2FMPOMS 
2FMPOMS _ _ _ _ _  _ ~ ~ _  
2FMPOMS 
2FMPOMS 
2FMPOMS 
2FMPOMS 
2FMPOMS 
2FMPOMS 
2FMPOMS 
2FMPOMS 
2FMPOMS 
2FMPOMS 
2FMPOMS 
4FPPOBrs 
4FPPOBrz 
B4FPBOBrr 


B4FPBOBr. _ _ ~ _ _  ~_ ._  


B4FPBOBrl 
B4FPBOBrr 
B4FPBOBrx 
B4FPBOBn 
BlFPBOBr; 


B4FPBOBr: 
B4FPBOBrt 
B4FPBOBrz 
B4FPBOBri 
B4FPBOBrz 
B4FPBOBrr 
B4FPBOBrz 
B4FPBOBr2 


Anti-CHB Compoud' 
CHI-Diazinon 
Guthion 
GHs-Guthion 
EPN 
Malathion 
Morphothion; Dimetho- 


DBD; Thimet 
Endothion moo 
I, 11, I11 
Phospholme 
Phospholine 
P h O s d r i n  


ate 


~~ 


W-0340. W-0351, 


W-0340. Ro3-0422 
Ro3-0422 


Dimefox 
Phosphamidon 
Dipterex 
Physostigmine 
Physostigmine 
Neostigmime 
Bisneostigmine 
Mestinon 
Bispyridostigmine 
Dimetilan 
Isolan 
S e V i n  
Humorsol 
Pyramat; Pyrolan 
G23091; Dimetan 
Ambenonium 
Edrophonium 
Sarin, Tabun 
Sarin 
sarii 


Tabun 
DFP 
DFP 
TEPP 
OMPA 
Paraoxon 
Demeton 
Isosystox 
Viylphos 
Guthion, CJIrGuthion 
Momhothion: Thimet 


Test Objects 
m 
r 
r 
m, man 
m; ct; man 
r 


m; r 
m, rb 
direct reaction 
m 
m, rb, c 
rb or human eye 
r, man 
m 


direct reaction 
m; r 


m 
gP 
rb or human eye 
m; man 
man 
m 
man 
m; r 
m; r 
r 
m 
m 
m 
m; man 
m 
rb  
rb, d 
m, r. g ~ .  rb, d 


m, r. g ~ ,  rb 
m, r, m, rb 
rb eye 
m. r, m. rb 
m. r, m, rb 
m. r. g ~ .  rb 
r 


m. r 


Antagonisme 
0 (191) 


1147 
Rd. 


- i 2 l l  


+ (175) 


f; 0 (211; 193,211) 
- ; + ; z t  (175; 212; 198) 


+ (160; 211) + (190) + (186) 
(214) + 
1170.216) + 
(170; 2 i5 j  
(211,217) 
(117, 154) 


+ + + 
+ +; 0 + + + + 
0; + + 
f 
f +; f 
f; + 
f +: f 
- 


(118; 193, 211) 
(211,221,222) 


(154,217; 218-220) 
(218-220) 


W 2 2 0 )  
(191.223; 211) 
(223; 211) 
(204,211) 


(223) 
(217) 


O;'+ (216; 218-220) 
0 


i) 
64, 225, (150; 158; 161, 1 


226) 
+ 


+ i 2 i i i  
0 ;  + (Ziij + (174) + (161,226) + ( 225 


PhoGholine 
Amiton . .~ 


S1, Ch-1 
Phosdrin, Phosphamidon r + (211 j 
Physostigmine m, r, g ~ .  rb + (162) 
Dimetilan r f (211) 
Isolan; sevin r +; - (211) 
Humorsol rb eye + (174) 
Sarin, DFP m + (154, 187) 
TEPP. W-0340 m + (154,187) 
Sarin m, r, rb, c, d + 
Soman m, r f (182) 
Tabun; DFP r ;  m + (168; 154, 172,228) 
DFP rb or human eye + (170) 
TEPP; OMPA m +; 0 (86,127,154, 187; 229) 
Paraoxon m + (214) 
Parathion, CHI-Para- r + (193) 


Armin, Phenkaptone m, r +. (193,229) 
Dizinon; Dimethoate r f; 0 (193) 


(214) 
(154,215) 


I ,  11, I11 m + 
eospholine, R03-0340 m + 
Dimefox; Phospbamidon m 0; + (193,229; 221,229) 
Dipterex m + (229) 
Physostigmine 
Neostigmine; Bisneo- m 


stigmine 


(89, 158, 164, 172, 177, 
182, 187,228) 


thion 


rh or human eve + 
f; 0 [::!!229; 1541 
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Oxime Anti-ChE Compoundo 


B4FPBOBr2 Mestinon 
B4FPBOBrZ Bispyridostigmine, Iso- 


B4FPBOBrp Humorsol 
B4FPBOBr2 Dimetan ; Ambenonium 
B4FPBOBrz Edrophonium 
B4FPBOClr Sarin; Soman 
B4FPBOClr Tabun 


lan 


Test Objects 
m 
m 


m 
m 
m 
rb; c 
rb 


Antagonismc Ref. 
0; + (229; 216) 
0 (154,216,229) 


0; f (229; 216) 


0 (216) +; f (158,227; 230) + (158) 


0; - (229; 216) 


a Symbols are: I: Diethyl-P-nitrophenyl phosphonate. II: Methyl-0-ethyl-P-nitrophenyl phosphonate; III: Methyl-0- 
isopropyl-9-nitrophenyl phosphonate; Amiton: O,O-Di~thyl-S-(2-diethylaminoethyl) phosphonothioate; A d n :  Ethyl-4- 
nitrophenyl ethylphosphonate; Ch- I : Isopropyl methyl phosphonothiocholinate; D-600 : Diisopropyl-4-nitrophenylphos- 
phate; DBD : O.O-Dtmethyl-S(4-oxo-3-H-1,2.3-benzotriazine-3-methyl) phosphorodithioate; Demeton : O.O-Diethyl-O-(2- 
ethylthioethyl) phosphorothioate; DPP : Diisopropyl phosphorofluoridate; Diuinon : O.O-Dielhyl-O-(2-isopropyl-6-methyl- 
4-pyrimidyl) phosphorothioate; Dimefox : Tetramethyl phosphorodiamidic fluoride; Dimetan : 5,5-Dimethyldihydroresor- 
cinol dimethylcarbamate; Dimethoate: 0,O-Dimethyl-S(N-methyl-carbamylmethyl) phosphorodithioate; Dimetilan: 2- 
Dimeth lcarbamyl-3-methylpyrazolyl-5-dimethylcarbamate; Dipterex: Dimethyl-2.2.2-trichloro-1-hydroxyethyl hos hon 
ate. D d N P :  Dimethyl-4-nitrophenylphosphate; Bdrophonium: N-Dimethyl-N-ethyl-m-hydroxyanilinium bromide; &dotLon 
2-(bimethoxy hosphinylthiomethyl)-5-methoxy-4-pyrone; BPN : 0-Ethyl-0-(4-nitrophenyl) phenylphosphonothioate; Ethyl- 
gluthion: O,~-Diethyl-S-(4-oxo-3-H,1,2,3-benzotriazine-3-meth 1) phosphorodithioate; 623091: 2 6-Dimethyl yridyl-4- 
dimethylcarbamate; Guthion: O,O-Dimethyl-S(4-oxo-3-H,1.~3-beo~otriazine-3-methyl) phos hoiodithioate; &unorrol: 
Decamethylene bis IN-methylcarbamic acid m-dimethylaminophenyl ester] bromoethylate. Isofan: 1-Isopro yl 3 methyl- 
5-pyrazolyl dimethylcarbamate; Iso-Syltox : O,O-Diethyl-S(2-ethylthioethyl)phosphorothibate; Malathion : dl0;Gmethyl- 
S( 1,2-dicarbethoxyethyl) thiothionophosphatc; Mestinon: I-Methyl-3-h drox yridinium bromide dimethylcarhamate; 
Methyldemeton: 0 0-Dimethyl-0-(2-eth lthioethyl) phosphorothioate. dethyl);EPtinon: 0 O-Dimethyl-O-(2-iso rop 1 6 
methyl-4- yrimidyl) 'phosphorothioate. dethylparathion : 0 O-Dimeth;l-O-(4-nitro henyl) phbsphorothioate; Me&ylpgen: 
kaptone : 8 O-Dimethyl-S(methylthio~2,5-dichlorophenyl) ph&phorodithioate; MorpEothion : O,O-Dimethyl-S-(N-morpholino 
carbamylmhhyl) phosphorodithioate; OMPA : Tetramonoisopropyl pyro hosphortetramide; Paraoxon : Diethyl-4-nitrophenyl- 
phosphate; Parathion : 0.0-Diethyl-O-(+nitrophenyl) phosphorothioate; gheukaptone : O.O-Diethyl-S(methylthio-2,5-dichlor- 
ophenyl) phosphorodithioate; Phosdrm : Dimethyl-1-meth 1 2 carbomethox vinyl phosphate; Phorphmdon  : Dimethyl- 
l-methyl-2-chloro-2-N,N-dicthylcarbamylvinyl hosphate. Jho;pholine : 0,8-Diethyl-S-2-trimethyIammonium-ethyl phos- 
phonothiolate iodide; Pyramat : l-Propyl-l-me& lpyrimdyl-6-dimethylcarbamate; Pyrolan : 3-Meth 1 1 phenyl 5 pyrazolyl 
dimethylcarhamate; Ro3-0340 : 3-( Diethy1phosptato)-N-trimethylanilinium-methyl sulfate; RoJ-OJd 3-(Diisipiopylphos- 
phato) pyridme. Ro3-0422 : 3-(Diethylphosphato)-N-methyl-quinolinum methyl sulfate; S-1: Isopropylmethyl-S-dimethyl- 
aminoethyl phoi honothiolate; Sarin : Isopropyl methylphosphonofluoridate; Sevin : 1-Naphthyl-N-methylcabamate; Soman : 
Pinacol yl-methyrphosphonolluoridate. Tabun : Ethyl-N-dimethyl phosphoramido cyanidate; TEPP : Tetraethyl pyrc- 
phosphate; Tkmet :  0,O-Diethyl-S;thylthio-methyl phosphorodithioate; Vinylphor: Diethyl-2chlorovinylphosphate. 


b Symbols are: m = mouse, r - rat, gp = guinea pig. rb  = rabbit, c = cat, d - dog, mk - monkey, h = horse, and c t  - 
cattle. 


c Symbols are: - = administration of oxime increases severity of toxic or other effect of the anti-ChE compound: 0 - 
administration of oxime has no eflect on the toxicity or other action of the =ti-ChE compound; rt - administration of oxime 
may decrease toxicity or other effect of the anti-ChE compound; + = administration of oxime decreases toxicity or other 
action of the anti-ChE compound. The semicolon is used to  separate entries including disparate or qualitatively different 
eKects. 


(167, 168), of DAM against sarin and tabun 
(144, 164, 168), of 2FMPOI or 2FMPOMS 
against sarin, tabun, DFP, TEPP, OMPA, para- 
oxon, parathion (- 176, +190). CHa-Demeton, 
endothion, S-1, CH-1, Ro3-0340, Ro3-0351, Ro3- 
0422 and phosphamidon (89, 116, 117, 124, 154, 


POBr2 against DFP and TEPP (154), and of 
B4FPBOBrz against sarin, tabun, DFP, TEPP 
and Ro3-0340 (89, 154, 164, 168, 177). On the 
other hand, the mixture of atropine and oxime has 
no significant advantage against guthion, C~HI-  
guthion, Demeton, and rnorphothion (211). 
Still, it appears that, as a general rule, the oxime 
should be used along with atropine sulfate. The 
necessity for large doses of atropine in treating 
poisoning by cholinesterase inhibitors has been 
pointed out many times (130, 131, 196, 218, 


The dosages for the only oximes used so far to 
treat intoxication by inhibitors of cholinesterase 
in man, DAM and 2FMPOI appear to be quite 
similar (218). Grob and Johns (218) recommend 
total intravenous doses of 2000 mg. of either 
oxime, given at rates not greater than 500 mg./ 
minute for 2FMPOI or 200 mg./minute for DAM, 
in severe intoxication with cholinesterase in- 


164, 176, 177, 183, 184, 190, 222, 225), of 4FP- 


232-235). 


hibitors. This dose may be repeated if muscular 
weakness is not relieved or recurs. In less severe 
intoxication, total doses of 1000 mg. of either 
oxime may be used similarly. Durham and 
Hayes (236) recommend total intravenous doses 
of 1000 mg. of 2FMPOI in either severe or mod- 
erate poisoning by anticholinesterase compounds. 
Other salts of 2FMPO may be used similarly. 


The finding of Crook et al. (224) that salts of 
2FMPO administered orally prior to exposure to 
lethal concentrations of sarin vapor are effective 
in protecting dogs subsequently exposed to sarin 
and then treated by intramuscular injection of 
5 mg./Kg. of atropine sulfate, suggests that 
prophylactic employment of such salts may be 
useful in cases of possible exposures to cholin- 
esterase inhibitors. This possibility has not been 
reduced to practice, however. 


Certain of the references in Table V compare 
B4FPBOBr2 with 2FMPOI and conclude that 
the former compound is the more active and the 
more rapidly effective against poisoning by sarin, 
tabun, TEPP, paraoxon, I, 11, 111, and phos- 
phamidon (86, 127, 154, 168, 177, 187, 214, 221, 
228). Despite these apparently advantageous 
properties, no salt of B4FPBO has been used to 
treat intoxications of men by inhibitors of cholin- 
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esterase. The lack of interest in the bis-quat- 
ernary type of oxime for therapy may be due to 
the increased lethality of this type of oxime 
(Table IV) as well as to the toxic actions of the 
compound. 


The principal toxic effects of B4FPBO are 
related to its being a bis-quaternary compound: 
they are a curariform block of neuromuscular 
transmission and a hexamethonium-like depres- 
sion of blood pressure (237). This oxime recently 
has been found to be imtating to the human 
stomach when daily oral doses were given (238). 
2FMPOMS has been reported (239) to produce 
fibrosis of the mucous membrane of the stomach 
in dogs given the material by mouth on 5 days a 
week for 17 weeks. The most striking toxic 
effects of 2FMPOI are (a) the production of 
pharyngeal pain and enlargement of the parotid 
glands in some men-effects that seem to be 
related to the iodide ion and that are absent from 
2FMPOCl and 2FMPOM-d (a) the produc- 
tion by large doses of block of neuromuscular 
transmission (123,163,218). Other toxic effects 
of DAM and 2FMPOI in mau have been re- 
ported by Jager and Stagg (240). Daily doses of 
as much as 6 Gm. of 2FMPOCl have been given 
by mouth to humans for many weeks without 
signs of gastric discomfort or of any other sort 
of toxicity (238). 


Salts of 2FMPO increase the pressor response 
to injections of catecholamines (238, 241). This 
pressor-sensitizing effect of salts of 2FMPO 
enables single doses of mixtures of these com- 
pounds and of salts of B4FPBO to be admin- 
istered parenterally to experimental animals 
without marked deleterious effect on blood pres- 
sure and with excellent therapeutic activity 
against poisonings by sarin or tabun (158). 
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Research Articles 


Spectrophotometric Effect of Salicylic Acid and 
Selected Antiradiation Agents on Catalase 


and Lactic Dehydrogenase 
By WILLIAM 0. FOYE and PHILIP S. THIBODEAU* 


Spectro hotometric measurements have been made of systems of catalase and of 
lactic dhydrogenase containin either sali lic acid, 2-merca toethylamine, 2- 
mercaqtoethylguanidine, or so%um diethyl%hiocarbamate. lbsorption diEer- 
ences indicated complex formation between the dithiocarbamate and lactic dehy- 
drogenase and at least salt formation with catalase. No definite indication of com- 
plex formation between these enzymes and either salicylic acid or the basic mer- 
captans was given by the method employed, although salt or weak field complex 


formation is a possibility with the latter. 


OMPLEXATION of the metal constituents of C enzymes by drugs or biologically active 
molecules has been postulated as a possible mecha- 
nism of drug action. Enzyme inhibition by such 
molecules is often believed to involve complexa- 
tion of the active catalytic site, which is frequently 
the metal. Little definite evidence has been 
provided to demonstrate such complex formation, 
however, although Vallee has been able to demon- 
strate enzyme-chelating agent complexations in- 
volving the metal constituent by means of both 
ultraviolet absorption spectral changes (1) and 
optical rotatory dispersion studies (2). Keilin 
and Hartree (3) have shown complexation of 
catalase with such inhibitors as cyanide, sulfide, 
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fluoride, and azide by means of ultraviolet absorp- 
tion, and Chance (4) has been able to  demon- 
strate the existence of short-lived catalase- 
peroxide complexes spectrophotometrically using 
a rapid-flow technique. In these cases, significant 
differences in either absorption maxima or absorb- 
ance of the enzyme were observed. 


No less than 30 enzymes are known to be 
affected by the presence of salicylates in uiuo, 
in vilro, or both, and many of these enzymes 
are now recognized as metal-containing. 
Nitzescu and Cosma (5 )  reported a powerful de- 
pressing action on the succinodehydrogenases by 
salicylate; von Euler and Ahlstrom (6) stated 
that salicylate inhibits the activity of lactic 
dehydrogenase (LDH). Baker (7) later found 
that salicylate inhibited the conversion of 
lactate to pyruvate by means of LDH catalysis. 
Tomimura (8) has described the inhibition of a 
peroxide-catalase system by salicylate, and 
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mild inhibitory effect on the direct vasoconstrictor blood flow was increased, coronary vascular resist- 
activity of angiotensin I1 on vascular smooth ance was transiently decreased, and renal blood 
muscle. flow was unchanged. 


A modest antagonisni of arigiotensin I1 was ob- 
SUMMARY served with JB  5058 both in viwo and in  ailro. 


No centrally induced hypotensive effect could 
be demonstrated with JB  5058 in the don cross- REFERENCES - 
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circulation preparation. 
Alpha adrenergic blocking activity in the absence 


of ganglionic blockage was demonstrated with JB 
50% in the cat superior cervical ganglion nictitating 
membrane preparation. 


Cardiac output, except for a brief (1-2 minutes) 
reduction, was not altered by the administration of 
JB 5058. 


Following the administration of JB 5058, femoral 


(4) Furchgott, R. F., and Bhadrakoni, S., J .  Pharmacol., 


Eftect of the Site of Release on the Absorption of 
Trimepra~ine-S~~ and Penicillin G in Dogs 


By T. H. LIN*, J. R. GUARINI, S. P. ERIKSENt, and J. V. SWINTOSKY 


A radiofrequency generator described in a previous aper was applied to release 
trimeprazine-S' and potassium penicillin G at selectei sites in the gastrointestinal 
tract of do s. Plasma and urinary excretion data indicate that trime razine-S" is 
readily mcfefficiently absorbed when released in the stomach and $e upper and 
middle small intestine. Potassium penicillin G in its biologically active form is 
more available for absor tion when released just beyond the pylorus than when re- 


leased in either z e  stomach or more than 3 ft. beyond the pylorus. 


HE EFFECT of drug release site on the rates 
Tand efficiency of drug absorption has been a 
subject of great interest to pharmaceutical in- 
vestigators. A technique developed in our lab- 
oratories using a radiofrequency generator for 
opening specially designed capsules at selected 
sites in the gastrointestinal tract offers a useful 
tool for studying the effect in intact animals under 
normal physiologic conditions. Useful informa- 
tion thus can be gathered for the design and 
evaluation of oral dosage forms. This report 
describes:the application of this technique to a 
study of the effect of release site on the absorp- 
tion of a phenothiazine antipruritic, trimepra- 
zine, and an antibiotic, potassium penicillin G. 
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EXPERIMENTAL 
The design and the filling of the capsule and the 


release of drugs from the capsule by induction heat- 
ing from a radiofrequency generator have been 
described in detail in a previous report (1). 


Adult mongrel dogs were fasted (18-20 hours) 
prior to the oral administration of a capsule. In- 
duction heating (approximately 5 minutes) was 
applied either 15-30 minutes after capsule admin- 
istration to release the drug in the stomach or after 
sufficient time had been allowed for the capsule to  
reach certain sites in the intestine, determined by a 
marked thread attached to the capsule or by fluor- 
oscopy (1). Usually the dog had been fasted for 
21-25 hours prior to drug release. Urine was col- 
lected up to 24 hours following drug release by 
catheterizing the dogs and for longer periods by 
housing the animals in a metabolic cage. Blood 
samples were drawn from the jugular vein. 
Absorption of Trimeprazine-S%-Each capsule 


was filled with 0.3-0.4 ml. of an aqueous solution 
of the drug to provide the dose of 2.5 mg. of tri- 
meprazine-P tartrate/Kg. body weight. To help 
provide adequate urine collection, each dog was 
given 20 ml./Kg. of water 1 hour before drug re- 
lease. Blood was drawn prior to  induction heating 
and a t  0.5, 1 ,  2. 3. 6, 9, 12. and 24 hours thereafter. 
Urine was collected for the periods: 0 . 5 ,  0.5-1, 
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1-3, 3-6, 6-9,9-24,24-48,48-72, and 72-96 hours. 
Fecal samples were collected every 24 hours for 
4 days. The animals were fed following the ninth 
hour sampling and allowed drinking water at all 
times. 


Assay of S" Activity.-The specific activity of the 
trimeprazine-SS tartrate was 0.15-0.25 mcg. /mg. 
Sulfur-35 activity in samples was determined by 
liquid scintillation counting with a Tricarb liquid 
scintillation spectrometer. Four-tenths of a mil- 
liliter of urine was counted in 20 ml. of a POPOP' 
solvent system and 0.2-0.5 ml. of plasma in 20 ml. 
of the solvent containing 5% w/v of Cab-0-Sil. 
Fecal samples were dissolved in concentrated 
nitric acid. A 10-ml. aliquot was oxidized with a 
HNG-HClO, mixture (v/v, 1 part of concentrated 
HNOa, 1 part of water, and 2 parts of 60% HCIO,). 
The clear colorless digest was adjusted to 10.0 
ml., and a 0.2-ml. aliquot was counted in 20 ml. of 
POPOP solvent system. 


Absorption of Penicillin G.-The potassium salt 
of penicillin G (about 1600 units/mg.) was formulated 
into a tablet which disintegrated readily in an aque- 
ous medium. This tablet was placed in a capsule. 
Each dog received approximately 20,000 units 
(12.5 mg.) of the antibiotic per kilogram body 
weight. To help maintain adequate urine flow 
rate, each dog received water Via stomach tube: 
20 ml./Kg. 1 hour before drug release and 10 
ml./Kg., 1,3, and 5 hours after drug release. Blood 
samples were drawn a t  0 time and 0.5, 1, 2, 4, 6, 8, 
and 24 hours after drug release. Urine was col- 
lected a t  0, 0.5, 1, 2, 4, 6, 8, and 24 hours. An 
aliquot of each collection was diluted with an equal 
volume of a pH 6.0 buffer. The animals were fed 
after the eighth hour collections. The penicillin 
activity in the plasma and urine was determined by 
a standard B. subtilis agar-diffusion plate assay. 


RESULTS AND DISCUSSION 


Trimeprazine-SS Absorption.-Figures 1 and 
2 show that trimeprazine-P was absorbed rapidly 
and attained a peak level in plasma usually within 
1 hour following its release. As shown in Fig. 2, 
the plasma Su patterns were quite similar, whether 
the drug was released in the stomach, in the proximal 
portion (1.5 f t .  past the pylorus sphincter), or in 
the distal portion (5 f t .  past the pylorus) of the 
small intestine,* except that drug release in the 
small intestine appeared to  give rise to slightly 
higher peak levels and faster absorption than did 
drug release in the stomach. 


The bulk of S" excretion occurred within 24 hours. 
As shown in Table I, 4-day urinary excretion of Sw 
activity appeared similar for each of several experi- 
ments (Dogs 250 and 300) and irrespective of the 
site of drug release (Dog 300). The total urinary 
and fecal excretion also appeared similar in these 
experiments. Although fecal excretion of the drug 
varied between 20 and 36y0 of the dose administered, 
this variation is not unusual. Previous studies with 
dogs in our laboratories have shown that pheno- 
thiazine tranquilizers are actively metabolized in the 
biliary system. A considerable portion of the 


I POPOP liquid scintillation solvent system for aqueous 
samples: I.+dioxane, 400 ml.,  toluene, 400 ml.; absolute 
alcohol. 240 ml., fi-bis (?-(R-phenyl-oxazolyl) I benzene, 5 
Gm.. and 2.6-dil)henyloxazole, 5 Gm. 


2 Length of small intestine of these dogs is approximately 
10 rt. 
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Fig. 1.-Plasma Sm levels after the release of 2.5 
mg./Kg. trirneprazine-S*s tartrate in the stomach 


of a dog. 


I 


2 
J . \ :.; ; ; 6 A I. 


I*)"RS AvILn mcuzamz 


Fig. 2.-Plasma Sw levels following the release of 2.5 
mg./Kg. trimeprazine-SJ6tartrate at different sites in 


the dog gastrointestinal tract. 


TABLE I.-ToT.u 4-DAY URINARY AND FECAL 
EXCRETION OF s' ACTIVITY FOLLOWING ORAL 


ADMINISTRATION AND RELEASE OF 
TRIMEPRAZINB-Ss AT VARIOUS SITES IN 


THE GAST~OINTESTINAL  TRACT^ 


Dog 250 --Dog 30- 


Stomach Stomach Intestine 
Site of Exp. Exp. Exp. Exp. Proxi- 
Release 1 2 1 2 mal Distal 
Urinary 42.06 37.56 43.99 52.70 54.59 50.04 
Fecal 36.34 34.15 36.08 29.63 20.90 24.06 


a Expressed as % of total administered. 


fecal S" activity appears to be derived from trime- 
prazine which was absorbed and metabolized and 
returned t o  the intestinal tract via the biliary route. 


Inspection of the plasma and excretion data tends 
to show that trimeprazine was absorbed rapidly 
and to the same order when it was released at dif- 
ferent sites in the gastrointestinal tract, even though 
the apparent increase in pH from the stomach to 
the distal portion of the small intestine might have 
been expected to  affect the ionization of trimepra- 
zine, which decreases as pH increases. 


Studies in humans ( 2 4 )  corroborate the view 
that trimeprazine is absorbed well through a reason- 
able length of the gastrointestinal tract, evidenced 
by good plasma levels and urinary recovery of the 
drug that result when it is given in a sustained- 
release dosage form. 


A valuable technique for measuring absorption 
efficiency as a function of drug release site is illus- 
trated in this study. Whether a drug is absorbed 
efficiently from dBerent regions of the small intes- 
tine is important because it is a criterion which 
determines whether the drug may be used success- 
fully in a sustained-release dosage form. 


Penicillin G Absorption.-The antibiotic activity 
in the plasma and urine indicated an absorption 
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capability for penicillin G when it was released in the 
stomach or as far as 3 or 4 ft. beyond the pylorus. 
Considerable variability in results was encountered 
when the drug was released in the stomach. This 
may be explained as  follows. When potassium 
penicillin G was released in the stomach, it might 
have been wholly absorbed at this site or only partly 
absorbed there and partly absorbed in the intestine, 
following its passage through the pylorus. Plasma 
levels could have been influenced by gastric acidity 
and by the time required for the penicillin to  pass 
through the stomach. Wide fluctuations in these 
levels could have occurred because the penicillin 
was inactivated to a different degree, depending on 
the pH of the stomach and the rate of stomach 
emptying. 


A comparison of the plasma and urinary data 
obtained after penicillin release at different sites 
in the gastrointestinal tract (Table I1 and Fig. 3) 
shows that absorption was most efficient in the 
small intestine, approximately 1 to 2 ft. beyond the 
PY~ONS. These data also show that while pen- 
icillin appeared rapidly in the plasma, it was re- 
duced to trace amounts by the end of 5 hours in all 
instances. 


Penicillin, when released 3 or 4 ft. beyond the 
pylorus, might be expected to remain stable be- 
cause of the high pH in this area. But since pen- 
icillin has a pKa near 2.8, its high degree of dis- 
sociation may impede its absorption. In addition, 
its inactivation by penicillinax probably becomes 
greater in the lower intestinal tract. Thus, urinary 
recoveries of penicillin released 3 to 4 ft. beyond the 
PYIONS were consistently much lower than the 
recoveries when penicillin was released immediately 
beyond the pylorus. A comparison of the urinary 
recoveries resulting from the release of penicillin at 
three distinct sites is shown in Table 11. 


The capacity of the various sections of the 
human gastrointestinal tract to absorb penicillin has 
been studied by introducing penicillin into these 
sections using capsules with enteric coatings of 
different thicknesses (5). laparotomy (6), a probe 
(7), and sustained-release coated pellets (8) .  The 
observations made in dogs in the present study 
generally agree with those made in humans by 
several investigators-namely, penicillin is available 
for absorption most readily in the upper small 
intestine and is considerably less available in the 
stomach and lower intestine. The lesser availabil- 
ity may be due not to the poor absorption of the drug, 
but rather to its rapid destruction at around pH 2, 
where its chemical half-life is in the order of only a 
few minutes (9). 


TABLE II.-PENICILLIN RECOVERY IN DOG URINE 
FOLLOWING RELEASE OF POTASSIUM PENICILLIN G 


(20,000 u./Kg.) AT VARIOUS SITES IN THE 
GASTROINTESTINAL TRACT 


$& Total Penicillin Recovered in Urine in 6 Hr. 
Release Released in S o d  I n t h e  


in Distance Post Distance Past 
DOK Stomach P~lonu. <2 Ft. P~lorua. 3 4  Ft. 
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- .  - .  
20i 6% 130/0(20)* 
215 8 24 (18P 16% (36)s 
265 22 26 (10) . 10'- (36b (run 1) 


14 (40)"(run2) 
9 (>36)" (run 3) 


~ ~~ ~~ ~ 


~ a Number in-parentheses is the dirtsoce (in inches) past 
the pylorus where the drug was rdeased. 


mums ~CTIR n t x u s e  
0s No. me. 
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Fig. 3.-Plasma penicillin concentrations following 
the release of 20,000 U.S.P. units potassium peni- 
cillin G per Kg. a t  different sites in the gastroin- 


testinal tract. 


Penicillin G s  short biologic half-life (about 0.5 
hour), coupled with its reduced absorption ef- 
ficiency as it  is released further and further beyond 
the pylorus. makes it a poor candidate for a sus- 
tained-release product that would give uniformly 
high plasma blood levels for 10 to 12 hours. Fur- 
thermore, our data suggest that the drug's avail- 
ability for absorption would be decreased. Studies 
in our laboratories (but not reported here) indicate 
poor availability to humans of penicillin G from 
lipidcoated pellets. 


This part of the present study again illustrates 
the applicability of the radiofrequency method for 
the study of absorption as a function of release 
sites under near physiologic conditions in intact ex- 
perimental subjects. 


SUMMARY 


The study describes how the site of drug release 
in the gastrointestinal tract affects the absorption 
of trimeprazineS* and penicillin G in dogs, and 
how the drug release at selected sites is accomplished 
with a radiofrequency generator. Using data on 
drug blood levels and urine recoveries, we show how 
the technique employed can be applied to study, 
under near physiologic condition, absorption ef- 
ficiency in relation to drug release site. These data 
are useful in considering the design of oral dosage 
forms. The data obtained on trimeprazine are 
consistent with the view that this drug is available 
for efficient absorption, whether released in the 
stomach, in the intestine near the pylorus, or mid- 
way in the small intestine. The data obtained on 
penicillin G show it to  be readily available when 
released in the intestine just beyond the PY~ONS, 
and not so available when released in the stomach or 
deeper in the small intestine. 
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REVIEWS 


Ionic Equilibria in Analytical Chemistry. By 
HENRY FREISER and QUINTUS FERNANDO. John 
Wiley & Sons Inc., 605 Third Avenue, New York. 
N. Y., 1963. xiii + 334 pp. 
Price $4.95. 
The authors have attempted to present “a logical 


stepwise development of the principles of chemical 
equilibrium and techniques of calculation.” Al- 
though treatment of the subject is not exhaustive, it 
does present a thorough and orderly discussion of 
equilibrium principles and calculations suitable for 
use on the undergraduate and graduate levels. 
Chapters 1 through 3 represent background informa- 
tion on concentrations of solutions, chemical equi- 
librium, and activity concepts. Subsequent chapters 
develop the expressions and calculations associated 
with acid-base, precipitation, metal complexation, 
oxidation-reduction, and ion exchange equilibria. 
Expansion of these equilibrium considerations is 
discussed in applications to various types of titra- 
tions. Also included in the book as an Appendix 
are comprehensively tabulated equilibrium con- 
stants. These include acid-base dissociation con- 
stants, solubility products, formation constants of 
metal complexes, oxidation-reduction potentials, 
and acid dissociation constants for metallochromic 
indicators. 


An interesting feature of the book is the log C-pH 
diagt-ams which are particularly helpful in following 
the change of concentrations for various species 
with pH. Elimination of negligible species as ob- 
served from the diagrams simplifies the calculations 
of many complex systems. The book is well written 
and can serve as a text or reference volume for 
courses in analytical chemistry. 


15 X 23.5 cm. 


Reviewed by Edward F. Salim 
American Pharmaceutical Association 
Foundation 
Washington, D. C. 


The Australian Pharmaceutical Formulary. 9th Ed. 
Wdke & Co., Ltd., 19-47 Jeikott St., Melbourne, 
A u s M i ,  1964. 266 pp. 10 X 16 cm. 
This edition, published by the Pharmaceutical 


Association of Australia, will become operative on 
November 1, 1964, and is divided into two sections. 
the Therapeutic Formulae and the Supplementary 
Formulae. The Therapeutic Formulae section has 
been adopted by the Australian National Health 
Service as its official formulary and includes a 
Children’s Section with dose tables and special 
formulations. The Supplementary Formulae is 
devoted to items not required by the National 
Health Service and other items still used in medicine 
but not of significance to be included in the Thera- 
peutic Formulae. Many of the formulas are 
identical to those appearing in the British Phar- 
macopoeia or the British Pharmaceutical Coda, 
and this is noted in the appropriate monographs. 


Structure Bucidafian of Natural Products by Mass 
Spcctromctry. Vool. 1.- Alkaloids. By HER~ERT 
Bmzrru~mcz,  CARL DJERASSI, and DUDLEY H. 
W ~ L M S .  Holden-Day, Inc., 728 Montgomery 
St., San Francisco, Calif., 1964. 233 pp. Price 
$10.50. 
Most workers in the field of natural products 


have had occasion to wish for a technique whereby 
milligram quantities of material, isolated by labori- 
ous methods from natural sources, could be made to 
yield a maximum, if not total, amount of structural 
information. This relatively error-free publication 
lucidly reveals how such data, largely unavailable 
through conventional analytical and degradative 
techniques. can be achieved by the use of the modern 
mass spectrometer. The present volume, prefaced 
by two chapters on general considerations and 
deuterium labeling, specifically considers plant 
alkaloids, an area that has been particularly sus- 
ceptible to mass spectrometry. The authors, 
having contributed substantially to the original 
literature, are eminently well qualified to write 
authoritatively concerning it. Throughout the 
book the discussions are well documented with 
references. 


The power of the technique, judiciously sup- 
plemented by other physical and chemical proce- 
dures, is particularly evident in its application and 
interpretation in the field of indole and related 
alkaloids. Chapter by chapter, the fragmenta- 
tions of these bases, from relatively simple to 
rather complex polycyclic structures, are considered 
in a detailed and comprehensive manner. Par- 
ticularly outstanding is the chapter devoted to 
aspidospermine and related alkaloids, a group that 
has been very instrumental in the rapidly growing 
acceptance of the method. Alkaloids other than 
those related to indole are adequately covered also, 
although the principal emphasis has apparently 
been in the area of greatest interest to the authors. 
Nevertheless, they have successfully dispelled the 
“mystery” often associated with mass spectrometry 
and have created a book that should be an asset to 
any research library. Foreseeing that mass spec- 
trometry, in future years, will become one of the 
indispensable and common tools for sophisticated 
work in the area of natural products, this book is 
recommended reading for anyone with such in- 
terests. 


Reviewed by Taito 0. Soine 
College of Pharmacy 
University of Minnesoh 
Minneapolis 


Bioslalistus. By AVRAM GOLDSTEIN. The Mac- 
millan Company, 60 Fifth Ave.. New York, N. Y.. 
1964. 272 pp. Price $9.60. 
This introductory textbook is the outgrowth of a 


course taught by the author and his colleagues to 
medical students. 


The author makes no pretense of giving the under- 
lying mathematical statistical basis for the various 
topics considered, but sufficient discussion and 
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Repetitive analyses performed on the same tablet 
extracts were more precise so that the gross deviation 
may be attributed mainly to variations in the extrac- 
tion procedure. 


Samples of carphenazine maleate dissolved in 
glacial acetic acid and in a 4 : l  mixture of chloro- 
form and acetonitrile were titrated potentiometri- 
cally with 0.1 N perchloric acid in glacial acetic acid 
and in dioxane, respectively. The former system 
gave a sharp break (about 100 mv.) in the curve, 
equivalent to 98.1% of the amount of carphenazine 
inaleate taken; the latter solvent system was un- 
satisfactory. In  both systems a small amount of 
a dark gummy precipitate (soluble in acetone) 
formed as the titration progressed. 


Quantitative Methods.-The red palladium (11)- 
carphenazine color complex developed in the colori- 
metric assay forms immediately on addition of the 
test solution to  the palladous chloride reagent and is 
stable for about 15 minutes. The color fades 
slowly thereafter, and the absorbance of the solution 
decreases about 2.5y0 in 3.5 hours. With reagent 
containing 0.0150/, palladous chloride, the colors 
produced by solutions of carphenazine maleate 
obeyed Beers law in the concentration range of 0.0 
to 0.3 mg. per ml. Reagents containing 0.005 and 
O.OIO~o palladous chloride failed to  produce linear 
concentration-absorbance plots with the same con- 
centration range of carphenazine maleate. The 
acidity of the reagents was kept constant throughout 
these tests (pH 2.1 to 2.2). Analysis of comniercial 
tablets labeled to  contain 25 mg. of carphenazine 
maleate gave an average value of 96.7 f l.O%.* 


3 Maximum deviation from the mean value. 
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Technical Articles 


Improved Viable Counting Method for 
Petrolatum-Based Ointments 
By W. T. SOKOLSKI and C. G. CHIDESTER 


A filtration method for recovery of viable micro-organisms from petrolatum-based 
Ointments is described. In this method the ointment is dissolved in isopropyl 
myristate and passed through a filter. Advantages of the method are that all the 
micro-organisms in the ointment sample are concentrated on the filter pad, and the 
filter pad can be rinsed to remove antibacterial agents and traces of trolatum. 
Markedly higher recoveries were obtained by the proposed method than methods 


in common use. 


URRENT VIABLE COUNTING methods for One objection t o  the use of aqueous extraction c petrolatum-based ointments involve either methods for ointments that  contain antimicrobial 
(a) smearing the ointment directly on the surface agents is that  the resulting concentrations 
of a n  agar plate (1, 2) or (b) extracting the micro- 
organisms from ointment by shaking with water 
(3, 4) and plating the aqueous phase. There 
have been conflicting reports concerning the 
sterility of ophthalmic ointments. Using an 
extraction method, Vander Wyk and Granston 
(3) found that 85% of the ointments they tested 
were contaminated with micro-organisms ; Bow- 
man and  Holdowsky (4) found only 10% con- 
taminated in a similar method. Neither report 
included a test of the effectiveness of the extrac- 
tion method-such as a n  at tempt  t o  recover a 
known inoculum from ointment. 


Fig. ].-Filter unit for 
viable count or sterility 
testing of petrolatum- 
based ointments. 
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TABLE I.-RECOVERY OF Bacillus sublilis mom SEEDED CORTISONE ACETATE OPHTHALMIC OINTMENT 


-- Method of Viable Cells Recovered per Gm. Ointment-- 
Viable Count I 
of Inoculum Agar Smear. I1 111 


32 22 0. 2 0 4 


(Calcd. per Proposed 0.5 Gm./Plate Water Broth 
Experiment Gm. Ointment) (Filtration) (two plates) Extract Extract 


1 


Av. per Gm. 


9 - 


Av. per Gm. 


3 


Av. per Gm. 


4 


Av. per Gm. 


5 


29 
36 


39 
. .  


. .  


. .  
34 


54 
48 
54 
60 


54 


. .  


. .  


11 
9 
9 


26 
22 


16 


39 
4 


53 
98 
79 
30 
50 


. .  


0 
1 


350 
0 
1 
Gl 


2 
1 
4 
2 
0 
0 


1-2 


. .  


3 
7 
3 


2 
4 
4 


2 
1 
4 
1 
0 
0 


1-2 


. .  


51 17 0 . 0  4 2 
~~ 


34 
30 
34 
. .  
.. 
37 


43 
44 
. .  
. .  
. .  
. .  
44 
98 


99 
. .  


.. 


25 
15 
24 
44 


25 
.. 


50" 2 . 0  
37 1. 0 
35 0. 0 
35 1; 0 
. .  1, 0 
.. 
36 


.. 
1 


42 1. 0 ~~ 


52 
47 
65 


0: 0 
1, 0 
0. 0 


1 
0 
3 
3 
0 
2 


0 
1 
0 
0 
1 


CL-1 


0 3 
2 10 
3 2 
1 22 


. .  64 0; 0 3 2 


. .  252O 0, 0 0 4 
Av. per Gm. 99 54 0-1 1-2 7 


a Aberrant observations according to U.S.P. XVI, Table I,  p. 874. Responses not included in average. 


of these agents in the aqueous phase and in the 
final growth medium could be high enough to 
inhibit growth. It is likely that many of the 
organisms become enveloped in petrolatum with- 
out access to nutrients with either an extraction 
method or an agar smear method. They may he 
viable but unable to multiply. 


An effective viable counting method for oint- 
ments would be desirable-first, to determine 
whether the incidence of contamination in 
ophthalmic ointments is high enough to be a 
serious problem-and second, because the method 
could possibly be adapted to the sterility testing 
of ophthalmic ointments if this should become 
a requirement. 


The purpose of this paper is to describe a 
filtration method similar to the one used by 
Holdowsky in a sterility test for antibiotics (5). 
In this method the entire ointment sample is 
dissolved and filtered, and the filter pad is rinsed 


for the removal of antimicrobial agents and 
traces of petrolatum. Comparisons of recoveries 
obtained by the proposed method and by current 
methods are made. 


PROPOSED METHOD 


Materials and Equipment.-Isopropyl myristate ;* 
brain heart infusion broth (BHI) and nutrient 
broth;* polysorbate* 80; 47 mm., 0.45 p, type HA 
filter pads, 47-mm. absorbent pads, and 250-rnl. 
filter holders;' No. 13l/2 rubber stoppers; Seitz 
filter pads and filter holders; fine-tipped forceps; 
50 mm.-Petri dishes with covers, were utilized. 


Preparation of Materials and Equipment.- 
Prepare rinse and growth media. The basic rinse 
medium is nutrient broth with 1% polysorbate 80 
added. The basic growth medium is BHI with 


I Marketed as Deltvl Extra bv Givaudan-Delawanna. Inc.. 
New York. N. Y.  


Baltimore, Md. 
1 Baltimore Biological Laboratories of Difco Laboratories. 


8 Marketed as Tween 80 by Atlas Powder Co.. Wilmington. 
Del. 


4 Millipore Filter Corp., Bedford. Mass. 
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TABLE II.-RECOVERY OF BACTERIA FROM OPHTHALMIC OINTMENTS AFTER SEEDING WITH APPROXIMATELY 
70 CELLs/Gm. 


Viable Cells 
Active Ingredients per Recovered/ 


Ointmenta Gm. of Ointment Gm. 
Neo-Medrol Neomycin sulfate, 5 mg. 10 


Neo-Delta-Cortef Neomycin sulfate, 5 mg. 32 
Methylprednisolone, 1 mg. 


Prednisolone acetate, 2.5 mg. 


Hydrocortisone acetate, 0.5 mg. 


Phenacaine hydrochloride, 20 mg. 


Polymyxin B sulfate, 5OOO units 
Baatracin, 500 units 


Neo-Cortef Neomycin sulfate. 5 mg. 68 


Baciguent Bacitracin, 500 units 21 


Myciguent Neomycin sulfate, 5 mg. 26 
Mycitracin Neomycin sulfate, 5 mg. 40 


Penicillin G potassium Potassium penicillin G, 100,000 units 19 


Neosone Cortisone acetate, 15 mg. 35 


Neo-Cortef with tetracaine Neomycin sulfate, 5 mg. 93 


Mercmy yellow oxide Mercury yellow oxide, 10 mg. 0 


Sulf athiazole Sulfathiazole, 50 mg. 18 


Neomycin sulfate, 5 mg. 


Tetracaine hydrochloride, 5 mg. 
Hydrocortisone acetate. 5 mg. 


a Trade names of The Upjohn Co., Kalamnmo. Mich. 


0.1% polysorbate 80 added. For neomycin oint- 
ments, add 3% sodium chloride to the rinse and 
growth media; add 0.1 % ascorbic acid to  the growth 
medium. For penicillin ointments, add 200 kinetic 
units penicillinase per milliliter to the rinse and 
growth media after they have been autoclaved. For 
sulfonamide ointments, add 100 mcg. p-amino- 
benzoic acid per milliliter to  the rinse and growth 
media. 


Sterilize 100-ml. volumes of isopropyl myristate 
by dry heat at 200" for 2 hours. Autoclave the 
following for 20 minutes at 121': growth medium; 
500 ml. volumes of rinse medium; covered Petri 
dishes, each containing 2 absorbent pads; and 
individually wrapped forceps (for use in aseptic 
handling of bacterial filters). Sterilize filter pads 
by exposure to ethylene oxide. Assemble filter 
units as shown in Fig. 1 but do not include filter 
pads. Place absorbent pads between the sintered 
glass supports and the funnels for protection, and 
autoclave the complete unit at 121" for 30 minutes. 


Procedure.-For each ointment to be tested, 
bring 500 ml. rinse medium and 100 ml. isopropyl 
myristate to temperature in a 47' water bath. 
Place a filter pad in a filter unit and moisten it with 
0.3 ml. rinse medium; dissolve 1 Gm. of the oint- 
ment in the 47' isopropyl myristate. The sample 
should not be dissolved very long in advance of 
filtration because prolonged exposure to  a tem- 
perature of 47' may be damaging to vegetative 
cells (6, 7). 


Add the isopropyl myristate-ointment solution 
to the funnel over the filter pad. Apply a vacuum 
capable of pulling 550 mm. of mercury (ordinary 
house vacuum in our tests) until all the solution has 
passed through the filter pad. Rinse twice with 
250-ml. aliquots of rinse medium. Allow all the 
liquid to pass through the filter pad, but do not let 
the filter pad become dry. With ointments con- 
taining antibacterial agents, the rinse medium should 
be added in five or more aliquots to  ensure adequate 
rinsing. With neomycin ointments, the second or 
third rinse should be allowed to stand in the funnel 
for about 15 minutes. 


Add 4 ml. of growth medium to a Petri dish con- 
taining absorbent pads. Aseptically remove the 
filter pad and place it on the absorbent pads. All 
the micro-organisms which were originally in the 
ointment sample should now be on the filter pad. 
Incubate the Petri dish at 32-35" and examine the 
filter pad for growth after 24 and 48 hours. 


EXPERIMENTAL. 
Comparison of Methods 


In five experiments, the proposed method was 
compared for efficiency in recovery of a known 
inoculum to three other procedures commonly used 
for the microbial examhation of ointments. Since 
the time of exposure to the ointment environment 
necessarily varied between methods, conditions 
favoring survival of the inoculum in the ointment 
seemed desirable. For this reason we decided to 
inoculate with spores and to use an ointment which 
did not contain antibacterial agents. 


Procedure for Each Experiment 
Preparations for the proposed method (see above) 


were made. In addition, a Waring Blendor, a 
30-ml. syringe, and 50-ml. Erlenmeyer !lasks 
containing glass beads and either (a) 7 ml. distilled 
water or ( b )  7 ml. BHI broth with 0.1 % polysorbate 
80 were sterilized by autoclaving for 20 minutes a t  
121O. Twenty by 100-mm. Petri dishes containing 
28 ml. sterile BHI agar with 0.1% polysorbate 80 
were prepared, and melted tubes of the same agar 
(for use in making poured plates) were placed in a 
47" water bath. Twenty-eight grams of 1.5% 
cortisone acetate' ointment were thoroughly blended 
with 1 ml. of an aqueous Bacillus sublilis UC 
564 spore suspension containing approximately 10' 
spores/ml. Poured-plate viable counts of 0.1-ml. 
aliquots of the spore suspension were made. The 
seeded ointment was heated to  47" and distributed 
from a syringe. 


The proposed method, as described previously, 
was followed. 


6 The Upjohn Co., Kalamazoo, Mlch. 
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tracted they may have retained a petrolatum 
coating. 


The test ointment used in the recovery study 
(Table I)  did not contain antibacterial agents. If 
sulfonamides or water-soluble antibiotics had been 
present, they would have been transferred to  the 
viable count media in Methods Z, ZZ, and ZZZ. Since 
most antimicrobial agents are more active against 
growing cells than against dormant cells, cells which 
could survive in ointment might be inhibited in the 
viable count medium. Although the proper ad- 
ditives can antagonize the activity of some drugs, i t  
would be advantageous to remove the viable cells 
from the di ug environment. 


In viable counts of unseeded cortisone acetate, an 
average of seven bacteria per gram were recovered 
of which six resembled Bacillus sp. The recoveries 
given in Table I include all colonies resembling the 
inoculum. 


Recoveries obtained by the proposed method from 
seeded ointments containing antibacterial agents 
are given in Table 11. Viable cells were recovered 
from all ointments except mercuiy yellow oxide.' 
The addition of thioglycollic acid to  the medium 
for antagonizing the mercury salt (11) was not 
attempted. In preliminary tests of neomycin 
ointments, recoveries were very low. This may 
have been due t o  adsorption of neomycin to  the 
cellulose ester filter pads. Sodium chloride, which 
is known to  desorb neomycin from cellulose (12), 
was added to  the rinse medium and the second or 
third rinse was allowed to  stand in the funnel for 
15 minutes. As an additional precaution, two 
known inhibitors of neomycin activity, sodium 
chloride (12) and ascorbic acid (13), were added t o  
the growth medium. In  subsequent tests of 
neomycin ointments, recoveries were satisfactory. 


The next consideration was the possibility that  
isopropyl myristate would be toxic to  vegetative 
microbial cells. Isopropyl myristate is reported 
to be nontoxic to humans since "drugs and cosmetics 
containing this substance may be safely applied 
topically and parenterally" (14). This oil is the 
isopropyl ester of a saturated fatty acid and should 
be less dehydrating than unsaturated vegetable 
oils. Table 111 indicates that  recoveries of viable 
vegetative cells from isopropyl myristate were 
comparable to recoveries of spores. 


The proposed method could be used for sterility 
testing of ointments with simple modifications. 
As described by Holdowsky (5), a 25-mm. disk 
(approximately one-half the filtering area) could be 
cut  from the filter pad for incubation in fluid 
thioglycollate medium while the remainder is 
incubated in Sabouraud's medium. An apparatus 
consisting of a series of filter units is now com- 
mercially available.' The units are fitted so that  
rinse medium may be supplied aseptically. How- 
ever, i t  is necessary to  remove the rubber stopper 
from the funnel to add the test solution. To reduce 
the risk of contamination from air, an additional 
opening could be made in the rubber stopper to  
accommodate a hypodermic needle. The test 
solution could then be added with a syringe. 


SUMMARY 


A filtration method for the recovery and enu- 


TABLE 111.-RECOVERY OF VEGETATIVE CELLS 
FROM ISOPROPYL MYRISTATE 


Viable Cnunt Viahle Cells 
Organism o f  lnoculum Recovered 


K .  pneumoniae 72 22 
P .  vulgar is Spreadersa Spreaders" 
Ps. aeruginosa ca. 560 Spreaders' 
S. aureus ca. 1000 ca. 800 
S.  lulea 46 29 
C.  albicans 52 43 
S .  cerevisiae 61 53 
Penicillium sp. Dense growtho Very dense 


growthb 


a Unable to count because colonies grew together. b Colo. 
nies were too numerous to count. 


Method 1.-Each 1-Gm. sample of seeded oint- 
ment was divided between two Petri plates. The 
ointment was added directly to  the surface of the 
agar and sDread with a sterile glass rod. 


Method 11.-Each gram of seeded ointment was 
added to  7 ml. water. The flasks were heated for 
10 minutes in a 47' water bath, then shaken vig- 
orouslv for 1 hour on a wrist action shaker at room 
temperature. The entire aqueous phase was plated 
with 28 ml. of agar. 


Method 111.-This was the same as Method Z I ,  
except that  broth was used to  extract the ointment 
instead of water and the flasks were shaken at 
35". This method was included in the comparison 
because some oil and petrolatum products have 
been tested for sterility by incubation in nutrient 
media (8-10). 


All plates were incubated at 35' and examined 
for growth after 24 and 48 hours. Table I gives 48- 
hour counts. 


Tests of Unseeded Cortisone Acetate 
The cortisone acetate ointment used in the 


comparison of methods was not sterilized. T o  
determine the number of organisms present in the 
ointment prior t o  seeding, seven 1-Gm. samples 
were tested by the proposed method. 


Tests of Additional Ointments 
Recoven of a known inoculum by the proposed 


method was also tested with 11 additional oph- 
thalmic ointments, all containing antibacterial 
agents. Because i t  would have been difficult t o  
blend an inoculum uniformly in 1-Gm. quantities 
of ointments, the ointment-isopropyl myristate 
solutions were inoculated and mixed by vigorous 
shaking. Each solution was inoculated with 0.1 
ml. of an  aqueous B .  subtilis spore suspension. 
Poured-plate viable counts were made to  deter- 
mine the number of spores in the inoculum. 


RESULTS AND DISCUSSION 


The data  in Table I show that  markedly higher 
recoveries of bacteria from seeded ointment were 
obtained with the proposed filtration method than 
with the other methods. This was probably due 
to  the removal of the organisms from the petrolatum 
environment. Poor recoveries with Method I 
were not surprising since one would expect most of 
the organisms to be coated with petrolatum. How- 
ever, recoveries with extraction Methods II and IZI 
were not much higher. Possibly the majority of 
organisms were not extracted. If they were ex- 


6 The Upjohn Cn.. Kalamazno. Mich. 
7 Millipore Filter Corp.. Bedford. Mass. 
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meration of viable organisms from petrolatum-based 
ointments was described and shown to be more 
cfficient than methods now commonly used. An 
application of the method to the sterility testing of 
ointments was discussed. 
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Notes- 


Preparation of m- and p-Nitrobenzoyl Derivatives 
of Some Arylindolizines 
By VINCENT S. VENTURELLAt 


Investigations into the benzoylations of substituted arylindolizines has shown that the 
reaction is reduced but not prevented by steric or electronic effects. 


N A PREVIOUS REPORT (1) it was found that I the benzoylation of compounds of structure I 
proceeded easily and in fair yields except with 
Compound I d. A t  the time it was indicated that x 


I a, R = H. R’ = Br 
6 ,  R = C1, R‘ = Br 
C, R = H, R‘ = NO2 
d, R C1, R’ = NOz 


R 


I1 I11 


the failure of the reaction to occur with this com- 
pound could be attributed to the conjugative and 
inductive effects of the substituents present in the 
phenyl rings. Since the benzoylation of the open 1 
position is said to occur easily (2). and since the 
reaction depends upon the contributions from 
structures I1 and 111, i t  was desirable to test the 
effects of the presence of nitro groups on the forma- 
tion of the benzoylium ion (111) and hence on the 
formation of a stable benzoyl derivative. 


Since hydrolysis of the end product was previously 
(1) found not appreciable if the reaction was per- 
formed in benzene solution below 60” for 1 hour, 
followed by allowing the mixture to stand 48 hours 
a t  room temperature, any change in the formation 
of the benzoyl derivatives would presumably be 
because of an increase or decrease in the formation of 
111. 


R 
I 
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2. A preliminary investigation revealed that 
many different compounds could be used to coacer- 
vate gelatin solutions. 


By varying the proportion of the components 
of a coacervate system, the amount of a coacervate 
phase and/or the composition of a coacervate could 
be controlled. 


Almost any insoluble particle can be coated 
with coacervate drops. 


Of all the variables investigated, i t  appeared 
that only those that affected interfacial tension had 
an effect on coacervate drop size. 


6. Pharmaceuticals can be coated by coacerva- 
tion, but they may intensify the degree of coacerva- 
tion. 


7. A process was originated for obtaining coacer- 
vate-coated pharmaceuticals as fine, dry powders. 


3. 


4. 


5. 


Journal of Pharmaceutical Sciences 


The following pharmaceuticals were coated 
and recovered as fine, dry powders: riboflavin, cod 
liver oil, procaine penicillin G, carbon tetrachloride, 
charcoal, a micronized ion-exchange resin, castor oil, 
aspirin, and acetanilid. 


Coacervation not only Seems to be an effective 
method of coating pharmaceuticals but also a 
superior method of coating many drugs. 
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Preparation of a Phase Diagram for Coacervation 
By RUSSELL E. PHARES, JR., and G. J. SPERANDIO* 


The objective of this study was to develop a method of preparing a phase diagram of 
coacervated systems using physical measurements instead of chemical analyses. The 
per cent weight-in-weight concentration of three-component solutions of micro and 
macromolecules was related to the refractive indexes and specific gravities of the 
solutions by an algebraic equation. The composition of both phases of several 
different coacervated systems was determined by using the derived equations. By 
making accurate quantitative dilutions, it was also possible to determine the com- 
position of solutions the specific gravity of which did not remain linear because of 
a high concentration of electrolyte. This study indicates that the points needed for 
plotting a hase diagram (including tie lines) of three-component systems can 
quickly ancf accurately be determined by using measurements of specific gravities 


and refractive indexes. 


OST OF THE quantitative assay procedures 
currently available cannot be universally 


adapted to three-component systems without 
separating the components. The procedure of 
Leach and Lithgoe, as corrected by Williams 
(1, 2), for the determination of the percentage 
composition of a solution of water plus methanol 
plus ethanol could be very useful if i t  were not for 
the need of preparing extensive tables. If this 
technique, which uses specific gravity and refrac- 
tive index, could be improved to eliminate the 
need of tables, it would be useful not only for the 
analysis of alcohol but also for obtaining the data 
necessary for plotting three-component phase 
diagrams. The role of phase diagrams in phar- 
macy will become increasingly important as co- 
acervation. which was recently introduced as a 
pharmaceutical operation (3), is used as a means 
of obtaining many improved pharmaceuticals. 
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The purpose of this work was to develop a sim- 
ple method of preparing a three-component phase 
diagram which would eliminate the need for 
complicated chemical assays of the ingredients. 
It was felt that the per cent weight-in-weight 
concentration of a solution of three components 
could be calculated directly from the experi- 
mentally determined specific gravity and refrac- 
tive index of the solution without using tables. 


THEORY 
The weight-in-weight composition of an  ideal 


three-component solution in which there is no inter- 
action may be represented by 


m + n + p = l  (Eq. 1) 
where m, n, and p represent the grams of solvent, 
ingredients 1 and 2, respectively, per gram of solu- 
tion. Therefore 


m = l - n - p  (Eq. 2) 
The refractive index of the solution can be written 


R.I. of solution = R.I. of solvent + Cn + Dp 
or 


p = (AR.1. - Cn)/D (Eq. 3) 
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where C and D are proportionality constants for 
ingredients 1 and 2, respectively. These constants 
must be determined experimentally on known 
samples. 


The following equation, which is the third one 
needed t o  solve for the three unknowns, is true for 
dilute solutions and ideal solutions 


sp. gr. of solution = sp. gr. of solvent + 
A N + B P  (Eq.4) 


A and B are proportionality constants for ingredients 
1 and 2, respectively, while N and P are the grams 
of ingredients 1 and 2 per gram of solvent. 


N = n/(l-n-p) and P = p/(l-n-p) (Eq. 5) 


It follows from Eqs. 3, 4, and 5 that 
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TABLE III.-COMPOSITION OF SODIUM SULFATE 
SOLUTIONS FOR DETERMINATION OF CONSTANTS B 


AND D 


Sodium 
Water, Gm. Sample Sulfate, Gm. 


By using Eqs. 2, 3, and 6, one can find the relative 
weight-in-weight concentrations of the three com- 
ponents. 


EXPERIMENTAJ- 


The experimental work was divided into two parts. 
Part I entailed verification of Eqs. 3 and 4 and the 
determination of constants A, B,  C, and D for sodium 
sulfate, gelatin, and water. Part I1 was the prepa- 
ration of a phase diagram of sodium sulfate, gelatin, 
and water, using Eqs. 2, 3, and 0. This coacervate 
system was selected so that the resulting phase 
diagram could be compared with the one presented 
by Bungenberg de Jong (4). 


Part 1.-The refractive indexes and specific 
gravities of several sodium sulfate solutions and 
gelatin solutions of known concentrations were 
plotted against concentration on rectangular co- 
ordinate paper (Tables I-IV and Figs. 1, 2, and 3). 
As can be seen from the graphs, a straight-line rela- 
tionship exists between refractive index and concen- 
tration of both sodium sulfate and gelatin solutions; 
a straight-line relationship also exists between 
specific gravity and concentration of gelatin solu- 
tions. I t  will be noticed, however, that a linear 
relationship exists between specific gravity and con- 


TABLE I.-cOMPOSITION OF GELATIN SOLUTIONS FOR 
DETERMINATION OF CONSTANTS A AND c 


Sample Gelatin, Gm. Water, Gm. 
1 5.00 99.25 
2 7.54 98.76 
3 9.99 99.25 
4 15.00 99.25 
5 15.02 99.23 


TABLE II.-sPECIFIC GRAVITIES AND REFRACTIVE 
INDEXJXS OF GELATIN h L U T I 0 N S  FOR DETERMINA- 


TION OF CONSTANTS A AND C 


Sample Sp. Gr. N' R. I. nb 


1 1.01438 0,0504 1.339443 0.0479 
2 1.02026 0.0764 1.343206 0.0710 
3 1.02611 0.1007 1.346748 0.0915 
4 1.03887 0.1511 1.353621 0.1312 
5 1.03993 0.1514 1.353682 0.1315 


n - Gm. of a N = Gm. of gelatin per Gm. of water. 
gelatin per Gm. of solution. 


2.01 
4.01 
5.00 


99.46 
99.56 
99.25 


6.00 99.54 
7.99 99.51 
9.96 99.51 
9.99 99.25 


10.01 99.25 
10.03 99.27 


10 14.54 99.25 
11 25.11 99.24 


TABLE IV.-SPECIFIC GRAVITIES AND REFRACTIVE 
INDEXES OF SODIUM SULFATE SOLUTIONS FOR 


DETERMINATION OF CONSTANTS B AND D 


Sample Sp. Gr. Po R. 1. fl 
1 1.01785 0.0202 ... . . .  
2 1.03443 0.0403 . . .  . . .  
3 1.04323 0.0504 1.338463 0.0480 
4 1.05092 0.0603 .. ... 
5 1.06706 0.0804 ... ... 
6 1.08311 0.1001 . . .  ... 
7 1.08375 0.1006 
8 1.08332 0.1008 1.34'4637 0.&16 
9 1.08378 0.1010 1.344730 0.0917 


10 1.12218 0.1465 1.350125 0.1278 
11 1.19135 0.2530 1.359930 0.2019 


a P - Gm. of sodium sulfate per Gm. of water. bp = Gm. 
of sodium sulfate per Gm. of solution. 


centration of sodium sulfate solutions only a t  con- 
centrations less than 10 Gm. of sodium sulfate per 
100 ml. of water. 


The refractive indexes of all samples in this work 
were determined at 37' using an immersion refrac- 
tometer. All specific gravities were determined a t  
37' using a 25-ml. pycnometer weighed on a Mettler 
type TB5 analytical balance. When the constants 
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Fig. 1.-Concentration us. refractive index of gelatin 
and sodium sulfate solutions. 







Journal of Pharmaceutical Sciences 


L200L 


U I O  


1.160 


1.042 


1.039 


1036 


1.033 


LOX) 


1.027 


1.024 


5 1.021 


I 1018 


F 1.015 


:: 1.012 


1.009 


1.006 


1.003 


1.000 


- 


. 


2 4 6 8 1 0 1 2 1 4 1 6  


1.040 


1020 


Gram. o f  S o I u B  par 100 Q r w  of 8okanl 


Fig. 2.---Concentration us. specific gravity of gelatin 
solutions. 


A, B, C, and D (which are the slopes of the lines on 
Figs. 1. 2, and 3) were statistically calculated along 
with their 99% confidence interval estimates, the 
following values were obtained: A = 0.250058 f 
0.0298 (gelatin), B = 0.820425 f 00128 (sodium 
sulfate), C = 0.169258 f 0.0046 (gelatin), and 
D = 0.141455 f 0.0024 (sodium sulfate). 


Equations 3 and 6 were verified by using them t o  
predict the Concentrations of several dilute solutions, 
all of which contained known amounts of gelatin, 
sodium sulfate, and water (the concentrations of 
gelatin and sodium sulfate were never more than 
10% w/w). In all samples tested, the true concen- 
tration and the calculated concentration based on 
Eqs. 3 and 6, using the experimentally determined 
refractive index and specific gravity of each solution, 
were within 0.5y0 of one another. 
Part II.-Five samples containing known amounts 


of water, sodium sulfate, and gelatin (Table V) were 
prepared and stored a t  37' for 5 days. Sample 1 
was the only system that did not coacervate. After 
5 days, the two phases of the coacervated samples 
were separated by centrifuging at 5000 r.p.m. for 
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Fig. 3.-Concentration us. specific gravity of sodium 
sulfate solutions. 


10 minutes. Since both the equilibrium phase and 
the coacervate phase of each system was a clear 
solution, the weight-in-weight composition of each 
phase was determined in the following manner, 
using the previously verified equations. From each 
coacervate phase, a sample weighing approximately 
15 Gm. was accurately weighed and then diluted 
with approximately 100 Gm. of distilled water; the 
weight of the water was then accurately determined. 
The specific gravities and refractive indexes of 
these dilutions were measured. From these meas- 
urements, the compositions of the undiluted coacer- 
vate phases were calculated using Eqs. 2, 3, and 6 
(Table VI). I t  was necessary t o  dilute the coacer- 
vate phases because they were too viscous to pour 
into standard pycnometers and because they had 
specific gravities too high t o  be linearly related to  
possible sodium sulfate concentrations. 


The composition of each equilibrium phase was 
calculated using Eqs. 7 and 8. Equation 7 is the 
equation of the tie line which connects the com- 
position of the total system with the composition of 
the coacervate phase and the composition of the 
equilibrium phase. The equation of each tie line 


TABLE V.-~OMPOSITION OF COACERVATE SAMPLES USED FOR PREPARING PHASE DIAGRAM 


Sodium 
% w/w 


1 5.88 5.00 11.76 10.0 99.25 85.0 
2 5.11 5.00 13.09 11 .o 99.27 84.0 
3 6.02 5.00 14.46 12.0 99.21 83.0 
4 6.10 5.00 15. &5 13.0 99.25 82.0 
5 6.17 5.00 17.28 14.0 99.24 81.0 


Water, Gm. Sample Gelatin, Gm. % w/w Sulfate, Gm. % w/w 


TABLE VI.-PERCENTAGE COMPOSITlON OF EACH PHASE OF THE COACERVATED SYSTEMS" 


--Coacervate Phases, Compn.-- -Equilibrium Phases, Compn.-- 


Sample Gelatinb Sulfateb Waterb Gelatinb Sulfateb Waterb 
1 Did Not Coacervate 
2 17.00 9.50 73.50 3.00 11.25 85.i5 


Sodium Sodium 


3 22.00 9.50 68.50 2.00 12.25 85.75 
4 25.00 9.50 65.50 1.50 13.50 85.00 
5 27.00 9.50 63.50 1.00 15.00 84.00 


a The per cent compositions are given to the nearest 0.25%. b The values represent the per cent weight-in-weight con- 
centration of each ingredient. 
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Fig. 4.-Phase diagram of gelatin, water, and 
sodium sulfate. 


p = a + an, was determined as shown below by 
using the total known composition of each coacer- 
vated system and the calculated composition of the 
corresponding coacervate phase. (pc = a + ) - 
(PT = a + b n T )  can be rearranged t o  give 


and therefore 


4 = PT - 8nT 


P B  = a -k 6nE (Eq. 7 )  


The subscripts C, T, and E represent coacervate 
phase, total coacervate system, and equilibrium 
phase, respectively. By combining Eqs. 3 and 7 


The compositions of 
presented in Table VI. 
plotted in Fig. 4. 


the equilibrium phases are 
The data in Table VI  are 


SUMMARY AND CONCLUSIONS 
The objective of this work was to  develop a 


rapid method of determining the weight-in-weight 
concentration of a three-component solution using 
the experimentally determined specific gravity and 
refractive index of the solution. 


2. Formulas were derived for calculating weight- 
in-weight concentrations without the need of tables. 


3. The formulas are applicable to  all three- 
component solutions in which there is no interaction 
of the ingredients. 


In solutions in which there is interaction of the 
ingredients, such as aqueous solutions of ethanol, or 
methanol, or sodium sulfate, the weight-in-weight 
concentration can be determined by using a “diluting 
technique” which would minimize the effects of 
interaction. 


The assay procedure is satisfactory for obtain- 
ing the data necessary for plotting three-component 
phase diagrams. 


1. 


4. 


5. 
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Use of 3-Azabicyclo[3.2.2.]nonane in the 
Mannich Reaction 111 


”-Amino Tertiary Alcohols 


By C. DEWITT BLANTON, JR., and W. LEWIS NOBLES 


Syntheses of a group of y-amino tertiary alco- 
hols by application of the Grignard reaction 
to the corresponding Mannich bases are de- 
scribed. These alcohols are to be screened 


for possible pharmacological activity. 


N OUR EARLIER publications (I, 2), a number I of substituted &amino ketones and yamino 
secondary alcohols employing 3-azabicydo [3.2.2]- 
nonane as the amine moiety were synthesized for 
pharmacological screening. Denton and his 
associates (3) have previously established that 
certain structural modification of &amino ketones 
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had an effect on physiological activity. The 
authors wish to report upon the extension of our 
earlier studies to include the preparation of y -  
amino tertiary alcohols. 


The general structure of the -pamino tertiary 
alcohols prepared b y  Denton and co-workers (4- 
lo), as well as those presented here, are repre- 
sented as 


OH 
I 
1 


R-C--(CH2)x-Am 


R‘ 


Of the tertiary amino carbinols which have been 
reported in the literature, many have shown 
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sample patterns 8, 14, and 22, respectively, require 
about 1.5, 2.0, and 2.5 men per day. The assay 
takes a little longer than a mouse convulsion test, 
but is many times moreaccurate. 


Since we were not assaying serum insulin we were 
able to  increase volumes, standard concentrations, 
and I1al-insulii concentration to  provide adequate 
counting quantities when low specific activity com- 
mercially available iodo-insulin was used. If high 
specific activity iodo-insulin is used, the sensitivity 
of the test could be increased by reverting to  the 
original volumes used by Grodsky (1). 


As suggested by Grodsky (l), we started using 
NazSa in the salt-out step but changed to Na2S04 
for operation at 24'. Frictional heat arising during 
centrifugation led us to the use of a refrigerated 
centrifuge. However, since NafiO4 crystallizes at 


745 


5-15', we returned to  Na2SOI and 15' as our operat- 
ing temperature. 


We have found this test to  be accurate, fast, 
inexpensive, and specific for natural insulin. 
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Gas-Liquid Chromatography of Local Anesthetics 
and Related 


By HENRY M. KOEHLER 


Conditions for the as chromatography of 
local anesthetics and? related materials were 
investigated. Flexol on Chromosorb W and 
SE 30 on glass bead columns were preferred 
for the low and high melting compounds, re- 


spectively. 


NALYSES OF local anesthetic drugs in various A dosage forms and tissue preparations have 
been carried out using ultraviolet, visible, and 
infrared spectrophotometric and titrimetric and 
gravimetric methods. The use of chromato- 
graphic methods for separation, identification, 
and quantitation of components of mixtures is 
well established in pharmaceutical analysis. 
Gas-liquid chromatography offers the advantage 
of rapidity combined with the  sensitivity and 
versatility of other chromatographic techniques 
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Samples of the local anesthetics and their component alco- 


hols were generously furnished by their manufacturers: 
butacaine sulfate, benzocaine, procaine HCl. and 3-dibut 1 
amino ropanol by Abbott Laboratories. lidocaine and N 
diethyfkninoacetic acid by Astra Phar'macenticd Produits 
Inc.; mepivacaine HCI, propoxycaine HCl and tetracain; 
HCl by Cook-Waite Laboratories, Inc.; diethylaminoethanol 
dimethylaminoethanol, and 2,6xylidene by Sterling Win: 
throp Research Institute, division of Sterling Drug; benox- 
inate HCl by Dorsey Laboratories. division of the Wander 
Co.; pyrrocaine HCl by Graham Chemical Co.; chloropro- 
caine HC1 by Lederle Laboratories, division of Amencan 
Cyanamid Co.; piperocaine HCI and N-(3-hydroxypropyl)- 
a-pipecoline by Eli Lilly and Co.; isobucaine HC1, mepryl- 
came HCI, 2-propylamino-Zmethylpropanol, and Z-isobntyl- 
amino-2-methylpropanol by Mirzy, Inc.; butethamine HCL, 
metabutcthamine HCI. metabutoxycaine HCl. na nine 
HCI. isobutylaminoethanol. and amylaminoethan? by 
Novocol Chemical Manufacturing Co . dydonine HCl by 
Pitman-Moore Co.. division of Doa'khemicd Co.; and 
parethoxycaine HCl by B. R. Squibb and Sons, division of 
Olin Mathieson Chemical Corp. 
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Analysis of Locpl Anesthetics IX. 


Compounds 
and JOHN J. HEFFERREN 


(1). This technique was applied to the detection 
and quantitation of local anesthetic bases, hy- 
drochloride salts and degradation products. 
Kirk, describing the application of gas-liquid 
chromatography to criminalistic problems, in- 
cluded procaine hydrochloride among the drugs 
which could be chromatographed (2). 


APPARATUS 


The instrument used in this work was the Aero- 
graph Hy-Fi model 600 fitted with a gold-plated 
hydrogen flame ionization detector and a Sargent 
model SR recorder with an input filter and a Disc 
integrator. Hydrogen, at a flow rate of 25 ml./ 
minute, was provided for the flame ionization de- 
tector by the Aerograph hydrogen generator, model 
650. Dry nitrogen was used as carrier gas at a flow 
rate of 30 ml./minute. Liquid phases used included 
Carbowax 400, Apiezon L, Ucon Polar, Flexol 
plasticizer 8N8, and silicone rubber SE 30. Solid 
supports used included 60-80 mesh firebrick, 100- 
120 mesh siliconized Chromosorb W, and 100-120 
mesh siliconized glass beads. Five-foot columns 
of inch O.D. copper, aluminum, or stainless 
steel tubing were used. 


The liquid phases were coated on the solid sup- 
ports by evaporating with a Rinco rotary evaporator 
a slurry of the solid support and a dichloromethane 
solution of the liquid phase. The columns were 
packed with a vibrator and shaped into 2l/* inch 
diam. coils which were conditioned overnight in a 
slow stream of nitrogen at the expected operating 
temperature or at 20O0, whichever was lower. 


RESULTS AND DISCUSSION 


The structural relationships of the local anesthetic 
agents used in this study are summarized in Table 
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TABLE I.-STRUCTURE OF LOCAL ANESTHETICS 


ESTER-TYPE LOCAL ANESTRETICS 
Ri Rt R3 N Ra Rs R6 R7 


Procaine NH? H H 1 H H C?Hs CzHs 
Chloroprocaine NH2 H CI 1 H H C?Hs CzHj, 
Butethamine NH2 H H 1 H H H CHzCH(CH3)z 
Meprylcaine H H H 1 CHa CH, H C3H7 
Isobucaine H H H 1 CHI CH3 H CHzCH(CHj)2 
Tetracaine NHC.iH!i H H 1 H H CHj CHj 
Propox ycainc NHz H OCaHi 1 H H C:!H:, C?Hs 
Naepaine NH:! H H 1 H H H CsHi, 
Parethoxycdiiic OC?Hs H H 1 H H C*H:, C2H6 
Benoxinate XH* OCIHI H 1 H H CzHs CsHj 
Rutacaine NH? H H 2 H H C4H7 C I H ~  
Metabutethaniine H NH2 H 1 H H H CH~CH(CHI)I 
Metabutoxycaine H NH* OCdH7 1 H H C2!3s CZHS 
Piperocaine H H H 2 H H 1-(2-methylpiperidyI) 
Benzocaine NHz H H 1 H H? No alipliatic amine 
Butyl arninobenzoate NH? H H 3 H H? No aliphatic aniine 
AYIDE-TYPE LOCAL ANESTHETICS 


X 
Lidocaine CH?N( CzHs)2 
Mepivacaine 2-( 1 methylpiperidyl) 
Pyrrocaine 1-methylpyrrolidine 


TABLE II.-RETENTION TIMES O F  .4MINOALCOHOLS 


-Retention Time, secondsa- 
Column Column Column 


A B c 
Ethanol 27 24 . .  
Aminoethanol 57 . .  
Dimethylaminoethanol 87 43 42 
Diethylaminoethanol 187 43 42 
Isobutylaminoetlianol 246 48 50 
Amylaminoethanol 4 89 58 68 
Dibutylaminopropanol . . 66 . .  
2-Propylamino-2- 


methylpropanol 300 66 . .  
2-Isobutylamino-2- 


methylpropanol 333 48 . .  
N-( 3-Hydroxypropyl). 


a-pipecoline 108 57 . .  
2.6-Xylidene . . .  37 . .  
N,N-Diethylaminoacetic 


acid . . .  . .  55 


" Column A: 1.5% Flexol on 60-80 mesh firebrick, injec- 
tion port temp. 18So, column temp. 170'; Column B: 15% 
Ucon Polar on 60-80 mesh firebrick, injection port temp. 200". 
column temp. 185"; Column C: 0.1% SE 30 on 100-120 
mesh glass beads, injection port temp. 150'. column temp. 
1000. 


I. The ester-type local anesthetics, such as pro- 
caine hydrochloride, undergo hydrolysis to the 
corresponding acid and aminoalcohol (3). The 
amide-type local anesthetics, such as lidocaine 
hydrochloride, are considerably more resistant to  
hydrolysis; however, some does occur (4). 


The retention times of the aminoalcohols and other 
local anesthetic related compounds on three different 
columns are listed in Table 11. The solid com- 
pounds were injected as alcoholic solutions. Nor- 
mally 1-10 mcg. of the compounds gave an adequate 
peak. Most of these compounds contained tracc 
amounts of the related alcohols which were easily 


separated. Although the Flexol column was gen- 
erally the column of choice for the aminoalcohols, 
the over-all magnitude of the difference between the 
columns in Table I1 probably reflects the selection 
of the specific conditions rather than merely char- 
acteristics of the liquid phase. Identifiable peaks 
were observed with 1 pl. of 170 aqueous solutions of 
the aminoalcohols on a 1570 Flexol column. Elution 
times generally corresponded to those seen when 
the pure substance was injected. 


The free bases of local anesthetics are generally 
low melting, water insoluble solids. Usually column 
temperatures greater than 200' were required for 
the elution of these compounds (Table 111). Be- 
cause of relative insensitivity of the detector to car- 
bon disulfide, this was a convenient solvent. How- 
ever, reaction of the amino groups in the anesthetic 
molecule complicated its general use. 


Local anesthetic hydrochloride salts have high 
melting points; for example, procaine hydrochloride 
melts a t  153-158'. In order to minimize the in- 
jection port and column temperatures necessary to  
elute these high melting salts, coated glass-bead 
columns were used. Of the liquid phases stable at 
high temperatures, SE 30 proved to be the most 
useful. The retention times of local anesthetic salts 


TABLE III.-LocAL ANESTHETIC BASES IN CSp 


Retention 
M.P.,  Time, 
"C. seconds 


Mepivacaine 149-152 30 
Lidocaine 66- 69 96 
Procaine 60- 61 106 
Pyrrocaine 82- 84 70 
Tetracaine 41- 46 192 


Conditions: 0.1% S E  30 on 100-120 mesh glass beads 
injection port temp. 265O, column temp. 210°, 0.1 pl. of 2% 
solution. 
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TABLE IV.-RETENTION TIMES OF LOCAL 
ANESTHETIC SALTS= 


Retention 
M.P., Time, 


Local Anesthetics O C .  seconds 
Naepaine HCI 175-177 44 
Isobucaine HCI 183-1e4 44 
Dyclonine HCI 175-176 48 
Parethoxycaine HCI 174-178 52 
Lidocaine HCI 128-129 55 
Piperocaine HCI 172-175 62 
Pyrrocaine HCI 201-203 65 
Procaine HCI 153-156 72 
Mepivacaine HCI 255-262 78 
Tetracaine HCI 147-150 87 
Butethamine HCl 192-196 99 
Chloroprocaine HCI 176-178 121 
Metabutethamine HCI 116-118 133 
Metabutoxycaine HCI 117-119 124 
Benoxinate HCI 157-160 150 
Butacaine Sulfate 1QO-103 192 
Meprylcaine HCI 150-152 b 
Propoxycaine HCI 148-150 b 


a Conditions: injection port temp. 265’. column temp. 
225O. 0.1% SE 30 on glass beads, 1 ~ 1 .  2% fresh aqueous 
solutions. No detector response with up to 5 pl. of 2% 
solution at column temperatures from 1W225O. 


are listed hi Table IV. Columns of SE 30 on fire- 
brick or Chromosorb W were also used; however, the 
results with these columns were generally less 
satisfactory. 


Representative chromatograms of an aqueous 
solution of an aminoalcohol and of local anesthetic 
hydrochloride salts are illustrated in Fig. 1. 


Several mineral acid salts of lidocaine including 
the hydrobromide, hydrochloride, nitrate, perchlo- 
rate, phosphate, and sulfate (5) were chromato- 
graphed on a 60-80 mesh firebrick column coated 
with 15% Flexol. Methanolic solutions of the 
base and the salts had similar retention times, sug- 
gesting that the observed peaks may be due to the 
free base. 


Although the analyses of mixtures (6) of local 
anesthetics for parenteral administration, such as 
aqueous solutions of procaine hydrochloride with 
either propoxycaine (7) or tetracaine (8, 9) hydro- 
chlorides, are possible with specific spectrophoto- 
metric procedures, gas chromatography offers a 
simple convenient method. Analysis of topical 
anesthetic mixtures, which may be aerosols, oint- 
ments, or solutions, are complicated by the fre- 
quent presence of two or more local anesthetics with 
quaternary ammonium compounds or other anti- 
bacterial agents in addition to  pharmaceutical aids 
(6). The usual topical mixtures containing 2-4% 
lidocaine or 8-22y0 benzocaine with 2y0 tetracaine 
hydrochloride were readily assayed with a 0.1% SE 
30 glass-bead column. A topical glycol solution of 
14% benzocaine (ethyl aminobenzoate). 2% butyl 
aminobenzoate, and 2% tetracaine hydrochloride 
was assayed with the SE 30 glass-bead column. It is 
very difficult to  quantitate each of the three local 
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Fig. l.-A, 0.1 pl. of 2y0 aqueous isobutylamino- 
ethanol on 0.1% SE 30 glass-bead column; B, 1 pl. 
of 2% aqueous mepivacaine hydrochloride on 0.1% 
SE 30 glass-bead column; C, 0.5 pl. of a mixture 
containing 2% each of isobucaine HCl, lidocaine HCI. 
procaine HCI, mepivacaine HCI, and tetracaine HCI. 
Chart speed was 1 inch per minute. 


anesthetics in this mixture by any other analytical 
procedure. 


SUMMARY 


Liquid phases, solid supports, and tubing were 
investigated for use in the gas-liquid chromatog- 
raphy of aqueous and nonaqueous solutions of local 
anesthetics, their salts and related compounds. 
A Flexol on Chromosorb W column was preferred 
for the lower melting compounds such as the 
aminoalcohols, while a low load SE 30 on glass-bead 
column was preferred for higher melting local 
anesthetic bases and salts. Stainless steel tubing 
was preferred for the aqueous solutions of the higher 
melting compounds; however, no difficulties were 
encountered with columns prepared with copper 
or aluminum tubing. 


The gas chromatographic procedures developed 
may be suitable for the determination of local 
anesthetics and other compounds in specific par- 
enteral and topical local anesthetic mixtures which 
may not be readily assayed by the other methods. 
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Research Articles 


Spectrophotometric Effect of Salicylic Acid and 
Selected Antiradiation Agents on Catalase 


and Lactic Dehydrogenase 
By WILLIAM 0. FOYE and PHILIP S. THIBODEAU* 


Spectro hotometric measurements have been made of systems of catalase and of 
lactic dhydrogenase containin either sali lic acid, 2-merca toethylamine, 2- 
mercaqtoethylguanidine, or so%um diethyl%hiocarbamate. lbsorption diEer- 
ences indicated complex formation between the dithiocarbamate and lactic dehy- 
drogenase and at least salt formation with catalase. No definite indication of com- 
plex formation between these enzymes and either salicylic acid or the basic mer- 
captans was given by the method employed, although salt or weak field complex 


formation is a possibility with the latter. 


OMPLEXATION of the metal constituents of C enzymes by drugs or biologically active 
molecules has been postulated as a possible mecha- 
nism of drug action. Enzyme inhibition by such 
molecules is often believed to involve complexa- 
tion of the active catalytic site, which is frequently 
the metal. Little definite evidence has been 
provided to demonstrate such complex formation, 
however, although Vallee has been able to demon- 
strate enzyme-chelating agent complexations in- 
volving the metal constituent by means of both 
ultraviolet absorption spectral changes (1) and 
optical rotatory dispersion studies (2). Keilin 
and Hartree (3) have shown complexation of 
catalase with such inhibitors as cyanide, sulfide, 
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fluoride, and azide by means of ultraviolet absorp- 
tion, and Chance (4) has been able to  demon- 
strate the existence of short-lived catalase- 
peroxide complexes spectrophotometrically using 
a rapid-flow technique. In these cases, significant 
differences in either absorption maxima or absorb- 
ance of the enzyme were observed. 


No less than 30 enzymes are known to be 
affected by the presence of salicylates in uiuo, 
in vilro, or both, and many of these enzymes 
are now recognized as metal-containing. 
Nitzescu and Cosma (5 )  reported a powerful de- 
pressing action on the succinodehydrogenases by 
salicylate; von Euler and Ahlstrom (6) stated 
that salicylate inhibits the activity of lactic 
dehydrogenase (LDH). Baker (7) later found 
that salicylate inhibited the conversion of 
lactate to pyruvate by means of LDH catalysis. 
Tomimura (8) has described the inhibition of a 
peroxide-catalase system by salicylate, and 
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Hagihara (9) h a  s h o r n  that the rate of denatura- 
tion of catalase by salicylate differed from its 
rate of inhibition b y  salicylate. 


AcWrdiWlY, e x P h e n b  have been C a r r i e d  
out to find whether complex formation between 
sdicylate and lactic ddyh0gen-e  0~ 


catalase c8fl be demonstrated with or 
visible spectrophotometry. In addition, similar 
experiments were c d e d  out 6 t h  several of the 
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cells 2 and 4 was taken to indicate complex forma- 


Varying ratios of complexing agent to enzyme 
were employed from large molar excesses of com- 
plexing agent to stoichiometric amounts. In the 
c ~ s e  of large excesses of complexing agent, however, 
the possibility existed that its absorption could 
minimize or swamp any change in absorbance due 
to complex formation; but in the case of stoichio- 
metric mounts, the other possibility existed-that 
of swamping by the amount of enzyme absorbance. 


more powerful antiradiation agents, 2-mercapto- 
ethylamine (MEA) , 2-mercaptoethylguanidine RESULTS AND DISCUSSION 


(MEG), and diethyldithiocarbamate (DDC) and 
the same two enzymes, since inhibition of radia- 
tion damage in the cells is believed in some cases 
to result from inhibition of cellular oxidations 
(10). 


EXPERIMENTAL 


Materials.-The enzymes, catalase (from beef 
liver) and lactic dehydrogenase (from beef heart 
muscle), were obtained from L. Light and Co., Ltd., 
England. Catalase was stored until use at 10" and 
LDH at -5" as concentrated suspensions. Salicylic 
acid was obtained from Merck and Co., Inc., and 
was recrystallized to  constant m.p. from 95% 
ethanol. 2-Mercaptoethylamine hydrochloride and 
2-aminoethylisothiuronium bromide hydrobromide 
were purchased from Chemicals Procurement Labs., 
Inc. ; 2-mercaptoethylguanidine was obtained from 
the latter compound by rearrangement in t r is  
buffer at pH 7.2. Sigma 121 primary standard 
grade tris-( hydroxymethy1)aminomethane hydro- 
chloride, Sigma Chemical Co., was used to prepare 
the tris buffer, pH 7.2. 


Methods.-The Beckman DU quartz spectro- 
photometer equipped with a constant voltage power 
supply and a photomultiplier tube was used with 1- 
cm. cells. Enzyme solutions of the desired concen- 
trations were prepared by dilution of the stock sus- 
pensions with the tris buffer solution. All experi- 
ments were run at 25". except for one at 10'. 
They were all completed within 1 hour after the 
enzyme solutions were prepared. 


For measurement of complex formation, four 
matched cells were employed. In a typical ex- 
periment, cell 1 contained buffer only and served 
as blank. Cell 2 contained the enzyme solution. 
Cell 3 contained the complexing agent, prepared in 
tris bufTer solution. Cell 4 contained both complex- 
ing agent and enzyme in precisely the same concen- 
trations as cells 2 and 3. Immediately after mix- 
ing, measurements of the absorption spectra were 
made. The spectra obtained from cells 2 and 3 
were added and compared with the spectrum from 
cell 4. A difference in shape or degree of the added 
spectra from the spectrum of cell 4 was assumed to 
indicate complex formation. 


A modification of the method of infinite dilution 
was also made. In this procedure, cell 1 contained 
buffer only and served as blank for cell 2, which 
contained the enzyme solution. Cell 3 contained 
the complexing agent and served as blank for cell 
4, which contained both the enzyme and complex- 
:ng agent in the same concentrations as they existed 
n cells 2 and 3. Nonequality of the spectra from 


Two of the more common metals in enzymes 
dec t ing  cellular oxidations are iron and zinc. 
Lactic dehydrogenase is a pyridme nucleotide- 
linked enzyme containing zinc, and catalase is an 
iron-porphyrin containing enzyme. Little is known 
regarding the bonding of the zinc in LDH, but it is 
assumed that mixed complex formation of the zinc 
is possible by an extraneous agent. Vallee (1) has 
already demonstrated mixed complex formation of 
the zinc in liver alcohol dehydrogenase with 1.10- 
phenanthroline. In regard to catalase, the iron is 
strongly bound to the porphyrin nucleus; in addi- 
tion, only one bond is available for coordination, 
normally with peroxide (11). Chelation of the 
iron by an external agent is thus considered im- 
possible, although complex or salt formation with 
such an agent should be possible. In this light, the 
Same type of reaction between metalloenzyme and 
complexing agent would not occur with the two 
enzymes. As far as assessing this method for 
demonstrating complexation, one enzyme serves 
as control for the other. 
For salicylic acid in tris buffer solution maximum 


absorption was at 296 my. Catalase, at a concen- 
tration of 100 mg./L., showed no true maximum in 
the ultraviolet but did show a plateau at 256-268 
my. Higher concentrations of catalase absorbed 
maximally in the visible a t  404 ma. Although 
Keilin and Hartree (3) reported a maximum at 
about 630 my for horse liver catalase at pH 6.0, this 
maximum did not appear in our enzyme preparation 
at pH 7.2. The lactic dehydrogenase exhibited 
peak absorbance a t  278-280 ms. 


The spectrophotometric measurements made 
with catalase and salicylic acid in both the ultra- 
violet and visible range did not indicate complex 
formation. Optical differences between the sum 
of the absorbances of cells 2 and 3 and the absorb- 
ance of cell 4 or between the absorbances of cells 
2 and 4 in the method of infinite dilution did not 
exceed 0.010, which probably may be considered the 
limit of experimental error. The differences re- 
ported in Table I represent only the maximum de- 
viations found; however, the average extent of 
difference over the absorption range observed gener- 
ally was less than 0.004.1 It is possible then that a 
difference of greater than 0.010 may represent salt' 


1 Beoven and Johnson (12). point out, however, that under 
favorable urcumstances vanations of 0.002 in absorbance 
are experimentally aigni6cont. 
* A  weak held complex, such as described by Bichhorn 


(11) may also be poemble. In this case, the electron "pair- 
ing Lagy** necusuy tor complex formation is not a ~ e c t c r ~  
much by changes in the ligpnd (13). ,,Thin "pairing epergy" 
is opposed by the "separation ener between d orbatals in 
the case of iron but not in the case rz inc .  On this basis, the 
absor tion sp&trum of catalase would show less variation on 
comprexation than that of lactic dehydrogenase, which is 
shown in the experiments descnbed here. 
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TABLE I.-~PRCTROPHOTOMETRlC MEASUREMENTS OF ENZYME SYSTEMS, 25' - -____ . 


Optical 
Concn Concn , Range, Absorbance 


Compd. mg./ i . '  Enzyme mg./l.. mfi Difference 
Sal. acid 25 Catalase 100 240-340 0.005 
Sal. acid,' 20 Catalase 300 240-340 0.005 
Sal. acidu 20 Catalase 300 240-340 0.008 
Sal. acid 2.2 Catalase 300 240-340 0.003 
Sal. acid 50 Catalase 2,ooo 340-700 0.004 
Sal. acid" 500 Catalase 4,200 340-600 0.008 
Sal. acid 100 Ca talase 17,000 480-700 0.010 
Sal. acid 12.5 LDHJ 125 240-340 0.016 
Sal. acid,' 12.5 LDH 125 240-340 0.015 
Sal. acid 0.26 LDH 125 240-340 0.018 
MEAr 100 Catalase 400 240-350 0.014 
MEA 1.82 Catalase 300 240-350 0.022 
MEA 1" LDH 125 240-350 0.034 
MEA 0 . 2  LDH 125 240-350 o .  01.5 
M EGd 1 no Catalase 200 23.5350 0.001) 
MEG 100 LDH 125 235-350 0.029 


DDC 6 LDH 125 235-350 0.363 
DDC' 6 Catalase 200 235-350 0.045 


" Method of infinite dilution. ' Run at 10'. 2-Mereaptoethylamine hydrochloride. d 2-Mercaptoethylgupnidine hy- 
drobromide. Sodium diethyldithiocarbamate. I Lactic dehydrogenase. 


formation or ionic bonding between the complexing 
agent and the enzyme, the small increase in ab- 
sorbance being due to electrostatic attraction with 
no significant change in electron densities in either 
complexing species. The over-all shape of the 
absorption curves remained the same for the mixture 
as for the added curves of the individual components 
in this case, however. 


The optical differences recorded for the combina- 
tion of salicylic acid and lactic dehydrogenase did not 
exceed 0.018. While this difference is probably not 
indicative of covalent complex formation, it may 
represent salt (ionic bonding) formation. I t  has 
been pcjinted out by Martell and Calvin (14). for 
instance, that if the bonding is ionic, the absorption 
bands for the complex and complexing agent may 
coincide fairly closely. Similarly, in the experi- 
ments involving 2-mercaptoethylamine and the 
same two enzymes, no definite complex formation is 
apparent from the extent of the optical differences 
measured, although salt formation is again a possi- 
bility. In the case of 2-mercaptoethylguanidine, 
complex formation appears not to  have taken 
place, although the somewhat greater optical differ- 
ence shown in the mixture with lactic dehydro- 
genase again suggests salt formation. 


Sodium diethyldithiocarbamate showed maximum 
absorption a t  257 and 281 mp. Addition of this 
compound to catalase produced a very definite 
disparity between the spectra of the individual 
components and that of the mixture (see Fig. 1). A 
difference in absorbance of 0.040 remained approxi- 
mately the same from 235 to 300 mp, after which it 
became insignificant. An even more striking dif- 
ference in spectra was noted on the addition of di- 
ethyldithiocarbamate to  lactic dehydrogenase (see 
Fig. 2). Here a maximum difference of 0.363 was 
observed, and the minimal absorbance of the added 
spectra a t  about 245 mp and the increase in absorb- 
ance to about 265 rnp are completely eliminated in 
the absorption spectrum of the mixture. The dis- 
parity between the curves remains significant 
throughout the ultraviolet region, but diminishes as 
the visible range is approached. 


This marked difference in absorbance and the 
dramatic change in the shape of the absorption 


curves for the mixture of DDC and LDH, compared 
to the sum of the absorption curves of the com- 
ponents, may be considered evidence of complex 
formation, as noted previously for absorption of 
enzyme-inhibitor complexes (3). I t  appears quite 
possible that a cyclic complex, or chelate, has been 
formed with the zinc still bound in the lactic de- 
hydrogenase. whereas a more loosely bound linear 
complex only is possible with catalase. That disul- 
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Fig. I.--Absorption spectra a t  pH 7.2 of a mixture 
of sodium diethyldithiocarbamate and catalase ( A  1 
and of the sum of the spectra of the components ( B ) .  
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Fig. 2.-Absorption spectra at pH 7.2 of a mixture 
of sodium diethyldithiocarbamate and lactic de- 
hydrogenase (A  ) and of the sum of the spectra of the 
components (B). 
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fide formation with protein mercaptan groups is not 
responsible for the change in absorption spectrum is 
indicated by the failure of the mercaptans MEA 
and MEG to cause a similar change. 


However, it is again possible that salt formation 
has taken place with catalase since the over-all shape 
of the sum of the absorption curves has not been 
appreciably altered in the mixture, and the average 
difference in absorbance, 0.040, is not greatly differ- 
ent from those of the previous cases where salt 
formation is suspected. Moreover, it appears that 
complex formation of enzymes may be demon- 
strated by this method of absorbance differences in 
absorption spectra in certain cases at least. 


CONCLUSIONS 


Spectrophotometric evidence has been found 
that a known antiradiation agent, sodium diethyl- 
dithiocarbamate, undergoes complex formation 
with lactic dehydrogenase and either salt or weak 
field complex formation with catalase. No definite 
evidence for complex formation of these enzymes 
with either 2-mercaptoethylamine or 2-mercapto- 
ethylguanidine was found, although salt or weak 
field complex formation is possible. Apparently, 
any complexation by the latter agents is more readily 
dissociable than that by the  dithiocarbamate. 


No spectrophotometric evidence of complex forma- 
tion between salicylate and either lactic dehydro- 
genase or catalase was found, although both enzymes 
are known to be inhibited by salicylate. It is possi- 
ble that any complex formed has dissociated too 
rapidly to be observed by this method. 
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Measurement of absorbance differences between 
the sum of the absorption spectra of the individual 
components and the spectrum of the mixture ap- 
pears to be a possible method of demonstrating com- 
plex formation of enzymes in select cases. In these 
cases the binding is either irreversible or of sufficient 
strength to exist for a measurable period of time and 
thus be observable by the stationary, or nonflow, 
technique employed here. 
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Assay of Iodine Content of Thyroid Extract by 
X-Ray Absorption Edge Analysis 


By HARRY A. ROSE and DONALD E. FLICK 


The assay of thyroid extract for iodine content by the X-ray absorption edge tech- 
nique has been investigated. The method has been found to be ap licable to the 
crude, U.S.P. powder, and uncoated Enseals. Excellent precision basgeen found for 
the asaay of crude thyroid extract. It is also shown that because of the nature of the 
method the determination is specific for iodine. The instrumentation used is the 


same as that used for X-ray crystallography by the diatactometer method. 


HE ASSAY of the iodine content of thyroid 
Textract by X-ray absorption edge analysis 
was developed as a possible replacement for the 
chemical asssay for this element. 


The chem.ical assay that is used is prescribed 
by the “Umited States Pharmacopeia.” The 


since the U.S.P. IX of 1916. 
dure has undergone only minor 


Essentially, t is a potassium carbonate fusion to 
liberate the i iodine from the organic matrix. 
After seve h intermediate steps, the determina- 
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tion ends with a sodium thiosulfate titration. 
I t  is about a 4-hour procedure with many oppor- 
tunities for loss of sample. 


X-ray absorption edge analysis has been 
applied in the analysis of molybdenum and zinc 
in hydrocarbons by Barieau (1). A recent review 
of the field has been given by Liebhafsky d ul. 
(2). Because of the completeness of the de- 
scription of the method given by Barieau, only a 
brief description will be given here. 


X-ray absorption edge analysis is a very power- 
ful tool because it is free from matrix effects and 
is specific for the element to be determined. 
This is so because the absorption of X-rays by a 
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Fig. 4.-Phase diagram of gelatin, water, and 
sodium sulfate. 


p = a + an, was determined as shown below by 
using the total known composition of each coacer- 
vated system and the calculated composition of the 
corresponding coacervate phase. (pc = a + ) - 
(PT = a + b n T )  can be rearranged t o  give 


and therefore 


4 = PT - 8nT 


P B  = a -k 6nE (Eq. 7 )  


The subscripts C, T, and E represent coacervate 
phase, total coacervate system, and equilibrium 
phase, respectively. By combining Eqs. 3 and 7 


The compositions of 
presented in Table VI. 
plotted in Fig. 4. 


the equilibrium phases are 
The data in Table VI  are 


SUMMARY AND CONCLUSIONS 
The objective of this work was to  develop a 


rapid method of determining the weight-in-weight 
concentration of a three-component solution using 
the experimentally determined specific gravity and 
refractive index of the solution. 


2. Formulas were derived for calculating weight- 
in-weight concentrations without the need of tables. 


3. The formulas are applicable to  all three- 
component solutions in which there is no interaction 
of the ingredients. 


In solutions in which there is interaction of the 
ingredients, such as aqueous solutions of ethanol, or 
methanol, or sodium sulfate, the weight-in-weight 
concentration can be determined by using a “diluting 
technique” which would minimize the effects of 
interaction. 


The assay procedure is satisfactory for obtain- 
ing the data necessary for plotting three-component 
phase diagrams. 


1. 


4. 


5. 
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Use of 3-Azabicyclo[3.2.2.]nonane in the 
Mannich Reaction 111 


”-Amino Tertiary Alcohols 


By C. DEWITT BLANTON, JR., and W. LEWIS NOBLES 


Syntheses of a group of y-amino tertiary alco- 
hols by application of the Grignard reaction 
to the corresponding Mannich bases are de- 
scribed. These alcohols are to be screened 


for possible pharmacological activity. 


N OUR EARLIER publications (I, 2), a number I of substituted &amino ketones and yamino 
secondary alcohols employing 3-azabicydo [3.2.2]- 
nonane as the amine moiety were synthesized for 
pharmacological screening. Denton and his 
associates (3) have previously established that 
certain structural modification of &amino ketones 
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had an effect on physiological activity. The 
authors wish to report upon the extension of our 
earlier studies to include the preparation of y -  
amino tertiary alcohols. 


The general structure of the -pamino tertiary 
alcohols prepared b y  Denton and co-workers (4- 
lo), as well as those presented here, are repre- 
sented as 


OH 
I 
1 


R-C--(CH2)x-Am 


R‘ 


Of the tertiary amino carbinols which have been 
reported in the literature, many have shown 
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TABLE I.--~-AMINo TERTIARY ALCOHOLS (HYDROCHLORIDE SALTS) 


R- OH C I -C Hz- C Hz - N /$ .HCI 


Ana1yses.c - 
\CH2 


I 
R' 


- 
Yield, Mdp.! --C----.-H----. ,----N- 


N0.a R R' % C. Furmula Calcd. Found Calcd. Found Calcd. Found 
I 
2 
3 
4 
5 
6 
7 
8 
9 


10 
I 1  
12 
13 
14 
15 


Methyl 
Phenyl 
Pbeayl 
Ethyl 
Phenyl 
Phenyl 
Phenyl 
Phenyl 
Benzyl 
Benzyl 
Benzyl 
Benzyl 
Phenyl 
Benzyl 
Phenyl 


Phenyl 
Benzyl 
Phenyld 
Phenyl 
d-Methvl~henvl 
&Meth&yph&yI 
1-Naphthyld 
p-Ethoxyphenyl 
p-Methoxyphen yl 
I-Naphthyld 
p-Ethoxyphenyl 
2-Nanhthvl 
p-Buioxyphenyl 
p-Methylphenyl 
Cyclohexyl 


41.5 
70.0 
52.1 
64.8 
46.2 
40.0 
16.4 
60.6 
39.0 
22.4 
48.7 
52.1 
28.8 
66.6 
39.8 


234-234.5 
247-248 
247-248 
225-227 
270-271 
244-245 
253-255 
240-242 
231-232.5 
257-258 
227-228 
256-259 
214-215 
228-230 
250-252 


CiaHmCINO 
CiHaClNO 
CnHmCINO 
CI~HIDCINO 
CaHslClNO 
CuHaClNOt 
CnHnCINO 
CaHsaCINOz 
CdluCINOz 
CnHaCINO 
CtsHrClNOa 
CnHaClNO 
CnHuClNO 
CZIHUCINO 
CuHwCINO 


69.79 
74.71 
73.38 
70.48 
74.71 
71.71 
75.97 
72.18 
72.18 
76.28 
72.62 
77.12 
73.03 
75.03 
73.08 


69.53 
74.47 
73.61 
70.52 
74.69 
71.82 
76.10 
72.03 
72.33 
76.57 
73.39 
77.24 
73.24 
74.90 
72.65 


9.05 
8.31 
8.17 
9.27 
8.31 
8.02 
7.62 
8.24 
8.24 
7.83 
8.44 
7.86 
8.63 
8.57 
9.60 


8.98 
8.20 
8.47 
9 05 
7.91 
7.87 
7.56 
8.03 
8.19 
7.60 
8.67 
7.78 
8.68 
8.66 
9.12 


4.52 
3.63 
3.72 
4.33 
3.63 
3.48 
3.28 
3.37 
3.37 
3.18 
3.26 
3.21 
3.15 
3.50 
3.71 


... 
3.75 
3.79 
4.50 
3.55 
3.58 
3.32 
3.55 
3.44 
3.17 
3.22 
3.30 
3.22 
3.42 
4.11 


a All  ?-amino tertiary alcohols in this table were recrystallized from an ethanol-acetone or ethanol-ether solution. * Melting 
points are uncorrected. C Carbon, hydrogen, and nitrogen analyses are through the courtesy of Dr. Paul N. Craig, Smith Kline 
& French Laboratories. Philadelphia, Pa. d Calculated for 0.25 mole'of water. 


TABLE II.--~-AMINo TERTIARY ALCOHOLS (HYDROCHLORIDE SALTS) 


OH / YHZ 
(j! - CH2- CHZ --N 


R' X 


- Analyses,c ?& 7 


Yield, M.p.! 4 - - H -  -N- 
w o o  x R 01, 4c. Formula Calcd. Found Calcd. Found Calcd. Found ... 


; 
3 
? 
5 
6 
7 
8 


~~ 


p-Fluoro 
p-Fluoro 
p- Chluro 
p-C hloro 
p-Bromo 
p-Bromo 
p-Iodo 
p-Iodu 


Phenyld 
Benzyl 
Phenyl' 
Benzyl 
Phenyl 
Benzyl 
Phenyl 
Benzyl 


," 


36.2 
70.6 
63.1 
60.1 
58.7 
62.4 
39.4 
36.6 


270.5-271.5 
233 -235 
281 -283 
255 -260 
275 -277 
258 -260 
272 -277dec. 
244 -244.5 


CraHd3FNO 
CuHnClFNO 
CuHzsClnNO 
CaHriClrNO 
CnHt9BrCINO 
CuHaiBrClNO 
C~HZBCIINO 
CaHaiCllNO 


70.05 
71.36 
66.03 
68.57 
61.26 
62.01 
55.48 
56.31 


70.02 
71.44 
65.94 
68.29 
61.02 
62.08 
55.62 
56.56 


7.49 
7.74 
7.25 
7.38 
6.44 
6.72 
5.88 
6.10 


7.43 
8.16 
7.08 
7.56 
6.22 
6.66 
5.90 
5.93 


3.55 
3.47 
3.35 
3.33 
3.11 
3.01 
2.81 
2.74 


3.62 
3.61 
3.37 
3.31 
3.05 
2.88 
2.64 
2.69 


a All ?-amino tertiary alcohols in this table were recrystallized from an ethanol-acetone or ethanol-ether solution. b Melting 
C Carbon, hydrogen, and nitrogen analyses are through the courtesy of Dr. Paul N. Craig, Smith 


Calculated for two-thirds mole 
points are uncorrected. 
Kline 8 French Laboratories. Philadebhia. Pa. d Calculated for one-fourth mole of water. 
of water. 


greater antispasmodic activity than the ketones 
from which they were derived (9-11). Some are 
suitable for the treatment of Parkinsonism and 
also for the treatment of similar tremors brought 
about as side-effects b y  certain tranquilizing drugs 
(12, 13). Numerous amino carbinols have been 
synthesized and reported (14-20) t o  exhibit 
pharmacological activity-such as antispasmodics, 
analgesics, antihistaminics, and local anesthetics. 
Some of the amino carbinols were not of interest, 
but  they have been reported as useful inter- 
mediates for preparation of active agents. Ex- 
tension of the present work to  include such de- 
rived products will be presented in subsequent 
pu hlications. 


PHARMACOLOGICAL RESULTS 
Only partial results from the preliminary bio- 


logical screening are available.' Results of tests for 
activity as antispasmodics, analgesics, and local 
anesthetics are not available and will be the subject 
of future publications. None of the yamino tertiary 
alcohols submitted for screening have exhibited the 
antimicrobial activity or toxic properties observed 
for the corresponding Mannich bases.' Compound 
2 (Table 11) was considered in preliminary studies as 
a good enzyme inhibitor of cholesterol biosynthesis. 
Further tests revealed no significant ability t o  lower 
total plasma or liver cholesterol content. Com- 
pound 5 (Table 11) was characterized as having mar- 
ginal ability for enzyme inhibition of cholesterol bio- 
synthesis. Interesting pharmacodynamic and/or 
chemotherapeutic properties were not reported in 
the limited amount of data available. 


1 The pharmacologicnl results reported in this section were 
supplied by Dr. Paul N. Craig, Smith Kline & French Labora- 
tories, Philadelphia, Pa. * Unpublished data. 
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TAI-~LE III.--~-AMINo TERTIARY ALCOHOLS 


Analyses? To - 
Yield, M.p.,b -C--H- -N- 


N0.a R R' % OC . Formula Calcd. Found Calcd. Found Calcd. Found 
1 Phenyl Hydrogen 3 6 . 2  230-232dec. CuHqClNOS 66.73 66.60 7 . 4 7  7 .52  3 .71  3 .91  
2 Benzyl Hydrogen 82.3 227-228.5 CnHmClNOS 67.41 68.17 7 .71  7 .89  3.57 3 . 4 1  
3 p-Methylphenyl Hydrogen 22.4 246-247 CnHaClNOS 67.41  66.94 7 .71  7 . 5 5  3 .57  3.34 
4 Phenyl Methyl 10.4 244-245 CnHmClNOS 67.41 67.34 7 .71  7 .57  3.57 3 . 2 8  
5 Benzyl Methyl 34.9  225-226 Cz,HnClNOS 68.04 68.55 7 .99  8 . 0 8  3 .45  3 .44  


a All y-amino tertiary alcohols in this table were recrystallized from an ethanol-acetone or ethanol-ether solution. Meltlng 
Carbon, hydrogen, and nitrogen analyses are through the courtesy of Dr. Paul N. Craig, Smith Kline points are uncorrected. 


& French Laboratories, Philadelphia, Pa. 


TABLE IV.-~-AMINO TERTIARY ALCOHOLS 


Ana1yses.c 7% 
Yield, M.p.,b -C- -H- -N- 


N0.a R % OC. Formula Calcd. Found Calcd. Found Calcd. Found 
1 Phenyld 44.0 125-127 CuHsoNOs 65.79 65.91 7.03 7.09 3.35 3.38 
2 Benzyl" 63.7 93- 95 C U H ~ I N O ~  63.74 63.30 7.40 7.12 3.10 3.13 
a All y-amino tertiary alcohols in this table were recrystallized from an ethanol-acetone or ethanol-ether solution. b Melting 


points a m  uncorrected. Carbon. hydrogen, and nitrogen analyses are through the courtesy of Dr. Paul N. Craig, Smith 
Kline & French Laboratories, Philadelphia, Pa. d Calculated for 1.25 moles of water. ' Calculated for 1.25 moles of water. 


EXPERIMENTAL 
The preparation of 7-amino tertiary alcohols in- 


volves the reaction of a 8-amino ketone with a Gri- 
gnard reagent. Six different reagents were utilized 
in the preparation of this series of compounds: 
methylmagnesium bromide, ethylmagnesium bro- 
mide, phenylmagnesium bromide, benzylmagnesium 
chloride, p-methylphenylmagnesium bromide, and 
cyclohexylmagnesium bromide. Only the first three 
were obtained commercially. Higher yields were 
generally obtained when the reagent was prepared 
immediately before use. The procedure of Gilman 
and Catlin (21) was followed for the preparation 
of the Grignard reagents. 


The general method of Pohland and Sullivan (19, 
22) for the preparation of r-amino tertiary alcohols 
was employed as described by Rogers and Nobles 
(23). The parent 8-amino ketones used for the prep- 
aration of the r-amino tertiary alcohols reported at 
this time were presented in paper I (1) of this series; 
three exceptions are the ketones used for preparation 
compounds 7 and 8 (Table 11). 1 and 2 (Table IV), 
and 13 (Table I). For compound 3 (Table I), it was 
6rst necessary to  prepare p-butoxyacetophenone. 
This was accomplished by the procedure of Allen and 
Gates (24). The preparation and characterization 
of 9-butoxyacetophenone have been reported by 
Profft (25) and Bockstahler (26). For the prepara- 
tion of compounds 7 and 8 (Table 11). it  was neces- 
sary to  prepare P-iodoacetophenone. This was ac- 
complished by the procedure of Adams and Noller 


8 - [3 - (3 - Azabicyclo[3.2.2.]nonyl)] - 4 - (n - 
butoxy)propiophenone.-From the alkoxy ketone, 


(27). 


the 8-amino ketone (Mannich base) was prepared in 
a 69.6y0 yield by the procedure described earlier 
(1). A melting point of 193-195' was recorded. 


Anal.-Calcd. for GIHszCINOI: C, 68.92; H, 
8.86; N, 3.87. Found: C, 68.82; H, 8.76; N, 
3.87. 


B - [3 - (3 - Azabicyclo[3.2.2.]nonyl] - 1 - (fury1)- 
1-propanone.-This 8-amino ketone used for the 
preparation of tertiary alcohols 1 and 2 (Table IV) 
was prepared in a 59.7y0 yield by the procedure pre- 
viously outlined (1). The compound melted with 
decomposition at 211-213'. 


And-Calcd. for ClsH~2ClNOz: C, 63.48; H. 
7.81; N, 4.94. Found: C, 63.58; H, 7.75; N, 
5.07. 


B - 13 - (3 - Azabicyclo[3.2.2.]nonyl] - 4 - iodo- 
propiophenone.-This &amino ketone used for the 
preparation of tertiary alcohols 7 and 8 (Table 11) 
was prepared in a 38.2y0 yield by the procedure 
previously outlined (1). The compound melted with 
decomposition at 228-230'. 


Anat.-Calcd. for CI,H~CIINO: C, 48.63; H, 
5.48; N, 3.34. Found: C, 48.34; H, 5.53; N, 
3.53. 


Tertiary alcohols of the three types described in 
paper I (1) are listed in Tables I-IV. 


For the isolation of the 7-amino tertiary alcohols of 
the furan derivatives (Type 11), the product of the 
Grignard reaction had to  be treated with oxalic acid 
instead of hydrogen chloride. When attempts t o  
isolate the product as the hydrochloride were made, 
only resinous and tarry products were observed. It 
appears that under such acid conditions the furan 
derivatives are readily decomposed. This is not an 
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unexpected characteristic for furans. The procedure 
for t h e  isolation of the neutral oxalates was patterned 
after that of Adamson (16). 


SUMMARY 


A total of 31 ?-amino tertiary alcohols which are to 
be screened for possible pharmacodynamic or chemo- 
therapeutic activity is presented. I t  is anticipated 
that further modifications of these structures and 
detailed pharmacological reports will be presented in 
later publications. 
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Antibiotic Therapy of Experimental Leptospiral 
~ 


Infection in Chick Embryos I1 
Comparison of the Action of Demethylchlortetracycline and 


Three Other Tetracyclines With and Without 
Ascorbic Acid on Leptospira icterohaemorrhagiae 


By S. F. QUAN*, M. I. GOLDENBERG, and C. W. ABBOTT 


Saline and antibiotic solutions, with and without ascorbic acid, were injected into 
7-day-old chick embryos inoculated with L tospira ictmbaemorrbagiac 1 day after 


observed for rolongation of life and for survival rates over a period of 12 to 14 
days. Demet%ylchlortetracycline was about twice as active as tetracycline and oxy- 
tetracycline and about 10 times as active as chlortetracycline. Ascorbic acid alone 
did not influence the course of the infection and did not affect their therapeutic activ- 


ity when given with antibiotics. 


infection. All inoculations were made into t eg e yolk sac. The treated embryos were 


EMETHYLCHLORTETRACYCLINE (DMCT) , a 
recently introduced commercial antibiotic, 


is reported to have advantages over the older 
tetracycline antibiotics with respect to chemical 
stability, antibacterial activity, and efficiency of 
maintaining an effective serum level (14 ) .  


The chemical structure of DMCT is identical 
to that of chlortetracycline with the absence of a 
. _ _  
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1)isense Center, Public Health Service. U. S. Department of 
Health Education, and Welfare Technology Branch, San 
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Accepted for publication Septembpr 16. 1963. 
*Dseased February 29, 1964, 


methyl group in the 6 position of the tetracycline 
molecule. While DMCT has not been reported 
to have been tested in the chemotherapy of lepto- 
spirosis, chlortetracycline (CT) , oxytetracycline 
(OT). and tetracycline (TC) have been effective 
against experimental leptospiral infections in 
chick embryos, hamsters, guinea pigs, dogs, and 
cattle (5-10). Furthermore, Howarth (11) was 
successful in clearing swine carriers of Leptospira 
purnona with CT and OT, while Stoenner and his 
associates (12) eliminated L. ballum from a 
naturally infected colony of mice using CT. 
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Continuous Production of Tablet Granulations 
in a Fluidized Bed I1 


Operation and Performance of Equipment 


By ALBERT S. RANKELL, MORTON W. SCOTT*, HERBERT A. LIEBERMAN, 
FRANK S. CHOW, and J. V. BATTISTA 


Data collected from batch runs in a 1-ft. diameter fluidized bed granulator were em- 
ployed in preliminary evaluation of process performance. Moisture content, 
screen analysis, and compressibility tests were used to evaluate the granulater:% 
uct. Process variables such as powder and liquid feed rates, inlet air tem- 
pefature, and nozzle location iduenced the characteristics of the product. Losses 
rom the unit were related to cyclone collector efficiency. Data obtained from repli- 


cate continuous runs under selected operating conditions illustrated the ability of the 
process to maintain product uniformity from run to run. Finished granulations from 
the continuous runs were evaluated on a rotary press. Tablets made from these 
granulations conformed to tablets made from identical ingredients granulated by 


conventional techniques. 


IGNIFICANT ADVANCES have been made recently S in the development of direct compression 
techniques for the production of tablets. How- 
ever, until the physical and chemical principles of 
compression are more fully understood, wet 
granulation techniques will be required for 
numerous formulations. 


New procedures for preparing tablet granula- 
tions have been reported in the recent literature. 
These techniques include a method for vapor 
ph& granulation (1) and an air suspension 
granulation method (2) ; procedures for preparing 
granulations in coating pans have also been de- 
scribed (3,4). 


An accompanying report (5) describes the 
theory and design of a continuous fluidized bed 
granulation technique. The present report 
represents an extension of this study, and is an 
evaluation of the performance of a pilot model 
fluidized bed granulator, including a study of 
process variables. The apparatus used has been 
adapted from a fluidized bed dryer (of the type 
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commonly used in the chemical process industry)' 
which was specifically modified for the production 
of tablet granulations. The unit is adaptable for 
batch processing, but is particularly useful in the 
continuous granulating of large volumes of raw 
materials. 


EXPERIMENTAL 


Materials.-The product granulated in these ex- 
periments was an antacid mixture based primarily 
on aluminum hydroxide. A preblend of all formula 
components (except lubricants) was used as the feed 
powder. The particle size of the feed was less than 
200 mesh (74 p ) ;  loss on drying (L.O.D.) was ap- 
proximately 5%. 


The feed powder contained sucrose. To maintain 
constant assay levels in the granulated product, the 
concentration of sucrose in the feed was varied from 
run to run as required by the changes in the sucrose 
content of the granulating liquid. The granulating 
agents included in this study were water, diluted 
syrup (43% w/v), simple syrup (85% w/vL and a 
10% w/v aqueous gelatin solution. A mixture of 
water soluble dyes (FD&C Red No. 2 plus FD&C 
Red No. 4) was dissolved in the granulating liquid 
(syrup) in one experiment. 


Equipment.-The general design of the fluidized 
bed granulator used in these studies was discussed 


* The authors express their thanks to Dorr-Oliver. Inc., 
Stamford, Conn., for the use of thar 12-in. DorrCo FluSolids 
teat unit. 
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in a previous report (5); a schematic diagram of the 
equipment is shown in Fig. 1. The granulator con- 
sists of a 12-in. diam. column (expanded to 18 in. at 
the top) with provision for the introduction of heated 
air and the feed and removal of solid materials. 
Fine particles entrained in the exhaust air are re- 
moved in a cyclone collector aud are recycled to  the 
bed through a trickle valve. 


A pneumatic spray nozzle for atomizing the gran- 
ulating liquid is vertically positioned within the 
fluidization section. The spray is directed in a 
downward direction, and the vertical position of the 
nozzle can be changed. The feed powder is supplied 
to  the fluidized bed by an auger type feeder with a 
variable rate of rotation. The feeder is modified to 
form a positive gas check against blow back of 
fluidizing air by insertion of a rubber-lined butterfly 
valve between the feed hopper and the auger, and the 
addition of a removable airtight cover to  the top 
of the hopper; a vibrator is attached to  the hopper 
to prevent bridging of the powder. 
Instnunentation.-Fluidizing air flow rate is con- 


trolled by a butterfly valve damper and measured by 
an orifice meter (FI-1) [designations refer to com- 
ponents in Fig. 11. The air temperature is set by a 
thermostat (TIC) on the electric air heater and 
measured by a thermocouple below the air distributor 
plate (TI-3). 


Bed temperature is measured by two thermo- 
couples (TI-1 and TI-2) placed a t  one-third and two- 
thirds the estimated bed height. The actual bed 
height is determined by the pressure drop across the 
bed (PI-2 minus PI-3) The pressure at the top of 
the expansion section (PI-4) is compared to  PI-3 
to determine if the bed height has gone above the 
PI-3 location. 


TABLE I.-POWDER COLLECTION 


-- Efficiency at Different Air Plow Rate- 


Rate, Entrainment. Efficiency. LoMes. 
Air Flow Product Cyclone 


c.f.m. Kg./hr. ?& % 
37 8.0 42.5 7 .3  
73 8 .8  73.3 5 . 3  


107 19.6 91.5 3 . 7  


Fig. 1.-Diagram of 
fluidized bed granu- 
lator. FI = flow indi- 
cator; PCV = pres- 
sure control valve; PI 
= pressure indicator; 
TI = temperature in- 
dicator; TIC = tem- 
perature indicator con- 
troller. 
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Fig. 2.-Comparison of particle size distribution of 
a typical fluidized bed granulation (0-0) and a 
conventional wet granulated product (0 -0). 


The granulating liquid fbw rate is controlled by 
a gear type metering pump and is measured by a 
rotameter (FI-2). The total quantity delivered 
is measured by readmg the liquid level in the 
reservoir. The degree of atomization of the liquid 
spray is determined by the pressure in the com- 
pressed air liie (PCV). 


A pressure gage (PI-5) in the granulating liquid 
line between the metering pump and the nozzle 
gives early warning of nozzle clogging. Clogging 
in the fluidizing air distributor plate is indicated by 
increasing pressure drop across the plate (PI-1 minus 
PI-2). 


Procedure for Batch Rune.-Batchwise operation 
of the equipment was employed for the study of 
several important process variables such as air flow 
rate, inlet air temperature, liquid flow, residence 
time, and composition of granulating agent. For 
these runs 30 Kg. of feed powder was used as charge; 
this was added t o  the bed after air flow rate and 
inlet air temperatures were stabilized. Atomization 
of the granulating agent then was started. There- 
after, samples of product and instrument readings 
were taken at 10-20-minute intervals until the run 
was completed (90 minutes or more). At the end 
of the run, the product was removed by opening the 
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RD-3). Tablets compressed from the fluidized 
bed granulation were compared to  the same product 
prepared by the conventional wet granulation. 
method. Compression characteristics (absence of 
capping, sticking, binding, and picking) as well as 
tablet characteristics such as hardness, thickness, 


Fig. 3.-Rela- 
tionship of gran- 
u la t ing  l iqu id  
spray rate to  in- 
let air tempera- 
ture to maintain 
bed temperature 
at loO-llOo F. 


INLET AIR TEMP., OF. 


TIME, MIN. 


Fig. 4.-Influence of granulating liquid spray rate 
on mean granule size. Granulating liquid flow rates: 
run 1, 21.4 L./hr; run 2, 15.0 L./hr.; run 3, 11.2 
L./hr; run 4,7.5 L./hr. 


bottom outlet port and allowing the bed to  flow into 
a receiving vessel. 


Procedure for Continuous Runs.-In the con- 
tinuous process, 30 Kg. of granulation (obtained 
from a previous run) was used as a starting bed in 
order to shorten the time required t o  reach steady 
state conditions. Powder feed and liquid granulat- 
ing agent then were added continuously to the bed 
for the entire run. The bottom outlet valve was 
partially open to  allow product removal. The valve 
position was periodically adjusted to maintain a 
constant bed height (indicated by a constant 
pressure drop across the bed). 


All batch and continuous experiments in this 
study were run a t  a bed temperature of 1WllO"F.  
The flow rate of granulating liquid was adjusted 
from run to run to maintain this temperature. Com- 
plete material balances were established for each 
run. 


Sampling and Evaluation Procedures.-Samples 
of approximately 250 Gm. of product were taken at 
short periodic intervals throughout each run. These 
samples were generally obtained through the outlet 
port at the bottom of the fluidized bed. In several 
experiments additional samples were taken from an 
auxiliary upper port. Particle size analysis was 
performed on all samples by sieving through a nest 
of U. S. standard sieves (Nos. 6, 12, 16, 20, 30, 40, 
60, 80, 100, and 200) on a Cenco-Meinzer sieve 
shaker at setting 4 for 10 minutes. The particle size 
distribution data so obtained were plotted on 
logarithmic probability coordinates. The size corre- 
sponding to 50'% on the cumulative percentage axis 
was taken as the geometric mean diameter. Mois- 
ture content on all samples was determined with a 
Cenco moisture balance set a t  90 v. to  constant 
L.O.D. Assays for alumina were performed on 
representative samples from the continuous runs. 


After blending with lubricant, the compression 
characteristics of the product prepared in each run 
were tested on both a single punch tablet press 
(Stokes model E) and a rotary press (Stokes model 


Fig. 5.-Correlation 
of mean granule size 
with granulating liquid 
spray rate during con- 
stant agglomeration 


'E u) / 
2 rate period. 3 u 
= d I /  


[ /  
100 
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GRANULATING LIQUID 
SPRAY RATE, L . /HR.  


weight variation, and friability were the comparison 
criteria. 


DISCUSSION OF BATCH OPERATIONS 
Preliminary Evaluation.-As a starting point for 


these studies, batch experiments were conducted to  
establish optimum velocities for the fluidizing air. 
These experiments were run using 30 Kg. of powder 
feed. Liquid granulating agent was not added to  
the bed during the tests. 


Three air flow rates of 37, 73. and 107 c.f.m were 
studied. Adequate fluidization was obtained a t  
each level, but significant differences in entrainment 
and cyclone efficiencies were discernible, as summar- 
ized in Table I. Cyclone collection efficiency was 
best at the highest air velocity (107 c.f.m.). but 
the entrainment of solids in the effluent air stream 
was more than double that obtained at  the lower 
velocities. Since this velocity would result in a 
large inventory of recirculating material, with in- 
creased opportunities for attrition, it was rejected. 
A t  the lowest air velocity (37 c.f.m.), excessive losses 
were obtained as a result of poor cyclone efficiency. 
Heat and mass transfer also was expected to  be in- 
fluenced adversely by decreasng the air velocity to 
this level. On this basis the intermediate fluidizing 
air velocity (73 c.f.m.) was established for all further 
runs. 


The batchwise granulating operation was studied 
using an inlet air temperature of 235 f 5 ' F .  and a 
30-Kg. bed of feed powder. Syrup was used as the 
granulating agent and was sprayed into the bed at a 
rate of 7.5 L. per hour. Under these conditions, 
approximately 90 minutes was required for forma- 
tion of granules with satisfactory tablet com- 
pression characteristics. The particle size distribu- 
tion of such a typical batch product is illustrated 
in Fig. 2. It will be observed that the fluidized 
bed granulation has a smaller average particle size 
and higher degree of particle size uniformity than 
that obtained by the conventional wet granulation 
process. 
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The minimum bed temperature, which was ob- 
tainable with the given ambient air conditions (70°F. 
and Myo R.H.), was approximately 98'F., the dew 
point temperature, as determined from psychro- 
metric charts. This indicated that the outlet air 
was close t o  saturation when the bed temperature 
was maintained, as previously stated, a t  105 f5'F. 


Fig. 6. -Re la  t ion- 
ship of powder feed 
rate to mean granule 
Size. 


gj 250 


!d 22 26 30 34 P 


POWDER FEED RATE, 
Kg./HR. 


Fig. 7. -In flu en ce 
of nozzle position on 
mean granule size. 


30 40 50 60 


NOZZLE HEIGHT ABOVE AIR 
DISTRIBUTOR PLATE, IN. 
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In one experiment, the air flow rate was reduced 
15%. Inlet air temperature and liquid flow rates 
were maintained at their previous levels. The tem- 
perature of the bed was maintained at 105'F., but 
the product granules were moist to  the touch and 
not acceptable for tablet compression. The in- 
sufficient degree of drying attained in this experi- 
ment suggests that the process is essentially adiabatic 
with outlet air at saturation. 


Influence of Inlet Air Temperature.-Experiments 
were conducted using various inlet air temperatures. 
For each run the flow rate of liquid granulating agent 
was adjusted to  maintain a constant bed tempera- 
ture of 105 f5'F. and a constant product L.O.D. 
of 5%. The results of this study are shown in Fig. 
3 and indicate that allowable liquid flow rates are 
directly proportional to the inlet air temperature. 
The curve shows an intercept value of 100'F. when 
extrapolated to  the inlet air temperature axis. This 
value agrees with that predicted by theory-when 
the inlet air temperature is the same as the bed 
temperature, no latent heat of vaporization of the 
granulating liquid is needed. 


Influence of Granulating Liquid Flow Rate.-The 
change in mean granule size with increasing residence 
time in the fluidized bed for different flow rates of 
granulating liquid is shown in Fig. 4. The data 
indicate that the size tends towards a maximum, 
regardless of the granulating liquid flow rate. 
This may indicate that at a certain point the rate 
of agglomeration is offset by attrition effects. 


The data in Fig. 4 show that the rate of agglo- 
meration is increased as the granulating liquid 
flow rate is raised. This is shown more clearly in 
Fig. 5 which correlates the mean granule size after 
40 minutes residence time as a function of granulat- 
ing liquid flow rate. 


Influence of Composition of Granulating Liquid.- 
Water, diluted syrup, and a 10% aqueous gelatin 
solution also were tested as granulating agents. 
The flow rate of these agents was adjusted so that 


TIME, MIN. 


Fig. S.-Uniformity of product granule size 
during continuous runs. Key: -03---.-, 
-1; -O-O-U--,run2. 
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Fig. 9.-Uniformity of granule size distribution 
during continuous run. 


the rate of addition of water to  the bed was equal 
to  that obtained when granulating with simple 
syrup. When water was used as the granulating 
liquid, no perceptible agglomeration occurred. 
Some increase in particle sue was produced with the 
use of diluted syrup as the granulating material. 
Under the conditions of the test, however, granules 
of adequate size for compression could not be ob- 
tained even after 5 hours of processing. Properly 
sued granules were formed when the gelatin solu- 
tion was used. The moisture content of the result- 
ing product was higher than that required for suc- 
cessful compression. Since the total water added 
in these tests was equal to  that used successfully in 
previous tests with simple syrup, the poor results 
suggest that heat transfer rates were probably too 
low in the run using gelatin solution. 


DISCUSSION OF CONTINUOUS 
OPERATIONS 


Influence of Powder Feed Rate.-Conditions for 
continuous operation of the fluidized bed were: 
inlet air temperature a t  240"F., liquid feed rate 
(simple syrup) at 7.5 L. per hour, and bed tempera- 
ture a t  105 f 5°F. 


Figure 6 shows the relationship between the rate 
of powder feed and the mean granule size of product 
produced in the continuous runs. An increase in 
the powder feed rate resulted in a decreased mean 
particle size. This would be expected considering 
the feed powder dilution effects alone. The mean 
granule size obtained at any feed rate was constant 
over long periods of operation, suggesting that new 
steady state conditions of operation are reached for 
each powder feed rate. 


Influence of Nozzle Location.-The mean granule 
size of product under constant feed rate and tem- 
perature conditions could be altered merely by 
changing the location of the liquid spray nozzle. 
This is shown in Fig. 7. The largest mean granule 
size was obtained when the nozzle was a t  its lowest 
test position-23 in. above the air distributor plate. 
At this point the nozzle was actually in the bed. 
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trate several advantages for preparing tablet 
granulations by the fluidized bed method. The 
equipment described is capable of both batch and 
continuous operation. The granulation produced 
by either technique has a high degree of particle 
size uniformity and a controllable moisture content. 
Tablets prepared from the fluidized bed granula- 
tion meet or exceed all criteria established for 
tablets prepared from granules conventionally 
prepared. 


Granule size and production rate of the granulated 
product can be controlled by adjusting each or all 
of the following process variables: ( a )  powder and 
liquid feed rates, (b)  inlet temperature, and ( c )  
lowering the position of the spray nozzle. Since 
each of these are readily adjustable in the pilot 
size fluidized bed granulator, this unit is judged 
suitable for small-scale production of granulations 
as well as for use in scale-up procedures. The experi- 
mental results are in direct agreement with those 
previously derived from theoretical considerations. 


The materials granulated by this process are 
subjected to temperatures only slightly above room 
temperature. A s  illustrated in this report, process- 
ing can be done a t  bed temperatures of only 100- 
110’F. Thus, the fluidized bed granulator appears 
to have particular usefulness for granulating heat 
sensitive materials. 


The fluidized bed granulator combines into one 
process several of the individual steps normally 
required in wet or dry granulating methods. The 
ability of the apparatus to produce granules with 
controlled size, either by batch or continuous 
processing, eliminates the need for any grinding 
operations conventionally required. Moisture con- 
tent of the final product can be closely controlled, 
eliminating the need for separate drying procedures. 
In batch operations pre- and post-blending may be 
accomplished in the fluidized bed, eliminating the 
need for additional mixing equipment. 


REFERENCES 


Process Evaluation.-The process was further 
evaluated by continuous granulation runs of 8 or 
more hours duration. Figure 8 shows the mean 
granule size of samples taken at periodic intervals 
during two such continuous runs. The ability of 
the process to produce a product with closely con- 
trolled mean granule size is apparent. The slight 
difference in particle size between the runs can be 
attributed to  an increase (1.9 Kg./hour) in the 
powder feed rate in run 2 compared to run 1. Figure 
9 compares the particle size distribution curves for 
representative samples taken a t  3-hour intervals 
during the run. The similarity in the slopes of these 
lines indicates that the particle size distribution and 
the mean granule size were closely controlled. 


Uniformity of product also was indicated by 
alumina assay for several runs; the values ob- 
tained were all within 7% of the theoretical value 
(after correction for losses).l 


The rate of granulation was approximately 40 
Ib. per hour. It is believed that the rate of granula- 
tion can be increased to  120 Ib. per hour by in- 
creasing the inlet air temperature and granulating 
liquid spray rate, thus allowing a decreased resi- 
dence time. 


Evaluation of Batch and Continuous Process 
Products.-Granulations from batch and continuous 
runs compressed without difficulties. The tablets 
produced from these granulations were identical in 
appearance to  those prepared from conventional 
granulations. Thickness, weight, hardness, and 
friability of the tablets made from the fluidized 
bed granulation also were identical to  the wet 
granulated product. 


Addition of Color.-The suitability of the process 
for preparing a colored granulation was tested by 
granulating with dye dissolved in the granulating 
liquid. The granules produced showed a high de- 
gree of color uniformity and compressed into tablets 
with better color distribution than those prepared 
from conventional granulations. 


SUMMARY AND CONCLUSIONS 


The results reported in this paper clearly illus- 
2 Low collection efficiencies (770/,) were obtained in the 


continuous runs described above. The loss of powder re- 
flected by this inefficiency could be corrected by the use of 
auxiliary bag collectors or multiple cyclones. 


(1) Lachman. L.. and Suydarn. W. L., Jr., U. 


(2) Wurster, D. E.. THIS JOURNAL, 49, 82(1960). 
(3) Tuerck. P. A.. Walters. E. L..  and Carkhuff 


2,877.159(March 10, 1959). 


ibih 49.344(i960). ’ 


4 j  i 6 i d  ,49,34?(1960) 
5) Scott M W Lieberman H A ,  Raakell, A 


Battista. J. b , ibid.,’53, 314(19&). 


S. 


, E. 


s., 


pat. 


D ,  


and 








Isolation of a-Spinasteryl-D-glucoside and a-Spinasterol from Alfalfa 
By E. D. WALTER 


u S inasteryl-Dglucoside was isolated from 
&&a and identified by infrared s ctra and 
by identilication of its products of gdrolysis. 
a-Spinasterol was isolated from the un- 
saponifiable fraction and palmitic acid from 


the saponifiable. 


LTHOUGH a-spinasterol was previously isolated A from alfalfa by Fernholz and Moore ( 1 )  the 
glucoside has never been mentioned before. Blair 
et al. (2) in a study of sterols of alfalfa, stated that 
combined sterols were not detected at any time 
during its growth up to early bloom. In the process 
of isolation of the water-insoluble or soya-type 
saponin from alfalfa. an ether-soluble sterol fraction 
was obtained as a by-product. The same treat- 
ment that yielded @-sitosterol and @-sitosteryl-D- 
glucoside from coastal Bermuda grass and orchard 
grass (3) yielded a-spinasteryh-gtucoside and Q- 


spinasterol from alfalfa. 
EXPERIMENTAL 


One-kilogram samples of alfalfa meal (or pellets) 
were soaked with 10 L. of warm water for 2 hours. 
An extract was filtered through cloth with suction 
for the isolation of water-soluble saponin. The 
remaining hydrated meal was allowed to stand for 1 
day or more in 95% alcohol (7  L.). The alcohol 
extract was filtered with suction, clarified with 
charcoal (10 Gm./L.), and concentrated to about 
1.5 L. The concentrate was extracted with ether, 
the ether evaporated, and the residue saponified 
with alcoholic potassium hydroxide. Water was 
added and the mixture was extracted with ether; 
the alkali was washed out with water, and the ether 
extract was evaporated to near dryness. 


a-Spinasteryl-D-g1ucoside.-About 100 ml. of 
skellysolve-B was added to  the unsaponifiable 
residue. The insoluble portion was collected on a 
filter and washed with acetone, leaving a white 
powder, m.p. 290'. Yield varied from 30-55 
mg./Kg. of dehydrated meal. The material re- 
crystallized from pyridine-methanol, m.p. 290-292' 
(with dec.), [a]: - 32.2" (in pyridine, c = 1.754, 
1 = 0.5), showed an infrared spectrum in agreement 
with that presented by Obata el al. (4) for this 
glucoside isolated from sugar beet pulp. 


Anal.-Calcd. for CssHssOs; C, 73.12; H, 10.17. 
Found: C, 72.8; H, 10.3. 


Hydrolysis of the glucoside with 2% sulfuric acid 
by the method of Thornton et al. (5) gave a-spin- 
s terol ,  m.p. 167'. with an infrared spectrum in 
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agreement with that reported by Obata et al. (4) 
and glucose which was detected by paper chromato- 
graphic comparison with known glucose. 
a-Spinasteryl-D-glucoside Tetraacetate.-The glu- 


coside (25 mg.) was dissolved in 5 ml. of pyridine 
and 5 ml. of acetic anhydride was added. The 
mixture was refluxed for 1 hour, then poured into 
ice water. The solid material was filtered out, 
washed with water, and recrystallized from alcohol, 
m.p. 168', [lit. 168" (4)j. 


Anal.-Calcd. for Cl3HeeOlo: C, 69.51; H, 8.95. 
Found: C, 69.1; H, 8.92. 


a-Spinastero1.-The skellysolve-Baoluble part 
of the unsaponifiable material was put on a column 
of deactivated alumina. The sterol was eluted 
with 3% acetone in skellysolve-B, and the solvent 
was evaporated and recrystallized from methanol, 
m.p. 167". The sterol gave a positive Lieberman- 
Burchard reaction. The infrared spectrum was in 
agreement with that of u-spinasterol (4). The 
yield varied from 20-70 mg./Rg. of dehydrated 
meal. 


a-Spinasteryl Acetate.-The sterol (120 mg.) 
was heated on the steam bath with 10 ml. acetic 
anhydride for about 1 hour. The mixture was 
poured into ice water and the fluffy product was 
filtered, washed with water, dried, and recrystallized 
from alcohol; yield 130 mg., m.p. 181-183', [lit. 


Anal.-Calcd. for C~,HSOO~: C, 81.8i; H, 11.09. 
Found: C, 81.64; H, 11.1. 


a-Spinasteryl Benzoate.-The sterol (250 mg.) 
was dissolved in pyridine. and 0.5 ml. benzoyl 
chloride was added. The mixture was heated 
on the steam bath for 2 hours, cooled, and poured 
into cold dilute sodium bicarbonate solution. It 
was  filtered after standing overnight in the cold. 
The residue crystallized from chloroform and 
absolute alcohol, m.p. 199-200'; [a]: + 3.8' (in 
chloroform, c = 3.68, 1 = 0.5). 


Anal.-Calcd. for C a ~ H ~ ~ O ~ :  C, 83.65; H, 10.15. 
Found: C, 83.6; H, 10.1. 


Palmitic Acid.-The aqueous saponifiable fraction 
from the sterol separation was acidified with hydro- 
chloric acid and extracted with ether. The acid 
was washed out with water, and the ether solution 
was clarified with charcoal. The solution was 
concentrated to near dryness, then dissolved in 
methanol. Recrystallization from methanol gave 
white flakes, m.p. 63'. Titration with 0.1 N sodium 
hydroxide gave an equivalent weight of 258 
(palmitic acid, 256.32). The infrared spectra of 
this material and that of authentic palmitic acid 
were identical. 


183" (l)]. 
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Segregation Kinetics of Particulate Solids Systems I1 


Particle Density-Size Interactions and Wall Effects 


By EDWARD G. RIPPIE, JAMES L. OLSEN*, and MORRIS D. PAIMAN 


Segregation in particulate mixtures is not observed in systems subjected to vertical 
sine wave motion when the particles differ only in density. However, a marked non- 
linear interaction is found between the variables of density and size where the 
spheres differ in both density and size. The influence of the over-all dimensions of 
the systems and the mode of agitation on the observed rates of unmixing has been 


studied and found to be a function of particle size. 


ARTICULATE DENSITY has been studied by 
several workers (1-3) as a factor involved in 


the mixing of solids. It is also an important 
consideration in the segregation which accom- 
panies most mixing operations. Pharmaceu- 
tically, mixtures of solid particles may contain 
components which vary widely in density and 
therefore can be expected to separate when sub- 
jected to agitation. Hardy and Gard {I) found 
that in mixtures of powders 100 mesh or finer 
surface energy prevented or retarded segregation; 
in some systems no separation was noted even 
with great differences in density of the compo- 
nents. Recent studies on the rate of mixing in 
horizontal drum mixers show the marked effect 
of a density differential between components 
(3, 3). In certain cases, a differential in density 
between particles resulted in a greater final degree 
of mixing than would be found otherwise. Much 
of the previously reported information is difficult 
to interpret since the results are obtained in sys- 
tems where variables other than density are 
allowed to fluctuate. The present work is in- 
tended to give quantitative information on the 
extent and nature of the effect of density and 
interparticulate density differences on the segre- 
gation rate of idealized systems composed of 
spheres. 


Volume of the mixer relative to the mean 
particle size is a factor which has received little 
consideration in the literature. It can be ex- 
pected that interactions which occur between 
particle and container wall may influence the 
rate of mixing and also that of segregation. In 
the present studies we are limited to small con- 
tainers, and the spheres used are relatively large. 
The wall effects which occur have been studied as 
a function of the size of the cylinder, depth of fill 
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in the cylinder, mode of agitation, and size of the 
spheres. Results indicate that the observed wall 
'effects should not alter significantly the relation- 
ships between particulate variables and segrega- 
tion rate or the interpretation of the data. 


EXPERIMENTAL 


Materials.-Chrome steel balls of the grade and 
type commonly employed in manufacture of com- 
mercial ball bearings were used. Glass spheres were 
of the common type used as laboratory boiling beads 
,but were selected for uniformity of size and sphe- 
roidicity. Cylinders of 0.75- and 1.00-in. internal 
.diameter were made of brass tubing and fitted with 
plungers for the removal of samples. 


Procedures.Systems consisting of binary mix- 
tures of balls which varied as to size, density, or both 
were subjected to vertical sine wave motion of 
1025 f 5 c.p.m. frequency and an amplitude of 
0.100 in. Studies were carried out in both 0.75- and 
1 .OO-in. diameter cylinders with general procedure, 
particle size analysis, calculation of standard devia- 
tion, and computation of confidence limits carried 
out as previously reported (4). Additional studies 
were done with a variation in the mode of agitation. 
A 0.75-in. internal diameter brass cylinder was split 
longitudinally and arranged to allow movement of 
one side relative to the other which was held dued. 
The resulting squeeze-type motion was adjusted to a 
frequency of 1025 f 5 c.p.m. and an amplitude of 
0.035 in. Horizontal motion of the movable half of 
the cylinder was approximately sine wave. How- 
ever, since many of the systems studied in the pres- 
ent work contained spheres which were of different 
density and size, this fact should be considered in the 
interpretation of the computed standard deviations. 
Equivalence of the systems was maintained by using 
equal weights of spheres where densities were equal 
but differed in size, and equal volumes were taken 
in cases where the components varied in density. 
The standard deviation, on the basis of weight, of a 
completely unmixed system of this type and of a 
system in any other state of separation, is a function 
of the density differential between components and 
the state of mixedness. Since the effect of density 
difference on standard deviation is a constant factor 
is any given system and because the function (5'- - 
S) is plotted as the logarithm, there is no net effect 
on the computed rate constant. For this reason, 
rate constants for monodensity systems can be com- 
pared directly with those where the components vary 
in density. 


I360 
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TABLE  SEGREGATION RATE CONSTANTS IN 
BINARY SYSTEMS OF GLASS SPHERES 


1361 


v1 - v. A (Min.-l) 
mm. V. 85% C.L. 


Sphere 
Diameters,. 


3-6 7.00 0.100-f 0.015 
3-5 3.63 0.050f0.011 
3-4 1.37 0.014 f 0.003 
4-6 2.38 0.033 f 0.009 
5-6 0.73 0.012 f 0.001 


a Equal waghts of both components were used (28.5 Gm.). 


7 
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Fig. 1.-First-order rate constant, k, versus the 
ratio of the difference in particulate volumes, 
( V I -  V,), to  the particulate volume of the smaller 
component, V.. Glass balls were used in all runs 
at a 1 : 1 ratio (w/w) of the two components. The 
solid line represents the least-square regression. 


RESULTS AND DISCUSSION 


Density Effects.-Earlier work (4) has shown that 
systems of steel balls segregate as a function of the 
ratio of their particulate volumes. Plots of apparent 
rate constants uersus particulate volume ratios result- 
ed in straight lines for systems where the large balls 
were held constant and the size of the smaller compo- 
nent varied and also where the revme was true. As 
noted previously, the slopes of these lines were 
similar and passed through the point (1,O). 


Rate constants are presented in Table I for sys- 
tems of glass balls occupying the same volume 
within the 0.75-in. cylinder and subjected to  the 
same vertical agitation as the steel balls studied 
previously-1025-c.p.m. frequency, 0.100-in. am- 
plitude. The rate constants have been plotted in 
Fig. 1 against ( VJ - V*)/VI,  where V, and V, are 
the particulate volumes of the large and small 
spheres, respectively. The function corresponds to 
the particulate volume ratio, V,, minus 1. This 
method of plotting results in a straight line as before 
(4) but transposes the line so that it passes through 
the origin rather than the point (LO). The least- 
square slope of this line through the origin was 0.014. 
The composite data reported previously for systems 
of steel spheres yield a least-square slope of 0.017. 
Confidence limits of the points from which the slopes 
were determined indicate that no significance can be 
given to  the observed difference. These results for 
systems whose densities were in the ratio of 3.14 
(7.79 density for steel, 2.48 density for glass) suggest 
that density is not an important factor in segregation 
where it is the same for all particles in the system. 


In an attempt to obtain data on systems of higher 
density, experiments were carried out with lead shot. 


Here no segregation could be detected in mixtures 
with particulate volume ratios as high as 111. It is 
apparent from these results that a factor or factors 
other than size and density must be taken into 
account. In this case, it is likely that elasticity 
plays an important role. 


The coefficient of restitution, C, is defined as 
( V4 - Vr)/(  Vq. - VI), where two bodies moving in a 
straight line wlth velocities VI and V,, respectively, 
collide and after impact move with velocities V* and 
V4. As a rough indication of C, balls of the mate- 
rial to be studied were dropped onto a glass plate 
and the height to which they bounced was noted. 
The ratio of the initial height to the bounce height 
gave a measure of the elasticity as we were concerned 
with it. No attempt was made to use a plate of the 
same material as the ball since plates of the same 
composition and hardness could not be obtained. 
The chrome steel balls gave a bounce height ratio of 
0.95. glass balls 0.87, and lead shot 0.05. While 
these results are quite approximate and not done for 
a degree of accuracy, they correlate well with the 
aforementioned segregation rates. 


Segregation was anticipated in binary systems in 
which components of the same particle size differed 
in density. A decrease in free energy would occur 
with a displacement of lighter balls to the top of the 
cylinder with a resultant drop in the center of grav- 
ity. This was not the case experimentally. Lead 
shot and glass balls of the same diameter (0.110 in.) 
showed no unmixing when subjected to vertical sine 
wave motion for a prolonged period (1 to 5 hours) 
of time. This could have been due possibly to the 
low elasticity of the lead. A system of glass balls 
(0.118 in.) and steef balls (0.094 in.), where elasticity 
should not be a critical factor was also agitated for 
several hours; again no segregation could be de- 
tected. It should be emphasized that these results 
have been found for a specific mode of vibration only 
(sine wave at 1025 c.p.m. and amplitude 0.100 in.) 
and may not hold where void space created by 
shaking is greater, or where other modes of vibration 
becomedominant. 


Combined Density and Size Effects.Studies on 
density effects in systems with no size differential 
fail to give data relative to the combined effect of 
these two variables. Extrapolation of results to 
cases where both density and size differences exist 
would require an assumption that these variables are 
independent. Therefore, the apparent fist-order 
rate constants for binary systems comprising equal 
volumes of various sized glass and steel balls were 
determined. The results, which are presented in 
Table 11, fall into two groups on the basis of the more 


TABLE II.-SEGREGATION RATE CONSTANTS IN 
SYSTEMS OF GLASS AND STEEL SPHERES 


-Sphere Diameters- 
Glass, Steel, 32nds v 1  - v* k, EXin.-' 
mm. of an in. V* 95% C.L. 


6 3 15.64 0.621 f 0.047 
6 4 6.08 0 . 1 9 0 f 0 . 0 5 0  
6 5 2.64 0.071 f 0.015 
5 3 8.20 0.284 f 0.063 
3 8 8.51 0 . 0 8 7 f 0 . 0 1 0  
4 8 2.96 0.043 f 0.004 
5 8 1.04 0.021 f 0.003 
3 7 5.39 0.073 f 0.025 
3 6 3.04 0.065 f 0.008 
3 5 1.31 0.037 f 0.008 
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TABLE III.-sEGRECATION RATE COXSTANTS I N  
BINARY SYSTEMS OF STEEL SPHERES 


c!cnse coniponent heing either larger or smaller than 
the less dense component. Dimensions of the balls 
will be given in thirty-seconds of an inch and 
millimeters for the steel and glass balls, respectively, 
so that previously reported data (4) may be com- 
pared more easily with the present results. Figure 2 
shows plots of the apparent rate constants versus 
( L'I - V,)/V, for the two cases. It is apparent 
from this graph that a distinctly nonlinear inter- 
action occurs between size and density. When the 
larger particles are more dense, the segregation rate 
falls off at higher particulate volume ratios, and the 
reverse is noted in the case of more densesmaller 
systems. In  general, the effect of density becomes 
more pronounced as the size difference increases. 


The solid curves through the points in Fig. 2 were 
drawn from Eq. 1 .  Coefficients were determined by 


k = B  ( ' I  - i, - ") + C  (" -- ;a ")' (Eq. 1) 


the method of least squares for the curves passing 
through the origin. For the more dense-smaller 
curve, B = 0.02i and C = 0.0008; for the more 
denselarger curve, B = 0.022 and C = -0.0014. 
While no theoretical significance should be attached 
to this equation, it is useful in analysis of the data. 
I t  is interesting that the linear coefficients, B, are 
higher in both cases than those in the nionodensity 
systems. The reasonably close numerical corre- 
spondence of the coefficient of the square term, C. 
for the two curves is significant since this coefficient 
largely represents the influence of the density differ- 
ential as it interacts with the difference in particle 
size. Obviously, the equation breaks down a t  higher 
particulate volume ratios than those studied and 
would require the addition of higher-order terms. 
.4ttempts to extend these studies to glass-lead sys- 
tems were unsuccessful, presumably due to  the low 
elasticity of the lead. No detectable segregation 
occurred regardless of particulate size ratio. 
Particle-Wall Interactions.-A study designed to 


yield fundamental information on the behavior of 
mixtures of solid particles must necessarily allow 
control or evaluation of the interactions between 


.e . 


0 I 10 I5 


( V 1 -  V*)/V,  
Fig. 2.-First-order rate constant, k, uersus the 


ratio of the difference in particulate volumes, 
( Vi -  V,), to the particulate volume of the smaller 
component, V.. Glass and steel balls were used in 
all runs a t  a 1 : 1 total volume ratio of the two com- 
ponents. The solid lines represent the least-square 
regression. 


Particle Cyl- 
Diam., inder Fill 


32nd? of Diam.. Wt., k (Min.-') 
an in. in. Gm. Vm 95% C.L. 
.1-5 1.00 304 3.63 0.031 f0.006 _._ 


34 1.00 304 7.00 0 . 1 2 4 i O . 0 2 7  
3-7 1.00 304 11.18 0 . 2 8 3 f 0 . 0 3 8  
3-8 1 . 0 0  304 17.96 0.401 i 0.067 
3-5 1.00 171 3.63 0 . 0 3 0 ~ 0 . 0 1 0  
3-6 1.00 171 7.00 0.280f0.044 _ _  
3-7 1.00 i 7 i  11.18 0 . 4 O ~ f o . i o o  
3-8 1.00 171 17.96 0 5 3 8 f 0 . 1 2 1  
3-5 0.75 171 3.63 0 . 0 3 6 f 0 . 0 0 3 "  
3-6 0.75 171 7.00 0.161 f 0 . 0 1 7 "  
3-7 0.75 171 11.18 0 . 1 8 3 f 0 . 0 2 5 °  
3-8 0.75 171 17.96 0 . 3 1 4 4 ~ 0 . 0 2 3 ~  


a Reported previously (4). 


container and particle. Vertical agitation was se- 
lected for the bulk of this work since the system of 
spheres is accelerated only by the bottom surface of 
the cylinder, and the results will correspond more 
closely to those expected of a large body of particles. 
Vertical agitation also can be expected to reduce 
wall effects since primary particulate motion is par- 
allel to the sides of the container, and inhibition of 
motion of those particles contacting the sides is 
minimized. The nature and magnitude of the wall 
effects occurring in these studies has been evaluated 
by varying the dimensions of the systems and the 
mode of shaking and noting the changes in over-all 
rate of segregation and in the composition profiles 
within the agitation cylinder. Precise control of 
agitation requires that the total weight of particles 
be limited to a range which can be accommodated by 
the apparatus. For this reason, cylinders of internal 
diameter larger than 1 in. were not used. 


Cylinders of 0.75- and 1.00-in. internal diameter 
were filled to various levels, and the effects of fill 
weight and cylinder diameter on the rate constants 
of several systems were determined. Results of 
these studies are reported in Table 111. Comparison 
of data obtained in 1-in. cylinders for fill weights of 
304 and 171 Gm. shows differences in rate constants 
with the higher particulate volume ratios. While 
this may indicate increased inhibition of separation 
by particle-wall interactions for the larger spheres. 
a second factor should be taken into account. In- 
dividual particles in 171-Gm. systems have a pro- 
portionately shorter distance to travel before be- 
coming separated regarding the total system. This 
effect, however, should be independent of particlesize. 
A further comparison of data is possible since column 
height is thesame(about 5.5 in.)for 304-Gm. fill in the 
1-in. cylinder and 171-Gm. fill in the0.75-in. cylinder. 
Lower segregation rates are observed in the smaller 
tube, but again only with the larger particles. Good 
conformity to  the linear relationship between par- 
ticulate volume ratio and segregation rate constant 
was found in all systems, regardless of column diam- 
eter or fill weight. 


Composition profiles at various time intervals 
indicate the effects of particle-wall interactions 
within the segregating systems. Figure 3 shows the 
per cent of large balls withiin a 1.00-in. diameter 
column for binary systems of I/#p and in. steel 
spheres. A rather symmetrical concentration curve 
is obtained for these systems up to  infinite time 
(times in excess of seven half-lives). This type 
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curve is typical of the systems composed of smaller 
balls and indicates little or no wall effect. 


A composition profile is shown in Fig. 4 for a 304- 
Gm. system of a/s2 and "32 in. steel balls in a 1.00-in. 
cylinder. These curves, representing particle size 
distribution withiin the column at various times, are 
typical of systems composed of the larger sized balls, 
although deviation from symmetry becomes much 
less marked with the intermediate sized balls studied. 
However, asymmetry of the composition profiles 
extends to  smaller sized balls in the 0.75-in. cylinder 
than in the larger tube. Decreased mobility of the 
balls at the lower levels is manifested by the slower 
rate of segregation here compared with the upper 
regions of the column. However, after shaking to 
equilibrium for periods in excess of seven half-lives, 
symmetrical curves are obtained in all cases. It 
should be mentioned that no deviation from linearity 
of log (S, - S) versus time plots was evident in any 
case, regardless of wall effect. This evaluation of 
the particle-wall interactions as they occur in this 
work allows an appraisal of the phenomenon and its 
influence on the observed rate constants. 


Composition profiles of the segregation of binary 
systems of '/a2 in. versus in. and 1/12 in. versus '/a 
in. steel balls in 0.75-in. cylinders were compared for 
two modes of agitation. When these systems were 
run in the vertically split, squeeze-type cylinder 
previously described, curves which were similar to 
Fig. 4 were obtained with both systems. Compb-  
son of these results with those obtained with the 
usual vertical agitation indicates that the latter 
mode of shaking produces less particle-wall inter- 
action as would be expected. 


SUMMARY 
While the work presented here has been carried 


out on idealized systems under closely controlled 
conditions, several conclusions can be d r a m  which 
may be applied in principle to  granulations or other 
mixtures of solids as they are encountered in phar- 
macy. 
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Fig. 3.-Composition profile curves in 1-in. dia- 
meter cylinders after various periods of vertical sine 
wave agitation for a binary system of a/= and '/a2 in. 
steel spheres a t  a 1 : 1 ratio (w/w). Solid lines rep- 
resent a total system weight of 171 Gm., and dotted 
lines are for a 304-Gm. system. 


0 0.1 


BOTTOM TOP 


FRACTION OF DISTANCE TO TOP OF COLUMN 


Fig. 4.--Composition profile curves in a 1-in. 
diameter cylinder after various periods of vertical 
sine wave agitation for a binary system of s/a2 and 


Total 
weight of the balls was 304 Gm., and the curves 
shown are typical of those where detectable par- 
ticle-wall interactions occur. 


in. steel spheres at a 1 : l  ratio (w/w). 


In general, segregation is not greatly influenced by 
density when all the particles within a given system 
have the same density. No detectable unmixing 
occurs in binary systems of equal sized spheres in 
which the components have a threefold difference 
in density. However, segregation is rapid in sys- 
tems in which the small particles are more dense, but 
a marked retardation is evident when the larger 
particles are more dense. Moreover, the over-all 
effect of combined differences in density and size 
indicates a marked nonlinear interaction between 
these two variables. 


Elasticity of the particles. reflected by the co- 
efficient of restitution, plays a large part in segrega- 
tion as observed in these studies. This is not un- 
expected since interparticulate transfer of kinetic 
energy is dependent on the degree of elasticity of the 
collisions. 


Wall effects resulting from particle-cylinder con- 
tact cause no apparent change in the relationship 
between segregation rate and particle size. Linear- 
ity of the segregation rate constant as a function 
of particulate volume ratio is  maintained within a 
series in which cylinder diameter and fill weight are 
held constant. 


In application to real systems, it should be empha- 
sized that variables other than those studied here 
may play a critical role in determining the segrega- 
tion rate. For this reason, the conditions under 
which these results were obtained should be con- 
sidered when using them to predict or explain gran- 
ulation stability. 


REFERENCES 


(1) Smith, G. P.. Hardy, L. V., and Gard, E. L., I n d .  Eng. 
Chcm. Anol. Ed. 1 226(1929). 


(2) Donald, Iri. b.. and Roseman. B., Bra. t h e n .  Eng.. 7 ,  
823 (1962). 
(3) I b i d . ,  7, 922(1962)., 
(4) Olsen. J. L.. end Rippie, E. G., TEIS JOURNAL, 53, 147 


(1964). 








Books,- 


REVIEWS 


Ionic Equilibria in Analytical Chemistry. By 
HENRY FREISER and QUINTUS FERNANDO. John 
Wiley & Sons Inc., 605 Third Avenue, New York. 
N. Y., 1963. xiii + 334 pp. 
Price $4.95. 
The authors have attempted to present “a logical 


stepwise development of the principles of chemical 
equilibrium and techniques of calculation.” Al- 
though treatment of the subject is not exhaustive, it 
does present a thorough and orderly discussion of 
equilibrium principles and calculations suitable for 
use on the undergraduate and graduate levels. 
Chapters 1 through 3 represent background informa- 
tion on concentrations of solutions, chemical equi- 
librium, and activity concepts. Subsequent chapters 
develop the expressions and calculations associated 
with acid-base, precipitation, metal complexation, 
oxidation-reduction, and ion exchange equilibria. 
Expansion of these equilibrium considerations is 
discussed in applications to various types of titra- 
tions. Also included in the book as an Appendix 
are comprehensively tabulated equilibrium con- 
stants. These include acid-base dissociation con- 
stants, solubility products, formation constants of 
metal complexes, oxidation-reduction potentials, 
and acid dissociation constants for metallochromic 
indicators. 


An interesting feature of the book is the log C-pH 
diagt-ams which are particularly helpful in following 
the change of concentrations for various species 
with pH. Elimination of negligible species as ob- 
served from the diagrams simplifies the calculations 
of many complex systems. The book is well written 
and can serve as a text or reference volume for 
courses in analytical chemistry. 


15 X 23.5 cm. 


Reviewed by Edward F. Salim 
American Pharmaceutical Association 
Foundation 
Washington, D. C. 


The Australian Pharmaceutical Formulary. 9th Ed. 
Wdke & Co., Ltd., 19-47 Jeikott St., Melbourne, 
A u s M i ,  1964. 266 pp. 10 X 16 cm. 
This edition, published by the Pharmaceutical 


Association of Australia, will become operative on 
November 1, 1964, and is divided into two sections. 
the Therapeutic Formulae and the Supplementary 
Formulae. The Therapeutic Formulae section has 
been adopted by the Australian National Health 
Service as its official formulary and includes a 
Children’s Section with dose tables and special 
formulations. The Supplementary Formulae is 
devoted to items not required by the National 
Health Service and other items still used in medicine 
but not of significance to be included in the Thera- 
peutic Formulae. Many of the formulas are 
identical to those appearing in the British Phar- 
macopoeia or the British Pharmaceutical Coda, 
and this is noted in the appropriate monographs. 


Structure Bucidafian of Natural Products by Mass 
Spcctromctry. Vool. 1.- Alkaloids. By HER~ERT 
Bmzrru~mcz,  CARL DJERASSI, and DUDLEY H. 
W ~ L M S .  Holden-Day, Inc., 728 Montgomery 
St., San Francisco, Calif., 1964. 233 pp. Price 
$10.50. 
Most workers in the field of natural products 


have had occasion to wish for a technique whereby 
milligram quantities of material, isolated by labori- 
ous methods from natural sources, could be made to 
yield a maximum, if not total, amount of structural 
information. This relatively error-free publication 
lucidly reveals how such data, largely unavailable 
through conventional analytical and degradative 
techniques. can be achieved by the use of the modern 
mass spectrometer. The present volume, prefaced 
by two chapters on general considerations and 
deuterium labeling, specifically considers plant 
alkaloids, an area that has been particularly sus- 
ceptible to mass spectrometry. The authors, 
having contributed substantially to the original 
literature, are eminently well qualified to write 
authoritatively concerning it. Throughout the 
book the discussions are well documented with 
references. 


The power of the technique, judiciously sup- 
plemented by other physical and chemical proce- 
dures, is particularly evident in its application and 
interpretation in the field of indole and related 
alkaloids. Chapter by chapter, the fragmenta- 
tions of these bases, from relatively simple to 
rather complex polycyclic structures, are considered 
in a detailed and comprehensive manner. Par- 
ticularly outstanding is the chapter devoted to 
aspidospermine and related alkaloids, a group that 
has been very instrumental in the rapidly growing 
acceptance of the method. Alkaloids other than 
those related to indole are adequately covered also, 
although the principal emphasis has apparently 
been in the area of greatest interest to the authors. 
Nevertheless, they have successfully dispelled the 
“mystery” often associated with mass spectrometry 
and have created a book that should be an asset to 
any research library. Foreseeing that mass spec- 
trometry, in future years, will become one of the 
indispensable and common tools for sophisticated 
work in the area of natural products, this book is 
recommended reading for anyone with such in- 
terests. 


Reviewed by Taito 0. Soine 
College of Pharmacy 
University of Minnesoh 
Minneapolis 


Bioslalistus. By AVRAM GOLDSTEIN. The Mac- 
millan Company, 60 Fifth Ave.. New York, N. Y.. 
1964. 272 pp. Price $9.60. 
This introductory textbook is the outgrowth of a 


course taught by the author and his colleagues to 
medical students. 


The author makes no pretense of giving the under- 
lying mathematical statistical basis for the various 
topics considered, but sufficient discussion and 
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problems are included to give the reader an intuitive 
understanding of the subject. The book is well 
written, and the topics discussed are illustrated 
with clearly presented examples. Problems with 
answers are included. The first chapter on the 
logical basis of statistical inference is excellent in 
its discussion of the design of experiments and the 
statistical philosophy concerned in this design. - 


The second, third, and fourth chapters deal with, 
respectively, quantitative data, enumeration data, 
and correlation. That the book contains only four 
chapters should not mislead one into believing that it 
is incomplete, since this is certainly not the case. 


Three nonparametric tests are described and their 
use illustrated. These are the two-sample rank 
test, sign test, and the signed-rank test. The 
author feels that these tests should be more widely 
used than at present because of their simplicity of 
application. 


This book would be most satisfactory as a text- 
book in a course on the subject for pharmacy 
students or as a supplementary text in a course in 
biopharmaceutics. The book is enthusiastically 
recommended. 


Reviewed by Eino Nelson 
School of Pharmacy 
State Universily of New York at Buffalo 
Buffalo 


Journal of Pharmaceutical Sciences 


five with absorption of particular classes of drugs, 
and one with the significance of serum levels of 
chemotherapeutic agents. The two papers of 
Bernard B. Brodie, namely, “Physico-Chemical 
Factors in Drug Absorption” and “Distribution and 
Fate of Drugs; Therapeutic Implications,” con- 
stitute approximately one-third of the book and 
are very fine reviews. The papers entitled, “Phar- 
maceutical Manipulation and Therapeutic Efficacy,” 
by K. A. Lees, “The Influence of Particle Size upon 
the Absorption of Drugs from the Gastrointestinal 
Tract,” by J. A. L. Gorringe and E. M. Sproston, 
and “Absorption of Steroids with Special Reference 
to  Spironolactone,” by G. R. Venning, would be 
interesting reading not only for the industrial 
scientists in the pharmaceutical industry but also 
for the practicing pharmacist. 


The only disappointment to the reviewer was the 
paper entitled, “Kinetics of Drug Absorption: 
Methods and Interpretations,” by R.  F. Crampton 
and D. M. Matthews. There is a vast amount of 
literature on the kinetic interpretation of drug 
blood levels and urinary excretion which these 
authors only touched. 


Revieeved by John G. Wagner 
The Upjohn Company 


Kalamazoo, Michigan 


Laboratory Guide i n  Pharmacology. 2nd Ed. By 
T. S. MIYA, H. G. 0. HOLCK, G. K. W. YIM, and 
T. MYERS. Burgess Publishing Co., 426 South 
Sixth St., Minneapolis 15, Minn., 1964. 162 
pp. 21.5 X 27 cm. Paperbound. Price 
$3.50. 
This laboratory guide, written especially for the 


pharmacy student, is designed to  serve as a com- 
panion to lecture and textbook material for a be- 
ginning student. The experiments are organized so 
that the student begins with basic pharmacological 
principles, including routes of drug administration, 
factors affecting dosage, and absorption and excre- 
tion of drugs by man. Following these are experi- 
ments pertaining to  the pharmacology of the various 
bodily systems, toxicology, and gross pharmaco- 
logical effects of drugs. 


Each experiment provides an organized method of 
recording observations and includes questions to  
stimulate thinking about the significance of these 
observations. The clearly presented experiments 
are intended for student participation and generally 
do not require complicated or costly equipment. 


Absorption and Distribution of Drugs. Based on a 
symposium held by the Association of Medical 
Advisers in the Pharmaceutical Industry. Edited 
by T. B. BINNS. The Williams and Wilkins 
Company, Baltimore, Md., 1964. pp. xi + 270 
Price $7.50. 
The 17 papers in Absorption and Distribution of 


Drugs with the 520 references cited are an excellent 
introduction to the subject matter and also will 
provide excellent reading for those well acquainted 
with the field. Four of the papers are concerned 
with the fundamentals of absorption, two with the 
fate of drugs, one with the blood-brain barrier, one 
with the placental barrier, one with protein binding, 
two with biopharmaceutical aspects of absorption, 


NOTICES 


Opportunities in Pharmacy Careers. By FRED B. 
GABLE. Vocational Guidance Manuals, 800 
Second Ave., New York 17, N. Y., 1964. viii + 
144 pp. 13 X 20 cm. Price $1.45 paperbound, 
$2.65 cloth. 


Kirk-Othmcr Encyclopedia of Chemical Technology. 
2nd edition. Vol. 3, B to Calcium. Executive 
Editor ANTHONY STANDEN. Interscience Pub- 
lishers, 605 Third Ave., New York 16, N. Y., 
1964. xvi + 927 pp. 19 X 27 cm. Price 
$45 single copy, $35 subscription. 


Actualities de Phytochimie Fondamcntule. Par C .  
MENTZER et 0. FATIANOFF. Masson et Cie, 
Editeurs, 120, Boulevard Saint-Gennain, Paris 
VIe, France, 1964. 266 pp. 16.5 X 21.5 cm. 
Price 85 F. Paperbound. 


The Real Voice. By RICHARD HARRIS. The 
Macmillan Company, 60 Fifth Ave., New York 
11, N. Y., 1964. 245 pp. 14 X 21.5 cm. Price 
$4.95. 


Diet and Bodily Construction. Ciba Foundation 
Study Group No. 17. Edited by G. E. W. 
WOLSTENHOLME and MAEVE O’CONNOR. Little, 
Brown and Company, Boston, Mass., 1964. 120 
pp. 12 X 19 cm. Price $2.95. 


:ahiers de Synthese Organipue. Methodes et 
Tableaux d’Application Vol. XI: Cyclisations 
(suite). 22.- Cyclisation bimoleculaire mixte. 
Par JEAN MATHIEU, ANDRE ALLAIS, et JACQUES 
VALLS. Masson et  Cie, Editeurs, 120 Blvd. 
Saint-Germain, Paris VIe, France, 1964. 343 pp. 
15.7 X 22.5 cm. Price 120 F Cartonne toile. 
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meration of viable organisms from petrolatum-based 
ointments was described and shown to be more 
cfficient than methods now commonly used. An 
application of the method to the sterility testing of 
ointments was discussed. 
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Notes- 


Preparation of m- and p-Nitrobenzoyl Derivatives 
of Some Arylindolizines 
By VINCENT S. VENTURELLAt 


Investigations into the benzoylations of substituted arylindolizines has shown that the 
reaction is reduced but not prevented by steric or electronic effects. 


N A PREVIOUS REPORT (1) it was found that I the benzoylation of compounds of structure I 
proceeded easily and in fair yields except with 
Compound I d. A t  the time it was indicated that x 


I a, R = H. R’ = Br 
6 ,  R = C1, R‘ = Br 
C, R = H, R‘ = NO2 
d, R C1, R’ = NOz 


R 


I1 I11 


the failure of the reaction to occur with this com- 
pound could be attributed to the conjugative and 
inductive effects of the substituents present in the 
phenyl rings. Since the benzoylation of the open 1 
position is said to occur easily (2). and since the 
reaction depends upon the contributions from 
structures I1 and 111, i t  was desirable to test the 
effects of the presence of nitro groups on the forma- 
tion of the benzoylium ion (111) and hence on the 
formation of a stable benzoyl derivative. 


Since hydrolysis of the end product was previously 
(1) found not appreciable if the reaction was per- 
formed in benzene solution below 60” for 1 hour, 
followed by allowing the mixture to stand 48 hours 
a t  room temperature, any change in the formation 
of the benzoyl derivatives would presumably be 
because of an increase or decrease in the formation of 
111. 


R 
I 
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I V  a, R 
b, R 
C. R” = H. R = C1. R‘ = Br. R‘“ = NO. 


= RX = H, R’ = Br, R” = NO2 
= R”’ = H, R’ = Br, R’ = NO? 







Joimutl of Phtrrrnncezr~iccil Sciences 108 


Compd. 
IVa 
IVb 
IVC 


IVd 
IVe 
IVf 


TABLE  SUBSTITUTED BENZOYLINDOLIZINBS 


Anal.---- -- - 
Yield, Calcd. Found 


M.p., ‘C.(Recrystn. Solv.) % C  H N C H N 
220.5 to  222.0, dec. (hot C6H6) 66 65.20 3.42 5.63 65.60 3.45 5.34 
177 to 178.5 (boiling EtOH) 89 65.20 3.42 5.63 65.55 3.60 5.26 
218 t o  219.5, dec. (C~&-PetrOkUm 38 61.01 3.01 5.27 61.14 3.22 5.33 


202 to 203.5 (CsH6) 64 61.01 3.01 5.27 60.61 3.18 5.48 
245.5 to 247.0 (hot C6Hs) 54 69.99 3.67 9.07 70.29 3.90 9.22 
222 to 223.5 46 69.99 3.67 9.07 70.18 3.77 8.78 


ether) 


- 


To test this theory, Compounds I a, b, and c 
were reacted with p- and m-nitrobenzoyl chlorides. 
The p-nitro would tend to decrease the formation of 
I11 by the conjugative mechanism (the inductive 
effect being negligible) and the rn-nitro group would 
tend to  favor the formation of I11 by a combination 
of conjugative and inductive effects (3). 


These assumptions are followed with Compound 
I a, but fail in the reaction of I b with m-nitro- 
benzoyl chloride because the p-chlorophenyl suh- 
stituent present in the 3 position of the indolizine 
does not favor the formation of 11. This effect is 
also shown to provide a sharp decrease in the forma- 
tion of IV c. A similar anomoly is shown between 
I c and nz-nitrobenzoyl chloride because the steric 
repulsion of two proximal nitro groups is unfavorahle 


to the formation of IV. However, the reaction of 
p-nitrobenzoyl chloride with I c follows the pattern 
set by Compound I a, L e . ,  the p-nitro group has 
little effect upon the reactions in this series unless 
accompanied by a strong tendency to decrease the 
nucleophilic character of the 1 position of the 
indolizine nucleus. 


Compounds I V  a through f were prepared in the 
manner previously described ( 1) ; the analytical 
data appear in Table I. 
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Quantitative Fluorometric Determination of Panthenol in 
Multivitamin Preparations 


By RENE G. PANIER and JEAN A. CLOSE 


A new procedure is described for the estimation of panthenol in  a multivitamin 
preparation highly concentrated in  sugar. The  method involves the quantitative 
elimination of su ar by crystallization in the presence of ethanol, extraction of pan- 
thenol from the &y residue with chloroform,.purification of the extract on ion-ex- 
change resins, and final fluorometric determination of 8-alanol after alkaline hy- 
drolysis of the efl3uent. Fluorescence is developed by reaction of 8-alanol with 
ninhydrin and n-butanal, for 45 minutes at 60° in  the presence of carbonate buffer, 
p H  9.1. T h e  fluorescent intensity measured at 465 mp is proportional to  the 8-alanol 


concentration in  the range between 0.1 and 1 mcg./ml. 


WRING THE LAST 10 years, several papers have D been published on the quantitative analysis 
of panthenol in multivitamin pharmaceutical prep- 
arations. Chemical methods have been proposed 
to  replace the time consuming microbiological assay. 
It seems, however, that the problem of the deter- 
mination of panthenol in highly concentrated sugar 
preparations has not been solved satisfactorily, and 
we were recently confronted with that question. 


In 1949, Crockaert (1) showed that panthenol 
and calcium pantothenate could be determined after 
alkaline hydrolysis as 8-alanol and 8-alanine, respec- 
tively, with the use of 1,2-naphthoquinone-4- 
sulfonate, while Wollish and Schmall (2) proposed 
the dosage of pantoyl lactone as ferric hydroxa- 
mate, after acid cleaving of the panthenol. 


More recently, Zappala and Simpson (3) described 
a colorimetric method for the determination of 
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panthenol in multivitamin tablets containing 15y0 
sugar. According to  these authors, the method of 
Schmall and Wollish (4) is not applicable to the 
preparation highly concentrated in sucrose because of 
the darkening of the solution during the alkaline 
hydrolysis. They solved the difficulty by extrac- 
tion of the powdered sample and further purifica- 
tion on ion-exchange resin before estimating 8- 
alanol by chlorination and subsequent iodometry. 
Their method is unfortunately inapplicable to  liquid 
multivitamin preparations, particularly to  syrups 
with a very high sugar content (more than 500/, 
sucrose). 


Our purposes were to determine the panthenol 
in multivitamin preparations and to  perfect a very 
sensitive routine method capable of answering our 
control and research problems. 


EXPERIMENTAL 


Reagents 
All the reagents were analytical grade. 








Drug-Induced Hyperthermia and 
Amphetamine Toxicity 


By HAROLD H. WOLF and DAVID J. GEORGE* 


Experiments were conducted to determine the relative importance of hyperthermia 
as a factor influencing the toxicity of amphetamine in  aggregated and isolated mice. 
The ability of several agents to interfere with the hypecthermic response to amphet- 
amine was compared with their ability to alter the incidence of lethality to this drug. 
It was evident that there was no direct relationship between the ability of the selected 
drugs to prevent the body temperature of mice from reaching the maximum tempera- 
ture level of amphetamine-treated controls and their ability to protea mice from 
amphetamine-induced lethality. It was concluded that hyperthermia does not, in 
itself, appear to be the causative factor for the increased incidence of mortality to 


amphetamine observed in  aggregated versm isolated mice. 


ORE THAN 30 years have elapsed since Gunn 
and Gurd (1) first observed that amphet- 


amine was several times more lethal to aggregated 
than to  isolated mice. In  recent years this 
phenomenon, known as the amphetamine aggre- 
gation effect, has served as a research tool in the 
search for new psychotherapeutic agents (2, 3). 
Although many potentially useful ataractics have 
been shown to protect against this phenomenon, 
the means whereby these agents alter the lethality 
to  amphetamine remains unclear. In par t  this 
is due to a lack of insight concerning the mech- 
anism whereby a heightened degree of social 
contact markedly enhances the toxicity of this 


It has been demonstrated tha t  the amphet- 
amine aggregation effect can be influenced b y  a 
large number of complex variables, including cage 
size (4, 5), body weight and degree of hydration 
(5, 6), environmental noise (6), animal strain 
(6, 7), ambient temperature (4, 6, 8), and ex- 
posure to stress (9). Swinyard, et al. (lo), have 
suggested that the increased lethality seen with 
aggregation is related to anxiety or fear induced 
by a sudden change in the environment of the 
animal. Askew (11) has reported tha t  the ob- 
vious increase in body temperature observed 
after the administration of amphetamine is also 
a major contributory factor to the aggregation 
effect. These findings contrast sharply with the 
earlier observations of Swinyard, et ul. (lo), who 
reported tha t  alterations in  body temperature 
cannot be considered a critical factor in  the 
enhanced toxicity exhibited by  amphetamine in 
aggregated animals. 


In view of the above i t  appeared of interest to  


drug. 
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investigate in  detail the relative importance of 
hyperthermia in the expression of the amphet- 
amine aggregation phenomenon. The results 
obtained constitute the basis for this report. 


METHODS 


The experimental animals employed were novice, 
adult, male, albino mice of a random bred Swiss 
strain (Research Animal Associates, Columbus, 
Ohio), These animals, which ranged in weight 
from 16 to 26 Gm., were housed in groups of 25 
in opaque plastic cages 45 X 24 X 12 cm. with 
wire mesh tops. They were maintained on Purina 
laboratory chow and had free access to  food and 
water, except during the experimental test periods. 


All temperature studies were conducted in both 
an aggregated and isolated environment. Ag- 
gregation was defined as placing three mice in a 
metal cage 7 X 7 X 7.5 cm. with a wire mesh bot- 
tom; isolation consisted of placing a solitary mouse 
in a similar cage. The room temperature in all 
instances was maintained at 24-28'. 


Throughout this entire study racemic amphet- 
amine sulfate' was administered intraperitoneally 
in a constant dose of 100 mg./Kg. With mice of 
the above described strain, this dose of amphetamine 
is lethal to approximately 30% of isolated and 60% 
of aggregated animals. Thus any drug-induced 
increment or decrement in amphetamine lethality 
could be observed. The following drugs were 
evaluated for their ability to alter amphetamine- 
induced lethality and hyperthermia : chlorproma- 
zine,l acetylsalicylic acid, and phenoxybenzarnine.a 
These drugs were all administered intraperitoneally 
in aqueous solution, except for acetylsalicylic acid, 
which was given orally in a 1% methylcellulose 
suspension. The concentration of the drug solution 
or suspension employed was such that the dose 
administered always represented 1 ml. per 100 
Gm. body weight. The mean neurotoxic dose 
(TDx) was determined for each drug by employing 
a modification of the method of Dunham and Miya 
(12). The end point for minimal neurotoxicity was 
muscular incoordination based on the inability of 
the mouse to remain for 1 minute. given three 


I Marketed as Benzedrine Sulfate by Smith Wine and 


2 Marketed as Thorazine Hvdrochloride bv Smith Kline 
French. 


and French. 


and French. 
a Marketed as Dibenzyline Hydrochloride by Smith Kline 
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successive trials, on a horizontal rod 2 cm. in di- 
ameter, rotating at 8 r.p.m., and suspended 38 
cm. above a flat surface. Groups of a t  least nine 
mice were given various doses of drug until a min- 
imum of three points were established in the range 
between 0 and 100% minimal neurotoxicity. 
Observations were made every 30 minutes up to  a 
period of 8 hours. The results obtained were then 
plotted on logarithmic probability paper and a 
regression line was fitted to  the plotted points by 
eye. From this plot of the data the TDu and 95% 
fiducial limits were calculated by the method of 
Litchfield and Wilcoxon (13). The time of peak 
activity for each drug was determined by inspection 
of the neurotoxicity versus time data, and thereafter 
all test procedures were designed to coincide with 
this time. To insure that comparisons were made 
on the basis of equipotent doses, all drugs were 
administered in amounts equivalent to similar 
fractions of their respective TDm's. 


To determine the effects of the agents employed 
on body temperature, per se, a series of experiments 
was conducted in which rectal temperatures were 
recorded immediately prior to drug administration 
and hourly thereafter for a period of 3 hours. The 
temperature was taken using a Tele-Thermometer 
and thermocouple probe (Yellow Springs Instru- 
ment Co.) inserted 2 cm. into the rectum for a 
period of 30 seconds. The number of mice in 
each drug treatment group ranged from 12 to 15, 
and saline controls were included for both the ag- 
gregated and isolated situations. 


TABLE I.-TIME OF PEAK ACTIVITY AND 
NEUROTOXICITY OF So= SELECTED DRUGS 


IN MICEO 


Time Peak 
Drug EKectb TDmC 


Acetylsalicylic acid 90 682 (627-744) 


Phenoxybenzamine 180 50 (-2) 
C hlorpromazine 60 4.3(3.1-5.9) 


Values in parenthesis are 95% fiducial limits. * Minutes. 
mg./Kg. 


Isolation 1 


Aggregation 


749 
To test the hypothesis that drugs which protect 


against amphetamine-induced lethality do so by 
preventing body temperature from reaching a criti- 
cal maximum level, groups of at least 24 animals 
each were first pretreated with varying doses of 
chlorpromazine, acetylsalicylic acid, or phenoxy- 
benzamine and later challenged during the time of 
peak drug activity with 100 mg./Kg. of amphet- 
amine. Rectal temperatures and the incidence of 
lethality were recorded hourly for 3 hours following 
amphetamine administration. As in previous stud- 
ies, the experiments were conducted under condi- 
tions of both isolation and aggregation and controls 
pretreated with a requisite volume of saline were 
included. Any mice which died during the course 
of the experiment were not removed from the metal 
cages. All lethality data were statistically analyzed 
by means of a chi square test; temperature data 
were compared on the basis of means and standard 
errors. 


'Saline (control) . . .  
Amphetamine c 


Chlorpromazine 
' 1 4  I:!: 1:;; =/2 


1:;: 


Acetylsalicylic acid 


Phenox ybenzamine 
1 


Amphetamine c 


Chlorpromazine 


Acetylsalicylic acid 


Phenoxybenzamine 


'Saline (control) . . .  


1/4 


RESULTS 


The time of peak effect and neurotoxicity of the 
compounds in mice are shown in Table I. The 
time of peak effect measured by the test for minimal 
neurotoxicity varied from 1 hour for chlorpromazine 
to 3 hours for phenoxybenzamine. Acetylsalicylic 
acid exhibited peak activity at 90 minutes. Acetyl- 
salicylic acid, chlorpromazine, and phenoxybenz- 
amine induced overt symptoms of neurotoxicity in 
50% of the animals after doses of 682, 4.3, and 50 
mg./Kg., respectively. All future doses of these 
drugs were given in quantities amounting to  I/,, 


l/2,and1TDm. 
The effects of the drugs employed on the body 


temperature of mice maintained in both an isolated 
and aggregated situation are shown in Table 11. 
These results demonstrate the influence of each 
drug when administered alone on body temperature. 
As may be observed from Table XI, amphetamine, 


at a dose level of 100 mg./Kg., was markedly 
hyperthermic; the peak response occurring 2 hours 


TABLE II.-INFLUENCE OF SOME SELECTED DRUGS ON RECTAL TEMPERATURE OF MICE 


Mice, 
NO. 
72 
99 
12 
12 
12 
12 
12 
12 
12 
15 
12 
72 
98 
12 
12 
12 
12 
12 
12 
12 
15 
12 


Hr. after Drug Administration 
0 1 2 3 


38.2b 37.6 37.4 37.1 
38.0 39.0d 39.7d 39.3d 
38.6 38.0 37.8 38.2 
38.6 37.3 36.3 37.0 
38.4 35.4d 32.1d 31.gd 
38.1 37.5 37.4 36.9 
38.3 36.9 36.9 37.0 
38.9 38.0 37.5 37.7 
38.6 36.3 35.3d 34.8d 
37.2 35.0d 33.6d 33.1d 
38.3 35.1d 33.8d 33.8d 
38.2 37.2 37.2 37.4 -. . - -. ~ 


37.8 39.4d 39.gd 39.gd 
38.5 37.8 37.4 37.8 
38.5 37.1 36.6 36.8 
38.6 37.0 35.8d 35.4d 
38.2 37.7 37.4 37.2 
37.9 37.2 37.0 37.0 
38.8 38.0 37.8 38.0 
37.6 35.2d 34.3d 34.0d 
38.3 36.5 36.4d 35.5d 
38.3 34.gd 34.6d 34.2d 


Fractions of TDm. Avvage rectal temperature in OC. 100 mg./Kg. Significantly different from control ( p  < .05): 
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isolated environment and 40.4' in the aggregated 
environment. It is also evident that this elevation 
in body temperature was quite rapid in its onset. 
However, it  should be noted that essentially no 
difference in degree of hyperthermia was achieved 
in isolated Versus aggregated animals. 


The ability of the agents selected to alter amphet- 
amine-induced hyperthermia and lethality can be 
observed in Table 111. I t  is evident that the 
degree of hyperthermia achieved in the isolated 
saline-pretreated controls was not significantly 
different from that achieved by their aggregated 
counterparts. Pretreatment with chlorpromazine 
significantly interfered with amphetamine-induced 
hyperthermia when given to  isolated animals in 
doses of I/* and 1 TDm, whereas only the full TDm 
was effective in the case of aggregation. On the 
other hand, pretreatment with acetylsalicylic acid 
( I / *  TDm) altered amphetamine-induced hyper- 
thermia in aggregated animals without significantly 
influencing the response in isolated mice. The 
rapid onset of lethality in animals which had been 
pretreated with or 1 TDm of acetylsalicylic acid 
and then subjected to amphetamine precludes an 
interpretation of temperature data for these dose 
levels. I t  is quite evident that, of the three agents 
evaluated, only phenoxybenzamine interfered with 
amphetamine-induced pyrexia in both environ- 
mental situations and at all dose levels employed. 


The lethality data presented in Table I11 clearly 
demonstrate the existence of the amphetamine 
aggregation phenomenon in that 28.3% of the 
saline-pretreated control animals died in isolation, 
whereas 55.1% of a similarly treated group of 
animals succumbed to the combined effects of 
amphetamine and aggregation. Chlorpromazine 
may be observed to have decreased significantly 
the incidence of lethality to amphetamine in both 
environmental situations and at all dose levels used. 
On the other hand, acetylsalicylic acid afforded 
no protection against amphetamine-induced le- 
thality and. indeed, seemed to potentiate the re- 
sponse. For example, it can be seen that when 
mice which had been pretreated with acetylsalicylic 
acid ( I / , ,  l/*, or 1 TDm), followed by amphetamine 
were subjected to  aggregation, the incidence of 
lethality rose to 1 0 0 ~ o  in all cases. This same result 
was observed in isolated animals pretreated with the 
full TDm of acetylsalicylic acid prior to the ad- 
ministration of amphetamine. Phenoxybenzamine 
appeared to be especially effective in abolishing the 


- 


' 


I '  " 1 '  ' 1  ' 1  


0 15 30 45 60 75 90 105 120 
TIME, M I N .  


Fig. 1.-The influence of isolation and aggregation 
on amphetamine-induced hyperthermia. Key : 
M, isolated-saline (control); 0- - -0, aggregated- 
saline (control); A-A, isolated-amphetamine, 100 
mg./Kg. ; A- - -A, aggregated-amphetamine, 100 mg./ 
Kg.; and A, significantly different from control 
( p  < .05). 


after drug administration and amounting to 39.7' 
and 39.9' in the isolated and aggregated environ- 
ments, respectively. I t  is also evident from Table 
I1 that, of the three agents under investigation, only 
phenoxybenzamine had a significant effect on body 
temperature at all dose levels employed. This 
agent demonstrated marked hypothermia under 
both environmental conditions, causing rectal tem- 
perature to fall to 33.1' 3 hours after administration 
of TDm followed by isolation and to  34.0' 3 
hours after administration of */, TDm followed by 
aggregation. Chlorpromazine produced a hypo- 
therrnic response only when given in doses equiv- 
alent to the full TDw. Three hours after ad- 
ministration of this dose, body temperature fell to 
31.9' and 35.4" in the isolated and aggregated 
environments, respectively. Acetylsalicylic acid 
in the dose levels employed appeared to have no 
appreciable effect on body temperature. 


To explore more fully the hyperthermic response 
to amphetamine in an isolated uemus aggregated 
environment, an experiment was carried out in 
which the rectal temperatures of 24 animals were 
recorded every 15 minutes for a 2-hour period fol- 
lowing the administration of either 100 mg./Kg. of 
amphetamine or a requisite volume of saline (con- 
trols). The results of this study are shown in Fig. 
1. As indicated in this figure, amphetamine 
was decidedly hyperthermic, causing body tem- 
perature to rise to a maximum of 40.i' in the 


TABLE TIT.--AVERAGE MAXIMUM TEMPERATURE AND LETHALITY OF MICE PRETREATED WITH SELECTED 
DRUGS AND ADMINISTERED  AMPHETAMINE^ -_ 


Dose 
Fractions of I --Isolated Mice--- -- --Aggregated Mice ---- 


I )rl lg T nla Temp , OC." 70 Lethalitye Temp., O C b  c/o Lethalityc 
Saline (control ) . . .  40 .2  f 0.8 28.3 40.6 f 0 . 3  55.1 


Chlorprnrnazinr 
39 .8  + 0 . 5  8.3d 40.2 f 0 . 5  33.3d 
38.9 f 0 .4d  4.2d 40.2 f 0 . 5  33.3d 
37.8 f 0.3d 8.3d 38.9 f 0.7d 30.6d 
40.3 f 0 .6  33.3 l 0 0 d  


39.4 f O . i d  lOOd . . l O O d  40.1 f 0 . 6  33.3 
lOOd 


36.5 f 0.6d 4.2d 38.4 f 0.4d 16. 6d 
36 .8  f O . S d  16.6 39.5 f 0.4d 29. 2d 
36.4 f l . ld 20.8 38.2 f 0.7d 29. Zd 


Acetylsalicylic acid 


Phrnoxyben7aininr 


___ ~. 
a All mice received amphetamine. 100 mg./Kg. 


representing 95% confidence limits are included. < .(Is). a Lethality occurred before a significant number of rectal temperatures could be recorded. 


Average of maximum rectal temperatures recorded during 3 hours. Values 
Significantly different from control ( p  Three-hour observation period. 







Vol. 53, No. 7, July 1964 


amphetamine aggregation effect, in that all the dose 
levels employed in grouped mice significantly 
lowered the incidence of lethality to amphetamine. 
However, in an isolated situation, protection could 
only be achieved with a dose equivalent to 
TDa. 


DISCUSSION 
The data presented indicate that the degree of 


hyperthermia induced by amphetamine cannot fully 
account for the increased incidence of lethality to 
this drug observed in aggregated versus isolated 
mice. This is evident from the results seen in Fig. 1 
and Table I11 (saline-pretreated controls) which 
demonstrate that choice of environment did not 
significantly influence the hyperthermic response to 
amphetamine. The results also tend to refute the 
hypothesis that drugs which offer protection against 
the amphetamine aggregation phenomenon do so 
by means of a hypothermic mechanism. The 
information presented in Table I1 demonstrates 
that small doses of chlorpromazine. an agent well 
known to abolish the aggregation phenomenon 
(2, 3, 9, lo), were not hypothermic per se in this 
environmental situation. 


Askew (11) has reported that the incidence of 
amphetamine-induced lethality in female Schofield 
albino mice can be predicted on the basis of body 
temperature. Mice whose body temperature ex- 
ceeds a critical level (42.4O) will die, whereas those 
whose body temperature remains below a certain 
level (41.8’) will survive. In this same report, the 
author provides results which demonstrate that 
body temperature rises to a higher level in ag- 
gregated than in isolated mice, both receiving 
identical doses of amphetamine. On the basis of 
these data, the author postulates that a significant 
increase in body temperature in an aggregated 
ueisus isolated environment could account for the 
greater toxicity of amphetamine seen in the grouped 
mice. Recently Askew (14) has presented evidence 
to support the hypothesis that there is a direct 
relationship between the ability of drugs to reduce 
amphetamine-induced hyperthermia and their 
ability to protect against the amphetamine ag- 
gregation phenomenon. Table I11 presents a 
collection of data which do not support this hy- 
pothesis and Table IV summarizes these observa- 
tions. 


I t  is evident that there was no direct relation- 
ship between the ability of the selected drugs to 
prevent the body temperature of mice from reaching 
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the maximum level of amphetamine-treated controls 
and their ability to protect mice from amphetamine- 
induced lethality. Chlorpromazine demonstrated 
protection in both isolated and aggregated mice a t  
dose levels which had no significant effect on the 
degree of hyperthermia induced by amphetamine. 
Acetylsalicylic acid offered no protection at any 
dose employed in either the isolated or aggregated 
situation. Indeed, in all instances involving aggre- 
gation this agent was observed to increase the inci- 
dence of lethality. I t  is important to note that 
this occurred despite the observation that acetyl- 
salicylic acid ( I / *  TDw) did significantly interfere 
with the hyperthermic response to amphetamine. 
Furthermore, it can be seen that phenoxybenzamine. 
which had been noted to interfere markedly with 
amphetamine-induced hyperthermia in both en- 
vironmental situations, offered consistent protection 
against the lethal effects of the drug only in the 
aggregated environment. Thus, almost every com- 
bination of protection and temperature effect was 
observed. 


There are several possible reasons for the dis- 
crepancy in results reported by Askew (14) and those 
presented above. The experimental methods em- 
ployed in the two studies differed considerably with 
respect to  parameters which have previously been 
demonstrated to influence markedly the amphet- 
amine aggregation phenomenon, e.g., cage size, degree 
of aggregation, drug dosage levels, and animal 
strain. Moreover, our experiments were terminated 
a t  the end of 3 hours, whereas Askew’s were carried 
out over intervals of 6 and 7 hours; thus the results 
obtained may reflect “acute” versus “long term” 
effects of the drugs. It is also possible that the 
large amount of animal manipulation employed in 
Askew’s procedure (rectal temperatures were taken 
every 20 minutes up to 2 hours and then every hour 
until termination of the experiment) may have 
contributed to  the results reported. 


It should be emphasized that since the work de- 
scribed herein was essentially complete a t  the time of 
Askew’s recent publication (14), and since the experi- 
mental conditions were by no means analogous in the 
two situations, the results presented are not to be 
interpreted as an unsuccessful attempt to replicate 
that author’s work. On the other hand, on the 
basis of our observations it would appear that, while 
amphetamine is indeed hyperthemic, a causal rela- 
tionship does not always exist between this hyper- 
thermia and the mechanism whereby an alteration 
in social environment can markedly increase the 


TABLE IV.-slSMMARY OF EFFECTS OF SELECTED DRUGS O N  AMPHETAMINE-INDUCED~ LETHALITY AND 
HYPERTHERMIA 


-- Isolated Mice- 7 


Diminished Diminished Diminished Diminished 
-- Aggregated Mic- 


Drug Do%& Lethalitp Hyperthermiad LethalityC Hyperthermiad 
(‘/A Yes No Yes No 


Yes 
Yes 


Chlorpromazine 


No 
No 
No 


Acetylsalicylic acid 


I ‘/. Yes 


Yes 
Yes 


Yes No 
Yes Yes 


No No 
No No . No 
Yes Yes 


. 
Yes 


Yes 
. 


Phenoxybenzamine N o  Yes 
No Yes 


Yes Yes 
Yes Yes 


0 All mice received amphetamine 100 mg./Kg. Fractions of TDm. C Significantly decreased amphetamine-induced 
lethality (p < .05). d Significantly interfered with amphetamine-induced hyperthermia ( p  < .05). Data not available. 
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which do not alter amphetamine-induced hyper- 
thermia. 


Phenoxybenzamine, which has the ability to de- 
press markedly the hyperthermic response to am- 
phetamine, does not consistently abolish the lethal- 
ity of this drug in an isolated environment. 


Pretreatment with acetylsalicylic acid using a dose 
level which decreases the magnitude of amphet- 
amine-induced hyperthermia significantly increases 
its lethality. 


A generalization indicating a causal relationship 
between hyperthermia and the amphetamine ag- 
gregation phenomenon may be unwarranted. . 
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toxicity of this drug. Moreover, in view of two 
recent reports which indicate that magnitude of 
prior social experience (15) and quantity of body 
contact (16) represent important factors influencing 
the expression of the amphetamine aggregation 
effect, i t  is evident that this phenomenon represents 
the product of a complex interaction between several 
environmental, genetic, and pharmacological factors. 


SUMMARY 
A series of experiments was designed to test the 


hypothesis that hyperthermia is a major factor 
contributing to  the increased toxicity of amphet- 
amine observed in aggregated versus isolated mice. 
Incidence of lethality and rectal temperatures were 
recorded hourly over a 3-hour interval following the 
intraperitoneal administration of 100 mg./Kg. 
amphetamine to animals placed in either an aggre- 
gated (3 mice per 7 X 7 X 7.5 cm. cage) or isolated 
environment. The effect of pretreatment with 
several agents known to influence body temperature 
(chlorpromazine, acetylsalicylic acid, and phenoxy- 
benzamine) was also determined. On the basis of 
the results obtained the following conclusions appear 
to be justified : 


Although amphetamine is definitely more toxic in 
grouped animals (aggregation effect), the degree of 
hyperthermia induced may be essentially the same 
for both aggregated (40.6') and isolated (40.2O) 
mice. 
Drugs which have the ability to protect animals 


against the Occurrence of the amphetamine aggrega- 
tion phenomenon, e.g., chlorpromazine, may do so 
at dose levels which are not hypothermic per se and 


Spectrophotometric Method for the Assay of 
Individual Nitroglycerin Tablets 


By FREDERICK K. BELL 


A spectrophotometric procedure for the microdetermination of glyceryl trinitrate 
through alkaline hydrolysis and subsequent determination of the nitrite formed 
through diazotization and coupling has been devised which avoids the serious inter- 
ference in the presence of lactose. The principal feature of the method is based on 
the substitution of strontium hydroxide for the usual sodium hydroxide as the 
hydrolyzing alkali. Presumably the formation of the strontium salt of lactose re- 
moves this carbohydrate from the field of interference. The results of more than 500  
assays of individual tablets of nitroglycerin representing four different sources of 


manufacture and five different dosages are reported. 


ROBABLY BECAUSE of its high degree of sensi- 
tivity and relative simplicity, a preferred 


method for the microdetermination of glyceryl 
trinitrate is the one based on the alkaline hydrol- 
ysis (1) of the nitrate ester and determination of 
the nitrite formed through the customary diazo- 
tization and coupling reaction and subsequent 
spectrophotometric measurement of the dye 
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formed. An obvious application of this proced- 
ure would be the assay of individual nitroglycerin 
tablets in which suitable aliquots of a simple 
aqueous solution of the tablet would be subjected 
t o  the procedure. 


However, it is known that lactose, which ap- 
pears t o  be the  excipient of preference in the 
manufacture of these tablets and is present in 
gross excess, seriously interferes with this ana- 
lytical procedure (2). In a consideration of 
possible methods of avoiding this source of inter- 
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fide formation with protein mercaptan groups is not 
responsible for the change in absorption spectrum is 
indicated by the failure of the mercaptans MEA 
and MEG to cause a similar change. 


However, it is again possible that salt formation 
has taken place with catalase since the over-all shape 
of the sum of the absorption curves has not been 
appreciably altered in the mixture, and the average 
difference in absorbance, 0.040, is not greatly differ- 
ent from those of the previous cases where salt 
formation is suspected. Moreover, it appears that 
complex formation of enzymes may be demon- 
strated by this method of absorbance differences in 
absorption spectra in certain cases at least. 


CONCLUSIONS 


Spectrophotometric evidence has been found 
that a known antiradiation agent, sodium diethyl- 
dithiocarbamate, undergoes complex formation 
with lactic dehydrogenase and either salt or weak 
field complex formation with catalase. No definite 
evidence for complex formation of these enzymes 
with either 2-mercaptoethylamine or 2-mercapto- 
ethylguanidine was found, although salt or weak 
field complex formation is possible. Apparently, 
any complexation by the latter agents is more readily 
dissociable than that by the  dithiocarbamate. 


No spectrophotometric evidence of complex forma- 
tion between salicylate and either lactic dehydro- 
genase or catalase was found, although both enzymes 
are known to be inhibited by salicylate. It is possi- 
ble that any complex formed has dissociated too 
rapidly to be observed by this method. 
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Measurement of absorbance differences between 
the sum of the absorption spectra of the individual 
components and the spectrum of the mixture ap- 
pears to be a possible method of demonstrating com- 
plex formation of enzymes in select cases. In these 
cases the binding is either irreversible or of sufficient 
strength to exist for a measurable period of time and 
thus be observable by the stationary, or nonflow, 
technique employed here. 
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Assay of Iodine Content of Thyroid Extract by 
X-Ray Absorption Edge Analysis 


By HARRY A. ROSE and DONALD E. FLICK 


The assay of thyroid extract for iodine content by the X-ray absorption edge tech- 
nique has been investigated. The method has been found to be ap licable to the 
crude, U.S.P. powder, and uncoated Enseals. Excellent precision basgeen found for 
the asaay of crude thyroid extract. It is also shown that because of the nature of the 
method the determination is specific for iodine. The instrumentation used is the 


same as that used for X-ray crystallography by the diatactometer method. 


HE ASSAY of the iodine content of thyroid 
Textract by X-ray absorption edge analysis 
was developed as a possible replacement for the 
chemical asssay for this element. 


The chem.ical assay that is used is prescribed 
by the “Umited States Pharmacopeia.” The 


since the U.S.P. IX of 1916. 
dure has undergone only minor 


Essentially, t is a potassium carbonate fusion to 
liberate the i iodine from the organic matrix. 
After seve h intermediate steps, the determina- 
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tion ends with a sodium thiosulfate titration. 
I t  is about a 4-hour procedure with many oppor- 
tunities for loss of sample. 


X-ray absorption edge analysis has been 
applied in the analysis of molybdenum and zinc 
in hydrocarbons by Barieau (1). A recent review 
of the field has been given by Liebhafsky d ul. 
(2). Because of the completeness of the de- 
scription of the method given by Barieau, only a 
brief description will be given here. 


X-ray absorption edge analysis is a very power- 
ful tool because it is free from matrix effects and 
is specific for the element to be determined. 
This is so because the absorption of X-rays by a 
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the sample containing that e!ement will change at  
that absorption edge. By measuring the amount 
of X-rays transmitted by a sample containing a 
known amount of an element for wavelengths on 
each side of an absorption edge, the amount of 
change of the coefficient p can then be measured. 
Conversely, if the amount of change for the co- 
efficient is known, the measured change in the 
transmission can be used to  evaluate the amount of 
the element present. 


It is important to  realize that the absorption 
edges of the elements occur at shorter wavelengths 
as the atomic number increases. Thus, for a sample 
containing several different elements, only that part 
of the absorption due to  the element to be measured 
will change a t  its absorption edges. 


Barieau (1) has shown that the relationship 
between X-ray intensities on each side of an absorp- 
tion edge and the fraction of the element in question 
in the sample is given by 


2.30310gZ'/Z' = (p'm - I ' m )  I.C% (Eq. 2) 


where Z" and Z' = transmitted X-ray intensities on 
each side of an absorption edge, PI,,, and purn = 
mass absorption coefficients at each side of an 
absorption edge, W = weight fraction of element 
in sample. and G = pt. or mass thickness of the 
sample in Gm. cm.*. 


The term (p',,, - p',,,) is characteristic for an 
element under any conditions. For this assay it was 
evaluated using solutions of potassium iodide. 
Reagent grade potassium iodide from Mallinckrodt 
was used. The test solutions were made up in 
concentrations to cover the range of iodine concen- 
tration expected in thyroid extract. The solutions 
were placed in a cell made of glass tubing with 
Mylar windows. By standardizing the method in 


mm EY 


A 


Fig. 1.-A plot of X ray absorption against wave- 
length. The ordinate shows the mass absorption co- 
efficient which is the absorption from a beam of unit 
cross section by 1 Gm. of sample. 


1.m 7s oa iu 
16 


7.1 72 73 l .W 


Fig. 2.-A graph showing the relation between 
transmitted X-ray intensity (ordinate) in terms of 
counts per second and the angular position of the de- 
tector (abscissa). The absorption edge of iodine is at 
7.6' for the conditions used. 


sample occurs by two mechanisms: (a) X-ray 
photons may be scattered by  the sample; and 
(b) X-ray photons may be absorbed by  using 
their energy to eject electrons from the atoms of 
the sample, that is, by ionizing the atoms. 


The absorption due t o  scattering increases with 
increaqing wavelength of the incident X-ray. 
Also, the absorption increases with increasing 
atomic number leading to the familiar fact that 
lead is a better X-ray shield than aluminum. 


On the other hand, the absorption due to 
ionization is discontinuous with wavelength. 
In a generalized plot of absorption against in- 
creasing wavelength (Fig. I) ,  these discontinuities 
appear as definite, sharp decreases in absorption 
and are termed "absorption edges." The posi- 
tions of the edges can be found in handbooks of 
chemical and physical data. An explanation of 
the physical basis oi this effect including the 
meaning of the terms K, L, and M and the 
numerals can be found in  any modern physics 
book-for example. the excellent text by Setnat 
(3). 


The over-all absorption of X-rays by a substance 
is defined by the equation 


where I = intensity of transmitted beam, lo = 
intensity of incident beam, t = thickness of sample 
(X-ray path length), and p = linear absorption 
coefficient. The linear absorption coefficient of a 
sample containing more than one element is the 
sum of the coefficients of each element times the 
fraction of the sample made up by that element. 


Since the absorption of a given element changes 
at its absorption edge, the absorption coefficient of 


I = Ioe-N (Eq. 1) 


Fig. 3.-Schematic 
arrangement for X-ray 
absorption s t u d i e s .  
The X-ray tube is a t  X, 
the analyzing crystal 
a t  C, the sample a t  S, 
and the detector a t  D. 


Fig. 4.-A photograph of the Norelc ,.p diffractom- 
eter set up for X-ray absorption wor (The ray 
scatter shield has been removed for this ;+hotograph. 
It is normally in place during operation.) 
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TABLE I.-RBSULTS OF REPRODUCIBILITY STUDY 


EXTRACT CRUDE4 
OF X-RAY ABSORPTION EDGE ASSAY OF THYROID 


Sample Deviation from 
No. Result, % Av. 
1 0.79 -0.04 
2 0.79 -0.04 
3 0.82 -0.01 
4 0.84 +0.01 
5 0.87 +0.04 
6 0.84 $0.01 
7 0.84 +0.01 
8 0.82 -0.01 
9 0.82 -0.01 


10 0.82 -0.01 


a Same lot used throughout. 


type ordinarily used to hold the powder sample for 
crystallographic studies. This crystal “analyzes” 
the X-ray beam from the X-ray tube and provides a 
relatively monochromatic X-ray beam of the proper 
wavelength to pass through the sample. The 
sample, to be described below, is a t  S. The radia- 
tion detector is a t  D. In this work a Geiger tube 
was used. While a Geiger tube cannot count as fast 
as scintillation counters or flow counters, it has 
sufficient speed for the work presented here. 


The essential point of the instrumentation is that 
it interferes as little as possible with the crystallo- 
graphic use of the apparatus. The slit system used 
to define the X-ray beam for absorption studies is 
the same as that used for crystallographic work so 
that there is no time lost in changing from one mode 


~~ 


this fashion, the method becomes independent of the 
chemical assay. 


~ i n ~ l l ~ ,  a equation for per cent iodine in 
thyroid extract can be derived from (2): 


Of Operation to the Other. 
The samples used in this work were disks of 


thyroid extract made by pressing the powder in a 
0.75-in. die at about 10,OOO p.s.i. The disks were 
weighed to determine the weight of sample. It was 
found that a 6-Gm. sample was adequate for the 
crude material; a 16Gm. sample was used for the 
U.S.P. powder. Fortunately, neither preparation 
sves  much trouble by sticking to the Bemuse 
the samples used for determination of the crude 
were much smaller than those used for the U.S.P. 
powder, it was advisable to reduce the over-all 
transmitted intensity by placing a block of Lucite 
in the beam while -ing samples of This 
does not change the absorption due to the iodine 
content of the sample. 


The radiation counting was done on a fixed count 
basis. At wavelengths shorter than the absorption 
edge 32,iJOO cowts were taken for each point, while 
a t  longer wavelengths 84,000 counts were taken. 


log ”’” 
wt. sample 24.8 (Eq. 3, 


The full derivation Of this equation is given in 
the paper by Barieau (1). The constant term 24.8 


the d m  - C’n term, a factor to convert 
logarithms from the natural base to the base 10, 
and a factor to convert to per cent of iodine. 


The measurement of 1’ and 1’ cannot be made 
duecay a t  the absorption edge. to 
measure intensities at some distance from the edge 
and extrapolate to the edge. This leads to a graph 
as shown in Fig. 2. In Fig. 2 the intensity Of the 
x-rays is meQSuTed in counts Per second (c/s) with 
a Geiger counter. The distance from the absorption 
edge is measured in degrees 28 which is related to 
the wavelength of the X-rays by the familiar Bragg 
equation used in X-ray *action work. 


The X-ray absorption edge assay has a peculiar 
advantage over other types of instrumental assays INSTRUMENTATION 


A Norelco X-ray diflractometer with a standard because it can be set up based on standards not of 
copper target X-ray tube was used for this work. the substance itself but on elemental standards. 
The X-ray generator was operated a t  45 kv. and That is, for the assay of iodine it would be possible 
20 ma. This method requires the use of the “white to evaluate the (k‘,,, - p’,,,) term of Eq. 2 not on 
radiation” which all X-ray tubes emit along with thyroid extract itself but on elemental iodine. In 
their characteristic radiation. A schematic diagram this work potassium iodide solutions were chosen for 
of the apparatus is given in Fig. 3. A photograph ease of handling. Because of this choice. the assay 
of the apparatus is shown in Fig. 4. The X-ray results of the X-ray absorption technique are in- 
tube is at X. The diffracting crystal is a t  C. For dependent of any systematic m o r  which may be 
this work a crystal of sodium chloride taken from a present in the chemical assay and which would be 
broken infrared absorption cell was used. The included if the X-ray absorption method had been 
crystal was trimmed so that it fit in a holder of the based on a standard thyroid extract sample. 


TABLE II.-COMPARATIVE RESULTS OF X-RAY ABSORPTION EDGE ASSAY AND CHEMICAL ASSAY 


Lot No. Product Type Chemical X-Ray 


%Iodine = 


I t  is 


RESULTS 


OF THYROID EXTRACT 


761476 Crude O.=% 
761478 Crude 0.68% 
776673 Enseal 0.0728 mg. iodine/Enseal 0.0739 mg. iodine/Enseal 
771318 U.S.P. powder 0.2470 
771320 U.S.P. powder 0.24% 


767265 Crude 0.705% 0 . 7 2 0 g  
773301 Crude 0.825% 0.8457 
778288-1 U.S.P. powder 0.203% 0.205% 
778288-3 U.S.P. powder 0.209% 0.187% 
778288-4 U.S.P. powder 0.2067 0.2067 
778288-6 U.S.P. powder 0.207% 0.217% 
773302 Crude 0.859% 0.890% 


763648 U.S.P. powder 0.19% 0 . 1 8 7  
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The X-ray method requires, in our hands, about 
1 hour. This allows about 0.5 hour for measure- 
ments and 0.5 hour for preparation and calculations. 


I t  is important to realize that the method may be 
applied to other elements. Using the relatively 
simple apparatus described here, elements having an 
absorption edge in the region from about 0.3 A. to 
about 2.0 A., that is, from cerium to manganese in 
atomic number can be determined. With a more 
complicated apparatus. the list of elements can be 
expanded. 


REFERENCES 


Table I shows the precision of this assay method. 
The indicated 12 standard deviation calculated 
from these data is f0.025. This amounts to about 
*3y0 of the amount present. 


Table I1 shows a comparison between the U.S.P. 
chemical assay and the X-ray absorption edge 
method. The X-ray values are all single assays, 
the chemical assays are the final resul . reported by 
the Lilly control division and are averages of several 
assays. 


CONCLUSION 


The X-ray absorption edge assay is a useful 
method. In the case of the iodine control of thyroid 
extract the values obtained by X-ray are comparable 
to those obtained by the chemical method. 
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Kinetics and Mechanism of Isomerization and 
Hydrolysis of 4,6-Diamino-l-( 3,5)-dichlorophenyl- 


1,2-di hydro-2,2-dimethyl-l, 3,5 -triazine 
in Dilute Aqueous Solution 


By D. H. SZULCZEWSKI, C. M. SHEARER, and A. J. AGUIAR 


Rate measurements, concurrent with reaction product identification, indicate that 
there are three routes by which inactivation of the title compound can occur: 
(a) unimolecular isomerization of free triazine; (b) unimolecular isomerization of 
protonated triazine; (c) acid catalyzed hydrolysis of protonated triazine. The  rela- 
tive importance of these reactions on drug decomposition for various p H  values is 
determined. Likewise, rate studies a t  critical pH values and several elevated tem- 
peratures enable accurate estimation of rate of degradation at  any tem erature. 
Equations are derived relating specific rate to both pH and tem erature. dentifica- 
tion of reaction products by means of thin-layer chromatograpty shows that besides 
the 6-dichloroanilino isomer and 3,5-dichlorophenyl-biguanide hydrolysis roduct, 
N-3,5-dichlorophenyl-N’-guanylurea is formed as a secondary product of Xegrada- 


tion. 


N RECENT YEARS a variety of substituted I dihydrotriazines has been reported in several 
areas of chemotherapeutic research ( 1  -3). Al- 
though many dihydrotriazines have been pre- 
pared and screened, there is little information 
available concerning their stability in aqueous 
systems. Likewise, information concerning the 
likely route and rate of degradation is meager. 


In a communication by Carrington et al. (3) 
concerned with isolation, identification, and 
synthesis of the active metabolite of chloryanide 
hydrochloride,‘ isomerization and hydrolysis of 
I-phenyl-dihydrotriazines to nonactive products 
was noted. This suggests that  loss of chemo- 
therapeutic activity is possible and that  relative 
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rates of destruction need to be known to deter- 
mine the feasibility of liquid formulations having 
a suitable shelf life. 


The  following study, concerned with the 
kinetics of isomerization and hydrolysis of 4,6- 
diamino - I - (3,5) - dichlorophenyl - 1,2 - dihydro- 
2.2 - dimethyl - 1,3.5 - triazine*(I) in aqueous 
buffered solution, was camed out to determine 
these rates and to determine the chemistry of the 
degradative process. 


RESULTS AND DISCUSSION 
Order and Nature of Degradative Process.- 


Representative data obtained on the rate of degrada- 
tion of 1 in aqueous buffered solution a t  45’ is 
shown in Fig. 1. This, together with studies a t  
other temperatures, indicates that in aqueous 
buffered solution the decomposition of I is first 
order with respect to I over a broad pH range. 


The rate of degradation was not influenced by 
changes in concentration of buffer (Table I). Like- 
wise, the observed rate remained constant in 


* Parke, Davis ABT-IS, 251. 
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unexpected characteristic for furans. The procedure 
for t h e  isolation of the neutral oxalates was patterned 
after that of Adamson (16). 


SUMMARY 


A total of 31 ?-amino tertiary alcohols which are to 
be screened for possible pharmacodynamic or chemo- 
therapeutic activity is presented. I t  is anticipated 
that further modifications of these structures and 
detailed pharmacological reports will be presented in 
later publications. 
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Antibiotic Therapy of Experimental Leptospiral 
~ 


Infection in Chick Embryos I1 
Comparison of the Action of Demethylchlortetracycline and 


Three Other Tetracyclines With and Without 
Ascorbic Acid on Leptospira icterohaemorrhagiae 


By S. F. QUAN*, M. I. GOLDENBERG, and C. W. ABBOTT 


Saline and antibiotic solutions, with and without ascorbic acid, were injected into 
7-day-old chick embryos inoculated with L tospira ictmbaemorrbagiac 1 day after 


observed for rolongation of life and for survival rates over a period of 12 to 14 
days. Demet%ylchlortetracycline was about twice as active as tetracycline and oxy- 
tetracycline and about 10 times as active as chlortetracycline. Ascorbic acid alone 
did not influence the course of the infection and did not affect their therapeutic activ- 


ity when given with antibiotics. 


infection. All inoculations were made into t eg e yolk sac. The treated embryos were 


EMETHYLCHLORTETRACYCLINE (DMCT) , a 
recently introduced commercial antibiotic, 


is reported to have advantages over the older 
tetracycline antibiotics with respect to chemical 
stability, antibacterial activity, and efficiency of 
maintaining an effective serum level (14 ) .  


The chemical structure of DMCT is identical 
to that of chlortetracycline with the absence of a 
. _ _  
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methyl group in the 6 position of the tetracycline 
molecule. While DMCT has not been reported 
to have been tested in the chemotherapy of lepto- 
spirosis, chlortetracycline (CT) , oxytetracycline 
(OT). and tetracycline (TC) have been effective 
against experimental leptospiral infections in 
chick embryos, hamsters, guinea pigs, dogs, and 
cattle (5-10). Furthermore, Howarth (11) was 
successful in clearing swine carriers of Leptospira 
purnona with CT and OT, while Stoenner and his 
associates (12) eliminated L. ballum from a 
naturally infected colony of mice using CT. 
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Also, CT and OT have been used with success 
against leptospkosesin man (10, 13). 


In  our previous study (14) we found the activi- 
ties of OT and TC about the same, but  many 
times more active than CT. This finding was 
similar to that of Kiser, e6 al. (l5), who reported 
TC more active than CT against L. icterohaemor- 
rhagiae and L. pomona in chick embryos. How- 
ever, in both of these studies the more active 
tetracycline antibiotics were administered in a 
solution containing ascorbic acid as a buffer, 
while the solutions of C T  were given without 
buffer. It was not known whether ascorbic acid 
has an effect on the infection or the therapeutic 
quality of the drugs. 


This report is concerned with (a) the effect 
of ascorbic add on chick embryos inoculated 
with a suspension of L. ickrohaemorrhagk, (b) 
the efficacy of DMCT in solutions with and 
without ascorbic acid, and (c) a comparison 
of DMCT with CT,  OT, and TC in dosage 
ranges capable of producing a significant pro- 
longation of mean life and protecting 50% 
of the infected chick embryos. 


MATERIALS AND METHODS 


Ascorbic Acid.-Commercial packages of T C  are 
available in vials containing 100 mg. of tetracycline 
hydrochloride with 250 mg. of ascorbic acid, 250 mg. 
T C  HCl with 750 mg. ascorbic acid, and 500 mg. 
T C  HCI with 1.5 Gm. of ascorbic acid. In this study 
ascorbic acid was given in the amount of 3 mg. for 
each milligram of tetracycline antibiotic per egg. 
When ascorbic acid was given alone, 4 mg. per egg 
was used. The latter solution was prepared from a 
200 pm. stock solution which contained 1.76 Gm. of 
ascorbic acid, ACS grade, in 50 ml. of distilled water. 
The pH of this solution was 2.5. It was sterilized 
by filtration, stored in air-tight vials in the refriger- 
ator, and used during a period of 2 months with good 
results. For use, 4.0 ml. of the stock solution was 
partly neutralized with 0.35 ml. of 2 N NaOH 
and diluted with 2.7 ml. of sterile physiological 
saline. Each embryo was given 0.2 ml. of this 
solution as the control treatment with ascorbic 
acid. 


Infection.-The infectious agent, the test animals, 
and the methods of infecting and treating the em- 
bryos have been described in detail in a previous 
paper (14). Briefly, the method used to infect the 
eggs was as follows. A fresh culture of L. ictero- 
kemorrhhagiue, strain LT-331, was transplanted 
from Fletcher’s to  Stuart’s medium and grown for 
7 days a t  28*, then diluted 1-10 with 1% peptone 
water for infecting eggs. Fertile White Leghorn 
eggs were purchased unincubated from a commercial 
hatchery. On arrival they were incubated for 7 
days, then candled before they were inoculated in 
the yolk sac with 0.2 ml. of spirochetal suspension. 
On the following day the infected embryos were 
candled, randomized, and then treated. The 
treated eggs were incubated upright, and candled 
daily for the next 12-14 days to check their viability. 
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Antibiotics.-Sterile powders of the hydrochloride 
salts of the antibiotics were used in this study. The 
powders were kept free of maisture in the refrigera- 
tor. For each test, fresh solutions were prepared 
using sterile physiological saline. 


Antibiotic solutions containing ascorbic acid were 
prepared by adding appropriate volumes of the 
ascorbic acid stock solution to weighed samples of 
the antibiotic, so that for each milligram of anti- 
biotic hydrochloride there was 3 mg. of ascorbic 
acid. 


Treatment of infected embryos was effected by 
inoculating 0.2 ml. of the appropriate dilutions of 
antibiotics, with or without ascorbic acid, into the 
yolk sac on the day following infection. Each 
embryo was treated only once. 


Analysis of Reeults.-All of the results were 
analyzed on the basis of the mean life of groups of 
animals. For purposes of calculating mean life in 
groups having survivors a t  the end of the observa- 
tion period (14 days), surviving animals were con- 
sidered dead on the 18th day. Also, because deaths 
occumng before the 5th day have been shown to be 
due to  trauma rather than leptospiral infection, 
survival measurements were based on the number 
of viable infected embryos observed on the 4th day. 
Additionally. the survival times of various treat- 
ment groups were analyzed for time-per cent effect 
by the method of Litchfield (16), and for dose-survi- 
Val effects by the method of Litchfield and Wilcoxon 
(17). By the latter method, the survival percentages 
were based on numbers surviving on the 12th day, as 
we have found previously that deaths became irreg- 
ular again beginning on the 12th day. These 
methods of analysis are identical to those used in our 
previous paper (14). 


The statistical analysis of the effect of ascorbic 
acid was made on pairs of parameters in which one 
member of the pair was given ascorbic acid and the 
other was not. Differences in mean life were con- 
sidered significant a t  the 5% level using the Student 
1 test. Differences of the ETw’s and of the slope 
functions were compared, again by the methods of 
Litchfield, and Litchfield and Wilcoxon (16, 17). 


RESULTS 
The results of treatments. with and withoiit 


ascorbic acid, in 12 pairs of infected groups of 
embryos are shown in Table I. Four of the pairs 
were treatment controls in which the infected ani- 
mals were treated with saline or a saline solution of 
ascorbic acid; the other eight pairs were treated 
with solutions of antibiotics with or without ascorbic 
acid. 


Analysis of the average life of the controls, as 
separate pairs or as a total without regard to  ascorbic 
acid, showed that ascorbic acid had no influence on 
the average life of the embryos inoculated with 
leptospires. The average life of the saline-treated 
controls was 6.55 days; of ascorbic acid-treated, 
6.38 days; of all controls taken together, 6.46 days. 
There is no significant difference among these 
averages even a t  the 1% level. Furthermore, they 
do not differ significantly from a mean life of 6.44 
days, the average of 25 similar tests conducted over 
a 3-year period reported previously (14). 


The slope functions of the time-per cent effect 
curves of the control pairs were tested for parallelism 
by calculating their ratios (16). The slope function 
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TABLE I.-EFFECT OF ASCORBIC ACID ON ANTIBIOTIC THERAPY OF CHICK EMRRYOS EXPERIMENTALLY 
INFECTED WITH L. icterohaemorthagiae 


- Survival 
No. Without Ascorbic Acid-  -With Ascorbic Acid- 


Test D o d E g g  Eggs Mean Mean 
Date Antibiotic Nm. mg. Each Life ET, 9 Life ETM So 2 ; f b  
2-33 
3-16 
4-6 
4-2; 
4-27 
4-27 
4 -6 
4-6 
3-16 
3-  16 
2-23 
9-23 


Control . . .  . . .  20 6.6 6.1 1.11 6.1 5.5 1.16 + 
(saline ) . . .  . . .  20 6 2 5.8 1.21 6.4 6 .2  1.17 0 


. . .  . . .  18 6 . 5  8.0 1.08 6 .4  6 .1  1.15 0 


. . .  . . .  18 6.9 6.1 1.15 6.6 6.2 1 16 0 
Dernethylchlor- 0.05 0.03 11 8.2 7.7 1.15 7.3 7 0 1.18 0 


tetracycline 0 . 5  0 . 3  14 14.4 15.6 1.64 14.8 14 4 1.35 0 
Oxytetracycline 0.2 0.09 18 11.6 10.5 1.43 11.4 11.8 1.36 0 


1.0 0.5 18 14.8 15.0 1.45 14.2 15.0 1.60 0 
Tetracycline 0.2 0.08 14 10.8 10.5 1.48 12.0 11.6 1.27 0 


1.0 0 . 5  14 13.5 13.5 1.60 14.2 14.9 1.27 0 
Chlortetra- 1.0 0 . 5  19 10.0 8 . 7  1.22 10.2 9 . 8  1.16 0 


cycline 2.5 1.3 19 13.6 14.6 1.47 14.2 14.6 1.30 0 
_- 


a S = Slope function (an equivalent of the standard deviation). b Significant difference at 5% level; 0 = none of three 
parameters. + = of ETm. 


ratios showed that these curves were all parallel 
within experimental error, and therefore not dif- 
ferent from one another. The ETM’s were compared 
hy computing the reaction time ratio, i .e . ,  the ratio 
of the ET,,,’s. In these comparisons of the four 
control pairs, only one pair showed a significant dif- 
ference. This difference was found only in the test 
of 2-23, the first test of this series. The compara- 
tive test used is especially sensitive to the accumula- 
tion of daily effects. When the 2-23 control pair 
was analyzed by a t test comparing the daily dif- 
ferences, these paired results were also significantly 
different. As these four pairs of controls were 
analyzed for differences by three parameters, 12 
comparisons were made. Since the addition of 
ascorbic acid gave no other significant difference, 
the single exception in 12 observations was given 
little weight in the over-all evaluation of the action 
of ascorbic acid on the infection. The average life 
of none of these control pairs, as already indicated 
above, was significantly different. 


Among the antibiotic-treated embryos, the dif- 
ferences in mean life of embryos with and without 
ascorbic acid varied from 0.2 days for the pair 
treated with 1.0 pm. CT to 1.2 days for the pair 
treated with 0.2 pm. TC. The difference between 
the ETa’s of these pairs varied from zero days for 
2.5 pm. CT and 1.0 pm. OT to 1.4 days for 1.0 
pm. TC. The difference between the slope func- 


tions varied from 0.03 for the 0.05 pm. DMCT pair 
to 0.33 for the 1.0 pm. T C  pair. The differences in 
this function were less among groups of animals 
treated with smaller dosages of each of the anti- 
biotics (where less than 15% of the embryos sur- 
vived the observation period of 14 days) than among 
those groups treated with larger doses (where about 
50% of the embryos survived for 14 days). The 
range of the differences for the former groups varied 
from 0.03 for 0.5 pm. DMCT to 0.21 for 0.2 pm. 
TC, and for the latter groups, from 0.15 for 1.0 pm. 
OT to 0.33 for 1.0 pm. TC. The wide range of 
these parameters showed that the experimental 
error in these drug treatments was large. Neverthe- 
less, within experimental error, statistical analyses 
showed that ascorbic acid did not have an effect on 
the therapeutic action of the drugs. 


Table I1 shows the chemotherapeutic effect of 
various dosages of DMCT in chick embryos inocu- 
lated with leptospires, without regard to the effect 
of ascorbic acid. DMCT given in a dose of 0.05 
pm. prolonged the average life of the embryos by 1.5 
days and extended the ETm by 1.6 days. The 
baseline for comparing prolongation of life was 
established in our previous studies a t  from 3 to 5 
days. In the present study, this level of prolonga- 
tion of life was found a t  a dosage of 0.1 pm, of DMCT. 
With increasing dosages of this drug, not only was 
there an increase in life, but also the number and 


TABLE I I.-EFFECT OF TETRACYCLINE ANTIBIOTICS ON THE SURVIVAL OF CHICK EMBRYOS INOCULATED WITH 
L .  icterohueinorrhagiac 


-- Survival-- Prolonged Life 


Compd. pm. mg. Tests 1 4 8 9 12 13 14 Days ETM S Days ETn 
Denietliyl- 1 . 0  0 .6  1 13 10 10 10 9 9 5 15.7 . . .  ... 9.8 ... 


chlortetra- 0 . 5  0.3 3 37 29 25 24 20 16 14 14.0 . . . . . . 7 6 . . . 


-Doae/Egg- No. 7- Survivors on Day-- Mean Mean 


cycline 


Controls 
Tetracycline 


Controls 
Oxytetra- 


cycline 
Controls 
Chlortetra- 


cycline 
Controls 


0.25 0.15 3 41 36 32 31 27 19 13 13.9 16 0 1.68 7.5 10.2 
0 . 2  0.12 1 14 13 11 11 9 6 4 13.6 13.2 1.41 7.2 7.4 
I) 1 0.06 5 63 44 35 28 9 5 0 10.3 10.1 1.34 3.9 5.3 
0.05 0.03 3 39 33 9 1 0 0 0 7.9 7 .4  1.13 1.5 1 .6  


8 153 124 1 0 0 0 0 6.4 5 .8  1.11 0 0 
1 0  0.5 2 28 20 19 17 15 I1  6 13.9 14.1 1.48 7.6 8 . 1  ~~ 


0.2 0.09 2 28 25 20 20 10 6 1 11.4 10.9 1.39 5.1 4 .9  
. . .  . . .  2 40 30 0 0 0 0 0 8 .3  6.0 1.22 0 0 


1 .0  0.5 2 36 30 28 26 21 15 15 14.5 15.0 1.51 8 . 1  9 .0  
0.2 0.09 2 36 31 28 26 10 3 2 11.2 11.8 1 39 4.8 5 .8  
. . .  . . .  2 36 27 0 0 0 0 0 6.4 6 .0  1.14 0 0 


2 5 1.3 2 38 28 27 27 21 16 7 13.9 14.6 1.40 8.1 8.9 
1 .0  0 . 5  2 38 33 28 18 3 2 2 10.2 9.4 1.26 4.4 3.5 
. . .  . . .  3 41 34 0 0 0 0 0 5 8  5 . 7 1 1 6  0 0 







Vol. 53, No.  5, M a y  1964 527 
r .  1 


I .  1 
o m  0 ,  O l O I  9, 1 0  .. 


pY. OF ANTIBIOTIC PER CHICK EMBRYO 


Fig. 1.-Dose-survival rates of chick embryos ex- 
perimentally infected with L. uterohaemorrhugiae 
and treated with tetracyclines. 


percentage of survivors were increased. A t  the 
1.O-pm. per egg dose, 10 of the embryos survived 4 
days; of these nine survived 12 days. 


Also given in Table I1 are survival data for em- 
bryos treated with three other tetracyclines in doses 
which can be used to compare them with DMCT. 
At a dose of 0.2 pm. per egg, the prolongation of 
mean life and extension of the ETm for DMCT were 
7.2 and 7.4 days, respectively; for TC, 5.1 and 4.9 
days, and for OT, 4.8 and 5.8days. A t  1.0pm. the 
prolongation of mean life for DMCT, OT, and T C  
was 9.3, 8.1, and 7.6 days, respectively. The 
weakest activity was shown by CT. Chemo- 
therapeutic activity by the other three antibiotics 
at levels of 0.2 pm. and 1.0 pm. was approximated by 
CT a t  dosages of 1.0 pm. and 2.5 pm., respectively. 
These data indicate that DMCT was slightly more 
active than OT and T C  and several times more 
active than CT against L. ictcrohuemorrhagiae in 
chick embryos. 


Figure 1 shows the percentages of embryos surviv- 
ing on the 12th day after infection in relation to the 
dose of DMCT. For various reawns already dis- 
cussed in the first paper of this series, the dose- 
survival effect data in these tests were heterogeneous. 
The dose-effect line is drawn by inspection in terms 
of best fit. Accordingly, the EDw for DMCT is 
about 0.25 pm. On the other hand, only two doses 
of the 0 t h  tetracyclines were studied. The dose- 
effect lines for these antibiotics were drawn through 
the two points marking the survival rates of the 
doses on the 12th day. These lines indicate EDw’s 
of 0.30, 0.40, and 1.9 prn. for TC, OT, and CT, 
respectively. These lines and the EDw’s show that 
DMCT was slightly more active than T C  and OT, 
and all three were more active than CT by five to  
eightfold. 


DISCUSSION AND CONCLUSIONS 


Ascorbic acid given in 4-mg. quantities, or about 
23 pm. per egg, had no apparent influence on the 
survival of chick embryos inoculated with L. 
klerohaemorrhagiae. In addition, the therapeutic 
action of the antibiotics DMCT, CT, OT, or TC 
was not affected by the incorporation of 3 mg. of 
ascorbic acid for each milligram of antibiotic used. 
The preparation of solutions of tetracyclines was 
facilitated by the addition of ascorbic acid. These 
observations conform to the known properties of 
ascorbic acid, which is primarily a vitamin and is 
often used as a b d e r  and an antioxidant. 


Although the dose-effect curves of TC, CT, and 
OT were drawn from just two points for each drug 
in this study. the activities found are in good agree- 
ment with those reported previously for these drugs 
when they were studied in many dosages over a 
wide range of levels (14). In that study none of the 
embryos survived after treatment with 0.1 pm. of 
OT or TC; the EDm of these two compounds was 
0.35 pm. In the present study (Fig. 1) the curves 
for OT and T C  predicted the survival of 20 and 25% 
of the embryos at a dose of 0.1 pm. and EDm’s of 0.3 
and 0.4 pm., respectively. When the results of 
past and present studies are considered together, the 
activities of OT and T C  may be interpreted as the 
same, and one line can be drawn to represent their 
dose-effect. This line should be drawn through an 
EDw of 0.35 pm. and parallel to the line of DMCT 
to reflect little or no survival a t  the 0.1-pm. dose. 
Similarly, the line for CT should be redrawn to en- 
compass the previous findings. For the new CT 
line, the slope would again be that of the DMCT 
line, with the EDw at about 3.0 pm. Drawing all 
of these dose-effect curves with the same slope as 
that of DMCT infers that all of these compounds 
act by the same mechanism. 


Although there is yet no proof that the chemo- 
therapeutic activity of these drugs is based on a 
common mechanism, the following factors make this 
thesis reasonable. (a )  The same chemical structure, 
that of tetracycline, is basic for each of these drugs. 
( b )  Sweeney, et al. (2), found DMCT and CT to have 
the same antibacterial activity, while other investi- 
gators found only minor differences between these 
tetracyclines (4, 18). ( c )  Eidus, et al. (19), found 
the distribution of all of these compounds to be 
similar in mouse organs. (d) The in viuo action of 
OT and CT on experimental leptospirosis in hamsters 
was similar, with but minor differences (7, 20). In 
chick embryos, we have observed in this study the 
action of DMCT, OT, and T C  to be similar and, in 
the previous study, the similarity of the actions of 
OT and T C  (14). 


On the other hand, differences in the activity of 
the various tetracycline analogs have been reported, 
although in some cases the differences were minor. 
These differences in activity are expected, and may 
be due to  the various chemical constituents present 
or absent on the basic tetracycline structure. In 
DMCT the presence of the chloro substituent may 
give the compound greater activity, and the absence 
of the methyl group may stabilize the molecule. 
Thus, DMCT has been reported as the most active 
and most stable of the tetracyclines, whereas CT 
has been the least stable. 


The descending order of biological activity most 
often listed for these compounds is: DMCT, OT, 
TC, and CT. As stated above, some of these dif- 
ferences were minor both in d r o  and i n  vivo. In 
studies where stability may not have been a factor, 
the activity of CT was equal to  or better than that 
of DMCT. Sweeney, et al. (2). found this equality 
of action in their antibacterial studies, while Kunin, 
et al. (3), reported similarities in renal clearance and 
serum binding. Eidus and his associates (19) ob- 
served both orders of activity. These investigators 
reported that the in Gfro antibacterial spectrum and 
effectiveness of DMCT and CT resembled one an- 
other. In a prophylactic protection test against 
intraperitoneal challenge of DipLococcus pneumonia, 
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former investigators to re-examine the relative merits 
of these two antibiotics. The additional studies 
not only confirmed some of the advantages of 
DMCT, but also provided a better understanding 
of how these drugs may best be used (24,25). 


From the clinical and experimental reports 
discussed here, DMCT appears to be a superior 
tetracycline analog. Being a new drug, how- 
ever, its real value cannot be determined with- 
out the cumulative data concerning possible side 
effects (2G) .  
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CT was slightly more effective than DMCT, and 
each was significantly more effective than OT, TC, 
and N-pyrrolidino-methyl-tetracycline. However, 
in their study with tubercle bacilli they rated 
DMCT four times as active as OT and 16 times as 
active as CT. These latter results approximate 
those of the present study; UMCT was about two 
times as active as OT and 10 times as active as 
CT. 


From the above i t  is clear that the observed 
activity of DMCT does not only depend upon the 
chemical structure of the compound alone, but also 
on the pharmacodynamics of the compound as well 
as the experimental procedures. Again referring to 
the report of Eidus and his co-workers (19), it  is 
noted that their results in in vilra and in viva tests 
with Diplococcus were clearly supported by their 
finding that DMCT and CT were retained longer 
and in higher concentrations than OT, TC, and AV- 
pyrrolidino-methyl-tetracycline. In addition, sup- 
porting evidence for the retention of DMCT and 
CT is given in the studies of renal clearance, urinary 
excretion, and protein-binding by Kunin, et al. (3), 
and Sweeney, el al. (2). 


On the other hand, the results of Eidus’ group with 
tubercle bacilli, and our results here with leptospires 
in chick embryos, are better aligned with half-life 
measurements of the tetracyclines in serum. Kunin 
and his associates (3) found DMCT to have the 
longest half-life in human serum, CT the shortest, 
with T C  and OT intermediate. Serum half-life, 
however, has limited meaning. Many investigators 
have pointed to differences in tissue and serum 
concentrations (3, 19. 21). Both Kunin, el al. (3.L 
and Eidus, et al. (19), reported the tendency of 
these drugs to sequestrate in body compartments, 
notably the liver; and Kuemmerle and Contzen 
(21 ) found high concentrations in tissues involved in 
inflammatory processes. Thus, when speaking of 
the action of these drugs, the activity and stability 
of the over-all process must be considered. 


Some clinical studies reported DMCT in 150-mg. 
doses to have advantages over T C  in 250-mg. doses 
(2, 22). A t  variance with these reports, however, 
are the observations of Roberts and his associates 
(23). This disagreement challenged some of the 
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Notes- 


Comparative Neurotoxicity and Antipentylenetetrazol 
Activity of Some Piperidinediones 
By GREGORY B. FINK and MONT R. JUCHAU 


A new pi ridinedione, DAPD, has been compared with four other piperidine- 
diones-g#%thimide, amino-glurechi,mide, methyprylon, and bemegride-and 
also phenobarbital. With two techmques that measured neurotoxicity and pen- 
t lenetetrazol seizure threshold, the onset, peak, and duration of activity of each 
& u ~  was plotted. DAPD and glutethimide reached peak activity by  5 minutes and 
exhibited the same neurotoxicity. DAPD had the shortest duration of action and 
produced the least increase in seizure threshold of the piperidinediones studied. 
Amino-glutethimide resembled phenobarbital with a slow onset but a long dura- 
tion of activity. Methyprylon and bemegride reached peak activity by 2.5 minutes; 
the former increased selzure threshold, whereas the latter was the only agent to de- 
crease seizure threshold. Bemegride was the most toxic drug and amino-glutethi- 


mide the least toxic. 


EVEIUL USEFUL therapeutic agents have been S found in the piperidmedione series. Glutethi- 
mideland methyprylon' are sedatives and hypnotics, 
amino-glutethimidea is an anticonvulsant, and 
bemegride' is an analeptic. Our interest m these 
compounds was prompted by the synthesis of a new 
piperidinedione (I), 3 4  N,N-diethylamino)-3-phenyl- 
2,6-piperidinedione, hereafter called DAPD. To 
compare the pharmacology of DAPD with that of 
closely related agents, a comprehensive comparative 
pharmacologic study of several piperidinediones has 
been initiated in our laboratories. This report deals 
with the onset and duration of activity, the neuro- 
toxicity, and the antipentylenetetraml activity of 
DAPD, four piperidinediones. and one barbiturate. 
The structural formulas of the agents investigated 
are shown in Fig. 1. 


METHODS 
The experimental animals were adult male albino 


mice (CF No. 1) obtained from the Carworth Farms. 
The drugs investigated (listed in Fig. 1) were given 
by the oral route as suspensions in 1% methylcell- 
dose solution. Activity-duration curves were deter- 
mined for each drug by two techniques that measured 
neurotoxicity and pentylenetetrazol seizure thresh- 
old. The neurotoxicity test was based on muscular 
incoordination; mice that could not remain for 1 min- 
ute on a horizontal rod (diameter, 2.6 em.) rotating 
at  6 r.p.m. were considered toxic. The mice were 
tested for neurotoxicity at 2.5, 5, 7.5, 10, 15, 20, 30, 
46,60,90, and 120 minutes and thereafter a t  hourly 
intervals until no mice were toxic. Groups of six 
to 12 mice were given various doses of the  drugs until 
at least three points were established in the range -- 
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Fig. l.-Structures of the compounds investigated. 
Glutethimide (3-ethyl-3-phenyl-2,6-piperidinedione), 
DAPD [3-( N,N-diethylamino)-3-phenyI-2,6-pipe.f- 
idinedione], amino - glutethimide (3 - ethyl - 3 - ( p -  
aminophenyl)-2,6-piperidinedione), phenobarbital 
(Sethyl - 5 - phenyl - barbituric acid), methyprylon 
(3,3 - diethyl - 5 - methyl - 2,4 - piperidinedione), 
and bemegride (4-ethyl-4-methyl-2,6-piperidine- 
dione). 


between 0 and 100% neurotoxkity at the indicated 
time intervals. The dose of each drug required to 
produce toxicity in 50% of mice (TDw) at the in- 
dicated times were determined and 95% confidence 
limits calculated by the method of Litchfield and 
Wilcoxon (2). The second technique measured 
seizure threshold. Pentylenetetrazol' was used as 
the convulsant stimulus; seizure threshold was 
measured by the intravenous infusion technique of 
Orloff, et al. (3). as modified by MacQuarrie and 
Fingl (4). The mice were randomly divided into 
groups of ten or more and given equivalent doses 
(l/* of the TDw) of the drugs to be tested, except 
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Fig. 2.--Neurotoxicity (TDso) of some piperidinediones and their effect on intravenous pentylene- 
tetrazol seizure threshold (PST) in mice. The vertical bracketed lines represent 95% confidence 
limits. Solid symbols at a PST ratio (mean threshold of drug-treated mice/mean threshold of control 
mice) indicate a significant change ( f i  < 0.05) from 1.0, normal threshold. The PST ratios were de- 
termined at  the indicated times after oral administration of 40 mg./Kg. of glutethimide, DAPD, and 
methylprylon, and after 20 mg./Kg. of bemegride. 
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Fig. 3.-Neurotoxicity (TDm) of amitio-glute- 
thimide and phenobarbital and their effect on 
intravenous pentylenetetrazol seizure threshold 
(PST) in mice. The vertical bracketed lines rep- 
resent 957, confidence limits. Solid symbols a t  a 
PST ratio (mean threshold of drug-treated mice/ 
mean threshold of control mice) indicate a signi- 
ficant change ( p  < 0.05) from 1.0, the normal 
threshold. The PST ratios were determined at the 
indicated tiines after oral administration of 90 
mg./Kg. of amino-glutethimide and 30 mg./Kg. 
of phenobarbital. 
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selected times after oral drug administration seizure 
thresholds were determined and the results expressed 
as threshold ratios (mean threshold of drug-treated 
group/mean threshold of concurrently tested control 
group). 
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RESULTS 


The onset of action, time of peak activity, and 
duration of activity of the six drugs investigated are 
illustrated in Figs. 2 and 3. Glutethimide reached 
peak toxicity within 5 minutes, maintained this 
activity about 1 hour, then toxicity began to  wane. 
The pentylenetetrazol seizure threshold (PST) ratio 
was 1.84 at 5 minutes, 1.88 at 80 minutes, but not 
significantly different from 1.0 at 3 hours. DAPD, 
in a similar manner, reached peak toxicity within 5 
minutes, but toxicity was decreasing within 15 
minutes. PST ratios were 1.05 at 2.5 minutes, 1.29 
at 5 minutes, 1.31 at 10 minutes, 1.22 at 20 minutes, 
and 0.99 a t  60 minutes. The peak activity of 
methyprylon. however, was reached by 2.5 minutes, 
but was waning by 30 minutes. PST ratios were 
1.48 a t  2.5 minutes, 1.47 at 20 minutes, but not signi- 
ficantly different from 1.0 at 90 minutes. Bemegride 
also reached peak activity by 2.5 minutes. This was 
the only compound which significantly lowered PST 
ratios to  less than 1.0. It was difficult to delineate 
the complete toxicity curve of bemegride since its 
TDm (40 mg./Kg.) approached the dose that was 
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lethal for 50% of the mice (80 mg./Kg.). Amino- 
glutethimide and phenobarbital took longer to 
reach peak activity-approximately 30 minutes. 
Both drugs exhibited antipentylenetetrazol activity 
before toxicity was evident. Although both drugs 
exhibited little neurotoxicity after 12 hours, they 
still exhibited significant PST ratios. 


The peak TD& in mg./Kg. (with 95% confidence 
limits) of the six agents arranged in ascending order 
were: bemegride 40 (36-45). phenobarbital 60 (50- 
72). glutethimide 74 (67-81), methyprylon 77 (67- 
88), DAPD 80 (72-89). and amino-glutethimide 175 
(164-187). The maximum PST ratios of the com- 
pounds in ascending order were: DAPD, 1.31 ; methy- 
prylon, 1.49; amino-glutethimide, 1.75; glutethi- 
mide, 1.92; and phenobarbital, 2.31. Bemegride, 
a stimulant drug, lowered seizure threshold and ex- 
hibited PST ratios less than 1.0. 


DISCUSSION 


The minimal overt evidence of neurotoxicity 
(muscular incoordination) following the oral ad- 
ministration of five piperidinediones and one bar- 
biturate to  mice has been utilized to  plot comparative 
activity-duration cumes of these agents. In addi- 
tion, intravenous pentylenetetrazol seizure thresh- 
old (PST) ratios were determined a t  selected h e s  
after drug administration and another set of activity- 
duration curves of the six drugs plotted. The PST 
ratios were determined at dose levels representing 
one-half of the TDw of each compound; none of the 
mice at this dosage level of the six agents exhibited 
neurotoxicity. In  general. the data obtained by the 
two techniques showed good correlation. Thus the 
time of onset and duration of activity, the TDw, and 
the effect on PST was delineated for each compound. 


Glutethhdde, DAPD, and amino-glutethimide 
are closely related piperidinediones whose struc- 
tural formulas resemble that of phenobarbital (Fig. 
1). The only dserence between glutethimide and 
phenobarbital is that a CHt-CH, group in the piperi- 
dine ring of the former compound has replaced a 
NH-CO group in the pyrimidine ring of the latter. 
The substitution of a diethylamino group for an 
ethyl group of glutethimide produces DAPD and the 
addition of an amino group on phenyl ring of 
glutethimide produces amino-glutethimide. These 
four compounds, however, varied considerably in 
onset and duration of action and in their d e c t s  on 
PST. 


I t  is probably best to  compare DAPD with 
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glutethimide. Although both drugs reached peak 
activity within 5 minutes, DAPD was active only a 
few minutes. while glutethimide was active more , 


than 1 hour. DAPD appeared to  have less de- , 
pressant properties than glutethimide and appeared 
to  excite the mice during the time of peak activity. 
Furthermore, DAPD had less antipentylenetetrazol 
activity and only raised seizure threshold 27% 
(based on an average of the PST ratios obtained dur- 
ing peak activity), whereas glutethimide raised 
seizure threshold Myo. Both compounds exhibited 
the same T D C a b o u t  80 mg./Kg. 


Amino-glutethimide had a slower onset of action 
than glutethimide and DAPD but also had a much 
longer duration of action. In this respect it re- 
sembled phenobarbital more than the other piperi- 
dinediones. It was intermediate between DAPD 
and glutethimide in antipentylenetetrazol activity 
since it increased seizure threshold an average 66%. 
The high TDw, 175 mg./Kg., exhibited by amino- 
glutethimide may indicate that this drug has less 
sedative properties than glutethimide. Clinical 
studies have confirmed its comparative lack of seda- 
tive-hypnotic effects (5-8). 


Two other piperidinediones studied, methy- 
prylon and bemegride, exhibited a very rapid onset 
of action after oral administration. Both com- 
pounds reached peak activity within 2.5 minutes by 
both techniques. Methyprylon, a sedative-hypnotic, 
increased seizure threshold; whereas bemegride, an 
analeptic agent, added to  the convulsant effect of 
pentylenetetrazol and decreased the seizure thresh- 
old. Methyprylon exhibited the same TDY as 
glutethimide and DAPD, 80 mg./Kg. Bemegride, 
with a T D a  of 40 mg./Kg., was the most toxic 
piperidinedione studied. Phenobarbital had a 
slower onset and a longer duration of activity and 
also greater antipentylenetetrazol activity than the 
five piperidinediones studied. 
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Preparation of O- Alkylamidoximes from 
a-Alkyloximinocarboxamides by the Hofmann 


Hypobromite Reaction 
By DOMINICK A. COVIEJLO 


O-Alkylamidoximes were prepared by treatment of a - a l k y l o x i m i n o c a r b i d e s  
with sodium hypobromite. Of the five prepared, two have not been previously re- 
ported and one w a s  reported as being an unstable oil. Structures were proven by 


NMR and nitrogen analysis. 


MIWXIMES yield O-alkyl ethers when treated A with an alkyl halide or alkyl sulfate in the pres- 
ence of base. Amidoxime hydrobromides or hydro- 
chlorides have been treated with excess sodium 
ethoxide followed by an alkyl halide ( l ) ,  or by shak- 
ing a sodium hydroxide solution of the amidoxime 
with methyl sulfate (2). Another investigator uti- 
lized alkyl halides in hydroalcoholic solutions of 
potassium hydroxide to  O-alkylate amidoximes (3). 
Although a few aliphatic derivatives have been pre- 
pared in like manner, a recent review (4) points 
out that the conversion is not always successful. 
Attempts at O-alkylation of the sodium salt of 
ethanamidoxime with alkyl halides, for example, 
resulted in the formation of oils which could not be 
distilled without decomposition even at reduced 
pressure (5). On the other hand, a-oximinopropan- 
amidoxime or a-methyloximinopropanamidoxime 
were alkylated with methyl sulfate in the presence of 
20% sodium hydroxide solution (6) as well as hexan- 
amidoxime which was alkylated with ethyl iodide 
in sodium ethoxide (7). 


If one considers the conversion of a carboxamide 
to an amine with sodium hypobromite as a decar- 
bonylation, it would immediately be obvious that 0- 
alkylamidoximes might result from the treatment 
of a-alkyloximinocarboxamides with the reagent 
as follows: 


0 
I1 NaOBr 


R-C-C-NJ& u R--C-NH, 
I1 
NOR' 


II 
NOR' 


Since O-alkylamidoximes have been reported as 
stable to hot base (8) one could expect to  isolate the 
expected products if they were stable in base for at 
least 20 minutes at 70" assuming the reaction pro- 
ceeded in the usual way with the amides in question. 


Treatment of the O-benzyl ethers of five a-alkyl- 
oximinocarboxamides with sodium hypobromite 
produced the corresponding O-alkylamidoxime. Of 
those prepared, O-benzylbenzamidoxime and O- 
benzyl ' 2-phenethanamidoxime are known; O- 
benzylethanamidoxime has been reported as an 
unstable oil (5), and the O-benzyl ethers of propan- 
amidoxime and hexanamidoxime are new com- 
pounds. The known compounds were characterized 
by comparison of melting points and NMR data, the 
unknown by nitrogen analysis and NMR data as 
summarized in Table I. 
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It has been pointed out in a review (9) that as 
the molecular weight of the amide increases the yield 
of amine usually decreases in the Hofmann reaction. 
The results of this work are in keeping with that ob- 
servation. It is felt that in the case of the reactions 
which produce solid O-alkylamidoximes, yields might 
be improved by a chromatographic separation. 


EXPERIMENTAL 
a-Alkyloximinocarboxamide intermediates have 


been reported previously (13). 
O-Benzylbenzamidoxime.-A 9.4-Gm. quantity of 


sodium hydroxide was dissolved in 80 ml. of water. 
The solution was cooled to 0' and 2.4 ml. of bromine 
was added. To  the ice-cold solution was added 
10.16 Gm. (0.04 mole) of a-benzyloximinophenyl- 
acetamide. The solution was stirred until most of 
the amide was in solution when heating was started 
with continued vigorous stirring. The reaction was 
accompanied by effervescence when the tempera- 
ture approached 70'. Heating and stirring were 
continued for 20 minutes while the temperature 
went to 80". The resulting oil became viscous on 
cooling, and standing overnight caused the oil to  
solidify. Two crystallizations from ethanol yielded 
1 Gm. (11%) of white crystals which melted at 86 
to  88.5' as compared with the reported m.p. of 90.5" 
(8) .  
O-Benzylpheny1ethanamidoxime.-By the above 


procedure, 10.76 Gm. (0.04 mole) of a-benzyl- 
oximino-8-phenylpropionamide was treated with 
sodium hypobromite. An oil was produced which 
crystallized after cooling and standing overnight. 
Crystallization of the product from alcohol-water 
four times yielded 0.5 Gm. (5.2%) of buff-colored 
crystals melting at 52.5 to  54"; reported m.p. was 
55" (11). Treatment with Norit-A yielded a white 
product but did not change the melting point. 


O-Benzy1ethanamidoxime.-A sodium hypobrom- 
ite solution was prepared in the manner described 
above and 7.6 Gm. (0.04 mole) of a-benzyloximino- 
propionamide was added to the ice-cold solution 
with stirring. When solution was effected the solu- 
tion was heated slowly to 75' with vigorous stirring 
and held at that temperature for 20 minutes, allowed 
to cool, and stand for 1 hour. The mixture was 
extracted with ether and dried over MgSO, for 24 
hours. The products from three separate experi- 
ments were combined, the ether removed by dis- 
tillation, and the product distilled at reduced pres- 
sure. The resulting clear oil distilled at 88-90°/ 
0.19 mm. and weighed 8.37 Gm. (38.2%). 


Anal.-Calcd. for C O H ~ ~ N ~ O ;  N. 17.07. Found, 
N, 17.00. 
O-Benzylpropanamidozime.-In the manner de- 


scribed, 14.42 Gm. (0.07 mole) of a-benzylimino- 
butyramide was treated with sodium hypgbromite. 
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TABLE I.-NMR ANALYSIS OF 0-ALKYLAMIWXIMES 


R-C-NH, 
I1 
NOR’ 


Peak in CPS 
R R’ TMS Standard 


Methyl Benzyl 106 
275 
297 
438 


Ethyl 


Pentyl 


Phenyl 


Benzyl 


Benzyl 64 
121 
270 
296 
437 


Benzyl 42-162 


269 
299 
441 


Benzyl 276 
299 
440 


Benzyl 285 


256 
290 


422,430 


Description 
Sharp singlet 
Broad band 
Sharp singlet 
Sharp singlet 
Triplet 
Quartet 
Broad band 
Sharp singlet 
Sharp singlet 
Series of three broad 


bands 
Broad band 
Broad-sharp singlet 
Sharp singlet 
Broad band 
Sharp singlet 
Multiple sharp bands 
Sharp singlet 


Broad-sharp singlet 
Sharp singlet 


Two sharp singlets with 
some overlapping 


No. of 
Protons 


3 
2 
3 
5 
3 
2 
2 
2 
5 


11 


2 
2 
5 
2 
2 


10 
2 


2 
2 


10 


Assignment 
CHs 
NH, 
CH2 (benzyl) 
Phenvl 
CHa 
CH; (ethyl) 
NHz 
CHn (benzyl) 
Phenyl 
Pentyl 


NH2 
CHp (benzyl) 
Phenyl 
NHs 


Phenyl(2) 
CHS (benzyl attached 


to carbon) 
NH2 
CH2 (benzyl in ether 


linkage) 
Phenyl(2) 


CHI (benzyl) 


During the reaction time of 20 minutes the tempera- 
ture went briefly to 92’. The mixture was cooled, 
allowed to stand overnight, extracted with ether: 
dried over MgSO,, and distilled. A clear oil, 5.7 
Gm. (45.77&), distilled at 81-82’/0.08 mm. 


AnaZ.--Oalcd. for CloH,,NSO; N, 15.73. Found 
N, 15.70. 
0-Benzy1hexanamidoxime.-a-Benzyloximinohep- 


tanoamide (9.2 Gm.) was reacted as described 
above with an appropriate amount of NaOBr. The 
resulting dark-red oil was distilled four times to 
obtain 0.5 Gm. (6%) of a yellowish oil boiling 
a t  125-130”/0.3 mm. 


And-Calcd. for Cl3H~N20;  N, 12.72. Found 
N. 12.74. 


Nitrogen analyses were carried out on the Cole- 
man nitrogen analyzer except for O-benzylhexan- 
amidoxime which was analyzed by Micro-Tech 
Laboratories, Skokie, Ill. NMR spectra were run 
on the Varian A-60. 
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a-Alkyloximinonitriles by Pyrolysis of 
a-Alkyloximinocarboxamides with Phosphorus Pentoxide 


By DOMINICK A. COVIEUO 


A preparation of a-alkyloximinonitriles is described in which the corresponding (I 
alkyloximinocarboxamides are heated with hosphorus pentoxide in vac110. Struc 
tures were proven by infrared analysis a n f b a s i c  hydrolysis of the nitriles to  the 


corresponding acids. 


N A PREVIOUS COMMUNICATION (l), i t  was reported work-up of the reaction mixture apparently resulted I that attempts to cyclize 8-phenethyl amides of in the hydrolysis of the amide to yield the amine 
a-alkyloximino acids to the corresponding 3,4- moiety which could be isolated. There was no in- 
dihydroisoquinolines were fruitless. It was pointed dication of the fate of the acid portion of the mole- 
out that experimental evidence indicated that the cule, but it was assumed that under the conditions of 


the Medical Center, Chicago. accounting for the failure of the cyclization reaction. 
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the reaction. the oxime moiety decomposed thus 


thought that 
it would be worthwhile to & m i n e  the fate of the 


In reconsidering the reaction* it 


assistance. acid portion of the molecule under similar conditions 








Potential Antineoplastic Agents Derived 
from 1,2-Epoxyindan 


By JOSEPH S A M  and THOMAS C. SNAPP, JR.* 


The reaction of a number of amines and aminoacid derivatives with 1,2-epoxyindan 
provided 1-substituted amino-2-indanols. Preliminary tests? which are not com- 
plete, have not demonstrated pronounced antineoplastic activity in the compounds. 


S PART OF a broad program involving the A investigation of potential antineoplastic 
agents it was desirable to investigate the prepara- 
tion of a number of ring opening derivatives of 
epoxyindan. 


Indan compounds recently have become of 
interest as antineoplastic agents. Connors and 
associates (1) observed that l-amino-l-indan- 
carboxylic acid possesses antitumor activity, while 
Leushina and co-workers (2) noted similar 
activity in 5- Ibis( 2-chloroethyl)amino]indan hy- 
drochloride. 


Although extensive investigations have been 
reported on cyclopentane-, cyclohexane-, and 
tetralin-1,2-epoxides, only a limited amount of 
information is available for 1,2-epoxyindan (3-6). 


The work described in this paper involves the 
reaction of 1,2-epoxyindan (I) with amines to 
yield compounds (11) which may be considered 
either as potential alkylating agents and anti- 
metabolites per se or which may be readily con- 
verted to potential alkylating agents. 


II 
For example, the reaction of 1.2-epoxyindan (I) 


with aziridine (111) afforded 1-aziridipyl-2-indanol 
(IV) which was readily converted to 1,4-bis(2-hy- 
droxy-1-indany1)piperazine (V). 


The latter also was prepared by the direct action 
of piperazine with 1.2-epoxyindan as d e b 4  by 
Mousseron (6). The indanamines derived from 1,2- 
epoxyindan are listed in Table I. The nitrogen 
mustards (1711) were prepared by the chlorination of 
the corresponding alcohol (VI) 
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V 


whereas the potential antimetabolites were prepared 
from 1.2-epxoyindan by the reaction with amino 
acid derivatives. The folk acid relative (IX) was 
prepared in this manner. The intermediate, ethyl 
N-(p-nitrobenzoy1)glutamate (X), was prepared in 
good yield from p-nitrobenzoic acid and ethyl 
glutamate via the mixed anhydride reaction utilized 
for the preparation of peptides. The nitro group 
was readily reduced with platinum oxide catalyst at 
low hydrogenation pressures. 
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XI m-;; NHCONH, 


XI1 


Several attempts were unsuccessful in the syn- 
thesis of the folk acid relative (IX) from 4-(2-hy- 
droxy-1-indanylamino)benzoic acid and ethyl 
glutamate Via the mixed anhydride reaction. 
Glutamic acid, morpholine, and piperidbe were sub- 
stituted for ethyl glutamate in this reaction, but the 
desired product was not obtained. In each reaction 
the starting materials were recovered. 


The reaction of 1.2-epoxyindan with hydrazine. 
semicarbazide, and 2,4- dinitrophenylhydrazine 
also was investigated. Hydrazine and semicarba- 
zide gave normal reaction products (XI, XII. respec- 
tively). However, 2,4-dinitrophmylhydrazhe did 
not yield a product which could be identified. Both 
semicarbazide and 2,4-dinitrophenylhydrazine in 
the presence of 20% alcoholic sulfuric acid solution 
containing 30% water gave derivatives (XIIIa. 
XIID, respectively) of 2-indanone. The latter two 
products were identified by comparing melting points 
and infrared spectra to known samples derived from 
2-indanone. 


Included also in this paper is a description of the 
preparation of 4-( 1-indan ylamino)benzitrile 
(XIV) and 2-indanylmethanesulfonate (XV). 


I-\ 


xv 
EXPERIMENTAL' 


Syntheses 
The methods utilized for the preparation of the 


compounds in Table I are described below. Most of 
the amines were purchased from commercial sources; 
4-amino-N,N-diethylbenzamide (7) was prepared 
according to the procedure described in the litera- 
ture. 


Indanamines.-Method A,-A solution of 13.2 
Gm. (0.1 mole) of 1.2-epoxyindan (8) and 0.2 mole 
of amine in 80 ml. of dry benzene was refluxed for 
48 hours. The benzene was evaporated in UUGUO. 
The residue was dissolved in ether and washed with 
five 100-ml. portions of water. The ether portion 
was dried over anhydrous sulfate and then evap- 
orated to dryness. (In the preparation of similar 
compounds, the extraction in ether, washing with 
water, and drying may be omitted.) The residue 
was recrystallized from a suitable solvent. 
. 


* All melting points were taken on a Fisher- Johns apparatus 
and are uncorrected; boiling points are uncorrected. Infra- 
red spectra were determined on a Perkin-Elmer model 137 
infracord spectrophotometer. 


a N - N H - R  


Method B.-A mixture of 0.2 mole of amine, 0.1 
mole of 2-bromo-1-indanol (8),  and 80 ml. of dry 
benzene was refluxed for 24 hours. The solution was 
cooled, washed with water, dried over anhydrous 
sodium sulfate, and evaporated in uacuo to  dryness. 
The residual solid was recrystallized from a suitable 
solvent 


Method C.-The procedure described in Method A 
was followed, except that ethanol was used as the 
solvent; the reflux period was 5-10 hours. 


Method D.-The procedure described in Method A 
was followed, except that no solvent was used; 
the mixture was heated at reflux or at 120-125" for 
4 hours. 


Method E.-The procedure described in Method A 
was followed, except that n-amyl alcohol was used 
as the solvent; the reflux period was 5-10 hours. 


Method F.-The procedure described in Method C 
was followed, except that 0.2 Gm. of phenylacetyl- 
ene 10.1 mole of epoxide was added to catalyze the 
reaction. 


4 - ( 2-Hydroxy- 1 - indany1amino)benzoic Acid.- 
Method G.-To a solution containing 75 ml. of 


ethanol and 30 ml. of 12 N aqueous sodium hydroxide 
was added 8.5 Gm. (0.03 mole) of 4-(2-hydroxy-1 
indany1amino)benzonitrile. The mixture was re- 
fluxed until a negative test for evolution of ammonia 
was observed. The ethanol was evaporated in 
uacuo; the residual sodium salt was acidified with 
dilute hydrochloric acid. The solid was removed by 
filtration and recrystallized from glacial acetic acid 
to give 6.8 Gm. (86%) of product, m.p. 238-239'. 


4 - (2 - Chloro - 1 - indany1amino)benzoic Acid.- 
Method H.-A solution of 12 Gm. (0.1 mole) of puri- 
fied thionyl chloride in 50 ml. of dry chloroform was 
gradually added to  a cooled mixture of 2 Gm. (0.1 
mole) of 4-(2-hydroxy-l-indanylamino)benzoic acid 
and 50 ml. of dry chloroform. The mixture was 
refluxed for 4 hours. The solvent was distilled in 
wcuo, and the residue was neutralized with 10% 
aqueous sodium carbonate. Removal of the solid 
by filtration and recrystallization from glacial acetic 
acid yielded 1.7 Gm. (80%) of product, m.p. 202- 
203". 
1-(2-Chloroethyl)amino-2-chloroindan Hydro- 


chloride.-Method I.-The procedure in Method H 
was followed, except that the reaction mixture was 
not neutralized; the product was isolated as the 
hydrochloride 


4-1 1-Indanvlamino)benzonitrile Hvdrochloride.- ~~ 


Method J . - i  solution of 15.3 Gm. (0.1 mole) of 1. 
chloroindan (9) and 12.0 Gm. (0.1 mole) of 4-amino- 
benzonitrile in 100 ml. of dioxane was refluxed for 
1.5 hours in an oil bath. The solution was cooled; 
the tan solid was isolated by filtration and recrystal- 
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lized from an ethanol-cyclohexane mixture to yield 
4 Gm. ( 15T0) of product, m.p. 87-88". 
N - (2 - Hydroxy - 1 - indany1)aminoacetic Acid.- 


Method K.-A mixture of 2 Gm. (0.01 mole) of ethyl 
N-(2-hydroxy-1-indany1)aminoacetate and 25 ml. of 
0.1 N aqueous sodium hydroxide was stirred at room 
temperature for 24 hours. The resulting solution 
was chilled and acidified with concentrated hydro- 
chloric acid to pH 2.5. The solid was isolated by 
filtration and recrystallized from ethanol to yield 
1.3 Gm. (64%) of product, m.p. 233-234". 


2 - Indanyl Methane8ulfonate.-The general 
method described by Berti (10) was followed. A 
mixture of 4 Gm. (0.03 mole) of 2-indanol (8) and 
4 Gm. (0.05 mole) of pyridine was placed in a dry 
100-ml. three-necked flask fitted with a thermometer, 
stirrer, and dropping funnel. The mixture was 
cooled to 0" in an ice-salt bath, and treated with 
4.6 Gm. (0.04 mole) of methanesulfonyl chloride 
over a 1-hour period. After stirring for 3 hours a t  
0". the mixture was allowed to warm to room tem- 
perature with stirring. On addition of 50 ml. of 
water, a brown solid precipitated which was recrys- 
tallized from either hexane or an ethanol-water 
mixture to yield 4.4 Gm. (700/,) of 2-indanyl 
methanesulfonate, m.p. 7475". 


Ethyl N - (4 - nitrobenzoyl) - dl - glutamate.-The 
mixed anhydride method generally utilized for the 
preparation of peptides was followed (11). To a 
stirred and cooled solution of 33.4 Gm. (0.2 mole) of 
p-nitrobenzoic acid in 250 ml. of diglyme, 20.2 Gm. 
(0.2 mole) of triethylamine was added dropwise. 
The yellow solution was maintained at 0' during the 
addition of 27.3 Gm. (0.22 mole) of ethyl chloro- 
formate. The mixture was stirred a t  0" for an 
additional hour and maintained at this temperature 
while a solution of 40.6 Gm. (0.2 mole) of ethyl dl- 
glutamate in 150 ml. of diglyme was added. The 
mixture was allowed to warm to room temperature 
and stirred for 12 hours. The triethylamine hydro- 
chloride was removed by filtration, and the filtrate 
diluted with 1.5 L. of ice water. After refrigeration 
for 24 hours, the product was isolated by filtration. 
Recrystallization from an ethanol-water mixture 
gave 45 Gm. (56%) of product, m.p. 96-97' [lit. 
m.p. 97-98' (12)J. 


Ethyl N-(4-aminobenzoyl>dl-glutamate.-Seven- 
teen grams (0.05 mole) of ethyl 4-nitrobenzoyl-dl- 
glutamate in 200 ml. of ethanol was hydrogenated 
over 0.2 Gm. of platinum oxide catalyst at 40-50 
p.s, i. at room temperature. Hydrogenation required 
1 hour. The catalyst was removed by filtration, and 
the solvent evaporated in  WZGUO. Recrystallization 
of the residual solid from dilute ethanol yielded 13.6 
Gm. (83%) of product, m.p. 142-143" [lit. m.p. 
139-141 O ( 12)J. 


1,4 - Di - (2 - hydroxy - 1 - indany1)piperazine.- 
Method L.-A mixture of 25 ml. of 50Y0 aqueous 
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ethanol, 2.4 Gm. (0.015 mole) of sodium iodide, and 
1 Gm. (0.006 mole) of 1-aziridinyl-2-indanol was re- 
fluxed on a steam bath for 24 hours. After cooling, 
the solid was isolated by filtration and recrystallized 
from isoamyl alcohol to yield 0.75 Gm. (800/o) of 
product, m.p. 252-253"[lit. m.p. > 220' dec.(6)]. 


The infrared spectra of the products from Methods 
C and L were identical; a mixed melting point deter- 
mination showed no depression. 
4-AmineN-isopropylbenzamide.-A solution of 


10.4 Gm. (0.05 mole) of 4-nitro-N-isopropylbenz- 
amide (13) in 200 ml. of ethanol was treated with 
0.3 Gni. of 5y0 palladium-on-carbon catalyst and 
reduced in a Parr hydrogenator a t  3 atm. The 
catalyst was removed by filtration, and the solvent 
was distilled in WICUO. Recrystallization of the 
residue from dilute ethanol yielded 8.1 Gm. (90%) 
of product, m.p. 95-96". 


Anal.-Calcd. for CloHl,N,O: C, 67.38; H, 7.92; 
N, 15.72. Found:C.67.19; H ,  8.21; N, 15.43. 


2-Indanone Semicarbazone and 2,4Dinitro- 
pheny1hydrazone.-Method M.-The procedure de- 
scribed in Method A was followed, with the exception 
that 20% ethanolic sulfuric acid solution containing 
30y0 water was used as the solvent. 


Pharmacological Results* 


Compounds 1-8, 10, 11, 14, 15, 16, 18, 19,20, and 
23 of Table I have been submitted for testing for 
antineoplastic activity. Although the tests are 
not complete, pronounced antineoplastic activity 
has not been observed in the compounds tested so 
far. 
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problems are included to give the reader an intuitive 
understanding of the subject. The book is well 
written, and the topics discussed are illustrated 
with clearly presented examples. Problems with 
answers are included. The first chapter on the 
logical basis of statistical inference is excellent in 
its discussion of the design of experiments and the 
statistical philosophy concerned in this design. - 


The second, third, and fourth chapters deal with, 
respectively, quantitative data, enumeration data, 
and correlation. That the book contains only four 
chapters should not mislead one into believing that it 
is incomplete, since this is certainly not the case. 


Three nonparametric tests are described and their 
use illustrated. These are the two-sample rank 
test, sign test, and the signed-rank test. The 
author feels that these tests should be more widely 
used than at present because of their simplicity of 
application. 


This book would be most satisfactory as a text- 
book in a course on the subject for pharmacy 
students or as a supplementary text in a course in 
biopharmaceutics. The book is enthusiastically 
recommended. 


Reviewed by Eino Nelson 
School of Pharmacy 
State Universily of New York at Buffalo 
Buffalo 


Journal of Pharmaceutical Sciences 


five with absorption of particular classes of drugs, 
and one with the significance of serum levels of 
chemotherapeutic agents. The two papers of 
Bernard B. Brodie, namely, “Physico-Chemical 
Factors in Drug Absorption” and “Distribution and 
Fate of Drugs; Therapeutic Implications,” con- 
stitute approximately one-third of the book and 
are very fine reviews. The papers entitled, “Phar- 
maceutical Manipulation and Therapeutic Efficacy,” 
by K. A. Lees, “The Influence of Particle Size upon 
the Absorption of Drugs from the Gastrointestinal 
Tract,” by J. A. L. Gorringe and E. M. Sproston, 
and “Absorption of Steroids with Special Reference 
to  Spironolactone,” by G. R. Venning, would be 
interesting reading not only for the industrial 
scientists in the pharmaceutical industry but also 
for the practicing pharmacist. 


The only disappointment to the reviewer was the 
paper entitled, “Kinetics of Drug Absorption: 
Methods and Interpretations,” by R.  F. Crampton 
and D. M. Matthews. There is a vast amount of 
literature on the kinetic interpretation of drug 
blood levels and urinary excretion which these 
authors only touched. 


Revieeved by John G. Wagner 
The Upjohn Company 


Kalamazoo, Michigan 


Laboratory Guide i n  Pharmacology. 2nd Ed. By 
T. S. MIYA, H. G. 0. HOLCK, G. K. W. YIM, and 
T. MYERS. Burgess Publishing Co., 426 South 
Sixth St., Minneapolis 15, Minn., 1964. 162 
pp. 21.5 X 27 cm. Paperbound. Price 
$3.50. 
This laboratory guide, written especially for the 


pharmacy student, is designed to  serve as a com- 
panion to lecture and textbook material for a be- 
ginning student. The experiments are organized so 
that the student begins with basic pharmacological 
principles, including routes of drug administration, 
factors affecting dosage, and absorption and excre- 
tion of drugs by man. Following these are experi- 
ments pertaining to  the pharmacology of the various 
bodily systems, toxicology, and gross pharmaco- 
logical effects of drugs. 


Each experiment provides an organized method of 
recording observations and includes questions to  
stimulate thinking about the significance of these 
observations. The clearly presented experiments 
are intended for student participation and generally 
do not require complicated or costly equipment. 


Absorption and Distribution of Drugs. Based on a 
symposium held by the Association of Medical 
Advisers in the Pharmaceutical Industry. Edited 
by T. B. BINNS. The Williams and Wilkins 
Company, Baltimore, Md., 1964. pp. xi + 270 
Price $7.50. 
The 17 papers in Absorption and Distribution of 


Drugs with the 520 references cited are an excellent 
introduction to the subject matter and also will 
provide excellent reading for those well acquainted 
with the field. Four of the papers are concerned 
with the fundamentals of absorption, two with the 
fate of drugs, one with the blood-brain barrier, one 
with the placental barrier, one with protein binding, 
two with biopharmaceutical aspects of absorption, 


NOTICES 


Opportunities in Pharmacy Careers. By FRED B. 
GABLE. Vocational Guidance Manuals, 800 
Second Ave., New York 17, N. Y., 1964. viii + 
144 pp. 13 X 20 cm. Price $1.45 paperbound, 
$2.65 cloth. 


Kirk-Othmcr Encyclopedia of Chemical Technology. 
2nd edition. Vol. 3, B to Calcium. Executive 
Editor ANTHONY STANDEN. Interscience Pub- 
lishers, 605 Third Ave., New York 16, N. Y., 
1964. xvi + 927 pp. 19 X 27 cm. Price 
$45 single copy, $35 subscription. 


Actualities de Phytochimie Fondamcntule. Par C .  
MENTZER et 0. FATIANOFF. Masson et Cie, 
Editeurs, 120, Boulevard Saint-Gennain, Paris 
VIe, France, 1964. 266 pp. 16.5 X 21.5 cm. 
Price 85 F. Paperbound. 


The Real Voice. By RICHARD HARRIS. The 
Macmillan Company, 60 Fifth Ave., New York 
11, N. Y., 1964. 245 pp. 14 X 21.5 cm. Price 
$4.95. 


Diet and Bodily Construction. Ciba Foundation 
Study Group No. 17. Edited by G. E. W. 
WOLSTENHOLME and MAEVE O’CONNOR. Little, 
Brown and Company, Boston, Mass., 1964. 120 
pp. 12 X 19 cm. Price $2.95. 


:ahiers de Synthese Organipue. Methodes et 
Tableaux d’Application Vol. XI: Cyclisations 
(suite). 22.- Cyclisation bimoleculaire mixte. 
Par JEAN MATHIEU, ANDRE ALLAIS, et JACQUES 
VALLS. Masson et  Cie, Editeurs, 120 Blvd. 
Saint-Germain, Paris VIe, France, 1964. 343 pp. 
15.7 X 22.5 cm. Price 120 F Cartonne toile. 








Joimutl of Phtrrrnncezr~iccil Sciences 108 


Compd. 
IVa 
IVb 
IVC 


IVd 
IVe 
IVf 


TABLE  SUBSTITUTED BENZOYLINDOLIZINBS 


Anal.---- -- - 
Yield, Calcd. Found 


M.p., ‘C.(Recrystn. Solv.) % C  H N C H N 
220.5 to  222.0, dec. (hot C6H6) 66 65.20 3.42 5.63 65.60 3.45 5.34 
177 to 178.5 (boiling EtOH) 89 65.20 3.42 5.63 65.55 3.60 5.26 
218 t o  219.5, dec. (C~&-PetrOkUm 38 61.01 3.01 5.27 61.14 3.22 5.33 


202 to 203.5 (CsH6) 64 61.01 3.01 5.27 60.61 3.18 5.48 
245.5 to 247.0 (hot C6Hs) 54 69.99 3.67 9.07 70.29 3.90 9.22 
222 to 223.5 46 69.99 3.67 9.07 70.18 3.77 8.78 


ether) 


- 


To test this theory, Compounds I a, b, and c 
were reacted with p- and m-nitrobenzoyl chlorides. 
The p-nitro would tend to decrease the formation of 
I11 by the conjugative mechanism (the inductive 
effect being negligible) and the rn-nitro group would 
tend to  favor the formation of I11 by a combination 
of conjugative and inductive effects (3). 


These assumptions are followed with Compound 
I a, but fail in the reaction of I b with m-nitro- 
benzoyl chloride because the p-chlorophenyl suh- 
stituent present in the 3 position of the indolizine 
does not favor the formation of 11. This effect is 
also shown to provide a sharp decrease in the forma- 
tion of IV c. A similar anomoly is shown between 
I c and nz-nitrobenzoyl chloride because the steric 
repulsion of two proximal nitro groups is unfavorahle 


to the formation of IV. However, the reaction of 
p-nitrobenzoyl chloride with I c follows the pattern 
set by Compound I a, L e . ,  the p-nitro group has 
little effect upon the reactions in this series unless 
accompanied by a strong tendency to decrease the 
nucleophilic character of the 1 position of the 
indolizine nucleus. 


Compounds I V  a through f were prepared in the 
manner previously described ( 1) ; the analytical 
data appear in Table I. 


REFERENCES 
(1) Venturella, V. S . ,  THIS JOURNAL, 52, 888(1963). 
(2) Holland, D. 0.. J .  Chrm. Soc.. 1955, 150.1. 
(3) ,Could, E. S . .  “Mechanism and Structure in Organic 
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Quantitative Fluorometric Determination of Panthenol in 
Multivitamin Preparations 


By RENE G. PANIER and JEAN A. CLOSE 


A new procedure is described for the estimation of panthenol in  a multivitamin 
preparation highly concentrated in  sugar. The  method involves the quantitative 
elimination of su ar by crystallization in the presence of ethanol, extraction of pan- 
thenol from the &y residue with chloroform,.purification of the extract on ion-ex- 
change resins, and final fluorometric determination of 8-alanol after alkaline hy- 
drolysis of the efl3uent. Fluorescence is developed by reaction of 8-alanol with 
ninhydrin and n-butanal, for 45 minutes at 60° in  the presence of carbonate buffer, 
p H  9.1. T h e  fluorescent intensity measured at 465 mp is proportional to  the 8-alanol 


concentration in  the range between 0.1 and 1 mcg./ml. 


WRING THE LAST 10 years, several papers have D been published on the quantitative analysis 
of panthenol in multivitamin pharmaceutical prep- 
arations. Chemical methods have been proposed 
to  replace the time consuming microbiological assay. 
It seems, however, that the problem of the deter- 
mination of panthenol in highly concentrated sugar 
preparations has not been solved satisfactorily, and 
we were recently confronted with that question. 


In 1949, Crockaert (1) showed that panthenol 
and calcium pantothenate could be determined after 
alkaline hydrolysis as 8-alanol and 8-alanine, respec- 
tively, with the use of 1,2-naphthoquinone-4- 
sulfonate, while Wollish and Schmall (2) proposed 
the dosage of pantoyl lactone as ferric hydroxa- 
mate, after acid cleaving of the panthenol. 


More recently, Zappala and Simpson (3) described 
a colorimetric method for the determination of 
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panthenol in multivitamin tablets containing 15y0 
sugar. According to  these authors, the method of 
Schmall and Wollish (4) is not applicable to the 
preparation highly concentrated in sucrose because of 
the darkening of the solution during the alkaline 
hydrolysis. They solved the difficulty by extrac- 
tion of the powdered sample and further purifica- 
tion on ion-exchange resin before estimating 8- 
alanol by chlorination and subsequent iodometry. 
Their method is unfortunately inapplicable to  liquid 
multivitamin preparations, particularly to  syrups 
with a very high sugar content (more than 500/, 
sucrose). 


Our purposes were to determine the panthenol 
in multivitamin preparations and to  perfect a very 
sensitive routine method capable of answering our 
control and research problems. 


EXPERIMENTAL 


Reagents 
All the reagents were analytical grade. 
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Sodium hydroxide (0.5 N), hydrochloric acid, 
absolute ethanol, sucrose, and chloroform were used. 


Solution A.-Composed of acetate buffer, pH 4.7, 
1 M. 


Solution B.-composed of acetate buffer, pH 4.7, 
0.5 M. 


Solution C.--Composed of a 14 mM quantity of 
ninhydrin solution in carbonate/bicarbonate buffer, 
pH 9.1, 1 M; must be prepared freshly. 


Solution D.-A standard solution of 8-alanol-5 
mg. pure panthenol dissolved in a few milliliters of 
distilled water was hydrolyzed with 2 ml. NaOH, 
0.5 N ,  in a boiling water bath for 1 hour, neutralized 
to pH 7, diluted with distilled water to  50 ml., and 
then to 100 ml. with Solution A. 


Solution E.-Composed of a freshly prepared 0.2 
M quantity of n-butanal aqueous solution. 


Ion-Exchange Resins.-Dowex 50x4 (200-400 
mesh), Amberlite C.G. 400 (100-200 mesh) were 
employed. The resins are prepared as usual: re- 
peated washings with distilled water and elimination 
of the fines by pouring the supernatant; alternate 
washings with hydrochloric acid and sodium hy- 
droxide until clear and colorless filtrates are ob- 
tained. Finally, prepare Dowex 50 under H +  form 
and Amberlite C.G. 400 under OH- form; wash the 
resins with water until neutral reaction of the 
effluent. 


Procedure 
A.-Transfer a known volume of the multivitamin 


syrup, equivalent to  2-3 mg. panthenol in a flat- 
bottomed porcelain basin. A few crystals of 
sucrose are added; 9 volumes of chilled absolute 
ethanol are poured over the syrup. Allow the solu- 
tion to stand overnight in the refrigerator at 4 O ;  
a slow crystallization of sucrose is obtained. Partial 
or total evaporation of the alcoholic solvent occurs 
during the night; evaporation to total dryness is 
achieved in a desiccator under vacuum. 


B.-Thoroughly and finely powder the crystalline 
residue in the basin with an agate pestle; transfer the 
powder quantitatively in a 150-ml. glass-stoppered 
Erlenmeyer flask. Wash the basin carefully with a 
few milliliters of absolute ethanol which are added 
to the flask, add 80 ml. CHCla. Mechanically shake 
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the stoppered flask for 30 minutes; then filter the 
chloroformic suspension on fritted glass. The flask 
and the sugar crystals on filter are washed out three 
times with 25-1111. CHCla fractions. 


Collect the main filtrate and washings together in 
a round bottom flask and evaporate under vacuum 
the clear (sometimes lightly colored) solution to  
dryness a t  low temperature (30-35') in a rotating 
evaporator. The dry residue is quantitatively dis- 
solved in 2&25 ml. distilled water in several frac- 
tions. 


C.-Allow the aqueous solution to pass through a 
Dowex 50x4 (H+) column-25 mm. diam. X 25 
mm. height-at a rate of 6 ml./minute: immediately 
wash the column with 60 ml. of water. The solution 
and washing are collected separately. Both effluents 
are then passed successively through an Amber- 
lite C.G. 400 (OH-) column-10 mm. diam. X 100 
mm. height-at  a flow rate of 3 ml./minute, then 
collected together in a 100-ml. volumetric flask. 
The solution is perfectly clear and colorless; it  must 
not give any fluorescence by U.V. irradiation. 


D.-Add 5 ml. NaOH, 0.5 N, and heat for 1 hour 
in a boiling water bath. Cool the hydrolyzate and 
neutralize with normal hydrochloric acid; dilute to 
the mark with distilled water. 


E.-Fluorometric Determination- Unknown.- 
Pipet 0.5 ml. of the sample hydrolyzate into a test 
tube and add successively 0.5 ml. buffer solution, 
pH 4.7 (Solution A ) ;  0.5 ml. butanal solution 
(Solution E); and 0.5 ml. ninhydrin solution (Solu- 
tion C). 


Standard and Blank.-Prepare standard and blank 
solutions as follows: 1 ml. standard hydrolyzate 
(Solution D) ; 0.5 ml. n-butanal solution (Solution E) ; 
and 0.5 ml. ninhydrin solution (Solution C). For 
the blank, use 1 ml. buffer solution, pH 4.7, 0.5 M 
(Solution B), 0.5 ml. butanal solution, and 0.5 ml. 
ninhydrin solution. 


Mix well by swirling and allow the loosely capped 
tubes to stand for 45 minutes in a water bath at 
60". Cool the tubes and dilute the solutions with 18 
ml. distilled water. Read the fluorescent intensity 
of the blank, sample, and standard solutions a t  an 
excitation wavelength of 385 mp and fluorescence of 
465 mp with a convenient spectrophotofluorometer. 


The authors use the Zeiss spectrophotofluorometer 


TABLE ~.-COMPARISON OF RESULTS BY 
FLUOROMETRIC AND MICROBIOLOGICAL METHODS 


Theoretical 
Amount of 


Sample Panthenol, -Pantheno1 Found- 
Syrup' mg./100 ml. Fluorometric MicrobiologicalC 


1 66 64.7 60.0 
2 66 66.0 64.5 ~~ ~~ 


3 33 31 .0 . . .  
4 66 65.7 66.0 
5 66 06.3 . . .  
6 33 32.80 . . .  


Tabletsb mg./Tablet 
1 20 20.0 20.8 
2 20 19.5 23.0 
3 20 . . .  21.5 
4 20 . . .  19.7 


OCompodtion: vitamins BI, Bt. BI. nicotinsmide. ni- 
palline, sucrose (more than 50%) b Com 'tion: vitamins 
BI. B;, BI, BII, nicotinamide. lakose (3OE We nre in- 
debted to Dr. Brouwers, Microbiology Department, Union 
Chlmique Belge, for the microbiological data. The deter- 
mlnationr were made with Acabbactn suborydanr according 
to E. De Ritter and S. H. Rubin (6). 


/O' 
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mcc. 8-ALANOL OR mcG. PANTHENOL 


Fig. 1.-Relationship between fluorescent intensity 
and 8-alanol concentration. 
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(Z.M.F.4.C.) under the following operating condi- 
tions. Calibration is made with a quinine sulfate 
solution ( 5 ) ;  1 mm. monochromator’s slits are used. 
The sensitivity of the instrument is set so that a 
full scale deflection of the galvanometer spot is oh- 
tained for 3.5mcg./ml. concentration of panthenol in 
reading the diluted solution, using quartz cells-1 
cm. light path-for the measurements. 


F.-Calculate the amount of panthenol in the 
unknown syrup by 
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internal standards have shown that the mean reten- 
tion in our experimental conditions was approxi- 
mately 6% of the total panthenol content of the 
solution. A correction factor of 6% was thus intro- 
duced in the final calculation of panthenol in the 
syrups and tablets. 


The quantitative determination of 8-alanol in the 
final hydrolyzate could have been made by one of the 
methods described in the literature (1, 3, 4). It 
seemed interesting to  use the new fluorometric 
method perfected by Close, et al. (7 ) ,  which is 
routinely used in our laboratory for other purposes. 
This method is easy, rapid, precise, and very sensi- 
tive. 


As illustrated in Fig. 1, the relationship between 
the fluorescent intensity and the 8-alanol concentra- 
tion is perfectly linear in a range of concentration 
between 0.1 and 1 mcg./ml. of 8-alanol in the diluted 
solution (or 0.27 and 2.7 mcg./ml. of panthenol). 
This range is highly convenient for the needs of 
the quantitative estimation of panthenol in the 
pharmaceutical preparations. 


We believe that the method proposed can be used 
as a routine procedure for the panthenol determina- 
tion in the pharmaceutical preparations with a high 
sugar content, and t h a t  it can also be the basis for 
the assay of the other vitamins contained in the same 
preparations. 
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x 200 = 
P s ( I u  - Ib )  
VU (IS - I b )  


mg. panthenol in 100 ml. syrup’ 


where lu = fluorescent intensity of the unknown, 
Is = fluorescent intensity of the standard. Ih = 
fluorescent intensity of the blank, Ps = standard 
panthenol content in mg./100 ml.. and Vu = volume 
of the sample of the unknown syrup. 


RESULTS A N D  DISCUSSION 


In this laboratory the described method has given 
reproducible results, both with multivitarnin syrups 
and tablets. With the latter, the first step of the 
procedure was neglected: the tahlets were directly 
powdered and estracted as described in step B. 


As shown in Table I, the mean deviation be- 
tween the observed results was 3 ~ 2 %  which in- 
dicates a good reproducibility in the range of con- 
centration studied. 


As mentioned by Zappala and Simpson (3), the 
recoveries of panthenol after treatment on ion- 
exchange resins are low because of a partial retention 
of the vitamin by the resins. Several assays with 


1 Uncorrected value; see next paragraph for the correction 
factor. 


Two New Glucosides from Cassia angustifolia Pods 
By M. L. KHORANA and M. M. SANGHAVI 


Fractional precipitation and chromatographic studies have shown that C. angnstifolia 
pods contain, besides sennosides A and B, glucosides of rhein and chrysophanic acid. 
The  latter were best isolated by acidification of the aqueous extract to p H  3 .  Bio- 
logically, a mixture of these new anthraquinone glucosides and the bianthranol 
glycosides was more active than either. The  possibility of the presence of traces of 


aloe-emodin or emodin glucoside has also been indicated. 


N 1949, STOLL (1) isolated sennosides A and B from I the leaves and pods of senna (C. ~ngustifolia Vahl 
and C. acutifolia Delile). However, Fairbairn (2) 
showed that these two glycosides did not represent 
the full potency of the drug. Further studies of the 
drug with the purpose of isolating other principles. 
representing the residual potency of the drugs, were 
therefore warranted. During recent years C. 
acrctifolia has been studied by Fairbairn (3) and -__ 
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Vickers (4), and isolation of a number of glycosides 
has been claimed. 


This work deals with similar studies on C. 
ang~stifolia pods, and evidence for the presence of 
two other glycosides is presented. 


EXPERIMENTAL 


Aqueous Extract 
A coarse powder prepared from 600 Gm. of senna 


pods was divided into three portions. One portion, 
after maceration with 36 ml. of 1 N sodium bi- 
carbonate and menstruum (water saturated with 
chloroform), was percolated with the menstruum 
to obtain 2 L. of the percolate. The second and 
third portions of the drug were similarly extracted, 
using first the extract from the previous batch as 
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which do not alter amphetamine-induced hyper- 
thermia. 


Phenoxybenzamine, which has the ability to de- 
press markedly the hyperthermic response to am- 
phetamine, does not consistently abolish the lethal- 
ity of this drug in an isolated environment. 


Pretreatment with acetylsalicylic acid using a dose 
level which decreases the magnitude of amphet- 
amine-induced hyperthermia significantly increases 
its lethality. 


A generalization indicating a causal relationship 
between hyperthermia and the amphetamine ag- 
gregation phenomenon may be unwarranted. . 
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toxicity of this drug. Moreover, in view of two 
recent reports which indicate that magnitude of 
prior social experience (15) and quantity of body 
contact (16) represent important factors influencing 
the expression of the amphetamine aggregation 
effect, i t  is evident that this phenomenon represents 
the product of a complex interaction between several 
environmental, genetic, and pharmacological factors. 


SUMMARY 
A series of experiments was designed to test the 


hypothesis that hyperthermia is a major factor 
contributing to  the increased toxicity of amphet- 
amine observed in aggregated versus isolated mice. 
Incidence of lethality and rectal temperatures were 
recorded hourly over a 3-hour interval following the 
intraperitoneal administration of 100 mg./Kg. 
amphetamine to animals placed in either an aggre- 
gated (3 mice per 7 X 7 X 7.5 cm. cage) or isolated 
environment. The effect of pretreatment with 
several agents known to influence body temperature 
(chlorpromazine, acetylsalicylic acid, and phenoxy- 
benzamine) was also determined. On the basis of 
the results obtained the following conclusions appear 
to be justified : 


Although amphetamine is definitely more toxic in 
grouped animals (aggregation effect), the degree of 
hyperthermia induced may be essentially the same 
for both aggregated (40.6') and isolated (40.2O) 
mice. 
Drugs which have the ability to protect animals 


against the Occurrence of the amphetamine aggrega- 
tion phenomenon, e.g., chlorpromazine, may do so 
at dose levels which are not hypothermic per se and 


Spectrophotometric Method for the Assay of 
Individual Nitroglycerin Tablets 


By FREDERICK K. BELL 


A spectrophotometric procedure for the microdetermination of glyceryl trinitrate 
through alkaline hydrolysis and subsequent determination of the nitrite formed 
through diazotization and coupling has been devised which avoids the serious inter- 
ference in the presence of lactose. The principal feature of the method is based on 
the substitution of strontium hydroxide for the usual sodium hydroxide as the 
hydrolyzing alkali. Presumably the formation of the strontium salt of lactose re- 
moves this carbohydrate from the field of interference. The results of more than 500  
assays of individual tablets of nitroglycerin representing four different sources of 


manufacture and five different dosages are reported. 


ROBABLY BECAUSE of its high degree of sensi- 
tivity and relative simplicity, a preferred 


method for the microdetermination of glyceryl 
trinitrate is the one based on the alkaline hydrol- 
ysis (1) of the nitrate ester and determination of 
the nitrite formed through the customary diazo- 
tization and coupling reaction and subsequent 
spectrophotometric measurement of the dye 
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formed. An obvious application of this proced- 
ure would be the assay of individual nitroglycerin 
tablets in which suitable aliquots of a simple 
aqueous solution of the tablet would be subjected 
t o  the procedure. 


However, it is known that lactose, which ap- 
pears t o  be the  excipient of preference in the 
manufacture of these tablets and is present in 
gross excess, seriously interferes with this ana- 
lytical procedure (2). In a consideration of 
possible methods of avoiding this source of inter- 
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sources of manufacture and in a number of differ- 
ent dosages. 


0.3 MATERIALS 


Y 


X 


The assay values reported in this paper were ob- 
tained on commercial tablets purchased through 


Laboratories, Eli Lilly and Co., Merck Sharp and 


2 a2 the usual channels in bottles of 100 which originated 
from the following pharmaceutical firms: Abbott 


0.1 Dohme, and Puke, Davis and Co. The dosage 
range included the following values: 1/100, 1/150, 
1/200,1/250, and 1/400 gr.’ 


The following reagents are required: procaine 
2 4 6 hydrochloride, 3 mg./ml.; hydrochloric acid, 4 N; 


N-( 1 naphthyl) ethylenediamine dihydrochloride, 1 
mg./ml. ; and strontium hydroxide, octahydrate. 1 


nitrate. Gm./100 ml. I t  was somewhat disappointing that 


0 


0 4 


YCQ. 


Fig. 1 :--Standard recovery curve for glyceryl tri- 


TABLE I.-TYPICAL ASSAY DATA SHEEP 


-- Nitroglycerin----. 
Absorbaoce Found, Calcd. 


Tablet Observed Av. Corrected mcg. mg./Tabiet 
Control 0.016 0.017 ... ... . . .  


0.018 


0.283 
1 0.275 0.279 0.262 5.5 0.69 


2 


3 


4 


5 


6 


7 


8 


9 


10 


0.292 
0.291 


0.292 0.275 


0.282 0.260 0.243 
0.258 
0.214 0.213 0.196 
0.211 
0.252 0.254 0.237 
0.255 
0.275 0.275 0.258 


5.8 


5.1 


4.1 


5.0 


5.4 
0.274 
0.264 0.265 0.248 5.2 
0.265 . _ _ _  
0.280 0.280 0.263 
0.280 
0.290 0.294 0.277 


5.5 


5.8 
0.298 
0.276 0.277 0.260 5.45 
0.277 


0.73 


0.64 


0.51 


0.63 


0.68 


0.65 


0.69 


0.73 


0.68 


Av. 0.66 
a Tablet X ,  dosage l / lw gr., 0.2-ml. aliquots. 


ference, the thought occurred that advantage 
might be taken of the well known fact that some 
carbohydrates, including lactose, form com- 
pounds with metallic ions, especially of the 
alkaline earth group. The stability of such a 
compound might be sufficient to  reduce greatly 
or remove completely the lactose from the field 
of interference. Early preliminary experiments 
using barium hydroxide as the hydrolyzing alkali 
instead of the usual sodium hydroxide showed 
immediate promise. However, as the work 
progressed, strontium hydroxide was found to be 
considerably more d c i e n t ,  both as the hydrolyz- 
ing alkali and as a supressor .of the lactose 
interference. 


This communication gives a detailed descrip- 
tion of the method which has been devised and 
records the results obtained in the assay of com- 
mercial nitroglycerin tablets of four different 


apparently the latter material is no longer readily 
available as a reagent chemical. The salt used in 
these studies was obtained from K & K Laboratories, 
Inc., Jamaica, N. Y.. and the purity was indicated 
as 9549%. Although appreciable turbidity in the 
1% solution did not interfere with the procedure, 
the standard practice was to make up the day’s re- 
quirement on the preceding day, thus providing a 
clear supernatant fluid for use in the assay. More 
prolonged storage of the solution was avoided. 


METHOD 
The assay experiment was set up to include the 


assay of ten individual tablets, the average value 
of which was taken as the final assay value for the 
tablet. The procedure is as follows. 


Place one tablet in each of ten 50-ml. glass- 
stoppered centrifuge tubes (Pyrex No. 8424). The 
tablet may be crushed with a glass rod. After add- 
ing exactly 25 ml. of distilled water to each tube, 
stopper and shake vigorously by hand for some 


1 Grateful acknowledgment is made to these firms for 
supplying tablets for the preliminary studies. 
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seconds to  complete solution. Place the ten tubes 
in a shaking machine and shake vigorously for 5 
minutes. An appreciable turbidity in the solution 
a t  this point is, of itself, of no significance since the 
mixture will undergo a t  least a tenfold dilution before 
spectrophotometric analysis. Transfer duplicate ali- 
quots from each tube to a pair of 15-ml. graduated 
glass-stoppered centrifuge tubes. The schedule of 
aliquot volume with respect to tablet dosage is as 
follows: 0.2 ml. for 1/100 gr., 0.3 ml. for 1/1W gr.. 
0.4 ml. for 1/200 gr., 0.5 ml. for 1/2W gr., and 0.8 ml. 


for 11400 gr. Distilled water is added to each of 
the 20 tubes to the 1-ml. mark, and 1 ml. of water is 
added to two additional tubes which serve as con- 
trols. From this point on, the experiment should 
proceed a t  reasonable speed without interruption. 
Add to each of the tubes 4 ml. of 1% strontium 
hydroxide. Stopper and mix by inversion. The 
lightly stoppered 22 tubes are then placed in a suit- 
able rack which is then suspended in a water bath at 
50 f 0.2" so that the water level is approximately at 
the 10-ml. mark of the tubes. After 15 minutes the 


TABLE II.-SUMMARY OF ASSAY RESULTSO 


Dosage, Assay -Individual Tablet Assay Values, mg. X lo@-- Av. 
Tablet I T .  N O .  1 2 3 4 5 6 7 8 9 1 0  mg. 


A limo 1 69 55 80' 60 66 59 63 
2 67 58 62 59 66 75* 69 
3 63 58 68 51* 70 63 50' 
4 55 54 66 i 6 *  63 65 63 
5 68 68 69 55 66 54 63 


B 1/100 6 75* 68 66 63 70 72 63 
7 63 68 71 58 59 86' 64 
8 i 4 *  i 6 *  67 50* 63 73 87' 
9 61 64 69 58 74' 78* 63 


10 65 48* 67 69 73 65 i 0  


68 63 
52 62 
69 64 


56 0.64 
51. 0.62 
63 0.62 


55 69 58 0.62 
51. 50' 68 0.61 
50* 58 65 0.65 
i 5 *  73 70 0.69 
73 69 59 0.69 
55 62 65 0.65 
63 63 73 0.66 


C 1/100 11 52 69 65 65 73 65 65 74 61 66 0.66 
12 lX3 65 63 67 74' 67 70 78* 63 70 0 68 
13 66 66 il 58 65 71 64 69 69 64 0.66 


D 


H 


14 
15 


1 /1M 16 
17 
18 
19 
20 


1/150 21 
22 
23 
24 
25 


30 


59 
68 
38 
41 
45 
41 
49 * 
49 * 
39 
47 
47 
40 
40 45 
4 i  47 
42 
33 * 
4 i  


68 
75' 
39 
39 
39 
42 
38 
45 
35 
44 
43 
41 


44 
39 
49 * 


62 69 6 i  69 
66 71 73 66 
3 i  35 45 35 
44 43 38 38 
31* 39 40 37 
47 41 35 47 
38 40 39 32 
46 44 47 50* 
48 37 49* 50' 
45 47 40 4 i  
44 43 50* 42 
4 i  43 41 48 
42 50' 45 51* 
45 39 49* 42 
4 i  44 44 46 
42 46 45 49* 
47 46 40 46 


68 
66 
39 - _  
38 
33 
39 
39 
44 
44 
40 
45 
39 
4 i  
42 
45 
47 
44 


68 
75* 
39 
43 
38 
43 
36 
38 
42 
37 
42 
45 
42 
45 
47 
44 
43 


63 71 0.66 
66 il 0.50 
34 41 0.38 
46 42 0.41 
42 42 0.39 
49* 40 0.42 
3 i  45 0.39 
41 45 0.45 
42 44 0.43 
42 44 0.43 
50* 50* 0.46 
47 43 0.43 
36 42 0.44 
48 47 0.46 
50. 50* 0.46 
42 44 0.43 
45 49* 0.46 


1 /200 31 34 35 31 25' 34 28 28 35 40 32 0.32 
32 27 28 26 26 23* 33 25 33 36 29 0.29 
33 35 28 24' 22* 3 1  39' 27 35 23' 36 0.30 
34 35 21* 24* 41' 34 23* 28 28 35 33 0.30 
35 24* 48* 39* 35 35 24' 33 32 28 31 0.33 


1 /200 36 25* 29 
37 25* 27 
38 29 26 
39 29 31 
40 25* 30 


1 /200 41 26 32 
42 26 39* 
43 35 31 
44 39* 34 
45 31 31 


1 /250 46 24 2 i  
47 25 25 


25* 28 27 26 
29 26 29 29 
26 28 29 30 
29 28 28 28 
29 27 30 28 
33 39' 36 38* 
35 38* 36 36 
40* 40. 26 29 
36 37* 32 34 
41* 34 29 30 
24 24 25 25 
24 26 25 23 


25' 28 28 28 0.27 
26 36 27 29 0.27 
26 25' 25' 28 0 . 2 i  
28 25* 28 27 0.28 
25 27 28 29 0.28 
29 37* 30 34 0.33 
41* 37* 38* 39* 0.3'7 
38* 41* 2 i  30 0.34 
34 28 36 26 0.34 
36 41* 41* 37* 0.35 
21 23 23 26 0.24 
21 25 24 24 0.24 ~~ 


48 21 25 25 23 24 24 21 25 21 24 0.24 
49 23 22 25 26 24 23 22 24 25 26 0.24 
50 28 21 25 26 25 22 22 24 22 2 i  0.24 


1 /400 51 19' 20* 18 18 18 12* 19* 21* 19* 15 0.18 
52 i 9 *  16 18 20* 15 18 16 209 a* 18 0.18 
53 15 16 18 17 li 19* 17 14 18 15 0.17 
54 20' 18 19: 


21* 18 14 20* 1 i  14 20' 0.18 
55 21* 16 21 20* 18 13 20* 18 14 18 0.18 


- - 
a The tablets were carefully removed at random from original unopened bottles of 100. Visibly defective tablets weredis- 


carded when encountered. It appears reasonable to assume that the physical condition of these tablets at the time ofassay 
approximates that which prevails at the time the patient receives them from the pharmacist. Individual weights of the tablets 
were not determined and therefore this factor, which is of considerable importance to the tablet manufacturer. is  not included 
in the data. Assay values with an asterisk indicate failure to meet U.S.P. requirements. 
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rack is removed from the bath, then immersed in 
cold tap water for approximately 5 minutes. The 
contents of each tube are treated in the following 
consecutive steps, mixing being accomplished after 
each step by inversion of the stoppered tube: ( a )  add 
1 ml. procaine hydrochloride, 3 mg./ml.; (a )  add 1 
ml. hydrochloric acid, 4 N; (c) add 1 ml. N-(1- 
naphthy1)-ethylenediamine dihydrochloride, 1 mg./ 
inl.. and distilled water to the 10-ml. mark. 


Full color development is attained in approxi- 
mately 5 minutes, after which time the absorbance 
of each of the 22 solutions is measured with a Beck- 
man model DU spectrophotometer at a wavelength 
setting of 550 mp and a slit width of approximately 
0.025 mm. Absorption cells having a light path 
of 1 cm. were used; distilled water served as the ref- 
erence standard. The paired values are averaged 
and then corrected for the control value. The 
corrected values are then converted into terms 
of nitroglycerin with a standard recovery curve. 


The preparation of the standard recovery curve 
using the procedure detailed above is quite similar 
to that described in an earlier communication (1). 
A typical curve is shown in Fig. 1. The reproduci- 
bility is very satisfactory. 


A typical assay data sheet is shown in Table I and 
a summarized tabulation of all the tablets assayed 
in this study is shown in Table 11. The ten-tablet 
assay, as described, requires several hours in the 
hands of one operator. An obvious modification of 
the procedure is a multiple-tablet composite assay in 
which ten tablets are dissolved in 250 ml. of water 
and aliquots of the proper volume are subjected to 
analysis. Using triplicate aliquots, such an assay 
can be carried out in less than 1 hour. The results 
obtained from a considerable number of such assays 
indicate the method is quite satisfactory. There is 
no reason why this method could not be extended 
to the case of 20 tablets in 500 ml. water or even 40 
tablets in 1 L. if desired. 


DISCUSSION 
Concerning lactose interference, recovery experi- 


ments indicated that 5 mcg. of nitroglycerin can be 
satisfactorily determined in the presence of 1.5 mg. 
of lactose. This lactose-nitroglycerin ratio of 300: 1 
is considerably in excess of the maximum value en- 
countered in this study which, of course, would be 
in the case of the 1/400-gr. tablets. The same 
observation holds for @-lactose. Sucrose, in similar 
amount, was without effect, which is in accord with 
the observations of Hansen (3). 


If the procaine was not added before acidification 
in the assay procedure following the alkaline hydrol- 
ysis step, erratic results were obtained. This in- 
dicates that a t  least an important part of the lactose 
interference takes place at the diazotization step 
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and that the strontium salt of lactose is of sufficient 
stability to suppress this interference with the diazo- 
tization reaction which probably takes place very 
rapidly. 


In considering the data presented in Table 11, it is 
quite obvious that a rigid quantitive interpretation 
is not permissible, since, if for no other reason, 
there are probably a t  least five different samples of 
glyceryl trinitrate involved in this study. If, how- 
ever, the validity of the method is accepted, then 
the assay data reveal some interesting information. 


First, it will be noted that the average assay value 
for each of the 55 assay experiments is within the 
limits required by the U.S.P. XVI, ie., within 80 
and 112% of the labeled dosage. Furthermore, 
there is good agreement among the five average 
values obtained for each type of tablet. This in- 
dicates, from this limited study, that the ten-tablet 
procedure might be adequate to establish the assay 
value for a given tablet preparation. It is to  
be noted also that the inherent accuracy of the 
method increases as the tablet dosage decreases. 


Individual tablet assay values which are starred 
in Table I1 indicate failure to  meet U.S.P. require- 
ments. Among the 550 assays listed there are 101 
such values, of which 78 show excessive dosage and 
23 fall below the requirements. 


The assay method presented in this study should 
be of immediate interest to the control laboratory for 
themanufacture of nitroglycerintablets. I t  provides 
information concerning the uniformity of the tablet 
dosage and also a rapid (ten-tablet composite pro- 
cedure) assay procedure. Based on a knowledge 
of complete composition of the tablet, rigid controls 
could be established and the standard recovery curve 
could be prepared from the sample of nitroglycerin 
that is used in the preparation of the tablets. 


To determine whatever merit the procedure may 
have as an official assay method would doubtless 
require considerable collaborative study. A refer- 
ence standard preparation of glyceryl trinitrate 
would probably be required and, in this connection, 
a simple aqueous solution of the nitrate ester (1 mg./ 
ml.) was surprisingly stable over a period of many 
months. However, Hansen (4) reports that an 
aqueous solution of 0.12 mg./ml. showed a 10% 
loss in potency after 10.5 months’ storage. 


Additional study will also be required to determine 
if the method has application to other pharmaceu- 
tical preparations containing nitroglycerin. 
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The X-ray method requires, in our hands, about 
1 hour. This allows about 0.5 hour for measure- 
ments and 0.5 hour for preparation and calculations. 


I t  is important to realize that the method may be 
applied to other elements. Using the relatively 
simple apparatus described here, elements having an 
absorption edge in the region from about 0.3 A. to 
about 2.0 A., that is, from cerium to manganese in 
atomic number can be determined. With a more 
complicated apparatus. the list of elements can be 
expanded. 


REFERENCES 


Table I shows the precision of this assay method. 
The indicated 12 standard deviation calculated 
from these data is f0.025. This amounts to about 
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chemical assay and the X-ray absorption edge 
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CONCLUSION 
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Kinetics and Mechanism of Isomerization and 
Hydrolysis of 4,6-Diamino-l-( 3,5)-dichlorophenyl- 


1,2-di hydro-2,2-dimethyl-l, 3,5 -triazine 
in Dilute Aqueous Solution 


By D. H. SZULCZEWSKI, C. M. SHEARER, and A. J. AGUIAR 


Rate measurements, concurrent with reaction product identification, indicate that 
there are three routes by which inactivation of the title compound can occur: 
(a) unimolecular isomerization of free triazine; (b) unimolecular isomerization of 
protonated triazine; (c) acid catalyzed hydrolysis of protonated triazine. The  rela- 
tive importance of these reactions on drug decomposition for various p H  values is 
determined. Likewise, rate studies a t  critical pH values and several elevated tem- 
peratures enable accurate estimation of rate of degradation at  any tem erature. 
Equations are derived relating specific rate to both pH and tem erature. dentifica- 
tion of reaction products by means of thin-layer chromatograpty shows that besides 
the 6-dichloroanilino isomer and 3,5-dichlorophenyl-biguanide hydrolysis roduct, 
N-3,5-dichlorophenyl-N’-guanylurea is formed as a secondary product of Xegrada- 


tion. 


N RECENT YEARS a variety of substituted I dihydrotriazines has been reported in several 
areas of chemotherapeutic research ( 1  -3). Al- 
though many dihydrotriazines have been pre- 
pared and screened, there is little information 
available concerning their stability in aqueous 
systems. Likewise, information concerning the 
likely route and rate of degradation is meager. 


In a communication by Carrington et al. (3) 
concerned with isolation, identification, and 
synthesis of the active metabolite of chloryanide 
hydrochloride,‘ isomerization and hydrolysis of 
I-phenyl-dihydrotriazines to nonactive products 
was noted. This suggests that  loss of chemo- 
therapeutic activity is possible and that  relative 
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rates of destruction need to be known to deter- 
mine the feasibility of liquid formulations having 
a suitable shelf life. 


The  following study, concerned with the 
kinetics of isomerization and hydrolysis of 4,6- 
diamino - I - (3,5) - dichlorophenyl - 1,2 - dihydro- 
2.2 - dimethyl - 1,3.5 - triazine*(I) in aqueous 
buffered solution, was camed out to determine 
these rates and to determine the chemistry of the 
degradative process. 


RESULTS AND DISCUSSION 
Order and Nature of Degradative Process.- 


Representative data obtained on the rate of degrada- 
tion of 1 in aqueous buffered solution a t  45’ is 
shown in Fig. 1. This, together with studies a t  
other temperatures, indicates that in aqueous 
buffered solution the decomposition of I is first 
order with respect to I over a broad pH range. 


The rate of degradation was not influenced by 
changes in concentration of buffer (Table I). Like- 
wise, the observed rate remained constant in 


* Parke, Davis ABT-IS, 251. 
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extremely alkalime solutions despite a tenfold 
change in base concentration (NaOH) horn 0.05 
to 0.5 N. However, neutral salt did cause changes 
in the rate of reaction when carried out in the 
presence of strong acid (Fig. 2). 


The nature of the product or products of the 
degradative reaction at various pH's was d e t d n e d  
by thin-layer chromatography. This was necessary 
since the ultraviolet absorption spectra (Fig. 3) of 
both primary and secondary reaction products were 
too similar to permit spectrum analysis in mixtures. 
Chromatograms obtained on samples drawn from 
solutions held at 45' (Fig. 4) indicated that the 
isomer, 4-amino-6-(3,5)dichloroanilino-l,2-dihydro- 
2,2-dimethyl-l$,5-triazine (11) is the only product 
of degradation over the broad pH range of 13 to 5. 
From pH 5 to 2 mixtures of 3,5-dichlorophenyl- 
biguanide (111) and isomer (11) are found, whereas 
in extremely acid systems (pH 2 or less) only the 
biguandine or its hydrolysis product N-3,5-dichloro- 
phenyl-N'-guanyl urea (IV) are observed. 
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Fig. 1.-Degradation of I a t  45" C. in aqueous solu- 
tion at various pH's ( F  = fraction I remaining). 


TABLE I.-EFFECT OF BUFFER CONCENTRATION ON 
OBSERVED RATE OF DEGRADATION AT 65" C. 


BUEW 


DH 8 . 8  
Molarity 0 . 1  0 . 2  


(borate) kob. = 0.238 hr.-' k o b  = 0.236 hr.-l 


phate) kob. = 0.009 hr.-l kobs = 0.009 hr.-l 


pH 7.0 
(phos- 


1s 30 4.1 6.0 
TIME IURSJ 


Fig. 2.-Rate of acid catalyzed hydrolysis at 
various ionic strengths but constant pH. pH = 
1.4 maintained with HCIO,. Ionic strength varied 
by changing concentration of NaClO,. 


Fig. 3.-Ultra- 
violet spectra in pH 
7 phosphate buffer. 
Key: I, 4,6-di- 
ammo - 1 - (3,5) - 
dichloropheny 1- 1,2- 
dihydro - 2,2 - di- 
methyl - 1,3,5 - tri- 
mine; 11. Camino- 
6 - (3.5) - dichloro- 
anilino-1.2dihydro- 
2,2 - dirnethyl-1,3,5- 
triazine; and 111, 
3.5dichlorophenyl- 
biguanide. 


Fig. 4.-Thin-layer 
chromatograms ob- 
tained on solutions of 
partially degraded I at 
45". p H  refers to  pH 
of aqueous solution of 
I. Solution spotted 
directly after approxi- 
mately two half-lives. 
Top boundary repre- 
sents solvent front. 
Bottom boundary rep- 
resents point of appli- 
cation. 


N 


I 


I1 


Variatim of Reaction Rate with pH.-Variation 
of the observed first-order rate constant with pH 
is shown in Fig. 5 for two temperatures. In brief, 
the pH profile is characterized by the following 
regions (at 65'): A, pH 1 to 2.5 straight line, slope 
- 1; B, p H  4 to 5.5 plateau region; C, p H  8 to  9.6 
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9-2.0 I 1 1  


1 2 3 4 S 6 7 8 9 1 0 1 1  12 13 
Pn 


Fig. 5.-Plot of the logarithm of the observed 
specific rate us. pH over the entire p H  range. 65" 
solid line represents results of calculating observed 
specific rate by Eq. 13. Open circles represent 
experimentally determined values. 


TABLE 11.-k1 VALUES~ CALCULATED AT 65" C. 
pKa' = 10.0 


PH log kobm log ki 
9 . 6  0.00 0.40 
8 . 8  -0.62 0.58 
8 . 2  -1.19 0.61 
7 .9  -1.55 0.45 


Av. 0.51 


where k o a  = observed first-order rate constant. 
At 65" where pKa' = 10.0, if pH 2 11.5. Eq. 4 
simplifies to 


R o b  = ki (Eq. 6) 
or 


log Rob, = log ki;  


and if pH 59.5,  Eq. 4 may be expressed as 


log kob, = log kl - pKa' + pH (Eq. 7) 


Equation 6 would predict that a t  pH's equal to  
or greater than 11.5, Rob, should be essentially 
independent of hydroxyl ion concentration. Equa- 
tion 7 predicts a straight line with slope +1 at 
pH's less than 9.5. As seen from Fig. 5 (regions 
C and D) these conditions are realized. 


Equations 6 and 7 provide a check for consistency 
since kI can be independently calculated from two 
different regions of the pH profile. From the 
plateau in the extremely alkaline region kl at 65" is, 
kl = 3.14 hr.-l or log k1 = 0.50. Table I1 lists 
values of k l ,  as calculated from Eq. 7, for the pH 
region 8 to 9.5 (region C, Fig. 5). 


It is evident that the average value of k1 calculated 
from Eq. 7 is in good agreement with the value of 
kI obtained by extrapolating values of k1. determined 
directly at lower temperatures, to 65". 
Region B.-The plateau region, pH 4 to 6 at 


65". is apparently due to unimolecular isomeriza- 
kr 


tion of monoprotonated I or I H +  


13 to 4 would become 


-d In IT/dt = kl [ Ka'/[Ka' + (H+)]l + 
which reduces to  


IJH+. straight line, slope -kl; D* pH to l3 plateau The rate law consistent with the data from pH 
region. 


Region D.-The independence of rate on concen- 
tration of alkali suggests two possibilities for the 
reaction occurring in region D :  a, unimolecular kz l(H+)/[Ka' + (H 111 (Eq. 8) 
isomerization or b, base-catalyzed isomerization of 
monoprotonated I. 


kobm = kr (Eq. 9) 
simply be 


The rate law governing the 6rst premise would 


in the region of interest. 
Region A.-Continuing to lower pH's (4  to 1) 


while that for the second an increase in log k o b  is seen. The reaction re- 
sponsible for this increase appears to be acid cata- 


-d In I /d l  = k o a -  - ki  
{(H +)/[(H+) + Ka']) - (OH-) (Eq. 2) lyzed hydrolysis of I to  the biguanide IH+ + HIO - 


H+ 
where Ka' = acid dissociation constant of IH+. IIIH+ + acetone. If this were the case, the rate 
which under conditions where (H+) << Ka reduces t o  law applicable would be (pH 6 to 1) with water in 


great excess: 
-d In I /d l  = kom- - K,/Ka' = k*  (Eq. 3 )  


- d  In IT/dl = Re + k,  (H+) (Eq. 10) 
Both reactions would yield identical behavior with 


respect to the influence of pH on rate and would so that kohl = kr + ks ( H + )  and at sufficiently low 
therefore be kinetically indistinguishable. How- pH so that kt (H+)  >> k, 
ever, the second possibility. involving attack of 
negatively charged hydroxyl ion on a protonated 
species bearing a positive charge. would be expected 
to show a primary salt effect (4). Since no salt 
effect is observed, Eq. 1 is favored. 


The fist possibility requires that pH affect the ~ i ~ ,  &--Log hob, 
rate of degradation only by controlling the relative as a function of the 
proportion of protonated and free I, not by fixing square root of ionic 
the concentration of a catalytic specie. For total strength a t p H 1 . 8 5 a n d p H  at 650 c. '1 7 
drug the applicable rate law would be 


1.40. pH main- -Ly 


where IT = total amount of I present regardless of 2zged b;ky!- -1.4 


ionic condition. From Eq. 4, in buffered solution ing concentration 


-d In I / &  = kl (Eq. 


0%. 11) log kob. = log ka -pH 


The above expression leads to the expectation of a 
region with a slope of - 1 in the pH profile. 


_ _ _ _  


A __--- -d In IT/dl ki (Ka'/[(H+) + &'I] (Eq. 4)  tahed with HClO,, 


o . l Q a 4 1 0 . 4  
kob, = k ,  - Ka'/[(H+) + Ka'] (Eq. 5) Of NaC104. dWNK I- 
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TABLE 111.- CALCULATED VALUES AT Two TEMPERATURES 


Temp., OC. Ka' PI (hr.-V kt ( h r . 9  ka (hr.-9 
65 1 x 10-10 3.16 5 x 10-8 3.24 
45 3.16 X lo-" 2.18 X lo-' 1.9 x 10-4 5 x 10-1 


TABLE IV.-HEATS OF ACTIVATION 


pH or 
pH Raoge 


Log 
Frequency A€?. 


Factor (K4. mole-') 
12 or greater 17.84 26.7 
10 20.14 30.7 
8 . 7  23.62 37.5 
8 .2  
7 . 0  
4 .4  
1 .4  


23.83 38.5 
2I .06 36.5 
17.70 31.0 
13.79 22.6 


In this acidic region the reaction is reversible (3). 
However, under the experimental conditions of low 
concentration and great excess of water, the con- 
centration of I H +  at equilibrium is extremely low 
so that the reaction may be considered to be ir- 
reversible. Plots of log F versus time over a period 
of at least one half-life showed no deviation from 
linearity. 


The rate of acid catalyzed hydrolysis would be 
expected to show a positive primary salt effect since 
two positively charged ions would be involved in 
the formation of the activated complex (4). As 
seen in Fig. 6, this is observed experimentally. 
Since region A of the pH profile is the only region 
in which a salt effect is observed, further evidence 
for the reaction as written is obtained. 


The over-all relationship of kob. as a function of 
pH for the range 1 to 14 would then be 


Values of Ka', k,, kt. and ka for two temperatures are 
listed in Table 111. In this equation, the effect of 
ionic strength on ka is ignored because although 
real, it  is of minor importance compared to the 
large effect of pH on the over-all rate. 


Substitution of the values from Table I11 in Eq. 12 
gives a relationship which closely approximates the 
observed results over the whole pH range (Fig. 5). 


Temperature Dependence.-Arrhenius plots at 
representative pH's were made and the information 
in Table IV obtained. 


The assumption that the same reaction occurs 
over the pH range 14 to 6 or 7 requires that the 
heats of activation determined at various pH's 
over this range be the same. As is evident from 
Table IV. the observed activation energies at pH 
8.2 and 8.7 are considerably higher than the values 
obtained for pH 12 or greater. 


The equation for R o b  as a function of pH and pKa' 
in region C (straight-line portion, slope +1) is 


shown by Eq. 7 while that in the a lkaie  plateau 
region D is shown by Eq. 6. Differentiating with 
respect to  l/T, holding pH constant, 


log k o d [ ~ / ( l / T ) l  I ~ H  = 
( b h  ~ I / [ ~ / ( ~ / T ) ~ J P H  + { a  p ~ ' / [ ~ / ( l / T ) ] ) p B  (Eq. 13) 


la log kd[b( l /T)I  IPH = 
- { b  log W [ b  ( l / T ) I l p ~  (Eq. 14) 


Equations 13 and 14 indicate that the apparent 
heat, as determined in region C, should d 8 e r  from 
that as determined in region D by the heat of ioniza- 
tion of IH+, i .e . ,  


[b pKa'/d(l /T)1 = AHi/2.3 R.T. 
Attempts were made to determine the heat of 


ionization by an independent procedure. Un- 
fortunately, conventional spectrophotometric de- 
termination of this quantity is very difficult. The 
instability of the drug at pH's near the pKa' (10 
to 11) precludes accurate spectrophotometric meas- 
urement at elevated temperatures. Also, there are 
inherent changes in absorptivity with temperature, 
not due to  changes in sample composition, which 
further complicate the determination. In  spite of 
these difficulties, an approximate value of 7 Kcal. 
mole-' was obtained spectrophotometricdy. 


Although not providing an independent measure- 
ment, a better value is obtained from rate data: 
rearranging Eq. 5 gives 


(Eq. 15) 
which under pH conditions such that kob/kl << 1 
gives 


k.b.(H+)/ki/[l - ( h / k i ) ]  = Ka' 


pKa' = pH - log kobJki (Eq. 16) 
This provides for a check of consistency, because 


if Eq. 16 is valid, it  should give the known pKa' 
at room temperature from rate data obtained at 
elevated temperatures. 


The values of kl and R o b  (pH 8 to 9) can be calcu- 
lated at any temperature from the data in Table 
111: kl = 17.84 - 26,700/2.3 X 1.98 X T a t  pH 
8.2; kob = 23.83 - 38,600/2.3 X 1.98 X T at 


Table V gives the values of pKa' obtained by 
calculation at various temperatures. 


The value obtained at 25O is in good agreement 
with that obtained spectrophotometricdy (1 1.0) 
at room temperature. This agreement would 
strongly suggest that the 11 Kcal. difference between 
the heats of activation as determined in region D 


pH 8.7; k.bs = 23.62 - 37,500/2.3 X 1.98 X T. 


TABLE V.- CALCULATED pKa' VALUES 


-log ki - log ko- -pKa' as Deterdud from Data-- 
at pH 


Temp., C. pFI 8 .2  pH 8.7 8 . 2  8 . 7  Av. 
66 1.76 1.27 10.0 10.0 10.0 
46 2.30 1.82 10.6 10.5 10.6 
25 2.80 2.12 11 .o 10.8 10.9 







1160 Journul of Pharmuceutical Sciences 


directly on chromatographic plates prepared with 
aluminum oxide Fluka D5 containing a fluorescent 
indicator. 


The plates were developed using pH 6 phosphate 
buffer until the solvent front had moved 6.5 cm. 
When viewed under a short wave ultraviolet lamp, 
the ultraviolet absorbing components appeared as 
dark spots on the yellow fluorescing background. 
The R, values were not completely reproducible, 
but the various spots were identified by spotting 
knowns on the same plate. 


Characterization of Secondary Hydrolysis 
Product.-One gram of I was dissolved to  20 ml. 
1 N HCI and heated on the steam bath for 1 day. 
Likewise, 50 mg. of 3,5-dichlorophenylbiguanide was 
dissolved in 0.5 ml. 1 N HCI and treated similarly. 
In both cases, crystalline material was precipitated 
whose infrared spectra were identical. The pre- 
cipitates had an Rf equal to that of the slow moving 
component observed during kinetic runs a t  pH’s 3 
or less. Physical data on the crystalline precipitate 
from I are as follows: U.V.: (in pH 7 phosphate 
buffer) X 254 c = 19,060; m.p. 189-191 (hot stage). 


Anal.-Calcd. for CsH~N10C12 HCl.H20: C, 
32.0, H, 3.6; N, 18.6; C1, 35.5; S O ,  6.0. Found: 


N-3,5-Dichlorophenyl-N’-guanylurea was syn- 
thesized by Henry’s procedure (5) and found 
identical with the above precipitates. 


SUMMARY AND CONCLUSIONS 
The kinetics of degradation of 4.6-diamino-l- 


(3,5)-dichlorophenyl- 1,2-dihydro-2,2-dimethyl-1,3,5- 
triazine in dilute aqueous solutions have been in- 
vestigated. 


Variations of specific rate with pH gave a profile 
consistent with the expression 


kob. = k1lKa’AKa‘ + (H+)lI + I(H+)ilKa‘ + (H+)1 Ikn + k4HC)1) 


derived on the basis of: ( a )  unimolecular isomeriza- 
tion of both protonated and free drug, and (b)  acid 
catalyzed hydrolysis of protonated drug. 


Variation of specific rate with temperature was 
determined and found to comply with 


C, 32.1; H, 3.4; N, 18.4; C1, 36.6; HtO, 5.0. 


PH 


Fig. i -Absorb- 
ancy ratio ( A A ~ N ~  
.4x2ej) as a func- 
tion ( B f  fraction 
drue remaining 
Solvent: IIH i 
phosph:ite buffer. 
Key: -0-, mix- 
tores o f  I and 11; 
---O---. mixtures of 
I and 111. 


Fig. 8.-Thin- 
layer chromato- 
grams obtained on 
acidic (0.04 N 
H2S04) solutions of 
I concurrent with 
analysis. 


0.0 QI a7 ob a5 OA 
FRACTION DRUG REMAINING 


and C is, in fact, due to the heat of ionization of 
IH’ and that the true heat of activation is the same 
in both regions. 


EXPERIMENTAL 


Kinetic Procedure.-A standard solution (approx. 
0.001 M with respect to I )  was prepared. This was 
diluted tenfold into various buffers held a t  the 
temperature of the run. Samples of the thermo- 
stated solutions were withdrawn periodically and 
diluted tenfold into pH 7 phosphate buffer for 
spectrophotometric analysis of intact drug. The 
pH was maintained by using dilute HClO, at pH’s 
below 2, glycine-HCI for pH 2 to 4, phosphate from 
4 to 8, borate buffers in the region 8 to  10, carbonate 
for 10 to 11, and dilute NaOH (carbonate free) for 
pH’s above 11. The actual pH of the buffered 
solution was measured at the temperature of the 
run with a Beckman model G pH meter. I t  did 
not vary more than 0.1 pH units during the course 
of a run. 


Analysis.-The solution of partially decomposed 
drug was diluted tenfold into pH 7 phosphate buffer. 
These dilutions were scanned immediately using a 
Cary model 14 spectrophotometer. The ratio of 
absorbances at  240 mp to 265 mp was determined 
and the fraction of I remaining was read off a 
standard plot (Fig. i ) .  This procedure gives a 
sensitive measure of intact drug in the region 0 to 
40% loss which is quite adequate for rate studies on 
pharmaceutical systems where the greatest emphasis 
is on an accurate estimate of 10% loss. 


The similarity in ultraviolet spectra of the 
biguanide and its hydrolysis product makes a 
separate analytical procedure unnecessary. In 
addition, thin-layer chromatograms obtained con- 
current with analysis (Fig. 8 )  demonstrated that 
the rate of conversion of biguanide to substituted 
urea was small compared to  the rate of hydrolysis of 
I. Thus no N-3,5-dichlorophenyl-N’-guanylurea 
could be detected until approximately 50% of the 
drug was hydrolyzed. 


Thin-Layer Chromatographic Analysis.--Solutions 
of I, 0.1% in various buffers were prepared and 
stored at 45’ for approximately two half-life periods. 
Five microliters of these solutions was spotted 


11 or greater logk = 17.84 - 26,70012.3 R.T. 
10 
8 . 7  


log k = 20.14 - 36,700/2.3 R.T. 
log k = 23.62 - 37.500/2.3 R.T. 


8.2 
7 . 0  
4 . 4  


log k = 23.83 - 38,500p.3  R.T. 
log k = 21.06 - 35,50012.3 R.T. 
log k = 17.70 - 31,000/2.3 R.T. 


1.4 
A t  45’ the isomer (4-amino-6-(3,5)-dichloro- 


anilino-1,2-dihydro-2,2-dimethyl-1,3,5-triazine) was 
found to  be produced in the pH range 13 to 5. 
Between pH’s 5 and 3 both isomer and 3,5-dichloro- 
phenyl-biguanide are products, while at more acid 
pH’s only biguanide or its hydrolysis product 
N-3.5-dichlorophenyI-N’-guanylurea are observed. 
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Molecular Weight Determination in Aqueous and Nonaqueous 
Solvents I. Instrumentation 


By FRANK M. GOYAN and RICHARD D. JOHNSON 


The  apparatus previously used by Goyan and Johnson to  study colligative properties 
has been improved. Provisions have been made for introducing and removing the 
sample without disturbing the closed system, and techni ues have been developed 
for using aqueous and nonaqueous solvents interchange%ly with the same equip- 
ment. The results presented show improvement in  rapidity of o eration and relia- 


bility. Circuiuy is  basically the same but has been somewgat improved. 


HE THERMOELECTRIC METHOD for measuring T colligative properties of solutes is becoming in- 
creasingly popular for the routine determination of 
molecular weights ( 1-3). Modern instrumentation 
favors the use of thermistors instead of thermo- 
couples for these measurements. Recent studies by 
the authors (4) suggested a new development in this 
field which permits the addition of sample solutions 
without direct observation and without opening the 
equilibrium chamber. Provision is also made for 
withdrawing old samples, and the instrument is de- 
signed so that only glass and platinum come in 
contact with solvents or solutions. 


The results show that the new instrument makes 
possible more rapid and accurate determinations 
than previously. Water and organic solvents may 
be used with a minimum of difficulty in changing 
from one solvent to another. 


EX PER1 MENTAL 


The circuitry and method of measurement used 
were described under Phase II in the previous paper 
(4). A 6-v. battery was used throughout to power 
the bridge, and the switches were always arranged 
in order to utilize the reference thermistor. The 
only significant improvement in the circuitry was 
the substitution of a proportional temperature con- 
trol device' for the on-off control previously de- 
scribed; it was modified in order to use a thermistor 
probe which was inserted in the Dewar flask used as 
a water bath. All measurements were made a t  
25.00". Commercially available chemicals of re- 
agent or equivalent quality were used without 
purification ; ratio-arm settings were 10,000 ohms. 


The essential new feature of the instrument is 
shown in Fig. 1. I t  consists of two parts-the 
thermistor holder and the equilibrium chamber. 
The thermistor holder is one piece of glass made 
bv sealing a tapered capillary tube to  the upper part 
of the outer tube of the holder with a ring seal. 
This capillary is prepared before the sealing opera- 
tion so that the tip is small enough to fit alongside 
the thermistor in the narrow lower part of the holder. 
The upper part of the capillary where the ring seal is 
made is a shaped part of the tube from which the 
capillary was drawn; the shaping is accomplished 
with a carbon rod sharpened in a pencil sharpener 
before blowing the bulb needed for the seal. The 
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1 Electron-0-Therm Sr., model 148. Technical Equipment 
Co.. Walnut Creek, Calif. 


A ?  
Fig. 1.-Thermistor cham- 


ber and holder. Key: A = 
ground-glass socket to receive 
ground-glass tip of medicine 
dropper used for removing 
waste liquid; B = same for 
adding sample through inner 
capillary; C = electric leads 
from thermistor; D = inner 
capillary, terminating in tip 
just above coils on ther- 
mistor; E = stopper for 
holding chamber in water 
bath; F = narrow portion of 
chamber; G = wide portion 
of thermistor holder selected 
to fit part F ;  H = platinum 
gauze for holding solvent and 
supporting thermistor holder; 
I = narrow portion of ther- 
mistor holder showing dental 
amalgam seal of thermistor 
and capillary in holder; J = 
platinum wire (0.013 in. in 
diam.) coiled in an open spiral 
from the tip of the filling 
capillary to beyond the tip 
of the thermistor: K = 
platinum -gauze fo; holding 
solvent by capillary action; 


L = lower part of chamber for isolating waste from 
gauze. The figure is drawn to approximate scale. 
The overall length to  the top of the stopper is 18 cm. 


tapered tip of a special medicine dropper is ground 
into this socket after the glass blowing is finished. 
The thermistor is inserted from the bottom after 
threading its insulated leads through the outer tube 
and the upper opening. An open spiral of platinum 
wire (0.013 in. in diameter) is wound around the 
lower part of the thermistor and allowed to extend 
slightly below the end; the tip of the capillary is 
arranged to deliver liquid along the side of the 
thermistor just above the platinum spiral where it is 
drawn into the spiral by capillary action. The 
spiral and capillary are self-cleaning either with 
solvent or by rinsing with the next solution to be 
used. A 5-ml. sample is adequate for several 
determinations; 0.5 ml. would be sufficient if the 
spiral were first washed with solvent, dried, and 


'100 SEC. 


flW.1 A 


Fig. 2.-Tracing of 
a typical recording 
Key: A = switch 
open; B = final 
equilibrium; C = dis- 
placement produced by 
changing the decade 
resistance box by 100 
ohms; D = first indi- 
cation of equilibrium; 
E = start. 
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TABLE I.-RELATIVE RE5ISTANCES OF THE THERMIS- 
TOR” 


Substance Concn., M Ohms 
B e n d  (in benzene) 0.100 554 


0.050 277 
0.025 138 


Naphthalene (in benzene) 0.100 538. 523 
0.050 265, 262 


Anthracene (in benzene) 0.050 270, 270 
0.025 137. 135 


MNCN.. M 
Fig. 3.-Calibration chart. The steeper line 


represents readings with benzene. Key: 0 = benzil 
and sucrose; 0 = diphenyl and dextrose; X = 
anthracene; 0 = naphthalene. 


allowed to come to temperature equilibrium in the 
chamber. 


The equilibrium chamber is made with an en- 
larged portion to  provide free fall of drops from the 
thermistor. A smaller upper portion is just large 
enough t o  accept the thermistor holder. In making 
this chamber, platinum gauze (three wires per d l l i -  
meter) is fitted to  the inside of the upper part of the 
large tube before sealing the lower end; it is held in 
place by a constriction made after the gauze is in- 
serted. The gauze lining the lower part of the 
smaller tube is inserted after the glass blowing is 
finished and serves to  check the downward slipping 
of the thermistor holder at a point which places 
the tip of the thermistor near the geometrical center 
of the larger cylinder of gauze. 


In use, a sample is drawn into the special medicine 
dropper which fits the upper ground-glass attach- 
ment t o  the capillary. The sample is forced through 
the capillary and excess allowed t o  drop to  the 
bottom of the equilibrium chamber. The excess can 
be withdrawn through the small tube (Fig. 1) which 
also terminates with a ground-glass connection to  a 
different medicine dropper used to withdraw liquid 
that accumulates in the bottom of the chamber. 
While these operations are performed, all parts of 
the apparatus below the stopper are in the Dewar 
flask covered with water. Inspection of this opera- 
tion is seldom necessary. 


RESULTS 
Figure 2 shows the results obtained in a typical 


case. Millivolt readings are converted to  ohm 
readings by the method described earlier (4). 
Equilibrium is attained in 400 seconds and in half 
that time significant readings can be taken. 


Diphenyl (in benzene) 0.100 550; 546 
0.050 277, 277 


Sucrose (in water) 0.200 184 
0.150 138 
0.100 92 


Dextrose (in water) 0.100 92 
0.050 46 


a Readings subtracted from solvent readings. 


TABLE II.-RESULTS OF MOLECULAR WEIGHT 
CALCULATIONS“ 


MConcn. MoLwt. % 
Substance (graph) (dcd. )  Error 


Naphthalene, mol. 0.0975 131.2 2.3 
wt. = 128.2 0.0950 134.5 4.9 


0.0481 133.0 3.7 
0.0475 134.5 4.9 


Anthracene. mol. 0.0488 182.0 2.1 
wt. s 178.2 0.0488 182.0 2.1 


0.0248 179.0 0.4 
0.0245 182.0 2.1 


Diphenyl, mol. wt. = 0.0994 155.2 0.6 
154.2 0.0988 156.0 1.2 


0.0500 154.2 0.0 
0.0500 154.2 0.0 


Dextrose, mol. wt. = 0.1OOO 180.2 0.0 
180.2 0.0500 180.2 0.0 
a Solvents given in Table I. 


Figure 3 and Table I show the results obtained 
with two different solvents-water and benzene. 
Table I1 shows these results converted to  molecular 
weights; the required calibration was established 
with benzil in benzene and sucrose in water. In 
Table 11, the column headed-Concn. (graph) 
represents the molar concentration of the reference 
material corresponding to  the reading obtained. 
In Table I, Cmcn. M refers to  the nominal molar 
concentration of each solution weighed out on the 
basis of the theoretical molecular weight. The 
calculated molecular weight shown in Table I1 
is simply weight per liter (known from weight and 
volume) divided by moles per liter read from the 
calibration chart. 
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(Z.M.F.4.C.) under the following operating condi- 
tions. Calibration is made with a quinine sulfate 
solution ( 5 ) ;  1 mm. monochromator’s slits are used. 
The sensitivity of the instrument is set so that a 
full scale deflection of the galvanometer spot is oh- 
tained for 3.5mcg./ml. concentration of panthenol in 
reading the diluted solution, using quartz cells-1 
cm. light path-for the measurements. 


F.-Calculate the amount of panthenol in the 
unknown syrup by 


Joiirnal of Phnrmncercticnl Sciences 


internal standards have shown that the mean reten- 
tion in our experimental conditions was approxi- 
mately 6% of the total panthenol content of the 
solution. A correction factor of 6% was thus intro- 
duced in the final calculation of panthenol in the 
syrups and tablets. 


The quantitative determination of 8-alanol in the 
final hydrolyzate could have been made by one of the 
methods described in the literature (1, 3, 4). It 
seemed interesting to  use the new fluorometric 
method perfected by Close, et al. (7 ) ,  which is 
routinely used in our laboratory for other purposes. 
This method is easy, rapid, precise, and very sensi- 
tive. 


As illustrated in Fig. 1, the relationship between 
the fluorescent intensity and the 8-alanol concentra- 
tion is perfectly linear in a range of concentration 
between 0.1 and 1 mcg./ml. of 8-alanol in the diluted 
solution (or 0.27 and 2.7 mcg./ml. of panthenol). 
This range is highly convenient for the needs of 
the quantitative estimation of panthenol in the 
pharmaceutical preparations. 


We believe that the method proposed can be used 
as a routine procedure for the panthenol determina- 
tion in the pharmaceutical preparations with a high 
sugar content, and t h a t  it can also be the basis for 
the assay of the other vitamins contained in the same 
preparations. 
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x 200 = 
P s ( I u  - Ib )  
VU (IS - I b )  


mg. panthenol in 100 ml. syrup’ 


where lu = fluorescent intensity of the unknown, 
Is = fluorescent intensity of the standard. Ih = 
fluorescent intensity of the blank, Ps = standard 
panthenol content in mg./100 ml.. and Vu = volume 
of the sample of the unknown syrup. 


RESULTS A N D  DISCUSSION 


In this laboratory the described method has given 
reproducible results, both with multivitarnin syrups 
and tablets. With the latter, the first step of the 
procedure was neglected: the tahlets were directly 
powdered and estracted as described in step B. 


As shown in Table I, the mean deviation be- 
tween the observed results was 3 ~ 2 %  which in- 
dicates a good reproducibility in the range of con- 
centration studied. 


As mentioned by Zappala and Simpson (3), the 
recoveries of panthenol after treatment on ion- 
exchange resins are low because of a partial retention 
of the vitamin by the resins. Several assays with 


1 Uncorrected value; see next paragraph for the correction 
factor. 


Two New Glucosides from Cassia angustifolia Pods 
By M. L. KHORANA and M. M. SANGHAVI 


Fractional precipitation and chromatographic studies have shown that C. angnstifolia 
pods contain, besides sennosides A and B, glucosides of rhein and chrysophanic acid. 
The  latter were best isolated by acidification of the aqueous extract to p H  3 .  Bio- 
logically, a mixture of these new anthraquinone glucosides and the bianthranol 
glycosides was more active than either. The  possibility of the presence of traces of 


aloe-emodin or emodin glucoside has also been indicated. 


N 1949, STOLL (1) isolated sennosides A and B from I the leaves and pods of senna (C. ~ngustifolia Vahl 
and C. acutifolia Delile). However, Fairbairn (2) 
showed that these two glycosides did not represent 
the full potency of the drug. Further studies of the 
drug with the purpose of isolating other principles. 
representing the residual potency of the drugs, were 
therefore warranted. During recent years C. 
acrctifolia has been studied by Fairbairn (3) and -__ 
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Vickers (4), and isolation of a number of glycosides 
has been claimed. 


This work deals with similar studies on C. 
ang~stifolia pods, and evidence for the presence of 
two other glycosides is presented. 


EXPERIMENTAL 


Aqueous Extract 
A coarse powder prepared from 600 Gm. of senna 


pods was divided into three portions. One portion, 
after maceration with 36 ml. of 1 N sodium bi- 
carbonate and menstruum (water saturated with 
chloroform), was percolated with the menstruum 
to obtain 2 L. of the percolate. The second and 
third portions of the drug were similarly extracted, 
using first the extract from the previous batch as 
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TABLE ~.-CHROMATOGRAPHY OF C. anguslijolia GLUCOSIDES 
7 Color 7 


Substance Spot No. R/  Visible Ultraviolet Light 


Sennoside A 1 0 00 Yellow changing to  brown Bright yellow 
Sennoside B 2 0 30 Yellow changing to  brown Bright yellow 
Acid precipitate 3 0 35 Yellow changing to  brown Bright yellow 


4 0 44 Yellow changing to brown Bright yellow 
5 0.99 Tailing Reddish brown Reddish brown 


to . . .  


nieiistruum suppleiiiented by fresh menstruum as 
required to obtain 2 L. of the percolate from each 
portion, Two liters of percolate were thus obtained 
from 600 Gm. of the drug. 


Fractionation of the Aqueous Extract 
(a )  Acid Precipitate.-The aqueous extract 


acidified to  pH 3 with concentrated hydrochloric 
acid and preserved with chloroform was allowed to 
stand overnight. The acid precipitate (a), sep- 
arated by vacuum filtration through filter paper 
supported on muslin, was washed with water and 
dried; yield, 3.7%. 


(b) Neutral Precipitate.-Sufficient ammonium 
chloride and anhydrous calcium chloride were added 
to  the combined filtrate and washings from (a) to 
obtain concentrations of 2 and 5y0, respectively; 
pH was adjusted to 7 with liquor ammonia. The 
yield of the neutral precipitate after filtration, wash- 
ing with water, and drying, was 2.1%. 


(c) Alcoholic Precipitate.4ufficient 95y0 al- 
cohol was added to the combined filtrate and wdsh- 
ings from ( b )  to cause complete precipitation. The 
yield of the precipitate after filtration, washing with 
alkohol. and drying, was 13.8%. 


Chromatographic Studies of the Acid Precipitate 
The acid precipitate (a)  (0.2 Gm.) was extracted 


with 15 nll. of 70yo nlethanol; the filtered extract was 
spotted on Whatman filter, chromatographic grade 
1. Solutions of sennoside A in cellosolve and senno- 
side B in 70% methanol were spotted for comparison. 
The chromatogram was developed by the ascending 
technique with 85 ml. of absolute isopropanol and 
sufficient 1.94 N acetic acid to make 100 ml. The 
chromatograms, sprayed with 1 N alcoholic sodiuni 
hydroxide, were examined in visible as well as ultra- 
violet light. 


A comparison of colors in visible and ultraviolet 
light as given in Table I indicates that Spots 3 and 
4 of the acid precipitate are most probably due to 
glycosides. Comparison of R, values indicates that 
these spots are due to compounds other thall 
scniiosidcs A and B. Spot 5, 1xc:ruse of its color. 
seemed to be duc to frce anthraquinones or wine 
coloring matter. 


Identification of the New Aglycones 
Hydrolysis of the Acid Precipitate.-The acid 


precipitate (8  Gm.), extracted with ether to  remove 
free anthraquinones, was hydrolyzed by heating with 
40 ml. of 3 N hydrochloric acid in a boiling water 
bath for 15 minutes. The anthraquinones from 
the cooled hydrolyzate were extracted with ether 
and the aqueous layer set aside for Idcntificaliow of 
Sugars. The ether extract. after being washed 
twice with distilled water and dried over sodium 
sulfate, was concentrated to about 5 ml. 


The results are given in Table I .  


TABLE II.-CHROMATOGRAPHY OF Two NEW 
AGLYCONES FROM C. angustijolia PODS 


Suhstance 
No. Name Rf c 01 or 
A Aloe-emodin 0.94 Pink 
B Emodin 0.88 Pink 
C Chrysophanol 0.98 Pink 
D Rhein 0.00 Pink 
E Sennidin A 0.00 Yellowa 
F Sennidin B 0.00 Yellow' 
G Benzene con- 0 .98 Pink 


centrate 
H Alcoholic con- ( 1 )  0.00 Pink 


centrate (2 j 0.52 
(3)0.98 


I C + G  0.98 Pink 
(1)O.oo 
(2)0.52 Pink J D 4 - H  
(3)0.98 


Yellow slowly changing to violet. 


Fractionation and Chromatography of the Ether 
Extract.-The concentrated ether extract was ex- 
tracted serially with ( A )  1 N sodium bicarbonate, 
(B) 5% sodium carbonate, and (C) 1 N sodium 
hydroxide. The sodium carbonate extract (B), 
had a color that was too weak and was not studied 
further. Each of the other two alkali extracts was 
made acidic with hydrochloric acid and re-extracted 
with ether. After washing the ether extracts with 
water, the solvent was removed; the residues were 
repeatedly extracted with hot, sodium-dried, 
benzene, using 5 ml. each time. The extracts were 
concentrated t o  5 ml. and poured on columns of 
CaSOl- H20 (E. Merck). The columns were pre- 
pared and washed with benzene. 


The sodium bicarbonatesoluble fraction ( A )  gave 
a yellow band on the column, and a faintly colored 
benzene eluate, but the reverse was  the case with 
the sodium hydroxide-soluble fraction (C). The 
eluate was more colored than the band on the 
column. The two eluatcs were combined, con- 
centrated to about 5 nil.. and the concentrate used 
for spotting (C). 


The bands 011 thc t w o  colut11ns were extruded 
and extracted with alcohol coiitaining O.S% acetic 
acid. The two extracts were combined, con- 
centrated to  about 5 nil., and the co~icentrate used 
for spotting (H). Sennidin A in alcohol, sennidin 
B in chloroform, and some known anthraquinone 
(Table 11) in benzene were spotted on the same 
paper. The chromatograms were developed with 
toluene and sprayed with alcoholic 1 N sodium 
hydroxide. 


Though all the four spots, D, E, F, and H(1) 
showed a similar behavior in having iij 0.00; they 
differed in the color produced with 1 N sodium 
hydroxide: E and F developed bright yellow which 
slowly changed to  violet on standing, and D and H- 
(1 )  under the identical conditions gave a pink color. 


The results are reported in Table 11. 
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This differentiated the spots E and F due to bimo- 
lecular anthranols from the spots D and H ( 1 )  due to 
monomolecular anthraquinones. Hence it was 
clear that while benzene concentrate G contained 
chrysophanol, the spot H( I )  most probably was due 
to rhein; the spot H ( 2 ) ,  however, did not correspond 
to any of the aglycories chromatographed. 


Chromatography with a second solvent system: 
lower phase of water: acetone: benzene (2 : 1 : 4) gave 
the following R/ values: chrysophanol, 0.00; rhein. 
0.74; benzene solution, 0.00; alcohol solution, ( I )  
0.74, (2) 0.89; C + G .  0.00; D + H, ( 1 )  0.74 and 
(2) 0.89. All the spots were colored pink with 1 N 
sodium hydroxide. 


In the above paragraph H( I )  is evidently due to 
rhein as indicated by li, values of rhein and D + H 
(1) .  Similarly, comparison of chrysophanol, ben- 
zene solution, and C + G indicated that the second 
aglycone was chrysophanol. 


Identification of Sugars 
The aqueous acidic layer (mentioned in Iden@- 


cufion of the New Aglgcones) was cooled, neutralized 
with sodium hydroxide pellets, and concentrated 
to dryness using high vacuum. The 1 :3  filtered 
aqueous pyridine extract of the residue was used 
for spotting on Whatman No. 1 paper. For com- 
parison, a glucose solution and a mixture of the 
two were spotted simultaneously. 


The chromatograms were developed with n- 
butano1:glacial acetic acid: water (4: 1: 5). by radial 
chromatographic techniques, and sprayed with 
Partridge's reagent (5). The average of four R, 
values were found to be-glucose, 0.32; aldose from 
the acid precipitate, 0.30; and a mixture of glucose 
and the aldose, 0.33. This clearly indicated that 
the sugar of the glycosides present in the acid pre- 
cipitate was glucose. 
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DISCUSSION 


In this study the drug was extracted with water 
instead of alcohol. This not only made the process 
more economical, but also permitted better separa- 
tion of the acid precipitate. Since the glucosides 
present in the drug were thermolabile, all concentra- 
tions by heat even under reduced pressure were 
avoided, and a concentrated extract was obtained 
by following the procedure of repercolation. 


Precipitation of the aqueous extract a t  different 
pH, from 1 .0 to i . O ,  showed that the highest yield of 
the so-called acid precipitate was obtained at pH 3. 
This precipitate showed the presence of a laxative 
principle when tested on albino mice. Tested 
similarly, the second fraction obtained from the 
filtrate on addition of calcium chloride and ammo- 
nium chloride at pH 7 was inactive, but the third 
fraction obtained on addition of sufficient alcohol to 
the mother liquor from the second fraction was again 
active. A detailed report on the biological assay of 
the different fraction will be published separately. 
The fraction I1 (C) contained sennoside A and B, 
the presence of which is already reported by Stoll(1). 


The glucosides present in the acid precipitates 
could not be crystallized, but they have been shown 
to be different from sennosides A and B by chromato- 
graphic techniques. In addition, the new glycosides 
have been shown to be those of rhein and chryso- 
phanic acid by cochromatography from two different 
solvent systems. The sugar part of the glycosides is 
glucose in both the cases. 


A d a ,  32. 11 
(2) Fair 


(3) Fairkaik J.  W. ibid. 13 639(1961). 
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( 5 )  Partridge, S. M., Nafure,  161, 443(1949). 
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Two Disintegrating Agents versus Cornstarch for 
Compressed Tablets 


By G. HECHTt and C. L. HUYCKS 


Cornstarch, Dry-Flo, and Solka-Floc BW 40, were tested for suitability as disintegra- 
ting agents. T h e  Dry-Flo and the cornstarch proved favorable for the sodium bicar- 
bonate and the acetylsalicylic acid tablets. It was noted that Solka-Floc BW 40 (due 
to  its fibrous nature) helped to  prevent ca ping of the tablets. Analysis of the dis- 
integration tests of tablets containing Solta-Floc BW 40 and Dry-Flo were statisti- 


cally different than cornstarch at the 1 per cent probability level. 


o R N s r A H C H  has been used in rimpressed tablets C as a disintegrant for decades and is still the 
disintegrant of choice. Dried corn or potato starch 
is sometimes used with the object of shortening the 
disintegration time of the tablet, when moisture is 
detrimental to the stability of the active ingredients 
(ix., in aspirin tablets), and in tablets containing 
medicinals that are incompatible with each other. 
Even though cornstarch is quite satisfactory, the 
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search continues for faster :md more eflirient tlis- 
integrants. The quicker tlic release of the Inedica- 
inelit after ingestion, the greater the efficiency of 
the tablet. In this study, two disintegrants are 
compared with cornstarch and the results are 
analyzed statistically. 


Two compounds were chosen to be tested as tablet 
disintegrants: Solka Floc BW 40' (a purified wood 
cellulose) and Dry-Flo* (a starch ester containing a 
hydrophobic group). As a control disintegrant, 
10% cornstarch was used. 


1 Solka-Floc BW 40, The Brown Co., Berlin, N. H. 
2 Dry-Flo, National Starch Products, Inc.. 270 Madison 


Aveoiie. New York 16, N. Y. 
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TABLE I.-NMR ANALYSIS OF 0-ALKYLAMIWXIMES 


R-C-NH, 
I1 
NOR’ 


Peak in CPS 
R R’ TMS Standard 


Methyl Benzyl 106 
275 
297 
438 


Ethyl 


Pentyl 


Phenyl 


Benzyl 


Benzyl 64 
121 
270 
296 
437 


Benzyl 42-162 


269 
299 
441 


Benzyl 276 
299 
440 


Benzyl 285 


256 
290 


422,430 


Description 
Sharp singlet 
Broad band 
Sharp singlet 
Sharp singlet 
Triplet 
Quartet 
Broad band 
Sharp singlet 
Sharp singlet 
Series of three broad 


bands 
Broad band 
Broad-sharp singlet 
Sharp singlet 
Broad band 
Sharp singlet 
Multiple sharp bands 
Sharp singlet 


Broad-sharp singlet 
Sharp singlet 


Two sharp singlets with 
some overlapping 


No. of 
Protons 


3 
2 
3 
5 
3 
2 
2 
2 
5 


11 


2 
2 
5 
2 
2 


10 
2 


2 
2 


10 


Assignment 
CHs 
NH, 
CH2 (benzyl) 
Phenvl 
CHa 
CH; (ethyl) 
NHz 
CHn (benzyl) 
Phenyl 
Pentyl 


NH2 
CHp (benzyl) 
Phenyl 
NHs 


Phenyl(2) 
CHS (benzyl attached 


to carbon) 
NH2 
CH2 (benzyl in ether 


linkage) 
Phenyl(2) 


CHI (benzyl) 


During the reaction time of 20 minutes the tempera- 
ture went briefly to 92’. The mixture was cooled, 
allowed to stand overnight, extracted with ether: 
dried over MgSO,, and distilled. A clear oil, 5.7 
Gm. (45.77&), distilled at 81-82’/0.08 mm. 


AnaZ.--Oalcd. for CloH,,NSO; N, 15.73. Found 
N, 15.70. 
0-Benzy1hexanamidoxime.-a-Benzyloximinohep- 


tanoamide (9.2 Gm.) was reacted as described 
above with an appropriate amount of NaOBr. The 
resulting dark-red oil was distilled four times to 
obtain 0.5 Gm. (6%) of a yellowish oil boiling 
a t  125-130”/0.3 mm. 


And-Calcd. for Cl3H~N20;  N, 12.72. Found 
N. 12.74. 


Nitrogen analyses were carried out on the Cole- 
man nitrogen analyzer except for O-benzylhexan- 
amidoxime which was analyzed by Micro-Tech 
Laboratories, Skokie, Ill. NMR spectra were run 
on the Varian A-60. 
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a-Alkyloximinonitriles by Pyrolysis of 
a-Alkyloximinocarboxamides with Phosphorus Pentoxide 


By DOMINICK A. COVIEUO 


A preparation of a-alkyloximinonitriles is described in which the corresponding (I 
alkyloximinocarboxamides are heated with hosphorus pentoxide in vac110. Struc 
tures were proven by infrared analysis a n f b a s i c  hydrolysis of the nitriles to  the 


corresponding acids. 


N A PREVIOUS COMMUNICATION (l), i t  was reported work-up of the reaction mixture apparently resulted I that attempts to cyclize 8-phenethyl amides of in the hydrolysis of the amide to yield the amine 
a-alkyloximino acids to the corresponding 3,4- moiety which could be isolated. There was no in- 
dihydroisoquinolines were fruitless. It was pointed dication of the fate of the acid portion of the mole- 
out that experimental evidence indicated that the cule, but it was assumed that under the conditions of 


the Medical Center, Chicago. accounting for the failure of the cyclization reaction. 
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the reaction. the oxime moiety decomposed thus 


thought that 
it would be worthwhile to & m i n e  the fate of the 


In reconsidering the reaction* it 


assistance. acid portion of the molecule under similar conditions 
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using unsubstituted a-alkyloximinocarboxamides as 
well as ascertain the feasibility of preparing the 
corresponding nitriles which would be interesting 
intermediates for further investigations. 


Powdered a-alkyloximinocarboxamides were 
mixed thoroughly with a slight excess of phosphorus 
pentoxide and then heated with a Bunsen flame 
under reduced pressure. In all cases a vigorous re- 
action ensued during which oils were collected in 
reasonable yields and characterized as a-alkyl- 
oxirninonitriles by infrared analysis. The charac- 
teristic nitrile peak showed up as a medium sharp 
band at 2235 cm.-l for a-benzyloximinobutyro- 
nitrile, and a medium sharp band at 2238 cm.-l for 
a-benzyloximinopropionitrile. The values are well 
within the reported range (2). Alkaline hydrolysis 
of the nitriles produced the corresponding a-alkyl- 
oximino acids. 


The success of the dehydration reaction would 
then indicate that the failure of the Bischler- 
Napieralski reaction in the instance cited must be 
attributed to factors other than the stability of the 
alkyloximino group. 


EXPERIMENTAL 


Amides prepared according to  the procedure of 
Woolley and co-workers (3) have been reported 


a-Benzyloriminobutyronitde.-A 30.9-Gm. quan- 
tity (0.15 mole) of a-benzyloximinobutyramide was 
ground in a mortar and transferred to  a 
round-bottom 5ask. Then 28.4 Gm. (0.2 mole) of 
phosphorus pentoxide was added, the 5ask was 
stoppered and manually shaken until the mixture 
was homogeneous. The 5ask was connected to  a 
vacuum system set for downward distillation. The 
system was evacuated to 0.35 mm. and heating was 
started. Frothing and discoloration ensued as a 
brown oil distilled. Heating was discontinued when 


(4). 
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the temperature of the vapors fell from 129" to 50'. 
The reaction mixture was cooled and exhaustively 
extracted with benzene. The benzene extract was 
combined with the distillate, the benzene removed, 
and the residue distilled under reduced pressure. 
Five grams (17.3%) of an oil was collected at 102- 
105'/0.5 mm. The procedure followed was that out- 
lined in the literature (6). A small amount of the 
oil,was heated with 10% NaOH, cooled, and acidified. 
The solid obtained was filtered off, crystallized from 
alcohol-water. The melting point was 88-90", as 
compared to the reported value of 86" (6). A 
mixed melting point showed no depression. 
a-Benzy1oriminopropionitrile.-In like manner, 


a-benzyloximinopropionamide was converted to the 
nitrile. In this case, in an effort to reduce me- 
chanical losses, smaller vessels were used to run 
smaller amounts. Only the reaction vessel was 
changed for each run and in this way the yield was 
increased to 32%. The observed boiling point of a- 
benzyloximinopropionitrile was 74-78"/0.2 lum. 
Basic hydrolysis of the oil produced a solid melting 
at 85". The melting point was consistent with that 
obtained when the acid was prepared in this labora- 
tory by standard procedures (8). The melting point 
was not in agreement with the reported value of 
73-75' (8), but nitrogen analysis of the amide 
did check (4). A mixed melting point showed no 
depression. 
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Phosphorus-Nitrogen Compounds 11. 
Some p-Toluidine Derivatives 


By LINDLEY A. CATES and NOEL M:PERGUSON 
Certain organo hosphorus compounds containing substituted p-toluidine moieties 
were prepared k r  evaluation as cancer chemotherapeutic agents. The compounds 
that were synthesized include phosphoramidochloridic acids, phos hotamidates, 
phospboramidothionates, a phosphorodiamidate, and a phosphorod!amidic chlo- 
ride. The  S-p-chlorobenzylthiuronium salt of a phosphoramidochloridic acid is 


also reported. 


HE FIRST paper in this series ( 1 )  reported the T synthesis of some carboxy- and carbethoxy 
substituted aryl derivatives containing phos- 
phorus-nitrogen bonds. This series has been ex- 
tended t o  include some related P-N compounds in- 
volving substituted p-  toluidine moieties. 


Phosphoramidochloridic acids (I ) constitute a 
relatively new class of organophosphorus com- 
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pounds, of which there are few examples in the liter- 
ature. Most of these compounds are arylsulfonam- 
ide derivatives (2-6), one of which was included 
in a group of derivatives said to  possess tumor- 
inhibiting activities (8). All reported phos- 
phoramidochloridic acids were prepared by treating 
phosphorimidic trichlorides or phosphoramidic 
dichlorides With formic acid (2-8). The use 
of an acidic reagent is not necessary in this 
type of synthesis, however, since the p-toluidine 
derivatives were prepared by aqueous hydrolysis of 
the corresponding phosphoramidic dichlondes. In 
either case, the acid chloride character of phosphor- 








Enzyme Inhibitors I 
Inhibition of Adenosine Deaminase by Isosteric Nucleosides 


By HOWARD J. SCHAEFFER, S. MARATHE, and VITAUTS ALKS 


A series of isosteric nucleosides has been evaluated as inhibitors of adenosine de- 
amioase in an attempt to determine which sites of adenosine are important for bind- 
in to the enzyme. The 6-amino group in the purine nucleus makes a strong con- 
tritution to binding, and the enzyme appears to be specific for amino since other 
groups (SH, OH, NHNH,  C1, H )  at the 6-position were noninhibitory. For effective 
inhibition the purine must be substituted in the 9-position; the effect of the stereo- 
chemistry of a 2'-hydroxyl group on certain cyclic substituents at the 9-position of the 


purine nucleus has been measured. 


HE CHEMISTRY and biochemistry of purine 
nucleosides and purine nucleotides have been 


studied extensively during the past 20 years, 
with the result that certain compounds have 
been prepared which are capable of inhibiting 
the growth of malignant cells (1). These studies 
have also resulted in an understanding of the 
de now0 synthesis of purine nucleotides and of 
certain other purine transformations (2, 3). 
Little is known, however, about which of the 
atoms or functional groups in purine nucleosides 
and tides are required for binding to the active site 
of the various enzymes. Since it is well known 
that purine ribonucleosides and purine ribonucleo- 
tides are easily cleaved hydrolytically or enzy- 
matically, certain purine nucleosides and nucleo- 
tides which may be effective agents in inhibiting 
the growth of malignant cells become ineffective 
in vivo because they are rapidly destroyed by 
cleavage into a purine and a carbohydrate moiety 
(4). In an attempt to circumvent this difficulty, 
we have synthesized a novel class of compounds 
which are hydrolytically and presumably enzy- 
matically stable, but which should be capable of 
binding to an enzyme that normally employs a 
purine ribonucleoside as the substrate. These 
compounds, the isosteric nucleosides, are purines 
that contain a t  the 9-position a cyclopentyl or a 
cyclohexyl ring which is substituted in such a 
manner that it simulates sterically the sugar 
moiety of a nucleoside (I  and 11) (5, 6). 


To obtain information about how a purine 
nucleoside binds to an enzyme, the authors have 
initiated a study of the effect of certain isosteric 
nucleosides on the enzyme, adenosine deaminase. 
This paper describes the effect on binding of 
certain substituents at the 6-position and at  
the 9-position of I and 11. The compounds 


Ri Ri 


R3 Rz R3 Rz 
I I1 


[where RI may be NHz, NHMe, NMez, SH, NHNHz, 
H, or C1; and Rz, %, and R( may be vanous com- 
binations of H,  OH, or NH2.1 


which were employed in this investigation fall 
into five types, depending upon the substituent 
at the 9-position of the purine nucleus, as shown 
by structures 111, IV, V, VI, and VII. 


I 
R 


HO I 


111 IV V 


R R 


a 
I I 


HO 
VI VII 


[where the R group in each case = NHz, SH. 
NHNHz, H, and Cl.] 
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Chemistry. School of Pharmacy, State University of New 
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and adenosine deaminase were purchased from the 


1The ultraviolet recordings were made on a Perkio-Elmer 
model 4000 A spectrophotometer. 
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TABLE I.--& OF ADENOSINE AND K, OF ISOSTERIC 
NUCLEOSIDES WITH ADENOSINE DEAMINASE~ 


Compd. Km X 1CPM K i  X l@bl  
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Compounds 111-VII, with R = SH, NHNHs, H, 
or C1, did not exhibit significant inhibition of adeno- 
sine deaminase when they were present a t  a concen- 
tration three to four times that of the substrate. 
cis- and trans-2-Aminocyclopentanol and cis- and 
trans-2-aminocyclohexanol did not inhibit the 
enzymatic reaction even when they were present in 
a concentration 30 times greater than adenosine. 
Adenine, inosine, and 5'-adenylic acid were neither 
substrates nor inhibitors at three to four times sub- 
strate concentration, whereas 2'deoxyadenylic acid 
was a substrate. 


The results of a typical experiment which was 
used to evaluate K,,, for adenosine and Kg for VI 
(R = NH,) are given in Table IT. 


DISCUSSION 
In 1956, Feigelson and Davidson (10) studied the 


inhibition of adenosine deaminase by 8-amguanine 
in an attempt to explain the carcinostatic effects of 
this compound and found that 8-azaguanine was a 
noncompetitive inhibitor with regard to substrate. 
They obtained indirect evidence that the inhibitor 
exhibits a higher affinity for the enzyme-substrate 
complex than for the free enzyme. 


Our data give information on the effect on binding 
to adenosine deaminase by various substituents at 
the 6-position and at the 9-position of the purine 
nucleus. Concerning the 6-position, it is apparent 
that an amino group must be present in order for a 
reversible complex to  be formed, since compounds 
111-VII. with R = SH, NHNH,, H, or C1, were 
essentially noninhibitory. However, when a 6- 
amino group was present, all of the compounds 
were inhibitors of adenosine deaminase, and they 
exhibited competitive inhibition as shown by the 
reciprocal plot method of Lineweaver-Burk. In 
addition, i t  should be noted that binding by the 
substituent at the 6-position appears to  be specfic 
for an amino group and not just a basic group since 
the 6-hydrazino compounds (111-VII) were not 
inhibitory. It might be suggested that the 6- 
hydrazino compounds did not bmd to the enzyme 
because the hydrazino group is larger than an amino 
group, and if a group smaller than amino were 
present, inhibition would occur. This reasoning, 
however, was inCOHeCt since those compounds with a 
6-hydrogen substituent were also noninhibitory. 
In addition, the 6-amino group may be secondary, 
but cannot be tertiary and still cause inhibition. 


TABLE II.-INHIBITION OF ADENOSINE DEAMINASE 
BY ~~~~~-~-(~-AMINO-~-PURINYL)CYCLOHBXANOL (VI, 


R = NHa) 


m M  


VI (R = NH;) 13.9 
VII (R = NH,) 21.1  


The values reported are at pH 7.6 and at 26' in 0.06 M 
phosphate buffer. 


Sigma Chemical Co. Compounds of type 111, 
where R = NHo, SH, NHNH,, H, and C1, were 
prepared according to the procedure of Mont- 
gomery and Temple (7). Compounds of type IV, 
V, VI, and VII, where R = NH,, SH, NHNHs, 
H. and C1. were prepared as previously described 
(5, 6). 


trans - 2 - (6 - Methylamino - 9 - puriny1)cyclo- 
pentano1.-A 0.288-Gm. (1.23 mmole) sample of 
truns-2-(6chloro-9-purinyl)cyclopentanol (6) was 
dissolved in 10 ml. of ethanol, and 10 ml. of 
40% methylamine in water was added. The mix- 
ture was heated under r d u x  for 3 hours, and the 
volatile materials were removed in wcuo; the 
residue was extracted with hot benzene (4 X 30 ml.). 
The benzene extract on cooling gave 0.180 Gm. 
(59.3%) of the crude product, m.p. 194-195'. 
Three recrystallizations of the crude product from 
benzene gave the pure sample. m.p. 194-195'; 
Y in cm.-I (KBr); 3300 and 3150 (NH); 1640 


Anul.*-Calcd. for ClIH15N60: C. 56.63; H, 6.48; 
(CFN) .  


N.30.03. Found: C, 56.88; H, 6.51; N,29.92. 


Assay Procedure 
The general method of assay which was employed 


is described in Colowick and Kaplan (8) and in- 
volves measuring the rate of disappearance of the 
absorption band of adenosine at 265 mp. All 
reactions were run in 0.05 M phosphate buffer at 
pH 7.6 at 25". The stock solutions of all reagents 
were prepared in 0.05 M phosphate buffer at pH 
7.6. 


RESULTS 


The initial testing for the ability of the isosteric 
nucleosides to inhibit adenosine deaminase was 
carried out at substrate concentrations which were 
approximately 20% below that concentration which 
was required to saturate the enzyme. The con- 
centration of adenosine which was employed for the 
initial testing was 0.061 mM. Compounds that 
did not show signscant inhibition of the enzymatic 
reaction at concentrations three to four times the 
concentration of the substrate were classified as 
noninhibitory. For those compounds which were 
significantly inhibitory, Ki's were determined by the 
method of Lineweaver and Burk (9). For each 
determination of Ki, two different concentrations of 
inhibitor were used, and each point on the plot was 
an average of at least two determinations. Finally, 
the total procedure was repeated, so that each K, 
that is reported is an average of four evaluations. 
Table I gives the results of the determination of Kc 
for five different isosteric nucleosides. 


Tenn. 
Galbraith Microanalytical Laboratories. Knoxville, 


Concn. m M  m M  
of Concn. Concn. 


Run Adeno- of VI of VI 
No. sine (R=NHz) RateC (R-N&) Rated 
1 0.085 0.98 0.082 0.78 0.123 0.69 
2 0.077 0.94 0.082 0.74 0.123 0.65 
3 0.070 0.90 0.082 0.68 0.123 0.61 
4 0.062 0.84 0.082 0.63 0.123 0.55 
5 0.054 0.77 


a All rates that are given are for the initial portion of the 
reaction in which the change in absorbance is linear with 
respect to time. Change in O.D./minute for the various 
substrate concentrations shown in column 2. CChange in 
O.D./minute for the various substrate concentrations shown 
in column 2 in the presence of 0.082 m M  concentration of VI 


dSame as foolnofc c. but in the presence of 
bR 123 m M  concentration of V I  (R - NHz). 


= NHx). 
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strate possess a similar conformation and that they 
bind at essentially the same site on the enzyme. 
Thus one can postulate that the trans compound IV 
(R = NHI) binds to  the enzyme through the 2’- 
hydroxyl group and 6-aminopurine nucleus by 
means of the conformation represented by VIII. 
The cis derivative (V, R = NHz) may be represented 
by the conformation shown in IX. Since the Ki’s 
of the two compounds are nearly equal, it  follows that 
the binding through the 2’-hydroxyl groups is almost 
equal. From a stereochemical viewpoint this result 
can be explained by assuming that the G-aminopur- 
inyl nucleus of the cis compound binds to the enzyme 
in exactly the same manner as it does in VIII. How- 
ever in the case of IX a rotation about the C-N 
bond connecting the 1’-carbon of the cyclopentyl 
ring and the 9-position of the purine nucleus must 
occur. The result of this rotation in IX in which the 
purine nucleus is not rotated would allow the cis- 
2‘-hydroxyl to bind to  the same place on the enzyme 
that it does in the trans compound (VIII). How- 
ever when the rotation does occur in IX the cyclo- 
pentyl ring must occupy a plane different from when 
VIII is bound to the enzyme. A similar argument 
can be presented to  explain the binding of the trans- 
and cis-2’-hydroxycyclohexyl analogs (VI and \’I1 , 
R = NH2). Thus it appears that the active site of 
adenosine deaminase has a large bulk tolerance in 
the area where the 9-substituent of the adenosine 
analogs bind.’ The study of the bulk tolerance 
and the steric requirements for binding to  adenosine 
deaminase is continuing in this laboratory. 
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For example, IV and V (R = N M e )  were both 
rioninhibitory, whereas IV (R = NHMe) did 
inhibit the enzymatic reaction. but it was approxi- 
mately one-tenth as effective an inhibitor as IV 
(K = NHz). I t  appears, therefore, that steric 
factors may play a critical role in binding by the 
6-position; but additional work is necessary before 
this question can be answered unambiguously. 
The result of such a study will be the subject of a 
future paper. 


To assess the importance of substituents at the 9- 
position of the purine nucleus and of hydroxyl 
groups on the 9-substituent as binding points to 
adenosine deaminase, we determined the Ki of each 
compound (111-VII) where the 6-substituent was 
held constant (see Table I). It was anticipated 
that the hydroxyl groups in the ribose moiety of 
adenosine would make a contribution in binding to 
the enzyme; by studying those compounds in which 
the stereochemistry of the substituents at the 9-posi- 
tion is known, it should be possible to  evaluate the 
approximate contribution by the 2‘-hydroxyl group. 
Not unexpectedly, the unsubstituted cyclopentyl 
compound (111, R = NHz) exhibited the largest Ki. 
thus, the enzyme-inhibitor complex is dissociated 
to a larger extent than with the other inhibitors. 
The trans-2-hydroxycyclopentyl (IV, R = NH2) 
and the trans-2-hydroxycyclohexyl analogs (VI, 
R = NH2) exhibited the smallest Ki’s. and the two 
derivatives with the cis hydroxyl groups (V and VII, 
R = NHs) exhibited Ki’s which were similar and 
only slightly larger than the trans compounds. 
Since adenine is not inhibitory, it  is apparent that a 
substituent is necessary at the 9-position of the 
purine for binding to the enzyme. The hydroxyl 
group a t  the 2-position of the cycloaliphatic ring 
contributes to binding, evidenced by the reduction 
in Ki in IV-VII (R = NHz) relative to  I11 (R = 
N H I ) .  That the Ki’s of IV, V, VI, and VII (R = 
NH,) are rather similar reveals that the stereo- 
chemistry of the hydroxyl group at  the 2’-position 
of the cycloaliphatic ring does not appear to be so 
critical as might be presumed. 


The authors believe that this lack of steric require- 
ments for the 2‘-hydroxy group may be explained in 
the following way. Because the trans compound 
(IV, R = NHe) is a close structural analog of 
adenosine which has the same stereochemistry of the 
2’-hydroxyl group and because IV (R = NHz) is a 
competitive inhibitor of adenosine deaminase i t  is 
reasonable to assume that the inhibitor and sub- 


Enzyme Enzyme 


VIII IX 
P = 6-Aminopurinyl 


a A different argument to explain that the binding of the 
compounds with cis- and frans-Z’-hydroxy groups is nearly 
equal can be advanced if it is assumed that the trans com- 
pounds bind as in VIII by means of a hydrogen bond to a 
point on the enzyme that is dose to the plane of the 5- 
membered rin The cis compound (1x1 could also form a 
hydrogen bonbio the Same place on the enzyme, even though 
the oxygen atom is above the plane of the 5-membered ring 
becnuse of the free rotation of the C-0-H bonds. At 
present, it is impossible to differentiate between the two 
types of binding. however studies on other compounds 
are planned to ditermine whch of the modes of binding is 
important. 
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problems are included to give the reader an intuitive 
understanding of the subject. The book is well 
written, and the topics discussed are illustrated 
with clearly presented examples. Problems with 
answers are included. The first chapter on the 
logical basis of statistical inference is excellent in 
its discussion of the design of experiments and the 
statistical philosophy concerned in this design. - 


The second, third, and fourth chapters deal with, 
respectively, quantitative data, enumeration data, 
and correlation. That the book contains only four 
chapters should not mislead one into believing that it 
is incomplete, since this is certainly not the case. 


Three nonparametric tests are described and their 
use illustrated. These are the two-sample rank 
test, sign test, and the signed-rank test. The 
author feels that these tests should be more widely 
used than at present because of their simplicity of 
application. 


This book would be most satisfactory as a text- 
book in a course on the subject for pharmacy 
students or as a supplementary text in a course in 
biopharmaceutics. The book is enthusiastically 
recommended. 


Reviewed by Eino Nelson 
School of Pharmacy 
State Universily of New York at Buffalo 
Buffalo 


Journal of Pharmaceutical Sciences 


five with absorption of particular classes of drugs, 
and one with the significance of serum levels of 
chemotherapeutic agents. The two papers of 
Bernard B. Brodie, namely, “Physico-Chemical 
Factors in Drug Absorption” and “Distribution and 
Fate of Drugs; Therapeutic Implications,” con- 
stitute approximately one-third of the book and 
are very fine reviews. The papers entitled, “Phar- 
maceutical Manipulation and Therapeutic Efficacy,” 
by K. A. Lees, “The Influence of Particle Size upon 
the Absorption of Drugs from the Gastrointestinal 
Tract,” by J. A. L. Gorringe and E. M. Sproston, 
and “Absorption of Steroids with Special Reference 
to  Spironolactone,” by G. R. Venning, would be 
interesting reading not only for the industrial 
scientists in the pharmaceutical industry but also 
for the practicing pharmacist. 


The only disappointment to the reviewer was the 
paper entitled, “Kinetics of Drug Absorption: 
Methods and Interpretations,” by R.  F. Crampton 
and D. M. Matthews. There is a vast amount of 
literature on the kinetic interpretation of drug 
blood levels and urinary excretion which these 
authors only touched. 


Revieeved by John G. Wagner 
The Upjohn Company 


Kalamazoo, Michigan 


Laboratory Guide i n  Pharmacology. 2nd Ed. By 
T. S. MIYA, H. G. 0. HOLCK, G. K. W. YIM, and 
T. MYERS. Burgess Publishing Co., 426 South 
Sixth St., Minneapolis 15, Minn., 1964. 162 
pp. 21.5 X 27 cm. Paperbound. Price 
$3.50. 
This laboratory guide, written especially for the 


pharmacy student, is designed to  serve as a com- 
panion to lecture and textbook material for a be- 
ginning student. The experiments are organized so 
that the student begins with basic pharmacological 
principles, including routes of drug administration, 
factors affecting dosage, and absorption and excre- 
tion of drugs by man. Following these are experi- 
ments pertaining to  the pharmacology of the various 
bodily systems, toxicology, and gross pharmaco- 
logical effects of drugs. 


Each experiment provides an organized method of 
recording observations and includes questions to  
stimulate thinking about the significance of these 
observations. The clearly presented experiments 
are intended for student participation and generally 
do not require complicated or costly equipment. 


Absorption and Distribution of Drugs. Based on a 
symposium held by the Association of Medical 
Advisers in the Pharmaceutical Industry. Edited 
by T. B. BINNS. The Williams and Wilkins 
Company, Baltimore, Md., 1964. pp. xi + 270 
Price $7.50. 
The 17 papers in Absorption and Distribution of 


Drugs with the 520 references cited are an excellent 
introduction to the subject matter and also will 
provide excellent reading for those well acquainted 
with the field. Four of the papers are concerned 
with the fundamentals of absorption, two with the 
fate of drugs, one with the blood-brain barrier, one 
with the placental barrier, one with protein binding, 
two with biopharmaceutical aspects of absorption, 


NOTICES 


Opportunities in Pharmacy Careers. By FRED B. 
GABLE. Vocational Guidance Manuals, 800 
Second Ave., New York 17, N. Y., 1964. viii + 
144 pp. 13 X 20 cm. Price $1.45 paperbound, 
$2.65 cloth. 


Kirk-Othmcr Encyclopedia of Chemical Technology. 
2nd edition. Vol. 3, B to Calcium. Executive 
Editor ANTHONY STANDEN. Interscience Pub- 
lishers, 605 Third Ave., New York 16, N. Y., 
1964. xvi + 927 pp. 19 X 27 cm. Price 
$45 single copy, $35 subscription. 


Actualities de Phytochimie Fondamcntule. Par C .  
MENTZER et 0. FATIANOFF. Masson et Cie, 
Editeurs, 120, Boulevard Saint-Gennain, Paris 
VIe, France, 1964. 266 pp. 16.5 X 21.5 cm. 
Price 85 F. Paperbound. 


The Real Voice. By RICHARD HARRIS. The 
Macmillan Company, 60 Fifth Ave., New York 
11, N. Y., 1964. 245 pp. 14 X 21.5 cm. Price 
$4.95. 


Diet and Bodily Construction. Ciba Foundation 
Study Group No. 17. Edited by G. E. W. 
WOLSTENHOLME and MAEVE O’CONNOR. Little, 
Brown and Company, Boston, Mass., 1964. 120 
pp. 12 X 19 cm. Price $2.95. 


:ahiers de Synthese Organipue. Methodes et 
Tableaux d’Application Vol. XI: Cyclisations 
(suite). 22.- Cyclisation bimoleculaire mixte. 
Par JEAN MATHIEU, ANDRE ALLAIS, et JACQUES 
VALLS. Masson et  Cie, Editeurs, 120 Blvd. 
Saint-Germain, Paris VIe, France, 1964. 343 pp. 
15.7 X 22.5 cm. Price 120 F Cartonne toile. 








2-Aminobenzenethiol Derivatives as Potential 
Psychotherapeutic Agents I1 


By KARL A. NIEFORTH and ROGER C. ROBICHAUD 


A similarity between reserpine and the phenothiazine type psychotherapeutic agents 
is described and illustrated with Stuart-Briegleb molecular models. In an attempt 
to validate this similarity a series of 2-amioobeazenethiol derivatives was synthesized 


and screened, resulting in unusual pharmacological properties. 


N A PREVIOUS report (l), a similarity between I reserpine and the phenothiazine-type psycho- 
therapeutic agents was described. This relation- 
ship involves a five-point correlation which was 
illustrated by two-dimensional figures and will be 
further demonstrated here with Stuart-Briegleb 
molecular models. The correlation is shown by a 
template (Fig. 1) which is constructed using 
reserpine as a model. Reserpine was used since 
it is a relatively rigid structure of known con- 
figuration and facilitates the location of the vari- 
ous groups (2). The circles represent the loca- 
tion of the oxgyen on carbon number 11, the 
aromatic nitrogen, the aliphatic nitrogen, and the 
carbonyl group attached to position 16. The 
hash marks show an area of aromaticity. Figure 
2 illustrates how reserpine appears when viewed 
under the template outlining the five areas of 
interest. 


Chlorpromazine has the structural features 
characteristic of the more active phenothiazine 
tranquilizers, and when examined under the 
reserpine template, demonstrates the similarity 
mentioned before. Figure 3 shows that the sulfur 
is in the same area as the methoxy of reserpine; 
the aromatic nitrogen of chlorpromazine occupies 
the same area as the aromatic nitrogen of reser- 
pine; the aliphatic nitrogens of both compounds 
are in the same area; the chlorine atom is in the 
same area as the carbonyl group of reserpine; 
and there is an area of aromaticity under the hash 
marks in both compounds. Several types of 
substituents are found in position two of marketed 
compounds, such as chloro (chlorpromazine) , 
trifluoromethyl (triflupromazine), methyl- 
mercapto (thioridazine), acetyl (acepromazine), 
and many others. Due to the possibility of free 
rotation around the single bonds of the alkyl 
chain, chlorprornazine could be placed under the 
template with all of the groups in position, except 
the chlorine atom, which could be attached to the 
benzene ring under the hash marks, presenting 
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a situation similar to that existing with the un- 
substituted phenothiazines. 


The positioning of trans-chlorprothixine under 
the template is illustrated in Fig. 4. The prcs- 
ence of the double bond limits the amount of rota- 
tion in this compound, and if three of the groups 
are in position, the final groups must be in the 
correct area. This increased rigidity may be 
responsible for the fact that in some pharma- 
cological tests, such as motor activity reduction 
upon intraperitoneal injection, trans-chlor- 
prothixene is six times as active as chlorpromazine 


The cis isomer of chlorprothixene is only one- 
tenth as active as the trans isomer or on the order 
of activity of phenothiazine derivatives without 


(3). 


Fig. 2.-Reserpine viewed under the template. 
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Fig. 4.-trans- 
Chlorprothixene. 
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Fig. 5.-&Chlor- 
prothixene. 


suhstituents on the two position. The  sulfur, 
ethylenic group, and the aliphatic nitrogen could 
he placed in position, but then the chlorine atom 
would be attached to the benzene ring under the 
hash marks. This is similar to the mentioned 
alternate arrangement of chlorpromazine. Also, 
as  illustrated in Fig. -5, the sulfur, ethylenic 
group, and the chlorine could be in position and 
the aliphatic nitrogen would be out of its correct 
area 


This arrangement is not meant to  be an ab- 
solute prerequisite for psychotherapeutic activity 
for compounds which do not have all of the 
features known to have activity. One such 
compound is tetrabenazine. although most of 
the compounds with these features are tran- 
quilizers, a few (such as imipramine) are stim- 
ulants. 


A series of derivatives of 2-aminobenzenethiol 
was synthesized and screened in an attempt t o  
determine the necessity of both aromatic rings 
of the phenothiazine nucleus. Due to the small 
number of compounds synthesized and the limited 
number of animals used in the screening, the 
interpretations of the pharmacological results 
must be very general. 


EXPERIMENTAL 


The synthetic procedures for all of these com- 
pounds are thoroughly described in a previous report 
(1). Nine additional compounds have been syn- 
thesized (Table I) ;  the pharmacology of all 17 com- 
pounds will be discussed. 


The following compounds were reported in the 
first paper of this series: KN15, methyl N-(N’-di- 
metl1ylaminopropyl)-N-methylaminopheny1 sulfide; 
KN16, ethyl N-( N’-dimethylaminopropy1)-N-meth- 
ylaminophenyl sulfide; KN17, isopropyl N-( N’-di- 
meth ylaminopropyl )-N-methylaminophenyl sulfide ; 
KN18, methyl N-(N’-diethylaminopropy1)-N- 
methylaminophenyl sulfide; KN19, ethyl N-(N‘-  
diethyIaminopropy1)-N-methylaminophenyl sulfide; 
KN20, isopropyl N-(N’-diethylaminopropy1)-N- 
methylaminophenyl sulfide ; KN32, ethyl N-( N’- 
diethylaminoethyl)-N-methylaminophenyl sulfide; 
and KN33 isopropyl N-( N’-diethylaminopropy1)- 
aminophenyl sulfide. 


The screening technique used was that of Malone 
and Robichaud (4), in which the compounds were 
injected intraperitoneally over a wide range of 


logarithmically spaced dosages into intact unan- 
esthetized albino rats and the qualitative and semi- 
quantitative symptomology carefully observed using 
a standardized work sheet. 


RESULTS AND DISCUSSION 


The dose-time-response profiles of compounds 
KN15, KN16. KN17, KN18, KN19, KN20, KN29, 
KN30, KN31, and KN32, although exhibiting slight 
quantitative differences, are qualitatively identical. 
Compound KN15 will be described to  represent this 
group. 


At 10 mg./Kg., there was a transient increase in 
motor activity accompanied by a pronounced 
exophthalmus, mydriasis, and a mild but persistent 
pilomotor erection. No mitigation of an aggressive 
personality or drop in body temperature was 
noticed at this dose. 


At 32 mg./Kg., the animal exhibited a pronounced 
hyperemia of ears and feet, an increase in motor ac- 
tivity, body tremors, exophthalmus, mydriasis, a 
short burst of clonic convulsions with recovery, 
pilomotor erection, stereotypy consisting of head 
shaking, chewing motions, prancing of forelegs, and 
evidence of disorientation. The peak of stimulation 
was at approximately 15 minutes after injection. 
Biphasic activity is evidenced at 1 hour after injec- 
tion by ataxia and a decrease in motor activity. 
During this period of decreased motor activity, 
some of the compounds other than KN15 brought 
about a perceptible drop in body temperature. 
Four hours after injection, the animal had returned 
to an essentially normal state. 


At 100 mg./Kg., an increase in motor activity, 
hyperemia, tremors, exophthalmus, Straub tail 
erection, mydriasis, clonic convulsions, apparent 
salivation, positive Robichaud test, loss of grip 
strength, and loss of righting reflex were noticed. 
The animal died of respiratory arrest 10 minutes 
after injection. 


Compound KN33 follows a different dose-time- 
response pattern. At 32 mg./Kg., there was a 
general quieting of the animal with enophthalmus, 
decrease of motor activity, positive Robichaud test, 
personality change to  passivity and a drop of 3.5” in 
body temperature 1 hour after dosage. The 
animal was grossly normal 4 hours after the injec- 
tion. 


At 100 mg./Kg., there was a profound blanching 
of the skin, analgesia, mydriasis, enophthalmus, 
anoxia-induced clonic convulsions, and death by 
respiratory arrest 7 minutes after injection. 


The piperidine and piperazine compounds KN34 
through KN39 were probably the most interesting. 
KN34 will be described as typical of this group, al- 
though slight qualitative and quantitative differences 
occurred. 
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TABLE 1 .-ALKYL 2-DULKYLAMINOALKYLPHENYL SULFIDES 


KN R 


29 CHa 


36 CHI 


34 C 2 H S  


31 CH(CHa)* 


35 CH(CH3)z 


39 CH(CHa)z 


B.  p./Pressure 


144/2.3 


174/1 .O 


156/0.2 


142/2.3 


181/0.75 


144/0.05 


154/4.0 


151/0.25 


156/0.05 


Yield, 
Yo 
56 


68 


44 


53 


68 


47 


70 


70 


70 


-- Nitrogen. To-- 
Calcd. Found 


1 1 . 0 9  10.51 


10.06 10.23 


14.28 14.41 


10.51 10.35 


9 .58  9.94 


13.67 13.99 


9.91 9.58 


9.14 9.47 


13.07 13.21 


Ten minutes after injection of 10 mg./Kg., there 
was a transient decrease in motor activity and a 
general change of attitude from a more or less 
passive state to a rather fearful one. Thirty 
minutes after injection, the rat had apparently re- 
covered and was grossly normal. The next day, in 
addition to  a slightly decreased motor activity, the 
animal displayed a loss of grip strength and pilo- 
motor erection. During the following days, the 
animal became progressively more excitable and 
slightly hyperemic. A t  7 days after injection the 
rat seemed unable to  remain quiet, continually 
pranced about, washed itself, etc. 


A t  32 mg./Kg., there was an immediate decrease 
in motor activity followed by progressive motor ac- 
tivity depression which reached a peak 30 minutes 
after injection. At this time the animal lost its 
grip strength, had mydriasis, pseudoblepharoptosis, 
blanching, salivation, pilomotor erection, and a loss 
of body temperature of 4’. During this time the 
animal would alternate between brief periods of 
motor activity stimulation and motor activity de- 
pression. The following day, the animal had a 
strange behavioral profile in that it seemed imper- 
vious to the investigator’s actions. The animal 
would walk around, bump into objects, fall off bench 
tops, then remain perfectly still for a short time and 
then repeat the entire performance. It was felt that 
this was strongly suggestive of hallucinations. The 
animal had either the inability or lack of desire to  
cling to an inverted metal screen. 


KN35 had much the same profile as KN31, 
except the motor activity change was not so pro- 
nounced. KN36 was similar to  KN34 with perhaps 
even more “hallucinogenic” activity and less of the 
hypothermia. KN37 had no “hallucinogenic” ac- 
tivity at 32 mg./Kg., but one animal that survived 
the 100 mg./Kg. dose was similarly disorientated. 
KN39 was slightly different from the other ccm- 
pounds in that the lethal dose was 316 mg,/Kg., 
rather than 100 mg./Kg., and that death took place 
1 hour after injection, instead of the usual 10 
minutes. The animals at the nonlethal doses were 
very disorientated, had a strongly positive Robi- 
chaud test, and a generally emaciated appearance. 
All animals were sacrificed at the end of 7 days and 
showed signs of possible hepatotoxicity. 


A different animal was used for each dose level. 
In equivocal cases a second animal was injected. 
Thus, three rats were used in KN15, three rats were 
also used in KN37. 


While the small number of animals used should not 
lead one to believe that “statistically” significant 
results were obtained, it is sufficient, we feel, to  
point out definite trends of behavior. 
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Photodegradation of Chlorpromazine Hydrochloride 
By ALVIN FELMEISTER and CLARENCE A. DISCHER 


The quantum efficiency of chlorpromazine hydrochloride ( U P  HCl) at 253 .5  mp 
in aqueous media (PH 1.5) was 0.18 and 0.14 under normal and oxy en-free atmos- 
pheres, respectively. The quantum efficiency remained constant wig in  the concen- 
tration range and periods of irradiation studied, but increased at pH values above 
4.5. The photoreaction appears to follow zero-order kinetics. Reactivity toward 
acetic anhydride, partition studies, and infrared spectra of light degraded solutions 
of CLP HCI suggest ring h droxylation occurs during irradiation. Spectral evidence 
indicated the formation o l a  semiquinone free radical intermediate on irradiation of 
aqueous solutions of CLP HCl at 253.5 mp. Chlor romazine-5-oxide hydrochloride 
(CLP-0 HCI) forms by dispro onionation of this t e e  radical in aqueous media, both 
in the presence and absence ofdissolved oxygen. The phenolic and other unidenti- 
fied compounds formed on irradiation of CLP HCl ap arently result from degrada- 


tion of the photolabile CLP-0 Ermed. 


HLORPROMAZINE, 2-chloro- 10- (3-dimethyl- C aminopropy1)-phenothiazine (I) represents 
a large group of antipsychotic agents which are 
photosensitive. However, photolytic studies re- 
ported on this compound have been limited. 
Nakagawa, el al. (l), irradiated CLP under both 
normal and nitrogen atmospheres. They re- 
ported that degradation occurred under both 
conditions with very little apparent difference in 
the resultant products. Raven, et al. (2), meas- 
ured manometrically the oxygen uptake of an 
aqueous solution of CLP HC1 subjected to ultra- 
violet radiation. Under these conditions, after a 
short induction period, the oxygen uptake was 
linear with time, but stopped as soon as the source 
of radiation was removed. Turse (3) subjected 
CLP HCl in acidic medium to ultraviolet radia- 
tion. He noted that very little degradation oc- 
curred when the wavelength of irradiation em- 
ployed was above 365 mp. He also noted that 
CLP and CLP-0 degraded on exposure to ultra- 
violet radiation; on long exposure, both com- 
pounds appeared to degrade to the same product. 
Forrest, el al. (4), detected free radicals by ESR 
measurements on exposure of chlorpromazine 
to ultraviolet radiation. Under these conditions 
the ultraviolet spectrum of this radical showed no 
characteristic peaks. Fels and Raufman (5)  con- 
firmed the presence of free radicals under similar 
conditions. Borg and Cotzias (6) on extended 
ultraviolet irradiation of a solution of CLP de- 
tected a weak ESR peak and concluded that while 
radicals were produced they were not the typical 
semiquinone free radical produced on chemical 
oxidation of CLP. I t  should be noted that ex- 
cept for the work reported in References 1 and 3, 
no attempt was made to restrict the wavelength 
-__ 
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employed for irradiation. Ultraviolet lamps were 
employed without using filters or monochroma- 
tors. None of this work served to establish a 
quantum efficiency or mechanism for the photo- 
degradation. 


The purpose of this work was to study photo- 
decomposition of CLP HCl under carefully con- 
trolled conditions to evaluate the quantum 
efficiency at 253.5 mp (the absorbance peak) 
and define the mechanism of this reaction 
better. 


I 


EXPERIMENTAL AND RESULTS 


Instrumentation.-All solutions were analyzed 
using the Beckman model DU spectrophotometer. 
Ultraviolet absorption spectra were obtained using 
a Beckman ratio recording spectrophotometer model 
DK-2; infrared spectra were obtained using a Perkin- 
Elmer model 21 spectrophotometer. A Beckman 
model N pH meter was used for pH determinations. 


The microirradiation studies, using concentrations 
in the range of M ,  were conducted using the 
irradiation instrumentation described by Discher. 
el nl. (7), except for a modification in the reaction 
box which permitted the use of standard size Beck- 
man quartz cells. This consisted of a mercury arc 
light source operated from a voltage regulator. 
This light was passed through a Bausch & Lomb 
grating monochromator into the reaction box. 
Within the reaction box was a water coil connected 
to an externally placed constant temperature water 
bath, a thermopile, and a cell holder which accom- 
modated three standard 1-cm. Beckman quartz 
cells. The cell holder was set so that two of the 
cells could be moved individually into the light beam. 
This permitted irradiation of the solvent and sample 
while a reference solution was maintained in the 
reaction box without being subjected to irradiation. 
The thermopile, which was positioned so that the 
light passing through the cell being irradiated would 
strike it, was attached through a direct current 
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Fig. 1.-The ultra- 
violet spectra of com- 
pounds formed on 
irradiation of CLP 
HC1. Key: - 
spectrum obtained b; 
a differential spectro- 
photometric tech- 
nique; ---- spec- 
trum obtained by an 
extraction procedure. 


m p  


breaker amplifier to a direct current recording milti- 
ammeter. Thus, the incident radiant energy and 
that absorbed by the sample could be measured. 


The macroirradiation studies, using concentrations 
in the range of lo-* to lo-* M, were conducted using 
a Hanovia ultraviolet lamp equipped with a heat 
filter and removable glass filter transmitting from 
360 to 370 mp. A 30-ml. capacity quartz cell was 
used in conjunction with this lamp. This portion 
of the work was qualitative in nature, and no at- 
tempt was made to determine the quantum efficiency 
or extent of degradation under these conditions. 


Material.-The CLP HCl and CLP-0 HC1 were 
generously supplied by Smith Kline & French Lab- 
oratories. These compounds were used without fur- 
ther purification. All other chemicals were of re- 
agent grade. The distilled water was ordinary dis- 
tilled water, redistilled from permanganate and 
phosphoric acid using all glass equipment. 


Preparation of Sample.-Solutions were prepared 
on the day they were to be irradiated. Hydrochloric 
acid, 0.05 N, was used as the solvent unless other- 
wise noted. When oxygen-free atmospheres were 
employed, the solutions were prepared using recently 
distilled nitrogen-deaerated water. The nitrogen 


used for the deaemtion was first passed through 0.05 
N hydrochloric acid to prevent loss of HCI from the 
solvent. In the microirradiation studies these 
deaerated samples were measured and transferred to 
Beckman 1-cm. ground glass-stoppered quartz cells 
under a nitrogen atmosphere. A positive nitrogen 
pressure was maintained in the irradiation reaction 
box and the cell chamber of the Beckman DU. In 
both oxygen-free and normal atmosphere runs, the 
irradiation sample and a reference sample were 
analyzed immediately before and after irradiation. 


All glassware was rinsed three times with distilled 
water prior to  use to minimize reaction with trace 
metal ions. 


Assay and Proof of Specificity.-To permit the 
analysis of CLP HCI in the presence of the interfer- 
h g  compounds formed during the irradiation, a 
three point spectrophotometric assay similar to  that 
used by Flanagan, et al. (8). and Smith Kline & 
French Laboratories (3) was employed. An addi- 
tional modification involving the selection of wave- 
lengths was made in this study, since preliminary 
work indicated this change would increase the ac- 
curacy of the assay in the presence of light degraded 
materials. 


TABLE I.-ANALYSIS OF CLP HCl IN THE PRESENCE OF INTERFERING COMPOUNDS 


10s X Calcd. % of Total 
Compn. Present 
BS CLP-0 HCI" 


lo" X CLP HCI 10s X C1.P-0 HC1 CLP HCI Concn., % 
Concn., rng./ml. Concn.. mg./rnl. rng /rnl., by Eq. 1 Error 


800 
800 
400 
800 
800 
800 
800 
800 
800 
800 
400 
400 
533 
267 
400 


0 


13 
25 
13 
50 
50 


100 
100 
100 
100 
1 0 0  
50 


100 
371 
371 
742 
400 


795 
801 
403 
799 
795 
789 
808 
796 
782 
782 
400 
394 
528 
257 
386 


0 


0.40 
0.13 
0.75 
0.13 
0.40 
1.40 
1.00 
0.50 
2.30 
2.30 
0.00 
1.50 
1 on 
4.00 
3.50 
0.00 


1 .6  
3.1 
3 . 2  
5 . 8  
5 . 8  


11.0 
11.0 
11.0 
11.0 
11.0 
11 .o 
20.0 
41.0 
51 .O 
65.0 


100.0 


0 Represents either pure or light degraded chlorpromazine-5-oxide hydrochloride. 
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TABLE IV.4UANTUM EFFICIENCY AT 253.5 mfi 
UNDER OXYGEN-FREE ATMOSPHERE AND PH 1.5 


lo5 X Initial 
Concn. of Time of 
CLP HCI, Irradiation, Quantum 
moles/L. Min. Efficiency" 
1.13 20 0.15 
1.13 15 0.14 
2.25 30 0.16 
2.25 20 0.13 
2.25 10 0.14 


~ 


Av. 0.14 f 0.02 


This assay is specific for CLP HCI as long as inter- 
fering compounds (light degraded products) present 
absorb linearly within the wavelengths selected for 
the analysis (9). The linearity of the absorbance of 
degraded products was demonstrated by the follow- 
ing procedures: ( a )  a differential spectrophotornetric 
technique whereby the nondegraded CLP HCI 
present in an irradiated solution was compensated 
for by including an indentical amount in the refer- 
ence cell. The resultant spectruni represented only 
the degraded compounds (Fig. 1); ( b )  by an extrac- 
tion procedure whereby the nondegraded CLP HCI 
was extracted with chloroform from an irradiated 
solution, pH of 5 (Fig. 1) .  


The assay was further tested by analyzing solu- 
tions of known concentrations of CLP HCI to which 
had been added known amounts of CLP-0 HCI or 
light degraded CLP-0 HCI (Table I). 


Assay Procedure.-The absorbance of  a solution 
to be analyzed was determined at  246.5, 254.5, and 
259.5 mp. The absorbances a t  246.5 and 259.5 mp 
were plotted uersm wavelength and the two points 
connected with a straight line. The absorbance a t  
254.5 rnp was then read off this line (At,,,ae). The 
difference between the observed absorbance at 254.5 
mp ( A m e x . )  and (Aha%-),  that is (Ammx. - Ab*se)s was 
proportional to the concentration of nondegraded 
CLP HCI within the range studied. Thus, the con- 
centration, c, of CLP HCl may be calculated using 


c = K(Amax.  - Atmeel 


TABLE II.-EVALUATION OF THE PROPORTIONALITY 
CONSTANT KO 


(Eq. 1) 


106 X CLP HCI Am-.  - Abrv, 
Concn., Absorbance 
mg./ml. Units 
200 
400 
400 


0.046 
0.090 
0.092 


400 0.090 
600 0.134 
800 0.183 
800 0.181 
800 0.182 
800 0.180 
800 0.182 
so0 
800 
800 
800 
800 


104 x K 
Calcd. from 


Eq. 1 
435 
444 
435 
444 
448 
437 
442 
439 
444 
439 


0.180 444 
0.182 439 
0.183 437 
0.180 444 
0,181 442 
0.180 444 
0.180 444 
0.225 444 


so0 
800 
1000 


a Average K = 0.0442 S.D. f0.0005. 


TABLE JII.-QUANTUM EFFICIENCY AT 253.5 mp 
UNDER KORMAL ATMOSPHERE AND PH 1.5 


105 X Initial 
Concn. of Time of 
CLP HCI. Irradiation. Quantum 
moles/L. Min. Efficiency" 
1.13 20 0.17 


n .  18 0. is 
0.19 
0.18 
0.17 


Av. 0.18 f 0.02 


' I  The values in this column repre6ent an average of at 
least three determinations. 


a The values in this column iepresent an average of at least 
three determinations. 


where K is a proportionality constant having the 
experimentally determined value of 4.42 X lo-* 
f0.05 X rng./rnl. (Table 11). 


Calculation of Quantum Efficiency.-The quan- 
tum efficiency, @, may be defined 


0%. 2) 
No. of molecules decomposed 


No. of photons absorbed 
~ .- ~ 


@ = 


The evaluation of this equation is described in 
detail by Discher. el al. (7).  However, a brief 
discussion of the procedure will be covered here. 


The numerator can be shown to be equal to 


( M ) ( V I ) ( N ) ( r )  (Eq. 3) 


where izI is the rnolarity of the irradiated solution 
with respect to CLP HCI, V is the volume of the 
irradiated solution in liters, N is Avogadro's number 
(6.025 X loza), and I is the fraction of CLP HCI 
degraded during the irradiation. 


To evaluate the denominator, the total radiant 
energy absorbed by the sample during the period of 
irradiation must first be determined. 


The voltage output of the thermopile is propor- 
tional to the amount of radiation striking it per unit 
time. The recorder response is proportional to the 
voltage output of the thermopile. Thus, the radi- 
ant energy absorbed by the sample is proportional 
to the difference between the recorder response when 
a cell filled with solvent, I,,. is placed between the 
thermopile and the light source, and when a cell 
filled with a solution of the sample, I, is placed in 
this position, i .e. ,  I, - I .  


To calibrate the recorder response to irradiation 
in units of voltage, the recorder response, I,, to a 
test signal of known voltage, 5 ,  is determined. Thus, 
the value of To - I can be calculated in terms of volts. 


The use of the thermopile constant, k, determined 
to be 0.0444 microvolts/rnicrowatt/cm.* (7 )  and the 
area of irradiation, A ,  determined to be 1.561 cm.* 
(10) permit the calculation, in microwatts. of the 
radiant energy absorbed per second. The time of 
irradiation, 1. in seconds permits calculation of the 
microwatts-seconds absorbed during the period of 
irradiation. Since 1 microwatt-second equals 10 
ergs, the factor 10 is used to convert the energy to 
units of ergs. Thus, the total energy absorbed in 
ergs can be 


The energy, E, of a photon in ergs can be 


E = hc / s  (Eq. 5) 


erg-see.), where h is Planck's constant (6.62 X 
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a normal atmosphere in an attempt to stabilize any 
free radical produced as a result of irradiation. 
During the irradiation the solution turned pink, 
typical of the semiquinone free radical. The ab- 
sorbance spectrum of the solution at the end of the 
irradiation differed markedly from that obtained on 
irradiation of CLP HCI in 0.05 N hydrochloric acid. 
Comparison with the spectrum of a 9 N sulfuric acid 
solution of a crystalline semiquinone free radical of 
CLP (compound R), prepared as described by 
Felmeister, Discher, and Merkle (11). indicated a 
semiquinone free radical of CLP was a product of the 
irradiation (Fig. 3). 


Macroirradiation-Effect of Irradiation on pH.-A 
solution of CLP HC1 ( = 3  X M) in distilled 
water was irradiated for 20 hours under a normal 
atmosphere. A significant reduction in pH was 
noted. The results are recorded in Table VI. 


It appeared from the irradiations performed 
under an oxygen-free atmosphere that the water 
present as  the solvent was involved in the formation 
of CLP-0. If this were the case, it  appeared likely 
that two protons might be released for each molecule 
of CLP-0 formed. This should manifest itself by a 
decrease in pH following irradiation. 


Macroirradiation-Effect of ’Irradiation on Polar- 
ity and Reactivity.-The products formed on exten- 
sive irradiation of CLP HCl appeared to be more 
hydrophilic than CLP HCI itself. CLP-0 HCl did 
not demonstrate this property, but the formation of 
phenolic compounds, which had been suggested as 
oxidation products of CLP (4), would be expected to  
increase the hydrophilic nature of the compound. 
Attempts to separate pure compounds from the 


TABLE \‘.-SUMMARY OF EFFECT OF CHANCE I N  PH 
ON QUANTUM EFFICIENCY AT 253.5 mp UNDER 


NORMAL AND OXYGEN-FREE ATMOSPHERE 


Av. Quantum Av. Quantum 
Efficiency Under Efficiency Under 


Normal Oxygen-Free 
PH Atmosphereo Atmosphere‘ 
1.5 0.18 0.14 
3.2 . . .  0.13  
4 .5  0.19 . . .  
5.0 0.23 0.21 
5.8 0.24 0.21 
6.3 0.26 . . .  
7.2 . . .  0.22 


0 The values in these columns represent an average of at 
least three determinations. 


c is the velocity of light (3.00 X 10’0 cm./sec.), and 
T is the wavelength in cm. The energy of the wave- 
length used for the determination of the quantum 
efficiency, 253.5 mp, was calculated to be 7.82 X 


The number of photons absorbed can be calculated 
by dividing the total number of ergs absorbed (Eq. 
4) by the energy per photon, 7.82 X lo-’* ergs/ 
photon. 


ergs/photon using Eq. 5. 


The quantum efficiency can now be 


A typical calculation is M = 1.13 X lo-’ inoles/L., 
V = 3.00 X L.. 7 = 0.234, I q  = 35.4 chart 
units, I ,  -I = 18.0 chart units, t = 1200 seconds, and 
s = 0.1 microvolts. The other symbols represent 
constants with previously assigned values. 


(1.13 X 10-5)(3.00 X 1OW3)(6.03 X loza) 
(0.234)(35.4)(0.0444)(7.82 X 10-l2) __ _ _ _  --___ 


d J =  10(18.0)(1.56)( 1200)(0.1) 
dJ = 0.177 = 0.18 


Microirradiation-Determination of Quantum 
Efficiency.-A series of CLP HCI solutions was 
irradiated at 253.5 rn# for 10 to 30 minutes a t  selected 
pH values within the range of 1.5 to 7.2, under nor- 
mal and oxygen-free atomspheres. The concentra- 
tion range selected allowed both irradiation and 
analysis to be conducted in the same cell. eliminating 
the chemical degradation possible during trans- 
fer or dilution techniques. 


At a pH of 1.5, the average quantum efficiency 
was 0.18 f 0 . 0 2  under a normal atmosphere (Table 
111). while under an oxygen-free atmosphere i t  was 
0.14 f 0 . 0 2  (Table IV).  The effect of changing pH 
under both normal and oxygen-free atmospheres is 
summarized in Table V. Typical examples of the 
change in absorbance taking place during irradiation 
are shown in Fig. 2. The spectrum obtained on 
irradiation under oxygen-free atmosphere is similar 
to  that obtained during the early phase of irradiation 
under a normal atmosphere. Thus, the difference 
in the spectra in Fig. 2 is indicative of the more rapid 
rate of degradation which occurs in the presence 
of dissolved oxygen. This is also demonstrated by 
the determined quantum efficiencies. 


Microirradiation-Detection of CLP Semiqui- 
none Free Radical.-Since previous work indicated 
the semiquinone free radical of CLP was stabilized 
in 9 N sulfuric acid ( l l ) ,  CLP HCI dissolved in this 
solvent was irradiated for 2 hours at 253.5 mp under 


I Fig. 2.-Ul- 
traviolet ab- 
sorbance spec- 
trum of CLP 
HCI in 0.05 
N HCI ir- 
radiated a t  
253.5 rnp for 
4 hours. Key: 


, before 
irradiation; ---, 
after irradia- 
tion under a 
normal atmos- 


after irradiation 
underanoxygen- 
free atmosphere. 


phere; -.-.-.- 


Fig. 3.-UI- 
traviolet ab- 
sorbance spec- 
tra of a 9 N 
H2S04 solution 
of CLP HCI be- 
fore and after 
irradiation com- 
pared with a 


tion of com- 
pound R. Key: 
_ _ -  , CLP HCI 
before irradia- 
tion; -, CLP 
HCl after irra- 
diation; -.-.-., 
compound R.  


9 N HzSO, S O ~ U -  
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TABLE VI.-EFFECT OF IRRADIATION ON PH OF 
SOLUTION OF CLP HCI IN DISTILLED WATER 


Journul of Pharmaceutical Sciences 


The resultant spectrum (Fig. 5 )  strongly resembles 
that of photodegraded CLP HCI (Fig. 2). 


H of Soh. 
pH of Soh. R fter 20 Hr. 


Before Irradiation, 
Irradiation 360 to 370 mp 


Run 1 5.05 1.90 
Run 2 4.90 2.00 


degraded mixtures were unsuccessful. The detec- 
tion of phenols by use of Fe (111) was attempted, but 
interference from both the CLP-Fe (111) reaction 
and the color of the degraded solution made interpre- 
tation of the results doubtful. 


Since the nitrogens in CLP are tertiary and would 
not react with acetic anhydride, it  was felt that any 
reactivity toward this reagent should Serve to in- 
dicate the presence of phenolic compounds. 


A solution of CLP HCl (=3 X lo-* M) was 
irradiated for 3 hours under a normal atmosphere. 
A typical dark brown developed during the course of 
the irradiation. The pH of the irradiated solution 
was adjusted to about 5 with 0.1 N sodium hydroxide 
solution and extracted three times with chloroform. 
The ultraviolet absorbance spectrum of the material 
extracted into the chloroform layer was typical of 
nondegraded CLP HCI. The dark brown degraded 
material, which remained in the aqueous layer, was 
treated with acetic anhydride. After 20 minutes 
it was noted the dark brown material readily parti- 
tioned into chloroform, and was extracted by two 
separate portions of chloroform. The chloroform 
was evaporated a t  room temperature and the residue 
dissolved in methanol. To remove excess acetic 
anhydride or acetic acid, the dark brown material 
was precipitated from the methanol by the addition 
of ether; this process was repeated three times. The 
material was then dried in a vacuum desiccator for 
48 hours. The infrared spectrum of the residue 
was determined. A strong peak a t  5.97 p was noted 
which was absent in the spectrum of CLP HCI or its 
5-oxide. 


Macroirradiation-Eff ect of Dissolved Oxygen.- 
To note the effect of dissolved oxygen in the absence 
of water, solutions of CLP HCI in anhydrous meth- 
anol were treated as follows. One 20-ml. portion was 
placed in the 30-ml. quartz cell and flushed with 
nitrogen for 1 hour. The cell was sealed and irra- 
diated for 2 hours. During this irradiation the solu- 
tion turned a pale yellow. A second 20-ml. portion 
of the initial solution was placed in the quartz cell 
under normal atmosphere and irradiated for 2 hours. 
During this irradiation the solution developed a 
deep brown. The ultraviolet absorbance spectra of 
these solutions after irradiation indicated the 5- 
oxide does not form under anhydrous conditions in 
the absence of oxygen (Fig. 4). 


The slight shift in the absorbance peak after 
irradiation in the absence of water and oxygen could 
not be explained on the basis of this work. However, 
a reaction a t  the alkyl chain or the ring a t  positions 
other than the sulfur could conceivably result in 
such a shift. 


Macroirradiation-Irradiation of CLP-0 HCL- 
To demonstrate the photosensitivity of CLP-0 HCI 
and to show that the photodegradation of CLP HCI 
probably results in the formation of CLP-0 HCI, a 
solution of CLP-0 HCl was irradiated for 2 hours. 


DISCUSSION 


Semiquinone free radicals which undergo dispro- 
portionation to  yield their respective 5-oxides have 
been shown to be intermediates in the electrolytic 
oxidation of phenothiazine (12) and CLP HCI (13) 
and in the chemical oxidation of CLP HCI (6). 


Fig. 4.-UI- 
traviolet ab- 
sorbance spectra 
of anhydrous 
methanol solu- 
tions of CLP 
HCI irradiated 
for 2 hoursunder 
normal and oxy- 
gen-free atmos- 
pheres. Key: 


, before 
irradiation ; - - -, 
after irradia- . tion under a 
normal atmos- 


- --._ 
phere; - 
after irradial 
tion under an 
oxygen-free at- 


” L.2 , c _.* , 
.!> IYI 270 290 


., L 
mr mosphere. 


The formation of free radicals on photolysis of CLP 
has been demonstrated by electron spin resonance 
studies (4-6). However, identification of these 
radicals was not reported. 


The ultraviolet absorbance spectrum which re- 
sulted on irradiation of CLP HCl in 9 N sulfuric 
acid at 253.5 mp (Fig. 3) is quite similar to that of 
compound R. indicating that the intermediate 
formed on irradiation of CLP HCI is a semiquinone 
free radical. The observed difference in these 
spectra can be accounted for on the basis of the 
disproportionation of a small fraction of the photo- 
produced free radical, followed by photodegradation 
of the 5-oxide formed as a result of this dispropor- 
tionation. The fact that the absorbance peak a t  227 
mp, indicative of the semiquinone free radical, is not 
present in the spectrum of an irradiated solution of 
CLP HCl when 0.05 N hydrochloric acid is used as 
the solvent is not surprising (Fig. 2), since the semi- 
quinone free radical of CLP HCI disproportionates 
rapidly at hydrogen ion concentrations below 4 N 
(11). 
It appears from these data that ultraviolet irradi- 


ated CLP HCI degrades via a semiquinone free 
radical intermediate. Disproportionation of this 
free radical results in the formation of CLP-0 HCI 
and apparently further changes result from degrada- 
tion of this photolabile CLP-0 (3) (Fig. 5) rather 
than from CLP itself. 


The presence of phenolic compounds was demon- 
strated by Brown (14) in the reaction mixture of 
ultraviolet irradiated phenothiazine-5-oxide. The 
formation of similar compounds on extensive irradi- 
ation of CLP HCI, probably VM the CLP-0 HCI, are 
indicated in this work by (a) the increase in polar 
properties of CLP HCl after irradiation, demon- 
strated by the change in partitioning properties in a 
chloroform-acidic system, (b)  the ability of the de- 
graded compounds to undergo acetylation. ( c )  the, 
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reduction of the polar properties as a result of this 
acetylation, (d) the appearance of an infrared 
absorbance peak a t  5.97 p indicative of a carbonyl 
group after acetylation. 


It should be noted that the loss of an electron 
from a semiquinone free radical of phenothiazines, as 
results in disproportionation, yields first a phenaza- 
thionium ion (15). which on further reaction results 
in the 5-oxide. Work now in progress has shown 
that the semiquinone free radial of CLP dispropor- 
tionates in aqueous media both in the absence and 
presence of dissolved oxygen, though the loss of free 
radical is slightly faster in the presence of oxygen. 
Thus, it would appear water and oxygen both may 
compete for the short lived CLP phenazathionium 
ion or the oxygen may react directly with the free 
radical, yielding the boxide in both cases. Since 
the introduction of molecular oxygen into the 
system has only a minor effect on the 
rate of radical loss, it appears the water reaction 
is much more rapid than the oxygen reaction. 


The significant increase in hydrogen ion concen- 
tration on irradiation of CLP HCI in water, shown in 
Table VI, can be explained on the basis of the re- 
action of the short lived phenazathionium ion with 
water to yield the 5-oxide, as shown below. It can 
be seen from this reaction mechanism that two 
hydrogen ions result for each molecule of 5-oxide 
formed. Thus, on the irradiation of a lo-* M solu- 
tion of CLP HC1 (initial pH = 5) a resultant pH 
of 2 is reasonable to  expect. 


I .  
2% 270 9.3 


mp 
Fig. 5.-Ultraviolet absorbance spectrum of 


CLP-0 HCI in 0.05 N HCl irradiated for 2 hours 
under a normal atmosphere. Key; - , be- 
fore irradiation; - - - - - -, after irradiation. 


The fact that the irradiation of CLP HCI in the 
absence of water and dissolved oxygen did not yield 
the 5-oxide, but in the presence of either one of these 
species apparently did (Figs. 2 and 4), tends to  sup- 
port the postulation that water and/or oxygen are 
involved in the 5-oxide formation. 


The increase in quantum efficiency with increase 
in pH as shown in Table V is not readily explained 
on the basis of this study, though it may be a measure 
of the greater instability of the free amine base 
(which increases in concentration with pH) com- 
pared to the amine salt. 


If each photon absorbed resulted in the decomposi- 
tion of a molecule of CLP HCI the quantum effi- 
ciency would have a value of 1. However, any proc- 
ess that tends to dissipate the energy of the absorbed 
photons before decomposition occurs will reduce 
the value of the quantum efficiency. The low 
quantum efficiency determined for this reaction no 
doubt is due to  a number of such factors (a) fluo- 


rescence, the emission by the excited molecule a t  a 
higher wavelength of part of the absorbed energy, 
(b)  loss of absorbed energy through collisions with 
solvent molecules, and (c)  the gaining of an electron 
by the photo produced radical, resulting in 
reformation of CLP. However, the proposed dis- 
proportionation reaction would also favor a low 
quantum efficiency, since this tends to reproduce 
the starting compound continually. 


The small reduction in quantum efficiency on 
deaeration of the system demonstrated that the re- 
moval of oxygen is insufficient in itself to prevent 
the photodegradation of aqueous solutions of CLP 
HCI. This further supports the postulation that 
while apparently both water and/or oxygen take 
part in the reaction the water reaction proceeds a t  a 
more rapid rate. 


From the quantum efficiency data it can be shown 
that the over-all photodegradation of aqueous solu- 
tions of CLP HCI follow zero-order kinetics as ex- 
pressed by Eq. 7 


A A .  - + I d  (Eq. 7) 
where A. = the initial concentration of CLP HCI 
(molecules/ml.), A = the concentration of CLP a t  
time 1, 1 = the period of irradiation in seconds, 
I,, = the number of photons absorbed/ml. second, 
and $J = the quantum efficiency. 


A plot of concentration of CLP HCI, A ,  ueisus 


R 
I C B  


Light activated f l . N n c l  - 
CI ~ 


Resonance forms of Semiquinone Free Radical of 
CLP HCI 


Two molecules Of the disproportionation semiauinone free . 
radical of CLP HCI 


CLP HCI CLP HCI 
Phenazathionium Ion 


CLP HCI phenazathionium ion !!z% 
R 


A@ 
H' 'H 


4 
0 


Postulated CLP-0 HCl 
Intermediate 


R = CH~CHZCH~N(CH~)Z.HCI 
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CLP-0 HCI, which apparently is the precursor to 
phenolic and other unidentified degradation products 
formed on irradiation. 


Photodegradation of CLP HC1 seemed to be 
more dependent on the presence of water than dis- 
solved oxygen, and it would not be expected that 
elimination of oxygen alone would have a marked 
effect on the degradation of ultraviolet irradiated 
solutions of CLP HCI at 253.5 mp. 
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Alterations in the Activity of Pentothal, 
Phenobarbital, Pentylenetetrazol, and 


Strychnine by Cholinesterase Inhibitors 
By VERNON A. GREEN 


Mice pretreated with anticholinesterases showed enhanced stimulation in  the res- 
ence of pentylenetetrazol and strychnine, a decreased lag period with aneAet ic  
doses of phenobarbital, and a prolongation of anesthesia with pentothel. An at- 
tempt was made to correlate these changes in  response with the depression of acetyl- 


choline hydrolyzing enzymes. 


ECAUSE THE brain has higher concentrations 
of acetylcholinesterase than other areas of 


the body ( I ) ,  attempts to  potentiate drug action 
through cholinesterase inhibition should be ac- 
complished more readily with agents which 
primarily affect the central nervous system. 


The findings of potentiation of the rate of 
diffusion of acid fuchsin (2) in frog and dog (3), 
trypan red (4) in dog, and the potentiation of 
morphine (5) in cats, streptomycin on Es- 
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cherichia cola (6) and rats (7), and barbital (8) in 
mice by neostigmine or physostigmine were indi- 
cations that possibly the activity of other drugs 
could be potentiated. 


I n  this study, physostigmine, neostigmine, and 
diisopropylfluorophosphate (DFP) were used as 
prior medication in mice in an attempt to potenti- 
ate the action of some central nervous system 
stimulants and central nervous system depres- 
sants. The basic criteria for the determination 
of potentiation were the ability of cholinesterase 
inhibitors to render a subconvulsive dose of a 
central nervous system stimulant convulsive (9)- 








Solubilization and Stability of Phenobarbital 
bv Some Aminoalcohols 


By JAMES K. J. LIM, HERMAN 0. THOMPSON, and CLAUDE PIANTADOSI 


Four well-known surface-active aminoalcohols-namely, monoethanolamine, tri- 
ethanolamine, N,N-dimethylethanolamine and N-methylglucamintwere found to 
be effective solubilizers for henobarbital in water. Equimolar solubilization was 
possible only at extremely pow concentrations. The relative stabilities of the re- 
sultant phenobarbital solutions at both autoclaving and room temperatures were 
generally comparable and in several cases even superior to aqueous solutions of 
the sodium salt of phenobarbital as stabilized by the inclusion of some polyhydric 


alcohols. 


OTH AQUEOUS and nonaqueous solutions of 
Bphenobarbital sodium have been stabilized by 
polyhydric alcohols, such as propylene glycol 
and the polyethylene glycols. The enhanced 
stability of these solutions has been ascribed to 
a possible complex formation (1). An attempt 
therefore was made to investigate further the 
possibilities for the successful use of some other 
nontoxic aminoalcohols for obtaining more stable 
phenobarbital solutions in addition to diethanol- 
amine which previously had been used in conjunc- 
tion with the s o l u b h t i o n  and consequent stabil- 
ization of one of the derivatives of barbituric acid 
(2). In th is  study, the aminoalcohols selected 
were monoethanolamine, triethanolamine, N, N- 
dimethylethanolamine, d( +)glucosamine, and N- 
methylglucamine. However, glucosamine was 
discarded early during preliminary tests because 
of its poor solubilizing performance. 


EXPERIMENTAL 


Equipment-A Beckman model DU spectro- 
photometer, Beckman model N pH meter, Fisher 
motor stirrers, Fisher mercury thermoregulators, 
Fisher magnetic stirrers (glass-covered), and Bauxh 
& Lamb 100-w. illuminator were used. 


Materials.-Phenobarbital U.S.P. and pheno- 
barbital sodium U.S.P., Merck; triethanolamine 
and N,Ndimethylethanolamie, Eastman Kodak; 
monoethanolamine, Matheson; N-methylgluc- 
amine, Du Pont; d( +)glucosamine. Nutritional 
Biochemicals; and propylene glycol U.S.P., Fisher 
Scientific Co.. were utilized. 


Method of Analysis.-The ultraviolet spectro- 
photometric method of quantitative analysis for 
phenobarbital, employed successfully by a number 
of workers (3-5). was used wherever possible 
throughout this study. It was an accurate, simple, 
and rapid method of analysis and conformed to 
the Beer-Lambert law when spectrophotometric 
absorbance was plotted against phenobarbital con- 
centrations within the concentration range of 2.5  
to 30.0 mcg./ml. and. at  the wavelength range of 
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225-250 mp. Maximum absorbance was main- 
tained within the pH range 9.0 to 10.0 a t  wave- 
length 240 mp (Fig. 1). 


However, an argentometric method, similar to 
Budde’s (6), was substituted in those cases where 
phenobarbital sodium solutions had stood in 
prolonged contact with aqueous solutions of poly- 
hydric compounds. Briefly, this involved an ac- 
curate volumetric titration of the analytical samples 
with 0.1 N silver nitrate solution delivered from a 
microburet. Each sample which contained the 
equivalent of 100-200 mg. of phenobarbital. 50 ml. 
of freshly prepared 3% sodium carbonate solution, 
and 10 ml. of 96% ethyl alcohol was mixed con- 
tinuously with the aid of a glass-covered magnetic 
stirrer throughout the process of each titration. 
All titrations were performed in a darkened room to 
facilitate the end-point determinations. The first 
permanent cloudiness, viewed at a right angle to 
the strong and narrow beam of light from an 
illuminator which was projected through the 
solution, marked the end point. 


Procedure for Solubilizntion Study.-The various 
amounts of the aminoalcohols which were needed 
to prepare up to 10% (w/v) or approximately 0.4 M 
phenobarbital solutions were k t  computed, em- 


WAVflfNGlH Imr) 


Fig. 1.-The ultraviolet spectrophotometric ab- 
sorbance of phenobarbital as influenced by pH 
Within the wavelennth ran= of 220-290 mu. Kev: x, pH 7.00; 0, pH 8.15; 0 ,  pH 9.30; A, PH 9.86 
A, pH 10.96; 0, pH 12.00. 


1161 







1162 Journal of Pharmaceutical Sciences 


TAB1-E I.--.-RBLATIVE PROPORTIONS OF PHENOBARBITAL AND h I N O A L C 0 H O L S  FOR S~LUBILZATION~ 


-Aminodcohol- -Phenobarbital- p H  of 
Gm./100 ml. Moles/L. Gm./100 ml. Molu/L. Soh. 


Monoethanolamine 0.40 0.0655 1.57 0.0676 8.10 
0.80 0.1310 2.93 0.1262 8.20 


__ ._ 


1.20 0.1964 4.12 0.1774 x 20 
1.60 0.2619 5.2i  0.2244 8.25 
1.80 0.2947 5.91 0.2545 8.25 
2.00 0.3274 6.46 0.2782 8.35 


N-Meth ylglucamine 


Triethanolamine 


N,N-Dimethylethanolamine 1 .OO 
2.00 
3.00 
4.00 
5.00 
6.00 
2.00 
3.00 
4.00 
5.00 
6.00 
i . 0 0  
3.00 
6.00 


12.00 
18.00 
24.00 
30.00 


0.1121 
0.2244 
0.3365 
0.4487 
0.5610 
0.6732 
0.1024 
0.1537 
0.2049 
0.2563 
0.3075 
0.358'7 
0.2010 
0.4022 
0.8042 
1 ,2060 
1.6460 
2.0100 


2.23 0.0960 
3.95 0.1701 
5.43 0.2338 
6.94 0.2988 
8.52 0.3668 
9.61 0.4138 
2.22 0.0956 
3.18 0.1370 
4. l i  0 .  i796 
5.06 0.2179 
6.03 0,2596 
6.84 0.2950 
1.31 0.0564 
2.06 0.0887 
3.31 0.1425 
4.44 0.1912 
5.81 0.2502 
6.45 0.2777 


8.40 
8.60 
8.70 
8.75 
8.90 
8.90 
8.10 
8.20 
8.20 
8.30 
8.30 
8.45 
8.30 
8.40 
8.60 
8.70 
8.80 
8.82 


.%lubilization study was performed at room temperature of 25 f 0 .  lo .  


ploying the solubilization data from preliminary 
tests. Solutions of six different strengths of each 
of the aminoalcohols were then accurately prepared 
and placed in suitable conical flasks to be immersed 
in a constant-temperature water bath. They were 
allowed t o  attain equilibration of temperature at 
25 f 0. I O before the addition of an excess of pheno- 
barbital. The solutions were subjected to gentle 
mechanical stirring and at regular intervals of 15 
to 30 minutes, samples were withdrawn, filtered, 
suitably diluted, and their pH's adjusted to  9 .0  
to 10.5 with dilute sodium hydroxide solution for 
spectrophotometric analysis a t  240 mp. The con- 
centrations of phenobarbital solubilized (Table I), 
as found a t  the point of equilibration of solution, 
were computed from the per cent transmittance 
readings when no further change in absorbance was 
noted. These values were plotted against the 
corresponding amounts of the aminoalcohols needed 
for the solubilization (Fig. 2) as well as against the 
respective pH's of the resultant solutions (Fig. 3). 
Interferences in analysis owing to absorbance by 
the solubilizing agents themselves were negligible, 
except for triethanolamine. in which case a correc- 
tion factor was applied. 
hocedure for Stability Study.--(a) At duto- 


rlaving Temperatrrres.-Exactly 5y0 phenobarbital 
solutions were prepared under ordinary room tem- 
perature conditions by manual agitation of pheno- 
barbital in aqueous solutions of l .  6% monoethanol- 
amine, 3.0:;: N,N-dimethylethanolamine, 5.0% 
N-mcthylglucamine, and 24. OyO triethanolamine. 
These were placed in air-tight containers and sub- 
jected to autoclaving a t  10 p.s.i. pressure for 30 
minutes. The solutions were gradually allowed to 
cool to room temperature and stored overnight. 
Any precipitate was filtered off. The calculated 
volumes for dilution and subsequent spectrophoto- 
metric analysis were pipeted from these filtrates as 
well as from the corresponding solutions before 
they were subjected to  autoclaving. A 5.0% 


concentration of phenobarbital sodium in 10% 
dextrose solution and in 60% propylene glycol 
solution were studied under similar experimental 
conditions for purposes of comparison of stability. 


(b)  Al Room Temperatures.-To simulate closely 
official elixir strength of 0.44y0 of phenobarbital 
sodium, exact 0.5% solutions were prepared em- 
ploying proportionately lower concentrations of 
the aminoalcohols. These solutions together with a 
similar set of the above 5.0% phenobarbital solu- 
tions were stored in 120-ml. dispensing bottles 
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Fig. 2.-Curves for solubilization of less than 0.4 
M phenobarbital by the following aminoalcohols at 
25". Key: - - -, hypothetical plot for equimolar 
solubilization ; A, triethanolamine; 0, N, N- 
dimethylethanolamine; A, N-methylglucamine; O, 
monoethanolamine. 
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PH 
Fig. 3.-The effect of pH on the solubilization of 


phenobarbital by the following aminoalcohols. Key: 
XI monoethanolamine; 0, N-methylglucamine; A. 
N ,  N-dimethylethanolamine; A, triethanolamine. 


away from direct light and at room temperatures 
of 23-25' for a total period of 2 weeks. At intervals 
of 5 days, samples were withdrawn and assayed 
spectrophotometrically as in (a).  except for those 
aqueous solutions of phenobarbital sodium in pure 
distilled water, 10% dextrose, and 60% propylene 


glycol solutions. These aqueous solutions of 
phenobarbital sodium exhibited increased absorb- 
ance at 240 mp on prolonged standing analogous 
to  studies camed out by Kubota for the enhanced 
spectrophotometric absorbance of polyhydric al- 
cohols or hydroxy acids in aqueous solutions owing 
to the effect of alkali metals. Kubota hypothesized 
this phenomenon to  a possible metal-complex 
formation involving static electricity of the metal 
ion with hydroxyl groups of the polyhydric com- 
pounds (7, 8). The usual spectrophotometric 
method of analysis therefore was replaced by the 
argentometric titration method for the quantitative 
determination of phenobarbital in such solutions. 
Any attempt at spectrophotometric analysis of 
these solutions resulted in erratic and erroneous 
determinations (Table 11). possibly because of the 
simultaneous effects of varying rates of increased 
spectrophotometric absorbance, due to metal- 
complex formation and the actual degradation of 
phenobarbital. The argentometric titration was 
considered unnecessary for the assay of those 
phenobarbital solutions where alkali metal ions 
were absent or where solutions of the phenobarbital 
salt had been in contact with some polyhydric 
compounds for only a relatively short period. 


RESULTS AND DISCUSSION 


The increased solubility of phenobarbital by the 
aminoalcohols may be attributed to  the formation 
of either a salt or a "complex." The solubilization 
of phenobarbital caused by a slight increase in 
pH of the medium as a result of higher concentra- 
tions of the aminoalcohol followed a linear relation- 
ship for each series (Fig. 3) and indicated favorably 
a simple acid-base salt formation. In the case for 
the possible formation of a weak "complex" or an 
association compound, it is assumed that this 
occws between the electronegative nitrogen of the 


TABLE 11.-STABILITY OF 5 .O AND 0 .  5y0 PHENOBARBITAL SOLUTIONS ON STORAGE AT ROOM TEMPERATURE 


'% Undecomposed Phenobarbital 
Phenobarbital Soh. PH 5 Daysa 10 Days" 15 Days" 15 Daysb 


Phenobarbital sodium in dis- 
tilled water 


5.0% Concn. 
0.5% 


8.80 100.00 99.65 98.15 92.41 
8.80 99.17 99.08 98.45 95.35 


Phenobarbital sodium in 60% 
propylene glycol soh. 


5.0% Concn. 9.50 100.80 101.30 102.50 96.94 
0.6% 9.25 102.10 103.70 100.80 98.15 


Phenobarbital sodium in 10% 
dextrose soh.  


5 .O% Concn. 
0.5% 


Phenobarbital with 


5.O~'Concn. 
monoethanolamine 


0.5% 


8.00 100. 20 99.38 92.51 91.49 
8.60 102.30 102.00 101 .50 96.79 


8.70 99.88 98.24 97.83 . . .  
8.50 99.93 99.51 98.97 . . .  


Phenobarbital with N, N-di- 
methylethanolamine 


5.0% Concn. 8.80 99.42 98.63 97.90 . . .  
0.5% 8.80 99.97 99.97 98.49 . . .  


5 .O% Concn. 8.75 99.19 98.63 97.16 . . .  
0.5% 8.70 99.93 99.10 99.26 . . .  


Phenobarbital with N-methyl- 
glucamine 


~ 


Values for per cent undecomposed phenobarbital were obtained from spectrophotornetric analysis at 240 mr. Corrected 
values for per cent undsompcsed phenobarbital as obtained by argentometric titration. 
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TABLE 111.-RELATIVE PROPORTIONS OF PHENO- 
BARBITAL AND AMINOALCOHOLS FOR APPROXIMATE 


EQUIMOLAR SOLUBILIZATION~ 


-Adnoalcohol- -Phenobarbital- 


J o u r d  of Pharnuueutical Scicnus 


m d  
100 
ml. moles/L. 
(moleX 10-1) 


Monoethanolamiie 10.0 1.6370 
12.0 1.9840 
14.0 2.2920 
16.0 2.6190 


( Distilled water 18.0 2.9470 


N,N-Dimethyl- 5.0 0.5610 
ethanolamine 10.0 1.1220 


as blank) . . .  ... 


m /  


ml. moles/L. 
(molesX 10-9 
36.0 1.5500 
44.2 1.9030 
52.2 2.2480 
57.8 2.4890 
61.6 2.6530 


9.1 0.3876 
21.7 0.9346 


1%0 


124.0 . . .  


15.0 1.6830 31.6 1.3610 
20:O 2.ii.G 4213 i:SiZo 
25.0 2.8040 52.2 2.2480 
30.0 3.3660 65.4 2.8160 


(Distilled water) . . . . . .  124.0 .. 
k-Methylgluc- ’ 10.0 0.5124 10.7 0.6635 


amine 20.0 1.0240 23.2 0.9990 
30.0 1.5370 35.1 1.5110 
40.0 2.0490 45.7 1.9880 
50.0 2.5630 56.8 2.4450 
60.0 3.0750 67.0 2.8850 
70.0 3.5870 72.8 3.1340 
80.0 4.1000 73.2 3.1520 
90.0 4.1000 73.2 3.1520 


(Distilled water) . . . 126.8 
Triethanolamine 7.5 O..&O 9.7 0.4178 


15.0 1.0060 20.4 0.8784 
22.5 1.5090 30.9 1.3300 
30.0 2.0120 38.4 1.6540 
37.5 2.5150 45.9 1.9760 
45.0 3.0180 63.4 2.2990 


(Distilled water) . . . . . . 127.8 . . . 
Solubilieation study was carried out at room temperature 


of 25 * 0.1’. 


arnine and the enolic hydrogen of phenobarbital, in 
analogy to  the complex formed between the electron- 
donating oxygen of polyethylene glycol and the 
acidic hydrogen of phenobarbital described by 
Higuchi (1). 


“COMPLEX’ OF PHENOBARBITAL WITH 
AN AMINOALCOHOL 


Ri CO-N H 
\ I \c’ C--OH-*.:N-R--OH 


/ \  / 
RI (2.0-NH 


I 
H 


where R1 = CsHs, R2 = GHL. 
Such a complex will form hydrogen bonding with 


water molecules through the hydrophilic hydroxyl 
groups of the alcohol moiety to achieve water 
solubility. The inability to  isolate these weak 
“complexes” from their aqueous solutions provided 
some indication toward their extreme instability. 


The solubilization of phenobarbital by the amino- 
alcohols in approximately equimolar proportions 
was possible only with very low concentrations 
(Table 111, Fig. 4); with increasing concentrations, 
however, especially with triethanolamine, more than 
the equimolar ratios were required. Results above 
indicate that a relatively much greater proportion 
of the aminoalcohols was required to solubilize 
and obtain the more concentrated phenobarbital 
solutions. This phenomenon can be attributed to 
a diminished activity of “solvent” where its rational 


C6yCENTRdlION AUlhW4LCOHOL 
IYoIE.5 MR LIIER I h’J1 


Fig. 4.-Curves for solubilization of less than 
0.003 M phenobarbital by the following amino- 
alcohols a t  25’. Key: - - -, hypothetical plot for 
equimolar solubilization; A, N-methylglucamine; 
0, monoethanolamine; A, N,Ndimethylethanol- 
amine; 0, triethanolamine. 


TABLE IV.-RELATIVE STABILITIES OF PIIBNOBARBI- 
TAL S~LUTIONS BASED ON AHo OF THE ARRHENIUS 


EQUATION 


Phenobarbital Soh  
O.lOyo Phenobarbi- 


tal solution with 
monoethanol- 
a x m e  


0.44% Phenobarbi- 
tal sodium in SOT0 
propylene glycol 


0.44% Phenobarbi- 
tal sodium in 10% 
dextrose solution 


0.10% Phenobarbi- 
tal solution with 
triethanolamine 


0.10% Phenobarbi- 
tal solution with 
N, N-dimethyl- 
ethanolamine 


0.44% Phenobarbi- 
tal sodium in dis- 
tilled water 


O.lO~o Phenobarbi- 
tal solution with 
N-methylgluc- 
amine 


PH 


8.25 


9.10 


8.45 


7.55 


8.00 


8.75 


8.40 


AHa. 
k X 1O‘per Hr. Kcal./ 
59.6’ 69.6O mole 


17.08 28.77 11.80 


14.40 27.21 14.41 


11.90 28.78 20.00 


14.40 37.01 21.37 


16.12 51.42 26.26 


18.23 74.85 31.98 


12.21 59.06 35.69 


activity coefficient becomes progressively less than 
1 with increasing concentration of solution (9). 


A prediction of the relative stabilities for the 
various phenobarbital solutions which was based 
upon the study of the energy of activation AHo, 
for the decomposition of phenobarbital (Table IV). 
as directly derived from the Arrhenius equation 


at temperatures of 59.6 and 69.6’ was unreliable 
for genenl application. Any evaluation of the 
relative stabilities from such a prediction differed 
significantly from the actual stabilities of pheno- 
barbital solutions as determined on the basis of 


log(Kz/RI) = AHJ2.303 R * (Tz - Ti)/T*Ti, 
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per cent undecomposed drug by degradation a t  
ordinary room temperature storage conditions and 
autoclaving temperatures (Tables I1 and V). 
This presumably may be due to several involved 
factors such as pH, dielectric constant of medium, 
and ionic strength of solution (10); each of these 
may considerably contribute toward the degradation 
of phenobarbital at varying levels of activity, 
depending upon temperature. Using data from 
Tables I1 and V, a final classification for the relative 
stabilities of phenobarbital solutions exposed to 
the above-mentioned experimental conditions is 
presented in Table VI. 


SUMMARY AND CONCLUSIONS 


1. A solubilization study for phenobarbital in 
water at 25” by means of mechanical stirring showed 
the following aminoalcohols as potential solubilizers 
for the drug; they are in decreasing order of solubil- 
king performance: monoethanolamine, N, N-di- 
methylethanolamine, and N-methylglucamine. 
2. The formation of either a salt or a “complex” 


is  postulated as a possible mechanism for the in- 
creased solubility of phenobarbital in water by 
the aminoalcohols. 


3. The stability of aqueous solutions of pheno- 
barbital as solubilized by these three aminoalcohols 
a t  both room and autoclaving temperatures com- 
pared favorably with that provided by 60% propyl- 
ene glycol solution to phenobarbital sodium. 


4. Optimum stability on a relative basis was 
indicated by the following solutions when studied 
under these conditions: 


1165 


TABLE V1.-STABILITY CLASSIFICATION FOR 5.0 
AND 0.5% PHENOBARBITAL SOLUTIONS AT AUTO- 


CLAVING AND ROOM TEMPERATURES 


Degradntive Conditions 


Steril- perature 
ization Storage 


Room 
Autdnve  Tem- 


5.0% Phenobarbital Soln. 
Phenobarbital sodium in 


Phenobarbital sodium in 


Phenobarbital sodium in 


Phenobarbital solution with 


Phenobarbital solution with 


Phenobarbital solution with 


distilled water Va V 


60% propylene glycol I IV 


10% dextrose solution VI VI 


monoethanolamine I11 I11 


N, N-dimethylethanolamine IV I 


N-meth ylglucamine I1 111 
5.0% Phenobarbital Soh 
Phenobarbital sodium in 


Phenobarbital sodium in 


Phenobarbital sodium in 


Phenobarbital solution with 


Phenobarbital solution with 


distilled water ... VI 


60% propylene glycol ... IV 


10% dextrose solution ... V 


monoethanolamine . . .  I1 


N,N-dimeth ylethanol- 
amme ... 111 


N-meth ylglucamine ... I 
Phenobarbital solution with 


Roman numericals I to VI show order of decreasing sta- 


(a) A t  autoclaving temperatures-the 5.0% 
phenobarbital sodium in 60% propylene 
glycol closely followed by 5.0% pheno- 
barbital as solubilized by N-methyl- 
glucamine. 


(b) At room tempera tue the  5.0 and 0.5% 
phenobarbital solutions as solubilized by 
N,N - dimethylethanolamine and N- 
methylglucamine, respectively. 


5. The argentometric titration method was 
utilized as an alternative for the assay of aqueous 
solutions of phenobarbital sodium which had stood 
in Drolonaed contact with Dolvhvdric comoounds. 


bility. TABLE V.-~TABILITY OF 5% PHENOBARBITAL 
SOLUTIONS AT AUTOCLAVINC ~MPERATURES 


-Remnrk- 
Pre- 
ClPl- 


Phenobarbital Soh. pH Dec.. % tnte Color 
Phenobarbital 
sodium in 60% 
propylene 
glycol 9.50 7.83 . . .  . . .  


Phenobarbital 
solution with 
5.0% N-methyl- 
glucamme 8.80 8.83 *a Straw- 


colored 
Phenobarbital 


solution with 
1.6% mono- 
ethanolamine 


Phenobarbital 
solution with 
3.0% N,N-di- 
methylethanol- 
amine 


Phenobarbital 
sodium in dis- 
tilled water 


Phenobarbital 
sodium in 10% 
dextrose solu- 
tion 


- _ _  
Suih soluGons produced an increased spectrhphoto- 
metric absorbance. 


6. In conclusion, it is proposed that further in- 
8’80 g.45 ** Y$zp vestigations be performed on these solutions of 


phenobarbital which contain the aminoalcohols for 
their toxicological and pharmacological effects 
through biological testing. 


8.60 10.05 * . . .  


8.80 11.22 *** 


8.80 18.69 *** Colorand 
odor of 
caramel 


Quantitative representation of precipitate as observed 
visually. 
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Effects of Interacting Colloids on Transport Rates 
By W. I. HIGUCHI 


A theoretical analysis along with the resulting equations pertinent to the qualitative 
and quantitative aspects of the dissolution and deposition of solid materials in 
colloidal solutions and transport of solutes across diffusional barriers is presented. 


N A NUMBER of situations involving diffusion of I a solute, colloidal agents present may be ex- 
pected to play important roles, such as  dissolution 
and deposition of solid materials in colloidal 
solutions and transport of solutes across diffu- 
sional barriers, physiological or otherwise. 


A survey of the literature has shown that  the 
general problem has not received much theoretical 
consideration. Because of the frequent occur- 
rence of systems involving colloids, a n  analysis of 
this problem appeared to  be worthwhile. This 
report gives such an analysis and the resulting 
equations, which are relatively simple, should be 
useful both qualitatively and quantitatively in 
discussing all problems of transport in which 
colloids are suspected of being important. 


NO COLLOID CASE 


Figure 1 illustrates the problem of the diffusional 
transport of a single solute a t  a concentration 
C=CO in compartment I to compartment I1 where 
the solute concentration is C=Ch. We assume that 
the mixing rates in compartments I and I1 are suffi- 
ciently rapid, so that the rate will be controlled 
entirely by the barrier in the region 0 5 X _< h, 
where A’ is the coordinate and h is the barrier thick- 
ness. Also convection in the barrier is assumed t o  
be negligible. 


From the biopharrnaceutical standpoint, the 
barrier may be a membrane, or it may represent the 
diffusion layer controlling the deposition or dis- 
solution rate of solid materials in yilro or in civo. 
In  the latter cases, one of the compartments will be a 
solid phase. 


It is convenient to discuss problems of this type 
in two portions-the nonsteady state and the steady 
state. 


For the particular case C=Co, C=C(x)=O, and 
C=Ch=O a t  time = 0, the Fick’s law treatment 
gives (1) 


h2 


6D 
7 = -  (Eq. 1) 


for the lag time, where D is the diffusion coefficient 
of the solute in the barrier. The lag time corre- 
sponds roughly t o  the initial nonsteady state period 
during which simultaneous transfer of the solute 
through the barrier and concentration buildup of 
the solute in the barrier is taking place. In this 
case 7 defines the nonsteady state period. Equation 
1 assumes that a t  all times the total amount of 


solute in the barrier phase is small compared to  the 
amounts of solute in compartment I, and that the 
diffusion coefficient, D. is independent of concentra- 
tion in the range of C ( x )  encountered in the barrier. 
In most practical situations involving simple clif- 
fusion these assumptions are valid. 


At times large compared to r ,  dC(x)/dt = 0 
throughout the barrier, and we have the steady state 
diffusion case. We may then write for the dif- 
fusional transport rate (1) 


where Kl and Krr are the equilibrium partition 
coefficients, KI  = concentration of solute in barrier/ 
concentration of solute in I and KII = concentration 
of solute in barrier/concentration of solute in 11. 


When KICo >> KilCh 


Thus, according to Eq. 3 the transport rate of a 
drug across a lipid barrier separating two aqueous 
compartments would be directly proportional to the 
lipid-water partition coefficient, and the initial dif- 
fusion controlled dissolution rate of a solid in pure 
solvent would be proportional to the solubility, 
KICo. As we shall see below. these conclusions may 
frequently be in serious error when applied to cases 
involving interacting colloids. 


STEADY STATE DIFFUSION WITH 
COLLOIDS 


In  most solute dissolution and deposition problems 
and in many membrane transport problems the 
steady state considerations alone should explain the 
behavior of the system.’ Therefore, while the non- 
steady state case will be considered briefly later, let 
us first examine the steady state situation in detail. 


The steady state treatment here differs from that 
(2) in which the interaction of the solute with 
reactant results in only one or a few new products. 
Here one must consider the possibility of a very 
large number of “species” resulting from the reac- 
tions 


nS + colloid = [colloid-S,] 


where S is a solute molecule and n may go from 
unity to a very large number. For the moment, let 
us assume that there will be only a single species of 
free colloid. Also we assume that the barrier (or 
diffusion layer) is pure liquid, except for the solute 
and colloid. 


In Fig. 2 we have broken down the barrier into 
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1 The criteria for this is that we are primarily interested in 
transport involving amounts of solute much larger than those 
present in the barrier a t  any time and that the times for ap- 
preciable changes in solute concentration in each of the 
compartments are large compared t o  the lag time of the 
hamer. 
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x=o x = h  


Fig. 1.-Illustration of the problem of diffusion 
across barrier in the region 0 < x < h. 


sublayers of thickness, ax,  so that 6 x  << h. Now 
assume that the interaction between the colloid and 
solute occurs rapidly enough so that in the element 
of volume 6 x  there is equilibrium' between the bound 
and free solute. The amount of solute bound per 
mole of colloid particles, c b ,  will then be a function 
only of the free solute concentration, C, at constant 
temperature and pressure. As is well known, cb 


generally increases with increasing C and goes to 
zero when C goes to zero. 


Steady state requires that no net changes in 
solute or colloid concentration occur in any element 
of volume of the barrier with time. This means 
that what comes into element from one side must 
leave at the same rate from the other side. Focus- 
ing our attention on the plane at x and the two 
adjacent elements of volume, we see that the rate of 
diffusion of the colloid across the plane x will be 


D,(x )  [M(x - 1 / 2 6 ~ )  ~. - M(x + 1/26~)]  
6 X  


G, = 


(Eq. 4) 


where D , ( x )  is the average diffusion coefficient for 
the colloid particle over the two elements of volume 
and M ( x  - ' / , a x )  and M ( x  + I/&) are the 
average concentrations of the colloid in the two 
elements. 


Now the rate of diffusion of total solute across the 
plane at x will be 


Fig. 2.-Consideration of barrier elements in the 
region 0 < x < h. (See text for explanation.) 


5 is the diffusion rate of the free solute across plane 
x .  and the second terma is the rate of solute trans- 
port by the "carrier" mechanism. 


In the case bx -L 0 the above equations may be 
approximated by 


and 


Equation 7 may also be 


(Eq. 8 )  


It is worthwhile to point out that Eq. 8 shows that 
even when Go = 0, i .e . ,  no net diffusion of the colloid, 
there may be a contribution to  solute diffusion by 
the colloid. This is an important special case dis- 
cussed below. 


Special Case of G, = 0, D, and D, Independent of 
C.-This case would apply to the many situations in 
which there is no net transfer of the colloid itself. 
Thus, in the dissolution or deposition of a solid the 
colloid must not be a part of the solid, but acts only 
as a "camer" in the solution phase. The assump- 
tion of constant D, would be a good one for dilute 
solutions (no solute-solute interactions). For D, to 
be constant, i t  would be necessary that the size 


where D, is the diffusion coefficient of the free solute 
in the medium, C(x - 1/26x) and C(x + 1/26x) are 
the average free solute concentrations in the two 
elements, and c b  ( x  - 1/26x) and cb ( x  + 1/26x) are 
the average amounts of the bound solute per mole of 
colloid in the two elements. The first term in Eq. 


3 Most interactions of interest to  us-solubilization and 
physical adsorption-generally are expected to  have small 


For these cases, the rate of 
equilibrabon would be expected to  be determined by how 
rapidly the free solute molecules will diffuse to  or away from 
the colloid particle in question. The corresponding uilibrn- 
tion times then can be shown t o  be the order Ot"ka*/D,. 
where a is of the order of the dimensions of the colloid par- 
ticle, D, is the salute diffusion coefficient, and K is the colloid- 
solvent distribution coe5cient. treating the colloid aa a 
phase. For commonly oceumng vducs of K and a. the 
times are indeed generally much smaller than the barrier lag 
times to be discussed later-unless the barrier thickness, h.  is 
the order of the colloid particle size. This means that there 
may not be equilibrium for a colloid particle having traveled 
distances smaller than L = a(KDc/D#l*, whereDcis thedif- 
fusion caelcient for the colloid particle; but if L is small 
compared to h .  this should be negligible. 


m enerr(ies of activation. 


(hydrodynamic radius) of the colloid be relatively 
insensitive both to the colloid concentration and to 
the amount of solute bound in the range of C 
encountered in the barrier (or diffusion layer). If 
the colloid is a flexible chain organic polyelectrolyte, 
if the organic solute is an ion with opposite charge, 
and if the ionic strength of the medium is low, this 
assumption may be very poor because the extent of 
expansion of the polyelectrolyte-solute complex may 
be very sensitive (3) to  the degree of binding. On 
the other hand, if the colloid is relatively rigid or, if a 
micelle does not swell appreciably with increased 


8 This assumes that the bound solute is transported without 
loss or gain from one element to  the next. Thus, dx must be 
taken small compared to L = a 2' -I (?ee Fmfnofe 2). 
but large compared to  Brownian motion distances. Thts 
can be done because the latter are much smaller than L. 
However Cb now must be interpreted as both a space average 
(over d x j  and a number average (over different extents of 
equilibration of bound and free solute). 
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binding and if intercolloidal interactions are negli- 
gible, D, may not vary much. 


For this case Eq. 7 becomes 


d C  G, = D. - + Dc M dCb d x  dx (Eq. 9)  


Integration over the boundary conditions consistent 
with Fig. 1 then gives 


where K,,  Kz ,  and D ,  refer to the solvents’ in the two 
compartments and the barrier as before. cho and 
Cbh are the values for cb at x = 0 and x = h, respec- 
tively. 


For two reasons Eq. 10 shows that the conclusions 
following Eq. 3 may not apply to situations involving 
colloids. First, D ,  may be much smallefl than D.. 
Second, the binding function cb may not be linear 
with respect to  C; therefore, C& - CM may not be 
proportional to CO - Ch. 


An extreme example of the first may be obtained 
from the studies of Wurster and Polli ( 6 ) .  From 
their experiments on the effect of Norite A on the 
dissolution rate of benzoic acid, these investigators 
pointed out that the adsorbent did not influence the 
dissolution rate as long as ch << CO; i.e., only free 
solute contributed to the transport rate under these 
conpitions. Equation 10 is consistent with these 
conclusions if we note that D ,  in this case was 
several orders of magnitude smaller than D8.  This 
more than offset the effect of the factor (MCao) 
which may have otherwise increased the dissolution 
rate significantly. 


Recent studies (7) on the dissolution rate of di- 
butyl phthalate droplets in normal saline containing 
O . l O ~ o  polysorbate6 20 show that the rate is a t  least 1 
order of magnitude slower than predicted by solu- 
bility data. These observations are consistent with 
the formation of highly swollen micelles or “micro- 
emulsions” that diffuse slowly. 


It is of interest to note that the above point con- 
cerning nonlinearity of rates with respect to Co - ch 
leads to equations which have been able to  describe 
toe phenomenon of “facilitated” diffusion ( 8 )  in 
biological membranes. If the function, cb, is 
assumed to be of the Langmuir type, i.e. 


where kl and kf are the conventional constants, then 
Eq. 10 becomes 


4 The local heterogeneous nature of the medium due to the 
presence of the colloid may be ignored for present purposes 
11 the colloid concentration is low (a few per cent or so). 
Actually the ermeability constant P = D,K, in Bq. 10 
should be Dmdm,  where Dm istheeflectivediffusion coefficient 
of the solute in the colloid solufion. and Km is the artition 
coefficient for the compartment I hase and the col& s o h -  
lion. However, DIKl and DmKm 80 not differ much for dilute 
solutions (4). For nonsteady state considerations, this 
matter must be taken into account because Dm may be much 
smaller than D.. even though D.KI z DnKm.  


6By about one order of magnitude for high molecular 
weight macromolecules (3) and micelles (5) and perhaps by 
two to three orders of magnitude when larger colloidal agents 
are involved. This follows from the Stokes-Einstein rels- 
tion, DO = kT/B*oa. where k ia the Boltzmann constant, T 
is absolute temperature. a is the hydrodynamic radius of the 
colloid, and w is -sit 


6 Marketed as Tween g0 by the Atlas Powder Co., Wilming- 
ton, Del. 


The expression in which only the second term of Eq. 
11 is important has been employed to  explain the 
transport of sugars through membranes (8 ) .  


Other Steady State Cases.-Let us briefly con- 
sider other possible situations of interest which 
follow from the general Eqs. 7 and 8. If in a solid 
deposition process the colloid is deposited to some 
extent along with the solute, then the dM/dx term 
will contribute toward a greater rate. Similarly, 
the dissolution rate of a solid material containing an 
interacting colloid will be greater by this term when 
other conditions (solute solubility, Ch, colloid con- 
centration in solution) remain the same. In  both of 
these instances, if the solid composition and solubili- 
ties are known, Eq. 8 may be integrated t o  give an 
equation analogous to Eq. 10. 


As Eq. 7 applies to the single colloid species prob- 
lem, it will be necessary t o  write the following equa- 
tion for the general case 


and if ( d M i / d x )  = 0 for all i, ix., no net colloid 
transport, we obtain 


Therefore, if a mixture of colloidal particles is 
present, Eq. 13 states that the importance of the 
particular species in transport is directly propor- 
tional to  its concentration, diffusion coefficient, and 
the gradient of its solute binding. On the basis of 
Eq. 13 one would expect that, for example, deposi- 
tion of cholesterol in the human body would not be 
greatly facilitated by high cholesterol levels if most 
of the cholesterol is distributed among large particles 
in the physiological fluids, but would be if the solute 
is bound to  the smaller molecules present. Also the 
in  Vivo release of drugs by dissolution in the gastro- 
intestinal tract may be facilitated by the smaller 
interacting agents in the intestinal fluids if sufficient 
binding is present, but to a much lesser extent if the 
important binding agents are large particles. 


NONSTEADY STATE ASPECTS 


Let us examine the lag time, T ,  for solute diffusion 
involving colloids for the single colloid species case 
in which the colloid concentration is constant in the 
barrier with time and position and where the solute 
binding is proportional to the free solute concentra- 
tion. We may write two expressions for the lag 
time. One is used when the free solute transport is 
more important, and the other when the “camer” 
transport is more important. 


When D.Co >> D,MCm, the lag time problem 
would be the same as that for solute diffusion into 
and through an absorbing emulsion layer (4). 
Therefore, we may write 


h2 
7 ‘ u -  


6Dm 


for the same problem leading to Eq. 1, but with the 
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Iarrier containing an interacting colloid material. 
Now D ,  is given by ( 4 )  


i J m  


K ,  D, = 


where P ,  and K ,  are the permeability coefficient 
md partition coefficient for the compartment I phase 
md the colloid solution barrier phase I t  has been 
shown (4) that P, and P = D,K1 would be about 
the same for dilute colloid solutions. i . e  , the steady 
state rates of the free solute contribution to trans- 
port and of the zero colloid case would be essentially 
the same. However, K, would be greater than K1 
~y the factor 


yo + .vcbo 
-0 


Therefore. T in Eq. 14 would be greater than the r 


given by Eq. 1 by approximately this factor. 


When U,MCK, >> l).Co, the lag time for the same 
problem will be determind by the transport rate of 
the colloid and we may write 


h' 
iD, 


r ..- -- ,Eq. 15) 
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Thiaindanones I1 


Nitration, Acetylation, and Mannich Reactions 


By JOSEPH S A M  and ALONZO C .  THOMPSON 


The nitration, acetylatioo, and Mannich reac- 
tions withthiaindanonesare described. These 
reactions were observed to be analogous to 
similar reactions with 2-acylthiophenes nod 


1-indanooe. 


m 4 r N D A N o N m ,  represented by structures I 
Tand 11, were observed to undergo reactions 
similar to those encountered with acylthiophenes 
[ I I I )  and indanones (IV).  


I1 
I 


"I IV 


'The nitration of 5-methylthiaindanone (V) re- 
sulted in both ring substitution (VI) and in ring 
cleavage (VII).  The ratio of nuclear substitu- 
tion to carbonyl displacement was dependent 
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upon the temperature a t  which the nitration was 
performed. At a temperature below -6' ( - 6  
to -15') only the nuclear substituted nitro 
derivative was isolated, whereas above 0" (0 to 
10') both carbonyl displacement and ring sub- 
stitution occurred (Table I). 


Structures V1  and V I I  were assigned to the 
nitration products on the tmsis of analysis, neu- 
tralization equivalent in the case of V I I ,  and 
analogy to the nitration products of 9-acetyl- 
thiophene. 


Rinkes (1) had shown earlier that  replacement 
of the carbonyl group by the nitro group takes 


TABLE I . - ~ I T R A T I O N  OF 0.1 MOLE O F  S M E T H Y L -  
T>XIAIXDAS-6-OSK 


Temp.. Ratio of VI/VI I ,  
"C. Gm. 
- 15 1 O : O  


- 6  12:O 
0 S:?  


5 : 3  
, 


10 
* .  








Effect of the Trifluoromethyl Group on Biological Activity of 
Certain Arylmercurials 


I3y M. TIN MAUNG, J. J. LAGOWSKI, F. P. COSGROVE, and J. N. DELGADO 


The effect of the trifluoromethyl group on  the biological properties of four new iso- 
meric (trifluoromethyl) phenylmercuric chlorides was evaluated with a representative 
strain of Micrococcus pyogenes (var. urreus) using the Vincent paper disk modifica- 
tion of the Oxford cup method. This extension of the chemical investigations was 
motivated by numerous reports in the literature which indicate that there are certain 
relationships between the physico-chemical properties of organo-metallic com- 
pounds and their respective biolo ical activities. The  data given reveal some in- 
teresting relationships between tfe chemical structure and antibacterial activity 
among some of these new organo-mercury compounds. Results with the above 
method of evaluation and concentrations of 1 : 1,000 indicate that ortho and para 
(trifluoromethyl) phenylmercuric chlorides are more effective than the correspond- 
ing metu compound. The  bis (trifluoromethyl) mercury compound and the meta 
(trifluoromethyl) phenylmercuric chloride showed activities comparable to that of 


phenylmercuric chloride. 


HIS PRELIMINARY EVALUATION of the anti- T bacterial activity of some new isomeric (tri- 
fluoromethyl) phenylmercuric chlorides was con- 
ducted as a part of the general investigation of the 
electronic effect of the trifluoromethyl group on the 
properties of certain organo-mercury compounds 
(1). This extension of the chemical study was 
motivated by numerous reports in the literature 
which indicate that certain relationships between 
the physico-chemical properties of organo-metallic 
compounds and their respective biological activities 
(2) exist. 


Inorganic mercury compounds such as mercuric 
chloride, mercury oxycyanide, and potassium tetra- 
iodoinercurate have long been known as antiseptic 
agents. The chief objections to  their therapeutic 
use are their toxicity and irritating action upon tissue 
(3) .  


Various theories for the mechanism of action of 
these mercurials have been proposed (3). Fildes (4) 
suggested that the antibacterial activity of mer- 
curials is due to the interference with sulfhydryl 
(S-H) containing compounds which are essential 
cellular metabolites. This suggestion led to the 
use of phenylmercuric salts-notably the acetates, 
borate, and nitrate. The acid radical influences the 
solubility and other physical properties of the 
cation but does not alter its antibacterial activity 
(3). Since organo-mercuric compounds do not 
readily liberate mercuric ions, they are reported to  
be less toxic, less irritating, less corrosive to surgical 
instruments, and retain a higher degree of anti- 
bacterial activity in the presence of organic matter 
than inorganic mercuric compounds (3). 


The antibacterial activity of various substituted 
phenylmercurials has been investigated and com- 
pared (5); the antibacterial activity of some 
fluorine-substituted aromatic mercurials also has 
been reported (6). 


A survey of the literature reveals that  in many 
areas of medicinal and pharmaceutical chemistry, 
one of the approaches often employed in searching 
for new drugs is the synthesis of structural modifica- 
tions of prototype compounds which are known to 
possess interesting biological properties. During 
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the past decade many efforts have been devoted to 
the incorporation of the trifluoromethyl group into 
such prototype molecules-in some instances in 
place of a methyl group, and in some cases instead 
of a chlorine atom. It is generally anticipated that 
such trifluoromethyl analogs might be acceptable as 
medicinal agents in view of the known unique chem- 
ical and physiological stability of the trifluoro- 
methyl group (7). 


Since it has been shown that the trifluoromethyl 
group affects the physico-chemical properties of cer- 
tain organo-mercurials of this type, it  was of interest 
to  determine the effect of the trifluorornethyl group 
on the biological properties of these agents. 


EXPERIMENTAL. 


Many methods have been developed and used to 
conduct antibacterial tests (3). The Oxford cup 
method (8). with several modifications (9). has been 
a widely accepted procedure because of its commen- 
surate accuracy, speed, and minimum of labor. The 
filter paper disk modification of the Oxford method 
also has been successfully used. For expediency, 
this method is considered very practical in pre- 
liminary evaluations; consequently, the Oxford 
method as modified by Vincent (10) was employed 
in this study. 


MATERIAL 


The representative strain, Micrococcus pyogencs 
(var. auteus), used in the investigation was provided 
by the Microbiology Department, University of 
Texas, Austin. The nutrient agar and nutrient 
broth employed were from Difco Laboratories, De- 
troit, Mich. 


Phenylmercuric chloride was prepared according 
to the method of Gilman, et al. (ll), and trifluoro- 
methyl phenyl mercuric chlorides were prepared by 
the method described by Maung and Lagowski (12). 
The bis (trifluorornethyl) mercury was prepared by 
the method described in the literature (13. 14). All 
the compounds were purified by sublimation in 
nracuo prior to use. 


PROCEDURE A N D  RESULTS 


Since the mercurials used were practically insoluble 
in water (except the bis (trifluoromethyl) mercury). 
test samples of 1:1,000, 1:1O,OOO, and 1:100.000 
were prepared in the following manner. The 
accurately-weighed quantity of required mercurial 
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TABLE L-ZONES OF INHIBITION OBSERVED WITH AQUEOUS SUSPENSIONS OF SOME FLUOROARYLMERCURIALS 


Diam. of Inhibition, Av. Diam. Inhibition Zones 
Compd. Concn. Zones in mm. in mm. f A. D. 


CsHd3gCI 1:1,OOo 2 1 , 2 2 , 2 0 , 2 0 , 2 0  
1:10,000 
1:100,OOO 


1:10,000 1 9 , 2 0 , 2 0 , 2 0  
1:100,000 16, 16, 17, 16 


19, 18, 17, 17, 18 
16, 15, 15, 15, 17 


o-CF3Ce,H4HgCI 1:1,000 30, 30, 30 


m-CFaCsH4HgCI 1 : 1,000 22, 22, 22 
1 : 10,000 19, 19, 19 
1:1OO,OOO 18, 17, 17 


P-CFsCsH4HgCI 1:1,OOo 24, 24, 23 
1:10,000 19, 19, 19 
1:1OO,OOO 16, 17, 17 


20.6 f 0.72 
17.8 i 0.64 
15.6 f 0.72 
30. 
19.8 f 0.35 
16.2 f 0.35 
22 
19 
17.3 f 0.43 
23.7 f 0.43 
19 
16.7 i 0.43 


(CFa)zHg 1:lOO 22 (37)”. 23 (39)0,24 (38)” 23.0 f 0.67 (38.0 f 0.67)‘‘ 
1:1,OOo 
1:1O,OOO 15, 15 (dy, (d)b 15 


20 (27)”, 20 (27)”, 20 (26)” 20.0 (26.7 f 0.43)” 


0 Values in parentheses indicate practical inhibition- d = Diffuse secondaryzone. 


for each sample was dissolved in a minimum amount 
of acetone, then poured into 75 ml. of 0.50/, traga- 
canth mucilage. This mixture was stirred for 
approximately 30 minutes, warmed in a water bath to  
remove the acetone, and then made up  t o  the re- 
quired volume (100 ml. ) with distilled water. Each 
test sample of the bis (trifluoromethyl) mercury was 
prepared by dissolving the drug, accurately weighed, 
in the required amount of distilled water. 


Each plate was prepared by distributing 0.1 ml. of 
the inoculated broth (broth incubated for 24 hours 
with test organism) in 15 ml. of warm Difco agar, 
then pouring the mixture into the Petri dish. 


Paper disks, 12 mm. in diameter, were saturated 
with the test samples, superimposed on the media, 
and the plates incubated at 37” for 24 hours. All 
tests were performed three or more times. Distilled 
water and a tragacanth mucilage prepared in the 
manner described above without the drugs were used 
as controls: results expressed as zones of inhibition 
appear in Table I. 


DISCUSSION AND SUMMARY 


All the test mercurials gave zones of inhibition 
with the dilutions employed. The tragacanth con- 
trol showed some diffusion of material around the 
paper disks; however, no distinct zones of inhibition 
could be observed with any of the controls. 


It is apparent from Table I that with 1:1,000 
dilution, the ortho and para (trifluoromethyl) 
phenylmercuric chlorides were the most active of 
the compounds studied; the metu compound was the 
least active among the isomeric (trifluoromethyl) 


phenylmercuric compounds; the his trifluoromethyl 
mercury and the mtu trifluoromethyl compound 
exhibited activities comparable to that of phenyl- 
mercuric chloride. 


Considering these concentrations, it is of interest 
to  note the relationship between the position of the 
trifluoromethyl group on the ring and the relative 
antibacterial activity. A similar relationship has 
been reported among the halogenomercury com- 
pounds (XW4HgCI ,  X = F,  CI, Br, and I), where 
the ortho and para compounds are more active than 
the corresponding metu compound (5, 6). 


It might be expected from the consideration of 
ionization constants and solubility products shown 
in Table I1 that the trifluoromethyl analogs would 
be less effective than phenylmercuric chloride. 
However, extensive hydrolysis of the (trifluoro- 
methyl) phenylmercuric compound and the phenyl- 
mercuric compound will tend to  minimize differences 
in the tendency of the chloride to ionize; no justifiable 
conclusion can be made regarding a relationship be- 
tween ionization constants or solubility products of 
the compounds and their antibacterial activity. 
But if the antibacterial activity of mercury com- 
pounds is postulated t o  be due to the complexing 
ability of the RHgX, L e . ,  to  its ability to  combine 
with the sulfhydryl (S-H) groups on certain enzyme 
systems (3). it is not surprising that CF&H,HgCl 
and XGHlHgCl (X = F, CI, Br and I )  are more 
active than GHJ-IgC1. 


With the trifluoromethyl and the halogen ana- 
logs, the electron attracting trifluoromethyl group 
and the halogen might alter the electronic environ- 


TABLE II.-IONIZATION CONSTANTS AND &lLUBILITY PRODUCTS OF TRIFLUOROMETHYL PRENYL MERCURIC 
COMFQUNDS (12) 


Cation Constant OH - CI - Br - I -  
p-CF3C&Hg Ki 8 . 3  X 10-1‘ 


K I P  . . .  1 . 2  X io-10 1 . 0  x io-1s 7 . 7  X i o - 1 8  


o-CFaCdIdHg Ki 9 . 1  x 10-11 4 . 6  X 10- 


m-CF3CsH4Hg Ki 1 . 2  x 10-10 6 . 0  X lod 
KIP . . .  2 .6  X lo-” 6 . 3  x i o - 1 2  3 . 5  X i o - 1 6  


K.P ... 4 . 8  x 1O-lo 8 . 3  X io-12 3 . 9  X io-5 


Ki 1 . 3  X lo-”“ . . .  . . .  . . .  


K I P  . . .  5 . 0  X 1 . 8  X 1O-I’ 1 . 0  x 10-16 
1 . 0  x 10-1” 


p Paritch, S. S.. and Sweet. T. R.. J .  Phrs. ChLm., 65, 1909(1981). Waugh. T. D.. Walton, H.  F., and Laswich, J. A., 
i h d . .  59, 395(1955). 
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ment of the mercury atom and make it a more effec- 
tive electron-pair acceptor (15). 


If the antibacterial activity changes with the 
electronic effect of the halogen and the trifluoro- 
methyl groups, substitution in the orlho and para 
positions would affect the electronic environment of 
the mercury atom more than substitution in the 
mete position, and the activity of former compounds 
would be greater than the latter chemical. This 
was observed with the high concentrations. 


I t  might be postulated that with very dilute sam- 
ples certain factors such as the dispersion of the 
drug, the media, or the dilution factor might over- 
shadow or interfere in some manner with the elec- 
tronic effect of the trifluoromethyl group. Perhaps 
other testing techniques which are more sensitive 
should be employed to test the antibacterial ac- 
tivity of the very dilute samples. 
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Colorimetric Determination of Chlorpheniramine Maleate 
By JOSEPH HUDANICK 


A sensitive colorimetric method has been de- 
veloped for determining chlorpheniramine 
maleate in various pharmaceutical prepara- 
tions. The method is especially suitable as a 


rapid control method. 


m o w n E N I m M i r i E  MALEATE, a pyridine derived C antihistamine, is presently marketed in a 
variety of pharmaceutical preparations. Its deter- 
mination is especially difficult when present in 
small amounts and in combination with certain other 
antihistamines and related compounds. Ordinary 
methods (1-3) such as ultraviolet, chromatographic, 
and gravimetric techniques, are time consuming and 
relatively nonselective. Jones and Brady (4) 
describe a general colorimetric method for determin- 
ing pyridine derived antihistamines which is a 
modification of the Koenig reaction ( 5 ,  6). This 
method in its present form is of low sensitivity and 
unsuitable for mixtures of antihistamines. By 
changing the reaction conditions and using sulfanilic 
acid instead of aniline and an acetate buffer instead 
of phthalate, chlorpheniramine formed a very 
intense transient yellow suitable for quantitative 
analysis. The intensity of the color (absorption 
peak at 480 mp) is approximately 40 times that ob- 
tained by the Jones and Brady method and about 
three times as sensitive as the ultraviolet method. 
In addition, the color is very reproducible (standard 
deviation 0.40/,) and unaffected by the presence of 
methapyrilene HC1 and pyrilamine maleate, two 
pyridine derived antihistamines which are commonly 
associated with chlorpheniramine in many prepara- 
tions. The very closely related compounds, 
pheniraniine maleate and brompheniramine maleate, 
react the same as chlorpheniramine maleate. The 
method has been found suitable for determining 
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chlorpheniramine in many varied tablet combina- 
tions and timed release pellets. 


EXPERIMENTAL 


Buffered Sulfanilic Acid Solution.-Dissolve 2.5 
Gm. of sulfanilic acid and 4.00 Gm. of anhydrous 


I 


a 0.700 : 0.600 


10mcg- 


2 10 18 
6 14 22 


TIME, MIN. 


t 0.900 
a 0.800 


0.700 


Fig. 1.-Plot of ab- 
sorbance us. time for 
specific concentrations 
of chlorpheniramine 
maleate. 


4 2 0.600 . 
3 0.500. 
4 0.400. 


2 0.200. 
X 0.300. 


0.100 . 


10 30 50 70 90 
CHLORPHENIRAMINE MALEATE, mcg./ll.O ml. 


Fig. 2.-Plot of maximum absorbance of developed 
color us. concentration. 
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using unsubstituted a-alkyloximinocarboxamides as 
well as ascertain the feasibility of preparing the 
corresponding nitriles which would be interesting 
intermediates for further investigations. 


Powdered a-alkyloximinocarboxamides were 
mixed thoroughly with a slight excess of phosphorus 
pentoxide and then heated with a Bunsen flame 
under reduced pressure. In all cases a vigorous re- 
action ensued during which oils were collected in 
reasonable yields and characterized as a-alkyl- 
oxirninonitriles by infrared analysis. The charac- 
teristic nitrile peak showed up as a medium sharp 
band at 2235 cm.-l for a-benzyloximinobutyro- 
nitrile, and a medium sharp band at 2238 cm.-l for 
a-benzyloximinopropionitrile. The values are well 
within the reported range (2). Alkaline hydrolysis 
of the nitriles produced the corresponding a-alkyl- 
oximino acids. 


The success of the dehydration reaction would 
then indicate that the failure of the Bischler- 
Napieralski reaction in the instance cited must be 
attributed to factors other than the stability of the 
alkyloximino group. 


EXPERIMENTAL 


Amides prepared according to  the procedure of 
Woolley and co-workers (3) have been reported 


a-Benzyloriminobutyronitde.-A 30.9-Gm. quan- 
tity (0.15 mole) of a-benzyloximinobutyramide was 
ground in a mortar and transferred to  a 
round-bottom 5ask. Then 28.4 Gm. (0.2 mole) of 
phosphorus pentoxide was added, the 5ask was 
stoppered and manually shaken until the mixture 
was homogeneous. The 5ask was connected to  a 
vacuum system set for downward distillation. The 
system was evacuated to 0.35 mm. and heating was 
started. Frothing and discoloration ensued as a 
brown oil distilled. Heating was discontinued when 


(4). 


973 


the temperature of the vapors fell from 129" to 50'. 
The reaction mixture was cooled and exhaustively 
extracted with benzene. The benzene extract was 
combined with the distillate, the benzene removed, 
and the residue distilled under reduced pressure. 
Five grams (17.3%) of an oil was collected at 102- 
105'/0.5 mm. The procedure followed was that out- 
lined in the literature (6). A small amount of the 
oil,was heated with 10% NaOH, cooled, and acidified. 
The solid obtained was filtered off, crystallized from 
alcohol-water. The melting point was 88-90", as 
compared to the reported value of 86" (6). A 
mixed melting point showed no depression. 
a-Benzy1oriminopropionitrile.-In like manner, 


a-benzyloximinopropionamide was converted to the 
nitrile. In this case, in an effort to reduce me- 
chanical losses, smaller vessels were used to run 
smaller amounts. Only the reaction vessel was 
changed for each run and in this way the yield was 
increased to 32%. The observed boiling point of a- 
benzyloximinopropionitrile was 74-78"/0.2 lum. 
Basic hydrolysis of the oil produced a solid melting 
at 85". The melting point was consistent with that 
obtained when the acid was prepared in this labora- 
tory by standard procedures (8). The melting point 
was not in agreement with the reported value of 
73-75' (8), but nitrogen analysis of the amide 
did check (4). A mixed melting point showed no 
depression. 
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Phosphorus-Nitrogen Compounds 11. 
Some p-Toluidine Derivatives 


By LINDLEY A. CATES and NOEL M:PERGUSON 
Certain organo hosphorus compounds containing substituted p-toluidine moieties 
were prepared k r  evaluation as cancer chemotherapeutic agents. The compounds 
that were synthesized include phosphoramidochloridic acids, phos hotamidates, 
phospboramidothionates, a phosphorodiamidate, and a phosphorod!amidic chlo- 
ride. The  S-p-chlorobenzylthiuronium salt of a phosphoramidochloridic acid is 


also reported. 


HE FIRST paper in this series ( 1 )  reported the T synthesis of some carboxy- and carbethoxy 
substituted aryl derivatives containing phos- 
phorus-nitrogen bonds. This series has been ex- 
tended t o  include some related P-N compounds in- 
volving substituted p-  toluidine moieties. 


Phosphoramidochloridic acids (I ) constitute a 
relatively new class of organophosphorus com- 
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pounds, of which there are few examples in the liter- 
ature. Most of these compounds are arylsulfonam- 
ide derivatives (2-6), one of which was included 
in a group of derivatives said to  possess tumor- 
inhibiting activities (8). All reported phos- 
phoramidochloridic acids were prepared by treating 
phosphorimidic trichlorides or phosphoramidic 
dichlorides With formic acid (2-8). The use 
of an acidic reagent is not necessary in this 
type of synthesis, however, since the p-toluidine 
derivatives were prepared by aqueous hydrolysis of 
the corresponding phosphoramidic dichlondes. In 
either case, the acid chloride character of phosphor- 
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indicate that  the sodium salt of (N-3-chlOr0-4- 
methylpheny1)phosphoramidochloridic acid is also 
precipitated by S-p-chlorobenzylthiuronium chloride 
to  yield the pure insoluble salt 11. This is the first 
instance of a benzylthiuronium salt of a compound 
containing a phosphorus-nitrogen bond and indi- 
cates another application of a new procedure for the 
isolation of certain organophosphorus products. 


The synthetic scheme for the phosphoramidates 
111, phosphoramidothionates IV. and phosphoro- 
diamidate V follows the classical preparatory 
methods whereby a ratio of 2 or 4 moles of amine are 
reacted with 1 mole of phosphorochloridate or 
phosphorochloridothionate in an inert solvent. 
The phosphorcdiamidic chloride VI resulted from 
the refluxing of the appropriate amine with phos- 
phorus oxychloride (2: 1) in benzene over a long 
period of time. 


Monosubstituted p-aminobenzoic acids have been 
investigated for antibacterial properties and the 
chlorinated and fluorinated derivatives are among 
those shown t o  inhibit bacterial cell growth. 2- 
Chloro-4-aminobenzoic acid has been found to  have 
relatively high bacteriostatic activity (10) and some 
antileukemic effect (11). For these reasons more 
attention was directed to the preparation of organo- 
phosphorus derivatives of the methyl analog of this 
acid. One can hypothesize that in moo oxidation 
of the methyl group may yield the corresponding 
substituted p-aminobenzoic acid. Such a conver- 
sion may precede or follow the hydrolysis of the 
phosphorus-nitrogen bond by phosphamidase en- 
zymes. Since phosphamidases are reported t o  
occur in higher concentration in neoplastic cells than 
in normal cells (12). this enzymatic action is the 
basis for postulating a specific antimetabolic ac- 
tivity by the parent moiety. Also, in view of the 
fact that p-toluidine has antibacterial (13) and car- 
cinogenic (14) properties, these derivatives may 
have application as antineoplastic agents. 


Samples of the compounds reported in this paper 
have been submitted t o  the Cancer Chemotherapy 
National Service Center for preliminary evaluation. 


EXPERIMENTAL 


Preparation of Phosphoramidochloridic Acid&- 
Compounds I ,  11, and 111 were prepared by adding 
the appropriately substituted p-toluidine (0.4 mole) 


I 


N q  , C = S - C H G C l  d 


NHz 
I1 


111 


'OR' 'OR' 
IV 


R-NH R-NH 0 
y - O F r  y c 1  


R-NH R-NH 


v VI 
amidic dichlorides is sufficiently suppressed by the 
amido group so that the second chlorine atom is 
stable in neutral, or near neutral, media. Thus, the 
salt of a phosphoramidochloridic acid can be 
formed by the careful addition of dilute sodium 
hydroxide solution. 


Investigators in the field of organophosphorus 
chemistry have encountered problems in the isola- 
tion and purification of some acids and esters. 
Phosphoramidochloridic acids possess a fair degree 
of water solubility and, therefore, pose similar diffi- 
culties. They can be crystallized from a dry, inert 
solvent to  yield the anhydrous product or from an 
ethanol-water media to  give the lower melting, 
hydrated form. A recent report (9) has shown that  
certain phosphorus-containing acids and esters can 
be converted t o  insoluble, sharp melting S-p- 
chlorobenzylthiuronium salts. Our investigations 


TABLE I.-~-TOLUIDINE DERIVATIVES 


c Analyses. %-- 
-P- --I-- 


No. n R R' X Y Z M.p., OC.' Formula Calcd. Found Calcd. Found 
I 1 CI H 0 CI OH 218-220 CrHaCIrNOIP 12.90 12.98 29.54 29.81 


I1 1 H C1 0 C1 OH 88-90 dec. C~HIC~INOIP.~HIO 10.53 10.50 
111 1 H CHr 0 CI OH 178-179dec. CaHuCINOlP-3HaO 11.32 11.33 
IV 1 C1 H 0 OEt OEt 85-86 CiiHirClNOlP 11.15 11.02 
V 1 C1 H 0 OPh OPh 139-140 CIIHI~CINOIP 8.29 8.27 


V I  1 P H 0 OEt OEt 91-92 CiiHirFNOlP 11.86 12.00 
VII 1 F H 0 OPh OPh 115-116 CidhPNOaP 8.67 8.71 


VII I  1 CI H S OBt OEt 52-54 CiiHirClNOIPS 10.54 10.74 
IX 1 H CHI S OEt OEt Oil CirHmNOIPS 11.33 11.58 
X 2 CI H 0 CL ... 154-156 Ci~HuCIaNrOP 8.52 8.32 


XI 2 C1 H 0 OPh ... 149 CoHi~ClaNrOxP 7.35 7.36 
XI1 1 C1 H 0 C1 Oe 87-89 CibHirClrNaOrPS 7.03 6.99 


CICI&CH&=C(NHI)I e 
a AU melting points are UncOlTeCted. 
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dropwise with stirring to phosphorus oxychloride 
(0.2 mole) in 250 ml. of anhydrous ether and allow- 
ing the mixture to  stand for 3 days. The suspen- 
sions were evaporated t o  near dryness and stirred 
with water for 1 hour. The residues were recrystal- 
lized following decolorization with charcoal to 
yield the white powdery products. Compound I 
was recrystallized from reagent dioxane; compounds 
I1 and 111 from ethanol-water. 


Preparation of Phosphoramidatas.-Compounds 
IV through VII were prepared by adding 0.1 mole 
of the appropriately substituted p-toluidine to 0.05 
mole of diethyl or diphenyl phosphorochloridate in 
300 ml. of reagent benzene and refluxing for 2 
hours. The suspensions were evaporated to a moist 
mass with an air stream and gentle heat. The resi- 
dues were stirred with dilute hydrochloric acid and 
washed with water by decantation. R e c r y s t a h -  
tion from ethanol-water following charcoal de- 
colorization yielded the products in the form of white 
needles. 


Preparation of Phosphoramidothionatea-Com- 
pounds VIII and I X  were prepared by adding 0.2 
mole of diethyl phosphorochloridothionate to  0.4 
mole of 3&loro4-methylaniline or 2,4dimethyl- 
aniline in 300 ml. of reagent benzene and refluxing 
for 2 hours. The suspensions were evaporated to a 
moist mass with an air stream and gentle heat. 
The residues were stirred With dilute hydrochloric 
acid and washed with water by decantation to  
yield red liquids. Compound VIII upon drying in a 
vacuum desiccator gave a red solid which was re- 
crystallized from ethanol-water following charcoal 
decolorization to yield the white crystalline product 
having a pungent odor. Compound I X  was stirred 
with 10% potassium hydroxide solution and dilute 
hydrochloric acid; each procedure was followed by 
water washings. The red, oily residue was dissolved 
in ether, decolorized with charcoal, and filtered to  
give a nearly colorless, clear filtrate. The filtrate 
was treated with anhydrous calcium sulfate, filtered 
and the ether removed under reduced pressure to 
yield the pale yellow, undistillable oil having a 
pungent odor. 


Preparation of ( N,Nf-3-Chloro4methylphenyl)- 
phosphorodiamidic Chloride &-A mixture of 3- 
chloro4methylaniie (0.1 mole) and phosphorus 
oxychloride (0.05 mole) in 300 ml. of reagent benzene 
was refluxed until negligible hydrogen chloride 
evolution was detected (65 hours). The reaction 


975 


mixture was evaporated to  dryness with an air 
stream and gentle heat. Recrystallization from 
ethanol-water following charcoal decolorization 
yielded the white, powdery product. 


Preparation of Phenyl ( NlN'-3-Chloro4methyIhy1- 
phenyl)phosphorodiamidate =.-A mixture of 3- 
chloro-4-methylanilhe (0.2 mole) and phenyl phos- 
phorodichloridate (0.05 mole) in 300 ml. of reagent 
benzene was refluxed for 2 hours. The reaction 
mixture upon drying in a vacuum desiccator gave a 
moist mass which changed to  a liquid upon washing 
with water. Treatment with dilute hydrochloric 
acid yielded a yellow, waxy solid which was  washed 
with water. Recrystallization from ethanol-water 
following charcoal decolorization gave the white, 
crystalline product. 


Preparation of SpChlorobenzyltbiuronium Salt 
of (BIN' - 3 - Chloro - 4 - methylpheny1)phos- 
phoramidochloridic Acid XU-Five grams of 
compound I were suspended in water, one drop of 
phenolphthalein T.S. added, and 1 N sodium hy- 
droxide introduced dropwise with stirring to  attain- 
ment of a pale pink color and partial dissolution of 
the suspended material. The suspension was 
filtered and brought to  near boiling. Ten milli- 
liters of saturated ethanolic solution of S-p-chloro- 
benzylthiuronium chloride (9) was added to  give a 
white viscous mass which was washed with water 
and dried to  yield the white glassy product. 
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Enzyme Inhibitors I1 
Synthesis of trans-3- (6-Substituted-9-purinyl) cyclohexanols as 


Adenosine Deaminase Inhibitors 


By HOWARDJ. SCHAEFFER, K. K. KAISTHA, and S. K. CHAKRABORTI 


The syntheses of tram- and cis-349- (6-chloropurinyl)] cyclohexanols (IV and XI) 
have been accomplished by condensation of 5-amino-4,6-dichloropyrimidine with 
trans- and cis-3-aminocyclohexanol followed by ring closure of the resultant pyrimi- 
dine to the desired urines. Several 6-substituted analogs of IV and XI were pre- 
pared by nucleophiec dis lacement of the 6-chloro group. Evaluation of the re- 
sultant isosteric nucleosi&s as inhibitors of adenosine deaminase revealed that 
those compounds with a 6-amino group were inhibitory and that the 3’-hydroxyl 


group, whether trans or cis, is not involved in binding to the enzyme. 


URINE NUCLEOSIDES are utilized as substrates 
by a variety of enzymes, but few studies 


have been made to determine which of the atoms 
and functional groups of the nucleoside are im- 
portant for binding to the enzyme. Recently, 
a number of nucleoside antibiotics has been dis- 
covered which are capable of inhibiting certain 
enzymatic reactions. For example, psicofuranine 
has been shown to be an inhibitor of the enzyme, 
xanthosine-5’-phosphate aminase (1, 2). In 
addition, the enzyme, adenosine phosphorylase, 
has been shown to be inhibited by the antibiotic, 
tuberadin (3) .  Both of these antibiotics are 
6-aminopurines in which an unusual sugar is 
present at the 9-position. 


The authors have been interested in the chem- 
istry and biochemistry of purine nucleosides 
but have been concerned with the ease by which 
the ribose moiety can be removed hydrolytically 
and enzymatically from the purine nucleus. 
Consequently, we have been interested in pre- 
paring compounds which resemble nucleosides 
sterically but which are presumably stable to 
hydrolytic or enzymatic cleavage. These com- 
pounds, the isosteric nucleosides, are purines 
which are substituted at the 9-position by a 
cycloaliphatic group, which in turn may be hy- 
droxylated so that it resembles the carbohydrate 
moiety of a nucleoside (4, 5). We have pre- 
viously described the results of the enzymatic 
evaluation using adenosine deaminase with those 
isosteric nucleosides which were substituted at 
the 9-position of the purine nucleus with cyclo- 
pentyl, cis- and trans-2-hydroxycyclopentyl and 
cis- and trans-2-hydroxycyclohexyl groups (6). 
The present paper describes the synthesis and 
evaluation of trans-3- (6-substituted-9-purinyl) - 
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cyclohexanols as inhibitors of adenosine deami- 
nase. 


Chemistry.-The method which was selected for 
the synthesis of the desired purines is a modification 
of the elegant method of Montgomery and Temple 
(7). This method involves the condensation of 
5-amino-4,6dichloropyrimidine (I) with an ap- 
propriate amine, followed by ring closure of the 
condensation product to give the appropriate purine. 
This method is particularly valuable when it is 
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Hd 
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IV, R=Cl X, R=CI XI, R=Cl 
V, R=NH2 


VI, R=NHMe 
VII, R=NMe, 


VIII, R=NHNH, 
IX, R S H  


XII, R=NHz 


desired to synthesize G-chloro-9aubstituted purines 
uncontaminated by the corresponding 6chloro-7- 
substituted isomer, which would result by alkylation 
of 6-chloropurine. Thus. catalytic hydrogenation 
of m-acetamidophenol with a rhodium-on-alumina 
catalyst gave as the major product truns-3-acet- 
amidocyclohexanol, which was separated from the 
cis isomer by fractional crystallization (8, 9). 
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dividually converted into their corresponding 6- 
substituted derivatives by modification of the known 
procedures; the experimental details of these trans- 
formations are described under Experimental. 


Snponification of the trans isomer gave the desired 
tran.~-:~-aniinocyclohexanol (11) (9), which on 
condensation with I in the presence of triethylamine 
gavc the substituted pyrimidine (111) in good yield. 
.4ttempted cyclization of I11 with diethoxymethyl 
acetate resulted in considerable decomposition, 
even though this appears to be the reagent of choice 
for related purine syntheses (7). Finally, when I11 
was allowed to react with ethyl orthoformate and 
the crude reaction product chromatographed on 
neutral alumina, a 35% yield of IV was obtained 
along with a 20% yield of the dehydrated product 
X. The identity of X was established by its con- 
version into O-cyclohexylpurine (10). Furthermore, 
since 6-chloro-9-(2cyclohexenyl) purine is a known 
compound (4) and is different from X, the double 
bond in X must be at the 3-position of the cyclo- 
hexenyl ring. In a subsequent preparation of IV. 
in which a crude sample of I1 had been employed in 
addition to the two products previously isolated 
(IV and X). a third product (XI) was obtained 
which, on the basis of its elemental analysis, was 
isomeric with IV. Consequently, it  became neces- 
sary to establish the stereochemistry of the two 
products (IV and XI) since they were to  be used to 
evaluate the mode of binding to  adenosine deamin- 
ase. The assignment of stereochemistry was done 
by both I.R. and NMR analyses. It was observed 
that the infrared spectrum of XI exhibited strong 
absorption at 1060 em.-', whereas IV was essentially 
free of absorption in this region. I t  is known that 
compounds with an equatorial hydroxyl absorb 
near 1050 an.-', whereas compounds with axial 
hydroxyl exhibit little or no absorption in that region 
(11). It is reasonable to assume that the cis purine 
would have its substituents diequatorial; whereas 
in the trans compound the bulky purine nucleus 
would occupy the equatorial position which would 
force the hydroxyl group to occupy the axial posi- 
tion. Therefore, the purine which exhibits absorp- 
tion at 1060 cm.-' (XI) is cis, and the compound 
which is free of absorption in that region (IV) is 
trans. An identical assignment of configuration 
was made on the basis of the NMR spectra. Several 
investigators have found that the NMR signal of the 
hydrogen on the carbon atom bearing the hydroxyl 
group in a cyclohexanol exhibits a half-width of 7 
cps. if the hydrogen is equatorial, but exhibits a 
half-width of 22 cps. if the hydrogen is axial (12-14) 
and that the signal from an equatorial hydrogen is 
approximately 0.5 p.p.m. downfield from the axial 
hydrogen (15). In our investigation, one com- 
pound (IV) exhibited a mutiplet at 64.51 with a half- 
width of 8 cps. for the hydrogen on the carbon 
atom bearing the hydroxyl group (Ca'), whereas 
the other compound (XI) exhibited a multiplet at 
53.92 with a half-width of 23 cps. for the corre- 
sponding hydrogen. Clearly this establishes that 
the hydrogen at CX' in IV is equatorial, whereas the 
hydrogen at CS' in XI is axial. In addition, in 
both compounds the NMR signal for the hydrogen 
a t  C1' was a multiplet with a half-width of 22 cps. 
These results establish that in both IV and XI 
the hydrogen at CI' is axial (12-14); consequently, 
the purine nucleus must occupy the equatorial 
position. These results establish that in IV the 
hydroxyl and purine groups are trans, whereas in 
S I these groups are cis. 


The key intermediates, IV and XI, were in- 


EXPERIMENTAL' 


trans-3 - ( 5 -  Amino-6-chloro-4-pyrimidinyl- 
axniao)cyclohexanol (ID).-A solution of 5.05 Gm. 
(31.0 mmoles) of 5-amino-4,6-dichloropyrimidine, 
3.58 Gm. (31.1 mmoles) of trans3-aminocyclo- 
hexanol,' and 3.10 Gm. (31.1 mmoles) of triethyl- 
amine in 48 ml. of n-butyl alcohol was heated under 
reflux for 6.5 hours, then the volatile materials were 
removed in vucuo. The residue was triturated with 
20 ml. of water, and the resultant solid was col- 
lected by filtration. Recrystallbation of the crude 
product from aqueous methanol gave 5.8 Gm. 
(77%) of the desired product, m.p. 228-230'. For 
analysis, a small sample was recrystallized from 
aqueous methanol, m.p. 229-231'. 


A n d L C a l c d .  for CloHI6CIN~O: C, 49.50; H, 
6.23; N, 23.08. Found: C, 49.39; H, 6.41; N, 
23.01. 


Cyclization of trans-3-( S-hinc+6-chloro-4-pyrhrim- 
idiuylamino)cyclohexanol with" 'Methyl Ortho- 
formate.-A mixture of 2.0 Gm. (8.2 mmoles) of I11 
and 25 ml. of triethyl orthoformate was heated under 
reflus for 48 hours, then the volatile materials were 
removed in vocuo. The residue was allowed to 
react at 0' with 25 ml. of a 20% solution of am- 
monia in methanol for 20 hours. Concentration of 
the mixture gave a viscous residue which could not 
be crystallized. Consequently, it  was chromato- 
graphed on neutral alumina (Grade I, 40 Gm.). 
Elution of the column with 100 ml. of benzene gave a 
fraction which crystallized from ethyl acetate; 
yield, 0.42 Gm. (200j0), m.p. 152-155O. Two 
recrystallizations of the crude material from ethyl 
acetate gave the analytical sample, which has been 
identified as 6chloro-9-(3cyclohexenyl)-purine 
(X), m.p. 162'; Gz. 265 (c,  7,820); 5 in cm.-' 
(KBr): 3150 (C=C); 1590 and 1560 (C=C and 
C=N). 


Anal.-Calcd. for CI~HIICIN': C, 56.29; H, 
4.73; N, 23.87. Found: C, 56.17; H, 4.80; N, 
23.80. 


Elution of the alumina column with an additional 
100 ml. of benzene followed by 75 ml. of chloro- 
form gave a small amount of resinous substance 
which was discarded. Subsequent elution of 
the column with chloroform (300 ml.) and evapora- 
tion of the eluate gave a residue which, on trituration 
with ethyl acetate, gave a colorless crystalline solid; 
yield, 0.70 Gm. (35%), m.p. 150-155'. Several 
recrystallizations of the crude product from benzene 
gave the analytical sample of truns-3-(6chloro-9- 
puriny1)cyclohexanol (IV), m.p. 159-160'; A::. 
264 ( 6 ,  9,760); 5 in an.-' (KBr): 3350(0H); 
1590 and 1560 (C=C and C=N). 


1 The infrared spectra were determined on a Perkin-Elmer 
model 137 spectrophotometer; the ultraviolet spectra and 
enzyme rates were determined on a Perkin-Elmer model 4OOO 
A spectrophotometer. The melting points were determined 
on a Kofler Heizbmk and are corrected. 


2 This compound was prepared by the catalytic hydrogena- 
tion of m-acetamidophenol essentially by the procedure de- 
scribed in the literature (O), except that a 5% rhodium-on- 
alumina catalyst was employed. 


8 Galbraith Microonalyticnl laboratories, Knoxville, 
Tenn. 
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Anal.-Calcd. for CiiHiaClNiO: C, 52.28; H, from the insoluble hydrazine hydrochloride. The 
5.18; N, 22.17. Found: C, 52.46; H, 5.30; N, combined chloroform extracts on evaporation yielded 
21.93. 100 mg. (60.2y0) of the crude product, which after 


In a larger experitnent which etiiployetl crude I I ,  two crystallizations froin a niethatiol-ethyl acetate 
a third compound was eluted in a 10% yield from iriisture gave pure VIII,  n1.p. 175" dec. A:'!:. 263 
the alumina column after IV and X were removed. ( c .  12,500); 8 in cm.-1 (KBr): 3300 (OH); 1625 
Recrystallization of this crude product gave cis-3- ( NH2); 1575 and 1525 (C=C and C=N). 
(6-chloro-9-purinyl)cyclohexanol (XI), m.p. 190"; Anal.-Calcd for CllHl~N~O: C, 52.26; H, 6.58; 


(OH); 1590 and 1560 (C=C and C=N); 1060 trans-3-(6-Mercapto-9-puinyl)cyclohexanol (IX). 
(C-0-H). -A solution of 252 mg. (1.00 mmole) of IV and 76.1 


Anal.-Calcd. for CilHlKlNO: C, 52.28; H, mg. (1.00 mmole) of thiourea in 5 ml. of n-propyl 
5.18; N, 22.17. Found: C, 52.39; H, 5.29; N, alcohol was heated under reflux for 1 hour. The 
22.32. product precipitated from the reaction mixture after 
trans-3-(6--Amino-9-purinyl)cyclohexanol (V).-A a short time of refluxing. After cooling, the solid 


solution of 247 mg. (0.98 mmole) of IV in 5 ml. of was collected by filtration, washed with cold n-propyl 
liquid ammonia was heated in a stainless steel bomb alcohol, and dried, m.p. 340-350' : yield, 230 mg. 
at 55' for 16 hours. The ammonia was allowed to  (95%). A portion of the product was crys@llized 
evaporate at room temperature, and the residue from a large amount of a cellosolve and methanol 
was extracted with chloroform. Evaporation of the mixture to give pure IX, m.p. 345-350"; c:L 
chloroform solution gave 224 mg. (98%) of crystal- 227(c, 8,750) and 325 (c, 17.500); 8 in ern.-' (KBr): 
line solid, m.p. 238". Recrystallization of the 3450 (OH); 1595 and 1530 ( C - C  and C=N). 
crude product from aqueous ethanol, then from Anal.-Calcd for Cl,HlrN~OS: C, 52.78; H. 
absolute ethanol, gave the analytical material, 5.64; N, 22.4. Found: C, 52.46; H. 5.50; N, 
m.p. 241-243'; A::. 259 (e, 15,550); 8 in cm.-' 22.47. 
(KBr): 3400 (OH and NH?); 1655 (NHI); 1590 ci~3-(6-Amino-9-puinyl)-cyclohexanol (XU).-A 
and 1550 (C=C and C=N). solution of 200 mg. (0.79 mmole) of X I  in 10 ml. of 


AnaL-Calcd. for CilHlsNsO: C, 56.63; H, 6.48; methanol saturated with ammonia was heated in a 
N.30.03. Found: C, 56.57; H, 6.60; N.30.08. stainless steel bomb at 55' for 20 hours. The volatile 


trans - 3 - (6 - Methylamino - 9 - puriny1)cyclohex- materials were removed in uacuo, and the crystalline 
an01 (VI).-A solution of 200 mg. (0.79 mmole) of residue was then extracted with hot chloroform 
IV in 5 ml. of ethanol and 5 ml. of 40% aqueous (5 X 10 ml.). The solid residue, obtained on evap- 
methylamine was heated under reflux for 2 hours, orating the chloroform solution, was crystallized 
then evaporated to dryness in mcuo. The residue from methanol to  yield 100 mg. (54%) of the de- 
was extracted with chloroform; the insoluble sired product, m.p. 215-218'. Two recrystalliza- 
methylamine hydrochloride, m.p. 228", was removed tions from methanol gave the analytically pure 
by filtration. The residue, obtained after evapora- cis-3-(6-amino-9-purinyl)-cyclohexanol, m.p. 222' ; 
tion of the filtrate, on crystallization from benzene X p .  258.5 (c, 16,050); i in cm.-1 (KBr): 3375, 
gave 165mg. (84.6%)of theproduct. m.p. 173-175". 3225 (OH and NHI); 1655 (NH?); 1600 and 1560 
Recrystallization of the crude product from chloro- (C=C and C=N). 
form-benzenemixture gave pure VI, m.p. 175'; Ez. Anal.-Calcd for CILHIIN~O: C, 56.63; H. 
264 (e, 15,300); 8 in cm.-l (KBr): 3300 (OH and 6.48; N, 30.03. Found: C, 56.70; H, 6.56; N. 
NH); 1650 (NH);  1575and 1530(C=Cand G N ) .  


Aml.-Calcd. for CIzHi7N5O: C. 58.27; H, 6.92; 9-Cyclohexylp&e.-A small sample of X was 
N.27.58. Found: C.58.12; H.7.04; N,27.45. hydrogenated with a palladium-on-charcoal catalyst 


trans - 3 - (6  - Dimethyl-0 - Q - p-yl)cyc]o- in ethanol in the presence of magnesium oxide. 
hexanol (M).-A solution of 150 mg. (0.62 mmole) The Product which was obtained, m.p. 93'. was 
of I V  in 5 ml. of ethanol and an equal volume of identical to 9cyclohexyl-purine, which has pre- 
aqueous 25% dimethylamine was heated under re- viously been reported in the literature (10). 
flux for 2 hours, and the mixture was evaporated to 
dryness in uacuo. An aqueous solution (5 ml.) of R~~~~~~~ and A~~~~ Procedure 
the residue was stirred with 2 Gm. of Dowex 1-X2 
resin in C 4  form for 2 hours. The resin was re- Adenosine and adenosine deaminase were pur- 
moved by filtration, and the aqueous filtrate was chased from the Sigma Chemical Co. The general 
evaporated in vacuo to  give a solid residue which, method of assay employed is described in Colowick 
after several crystallizations from benzene. gave and Kaplan (16) and involves measuring the rate of 
pure VII, m.p. 156"; yield, 78 mg. (48%); A:::. disappearance of the absorption band of adenosine 
269 (c,  15,660); in cm.-l (RBr): 3300 (OH); a t  265 mp. All reactions were run in 0.05 M phos- 
1590and 1550 (C=Cand C=N). phate buffer a t  pH 7.6 a t  25". The stock solutions 


Anal.-Calcd. for Ci~Hii"0: C, 59.75; H, 7.33; of all reagents were prepared in 0.05 M phosphate 
N,26.80. Found: (2.59.65; H, 7.35; N,26.90. buffer a t  pH 7.6. For the assay, the cell contained 


trans - 3 - (6 - Hydrazino - 9 - puriny1)cyclohexanol a total volume of 3.1 id.. which was 0.066 mM 
(VIII).-To 1.5 ml. of hydrazine (950/0) was added with respect to adenosine. In  those cases where 
over a period of 2 minutes 0.17 Gm. (0.67 mmole) of inhibition was studied, varying amounts of the buf- 
IV. Initially, the mixture wascooled in an ice-bath, fer were replaced by the appropriate volume of a 
then stirred at room temperature for 2 hours. The solution of the inhibitor in buffer. A sufficient 
residue, obtained after removing the volatile ma- amount of enzyme was used, so that the initial rate 
terials in uucuo, was repeatedly digested with small of reaction gave a change of approximately 0.8-1.0 
volumes of chloroform to extract the desired product absorbance units per minute. 


XDHI 
,,,.l. 265 ( G  12,400); V in cm.-I (KBr): 3350 N,33.25. Found: C.52.50; H.6.64; N.33.37. 


29.83. 
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fective inhibitors of the enzymatic reaction (6). 
In addition, the 2‘-hydroxyl group of the isosteric 
nucleosides makes a contribution to binding since 
the 2‘-hydroxy compounds were more effective in- 
hibitors than the cyclopentyl compound. The iso- 
steric nucleosides with a trans-2‘-hydroxyl group 
were slightly more effective inhibitors than those 
compounds with a cis-2’-hydroxyl group (6). 


In the present work, we have also observed that 
inhibition of adenosine deaminase occurred only 
with those compounds that contained an amino 
group at the 6-position of the purine nucleus (V 
and XII). It should be noted, however, that V and 
XI1 are considerably less potent as inhibitors of 
adenosine deaminase than XI11 and XIV (see Table 
I). A comparison of the data shows that the com- 
pound with the trans-2’-hydroxyl group (XIII) 
is a better inhibitor than the compound with the 
czs-2’-hydroxyl group (XIV) and that both are 
better than the compounds with the cis- and trans- 
3’-hydroxyl groups (V and XII). Furthermore, i t  
can be seen that V and XI1 are essentially identical 
to the 9-cyclopentyl compound (XV) in their in- 
hibitory ability. Therefore, these results establish 
that there is little or no contribution of the 3‘-hy- 
droxyl group to the binding of isosteric nucleosides 
to  the enzyme. If one assumes that the inhibitor 
binds a t  the same place on the enzyme to which the 
substrate binds, then the 3’-hydroxyl group of 
adenosine offers little to the binding of substrate to 
the enzyme. 


TABLE I.-PARTIAL f NHIBITION OF ADENOSINE 
DEAMINASE BY ISOSTERIC NUCLBOSIDES 


concn., 
Compd. mM’ vo/v ,ohi3tioo 
V 0.12 1.14 13 ~- 
XI11 0.12 l.6i 39 
XI1 0.12 1.14 13 
XIV 0.12 1.28 22 xv 0.12 1.16 14 


The concentration of adenosine in all experimeots was 
0.066 mM. 


RESULTS 


When the isosteric nucleosides were tested as 
inhibitors of adenosine deaminase. two of the com- 
pounds were inhibitory (V and XII); the remaining 
compounds, when tested at concentrations three 
to four times that of the substrate, were essentially 
noninhibitory. A plot of Vo/ V versus I, where Vo = 
initial velocity of the enzymic reaction in the ab- 
sence of inhibitor, V = initial velocity of the en- 
zymic reaction in the presence of inhibitor, and I 
= concentration of inhibitor (17) for V and XII, 
revealed a nonlinear relationship of VoIV to  the 
concentration of inhibitor. Consequently, V and 
XI1 were not evaluated by this technique; rather 
the percentage inhibition of a 0.12 mM solution of 
inhibitor was compared to  the percentage inhibition 
of a 0.12 mM solution of a close structural analog. 
Thus, V and XI1 were compared to  trans-2-(6- 
amino-9-purinyl) cyclohexanol (XIII), cis-2-(6- 
amino-9-purinyl) cyclohexanol (XIV), and (6- 
amino-9-purinyl)-cyclopentane (XV). The results of 
such a comparison are given in Table I. 


HO 
XI11 XIV xv 


DISCUSSION 


In some earlier work on isosteric nucleosides as  
inhibitors of adenosine deaminase, in which the 
purine nucleus was substituted at the 9-position by 
cyclopentyl, cis- and trans-2-hydroxycyclopentyl, 
and cis- and trans-2-hydroxycyclohexyl groups, those 
compounds with a 6-amino group were the most ef- 
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problems are included to give the reader an intuitive 
understanding of the subject. The book is well 
written, and the topics discussed are illustrated 
with clearly presented examples. Problems with 
answers are included. The first chapter on the 
logical basis of statistical inference is excellent in 
its discussion of the design of experiments and the 
statistical philosophy concerned in this design. - 


The second, third, and fourth chapters deal with, 
respectively, quantitative data, enumeration data, 
and correlation. That the book contains only four 
chapters should not mislead one into believing that it 
is incomplete, since this is certainly not the case. 


Three nonparametric tests are described and their 
use illustrated. These are the two-sample rank 
test, sign test, and the signed-rank test. The 
author feels that these tests should be more widely 
used than at present because of their simplicity of 
application. 


This book would be most satisfactory as a text- 
book in a course on the subject for pharmacy 
students or as a supplementary text in a course in 
biopharmaceutics. The book is enthusiastically 
recommended. 


Reviewed by Eino Nelson 
School of Pharmacy 
State Universily of New York at Buffalo 
Buffalo 
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five with absorption of particular classes of drugs, 
and one with the significance of serum levels of 
chemotherapeutic agents. The two papers of 
Bernard B. Brodie, namely, “Physico-Chemical 
Factors in Drug Absorption” and “Distribution and 
Fate of Drugs; Therapeutic Implications,” con- 
stitute approximately one-third of the book and 
are very fine reviews. The papers entitled, “Phar- 
maceutical Manipulation and Therapeutic Efficacy,” 
by K. A. Lees, “The Influence of Particle Size upon 
the Absorption of Drugs from the Gastrointestinal 
Tract,” by J. A. L. Gorringe and E. M. Sproston, 
and “Absorption of Steroids with Special Reference 
to  Spironolactone,” by G. R. Venning, would be 
interesting reading not only for the industrial 
scientists in the pharmaceutical industry but also 
for the practicing pharmacist. 


The only disappointment to the reviewer was the 
paper entitled, “Kinetics of Drug Absorption: 
Methods and Interpretations,” by R.  F. Crampton 
and D. M. Matthews. There is a vast amount of 
literature on the kinetic interpretation of drug 
blood levels and urinary excretion which these 
authors only touched. 


Revieeved by John G. Wagner 
The Upjohn Company 


Kalamazoo, Michigan 


Laboratory Guide i n  Pharmacology. 2nd Ed. By 
T. S. MIYA, H. G. 0. HOLCK, G. K. W. YIM, and 
T. MYERS. Burgess Publishing Co., 426 South 
Sixth St., Minneapolis 15, Minn., 1964. 162 
pp. 21.5 X 27 cm. Paperbound. Price 
$3.50. 
This laboratory guide, written especially for the 


pharmacy student, is designed to  serve as a com- 
panion to lecture and textbook material for a be- 
ginning student. The experiments are organized so 
that the student begins with basic pharmacological 
principles, including routes of drug administration, 
factors affecting dosage, and absorption and excre- 
tion of drugs by man. Following these are experi- 
ments pertaining to  the pharmacology of the various 
bodily systems, toxicology, and gross pharmaco- 
logical effects of drugs. 


Each experiment provides an organized method of 
recording observations and includes questions to  
stimulate thinking about the significance of these 
observations. The clearly presented experiments 
are intended for student participation and generally 
do not require complicated or costly equipment. 


Absorption and Distribution of Drugs. Based on a 
symposium held by the Association of Medical 
Advisers in the Pharmaceutical Industry. Edited 
by T. B. BINNS. The Williams and Wilkins 
Company, Baltimore, Md., 1964. pp. xi + 270 
Price $7.50. 
The 17 papers in Absorption and Distribution of 


Drugs with the 520 references cited are an excellent 
introduction to the subject matter and also will 
provide excellent reading for those well acquainted 
with the field. Four of the papers are concerned 
with the fundamentals of absorption, two with the 
fate of drugs, one with the blood-brain barrier, one 
with the placental barrier, one with protein binding, 
two with biopharmaceutical aspects of absorption, 


NOTICES 


Opportunities in Pharmacy Careers. By FRED B. 
GABLE. Vocational Guidance Manuals, 800 
Second Ave., New York 17, N. Y., 1964. viii + 
144 pp. 13 X 20 cm. Price $1.45 paperbound, 
$2.65 cloth. 


Kirk-Othmcr Encyclopedia of Chemical Technology. 
2nd edition. Vol. 3, B to Calcium. Executive 
Editor ANTHONY STANDEN. Interscience Pub- 
lishers, 605 Third Ave., New York 16, N. Y., 
1964. xvi + 927 pp. 19 X 27 cm. Price 
$45 single copy, $35 subscription. 


Actualities de Phytochimie Fondamcntule. Par C .  
MENTZER et 0. FATIANOFF. Masson et Cie, 
Editeurs, 120, Boulevard Saint-Gennain, Paris 
VIe, France, 1964. 266 pp. 16.5 X 21.5 cm. 
Price 85 F. Paperbound. 


The Real Voice. By RICHARD HARRIS. The 
Macmillan Company, 60 Fifth Ave., New York 
11, N. Y., 1964. 245 pp. 14 X 21.5 cm. Price 
$4.95. 


Diet and Bodily Construction. Ciba Foundation 
Study Group No. 17. Edited by G. E. W. 
WOLSTENHOLME and MAEVE O’CONNOR. Little, 
Brown and Company, Boston, Mass., 1964. 120 
pp. 12 X 19 cm. Price $2.95. 


:ahiers de Synthese Organipue. Methodes et 
Tableaux d’Application Vol. XI: Cyclisations 
(suite). 22.- Cyclisation bimoleculaire mixte. 
Par JEAN MATHIEU, ANDRE ALLAIS, et JACQUES 
VALLS. Masson et  Cie, Editeurs, 120 Blvd. 
Saint-Germain, Paris VIe, France, 1964. 343 pp. 
15.7 X 22.5 cm. Price 120 F Cartonne toile. 
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This differentiated the spots E and F due to bimo- 
lecular anthranols from the spots D and H ( 1 )  due to 
monomolecular anthraquinones. Hence it was 
clear that while benzene concentrate G contained 
chrysophanol, the spot H( I )  most probably was due 
to rhein; the spot H ( 2 ) ,  however, did not correspond 
to any of the aglycories chromatographed. 


Chromatography with a second solvent system: 
lower phase of water: acetone: benzene (2 : 1 : 4) gave 
the following R/ values: chrysophanol, 0.00; rhein. 
0.74; benzene solution, 0.00; alcohol solution, ( I )  
0.74, (2) 0.89; C + G .  0.00; D + H, ( 1 )  0.74 and 
(2) 0.89. All the spots were colored pink with 1 N 
sodium hydroxide. 


In the above paragraph H( I )  is evidently due to 
rhein as indicated by li, values of rhein and D + H 
(1) .  Similarly, comparison of chrysophanol, ben- 
zene solution, and C + G indicated that the second 
aglycone was chrysophanol. 


Identification of Sugars 
The aqueous acidic layer (mentioned in Iden@- 


cufion of the New Aglgcones) was cooled, neutralized 
with sodium hydroxide pellets, and concentrated 
to dryness using high vacuum. The 1 :3  filtered 
aqueous pyridine extract of the residue was used 
for spotting on Whatman No. 1 paper. For com- 
parison, a glucose solution and a mixture of the 
two were spotted simultaneously. 


The chromatograms were developed with n- 
butano1:glacial acetic acid: water (4: 1: 5). by radial 
chromatographic techniques, and sprayed with 
Partridge's reagent (5). The average of four R, 
values were found to be-glucose, 0.32; aldose from 
the acid precipitate, 0.30; and a mixture of glucose 
and the aldose, 0.33. This clearly indicated that 
the sugar of the glycosides present in the acid pre- 
cipitate was glucose. 
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DISCUSSION 


In this study the drug was extracted with water 
instead of alcohol. This not only made the process 
more economical, but also permitted better separa- 
tion of the acid precipitate. Since the glucosides 
present in the drug were thermolabile, all concentra- 
tions by heat even under reduced pressure were 
avoided, and a concentrated extract was obtained 
by following the procedure of repercolation. 


Precipitation of the aqueous extract a t  different 
pH, from 1 .0 to i . O ,  showed that the highest yield of 
the so-called acid precipitate was obtained at pH 3. 
This precipitate showed the presence of a laxative 
principle when tested on albino mice. Tested 
similarly, the second fraction obtained from the 
filtrate on addition of calcium chloride and ammo- 
nium chloride at pH 7 was inactive, but the third 
fraction obtained on addition of sufficient alcohol to 
the mother liquor from the second fraction was again 
active. A detailed report on the biological assay of 
the different fraction will be published separately. 
The fraction I1 (C) contained sennoside A and B, 
the presence of which is already reported by Stoll(1). 


The glucosides present in the acid precipitates 
could not be crystallized, but they have been shown 
to be different from sennosides A and B by chromato- 
graphic techniques. In addition, the new glycosides 
have been shown to be those of rhein and chryso- 
phanic acid by cochromatography from two different 
solvent systems. The sugar part of the glycosides is 
glucose in both the cases. 


A d a ,  32. 11 
(2) Fair 


(3) Fairkaik J.  W. ibid. 13 639(1961). 
(4) Vickers, 6.. ibid:. 13, b09(1961). 
( 5 )  Partridge, S. M., Nafure,  161, 443(1949). 


Pharmacol. 3 918(1951). 
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Two Disintegrating Agents versus Cornstarch for 
Compressed Tablets 


By G. HECHTt and C. L. HUYCKS 


Cornstarch, Dry-Flo, and Solka-Floc BW 40, were tested for suitability as disintegra- 
ting agents. T h e  Dry-Flo and the cornstarch proved favorable for the sodium bicar- 
bonate and the acetylsalicylic acid tablets. It was noted that Solka-Floc BW 40 (due 
to  its fibrous nature) helped to  prevent ca ping of the tablets. Analysis of the dis- 
integration tests of tablets containing Solta-Floc BW 40 and Dry-Flo were statisti- 


cally different than cornstarch at the 1 per cent probability level. 


o R N s r A H C H  has been used in rimpressed tablets C as a disintegrant for decades and is still the 
disintegrant of choice. Dried corn or potato starch 
is sometimes used with the object of shortening the 
disintegration time of the tablet, when moisture is 
detrimental to the stability of the active ingredients 
(ix., in aspirin tablets), and in tablets containing 
medicinals that are incompatible with each other. 
Even though cornstarch is quite satisfactory, the 
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search continues for faster :md more eflirient tlis- 
integrants. The quicker tlic release of the Inedica- 
inelit after ingestion, the greater the efficiency of 
the tablet. In this study, two disintegrants are 
compared with cornstarch and the results are 
analyzed statistically. 


Two compounds were chosen to be tested as tablet 
disintegrants: Solka Floc BW 40' (a purified wood 
cellulose) and Dry-Flo* (a starch ester containing a 
hydrophobic group). As a control disintegrant, 
10% cornstarch was used. 


1 Solka-Floc BW 40, The Brown Co., Berlin, N. H. 
2 Dry-Flo, National Starch Products, Inc.. 270 Madison 


Aveoiie. New York 16, N. Y. 
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The disintegrants were tested with relatively 
soluble and insoluble medicinals. Sodium bicar- 
bonate was selected as the soluble medicinal agent, 
while acetylsalicylic acid was selected as the in- 
soluble medicinal. The tablets of sodium bicar- 
bonate were tested for disintegration (1) in both 
simulated gastric juice U.S.P. and distilled water 
to determine the extent of disintegration caused 
by effervescence of the sodium bicarbonate. 


As an aid to  disintegration into fme particles one- 
half or 5y0 of the disintegrant was added to the 
medicament before granulation; the other 5% was 
added to the dry granulation before compression. 
Ten per cent acacia mucilage was used as a binder. 


Granulation.-The sodium bicarbonate employed 
was furnished from one company and met the 
standards of the “United States Pharmacopeia 
XV” (1). Since 5% of the disintegrating agent was 
to be placed in the granulation, it was necessary to 
make three separate granulations. The proper 
weight of sodium bicarbonate for 1000 tablets was 
placed in a stainless steel container and mixed with 
5% disintegrant. Each batch was mixed for 30 
minutes in a small laboratory Hobart mixer. To in- 
sure a uniform hardness of granules, an attempt was 
made to  keep the amount of acacia mucilage as 
equal as possible for each of the three batches. To 
achieve the proper consistency, an average 215 
Gm. f 8 Gm. of acacia mucilage was used. The 
three batches were then granulated and passed 
through a No. 10 w e e n  on the Stokes oscillating 
granulator. The wet granules were spread uni- 
formly on paper covered trays and air dried for 42 
hours. The dry granules were then passed through 
a No. 16 screen. One per cent magnesium stearate, 
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previously screened through a No. 80, along with 
5% disintegrator was added to  each granulation. 
Each batch was then mixed for 5 minutes in the 
Patterson-Kelly twin shell blender. 


Compression.-The three batches were com- 
pressed into tablets on a Stokes model E single punch 
tableting machine a t  a speed of 80 tablets per minute 
using ‘2/n-in. punches of standard concavity. The 
tablet weight was kept constant at 0.380 Gm., and 
the tablet hardness kept as nearly to 10 Kg. as 
possible by the Strong Cobb hardness tester. 
Sampling was done on a 10% time basis; i.e., 13 
minutes was required to  compress 1000 tablets a t  
a rate of 80 tablets per minute. Therefore, a 
sample of 10 tablets was taken every 80 seconds. 
As nearly constant as possible with all three gran- 
ulations were the following: (a) hopper feed by the 
same hopper a t  the same initial feed level, (6) speed 
of the machine at  80 tablets per minute, (c) weight, 
size, and hardness of the tablets. 


Difficulty in flow was encountered with Solka- 
Floc BW 40 granulation. A constant tablet weight 
and hardness was difficult to maintain with this 
granulation. Flow characteristics better than corn- 
starch were noted for Dry-Flo. 


Disintegration.-The U.S.P. ( 1 )  apparatus and 
method was used to determine disintegration. 
Thirty tablets from each batch were tested in five 
trials using six tablets per trial. The average time 
per trial was calculated in seconds. The mean and 
mean deviation were calculated for the five trials, 
and from this the standard deviation for the popu- 
lation was calculated. 


The disintegration time of 30 tablets of each of 
three granulations of sodium bicarbonate plus a 
disintegrant also was tested in distilled water at 
35“. Table I11 represents the data compiled from 
this experiment. 


In the second part of the experiment, disintegra- 
tion time of tablets containing the relatively in- 
soluble acetylsalicylic acid with each of the three 
disintegrants was compared. Five per cent dis- 
integrant was incorporated before granulation, and 
5 %  was incorporated with the granules after granu- 
lation and just before compression. Granulation 
was by the precompression method, using 6/l&. 


punches and die for the slugs. The slugs were 
passed through a No. 8 mesh screen on the Stokes 
oscillating granulator. This process was repeated 
in order to eliminate “fines.” The final granulation 
was passed through a No. 16 mesh screen. The 
granules were then mixed with 5% disintegrant to 
be tested and 1 yo magnesium stearate was added as 
lubricant. The tablets were compressed on ‘l/zz-in. 
punches a t  a weight of 0.380 Gm. with a hardness of 
approximately 10 Kg. as measured by the Strong 
Cobb hardness tester. 


DISCUSSION 


Using equation d = Z ( X ~  - X ) / N  for calculation 
of mean deviation in which Z(X1 - X) is the sum 
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TABLE I.-FORMULAS OF THE SODIUM BICARBONATE 


AND DRY-FLO AS DISINTEGRANTS 
TABLETS CONTAINING CORNSTARCH, SOLKA-FLOC. 


-Solka-Floc- 
Dry- 


Starch BW 40 Flo 
Sodium bicarbonate 324.0 324.0 324.0 
Cornstarch 32.4 . .  


Magnesium stearate 3.24 3:24 3.24 
Acacia mucilage lOyo q.5. q.s. q.5. 


Solka-Floc BW 40 . .  3214 
Dw-Flo .. 32 :4 


TABLE II.-DISINTEGRATION TIME IN MINUTES OF 
SODIUM BICARBONATE TABLETS CONTAINING 
DRY-FLO, CORNSTARCH, AND SOLKA-FLOC AS 


DISINTEGRANTS IN SIMULATED GASTRIC JUICE 


lrials 
Disintegrant 1st 2nd 3rd 4th 9th 


Dry-Flo 2 . 8  2 . 1  2 . 2  1 . 9  1 . 8  
Cornstarch 2 . 7  2 .1  2 .8  4 .8  4 . 0  
Solka-Floc BW 


40 11.6 11.3 10.3 15.6 17.3 


TABLE III.-DISINTEGRATION TIME IN MINUTES OF SODIUM BICARBONATE TABLETS CONTAINING DRY-FLO, 
CORNSTARCH, AND SOLKA-FLOC DISINTEGRANTS I N  WATER 


Trials 
Disintegrant 1st 2nd 3rd 4th 5th 


Dry-Flo 2.83 3.50 2.33 2.66 2.50 
Cornstarch 6.66 5.50 5.66 7.00 7.16 
S o l k a - F l ~  BW 40 28.00 29.33 28.83 28.83 29.66 
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TABLE IV.-FORMULAS FOR THE ACETYLSALICYLIC With Dry-Flo. a starch ester containinz hvdro- - -  
ACID TABLETS CONTAINING CORNSTARCH* phobic groups, no lubricant was necessary because 


of the splendid flow characteristics of this compound. 
Solka-Floc BW 40 is a white, purified, wood cellulose 


FLOC, A N D  DRY-FLO AS DISINTEGRANTS 


Solka- 
Starch T)ry-Flo ,I$:,, of a purity of 99.5% and an average particle size 


Acetylsalicylic acid 324.0 324.0 324.0 of 90 p. This grade of Solka-Floc exhibited poor 
Cornstarch 32 .4  . .  . .  flow characteristics, and a lubricant was necessary. 
Dry-Flo . .  32.4 . .  Tablets of acetylsalicylic acid coritaining Dry- 


i:24 $:24 ’::& Flo as the disintegrating agent had a mean dis- Solka-Floc BW 40 
Magnesium stearate 


integration o f  38.99 minutes, compared to 47.57 


TABLE  DISINTEGRATION TIME IN MINUTES OF ACETYLSALICYLIC ACID TABLETS CONTAINING DRY-FLO, 
CORNSTARCH, AND SOLKA-FLOC AS DISINTECRANTS I N  SIMULATED GASTRIC JUICE 


c Trials 
D i s h  tegrant 1 st 2nd 3rd 4th 5th 


Dry-Flo 35.16 38.16 40.66 37.66 40.33 
Cornstarch 36.33 54 , 00 54.23 46.16 47.16 
Solka-Floc BW 40 50.16 57.33 54.83 55.50 55.00 


of the absolute deviations from the mean and 
( N  - 1) is the number of degrees of freedoill for a 
sinall sample, then 5 = (XI - X ) 2 / N  - 1 (2). 


The results of the disintegration tests of the tab- 
lets were analyzed statistically by the students 
”t” test and were found to be statistically3 different 
from cornstarch a t  the 1% probability level. 


Tablets of sodium bicarbonate containing Dry- 
Flo its the disintegrating agent had a mean dis- 
integration time in artificial gastric juice of 2.16 
minutes, compared with 3.28 minutes for tablets 
containing cornstarch as the disintegrant and 13.22 
minutes for tablets containing Solka-Floc B W 40 
as the disintegrant. All disintegrants yielded tab- 
lets which were white and smooth in appearance. 


- 


* In the statistical study the authors acknowledge the help 
of Mr. George O’Bleness. Director of the Computer and 
Statistical Division. Eaton Laboratories. Division of The 
Norwich Pharmacal Co.. Norwich, N. Y. 


minutes for cornstarch and 54.56 minutes for Solka- 
Floc B W 40. 


The disintegration of the sotliurn bicarbonate 
tablets was tested in siniulated gastric juice U.S.P. 
and in distilled water to determine how much of the 
disintegration was due to the deconlposition of the 
sodium bicarbonate by the acid media. In distilled 
water the tablets containing the Dry-Flo disin- 
tegrated in 2. i6  minutes or 2i:b longer than in 
simulated gastric juice U S  P. Sodium bicarbon- 
ate tablets containing cornstarch disintegrated in 
water in 6.40 minutes or 94(% longer than in siin- 
ulated gastric juice and the tablets containing 
Solka-Floc BW 40 disintegrated in 28.92 minutes 
in water or lllyo longer than in simulated gastric 
juice 1J.S.l’. 
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Books- 


A symposiuin was organized to  cuver the cheniirai 
structure of a substance and its behavior on a 
paper chromatograni and the mechanism of paper 
chromatography; the proceedings of the syin- 
posium are reported in this volume. A number of 
European scientists participated. Most of the 
papers and discussions have been translated from 
the original Czech, German, and Russian languages. 
The  book should be of valuable assistance to 
pharinaceutiral scientists who wish to explore the 
possibilities of utilizing more recent applications of 
paper chromatography in novel situations. 


A book of specifications for those reagents needccl 
for testing the substances included in the “Inter- 
national Pharmacopeia” is presented. The volunie 
covers about 400 reagents, ranging from the coni- 
mon mineral acids used in a multitude of tests to  the 
conlplex organic compounds required for perhaps 
only one intricate assay, and represents a collaborate 
effort of pharmaceutical experts from all over the 
world. The specifications are designed to  give the 
quality tests of the “International Pharmacopoeia” 
practical value by attempting to provide a worldwide 
reagent standard. 
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CLP-0 HCI, which apparently is the precursor to 
phenolic and other unidentified degradation products 
formed on irradiation. 


Photodegradation of CLP HC1 seemed to be 
more dependent on the presence of water than dis- 
solved oxygen, and it would not be expected that 
elimination of oxygen alone would have a marked 
effect on the degradation of ultraviolet irradiated 
solutions of CLP HCI at 253.5 mp. 
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Alterations in the Activity of Pentothal, 
Phenobarbital, Pentylenetetrazol, and 


Strychnine by Cholinesterase Inhibitors 
By VERNON A. GREEN 


Mice pretreated with anticholinesterases showed enhanced stimulation in  the res- 
ence of pentylenetetrazol and strychnine, a decreased lag period with aneAet ic  
doses of phenobarbital, and a prolongation of anesthesia with pentothel. An at- 
tempt was made to correlate these changes in  response with the depression of acetyl- 


choline hydrolyzing enzymes. 


ECAUSE THE brain has higher concentrations 
of acetylcholinesterase than other areas of 


the body ( I ) ,  attempts to  potentiate drug action 
through cholinesterase inhibition should be ac- 
complished more readily with agents which 
primarily affect the central nervous system. 


The findings of potentiation of the rate of 
diffusion of acid fuchsin (2) in frog and dog (3), 
trypan red (4) in dog, and the potentiation of 
morphine (5) in cats, streptomycin on Es- 
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cherichia cola (6) and rats (7), and barbital (8) in 
mice by neostigmine or physostigmine were indi- 
cations that possibly the activity of other drugs 
could be potentiated. 


I n  this study, physostigmine, neostigmine, and 
diisopropylfluorophosphate (DFP) were used as 
prior medication in mice in an attempt to potenti- 
ate the action of some central nervous system 
stimulants and central nervous system depres- 
sants. The basic criteria for the determination 
of potentiation were the ability of cholinesterase 
inhibitors to render a subconvulsive dose of a 
central nervous system stimulant convulsive (9)- 
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sions and died in an average of 40.35 seconds follow- 
ing 0.000'25 nig./Gm. of strychnine sulfate intra- 
venously (Fig. I ) ,  but none of the controls showed 
visible signs of stimulation (Fig. 1) .  


Twenty mice injected subcutaneously with neo- 
stigmine methylsulfate ( 0 . W  mg./Cm.) 15 minutes 
before strychnine sulfate (0.00025 mg./Cm.) had 
convulsions and died (Fig. l ) ,  while the same nurn- 
ber of mice with 2 mg./Kg. of D F P  2 5 hours prior 
t o  strychnine showed only convulsions (Fig 1). 


Since cholinesterase inhibitors cause vasodilation 
either directly or indirectly through the accumula- 
tion of acetylcholine. an attempt was made in this 
study to produce vasodilation by the administration 
of acetylcholine. Of 23 mice injected intravenously 
with 0.05 mg./Rg. of acetylcholine bromide plus 
strychnine sulfate, all showed convulsive seizures of 
short duration with only one death (Fig. 1). 


To study the effects of possible vasodilation on 
potentiation of strychnine further, attempts were 
made to prevent vasodilation with a parasympatho- 
lytic drug. Twenty mice were given the cholin- 
esterase inhibitors with atropine sulfate (0.1 mg./ 
Cm.) 1.5 minutes prior to the intravenous strychnine, 
with no appreciable change in the stimulating activ- 
ity above or below that  of the animals receiving 
inhibitor and strychnine alone (Fig. 1). Physo- 
stigmine prior t o  strychnine and acetylcholine com- 
bined showed erratic results (Fig. 1 ) .  


Schweitzer (10) reported that neostigmine and 
acetylcholine depressed spinal reflexes, thereby in- 
hibiting strychnine induced convulsions. The oppo- 
site action was found in this study since a great 
potentiation of a subconvulsive dose of strychnine 
was noted by neostigmine and a small potentiation 
by acetylcholine. I t  is true, however, that  large 
amounts of acetylcholine will decrease nerve trans- 
inission since it will keep nerve endings depolarized. 
Therefore, large doses of neostigmine or acetylcholine 
could depress spinal reflexes, but with the doses used 
in this study, there was potentiation of strychnine 
activity instead of depression. 
Pentylenetetrazol Potentiation 


The use of strychnine as a drug is almost purely 
academic. and since Nachmansohn (12) has reported 
strychnine as a cholinesterase inhibitor i n  uitro, it 
was decided to attempt potentiation of another 


TABLE ~.-DETERMINATION OF CHOLINBSTERASE 
lNH1BITrON IN MOUSE BRAIN AND BLOOD 


Units' Esterase Depression. 
Activity 70 


Group Blood Brain Blood Brain 
Control 0 558 0 846 0 0 
Physostigmine 0 495 0 781 1 1  3 7 6 
Neostigmine 0 421 0 700 24 5 17 0 
DFP 0 510 0 822 8 5 2 9 


0 A unit 01 cholinuternse for this study ir defined as the 
number of milliliters of 0.1 1f acetic acid derived Irom 3 ml. 
of 0.1 3f acetylcholine bromide solution by the cholinesterase 
activity in 1 Cm. of mouse brain o r  1 rnl of whole blood in 
10 minuter at a con(1tpo1 pH of 8 .  


and in the case of CNS depressants-to decrease 
the anesthetic lag, to prolong the anesthetic time 
of a given dose, or to increase the anesthetic ac- 
tivity of a smaller dose. 


EXPERIMENTAL AND DISCUSSION 


Determination of Cbolinesterase Inhibition 
Eighty mice (28 to 40 Gm , no regard to sex or age) 


were divided into four groups of 20 each. Group A 
was injected with O.OOO4 mg./Gm. physostigmine 
salicylate; group B received O.OOO4 mg./Gm. neo- 
stigmine; group C received D F P  ( 2  mg./Kg.); and 
group D was used as the control. The animals were 
etherized and then decapitated 15 minutes after the 
injection of the cholinesterase inhibitors. The brain 
and blood were removed for the determination of 
cholinesterase content. 


The degree of cholinesterase inhibition was deter- 
mined and reported in units per gram of brain and 
milliliters of whole blood as shown in Table I .  


Strychnine Potentiation 
The possible potentiation of strychnine sulfate 


(0.00025 mg./Gm.) by cholinesterase inhibitors was 
studied on mice with no regard to age or sex. The 
cholinesterase inhibitor was administered prior to 
the strychnine; any increase in the stimulating 
activity above that of the 0.00025 mg./Gm. controls 
was interpreted as potentiation. 


Twenty mice injected subcutaneously with O.OOO4 
mg./Gm. of physostigmine salicylate had convul- 


Fig. 1. - Effect of 
cholinesterase inhibitors. 
atropine. and acetylcho- 
line on CNS stimulat- 
ing activity of strychnine 
(0.00025 mg./Gm.) intra- 
venously in mice. 
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CNS stimulant-one used medicinally today that 
is not thought to  be a cholinesterase inhibitor. 


Pentylenetetrazol was given to mice in doses of 
10, 12.5, and 15 mg./Kg. intravenously to  determine 
a minimal convulsive dose. It was found that 10 
mg./Kg. was subconvulsive in all mice used in this 
study (Fig. 2). Five of 26 mice showed convulsive 
seizures of very short duration with 12.5 mg./Kg.; 
therefore, these two dose levels were selected for this 
study. 


Nineteen of 20 mice receiving 0.0004 mg./Gm. of 
physostigmine 15 minutes prior to pentylene- 
tetrazol intravenously, 10 mg./Kg., showed con- 
vulsive seizures of an average duration of 15.8 sec- 
onds (Fig. 2), while there were no convulsions in the 
10 mg./Kg. controls. On using 12.5 mg./Kg. of 
pentylenetetrazol 15 minutes after physostigmine, 
all 28 mice showed convulsive seizures compared 
to five convulsive seizures in 26 mice used as 12.5 
mg./Kg. controls (Fig. 2), but no deaths occurred. 


Neostigmine, 0.0004 mg./Gm. of mouse, 15 min- 
utes prior to pentylenetetrazol, 12.5 mg./Kg.. gave 
convulsions in all 20 mice tried (Fig. 2). while DFP 
(2 mg./Kg.) 2.5 hours prior to pentylenetetrazol 
gave convulsions in only six mice of 20 tried and the 
seizures were like those of pentylenetetrazol alone, 
an average of 7 seconds. 


In an attempt to rule out a vasodilating action of 
physostigniine and neostigmine, atropine sulfate 


Fig. 2.- Effect of cho- 
hesterase inhibitors and 
atropine on activity of 
pentylenetetrazol in mice. 


(0.1 mg./Grn. of mouse) was administered sub- 
cutaneously with the cholinesterase inhibitor with 
no appreciable change in the percentage of seizures 
or duration of seizures above or below those occur- 
ring in mice which received only inhibitor and CNS 
stimulant (Fig. 2). 


Alteration of Action of Phenobarbital Sodium 
Greig and Mayberry (8) reported a decrease in the 


anesthetic lag time of barbital sodium in mice re- 
ceiving prior medication with physostigmine. In 
addition, the above investigators reported an in- 
crease in the brain tissue level of the barbital follow- 
ing prior medication with physostigmine. More 
recently, in 1958, Rosenberg (11) found an increase 
in the sleeping time of hexobarbital following prior 
medication with some of the organic phosphates that 
are cholinesterase inhibitors. 


Since the above-mentioned investigations re- 
ported potentiation of barbital and hexobarbital, 
this investigator attempted to study the effects of 
physostigmine, neostigmine, and DFP on the anes- 
thetic lag time of phenobarbital sodium in mice, with 
no consideration of age, weight, or sex. 


A dose of 160 mg./Kg. of phenobarbital sodium 
was given to  50 mice intravenously, and the average 
lag time from administration until onset, loss of 
righting reilex, was determined as 1147 seconds 
(Fig. 3). This average lag time was used as the 


Fig. 3.-Effect of phy- 
sostigmine, neostigmine, 
DFP, atropine, and ace- 
tylcholine on anesthetic 
lag of intravenous pheno- 
barbital sodium (160 mg./ 
Kg.) in mice. 
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phenobarbital sodium showed an average lag time 
of 282 seconds, while 20 animals receiving physo- 
stigmine 15 minutes prior to 0.1 mg./Kg. acetyl- 
choline plus phenobarbital showed an average lag 
time of 248 seconds. 


Acetylcholine bromide (0.05 mg./Kg.) plus 
160 mg./Kg. of phenobarbital sodium intravenously 
showed an average lag time of 852.7 seconds (Fig. 
3); and atropine sulfate (0.1 mg./Gm.) 15 minutes 
prior to acetylcholine (0.05 mg./Kg.) plus pheno- 
barbital gave an average lag time of 1215 seconds. 


These findings indicate that some method of 
potentiation other than vasodilation is involved 
in the potentiating action of these anticholine- 
sterases. However, a vasodilating action could be 
involved in the mild potentiating action of the 
acetylcholine. 


Pentothal Sodium Potentiation 
Pentothal sodium was administered to mice in 


the amounts of 10 mg./Kg., 15 mg./Kg., and 35 
mg./Kg. intravenously, and the anesthetic times 
or time lapses from loss of righting reflex until 
righting reflexes were regained were recorded. 
The time lapses from onset until recovery of wak-  
ing ability was regained were also noted for com- 
parison with controls. 


Twenty mice injected with physostigmine sali- 
cylate 15 minutes prior to  10 mg./Kg. pentothal 
sodium gave an average anesthetic time of 108.5 
seconds until recovery of righting reflex and 206.4 
seconds until walking ability was regained (Fig. 4). 
Atropine sulfate (0.1 mg./Gm.) administered 5 
minutes before the physostigmine in other mice 
(1) decreased the average anesthetic time to  79.1 
seconds and the regaining of walking ability to  122 
seconds. These average anesthetic times were in 
direct contrast to the controls, since in 20 control 
mice, 10 mg./Kg. of pentothal sodium produced 
no loss of righting reflex. 


DFP and neostigmine produced average anes- 
thetic times with 10 mg./Kg. of pentothal sodium 
of 82.7 and 102.2 seconds, respectively, while 
the time lags until walking was regained were 
196.1 and 212.6 seconds. 


The 15 mg./Kg. pentothal controls showed an 
average anesthetic time of 16.3 seconds and 30 
seconds before walking ability was regained, but 
in 20 mice premedicated with physostigmine, the 
average anesthetic time was 116.2 seconds and 
205 seconds until walking was regained (Fig. 5). 
When acetylcholine bromide (0.05 mg./Kg.) was 
given with 15 mg./Kg. pentothal sodium to physo- 
stigminized animals, the average anesthetic time 
increased to  229.5 seconds, and the recovery of 
walking ability to  326 seconds. Acetylcholine with 
pentothal sodium and no prior medication showed 
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Pemolhol Sodium on6 
Neorlipmme 0 0004 mp IGm. 
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Fig. 4.-Effect of cholinesterase inhibitors and 
atropine on duration of anesthesia produced by 
10 mg./Kg. of pentothal sodium intravenously in 
mice. 


basis of comparison to  determine any decrease in the 
lag time until onset of action that might be caused 
by prior medication with cholinesterase inhibitors. 


Thirty mice receiving physostigmine salicylate 
(O.OOO4 mg./Gm.) subcutaneously 15 minutes prior 
to  phenobarbital sodium (160 mg./Kg. intrave- 
nously) showed an average lag time until onset of 
258.4 seconds (Fig. 3). This represents about a 
7570 decrease from the values for the controls 
receiving 160 mg./Kg. of phenobarbital alone. 


DFP (2 mg./Kg.) subcutaneously as prior medica- 
tion 2.5 hours previous to  intravenous phenobarbital 
(160 mg./Kg.) gave an average lag time of 594.8 
seconds (Fig. 3), while neostigmine (O.OOO4 mg./ 
Gm.) subcutaneously 15 minutes prior to  pheno- 
barbital, gave an average lag time of 250.7 seconds 
(Fig. 3). This represents a %'% decrease for DFP 
and a 75% decrease for neostigmine below the lag 
time of the controls. 


Other investigators reporting potentiation of 
barbiturate-induced sleeping time and decreased 
lags did not attempt to  preclude the effects of 
vasodilation as a possible cause of the potentiation. 
It was decided that in this study the investigator 
would not only use a parasympatholytic in an at- 
tempt to block the acetylcholine vasodilation, but 
would also try to  potentiate the barbiturate de- 
pression by acetylcholine-induced vasodilation. If 
the potentiation were the result of increased tissue 
uptake due to  dilation of vessels, atropine should 
block it. and acetylcholine should produce similar 
potentiations. 


Twenty mice receiving atropine sulfate (0.1 
mg./Gm.) and physostigmine salicylate (O.OOO4 
mg./Gm.) 15 minutes prior to phenobarbital gave 
an average lag time of 279 seconds. Twenty-four 
animals receiving physostigmine 15 minutes prior 
to acetylcholine bromide (0.05 mg./Kg.) plus 
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an average anesthetic time of 88.4 seconds and 
no prior medication showed an average anesthetic 
time of 88.4 seconds and 110.7 seconds until walking 
was recovered. These values were approximately 
the same as those for aninials receiving DFP and 
pentothal. 


Twenty physostigmine treated animals receiving 
35 iiig./Kg. of pentothal sodium gave an average 
anesthetic time of 1236.3 seconds (Fig. 6 ) ,  con- 
trasted with 394.5 seconds for the controls and 1412.7 
seconds for recovery of walking ability compared 
to 171.9 seconds for the controls. 


Potentiation of pentothal sodium by prior medica- 
tion with physostigmine and neostigmine resulted 
in increasing the anesthetic activity of a non- 
anesthetic dose and prolonging the anesthetic 
time of an anesthetic dose. These potentiations 
by cholinesterase inhibitors could not be blocked 
by 0.1 mg./Gm. of atropine, and although acetyl- 
choline enhanced the potentiation. it alone did not 
produce the potentiations equal to  those of neo- 
stigmine and physostigmine. 


The decreases in cholinesterase (Table I )  activity 
brought about by the inhibitors used in this study 
correlate quite well with the increases in activity 
of the CNS stimulants and depressants. DFP 
showed the least inhihitory activity in the dose 
used and the least potentiating action, while 
neostigmine showed the most cholinesterase de- 
pression and the greatest potentiations. 


SUMMARY 


Physostigmine or neostigmine as prior medication 
caused potentiation in mice of the actions of 
strychnine and pentylenetetrazol. Subconvulsive 


doses were made convulsive and, in the case of 
strychnine, the subconvulsive dose was made lethal. 
In addition, the above cholinesterase inhibitors short- 
ened the anesthetic lag time of intravenous pheno- 
barbital sodium and increased the anesthetic ac- 
tivity of pentothal sodium, lengthening the anes- 
thetic time. DFP was less effective in producing 
these potentiations. 


Atropine sulfate (0.1 mg./Gni.) as prior medica- 
tion did not block the potentiation ; acetylcholine 
bromide (0.05 mg./Kg.) produced potentiations of 
much less magnitude than the reversible cholin- 
esterase inhibitors. Thus, factors other than 
vasodilation must be of primary importance in 
these observed potentiations. 


The per cent depression of cholinesterase ac- 
tivity by the inhibitors correlated with the degree 
of change in the activity of the CNS stimulants 
and depressants. 
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Determination of Sulfamylurea Hypoglycemic Agents 
and their Metabolites in Biological Fluids 


By EDWARD H. WISEMAN, JOSEPHINE CHIAINI, and REX PINSON, JR. 


Amine metabolites (basic) are separated from their parent sulfamylureas and sul- 
famide metabolites (both acidic) by extraction. Sulfamylureas are hydrolyzed by 
acid to the corresponding amine for assay, under which conditions sulfamides are 
unaffected. Sulfamides are similarly hydrolyzed t o  an amine under basic conditions, 
sulfamylureas being stable. Flourine-containing sulfamylureas were assayed by 


Schgniger combustion and determination of the resultant fluoride ion. 


s PART OF a continuing program on oral thesized and studied in our laboratories (1). A hypoglycemic agents, a series of sulfamyl- These studies have included attempts (2, 3) to 
ureas of the general formula (I) has been syn- relate the distribution, metabolism, and ex- 
~ - -__ 
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Arylindolizines I11 
Methoxyl and Glyoxyl Derivatives of Several 


Substituted Pheny lindolizines 


By VINCENT S. VE”I’UREUA* 


4-Methoxyphenacylbromide reacts in good yield with 2-bemylpyridine and 2- (4‘- 
chlorobenzyl) pyridine in the Tschitschibabin synthesis to form the corresponding 
indolizines. The methyl ethers are cleaved with difficulty to the corresponding 
phenolic compounds which have anomalous solubility characteristics. Arylindoli. 
zines with an open 1 position react in good yield with ethoxalylchloride to form 


the corresponding ethyl glyoxylates. 


s A CONTINUATION of the search for arylin- A dolizines of possible psychotherapeutic 
activity (1, 2). it  was desired to prepare com- 
pounds containing a nuclear methoxyl group and 
compounds containing the -COCOX moiety in 
the 1 position, where X = -OEt, -OH, or -0. Since previous efforts (1) to prepare 


IIa by nuclear substitution of the corresponding 
bromo compound failed, it was decided to test the 
Tschitschibabin method (3) for the preparation 
of compounds IIa and IIb from the appropriate 
phenacyl compound1 according to the reactions 
in Scheme I. 


Compounds IIa and IIb formed in good yield 
in this procedure under mild conditions. In 
each case, 4-methoxphenacylbromide condensed 
with the 2-substituted pyridine with constant 
shaking a t  35-45’, The condensation was ac- 
companied by a small amount of decomposition 
inherent in the use of both starting materials. 
Cyclodehydration proceeded readily from this 
stage in refluxing NaHCOa solution. During the 
formation of Ib, if the temperature was permitted 
to rise above 40°, spontaneous cyclodehydration 
occurred, preventing isolation of the intermediate. 
This phenomenon was experienced in previous 
work (1) employing 2-(4’-chlorobenzyl) pyridine; 
but the reaction was not temperatuye dependent, 
mostly because condensation couldnot be affected 
at  below cyclodehydration temperatures. 


Hydrolysis of IIa and of IIb t o  the correspond- 
ing phenols proceeded under vigorous treatment 
with 30% HBr/HOAc. Separation of the 
sodium salts of the phenols depended upon their 
insolubility in the aqueous basic media in the 
presence of ether. A portion of the phenol re- 
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mained in the acidic form and was recovered from 
the ether extract. Both IIa and I D  gave dis- 
tinct green when tested with anhydrous FeCls 
in CHC& (4). 


Attempts to apply the reactions in Scheme I to 
2-methoxyphenacylbromide resulted in failure to 
effect condensation when using either 2-benzyl- 
pyridine or 2-(4’-chlorobenzy1)pyridine. In each 
instance black intractable tars resulted a t  con- 
densation temperatures ranging from 40 to 1 loo. 
Similar failures resulted during attempts a t  con- 
densation a t  -5’ for 2 weeks and 4 weeks and 
also at room temperature for 4 weeks. Failure 
of the condensation to occur presumably is due 


+ A < 45’ - 
Q 


0 
Ia, R = H 


b, R = C1 


P 


IIa, R = H 
b, R = C1 


%HEME 1 
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to steric effects, since the electronic &ect of an 
4 C H s  in the 2 position is not markedly differ- 
ent from the 4 position. 


The purity of the starting pyridines greatly 
affected the yield and purity of condensation 
product and ease of isolation of the subsequent 
indolizine during this study. Failure to  purify 
the pyridine compounds resulted in as much as 
a 1520% reduction in yield of the intermediate 
pyridinium bromide. In addition, the decreased 
yield was accompanied subsequently by the for- 
mation of a green indolizine, which showed a 
low elemental analysis and a qualitatively identi- 
cal infrared spectrum. 


The synthesis of glyoxylic derivatives of pre- 
viously prepared arylindolizines (1) of general 
structure I11 was carried out to test the efficacy 
of preparing carbonyl derivatives which would 
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B 6 
111 =O 


L O  


8 
IV 


I11 a, R = H, R‘ = Br 
b, R = C1, R‘ = Br 
C. R = H. R‘ = NO* 
d,  R = C1, R’ = NOI 


lead easily to several derived functions. This 
approach was used to establish whether the 
arylindolizines would react easily with C1COC02- 
E t  (5) or if the longer less specific method of Gal- 
braith (6) would be necessary. In the latter 
method, indolizine was reported to react with 
ClCOCOCl in a 2: 1 ratio to form a diketone 
similar to IV (2 and 3 positions unsubstituted) in 
15% yield. Evaporation of the reaction liquor 
followed by sublimation of the remaining solid 
gave an unreported yield of indolizylglyoxalyl- 
chloride. For the present study, the desired 
ethyl esters would have to be prepared from the 
corresponding indolizylglyoxalylchloride by eth- 
anolysis. Thus, in addition to the formation of 
a small amount of by-product of type IV, the 
yield of the esters would presumably have been 


decreased by the longer procedure. Once the 
keto esters were prepared, it then seemed 
likely that the corresponding acids and amide 
derivatives could be formed easily. 


The reaction with C1COCO2Et took place in 
the manner anticipated. Unexpectedly, IIId 
reacted to form the glyoxyl derivative in fair yield. 
The formation of this compound was not antici- 
pated because previous attempts to form the cor- 
responding benzoyl compound resulted in failure 
(1). The success of the reaction of ClCOCOzEt 
in this case must come fromthe increased strength 
of the ethylglyoxylium ion (Et02C-C = 0) 


as an electrophile since the failure of GHbCOCI 
(1) and its metu amd para NOz derivatives (2) 
to form an acyl derivative was presumably due 
to the electronic effects of the pC1 and P-NOz 
group on the formation of the necessary nucleo- 
phile of the indolizine. 


The hydrolysis of the ethylglyoxylates of I11 
was effected in aqueous NaOH suspension of the 
compounds; the resulting sodium salts of the 
acids were insoluble in the excess NaOH present. 
The products of these reactions remained as in- 
soluble solids along with unreacted starting ma- 
terial and could be separated from the parent 
ethyl esters by the solubility of the acid salt in 
hot water. 


Recrystallization of the glyoxylic acids was 
accompanied by a large amount of decomposition 
if the primary solvent was too hot or if the acid 
was allowed to stand in the hot solvent for more 
than 5-10 minutes before cooling. In each case 
the product turned dark-green to brown. This 
was especially true of l-g1yoxyl-2-(4’-nitroro- 
phenyl)-3-phenylindolizine and its 3-(4”-chloro- 
phenyl) analog. 
In a limited number of experiments it was im- 


possible to form the N ,  N-diethylglyoxamides, 
even in the absence of solvent. However, simi- 
lar reactions employing piperidine resulted in 
fair to good yields of the corresponding piperi- 
dino compounds. In this procedure, the un- 
reacted indolizine largely decomposed to gummy 
materials which were easily separated from the 
product. 


The analytical data for the ethylglyoxylates, 
the corresponding acids, and piperidinoxalyl 
derivatives of I11 are given in Table I. 


Several attempts at applying this general 
method of indolizine synthesis to substituted 
phenacylchlorides resulted in failure to effect the 
required condensation necessary to form the pyri- 
dinium intermediates. Representatives of this 
group of compounds include m-nitrophenaql- 
chloride and 3,4-dihydroxyphenacylchloride. 


@ 
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TABLE ~.-SUBSTITUTED ACYL DERIVATIVES OF ARYLINDOLIZINES OF THE TYPE 


- - 


R 
H 
CI 
CI 
H 
H 
CI 
CI 
H 
H 
CI 
CI 
H 


R' 
Br 
NOX 
Br 
NO2 
Br 
NO! 
Br 
NO? 
Br 
NOX 
Br 
No? 


S 


OEt 
OEt 
OEt 
OEt 
OH 
OH 
OH 
OH 
CsHioNC 


CbHioN 
C.HinN 


CbAIUN 


M.P. .  C. 
190-192 
215.5-216.5 
179.5-180 
193-194 
179-1 80 
193-195 
174. 5-75.5 
168-169 
189-190 
174-75.5 
178.5-79.5 
186- 187 


Yield, 
% LS" 
71 , . .  
52 A 
62 B 
YS B 
92 .,. 
96 . . .  
95 . . .  
96 . . _  
5Y c 
81 D 
96 E 
91 D 


- - 


RSb 
A 
A 
A 
A 
B 
C 
D 
E 
A 
C 
A 
F 


Anal. , 
7 C a l c d . -  -Found- 


C H N C H N 
64.43 4.03 3.13 64.42 3.97 3.06 
64.29 3.79 6.25 64.22 3.73 6.23 
60.00 3.52 2.90 60.28 3.40 2.87 
60.57 4.35 6.76 69.39 4.47 7.20 
62.86 3.33 3.33 62.56 3.68 3.96 
62.85 3.09 6.67 63.26 3.22 6.92 
58.15 2.86 3.08 58.24 3.02 3.20 
68.39 3.63 7.25 67.84 3.57 7.06 
66.53 4.72 5.75 66.73 4.77 5.73 
66.53 4.52 8.62 66.31 4.74 8.23 
62.19 4.22 5.37 62.39 4.41 5.04 
71.25 5.08 9.27 71.45 5.11 8.85 


-___ 
"Leaching solveat: A ,  cold absolute EtOH; B, EtOH (-5O (2.); C .  Eta0 (0' C.); D. high boiling petroleum ether (at 


50' C.); E ,  low boiling petroleum ether. bRecrystallization solvent: A ,  absolute EtOH; B, EtrO-petroleum ether (30-60°). 
C ,  hot CsHs; D .  warm CsHs-petroleum ether (30-60') (1:l); E ,  50% EtOH; F. warm OH#, followed by MhCO-HzO. =Pi: 
peridyl. 


These failures are consistent with literature re- 
ports ( i)  which indicate an increased condensing 
power with decreasing electronegativity of the 
halide. 


The pharmacological activity of the reported 
compounds is currently being investigated. 


EXPERIMENTAL2 
2-Benzyl-4'-methoxyphenacylpyridinium Bromide 


(Ia).-Fifty grams (0.22 mole) of 4-methoxy- 
phenacylbromide was mixed with 75 Gm. (2 equiva- 
lents) of 2-benzylpyridine and heated at 40-45" 
with constant stirring for 40 minutes. The dark 
brown cake resulting was refrigerated for 3 days, 
broken up, and leached with 250 ml. of hot ethanol. 
The yellowish slurry was then filtered and washed 
with 50 ml. of ice-cold acetone to yield 55.5 Gm. 
(65%) of a yellowish-white solid, m.p. 227-230" 
dec. The melting point was  raised to  241-242" 
dec., after recrystallization from hot acetone. 


Anal.-Calcd. for CZ1HIOBrNOP: C, 63.47; H, 
5.04; N. 3.53. Found: C, 63.40; 11. 5.14; N, 
3.76. 
2-(4'-Methoxyphenyl)-3-phenylindolizine (Ha). 


-Forty grams of Ia was placed in a 3-L. three- 
necked flask equipped with an addition funnel, a 
stirrer, and a water condenser and mixed with 1.5 
L. of saturated sodium bicarbonate solution. The 
mixture was stirred and heated under reflux for 6 
hours. Any foaming that took place was controlled 
by the addition of ethanol as needed (volume of 
ethanol should not exceed 30 ml.). The mixture was 
allowed to  stand at room temperature overnight. 
Filtration and washing of the solid with 500 ml. of 
hot water gave a greenish-yellow solid which was 


* All melting points were taken on a Fisher-Johns appara- 
tus and are uncorrected. Microanalyses by Swartzkopf 
Microanalytical Laboratories, Woodside. N. Y. 


recrystallized from acetone-HZ0 to give 23 Gm. of 
yellowish-white flakes, m.p. 97-98'. An additional 
5 Gm. was obtained by overnight refrigeration of 
the recrystallization liquor. The total yield was 
93%. If a green gum forms on standing. separate 
from the bulk of the solid, dry in air overnight, 
pulverize. and recrystallize from acetone-H,O. 


Anal.-Calcd. for CzlHl7NO: C, 84.28; H, 5.69; 
N, 4.68. Found: C, 81.18; H, 5.77; N,4.95. 
2-( 4'-Chlorobenzyl)- 4" -methoxyphenacylpyridin- 


ium Bromide (Ib).-Fifty grams (0.22 mole) of 
4-methoxyphenacylbromide was mixed with 2 
equivalents of 2-(4'chlorobenzyl)pyridine as de- 
scribed above, warmed to 40' and stirred for 8 min. 
The light tan solid cake was cooled immediately 
in ice and, when the reaction subsided (as evidenced 
by the cessation of fuming), placed in the refrigerator 
and allowed to  stand for 2 days. The solid was then 
fragmented and dissolved in 250 ml. of hot methanol. 
The solution was evaporated to '/J volume, placed 
at - 10' for 3 hours, and filtered with suction to give 
20.5 Gm. of product, The liltrate was diluted with 
an equal volume of ether and filtered to give an 
additional 41 Gm. The solids were combined 
washed with 100 ml. of ice-cold ether, dried, washed 
with 100 ml. of iced water, dried with suction, and 
then dried overnight over CaClz. Recrystalliza- 
tion from hot acetone gave 58.5 Gm. of snow white 
flakes, m.p. 231-232" dec. (64%). 


.4nal.--Calcd. for CnHl&1BrN02: C, 58.33; 
H, 4.63; N, 3.24. Found: C, 58.54; H, 4.51; 
N, 3.13. 
2-(4'- Chloropheny1)-3- (4'-methoxyphenyl)in- 


dolizine (IIb).-Forty-two grams (0.097 mole) of Ib 
was stirred and refluxed in the manner previously 
described with 2.5 L. of saturated sodium bicar- 
bonate solution for 4 hours and the suspension al- 
lowed to stand overnight. Filtration, followed by 
washing with three 300-ml. portions of hot water and 
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air drying for 60 hours, gave 30.5 Gm. (93y0) of 
light tan solid. The product recrystallized from 
50% ethanol in long gray needles, m.p. 118.5 to 
119.5’. 


AnaZ.-Calcd. for GIHl&!lNO: C, 75.60; H,  
4.81; N. 4.19. Found: C, 75.41; H,  4.76; N, 
3.85. 


2 - (4’- Hpdroxyphenyl) - 3 - pheny1hdolizine.- 
Twenty-five grams (0.084 mole) of IIa was mixed 
with 100 ml. of 30% hydrobromic acid in acetic acid 
in a two-necked flask equipped with a stirrer and 
water condenser; the mixture was refluxed for 6 
hours with constant stirring. The resultant dark 
green suspension was suction filtered and the pre- 
cipitate pulverized and macerated 3 hours with 
water, then filtered to give a 30% recovery of 
starting material. The original acidic filtrate was 
poured slowly into 300 ml. of iced 5 N sodium hy- 
droxide solution and mixed with 150 ml. of ether. 
The mixture was filtered, the precipitate mixed with 
enough cold water to  effect solution, acidified with 
hydrochloric acid to give a solid which was dis- 
solved in benzene. The benzene was dried over 
anhydrous sodium sulfate and evaporated to  give a 
dark oil which changed to a brownish-yellow solid 
(solid A )  when triturated with 50 ml. of petroleum 
ether (30-60”). The ether-sodium hydroxide mix- 
ture was separated. The ether layer dried and 
evaporated to  give a brown oil, which changed to a 
brown gum when triturated with petroleum ether. 
The gum was allowed to  dry in air overnight, pul- 
verized. washed with petroleum ether, and air 
dried to  give a brownish-yellow solid (B). Solid A 
weighed 6 Gm. and B weighed 6.2 Gm. (total 51y0 
yield). Each was crystallized from hot benzene- 
petroleum ether to give dark yellow tlakes, m.p. 
157-158’ dec. after drying a t  85’ for 1 hour. (Mixed 
melting point A and B, 156-157’ dec.) 


And-Calcd. for CdIlsNO: C, 84.30; H,  5.26; 
N,4.92. Found: C,84.44; H.5.18; N,4.71. 


2-(4’- Hydroxypheny1)- 3-(4“- chloropheny1)indol- 
hime.-Twenty grams (0.062 mole) of I Ib  was 
treated with 75 ml. of 30% hydrobromic acid in 
acetic acid as described above. After 6-hours re- 
flux, the dark green solution was allowed to stand 
overnight. Filtration gave 1.8 Gm. of starting 
material. The filtrate was poured onto 300 ml. 
of iced sodium hydroxide solution (5 N), extracted 
with 150 ml. of ether, and processed as above. 
The ether layer was separated, dried, and evaporated 
to give a dark green gum. The gum was triturated 
with petroleum ether (30-60’), filtered, pulverized, 
and washed with 500 ml. ot petroleum ether. Total 
yield was 13.2 Gm. of a brown powder which was 
carefully recrystallized from ethanol-water to  give 
tan plates, m.p. 130-131’ (mixed melting point with 
starting material 105-107”). 


And-Calcd. for GoHd21NO: C, 75.23; H. 
4.39; N. 4.39. Found: C, 75.08; H,4.20; N,4.09. 


General Method for Preparation of the Ethyl- 
glyoxylates of III.-Into a 250-ml. three-necked 
flask equipped with a stirrer, water condenser. and 
dropping funnel was added 0.06 mole of the ap- 
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propriate indolizine suspended in 100 ml. of ben- 
zene. The mixture was stirred and heated to  re- 
flux, at which time 1.05 M equivalents of ethoxalyl 
chloride was added all at once. The dark solution 
was refluxed for 90 minutes and allowed to cool and 
stand overnight. The mixture was processed by a 
modification of a previously described method (5). 
The dark solution was poured into 500 ml. of ice 
water and the mixture suction filtered to  remove a 
portion of the impure product (with IIIb, this solid 
was unreacted starting material). The layers of 
the filtrate were separated, and the aqueous lxyer 
was washed with 10-30-ml. portions of chloroform. 
The organic phases were combined, washed with 
200 ml. of water, dried over anhydrous sodium sul- 
fate, filtered, and evaporated under reduced pres- 
sure to  give a solid product. The combined solid 
was then leached, dried in air, recrystallized, and 
dried under vacuum. 


Hydrolysis of the Ethylglyoxylates of II1.-One- 
hundred milliliters of 5 N sodium hydroxide was 
added to  2.5 Gm. of the appropriate ethylglyoxylate 
derivative contained in a two-necked 250-ml. flask 
equipped with a stirrer and water condenser, and 
the mixture was stirred at reflux for 10 hours (eight 
hours with ethyl 2-(4’-bromophenyl)-3-phenylin- 
dolizylglyoxylate). The suspension was cooled and 
filtered. The precipitate suction dried, then sus- 
pended in 500 ml. of water for 1 hour a t  60’, then 
overnight at room temperature. The suspension 
was filtered, the filtrate treated with 6 N hydro- 
chloric acid to  pH 6 and allowed to cool in the 
refrigerator for 3-5 hours. The resulting suspension 
was suction filtered, the solid washed with 200 ml. 
of water, and thoroughly dried and recrystallized 
from the appropriate solvent. 


Reaction of the Ethylglyoxylates of III with Piper- 
idhe.-Five grams of the ethylglyoxylate was 
mixed with 100 ml. of piperidine in a 150-ml. dis- 
tilling tlask and refluxed for 12 hours under a water 
condenser. The mixture was cooled and allowed to 
stand overnight. Any insoluble tars that formed 
were filtered out, and the filtrate was evaporated 
under reduced pressure to  remove the excess piperi- 
dine. The oil which remained was triturated with 
low boiling petroleum ether until it was trans- 
formed into a thick gum or powdery solid. The 
partially purified solid was then allowed to  dry in 
air, leached with 150 ml. of solvent, suction filtered 
until dry, and recrystallized to  give the correspond- 
ing 2,3-disubstituted piperidinoxalylindolizine. 
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Iarrier containing an interacting colloid material. 
Now D ,  is given by ( 4 )  


i J m  


K ,  D, = 


where P ,  and K ,  are the permeability coefficient 
md partition coefficient for the compartment I phase 
md the colloid solution barrier phase I t  has been 
shown (4) that P, and P = D,K1 would be about 
the same for dilute colloid solutions. i . e  , the steady 
state rates of the free solute contribution to trans- 
port and of the zero colloid case would be essentially 
the same. However, K, would be greater than K1 
~y the factor 


yo + .vcbo 
-0 


Therefore. T in Eq. 14 would be greater than the r 


given by Eq. 1 by approximately this factor. 


When U,MCK, >> l).Co, the lag time for the same 
problem will be determind by the transport rate of 
the colloid and we may write 


h' 
iD, 


r ..- -- ,Eq. 15) 
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Thiaindanones I1 


Nitration, Acetylation, and Mannich Reactions 


By JOSEPH S A M  and ALONZO C .  THOMPSON 


The nitration, acetylatioo, and Mannich reac- 
tions withthiaindanonesare described. These 
reactions were observed to be analogous to 
similar reactions with 2-acylthiophenes nod 


1-indanooe. 


m 4 r N D A N o N m ,  represented by structures I 
Tand 11, were observed to undergo reactions 
similar to those encountered with acylthiophenes 
[ I I I )  and indanones (IV).  


I1 
I 


"I IV 


'The nitration of 5-methylthiaindanone (V) re- 
sulted in both ring substitution (VI) and in ring 
cleavage (VII).  The ratio of nuclear substitu- 
tion to carbonyl displacement was dependent 


R m i v c d  {uly 23,. 1863, f rom,  th,c School of Pharmacy, 
University o Mississippi, University 


A m p t r d  for publication August ,2B, 1883. 
Abstracted in pn r t  from a thesip submitted by Alonu, 


C. Thompsun to  the  Craduat r  Srhool. Univerdty of 
rMississippi. in pnrtinl fulfillment of Doctor of Phl loaphy 
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The  authors are grateful to  Rristnl Laboratories for the 
financial support of this project 


Pmvious paper: Sam, J. ,  and Thompson .  A. C.,  THIS 
J O U R N A L ,  52,898(1863). 


upon the temperature a t  which the nitration was 
performed. At a temperature below -6' ( - 6  
to -15') only the nuclear substituted nitro 
derivative was isolated, whereas above 0" (0 to 
10') both carbonyl displacement and ring sub- 
stitution occurred (Table I). 


Structures V1  and V I I  were assigned to the 
nitration products on the tmsis of analysis, neu- 
tralization equivalent in the case of V I I ,  and 
analogy to the nitration products of 9-acetyl- 
thiophene. 


Rinkes (1) had shown earlier that  replacement 
of the carbonyl group by the nitro group takes 


TABLE I . - ~ I T R A T I O N  OF 0.1 MOLE O F  S M E T H Y L -  
T>XIAIXDAS-6-OSK 


Temp.. Ratio of VI/VI I ,  
"C. Gm. 
- 15 1 O : O  


- 6  12:O 
0 S:?  


5 : 3  
, 


10 
* .  
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TABLE II.-THIAINDAN-6-ONE MANNICH BASES 


RI RZ 
(CHdsN CHI 
C4H@NOC CHI 
CIHION~ CHa 
(CHa)tN CHa 
(CHshN CsH5 
(CHahN H 
(CHahN CHa 
(CHahN CHI 


Ka 
H 
H 
H 
N 01 
H 
H 
c1 
H 


M.p., Yield, 
OC. % 


1&1-186° 60 
184-186O 30 
189-190" 56 
183-185e 54 
103-104a 57 
178-179' 80 
215dec.' 72 
186-18S8 72 


0 


Analyses, '% 
7- Calcd. __ - Found - 


C H N C H N  
53.81 6.52 5.70 53.69 6.56 5.07 
54.26 6.26 . . . 54.29 6.26 _ _ .  
58.84 7.00 . . . 59.01 7.08 .. . 
45.43 5.16 9.63 45.67 5.13 9.16 
70.85 6.24 5.17 70.60 6.45 5.03 
51.83 6.04 6.04 52.01 5.88 6.08 
47.19 5.39 .. . 47.15 5.56 _ _ .  
53.81 6.52 .. . 53.85 6.43 .. . 


a Recrystallized from an ethanol-ethyl acetate mixture. b Hydrochloride. c Morpholino. d Piperidino. e Recrystallized 
from ethanol. I Calcd.: C1. 15.33; S .  13.87. Found: Cl, 15.15; S .  13.85. o 5-Methyl-5-dimethylaminomethylthiaindan- 
4-one. 


place during the nitration of 2-thiophenecar- 
boxylic acid and 2-acylthiophenes at  low tem- 
perature (-6"), but is secondary to nuclear sub- 
stitution in the 5-position. 


The nitration of a-methyl-fl-(3-thienyl)pro- 
panoic acid (VIII) yielded a mononitro product 
different than VII. The yield was low (25%); 
most of the starting material was recovered. 
None of the 2-substituted derivative (VII), 
however, was isolated. The acylation of VIII 
also gave a mono acetylated product. The latter 
was oxidized with sodium hypobromite to yield 
a diacid. On the basis of earlier work by Har- 
tough and Kosak (2) on the acylation of 3-methyl- 
thiophene and the work of Rinkes (3) on the 
nitration of 3-methylthiophene, we have assigned 
structures IXa and IXb, respectively, to the 
products of the nitration and acylation of a- 
methyl-~-(3-thienyl)propanoic acid. Conse- 
quently, the diacid was assigned structure X. 


resulted in the bis product (XI). The normal 
Mannich product was obtained when a mixture 
of benzene and nitrobenzene was used as a solvent. 


XI 


The reduction of the Mannich ketone (XIT) 
with sodium borohydride provided XIIIa, 
whereas the reaction of XI1 with benzyl mag- 
nesium bromide yielded XIIIb. Thus far, the 
esterification of XlIIa and XIIIb by the pro- 
cedures described by Pohland and Sullivan (4, 
5) and the procedure described by Burckhalter 
and Johnson (6) on related aminoalkanols has 
been unsuccessful. 


Ma, R=NOZ 
b, R=CH3CO 


J 
.. A 


The applicability of the Mannich reaction to 
the thiaindanones was acertained by the prepara- 
tion of several Mannich bases (Table 11). The 
reactions in ethanol, with one exception, pro- 
ceeded smoothly and resulted in good yields of 
the expected products. This procedure, however, 
withthe unsubstitutedthiaindan-6-one (I, R = H), 


XI1 XIIIo, R=H 
b, R=CBHjCH2 


Preliminary studies indicated that the Mannich 
bases (Table 11), in general, exhibit antibacterial 
activity. A detailed report will be published at 
a later date. 


EXPERIMENTAL' 


S-Methy1-2-nitro-t~~d~-~ne.-Melhod A .- 
The procedure employed 'was essentially' that de- 
scribed by Steinkopf and Jaffe (7) for the nitration of 
2-acetylthiophene. A cold acetyl nitrate solution 
(prepared by the careful addition of 40 Gm. of 


1 All melting points were taken on a Fisher- Johns appara- 
tus and are corrected; boiling points are uncorrected. Infra- 
red spectra were determined on a Perkin-Elmer model 137 
infracord spectrophotometer. 
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fuming nitric acid. sp. gr. 1.50 to 50 ml. of acetic 
anhydride cooled to -6") was added slowly with 
vigorous stirring to  a solution of 20 Gm. (0.13 mole) 
of 5-methylthiaindan-6-one in 75 ml. of acetic an- 
hydride maintained at 10". After the addition was 
complete, the reaction mixture was stirred for 30 
minutes and then poured, with stirring, into 200 ml. 
of cold water. The resulting oily layer was extracted 
10 times with 40-ml. portions of ether; the combined 
extracts were washed three times with 100-ml. por- 
tions of lOyo sodium bicarbonate solution. The 
ether solution was evaporated to dryness, and the 
resulting solid was recrystallized fom ethanol to  give 
5 Gm. (21%) of product, m.p. 98-100". The 
infrared spectrum in carbon tetrachloride showed 
sharp carbonyl absorption at 1740 cm.-', nitro 
absorption at 1340 and the absence of nitro 
absorption at 1520 an.-'. 


Anal.-Calcd. for C&I,NW: C, 48.78; H,  
3.55; N, 7.17. Found: C, 49.06; H, 3.78; N, 
7.37. 


Method B.-The above procedure was followed, 
except that the reaction temperature was main- 
tained a t  -8". From 15.2 Gm. (0.1 mole) of 6- 
methylthiaindan-&one, there was obtained 11.7 
Gm. (68%) of product, m.p. 98-100". A mixed 
melting point with the product obtained by Method 
A showed no depression. 


a-Methyl-&( 2-nitro-3-thienyl)prpanoic Acid.- 
The sodium carbonate wash solutions obtained in 
Method A were neutralized with 10% sulfuric acid 
and extracted five times with 100-ml. portions of 
ether. The ether was evaporated and the residual 
solid recrystallized from water to  give 1 Gm. (4.5%) 
of product, m.p. 135-136". The infrared spectrum 
in carbon tetrachloride showed carbonyl absorption 
at 1890 an.-', broad hydroxyl absorption beginning 
a t  3400 an.-' and extending to 3000 an.-', and 
sharp nitro absorption at 1520 cm.-l. 


4.18; neut. equiv., 216. Found: C, 44.38; H, 4.17; 
neut. equiv., 217. 


The sodium carbonate solution from Method B 
did not yield acid materials. 


a-Methyl-8-(5-nitro3-thianyl)oic Acid.- 
The procedure followed was that employed by Rinkes 
(3) for the nitration of 3-methylthiophene. A 
mixture of 15 Gm. (0.09 mole) of cr-methyl-8-(3- 
thieny1)propanoic acid in 30 Gm. of acetic anhydride 
was added dropwise to an acetyl nitrate solution 
(prepared by the addition of 15 Gm. of nitric acid, 
sp. gr. 1.5, to 25 Gm. of acetic anhydride at 0'). 
The resulting solution was stirred for an additional 
20 minutes at a temperature maintained between 0' 
and -lo", then poured with stirring into ice water 
and extracted 15 times with 6O-ml. portions of ether. 
The ether was evaporated and the residual solid re- 
crystallized from water to give 5.0 Gm. (25%) of 
product, m.p. 95-96'. The infrared spectrum in 
carbon tetrachloride showed sharp hydroxyl ab- 
sorption at 3600 cm.-1, broad bonded hydroxyl ab- 
sorption from 3300 to 3000 cm.-', carbonyl absorp- 
tion at 1750 an.-', and nitro absorption at 1380 
cm. -I. 


Anal.-Calcd. for C~HQNOIS: C, 44.44; H ,  4.18. 
Found: C. 44.68; H, 4.14. 


eMethyl-p-( 5-acetyl-3-thienyl)propanoic Acid.- 
A solution of 34 Gm. (0.2 mole) of a-rnethyl-8-(3- 
thieny1)propanoic acid and 20.4 Gm. (0.2 mole) of 


Anal.--Oalcd. for C~HINOIS: C. 44.44; H ,  
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acetic anhydride was stirred and heated to  60'. 
The source of heat was removed and 2 ml. of 85% 
orthophosphoric acid was added dropwise so that the 
temperature remained below 90". Thereafter, 
the mixture was heated to 1 0 0 O  for 2 hours, then 
cooled to So, treated with 40 ml. of water and 
stirred rapidly for 30 minutes. The oil that sep- 
arated was washed five times with water, taken up 
in 150 ml. of 10% sodium carbonate solution, repre- 
cipitated with concentrated hydrochloric acid, and 
extracted with two 100-ml. portions of ether. The 
ether was evaporated and the residual oil distilled 
to give 16 Gm., b.p. 14o-16O0/0.5-2 mm. and 15 
Gm. (35.4%). b.p. 160-1&0°/2 mm. Redistillation 
of the higher boiling fraction gave product, b.p. 
182"/2.5 mm.; lfDg 1.5548. 


Anal.-Calcd. for CloH120&: C, 56.60; H. 5.66; 
neut. equiv., 214. Found: C, 56.34; H, 5.83; 
neut. equiv., 213. 


~Methyl-8-(5-carbory3-thienyl)propanoic Acid. 
-The procedure employed was adapted from that 
described by Farrar and Levine (8) for the oxidation 
of ketones to acids. A sodium hypochlorite solu- 
tion (prepared by passing 32.2 Gm. (0.45 mole) of 
chlorine into a solution of 44 Gm. (1.1 moles) of 
sodium hydroxide in 60 ml. of water) was heated 
on a steam bath to  55" and treated dropwise with 
10 Gm. (0.07 mole) of crude a-methyl-8-(5-acetvl- 
3-thieny1)propanoic acid so that the temperature did 
not rise above 70'. Thereafter, the mixture was 
heated to  70' and maintained a t  this temperature for 
15 minutes. The excess sodium hypochlorite was 
decomposed by the addition of a solution of 50 Cm. 
of sodium bisulfite in 40 ml. of water. The solution 
was made acid t o  litmus with concentrated hydro- 
chloric acid and extracted twice with 200-ml. por- 
tions of ether. The ether was evaporated and the 
resulting solid recrystallized seven times from water 
togive 5Gm. (33yo)ofwhitecrystals,m.p. 158-160". 
The infrared spectrum in carbon tetrachloride 
showed maxima a t  1690 an.-' and at 1710 ern.-', 
characteristic of aromatic and aliphatic carboxyl 
groups. 


Ad.-Calcd. for CQHIOO&: C, 50.47; H, 4.67; 
neut. equiv., 107. Found: C, 50.52; H, 4.92; 
neut. equiv., 107. 


Thiaindanone Mannich Bases (Table II).-A mix- 
ture of 0.1 mole of the requisite thiaiidanone, 0.1 
mole of the amine hydrochloride, 0.1 mole of para- 
formaldehyde, 10 ml. of ethanol, and 1 ml. of con- 
centrated hydrochloric acid was refluxed for 3 
hours. The reaction mixture either was concen- 
trated and treated with ether or poured, with stirring, 
into 100 ml. of acetone. The solid was removed 
by filtration and recrystallized from a suitable sol- 
vent. 
Bis-(6-oro-5-thiaindanyl)methane.-A solution of 


10Gm. (0.07 mole) of thiaiindan-6-one, 3.0 Gm. (0.1 
mole) of paraformaldehyde, 8.15 Gm. of dimethyl- 
amine hydrochloride, and 2 drops of concentrated 
hydrochloric acid in 30 ml. of ethanol was refluxed 
for 2 hours. The solid which precipitated from the 
solution was removed by filtration and washed with 
10% sodium hydroxide solution and 5% hydrochloric 
acid. The solid was insoluble in the following hot 
solvents: ether, ethanol, water, benzene, toluene, 
dimethyl formamide, acetone, and dioxane. The 
material (15 Gm., 7570) was refluxed in toluene for 
1 hour, filtered, and dried; m.p. 156-168°. 
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a period of 30 minutes and then rduxed for an 
additional 30 minutes. 


The method of Pohland and Sullivan (5) was used 
for the Grignard reaction. To the Grignard reagent, 
prepared as described above, was added a solution 
of 16.1 Gm. (0.08 mole) of 5-methyl-5-dimethyl- 
aminomethylthiaindan-6-one in 200 ml. of dry ether 
over a period of 30 minutes. The reaction mixture 
was decomposed by the dropwise addition of a 
saturated solution of ammonium chloride. The 
ether was decanted from the solid and dried over 
anhydrous magnesium sulfate. 


The ether solution was evaporated on a steam 
bath to  give a red oil which partially crystallized on 
cooling i n a  dry iceacetone bath. The solid sub- 
stance (10 Gm., 44%) was removed by filtration and 
after several recrystallizations from ethanol melted 
a t  113-115'. The infrared spectrum showed 
hydroxyl absorption at 3800 cm.-l and the absence 
of the characteristic carbonyl maximum between 
1600 and 1700 ern."'. 


Anal.-Calcd. for ClsHmNOS: C, 71.76; H, 
7.64. Found: C, 71.61; H, 7.71. A white 
methiodide salt was prepared by the usual procedure 
and recrystallized from ethanol, m.p. 228' dec., 
darkening at 220'. 


And-Calcd .  for CloH~INOS: C, 51.46; H, 
5.85. Found: C, 61.63; H,  5.95. 
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Anal.-Calcd. for CLSH120&: C, 62.47; H, 
4.19. Found: C, 62.22; H, 4.37. 


5-Methyl-5-dimethylaminomethyl~~dan-~l. 
-A modification of the procedure outlined by 
Chaikin and Brown (9) for the reduction of alde- 
hydes and ketones was employed. To a solution of 
18.9 Gm. (0.5 mole) of sodium borohydride in 400 
ml. of 50% methanol, cooled to 20°, was added drop- 
wise, with stirring, a solution of 5-methyl-5di- 
methylaminomethylthiaindan-6-one (prepared from 
56 Gm. (0.23 mole) of the hydrochloride) in 100 ml. 
of ethanol. The rate of addition of the ketone was 
controlled in order to  maintain a reaction tempera- 
ture of about 30". The mixture, following the addi- 
tion of the ketone, was heated for 2 hours at 50'. 
Thereafter, the mixture was concentrated in vucuo 
to  a solid, treated with 200 ml. of water, and ex- 
tracted with three 150-ml. portions of ether. The 
combined ether extracts were dried over anhydrous 
sodium sulfate, separated from the drying agent by 
filtration, and concentrated in vacuo. The residual 
solid (23 Gm., 47.5y0) was recrystallized from 
ethanol, to  give product, m.p. 110-111". The infra- 
red spectrum of the product in carbon tetrachloride 
showed absorption at 3800 ern.-' characteristic of 
hydroxyl groups, and the absence of the carbonyl 
absorption at 1660 cm.-l. 


And-Calcd. for CIIHlrNOS: C, 62.56; H, 
7.49; S, 5.17. Found: C, 62.39; H, 7.75; S, 
15.00. 


5-Methyl-5-dimethylaminomethyl-6-benzylthia- 
hdan-hl.-The method of Gilman and Catlin (10) 
was used in the preparation of benzylmagnesium 
chloride. In  a 1-L. three-necked flask fitted with a 
stirrer, dropping funnel, and a condenser provided 
with a drying tube containing calcium chloride and 
soda lime, were placed 9.5 Gm. (0.4 Gm. At.) 
of magnesium turnings, 25 ml. of dry ether, 5 ml. 
of a solution of 49.34 Gm. (0.3 mole) of benzyl 
chloride in 200 ml. of dry ether, and a crystal of 
iodine. Stirring was begun, and the remaining 
ethereal solution of benzyl chloride was added over 


Benzoxazoles: Potent Skeletal Muscle Relaxants 
By JOSEPH S A M *  and JAMES N. PLAMPIN 


The synthesis of a number of substituted 2-aminobenzoxazoles and benzoxazolinones 
is described. The majority of the compounds exhibit marked muscle relaxant 
activity, two of the most potent being 2-amino-5-chlorobenzoxazole1 and 5-chloro- 


benzoxatolinone.2 


s EARLY AS 1943 Goodman and associates (1) laboratory animals. However, it was not until A reported that benzimidazole produced a 1952 when Domino and co-workers (2) investi- 
reversible flaccid paralysis in various species of gated a series of benzazoles that more than a 
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oratories. substituted benzoxazolinones (3, 4) prompted 


Washington, Pa. 


Presented to the Scientific Section,' A.PH.A., Miami Beach 


* Present address: Department of Pharmaceutical Chem- 


1 Zoxazolamine. Marketed as Flexin by McNeil Labora- 


* Chlorzoxazone. Marketed as Paraflex by McNeil Lab- 








332 Journal of Pharmaceutical Sciences 
(2) Okamoto, G., and Nagayama. M.. Japan. J .  Photm. 


(3) Reddish! G :  F.:, “Antiseptics, Disinfectants, Fungi- 
Lea and Febiger, Philadelphia, Pa., 


( 4 )  Fildes, P., Brif. J .  Expf l .  Pafhol., 21,67(1940). 
(5) Walker, E. L., Sweeney M. A., and Freedlander, 


B. L., J .  Pharmacol., 42, 17(1931). 
6 )  Dunker, F. W., and Gruhb, T. C.,  J. Bacfcriol., 39, 


243 \ 1940) 
(7) Yale, H. L.. J. Mcd.  Pharm. Chcm.. 1, 121(1959). 
( 8 )  Abraham, E. P..  Chain, E., Fletcher, C.. Florey, H . .  


Gardner. A,. Heatley, N. G.. and Jennings, M. A,, Lancet, 2, 
177(1941). 


(9) Foster, J. W.. and Woodruff, H. B., J .  B id .  Chcm., 
148. 723(1943). 


(10) Vincent, J. G . ,  and Vincent, H. W., Proc. Soc. E x p f l .  
Biol. Med . ,  55, 162(1944). 


(11) Gilman, H., Bell, T.. Brannen, C.,  Bullock, M., Dunn, 
G.. and Miller, L., J .  A m .  Chcm. Soc., 71, 1499(1949). 


(12) Maung, M. M., and Lagowski,.J. J., “Fluorine Suh- 
stituted Mono and Bis- (Aryl) Mercunals,” Master of Arts 
Thesis, Graduate School, University of Texas, Austin, 1963. 


(13) Emeleus. H. J., and Haszeldine, R. N. ,  J .  Chcm. Soc., 
1949,2948. 


(14) Lagowski, J. J., Ph.D. Dissertation, University of 
Cambridge, Cambridge, England, 1959. 


(15) Powell. H. B., and Lagowski, J. J. “Proceedings 
Seventh International Conference on Coordihion Chemis: 
try,” Stockholm and Uppsala, Sweden, June 1962, p. 223. 


C h m . ,  24,368(1952). 


cides and Stenlization, 
1957 pp. 284-304. 


ment of the mercury atom and make it a more effec- 
tive electron-pair acceptor (15). 


If the antibacterial activity changes with the 
electronic effect of the halogen and the trifluoro- 
methyl groups, substitution in the orlho and para 
positions would affect the electronic environment of 
the mercury atom more than substitution in the 
mete position, and the activity of former compounds 
would be greater than the latter chemical. This 
was observed with the high concentrations. 


I t  might be postulated that with very dilute sam- 
ples certain factors such as the dispersion of the 
drug, the media, or the dilution factor might over- 
shadow or interfere in some manner with the elec- 
tronic effect of the trifluoromethyl group. Perhaps 
other testing techniques which are more sensitive 
should be employed to test the antibacterial ac- 
tivity of the very dilute samples. 
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Colorimetric Determination of Chlorpheniramine Maleate 
By JOSEPH HUDANICK 


A sensitive colorimetric method has been de- 
veloped for determining chlorpheniramine 
maleate in various pharmaceutical prepara- 
tions. The method is especially suitable as a 


rapid control method. 


m o w n E N I m M i r i E  MALEATE, a pyridine derived C antihistamine, is presently marketed in a 
variety of pharmaceutical preparations. Its deter- 
mination is especially difficult when present in 
small amounts and in combination with certain other 
antihistamines and related compounds. Ordinary 
methods (1-3) such as ultraviolet, chromatographic, 
and gravimetric techniques, are time consuming and 
relatively nonselective. Jones and Brady (4) 
describe a general colorimetric method for determin- 
ing pyridine derived antihistamines which is a 
modification of the Koenig reaction ( 5 ,  6). This 
method in its present form is of low sensitivity and 
unsuitable for mixtures of antihistamines. By 
changing the reaction conditions and using sulfanilic 
acid instead of aniline and an acetate buffer instead 
of phthalate, chlorpheniramine formed a very 
intense transient yellow suitable for quantitative 
analysis. The intensity of the color (absorption 
peak at 480 mp) is approximately 40 times that ob- 
tained by the Jones and Brady method and about 
three times as sensitive as the ultraviolet method. 
In addition, the color is very reproducible (standard 
deviation 0.40/,) and unaffected by the presence of 
methapyrilene HC1 and pyrilamine maleate, two 
pyridine derived antihistamines which are commonly 
associated with chlorpheniramine in many prepara- 
tions. The very closely related compounds, 
pheniraniine maleate and brompheniramine maleate, 
react the same as chlorpheniramine maleate. The 
method has been found suitable for determining 
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chlorpheniramine in many varied tablet combina- 
tions and timed release pellets. 


EXPERIMENTAL 


Buffered Sulfanilic Acid Solution.-Dissolve 2.5 
Gm. of sulfanilic acid and 4.00 Gm. of anhydrous 


I 


a 0.700 : 0.600 


10mcg- 


2 10 18 
6 14 22 


TIME, MIN. 


t 0.900 
a 0.800 


0.700 


Fig. 1.-Plot of ab- 
sorbance us. time for 
specific concentrations 
of chlorpheniramine 
maleate. 


4 2 0.600 . 
3 0.500. 
4 0.400. 


2 0.200. 
X 0.300. 


0.100 . 


10 30 50 70 90 
CHLORPHENIRAMINE MALEATE, mcg./ll.O ml. 


Fig. 2.-Plot of maximum absorbance of developed 
color us. concentration. 
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compounds. As previously described 1 ml. of each 
solution was used for the color reaction and the 
maximum absorbance recorded. The results of 


Chlorpheni- duplicate runs are shown in Table I. No significant 
interference was observed a t  the stated concentra- 
tions. Normal tablet excipients and compounds 


+ 8oo Methapy&ne HCI 0.461,0.460 o.460, o.462 such as aspirin, phenacetin, caffeine, and ascorbic 
+ 800 Pyrilamine maleate 0.461,0.459 acid do not interference. 


TABLE I.-EFFECT OF DIVERSE AhfINE CoMWUNDS 
ON ABSOREIANCE 


40 mcg. 


ramine Maleate + Compd. Added, mcg. Absorbance 


+2OOO Phenybropanolamine 0.463,0.459 Chromatographic I&.ndfica,ion 
HCI 


+2000 Phenylephrine HCI 0.464* 0.460 .4 paper chromatographic separation is used to 


+2000 4-2000 Racephedrine Dextromethorphan HCI ascertain which of the three similarly reacting anti- 
HBr histamines (pheniramine, brompheniramine, or 


chlorpheniramine maleate) is present in a sample. 
The sample and control spots (pipeted as ether ex- 


graphed using an ascending technique on Whatman 
No. 1 paper which has been pretreated by soaking in 
2.0% aqueous ammonium sulfate and thoroughly air 
drying. The developing solvent is made by shaking 


ml, aqueous 6.0% 
citric acid. After separation of the phases, the 
butanol layer is used as the mobile solvent and the 
aqueous layer as the immobile After 


0.458.0.461 o,460, o,459 


'Odium 40 ml' water and to 175 tracts from aqueous alkaline solutions) are chromato- 
ml. with 95% ethanol. 


mality was adjusted to  f2.0%. 


cyanogen bromide into 50 ml. water and keep under 
refrigeration. 


Stock Standard Solution.-This is a solution of 
chlorpheniramine maleate in 0.25 N HCI, concentra- 


Aqueous Acid 0'25 N'-The 'Or- 


Bromide Solution*-Dissolve ''O Gm. 
ml, of n-butanol with 


tion = mg'/ml. Prepare containing chromatographing for 15 hours, the paper is ah dried 
O.O1* O.O2* 0.O4v and 0.08 mg./ml. chlorpheniramine and dipped into DragendorFs reagent (2) to locate 


the spots. The R/ values for pheniramine, brom- 
pheniramine, and chlorphenhamine are o,25, o,58, 
and o,53, respectively. 


maleate in 0.25 N HCI from this solution. 
Pipet 7.0 ml. of buffered sulfanilic acid solution 


into each of five 50-ml. glass-stoppered Erlenmeyer 
flasks. Pipet 1.0 ml. of the serial dilutions into the 
flasks; pipet 1 rnl. of 0.25 N HCl for a reagent blank 
into one flask. Add 3.0 ml. cold cyanogen bromide 
solution to each with Determine the A colorimetric method based upon the Koenig 
absorbance of the solutions relative to the reagent reaction has been described for determining chlor- 
blank at l-minute intervals at 480 mru on a Beckman pheniramine maleate in certain pharmaceutical 
DU spectrophotometer. A plot of absorbance Preparations. The method requires very little time 
VelSl lS time is s h o w  in ~ i ~ .  1 ; a plot of maximum to Perform and has very good Precision. (Standard 
absorbance versus concentration is shown in Fig. 2. 
The maximum absorbance is linear with respect to 
concen ti-at ion . 


SUMMARY 


deviation is 0.4%.) 
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Interference from Other Amines 
4(1961). 


To determine the interference from certain other 
arnines, solutions of chlorpheniramine maleate (con- 
centration = 0.040 mg./ml. in 0.25 N HCI) were 
prepared containing added amounts of the various 


Solubility and Dissolution Rates in Reactive Media 
By W. I. HIGUCHI, EINO NELSOPJt, and J. G. WAGNER$ 


The  relationship between the dihsion-con- 
trolled dissolution rate of a substance in a 
reactive medium and the solubility of the sub- 
stance in the medium has been anal zed. 
The results reconcile the total solubility 
method and the simultaneous diffusion and 
chemical reaction method of interpreting 


data on dissolution rates. 


HE PROBLEM OF dissolution rates of solids in T reactive solutions has been recently examined 
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by the total solubility method (1-3) and by the 
simultaneous chemical reaction and diffusion 
(SCRD) method (4). Because of the differences be- 
tween the two concepts and because the problem 
is important, it appears that a clarification of the 
data is necessary. 


Both theories are based on the diffusion layer (or 
film) model; therefore, they both assume that the 
dissolution rate is controlled by diffusion rates of 
the important species through this layer. The 
model assumed in the SCRD method takes into 
account simultaneous rapid reversible chemical re- 
action and diffusion of all the important species. 
The resulting equations for dissolution rate, G, in 
this case are relatively complicated. On the other 








Idoxuridine-A Preliminary Report 
By LOUIS J. RAVIN, CHARLES A. SIMPSON, and ALFRED F. ZAPPALA 


Data are presented to show that the rincipal 
decomposition products of idoxuricfke oph- 
thalmic solution in acidic media (PH 1.3 to 
6.7) are 5-iodouracil and 2-deoxyribose. A 
trace of Z'-deoxyuridine was also detected. 
Uracil was not formed under the conditions 


of these experiments. 


WRING THE development of a clinically ac- D ceptable idoxuridine ophthalmic solution it was 
necessary to determine the type of breakdown 
products formed during storage a t  temperatures 
ranging from 5 to 60". This note presents some 
preliminary information concerning the nature of 
the decomposition products formed when idox- 
uridine ophthalmic solution is artificially decom- 
posed in acidic media (pH 1.3 to 6.7). 


A column partition chromatographic procedure 
was developed (1) and subsequently used to separate 
the decomposition products from the idoxuridine. 
The individual components were then assayed by 
spectrophotometric methods. 


Idoxuridine, some possible decomposition prod- 
ucts, and an artificially decomposed solution of 
idoxuridine ophthalmic solution were chromato- 
graphed on paper using a n-butanol3 N ammonia 
solvent system. A comparison of the approximate 
Rrvalues obtained are listed in Table I. 


It can be seen from these data that the principal 
products formed when idoxuridine ophthalmic 
solution decomposes in acidic solution are 5 
iodouracil, 2-deoxyribose, and 2'-deoxyuridine. 
Subsequent analysis of degraded samples by the 
partition column procedure substantiated that the 
breakdown products formed under these conditions 
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TABLE I.-~OMPARISON OF APPROXIMATE R, VALWS 
OBTAINED FOR IDOXURIDINE, SOME POSSIBLE 


DECOMPOSITION PRODUCTS, AND AN ARTIFICIALLY 
DECOMPOSED OPHTHALMIC SOLUTION 


- R j  Values- 


Known Decomposed 
Artificially 


2'-Deoxyuridine 0.23 0.23 (Trace) 
Uracil 0.28 
Idoxuridine 0.31 0.31 (Large) 
2-Deoxyribose 0.37 0.39 (Significant) 
5-Iodouracil 0.50 0.48 (Significant) 


Material %In. Soh. 


Fig. 1.-Plot showing de- 
creasing idoxuridine and in- 
creasing 5-iodouracil concen- 
trations for artificially de- 
composed idoxuridine oph- 
thalmic solutions. 


0-0 


% 5-IODUIUCIL 


are 5iodouracil, 2-deoxyribose, and a trace of 
2'-deoxyuridine. Figure 1 shows a plot of per 
cent idoxuridine versus per cent 5iodouracil. The 
linear relationship having a slope of 0.95 indicates 
that for every mole of idoxuridine that decomposes, 
approximately 1 mole of Siodouracil is formed, 
further indicating that Siodouracil and 2-deoxyri- 
bose are the principal breakdown products. Uracil 
was not detected in the decomposed samples under 
the conditions of this study. 


REFERENCE 
(1)  Smith Kline and French Laboratories, to be published. 


Thin-Layer Chromatography of Iodochlorhydroxyquin 
By B. P. KORZUN, S. M. BRODY, and F. TISHLER 


A thin-layer chromatographic method is described for the separation of iodochlor- 
hydroxyquin and its intermediates. The method is applicable not only to the sub. 
stance but also to its pharmaceutical formulations, in  which the material is 


suspended in  ointment or cream. 


HE PRESENT analytical procedures (1-4) avail- T able for determining iodochlorhydroxyquin.l 
both as the substance and in formulations, do not 
distinguish between iodochlorhydroxyquin and its 
possible intermediates. The colorimetric procedure 
of Haskins and Luttermoser (2) and the paper chro- 


Received October 18. 1983, from the Research Depart- 
ment, Ciba Pharmaceutical Company, Division of Ciba 
Corporation, Summit, N. J. 


Accepted for publication November 12. 1063. 
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matographic procedure of Castiglioni (3), although 
capable of separating 8-hydroxyquinoline from 
iodochlorhydroxyquin. do not separate iodochlor- 
hydroxyquin from other halogenated hydroxy- 
quinoline intermediates. 


A semiquantitative thin-layer chromatographic 
procedure. using polyamide as the adsorbant, has 
been developed which separates iodochlorhydroxy- 
quin from all probable intermediates, except 5,7-di- 
chlorohydroxyquinoline. In combination with iodo- 
chlorhydroxyquin, the limit of detection is 0.25 mcg. 


976 








Critical In Vitro Factors in Evaluation of 
Gastric Antacids I1 


Inhibition of Neutralization Rate of Dried Aluminum 
Hydroxide Gel 


By MILO GIBALDI, JOSEPH L. W I G ,  and LEWIS AMSEL 


It was determined that the in vitro neutralization rates of dried aluminum hydroxide 
el are dependent on the amount of antacid used. Neutralization rates of aluminum 


iydroxide were inhibited by a variety of materials, includin proteins, enzymes, 
polypeptides, amino acids, and certain organic acids. Severaf possible inhibition 


mechanisms are explored. 


HE MARKED INHIBXTORY effect of peptone and 
Tpepsin on the in vitro activity of nonefferves- 
cent antacids has recently been reported (1). 
The significance of these findings is that similar 
inhibition might occur in the stomach. Since 
antacids are most frequently administered after 
meals, it is conceivable that a nonspecific, protein- 
induced inhibition of certain alkalizing agents 
could result in considerable loss of antacid activ- 
ity. In view of the importance of gastric ant- 
acids in modem therapeutics, it was decided to 
continue the investigation of this phenomenon. 


Previous work has indicated that aluminum 
hydroxide, of all antacids tested, demonstrates 
the highest susceptibility to the inhibitory effect 
of polypeptides. Therefore, the possible in- 
hibitory effect of various proteins, polypeptides, 
and amino acids on the in vitro activity of dried 
aluminum hydroxide gel U.S.P. is considered in 
this report. Certain aspects of the inhibition 
mechanism are also explored. 


EXPERIMENTAL 


Rate of neutralization and buffering capacity 
studies were carried out in accordance with the speci- 
fications reported by Desai el al. (1). All experi- 
ments, except where noted, were conducted using 
1.0 Gm. of dried aluminum hydroxide gel U.S.P. 


Relationship of Rate of Neutralization to Bullering 
Capacity.-It has been proposed that the poly- 
peptide inhibitory effect on the ouffering capacity of 
noneffervescent antacids indicates a kinetic or re- 
versible phenomenon rather than an irreversible 
state (1). This conclusion was based on t he  ob- 
servation that the polypeptides had no effect on the 
total volume of acid neutralized but reduced the 
maximum pH attained auring the course of the 
experiments. Therefore, it was reasoned that the 
over-all effect of polypeptides on the antacid buffer- 
ing capacity could be ascribed to an inhibitory in- 
fluence on the rate of neutralization. This reasoning 
is supported by the results depicted in Figs. 1 and 2. 
A definite relationship exists between these two 


Received April 27, 1964, from the College of Pharmacy, 
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evaluatory procedures. A more prolonged neu- 
tralization time results in a lower maximum pH 
value in an analogous buffering capacity determina- 
tion. 


Past reports have considered the buffering capac- 
ity of a given antacid as involving an equilibrium 
state. Therefore, if antacid compound A is capable 
of neutralizing X ml. of 0.1 N HC1, and antacid com- 
pound B consumes an equal quantity, these com- 
pounds have been considered comparable. Since the 
rate of secretion of HCI in  viuo is a significant vari- 
able, it must be appreciated that the integrd, d pH/d 
ml. acid, is a more valid criterion of antacid activity. 
Thus, if one were to consider the plots in Fig. 2 as 
representative of hypothetical compounds A, R, and 
C, it may be noted that although all antacids have 
the same buffering capacity ( i e . ,  consume the same 
quantity of 0.1 N HCI), they are far from equivalent. 
Compound A would most likely be the more effec- 
tive antacid. If the total area under the curve is a 
more valid indication of antacid activity, then the 
situation is no longer equilibrium dependent. 
Rather it becomes kinetic in nature, and the rate of 
reaction of the antacid with HCl is the determining 
factor. 


I L , .  . I 
o 5 10 15 20 $5 30 as 40 46 ' 


Fig. 1.-Rate of neutralization of AI(0H)r in 50 
ml. 0.1 N HCI. Key: A, 1.0 Gm. Al(OH)s; B, 
1.0 Gm. Al(OH)a + 250 mg. pepsin; C, 1.0 Gm. 
AI(OH)a 4- 250 mg. peptone. 


TIME, MIN. 


34 i 


+- . .  I . . , . . . . . . .  


0 20 40 80 80 160 i1o 140 
TIME, MIN. 


Fig. 2.--Buffering capacity of Al(OH)a in an 
initial quantity of 50 ml. 0.1 N HCI f 0.1 N HCI 
added a t  rate of 2.0 ml./min. Key: A, 1.0 Gm. 
AI(0H)r; B, 1.0 Gm. AI(OH)s + 250 mg. pepsiq;, 
C, 1.0 Gm. AI(0H)q + 250 mg. peptone, 
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verify this belief, the rate of neutralization of var- 
ious excess amounts of aluminum hydroxide was 
studied. The results depicted in Fig. 3 clearly re- 
veal the strong dependence of neutralization rate 
on the amount of antacid employed. Experiments 
using magnesium trisilicate and calcium carbonate 
yield equivalent results. 


These data indicate that, under similar in uzvo con- 
ditions, the onset of action of noneffervescent ant- 
acids will be dependent on the dose administered. 
According to  these findings, it is quite plausible that 
a double dose of an antacid would have considerably 
more than twice the antacid activity of a single dose. 
Additional experiments established that the rate of 
neutralization of effervescent antacids are inde- 
pendent of the amount used. 


Effect of Amount of Inhibitor on Rate of Neu- 
tralization.-As indicated in Fig. 4, the extent of 
inhibition increases proportionately with the amount 
of peptonel employed. This relationship held for 
all inhibitors tested. I t  is clear that even relatively 
small amounts of polypeptide would essentially 
negate the antacid activity of aluminum hydroxide 
by depressing the neutalization rate. 


4 


TIME,  M I N .  


Fig. 3.-Rate of neutralization of various doses 
of Al(0H)s in 50 ml. 0.1 N HCl. Key: A, 2.0 
Gm.; B, 1.0Gm.; C,0.5Gm.; D.0.25Gm. 


‘L . . I 
0 10 20 30 40 5b 60 70 80 90 


T I M E ,  M I N .  


Fig. 4.-Effect of peptone on neutralization rate 
o f  1.0 Gm. AI(0H)a in 50 ml. 0.1 N HCI. Key: 
.4. control; B, 50 mg. peptone; C, 100 mg.; D, 
250 mg.; E, 500 mg. 


RESULTS AND DISCUSSION 


Effect of Antacid Dose on Neutralization Rate,- 
The neutralization of aluminum hydroxide by HC1 
is an extremely complex process which has not been 
elucidated completely. A schematic representation 
of this reaction may be 


a, aluminum hydroxide (solid, excess) + 


b, aluminum hydroxide (solution) + H +  + 


aluminum hydroxide (solution) 


aluminum salts + H20 


The demonstration has been made in our lab- 
oratories that both the K., and rate of step a 
is pH dependent. In addition, step b is instan- 
taneous. Therefore, although the kinetics of such 
a reaction are extremely involved, i t  would appear 
that the over-all process is rate-limited by step a. 
However, exploratory experiments have indicated 
that the neutralization rate is independent of rate 
of agitation above a given minimum, which is con- 
siderably lower than the stirring rate employed 
throughout this investigation. I t  would appear, 
therefore, that this model is oversimplified. Con- 
sidering the hydrophobic nature of aluminum 
hydroxide, an alternate scheme would assign the 
rate-limiting step to  the wetting of the solid surface 
by the test fluid. Stated in another way, the rate- 
limiting step would involve the diffusion of protons 
to the surface of the poorly soluble antacid. This 
proposition seems to be the more valid. 


In either case, the rate of neutralization would be 
dependent on the total surface area of the antacid 
and in turn on the total amount of antacid employed. 
This  concept is contrary to conclusions in a recent 
report (2) which evahdted aluminum salts of water- 
insoluble aliphatic acids. These authors stated, 
(with respect to in uitro testing) “the exact amount 
(of antacid) added is not important provided an 
excess is present; however, it must be in an imme- 
diately dispersablc form.” Although the conclusions 
reached may be valid for the antacids tested in the 
cited study, it was believed that this was not the 
case for the more commonly used antacids. To 


IJ. 
0 -5-1-20-253035 40 45 


TIME,  M I N .  


Fig. 5.-Effect of various protein inhibitors on 
the reaction rate of 1.0 Gm. Al(0H)S in 50 ml. 0.1 
N HCl. Key: A, control; B, 100 mg. amylase; 
C, 250 mg. gelatin; D, 100 mg. cellulase; E, 100 
mg. protease; F, 100 mg. Tryptone. a polypeptide 
prepared by Difco Laboratories, Detroit, Mich. 


4L/’ :P 
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TIME,  MIN. 
Fig. 6.-Effect of amino acids on neutralization 


rate of 1.0 Gm. AI(OH)1 in 50 ml. 0.1 N HCI. 
Key: A, control; B, 125 mg. histidine; C, 125 mg. 
glycine; D. 125 mg. glutamic acid. 


Protein Inhibition.-Newey (3) was the first 
investigator to  point out that a combination of 
pepsin and peptone incorporated in the test fluid 
acted to inhibit the in vifro buffering capacity of 
aluminum hydroxide. The present study reveals 
that a combination of these two materials is not a 
necessary condition for the inhibitory process but 
that each can independently exert an inhibitory 
effect (Fig. 1). The polypeptide, peptone, appears 
to be an inhibitor more effective than pepsin when 
the two are compared at equal concentrations. 


To  determine the specificity of this inhibition, a 
number of protein materials, including undegaded 
proteins, enzymes, and polypeptides, was tested. 
The inhibition was not limited to pepsin and peptone 
but was a rather general phenomenon. Each of the 


1 Bacto-Peptone. Difco Laboratories, Detroit. Mich. 
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TIME, MIN. 
Fig. 7.-Effect of organic acids on neutralization 


rate of 1.0 Gm. AI(0H)s in 50. ml.. 0.1 N HCI. 
Key: A, control; B, 1 meq. acetic acid; C, 1 meq. 
citric acid. 


TABLE I . ~ L U T A M I C  ACID IN SOLUTION (PER CENT 


NEUTR~LIZATION 
NITROGEN) DURING THE COURSE OF 


Sample Time, 
Min. PH N. % 


Control 1.25 0.022 
15 2.17 0.022 
30 3.10 0.022 
45 3.40 0.022 
60 3.66 0.022 


protein materials tested was observed to  exhibit 
some degree of inhibitory activity. The results of 
some of these tests are plotted in Fig. 5. I t  would 
appear likely that the existence of any protein or de- 
graded protein in the stomach could result in the 
inhibition of the in w’uo antacid activity of aluminum 
hydroxide. 


Amino Acid Inhibition.-Experimental results in- 
dicated that partially degraded proteins were in- 
hibitors generally more effective than intact proteins 
at equal concentrations. This aspect of the study 
was enlarged to  examine the effect of amino acids 
on the neutralization rate. The results of this 
phase, summarized in Fig. 6. demonstrate that all 
three amino acids investigated have inhibitory 
activity at the concentration level employed. 


The dicarboxylic compound, glutamic acid, was 
the most potent inhibitor of the three. A more im- 
posing aspect is obtained when the inhibitory ac- 
tivities of the amino acids are compared on a molar 
basis. When 2 m M  of each compound was tested, 
glycine and histidine each inhibited neutralization 
of aluminum hydroxide for 3 to  4 minutes. 
Glutamic acid under the same test conditions in- 
hibited equilibrium t o  the extent of about 100 min- 
utes. 


Organic Acid Inhibition.-In view of the high 
inhibitory activity manifested by glutamic arid, a 
dicarboxylic amino acid, it was decided to determine 
the possible role of the carboxyl moiety in the inhibi- 
tion process. Exploratory studies conducted with 
either acetic or citric acids demonstrated significant 
inhibition of the neutralization rate of aluminum 
hydroxide. Figure 7 indicates that, when compared 
on an equivalent basis the tricarboxylic citric acid 
was the more effective inhibitor. 


It is important to note that neither organic acid 
had a perceptible effect on the initial pH of the 
test solution or on the equilibrium pH. Thus, a 
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simple pH effect cannot be invoked in explaining the 
results. 


Existence of Insoluble Interaction Product.- 
Among the possible explanations for the observed 
inhibition effects are ( a )  the formation of an insolu- 
ble aluminum hydroxide-inhibitor complex or (b) 
the adsorption of the inhibitor on the surface of the 
dispersed aluminum hydroxide particles. To check 
these hypotheses, the decision was made to determine 
accurately the amount of glutamic acid remaining in 
solution during the course of neutralilation. 
Glutamic acid, 125.0 mg., was added to each of a 
series of flasks containing 50 ml. of 0.10 N HCl. 
Dried aluminum hydroxide gel, 1.000 Gm., was 
added to  each; neutralization was allowed to  pro- 
ceed. After intervals of 15, 30, 45, and 60 minutes, 
the contents of successive tlasks were rapidly filtered 
in vacuo, and the filtrate was analyzed for nitrogen 
content by a micro-Kjeldahl technique.1 The 
results, summarized in Table I, show that the 
glutamic acid content in the solution had remained 
constant during the course of the reaction. 


These experiments would seem to rule out the 
occurrence of an insoluble complex or the existence 
of inhibitor adsorption as possible mechanisms for 
the inhibitory process. However, there remains the 
possibility of a soluble complex formation between 
the aluminum hydroxide and a free carboxyl group, 
a moiety which has been present in each of the in- 
hibitors tested. This interesting consideration is 
presently under investigation. 


SUMMARY 


The inhibitory effect of pepsin and peptoneon the 
buffering capacity of noneffervescent antacids may 
be attributed to a depression of the rate of neutraliza- 
tion of the antacid. 


The dose of noneffervescent antacids was critical 
in determining the neutralization rate. The larger 
the dose employed, the faster the neutralization 
process. 


The pepsin-peptone inhibition of aluminum hy- 
droxide was observed to  be a rather general phenom- 
enon. Inhibition was noted with various proteins, 
enzymes, polypeptides, and amino acids. 


Preliminary studies showed that the carboxylic 
acids, acetic and citric, were inhibitors of alumi- 
num hydroxide neutralization. 


The existence of an insoluble product of antacid 
and inhibitor, either t i n  complex formationor in- 
hibitor adsorption, was eliminated as a potential 
mechanism in the inhibition phenomenon. 
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TABLE IV.-FORMULAS FOR THE ACETYLSALICYLIC With Dry-Flo. a starch ester containinz hvdro- - -  
ACID TABLETS CONTAINING CORNSTARCH* phobic groups, no lubricant was necessary because 


of the splendid flow characteristics of this compound. 
Solka-Floc BW 40 is a white, purified, wood cellulose 


FLOC, A N D  DRY-FLO AS DISINTEGRANTS 


Solka- 
Starch T)ry-Flo ,I$:,, of a purity of 99.5% and an average particle size 


Acetylsalicylic acid 324.0 324.0 324.0 of 90 p. This grade of Solka-Floc exhibited poor 
Cornstarch 32 .4  . .  . .  flow characteristics, and a lubricant was necessary. 
Dry-Flo . .  32.4 . .  Tablets of acetylsalicylic acid coritaining Dry- 


i:24 $:24 ’::& Flo as the disintegrating agent had a mean dis- Solka-Floc BW 40 
Magnesium stearate 


integration o f  38.99 minutes, compared to 47.57 


TABLE  DISINTEGRATION TIME IN MINUTES OF ACETYLSALICYLIC ACID TABLETS CONTAINING DRY-FLO, 
CORNSTARCH, AND SOLKA-FLOC AS DISINTECRANTS I N  SIMULATED GASTRIC JUICE 


c Trials 
D i s h  tegrant 1 st 2nd 3rd 4th 5th 


Dry-Flo 35.16 38.16 40.66 37.66 40.33 
Cornstarch 36.33 54 , 00 54.23 46.16 47.16 
Solka-Floc BW 40 50.16 57.33 54.83 55.50 55.00 


of the absolute deviations from the mean and 
( N  - 1) is the number of degrees of freedoill for a 
sinall sample, then 5 = (XI - X ) 2 / N  - 1 (2). 


The results of the disintegration tests of the tab- 
lets were analyzed statistically by the students 
”t” test and were found to be statistically3 different 
from cornstarch a t  the 1% probability level. 


Tablets of sodium bicarbonate containing Dry- 
Flo its the disintegrating agent had a mean dis- 
integration time in artificial gastric juice of 2.16 
minutes, compared with 3.28 minutes for tablets 
containing cornstarch as the disintegrant and 13.22 
minutes for tablets containing Solka-Floc B W 40 
as the disintegrant. All disintegrants yielded tab- 
lets which were white and smooth in appearance. 


- 


* In the statistical study the authors acknowledge the help 
of Mr. George O’Bleness. Director of the Computer and 
Statistical Division. Eaton Laboratories. Division of The 
Norwich Pharmacal Co.. Norwich, N. Y. 


minutes for cornstarch and 54.56 minutes for Solka- 
Floc B W 40. 


The disintegration of the sotliurn bicarbonate 
tablets was tested in siniulated gastric juice U.S.P. 
and in distilled water to determine how much of the 
disintegration was due to the deconlposition of the 
sodium bicarbonate by the acid media. In distilled 
water the tablets containing the Dry-Flo disin- 
tegrated in 2. i6  minutes or 2i:b longer than in 
simulated gastric juice U S  P. Sodium bicarbon- 
ate tablets containing cornstarch disintegrated in 
water in 6.40 minutes or 94(% longer than in siin- 
ulated gastric juice and the tablets containing 
Solka-Floc BW 40 disintegrated in 28.92 minutes 
in water or lllyo longer than in simulated gastric 
juice 1J.S.l’. 


REFERENCES 
(1) “United States Pharmacopeia,” 15th rev., Mack 


(2) Martin. A. N. .  Physical Pharmacy,” Lea and Febri- 
Printing Co., Easton. pa . .  1955. p. 936-938. 


ger. Philadelphia. Pa., 1960. p. 30. 


Books- 


A symposiuin was organized to  cuver the cheniirai 
structure of a substance and its behavior on a 
paper chromatograni and the mechanism of paper 
chromatography; the proceedings of the syin- 
posium are reported in this volume. A number of 
European scientists participated. Most of the 
papers and discussions have been translated from 
the original Czech, German, and Russian languages. 
The  book should be of valuable assistance to 
pharinaceutiral scientists who wish to explore the 
possibilities of utilizing more recent applications of 
paper chromatography in novel situations. 


A book of specifications for those reagents needccl 
for testing the substances included in the “Inter- 
national Pharmacopeia” is presented. The volunie 
covers about 400 reagents, ranging from the coni- 
mon mineral acids used in a multitude of tests to  the 
conlplex organic compounds required for perhaps 
only one intricate assay, and represents a collaborate 
effort of pharmaceutical experts from all over the 
world. The specifications are designed to  give the 
quality tests of the “International Pharmacopoeia” 
practical value by attempting to provide a worldwide 
reagent standard. 
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I I I I I I h-1 394.5 seconds Peniothol Sodium Pig. 6.-Effect of phy- 
sostirnine on duration of 


Penioihol Sodturn ond anesthesia produced by 
Physosilgminc 0.0004 mp./Gm. 35 mg./Kg. of pentothal 


sodium intravenously in 
0 300 600 900 1200 1500 


AVERAGE DURATION of ANESTHESIA in SECONDS 


an average anesthetic time of 88.4 seconds and 
no prior medication showed an average anesthetic 
time of 88.4 seconds and 110.7 seconds until walking 
was recovered. These values were approximately 
the same as those for aninials receiving DFP and 
pentothal. 


Twenty physostigmine treated animals receiving 
35 iiig./Kg. of pentothal sodium gave an average 
anesthetic time of 1236.3 seconds (Fig. 6 ) ,  con- 
trasted with 394.5 seconds for the controls and 1412.7 
seconds for recovery of walking ability compared 
to 171.9 seconds for the controls. 


Potentiation of pentothal sodium by prior medica- 
tion with physostigmine and neostigmine resulted 
in increasing the anesthetic activity of a non- 
anesthetic dose and prolonging the anesthetic 
time of an anesthetic dose. These potentiations 
by cholinesterase inhibitors could not be blocked 
by 0.1 mg./Gm. of atropine, and although acetyl- 
choline enhanced the potentiation. it alone did not 
produce the potentiations equal to  those of neo- 
stigmine and physostigmine. 


The decreases in cholinesterase (Table I )  activity 
brought about by the inhibitors used in this study 
correlate quite well with the increases in activity 
of the CNS stimulants and depressants. DFP 
showed the least inhihitory activity in the dose 
used and the least potentiating action, while 
neostigmine showed the most cholinesterase de- 
pression and the greatest potentiations. 


SUMMARY 


Physostigmine or neostigmine as prior medication 
caused potentiation in mice of the actions of 
strychnine and pentylenetetrazol. Subconvulsive 


doses were made convulsive and, in the case of 
strychnine, the subconvulsive dose was made lethal. 
In addition, the above cholinesterase inhibitors short- 
ened the anesthetic lag time of intravenous pheno- 
barbital sodium and increased the anesthetic ac- 
tivity of pentothal sodium, lengthening the anes- 
thetic time. DFP was less effective in producing 
these potentiations. 


Atropine sulfate (0.1 mg./Gni.) as prior medica- 
tion did not block the potentiation ; acetylcholine 
bromide (0.05 mg./Kg.) produced potentiations of 
much less magnitude than the reversible cholin- 
esterase inhibitors. Thus, factors other than 
vasodilation must be of primary importance in 
these observed potentiations. 


The per cent depression of cholinesterase ac- 
tivity by the inhibitors correlated with the degree 
of change in the activity of the CNS stimulants 
and depressants. 
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Determination of Sulfamylurea Hypoglycemic Agents 
and their Metabolites in Biological Fluids 


By EDWARD H. WISEMAN, JOSEPHINE CHIAINI, and REX PINSON, JR. 


Amine metabolites (basic) are separated from their parent sulfamylureas and sul- 
famide metabolites (both acidic) by extraction. Sulfamylureas are hydrolyzed by 
acid to the corresponding amine for assay, under which conditions sulfamides are 
unaffected. Sulfamides are similarly hydrolyzed t o  an amine under basic conditions, 
sulfamylureas being stable. Flourine-containing sulfamylureas were assayed by 


Schgniger combustion and determination of the resultant fluoride ion. 


s PART OF a continuing program on oral thesized and studied in our laboratories (1). A hypoglycemic agents, a series of sulfamyl- These studies have included attempts (2, 3) to 
ureas of the general formula (I) has been syn- relate the distribution, metabolism, and ex- 
~ - -__ 
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cretion of thesc materials to  various physical 
properties such as lipid/water distribution 
ratios, pKa, plasma binding, and solubility. 
This paper describes the development of analyti- 
cal procedures required to  determine these 
compounds and their metabolites in plasma and 
urine. 


The major route of metabolism of the sul- 
famylureas is degradation to  the sulfamide and a 
primary amine (2, 3) 


R~NSO~NHCONHR, - R ~ S O ~ N H ,  + NH~R, 


Methods therefore had to be developed for the 
determination of the sulfamylurea, sulfamide, 
and amine either alone or in admixture with each 
other. 


The sulfamylureas studied can be divided into 
two classes: those in which R) was either alkyl 
or cycloalkyl, and those in which R2 was penta- 
fluoropropyl. The former series were determined 
by  a modification of the Spingler method (4). 
The sulfamylurea was extracted from the acidi- 
fied biological sample into hexyl acetate and the 
hexyl acetate extract then heated to  130'. 
Under these conditions sulfamylureas are de- 
graded to  the corresponding cycloalkyl or alkyl 
amine, which can be determined as the yellow 2,4- 
dinitrophenyl derivative by  reaction with 2,4- 
dinitrofluorobenzene (DNFB). The fluorine- 
containing sulfamylureas were extracted, and 
determined as fluoride ion after a Schoniger 
oxidation (5). There is no interference from 
metabolites in either assay procedure. 


The sulfamylureas are stable in strongly basic 
solution at  looo, whereas the sulfamides are 
smoothly hydrolyzed to  an amine 


The determination of the sulfamides in this 
study was based on alkaline hydrolysis to the 
amine under conditions that did not affect the 
parent sulfamylurea. Interfering amines were 
first removed from the alkalinized biological 
sample by chloroform extraction. The  aqueous 
solution was made strongly basic, and the sulf- 
amide hydrolyzed to  the corresponding second- 
ary amine by  heating at 100'. The amine 
produced was then determined by  a methyl 
orange technique (6). 


EXPERIMENTAL. 


Reagents 
All organic solvents used were of analytical re- 


agent grade. In addition, the following stock 
solutions are required: McIlvaine buffer, pH 5.0; 
2 : 4-dinitrofluorobenzene (0.1 yo) solution in n- 


hexyl acetate (DNFB reagent) (the solution is 
stored in a brown bottle, and kept a t  0-5");  methyl 
orange reagent (a  solution of methyl orange (500 
mg.) in water (100 ml.) is washed with chloroform. 
Before use, the aqueous solution is diluted 1 : 1 with 
saturated boric acid solution); and a solution of 
concentrated sulfuric acid (27,)  in absolute ethanol. 


Procedure 
For Sulfamylureas Derived from Alkyl and Cyclo- 


alkyl Amines.-The biological sample (1 ml., either 
plasma or urine), in a glass-stoppered glass centrifuge 
tube is adjusted to pH P 5  with 0.5 N hydrochloric 
acid and pH 5 buffer (1 ml.) added, followed by n- 
hexyl acetate (2 ml.). The mixture is mechanically 
shaken for 30 minutes, then centrifuged to separate 
the layers. A portion of the hexyl acetate layer 
(1 ml.) is transferred to a fresh glass-stoppered 
centrifuge tube containing the DNFB reagent (0.5 
ml.). The tube is loosely stoppered and heated in 
an oil bath a t  125-135" for 10 minutes. The 
solution is allowed to cool for 30 minutes, and the 
absorbance read a t  398 m p  in a Beckman DU 
spectrophotometer against n-hexyl acetate as a 
blank. 


For Sulfamylureas Derived from Pentafluoro- 
propy1amine.-The biological sample (1 ml.) is ad- 
justed to ca. pH 4-5 with 0.5 N hydrochloric acid. 
The solution is buffered with pH 5 buffer (1 ml.), and 
extracted by shaking with ethyl acetate (2  ml.) for 
30 minutes. A portion of the ethyl acetate layer 
(1 ml.) is carefully pipeted onto ashless filter paper, 
folded to contain a small ball of cotton (about 4 mg.). 
and the whole dried under an infrared lamp for 15 
minutes. Potassium chlorate (about 1 mg.) is 
added, the paper carefully folded to contain this 
and the cotton ball, and placed in the platinum 
basket of a Schoniger flask (500 ml. capacity). 
The combustion is carried out in oxygen in the 
usual manner, and the gases absorbed in water 
(about 50 ml.). The flask and contents are allowed 
to stand for 20 minutes, and then the contents 
(together with washings) are transferred to  a 
separator (250-ml. capacity), the final volume being 
about 150 ml. The fluoride ion concentration is 
then determined by the method of Johnson and 
Leonard (7). 


For Sulfamide6.-The biological sample (10 ml.) 
is made basic (pH 12) with sodium hydroxide solu- 
tion and shaken with chloroform (10 ml.) for 15 min- 
utes. The layers are separated by centrifugation, 
and a sample of the aqueous layer (5 ml.) transferred 
to  a fresh tube containing 30% sodium hydroxide 
solution (1 ml.). The tube is stoppered, and the 
solution is heated on a steam bath for 20 minutes. 
After cooling, sodium chloride (ca. 3 Gm.) is added, 
and the solution shaken with benzene (20 ml.) for 
30 minutes. The mixture is centrifuged, and a 
portion of the benzene layer (15 ml.) is washed with 
0.1 N sodium hydroxide solution (5  ml.). Part of 
the benzene layer ( 8  ml.) is transferred to  a tube 
containing isoamyl alcohol (0.4 ml.) and methyl 
orange reagent (0.6 ml.). The mixture is shaken 
for 10 minutes, centrifuged, and a portion of the 
benzene layer (6 ml.) transferred to a colonmeter 
tube containing 27, sulfuric acid in ethanol (1 ml.). 
The contents are mixed thoroughly and the ab- 
sorbance read immediately in a Bausch 81 Lamb 
Spectronic 20 spectrophotometer a t  540 m p .  
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For Amines.-The biological sample (5 ml.) is have been eliminated. This has been achieved by 
alkalinized with 30y0 sodium hydroxide solution (1 buffering the plasma to be extracted to pH 5, 
ml.), sodium chloride (about 3 Gm.) is added, and a t  which pH the color from hemolyzed samples is 
the mixture shaken with benzene (20 ml.) for 30 not extracted by hexyl acetate. In addition, in 
minutes. A portion of the benzene layer (15 ml.) is selecting the higher absorption wavelength of the 
separated and the sulfamide procedure followed from dinitrophenyl derivatives for assay use, the relia- 
this Doint. bility of the assay has been further increased. 
Calculations 


All assays of unknown samples are related to  
standard curves prepared by submitting to the 
entire assay, pooled control urine or plasma samples, 
to which known amounts of the compound to be 
assayed had been added. The sulfamylurea assay 
obeys Beer's law over the range 10-200 mcg./ml. 
The sulfamylureas investigated varied widely in oil- 
water partition coefficients [0.03- <4 in the system 
cyclohexane/O.l N hydrochloric acid (3)], and this 
affected the percentage recoveries from plasma and 
urine. However, in all cases, recovery was between 
70-100%. The absorbance at 398 mfi of the 2,4- 
dinitrophenylamine derivative corresponding to an 
initial sulfamylurea concentration of 100 mcg. /ml. 
fell in the range 0.410 to 0.560. The sulfamide 
assay follows Beer's law over the range 5-100 mcg./ 
ml. and is subject to variations similar to  those of 
the sulfamylurea assay. Sulfamylureas do not 
interfere in the sulfamide assay, but amines must be 
removed prior to hydrolysis. The amine assay has 
a range of 1-15 mcg./ml. Neither sulfamylurea nor 
sulfamide interfere in this assay. 
Determination of Wavelength for Measurement 
of Dinitrophenyl Derivatives 


The dinitrophenyl derivatives of all amines 
studied (cyclopentyl, cyclohexyl. cycloheptyl, cyclo- 
iictyl, n-propyl, n-butyl) exhibit a plateau in the 
ultraviolet at 390-410 mp, together with a peak at a 
lower wavelength (cu. 350 mp), in agreement 
with previously reported observations (4, 8-11). 
At the higher wavelength blank values are consider- 
ably reduced, and errors arising from the absorbance 
of 2:4-dinitrophenol are also minimized (12). 
Accordingly, the higher wavelength is utilized in the 
assay procedure. 
Stability Studies 


Sulfamylureas (a t  concentrations cu. 100 mcg./ 
ml.) could be recovered after heating at 100" for 
20 minutes with 30% sodium hydroxide essentially 
quantitatively (92-100%). At concentrations up 
to 200 mcg./ml., sulfamylureas cause no inter- 
ference in the sulfamide assay. 


Sulfamides (at concentrations of cu. 60 mcg./ml.) 
could be recovered after 30 minutes at 100" in 
aqueous acid (pH 2) to  the extent of 70-9@%. 
Under assay conditions, concentrations of sulfamide 
in excess of 100 mcg./ml. cause no interference in the 
sulfamylurea assay. 


Both sulfamylureas and sulfamides could be 
recovered essentially quantitatively (90-100~o) 
after 48 hours at 37" from urine (pH 5-8). 


DISCUSSION 
The determination of a substituted urea by the 


DNFB procedure was first reported by Spingler (4) 
who applied it to tolbutamide. Carmichael (8) 
extended the procedure to the determination of 
chlorpropamide. The present method is a modifica- 
tion of the original and incorporates an improvement 
since high blanks due to  hemolyzed plasma samples 


The development of assays capable of differentiat- 
ing between two closely related compounds such as a 
sulfamylurea and its sulfamide metabolite is a 
reflection of the different stabilities of these two 
classes of compounds under hydrolytic conditions. 
By analogy with the proposed mechanism for the 
hydrolysis of amides (13). the hydrolysis of the 
sulfamylureas in acid solution may be envisioned as 


n 
R-NSNH H ~ - R  NSNH ~10, 
W I  W I  


C- HZRI 
I1 8 C-NHR~ 


II 
0 0 


R-NSO~NH~ + co2 + H@ 
W 


The initial (and most probably, rate determining) 
step will be the protonation of the sulfamylurea. 
If the group R1 is of sufficient electronegativity, the 
availability of electrons at the nitrogen, and thus 
protonation, will be limited. The high electro- 
negativity of the pentafluoropropyl group pre- 
sumably restricts electron availability a t  the nitro- 
gen to  such an extent that the series of sulfamylureas 
containing that group was resistant to hydrolysis. 
For this reason, an alternative assay procedure for 
these compounds was developed. In alkaline 
solution, the sulfamylureas will exist in the salt form 


n U 


R N S ~ N = C - N H R ~  
W I 


O0 
The high electron density a t  the carbonyl group of 
this form which hinders attack by OH-, accounts 
for the observed stability of the sulfamylureas in 
basic solution. 


The hydrolytic behavior of the sulfamide metabo- 
lites can be explained on similar grounds. Much 
weaker acids than their sulfamylurea counterparts, 
they resist protonation and are therefore stable 
under acidic conditions. In basic solution how- 
ever, the hydrolysis probably proceeds by 


Earlier workers (4, 8) assumed that the degrada- 
tion of the substituted urea occurred upon heating 
at 130°, the solvent being inert. We have found, 
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been described. Sulfamylureas were determined by 
degradation to  the corresponding primary amine 
which was determined spectrophotometrically after 
reaction with 2:4-dinitrofluorobenzene. The com- 
pounds in a series of fluorine-containing sulfamyl- 
ureas were determined as fluoride ion after Schoniger 
combustion. One class of metabolites, the sul- 
famides. was hydrolyzed under basic conditions to 
give a secondary amine, which was then determined 
by the methyl-orange-dye-complex technique. The 
remaining amine metabolites were assayed directly 
by the methyl orange procedure. Although the 
assay has been primarily studied for the sulfamyl- 
ureas, it  is equally applicable to  the determination of 
the hypoglycemic sulfonylureas. The high blanks 
caused by hemolyzed plasma samples in currently 
used sulfonylurea assays have been eliminated in the 
assay described. 


however, that both the sulfonyl and sulfamylureas 
are stable when heated alone in pure hexyl acetate but 
that prior washing of the hexyl acetate with dilute 
hydrochloric acid causes the reaction to proceed 
smoothly. The requirement of both acid and water 
becomes clear from the preceding discussion of 
the reactions involved. 


The analytical method described for the fluorine 
containing sulfamylureas is novel because direct 
use is made of the fluorine substituent in the mole- 
cule. The electronegativity of the pentafluoro- 
propyl group increases the a a d  strength of the series, 
evidenced by a decrease in pRa [from 7.6 to 8.3 in 
the cycloalkyl series to  6.5 in the pentafluoropropyl 
series (3)], enhancing the acid stability of these 
compounds to  the point where they are resistant 
to hydrolysis under the assay conditions described 
for the sulfamylureas of the cycloalkyl series. The 
plasma and urine blank values in the combustion 
assay are low (a. 1 mcg./ml.), being limited more 
by the cleanliness of the analytical apparatus than 
by biological contaminants. 


The DNFB assay has been most extensively 
studied in the sulfamylurea series, but is also 
applicable to  the sulfonylureas (tolbutamide, 
chlorpropamide,’ acetohexamide, and cycloheptol- 
amide). Plasma and urine blanks are low (about 
5 mcg./ml.) and the assay has a wide range (10- 
200 mcg./ml.). 


SUMMARY 
Assays for sulfamylurea hypoglycemic agents and 


their metabolites in blood plasma and urine have 
1 Considerable early work on the application of the Spingler 


assay (4) t o  chlorpropamide was carried out by Dr. R. L. 
Wagner of these laboratories. The authors ratdully 
acknowledge the help given in this study by Dr. fVagner’s 
initial investigations. 
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Relation of pH to Preservative Effectiveness I1 


Neutral and Basic Media 


By BIUIE WICKLIFFE and DURWARD N. ENTREKIN 


Liquid uypticase soy broth media was buflered with Prideaux and Ward’s universal 
b&er to neutral and basic pH levels Preservative solutions 


inoculation of the tubes with a slum obtained from soil samples suspended in  water, 
these reparations were examind for preservative efTectiveness over a 6-month 
perlob In most cases preservative effectiveness varied with pH alteration. The 
preservative activity ranged from ne li ible with cinnamic acid and some of its 
derivatives, the amides of bromal and fidloroacetaldehyde, sorbic acid and dehydro- 
acetic acid-sodium, to fair i n  the case of parabens and salicylanilide, to good with 
ceuimide, chlorophenesin, vanillic acid esters, hexylresorcinol, hexachlorophene, 


and phenylethanol. 


H 7 t o  10 inclusive). 
of various concentrations were ad 9 ed to tubes containing the media After 


HE DEGREE of dissociation and the pH have 
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servatives to  act in a chemical or physical way to 
Tbeen shown to influence the ability of pre- prevent multiplication of organisms (1-3). T h e  


acidity or alkalinity of a product is just one of the University of Georgia, Athens. 
many factors involved in the selection of effective 
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(1, 4-6). Antiseptics are said to  be effective meeting. May 1963. 
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Idoxuridine-A Preliminary Report 
By LOUIS J. RAVIN, CHARLES A. SIMPSON, and ALFRED F. ZAPPALA 


Data are presented to show that the rincipal 
decomposition products of idoxuricfke oph- 
thalmic solution in acidic media (PH 1.3 to 
6.7) are 5-iodouracil and 2-deoxyribose. A 
trace of Z'-deoxyuridine was also detected. 
Uracil was not formed under the conditions 


of these experiments. 


WRING THE development of a clinically ac- D ceptable idoxuridine ophthalmic solution it was 
necessary to determine the type of breakdown 
products formed during storage a t  temperatures 
ranging from 5 to 60". This note presents some 
preliminary information concerning the nature of 
the decomposition products formed when idox- 
uridine ophthalmic solution is artificially decom- 
posed in acidic media (pH 1.3 to 6.7). 


A column partition chromatographic procedure 
was developed (1) and subsequently used to separate 
the decomposition products from the idoxuridine. 
The individual components were then assayed by 
spectrophotometric methods. 


Idoxuridine, some possible decomposition prod- 
ucts, and an artificially decomposed solution of 
idoxuridine ophthalmic solution were chromato- 
graphed on paper using a n-butanol3 N ammonia 
solvent system. A comparison of the approximate 
Rrvalues obtained are listed in Table I. 


It can be seen from these data that the principal 
products formed when idoxuridine ophthalmic 
solution decomposes in acidic solution are 5 
iodouracil, 2-deoxyribose, and 2'-deoxyuridine. 
Subsequent analysis of degraded samples by the 
partition column procedure substantiated that the 
breakdown products formed under these conditions 
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TABLE I.-~OMPARISON OF APPROXIMATE R, VALWS 
OBTAINED FOR IDOXURIDINE, SOME POSSIBLE 


DECOMPOSITION PRODUCTS, AND AN ARTIFICIALLY 
DECOMPOSED OPHTHALMIC SOLUTION 


- R j  Values- 


Known Decomposed 
Artificially 


2'-Deoxyuridine 0.23 0.23 (Trace) 
Uracil 0.28 
Idoxuridine 0.31 0.31 (Large) 
2-Deoxyribose 0.37 0.39 (Significant) 
5-Iodouracil 0.50 0.48 (Significant) 


Material %In. Soh. 


Fig. 1.-Plot showing de- 
creasing idoxuridine and in- 
creasing 5-iodouracil concen- 
trations for artificially de- 
composed idoxuridine oph- 
thalmic solutions. 


0-0 


% 5-IODUIUCIL 


are 5iodouracil, 2-deoxyribose, and a trace of 
2'-deoxyuridine. Figure 1 shows a plot of per 
cent idoxuridine versus per cent 5iodouracil. The 
linear relationship having a slope of 0.95 indicates 
that for every mole of idoxuridine that decomposes, 
approximately 1 mole of Siodouracil is formed, 
further indicating that Siodouracil and 2-deoxyri- 
bose are the principal breakdown products. Uracil 
was not detected in the decomposed samples under 
the conditions of this study. 


REFERENCE 
(1)  Smith Kline and French Laboratories, to be published. 


Thin-Layer Chromatography of Iodochlorhydroxyquin 
By B. P. KORZUN, S. M. BRODY, and F. TISHLER 


A thin-layer chromatographic method is described for the separation of iodochlor- 
hydroxyquin and its intermediates. The method is applicable not only to the sub. 
stance but also to its pharmaceutical formulations, in  which the material is 


suspended in  ointment or cream. 


HE PRESENT analytical procedures (1-4) avail- T able for determining iodochlorhydroxyquin.l 
both as the substance and in formulations, do not 
distinguish between iodochlorhydroxyquin and its 
possible intermediates. The colorimetric procedure 
of Haskins and Luttermoser (2) and the paper chro- 
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matographic procedure of Castiglioni (3), although 
capable of separating 8-hydroxyquinoline from 
iodochlorhydroxyquin. do not separate iodochlor- 
hydroxyquin from other halogenated hydroxy- 
quinoline intermediates. 


A semiquantitative thin-layer chromatographic 
procedure. using polyamide as the adsorbant, has 
been developed which separates iodochlorhydroxy- 
quin from all probable intermediates, except 5,7-di- 
chlorohydroxyquinoline. In combination with iodo- 
chlorhydroxyquin, the limit of detection is 0.25 mcg. 
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for 8-hydroxyquinoline and 5-ctiloro-&hytlroxy- 
quirioline, and it is 2 mcg. for 5-iodn and 5.7-diiodo 8 
ti ydroxyquinoline 


EXPERIMENTAL 


Preparation of Plates. The plates (XI x 20 cm.) 
are prepared by mixing 5 Cm. of Woelm's polyarnide 
powder'and 3.5 GIU, calcium sulfate with 10 ml dis- 
tilled water. The mixture is poured into the Desaga' 
applicator and spread on five plates.' The approki- 
mate thickness of the coat is 250 p.  The coated 
plates arc air-dried for I6 tiours a t  rwrn temprra- 
turr .  Prior to use, the plates are heated a t  M" for 
10 minutes and allowed to cwl .  


Reparation of Samples.---Weigh an amount of 
the formulation equivalent to 100 mg. of iodnclilor- 
hydroxyquin into a 250ml. conical flask. Add 
about 100 ml. of acetone and heat on a steam bath 
for about 15 minutes. shaking frequently. Cool t o  
room temperature, and filter into a suitable round- 
bottom flask. Wash the conical flask with several 
5-ml. portions of acetone and filter, combining all 
extracts. Evaporate the acetone, and dissolve the 
residue in 10 ml. of dimethylformamide-methanol 
(1:2)  with the aid of a little heat.' Centrifuge, if 
necessary, and use the clear solution for sampling 
(1% solution). Reference standard solutions of 
iodochlorhydroxyquin ( 1 yo). 5-chloro-8-hydroxy- 
quinoline (0.02570). 8-hydroxyquinolirie (0.025y0). 
5.7-diiodo-ghydroxyquinoline (0.050/,), and 5-iodo- 
8-hydroxyquinoline (0.057,) in dimethylformamide- 
methanol ( 1  : 2)  are prepared. 


Application and Development of P1ntes.-Five 
microliters of each solution, except 8-hydroxy- 
quinoline ( 2  p l . )  and 9chloro-8-hydroxyquinoline 
(2 p l . ) ,  are applied to the plate a t  a point 2 cm. from 
the lower edge of the plate and 2 cm. a p a r t  The 
plates are placed into a chamber (22.5 X 10 X 26 
cm.), the bottom of which is covered with 100 ml. 
of methanol. The chamber is covered, and the 
solvent is allowed to ascend to a line drawn 15 cm. 
from the point of application. The time of de- 
velopment is approximately 1 hour. The plates are 
removed, air-dried, and the compounds detected by 
viewing either under an ultraviolet light (2660 A,)  or 
after spraying with Pauly reagent (5). 


RESbITS AND DISCUSSION 


Figure 1 shows a typical separation of the in- 
dividual compounds and also a separation of a niix- 
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Fig. 1.-Portion of thin-layer chromatogram of 
( J ) iodochlorhydroxyquin, ( 2 )  5-chloro-8-hydroxy- 
quinoline, (3) 5.7-dichloro-Khydroxyquinoline, ( 4 )  
8-hydroxyquinoline, (5)  5-itdo-8-hydroxyquinoline. 
(6) 5.;-diiodo-ghydrox).quinolinr. and (7 )  mixture 
of all compounds, illustrating relative sizes of the 
spots. Linc shows finish of solvent front. 


TAnLE I.-R/ VALUES FOR IODOCHLOW~YDROXYQWI?~ 
AND INTBBHBDIATBS 


OH 


I 


H 
-- ~. 
~ 


H n' H I  
H H 8-Hydroxyquinoline 0 90 
CI H 5-Chloro-E&hydroxyquinoline 0 83 
CI CI 5.7-Dichloro-&hydroxyquinoline 0.63 
CI I lodochlorhydroxyquin 0.63 
1 H 5-Iodo-8-hydroxyquinoline 0.60 
I I 5,7-I)iiodo-8-hydroxyquinoline 0.50 


~ .- __ 
ture. Table I lists the H/ values for the compounds. 
Once the contaminant is identified. a graded series of 
known concentrations could be run, and an tcpproxi- 
matiou of the amount present can be made by com- 
paring spot size and intensity. 
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compounds. As previously described 1 ml. of each 
solution was used for the color reaction and the 
maximum absorbance recorded. The results of 


Chlorpheni- duplicate runs are shown in Table I. No significant 
interference was observed a t  the stated concentra- 
tions. Normal tablet excipients and compounds 


+ 8oo Methapy&ne HCI 0.461,0.460 o.460, o.462 such as aspirin, phenacetin, caffeine, and ascorbic 
+ 800 Pyrilamine maleate 0.461,0.459 acid do not interference. 


TABLE I.-EFFECT OF DIVERSE AhfINE CoMWUNDS 
ON ABSOREIANCE 


40 mcg. 


ramine Maleate + Compd. Added, mcg. Absorbance 


+2OOO Phenybropanolamine 0.463,0.459 Chromatographic I&.ndfica,ion 
HCI 


+2000 Phenylephrine HCI 0.464* 0.460 .4 paper chromatographic separation is used to 


+2000 4-2000 Racephedrine Dextromethorphan HCI ascertain which of the three similarly reacting anti- 
HBr histamines (pheniramine, brompheniramine, or 


chlorpheniramine maleate) is present in a sample. 
The sample and control spots (pipeted as ether ex- 


graphed using an ascending technique on Whatman 
No. 1 paper which has been pretreated by soaking in 
2.0% aqueous ammonium sulfate and thoroughly air 
drying. The developing solvent is made by shaking 


ml, aqueous 6.0% 
citric acid. After separation of the phases, the 
butanol layer is used as the mobile solvent and the 
aqueous layer as the immobile After 


0.458.0.461 o,460, o,459 


'Odium 40 ml' water and to 175 tracts from aqueous alkaline solutions) are chromato- 
ml. with 95% ethanol. 


mality was adjusted to  f2.0%. 


cyanogen bromide into 50 ml. water and keep under 
refrigeration. 


Stock Standard Solution.-This is a solution of 
chlorpheniramine maleate in 0.25 N HCI, concentra- 


Aqueous Acid 0'25 N'-The 'Or- 


Bromide Solution*-Dissolve ''O Gm. 
ml, of n-butanol with 


tion = mg'/ml. Prepare containing chromatographing for 15 hours, the paper is ah dried 
O.O1* O.O2* 0.O4v and 0.08 mg./ml. chlorpheniramine and dipped into DragendorFs reagent (2) to locate 


the spots. The R/ values for pheniramine, brom- 
pheniramine, and chlorphenhamine are o,25, o,58, 
and o,53, respectively. 


maleate in 0.25 N HCI from this solution. 
Pipet 7.0 ml. of buffered sulfanilic acid solution 


into each of five 50-ml. glass-stoppered Erlenmeyer 
flasks. Pipet 1.0 ml. of the serial dilutions into the 
flasks; pipet 1 rnl. of 0.25 N HCl for a reagent blank 
into one flask. Add 3.0 ml. cold cyanogen bromide 
solution to each with Determine the A colorimetric method based upon the Koenig 
absorbance of the solutions relative to the reagent reaction has been described for determining chlor- 
blank at l-minute intervals at 480 mru on a Beckman pheniramine maleate in certain pharmaceutical 
DU spectrophotometer. A plot of absorbance Preparations. The method requires very little time 
VelSl lS time is s h o w  in ~ i ~ .  1 ; a plot of maximum to Perform and has very good Precision. (Standard 
absorbance versus concentration is shown in Fig. 2. 
The maximum absorbance is linear with respect to 
concen ti-at ion . 


SUMMARY 


deviation is 0.4%.) 
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Interference from Other Amines 
4(1961). 


To determine the interference from certain other 
arnines, solutions of chlorpheniramine maleate (con- 
centration = 0.040 mg./ml. in 0.25 N HCI) were 
prepared containing added amounts of the various 


Solubility and Dissolution Rates in Reactive Media 
By W. I. HIGUCHI, EINO NELSOPJt, and J. G. WAGNER$ 


The  relationship between the dihsion-con- 
trolled dissolution rate of a substance in a 
reactive medium and the solubility of the sub- 
stance in the medium has been anal zed. 
The results reconcile the total solubility 
method and the simultaneous diffusion and 
chemical reaction method of interpreting 


data on dissolution rates. 


HE PROBLEM OF dissolution rates of solids in T reactive solutions has been recently examined 
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by the total solubility method (1-3) and by the 
simultaneous chemical reaction and diffusion 
(SCRD) method (4). Because of the differences be- 
tween the two concepts and because the problem 
is important, it appears that a clarification of the 
data is necessary. 


Both theories are based on the diffusion layer (or 
film) model; therefore, they both assume that the 
dissolution rate is controlled by diffusion rates of 
the important species through this layer. The 
model assumed in the SCRD method takes into 
account simultaneous rapid reversible chemical re- 
action and diffusion of all the important species. 
The resulting equations for dissolution rate, G, in 
this case are relatively complicated. On the other 







334 Journal of Pharmaceutical Sciences 


hand, the total solubility method assumes tha t  G, 
the rate of dissolution per unit area of solid may be 
expressed by the conventional Noyes-Whitney law 
( 5 )  


G = k ( C ,  - C) (Eq. 1 )  


Here C, is the total solubility of the solid in the 
medium, C is the solute concentration in solution, k 
is a function including the diffusion coefficients, 
and h, the thickness of the diffusion layer. For a 
single component solid dissolving in a nonreactive 
medium 


where D is the diffusion coefficient of the solute in 
the solvent. 


The problem in this communication is the mean- 
ing of k and C, in Eq. I in terms of the SCRD model 
and the ramifications thereof. To accomplish this 
best, let us take two specific cases: ( a )  a weak acid 
dissolving in a basic medium and ( b )  a salt of a weak 
acid and a strong base dissolving in an  acidic 
medium. For sake of simplicity we shall examine 
only the initial dissolution rates. 
Weak Acid Dissolving in Basic Medium-Con- 


sider the situation in which a solid weak acid, H A ,  
is dissolving in a buffer solution of a base, B - ,  and 
its conjugate acid, HB. Equation 10 in Reference 
4 gives' the following initial dissolution rate ex- 
pression based on the SCRD method for this case 


G =  D H A ( H A ) ~  - DHB(HB)I.  - 
h 2h 


~DADBDHB'K(HB"(HA),]' '* (Eq. 3) 


Here the D's are the diffusion coefficients of the 
species indicated by the subscripts, ( H A ) .  is the 
unionized acid concentration in equilibrium with the 
solid, and (B- )h  and ( H B ) A  are, respectively, the 
base concentration and the conjugate acid concen- 
tration in solution. The concentration equilibrium 
constant K is defined 


Now let us compare this equation with Eq. 1 .  
The total solubility, C,, of the weak acid in a buffer 
solution of initial concentrations ( B - ) h  and ( H B ) A  
may be calculated from Eq. 4 


where x is the concentration of A -  at equilibrium. 
Solving Eq. 5 we obtain 


1 There were two minor typographical errors in the original 
equation. The corrected equation is 


~, ~ D B ( B ) h - D R A ( H A ) h + D H A ( H A ) o  - 
h 


DB(LI  + Lz) + DHEDAK(HA)o f 


2Dsh 
I [DB(Li + Lz) + D H ~ D A K ( B A ) o ~ ' - Q L I L Y D ~ , ~ ~  


where CI is the same as the present G. Note that this is a 
general expression; Eq. 3 spplics to initial rates only, i . c . ,  
( A ) h  - ( H A ) A  = 0. 


1/2  [K*(HA)02 4K(HA)o(B-)h + 
PK(HA)dHB)h + (HB)A'I"' (Eq. 6)  


Now if Eq. 6 is substituted into Eq. 1 with C = 0 
and k = D / h ,  i t  is clear that  Eqs. 1 and 3 become 
identical when all diffusion coefficients are equal to 
D.  


If the base happens to be the hydroxide ion, Eq. 
12 in Reference 4 may be used2 for the initial dis- 
solution rate of a weak acid solid. We have in this 
case then the SCRD method giving 


DHA(HA )o D s ' ( O f f - ) ~  G =  h '7' 


(Eq.  7)  ) 
K 


D A  kf ( H A ) ,  


K 
( D  B ' + DADB 2 ( H A ) .  


where K ,  is the ion product for water, KW = (H+) 
(OH-). In this instance the total solubility, c., is 


C ,  = ( H A ) .  + x 


where x again is the concentration of A - at equi- 
librium and is given by 


K ,  X 


K u  (HA)o[(OH-)h - X I  


K'l - (HA) , (OH-)n 
C, = ( H A ) .  + Ku 


_ _  = ~ _ _ _ _ _  


therefore 


(Eq. 8 )  K 
KW 1 + --! ( H A ) .  


It is again clear that  substitution of Eq. 8 into 
Eq. 1 with k = D / h  and C = 0 will give the same 
expression as Eq. 7 when all the diffusion coefficients 
are set equal t o  D. 


Sodium Salt of a Weak Acid Dissolving in Acid- 
Consider the dissolution of a salt, NaA,  in a solu- 
tion containing hydrogen ions at a concentration, 
( H + ) b .  The SCRD method gives (6) the following 
implicit expression for the initial dissolution rate, 
G ,  in this casea 


The expression for the total solubility, C., for this 
case may be set up according to  


Kap = Cn(Ca - X )  (Eq. 10) 
and 


(Eq. 11) 


where K., is the solubility product for the salt, li. is 


(c8 - x )  [ ( H + ) h  - XI 
X 


Ka = 


While Eq. 12 of Reference 4 involved uncharged species, 
the same equation may be used here. It is only important 
that the form of the equilibrium constant expres-ion is the 
same. 


8 Assumes that solubility of weak acid itself is not exceeded 
anywhere in the system under the conditions of the dissolu- 
tion experiment. If such is not the case or i f  another solid 
phase is formed durine dissolution, the present equation may 
not apply. (See References 7-9 for examples of the pre- 
cipitation of a weak acid onto the surface of the salt during 
dissolution.) 
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as before the dissociation constant for the weak 
acid, H A ,  and X is the amount of HA formed per 
unit volume at equilibrium. Solving Eqs. 11 and 12 
we get 


3 35 


(Eq. 12) 
Now substitution of Eqs. 1 and 2 with C = 0 into 
Eq. 12 will show that Eqs. 12 and 9 are again iden- 
tical when all the diffusion coefficients are set equal 
to D. 


DISCUSSION 
The present analysis demonstrates that within 


the framework of the diffusion layer model the total 
solubility method and the SCKD method give the 
same results when all of the diffusion coefficients 
may be set equal to the same value. Because dif- 
fusion coefficients of solute molecules do not differ' 
much in general and other uncertaintiessuch as 
variation of dissociation constants and solubilities 
with ionic strength and other solute interaction 


4 Neglecting effects of solvation, Stokes-Einstein law pre- 
dicts the diffusion coefficients vary approximately as the cube 
root of the molecular weight for materials of the same density. 


effects-are frequently the overriding factors, it 
would be expected that the total solubility method 
should explain experimental results as well as the I 


SCRD method. Nelson found this to  be the case , 
in many instances (1-3). 


Where the two methods will significantly differ 
would be primarily those situations in which the 
reacting agent is a colloid, e.g., micellar surfactants 
which solubilize the solute and nonionic polymers 
and polyelectrolytes which react with and bind 
the solute. In these instances, the relatively small 
diffusion coefficients of colloids will lead to  much ' 
smaller dissolution rates for the SCRD theory under , certain conditions. , 
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Use of Solubility Analysis in Pharmaceutical Stability Studies 
By J. P. COMER and L. D. HOWELL 


Purity determined by solubility analysis was used to  evaluate the efficacy of other 
analytical methods for measuring thermal degradation. Techniques for filtration 
and a method for calculation of confidence interval for solubility analysis are de- 


scribed. 


HE VALIDITY of a stability assay procedure may T be confirmed in different ways. If the assays on 
samples stored at elevated temperatures decrease 
with time, the method is confirmed. The method of 
analysis may also be checked by a comparison with a 
method which is known to measure stability. Sev- 
eral tests of purity are available to  the analysts in 
such cases. Those commonly used include vapor 
phase, thin layer, and paper chromatography. 
Garrett (1) reviewed other tests for solvolytic sta- 
bility of drugs. The purpose of this study was to  
investigate the possibility of using solubility analysis 
as a reference assay t o  evaluate a proposed assay 
procedure on thermally degraded drug substances. 
It is not practical to use solubility analysis as the 
stability assay because of cost, time, and the fact 
that solubility analysis is only applicable to  the 
drug substance free of excipients. If the proposed 
or conventional assay procedure is confirmed by 
the purity test, the procedure may then be used 
with a fair degree of certainty on the finished 
pharmaceutical if thermal instability is the main 
con sideration. 


EXPERIMENTAL 


Three newly developed and two older drug sub- 
stances were stored at  varying temperatures and 
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were periodically withdrawn and assayed by solu- 
bility analysis and by an alternate procedure. 


Solubility Analysis Procedure (2) 


Varied amounts of the material being tested were 
allowed to equilibrate at 25' with 2 ml. of an appro- 
priate solvent. After equilibrium was reached, the 
solution was filtered with a Swinny filter, using S 
and S No. 740 E filter pads. The filtrate was trans- 
ferred to a previously tared drying flask and 
weighed. (The drying flasks were prepared by Ace 
Glass Co. with an average weight of 6.0 Gm.) The 
solvent was removed under vacuum at 40'. All 
weights were recorded to the nearest 0.02 mg. 
Ratios of mg. solute per Gm. solvent and mg. 
residue per Gm. solution were calculated for each 
amount of solute. The data were plotted as mg. 
residue per Gm. solution (ordinate) versus mg. 
solute per Gm. solvent (Fig. 1). The per cent purity 
and 95% confidence interval about this purity were 
calculated by a variation of the method of least 
squares (3). 


Calculations for per cent purity measured by 
solubility analysis and the 95% confidence limits 
about this purity are yo purity = 100 - 100 0 


InZxP - (ZX)'] - [nZy* - (Zy)'] * e =  
2 [nZxy - ZxZy] 








Determination of the Major Component of Some 
U.S.P. Adrenocortical Steroids 


By FRIEDA M. KUNZE and JOEL S. DAVIS 


The determination of the total steroid content and the isolation and determination 
of the major steroid component in pharmaceuticals by continuous ascending chro- 
matography and a blue tetrazolium colorimetric procedure are described. Isola- 
tion of the major steroid i s  achieved in 1.5  t o  2 hours o n  8 X 8 in. paper. The 
method has been applied to products containing prednisolone, hydrocortisone, 
prednisone, and the acetates of prednisolone, hydrocortisone, and cortisone. 


Accuracy within plus or minus 2 per cent was achieved. 


YNTHETIc adrenal corticoids are prepared from S closely related intermediates. Since the 
finished product may contain a number of such 
intermediates in  varying amounts, a method t o  
determine the ratio of the major component to the 
total steroid content is desirable. Polarography, 
gas chromatography, and gradient elution tech- 
niques were considered ; however, a paper chro- 
matographic technique was selected for its 
specificity and the simplicity of the equipment 
required. 


The method presented here is not intended for 
the detection of every possible intermediate or 
side reaction product obtained by all of the 
various methods of production, but it does mea- 
sure with an accuracy of h2y0 both the total 
amount of steroids present and  also the major 
steroid fraction. Prednisolone, hydrocortisone, 
prednisone, and  the acetates of prednisolone, 
hydrocortisone, and cortisone in tablets have been 
analyzed successfully. 


The  procedure is divided into three steps: 
(a) extraction of the total steroid fraction of the 
tablets, (b) paper chromatographic isolation of the 
major component and its quantitative removal 
from the paper, and (c) colorimetric measurement 
of both the total steroid content and the paper 
fractionated component by  a blue tetrazolium 
procedure previously described (1). 


EXPERIMENTAL 


Materials 
(Reagent grade materials are used except as 


noted. ) Materials used include alcohol U.S.P. ; 
methylcyclohexanc, b.p. 100-101"; formamide (re- 
distilled reagent grade solvent); blue tetrazolium 
solutionl-dissolve 50 mg. of the salt in 10 ml. 
of alcohol; and dilute tetramethylammonium 
h ydroxide-dilute 1 ml. of tetramethylammonium 
hydroxide T.S. to  20 ml. with alcohol. 
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been found satisfactory and was used for these studies. 


~ 


Apparatus 
Chromatography Chamber.-Use a rectangular 


tank, about 22.5 cm. in height and 22.5 X 8.75cm. 
in its other dimensions, equipped with a support 
for holding a 4 X 20 cm. chromatographic tray about 
4 cm. from the tank bottom. Fit the tank with a 
lid having a slot approximately 22 cm. long and 0.6 
mm. wide. Slot width is important. The lid is 
available from the Arthur H. Thomas Co.. Phila- 
delphia, Pa., or it can be made with glass strips 
separated by stainless steel shims. The strips are 
taped together with 0.75411. plastic tape and may 
be used repeatedly without retaping. 


Source of Ultraviolet Light and Viewing Ap- 
paratus.-Use a light source having an intensity of 
approximately 1.4 amp. at 2537 A. units, suspended 
no less than 9 in. above the paper. [A Chromato- 
Vue model 3-C Black Light (Eastern Corp., Bay- 
side, N. \'.) apparatus is convenient.] 


Standard Preparations 
Using an accurately weighed sample of U.S.P. 


reference standard of the steroid under test, prepare 
a chloroform solution containing approximately 1 
mg./ml. Solution of the standard may be facili- 
tated by the prior addition of 0.2 ml. of alcohol 
to  the volumetric flask for each 10 ml. of chloroform 
to be used. 


(Caution: These compounds are unstable in 
some lots of chloroform and may break down to a 
number of fractions in 1 to 7 days.) 


Test Preparations 
Bulk Steroids.-Transfer about 10 mg. of steroid, 


accurately weighed, to a 10-ml. volumetric flask con- 
taining 0 . 2  ml. of alcohol. After it is dissolved, add 
chloroform to volume and mix. 


Steroids in Tablets.-Weigh and finely powder 
not less than 10 tablets. Weigh accurately a por- 
tion of powder equivalent to about 10 mg. of the 
active ingredient and transfer to a 125-ml. separator 
with the aid of 15 ml. of 8% sodium bicarbonate 
solution. Extract the steroid using four 25-ml. 
portions of chloroform, filtering each portion 
through chloroform-washed glass wool into a 150- 
ml. beaker. 


Evaporate the chloroform to a volume of about 
2 to  3 ml. on a steam bath with a gentle current of 
air. Avoid evaporating to dryness. Transfer the 
solution quantitatively to a 10-ml. volumetric flask 
with several small washings of chloroform and make 
to volume. 
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TABLE ~.-CHROMATOCRAPHIC SOLUTIONS 


- De- 
velop- 
meat 
Time, 


Steroid Mobile Solvent hr. 
Prednisolone Chloroform - 2  
Hydrocortisone Chloroform 1.5 
Prednisone Chloroform :methyl- 2 


Prednisolone Chloroform :methyl- 2 


Hydrocortisone Chloroform :methyl- 1.5 


Cortisone Chloroform :methyl- 1.5 


cyclohexane (30 : 7) 


acetate cyclohexane (30: 15) 


acetate cyclohexane (30: 15) 


acetate cyclohexane (30 : 20) 


Paper Chromatography 
Prepare one paper for the test preparation and 


one for the corresponding reference standard. 
Select sheets of Whatman No. 1 filter paper ap- 
proximately 20 cm. square and draw a line across 
each 1.25 cm. from the top and a starting line 2 .5  
cm. from the bottom. Mark margins on the latter 
at points 4 cm. from the left edge and 5 cm. from 
the right edge of the paper. The steroid t o  be 
determined will be streaked on the starting line 
between these margins. At a point 2.5 cm. from 
the right side, place another .dot for spotting the 
reference standard. The reference standard used 
with the test preparation serves to identify' the 
major steroid component. 


Immerse the papers in the immobile solvent 
(formamide 40:methanol 60) for 20 seconds and 
remove the excess solvent by blotting lightly and 
uniformly between sheets of filter paper (Whatman 
No. 1 or the equivalent). Place the uniformly 
impregnated paper on a fresh piece of filter paper 
and allow it to dry for 10 minutes before spotting. 
With a micropipet, streak 0.200 ml. of the Ted 
Preparalion across the starting line superimposing 
successive portions as closely as possible. During the 
streaking, evaporate the solvent with a gentle current 
of air. Carefully blow out the pipet and wash the tip 
with 1 or 2 drops of chloroform. The formamide is 
eluted from the area by the streakiing process and 
should be replaced with about 0.025 ml. of immobile 
solvent. Apply 0.010 ml. of the reference standard 
solution to the starting line at the designated point 
and again replace the eluted formamide with about 
0.005 rnl. of immobile solvent. 


In a similar fashion, streak the second paper with 
0.200 ml. of the appropriate reference standard, 
omitting the identity spot, The same pipet 
should be used for streaking the solutions on all 


Place the appropriate mobile solvent (Table I )  
in the tray of the tank about 10 minutes before 
beginning development. The sample and standard 
papers are developed in separate tanks. Insert 
the paper through the slot in the tank lid so that 
1.25 cm. project about the lid and secure it with 
stainless steel pins. Set the cover with the sus- 
pended paper on the tank, insuring that the paper 
will dip into the mobile solvent. Sea the cover 
to the tank with masking tape and allow the chro- 
matogram to develop for the length of time in- 
dicated in Table I. 


Remove the chromatogram and ak dry it for 
about 2 or 3 minutes. Place it, spotted side up, 


papers. 
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on a clean glass plate a t  least 9 in. from the light 
source equipped with a 2537 A. unit filter. Rapidly 
identify the major steroid component by comparing 
it with the corresponding reference standard and 
outline the area covered by it. During this pro- 
cedure, minimum exposure to ultraviolet light is 
imperative, but with reasonable caution, no loss 
is incurred. With experience, the marking can be 
accomplished within 10 to 15 seconds. 


Carefully cut the encircled major component 
area from the paper. To facilitate extraction, cut 
it into about 10 pieces and transfer them to a 
125ml. separator. Avoid the use of Teflon- 
stoppered separators as the paper pulp damages the 
stopcock. Add 10 ml. of a 1% alcohol solution 
and extract with four 20-ml. portions of chloroform 
shaking vigorously each time for 1 minute. The 
paper should be pulplike when the extraction is 
completed. Filter the chloroform extracts through 
chloroform-washed glass wool into a 125-ml. glass- 
stoppered conical flask and evaporate the combined 
extracts to  complete dryness on a steam bath with 
the aid of a gentle stream of air. Treat the de- 
veloped chromatogram of the reference standard in 
a similar manner. 


Colorimetric Procedure 
Into separate glass-stoppered 50-ml. conical 


flasks pipet 0.200 ml. of the appropriate standard 
preparation and 0.200 ml. of the sample preparation 
(use the same pipet for measuring both samples). 
Evaporate the solvent to  dryness on a steam bath 
with gentle current of air. 
To each of these flasks and to the flasks containing 


the dried residues of the chromatographed sample 
and standard, add 20.0 ml. of alcohol. Stopper 
and swirl the four h k s  to effect solution. To  a 
fifth flask add 20.0 ml. of alcohol to serve as a 
reagent blank. To each flask, add 2.0 ml. of blue 
tetramlium solution, mix, then add 2.0 ml. of 
dilute tetramethylammonium hydroxide solution 
to  each flask and mix. Allow to stand in the dark 
for 90 minutes; with a suitable spectrophotometer, 
determine the absorbance of the solutions at the 
absorption peak near 525 mp relative to  the reagent 
blank. 


DISCUSSION AND RESULTS 


The U.S.P. extraction prpcedure was modified 
by use of the 8% sodium bicarbonate solution since 
the current official procedure permitted the extrac- 
tion of excipients which interfered with the resolu- 
tions of the steroids on the chromatograms. 


The paper chromatographic method used is  a 
modified form of the ascending continuous-flow 
technique described by Fischbach and Levine (2), 
and Mitchell (3). Using this technique, the mobile 
solvent can ascend the paper for an indefinite period, 
since the portion of the paper that emerges from 
the tank through the slit in the cover acts as a wick 
for the evaporation of the mobile solvent. The 
major advantage of this technique is that it makes 
possible the use of a short paper for the rapid resolu- 
tion of closely related compounds while maintaining 
discrete. sharply defined zones. Conventional Rf 
values are meaningless here, but the systems are 
designed to move the major component from the 
line of origin to a point midway on the paper in 1.5 
to 2 hours. Because of the small chamber volume 
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TABLE III.-ANALYSIS OF cOMMERCIAL POWDERS 


Prior to After 
Chromntopphy, Chromatogrnphy 


yo Clam ?& Clnim 
95.4 


and short development time, only a short chamber 
equilibration period and minimum temperature 
control are required. 


Initially, a series of control samples was carried 
through the paper chromatographic separation. elu- 
tion, and the color development stages. These con- 
trol samples were prepared mixtures of prednisolone 
containing hydrocortisone and various other ster- 
oids likely to  be present in commercial preparations 
of these products. The samples contained approxi- 
mately 85% prednisolone, 10% hydrocortisone, 3% 
epihydrocortisone, and 2% epiprednisolone. Colors 
were developed by one or more of the reactions using 
triphenyltetrazolium, phenylhydrazine. or isonico- 
tinic acid hydrazide. The average recovery of 
prednisolone from 54 determinations was 98.270 
with a maximum deviation of plus or minus 5%. 


The colorimetric techniques presented certain 
problems. For the phenylhydrazine or isonicotinic 
acid hydrazide reactions, additional steps were 
necessary to  remove traces of paper and formamide 
residue which interfered with color development. 
The oxygen sensitivity of triphenyltetrazolium 
chloride and the precise timing required by that 
procedure are disadvantages when a number of 
samples are to  be assayed simultaneously. The 
simplicity of the blue tetramlium technique recom- 
mended it as the method of choice. 


The feasibility of allowing colors to  develop over- 
night was investigated. While the precision of 
standards read at 90 minutes and again at 18 hours 
did not change, erratic values were obtained after 
18 hours for samples exposed to ultraviolet light 
during the paper scanning procedure. Hamlin 
et al. (4) have pointed out the sensitivity of these 
steroids to  ultraviolet light and the particular 
susceptihility of A1y4-3-keto steroids to photolytic 
degradation. 


A study was made by comparing the absorbance 
of untreated standard solutions and of standards 
which, after streaking on impregnated 
were exposed to  short-wave light (2537 rpzi 
periods of 0, 15, 30. and 60 seconds. The papers 
were extracted without chromatographic develop- 
ment. After 90 minutes of color development time 
with blue tetrazolium reagent, the maximum devia- 


TABLE IL-ANALYSIS OF SIBfULATBD 
TABLET F O R a a a a T l O N S  


Prior to After 


Hydrocortisone 99.5 101.4 
99.5 99.5 


100.6 100.0 
Av. 99.9 Av. 100.3 


Prednisolone 99.3 100.5 
100.1 99.8 
99.3 98.2 


Av. 99.6 99.1 
Av. 99.9 


Prednisone 99.5 101.0 
99.3 100.5 
99.3 100.1 


Av. 99.4 Av. 100.6 
Hydrocortisone 100.0 98.1 


acetate 99.8 99.2 
99.8 Av. s8.? 


Chromatogrnphy, Chromntogrnphy, 
U.S.P. Ref. Std. Yo Recovery % RCXOVU~ 


- 
- 


- 


Av. -9979 


Prednisone 99.4 
99.4 
99.4 


Av. 99.4 
Prednisolone 101.4 


- 


acetate 101.4 
101.4 


Av. 101.4 
- 


96.5 
96.7 


Av. 96.2 
- 


96.2 
95.2 
93.6 


Av. 95.0 
- 
100.8 
100.4 
99.5 


Av. 100.3 
- 


tion of absorbance between standards and ex- 
tracts of papers exposed 0, 15, and 30 seconds was 
less than l . O ~ o .  while the absorbance of the extract 
of the paper exposed for 60 seconds was 3.070 
below the unexposed standard. Checked again 
after 18 hours of development, the absorbance of 
the standards and of the papers exposed for 0 and 
15 seconds was identical, while the absorbance of 
the papers exposed for 30 and 60 seconds was 4 and 
9% lower than the standard. The above results 
indicate the necessity for viewing and marking 
the chromatograms rapidly, preferably in less than 
30 seconds. 


A mixture comprising 19 parts of prednisolone 
to  1 part of hydrocortisone was subjected to  extrac- 
tion, paper fractionation, and blue tetramlium 
color development. In 12 determinations, recovery 
of the major steroid fraction was 97.4 f l .O%, 
when compared directly with the standard sblution. 
When the standard was subjected to  chromato- 
graphic separation and extraction before comparison 
with the sample, the recovery of prednisolone 
averaged 99.5%. 


Failure to  achieve complete recovery from the 
papergrams is not due to pipet error. paper residue. 
effect of light. incomplete extraction, loss during 
evaporation, or reagent contaminants. Since re- 
cently distributed U.S.P. reference standards were 
used in the control studies, it  is assumed that the 
loss is due to tailing on the papergrams rather than 
to impurity of the standards. Whiie the dangers 
inherent in the use of procedural standards are well 
recognized, they are minimized in this case by the 
relatively complete recoveries found by direct 
comparison with the standard. Since the factors 
contributing t o  incomplete recoveries appear to be 
constant, the improved results obtained with pro- 
cedural standards justify their use. 


Approximately 10 mg. of accurately weighed 
U.S.P. reference standard was added to  200 mg. 
of a simulated tablet mixture and carried through 
the extraction, paper chromatography, and blue 
tetramlium color development steps. The exap- 
ient mixture contained 80% starch, 15% lactose, 
3% talc, 0.6% stearic acid, 0.5% magnesium 
stearate. 0.6% tragacanth, and 0.3% sodium algi- 
nate. Triplicate aliquots of standard solutions and 
tablet extracts were used for direct color develop- 
ment prior to  chromatography, and triplicate 
papers of both standard solutions and tablet ex- 
tracts were developed and determined by the colori- 
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metric procedure. From inspection of Table 11, REFERENCES 
it is seen that quantitative recovery was achieved (1) Kunre, F. M., pnd Davis, J. s., TITIS JOURNAL, s3, 
by the extraction and chromatographic techniques. 12:$1$y&bsch H. and Levine , Scicrre 121 3147(1g66) 
The analyses reported in Table 111 were carried g g ~ ~ 9 ~ l ~ d .  ’L. k., J .  Ass&.”Ofic. A h .  ~hcmirlr.  40; 
out in triplicate by the assay method described. (4) Hamlin. W. E., d d., THIS JOURNAL, 49, 253(1960). 


Stability of Cycloserine in Buffered 
Aqueous Solutions 


By LOUIS MALSPEIS and DAVID GOLD 


The pH rate prodle of the hydrolysis of cycloserine in aqueous bufFers is reported. 
Apparent pseudo first-order plots of the hydrolytic degradation are observed over 
the entire H range. Minimal over-all velocity occurs in the vicinity of pH 12. A 
linear log 1-pH plot is found for the protonated molecule and the dipolar ion in the 
pH ranges 0.4 to 2.3 and 3.0 to 7.0. The hydrolysis is catid zed by undissociated 
acetic acid, and the acetic acid-catalyzed reaction appears to & first order with re- 
spect to cycloserine, regardless of whether the protonated molecule or the dipolar 
ion is present in the solution Primary kinetic salt effects were not detected in 
hydrolyses involving the protonated, dipolar, or anionic molecules. Tbe kinetics 
suggest that in the acid-catalyzed hydrolysis the substrate is the protonated cycloser- 
ine molecule. An intermolecular electrophilic-nucleophilic mechanism involving 


this substrate is considered. 


BE STRUCTURE of the antibiotic cycloserine’ T has been shown to be ~-4&0-3-iw=li- 
done (1, 2); the dipolar ion structure, as de- 
duced from its infrared absorption spedrum and 
from potentiometric titration in aqueous wlu- 
tion, is 11. 


I II m 
Reports of qualitative observations of the 


degradation of cycloserine in aqueous solution 
indicate that the compound is relatively stable 
in alkaline solution, whereas it is readily hydro- 
lyzed in acid solution. Kuehl ct d. (1) noted 
that cycloserine was facilely degraded to h e  
and hydroxylamine upon acid hydrolysis and 
that it was relatively stable to alkali. Hidy ct 
al. (2) reported that mild acid hydrolysis yielded 
Dserine and hydroxylamine, while prolonged 
hydrolysis gave DLserine and hydroxylamine. 
In aqueous solution a t  pH 6, the compound was 
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1 Marketed as Seromycin by Eli Lilly and Co., Indianapolia. 
In& 


ous acpplied of cpdowrine. 


63% degraded in 20 hours a t  room temperature 
(3). In 15% sodium hydroxide solution at 
100°, Ratouis and Behar observed that the 
compound was 38% degraded in 6 hours (4). 
Felder and Tiepolo reported that cycloserine is 
about 2% degraded in 24 hours at  physiological 
conditions (5). The decomposition products 
were stated to be hydroxylamine, serine, and 
3-aminoxyalanine in acidic solution and 2,5- 
bis(aminoxymethyl)-3,6-dioxopiperazine and 2,5- 
bismethylene-3,6-dioxopiperazine in neutral solu- 


Analogous results were reported for 4-benz- 
amido-3-isoxazolidone. This amide was stable 
to boiling 2 N sodium hydroxide, while acid 
hydrolysis produced ring opening in addition 
to amide cleavage (6). Ratds  and Behar (4) 
identified serine and serine amide as the prod- 
ucts of the acid-catalyzed hydrolysis. 


Inconsistent with these observations is the 
report of Nishimura and Shimobima (7), who 
found that the stability point of cycloserine in 
aqueous solution is at pH 6.0. 


Structurally, cycloserine may be viewed as a 
cyclic 0-alkyl hydroxamic acid. The ob- 
served stability of cycloserine to alkaline hy- 
drolysis indicates that N-amide substitution 
with an oxygen atom results in a compound which 
is much less susceptible to nucleophilic attack. 
Simple amides are approximately equally SUS- 
ceptible to nucleophilic and to electrophilic 
attack (8) ; the pH rate profile of the hydrolysis of 
simple amides exhibits a minimal over-all velocity 


tion (5) .  








Relationship Between Rate of Dissolution, 
Disintegration Time, and Physiological 


Availability of Riboflavin in Sugar-Coated Tablets 
By E. J. MIDDLETON, J. M. DAVIES, and A. B. MORRISON 


Studies were conducted on the relationship between dissolution rate, disintegration 
time, and physiological availability of seven sugar-coated multivitamin products. 
Dissolu$on rates and disintegration times were determined with the U.S.P. dis- 
integration a paratus. A close relationship was found between in vim disintegra- 
tion time anathe dissolution rate (T 50 per cent) of riboflavin for the various prod- 
ucts. Both procedures correlated reasonably well with physiological availability as 
measured by urinary riboflavin excretion. It was concluded that either in vitro dis- 
integration time or dissolution rate can provide a useful estimate of the availability 


to the body of riboflavin in sugar-coated tablets. 


EVIOUS STUDIES from this laboratory (1-3) 
‘PRdemonstrated that sugar-coated tablets 
which did not disintegrate in 1 hour by a specified 
in vitro test were not fully available to  the body, 
judged by urinary excretion of riboflavin or p- 
aminosalicylate. Morrison et al. (4) concluded 
that measurement of riboflavin excretion provided 
a valid indication of physiological availability of 
vitamin preparations, and that limits for in vitro 
disintegration time based on ribotlavin excretion 
were applicable to other water-soluble vitamins. 


The validity of the relationship between dis- 
integration time and physiological availability 
has been questioned recently. Levy (5) showed 
that disintegration times for five acetylsalicylic 
acid tablets were not correlated with the rate of 
absorption or biological availability of the drug in 
humans. He noted, however, a direct relationship 
between the rate at which the tablets went into 
solution (the dissolution rate) and the amount of 
salicylate excreted in the urine. Campagna et al. 
(6) reported that the disintegration time for 
prednisone tablets was not a valid indicator of the 
availability of this drug to the body. Schroeter 
et al. (7) examined relationships between rate of 
dissoiution and disintegration time for tablets 
containing an anti-inflammatory steroid, sul- 
fonamide, antidiabetic agent, acetylsalicylic acid- 
phenacetin-caffeine, or sodium p-aminosalicylate. 
They concluded there was a specificity in the 
presence or absence of a relationship between rate 
of dissolution and disintegration time and ques- 
tioned the validity of uniform disintegration time 
limits applied to large groups of drugs in com- 
pressed tablets. 


The experiments described here were conducted 
to study relationships between in vitro disintegra- 
tion time, dissolution rate, and physiological avail- 


Received May 11 1964, from the Food and Drug Labora- 
tories, Department df NationdlHealtb and Welfare, Ottawa, 
Ontario Canada. 


Acceited for publication June 16. 1964. 


ability of riboflavin in sugar-coated multivitamin 
products. The results indicated that either of the 
two in vitro methods can provide a valid indica- 
tion of availability of riboflavin to the body. 


METHODS 


In Vitro Disintegration Times and Dissolution 
Rates.-The apparatus and fluids described in U.S.P. 
XVI (8) were used to determine disintegration time. 
The tablets were immersed for 30 minutes in 
simulated gastric fluid and the remainder of the 
time in simulated intestinal fluid. Disintegration 
times reported were mean values for at least two 
separate tests on six tablets each. 


Without stopping the agitation of the disintegra- 
tion apparatus, aliquots of the simulated digestive 
fluids were withdrawn at  various time intervals 
using pipets wound with glass wool a t  their tips. 
The aliquots were then analyzed for riboflavin by the 
U.S.P. XVI fluorometric procedure (8). 


Physiological Availability.-The method used to 
determine physiological availability of riboflavin 
was essentially that of Melnick et al. (9). Seven 
sugar-coated multivitamin products were tested. 
Five normal males known to be receiving nutri- 
tionally adequate diets were used in the experiment. 
While on test, they consumed regulated meals con- 
taining a relatively constant amount of riboflavin. 
The subjects were given 6 mg. of riboflavin in a 
gelatin capsule as the standard and 2-10 mg. of 
riboflavin as commercial preparations. A single 
level of standard was chosen because of previous 
findings that riboflavin excretion expressed as per- 
centage of the dose was linearly related to doses up 
to 20 mg. (10). The doses were taken at 8:30 a.m. 
after breakfast. Urine was collected in opaque 
bottles containing 2 ml. of 3.5 N HSO, at 2, 4, 6, 8, 
14, and 24-hour intervals after dosing. Riboflavin 
in urine was determined by U.S.P. XVI fluorometric 
procedure (8). Excretion values were corrected by 
subtracting the appropriate blank determined on the  
same individuals without dosing. As in previous 
studies (1-3), physiological availability was cal- 
culated as 


yc Physiological Availability = 


x 1oQ o/c Excretion From Preparation 
(rc Excretion From Standard 
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TABLE 1.-DESCRIPTION OF TABLETS STUDIED 


Labelled In I'ilro I n  C'ifro 
Riboflavin Riboflavin Disintegra- IXssolution 


Content/Unit, Unit Found, tion Time, Hate Tar.. Physiological 
Sample Medication mg. mg. Min. Min. Availability, 


A Multivitamin 3 3 151 114 58 f 10" 


B Multivitamin 10 10 45 25 87 f 4 


C Multivitamin 6 6 101 83 36 f 10 
D Multivitamin 3 3 45 38 88 f 11 


E Multivitamin 10 11 20 11 94 f 7 
F Multivitamin 3 3 98 124 12 f 5 


and minerals 


and minerals 


and minerals 


and minerals 
G Multivitamin 2 2 20 11 98 f 5 


a Standard error of the mean. 


1 


TIME Imln.) 


Fig. 1.-ln vitro dissolution curves of products A 
to G plotted as per cent riboflavin dissolved in simu- 
lated gastrointestinal fluids against time in minutes. 


RESULTS 


Data describing the products used are shown in 
Table I. All products contained vitamins; prod- 
ucts A, B, D, and F also contained minerals. In 
&fro disintegration times varied from 20 minutes 
(products E and G) to 151 minutes (product A). 
In vilro dissolution rates were expressed as the time 
for 50% of the riboflavin to  be dissolved in simu- 
lated digestive fluids (Tmx). Dissolution curves are 
given in Fig. 1. The T m r  values varied from 11 
minutes (products E and G) to  124 minutes (prod- 
uct F). 


The relationship between dissolution rate (Ta%) 
and disintegration time is shown in Fig. 2. A 
significant relationship was found (r = 0.923). 
Product F,  which was only partially available to  the 
body, had a longer dissolution rate than would have 
been predicted from the disintegration time, suggest- 
ing that the product disintegrated but did not go 
into solution. 


Results of the physiological availability studies 
also are summarized in Table I, and the relationship 
between disintegration time and physiological avail- 
ability is illustrated in Fig. 3. Products A, C, and F, 
which did not disintegrate within 60 minutes in vitro, 
were not fully available to  the body. 


Products C and F gave lower physiological avail- 
ability values than predicted from their .in &fro dis- 
integration times. 


A significant relationship (r = 0.906) was ob- 
served between dissolution rate (Tmx) and physio- 
logical availability (Fig. 4). Tablets F and C, how- 
ever, which displayed abnormal disintegration times 
gave results quite different from those of the other 
products tested. 


DISCUSSION 


The results of these studies confirm the previously 
established relationship between in vitro disintegra- 
tion time and physiological availability. Tablets 
which did not disintegrate within 60 minutes (30 
minutes in simulated gastric juice and 30 minutes 
in simulated intestinal juice) were not fully available 
to  the body. Similarly, tablets with Tar values of 
greater than 60 minutes were not fully available. 


It is of interest that two products gave results for 
disintegration time and dissolution rate which did 
not correlate closely with physiological availability. 
This discrepancy may be related, in part, to  the fact 
that these tablets formed a viscous mass in the sim- 
ulated digestive fluids, making i t  difficult to deter- 
mine disintegration time accurately. It is possible 
also that the in uiuo availability of riboflavin in these 
products may have been lower than expected be- 
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Fig. 2.--Correlation of time required for 50% of 
riboflavin to dissolve in simulated gastrointestinal 
fluids with disintegration time for products A to  G. 
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Aclose relationship was found between in vitro dis- 
integration time and dissolution rate (Tmr) values. 
Results obtained by both in vitro procedures corre- 
lated reasonably well with those for physiological 
availability. The relationship between T m w  values 
and physiological availability was particularly good. 
This finding indicates that the rate of solution of 
riboflavin from sugar-coated tablets is an important 
factor in determining in vivo availability of the vita- 
min. From other studies (12) i t  is known that ribo- 
flavin is absorbed mainly from the upper part of the 
small intestine. Therefore, it  would appear likely 
that tablets from which riboflavin dissolves only 
slowly may be beyond the portion of the gut in which 
efficient absorption can take place before dissolution 
occurs, and hence show reduced availability of ribo- 
flavin. 


The results indicate that in vitro disintegration 
time provides a valid indication of the rate at which 
riboflavin goes into solution from sugar-coated 
tablets. Thus, either in vitro disintegration time or 
dissolution rate can provide a useful estimate of the 
availability to  the body of riboflavin in sugar-coated 
tablets. For other drugs disintegration time and 
dissolution rate may not be so closely related (5,  6). 
There is a need for further studies on methods for 
determining dissolution rate and on the relationship 
between dissolution rate and physiological avail- 
ability. 


Previous studies have shown that limits for an d r o  
disintegration time based on riboflavin also are ap- 
plicable to  other water-soluble vitamins. Therefore, 
it  would be expected that the rate of solution of 
riboflavin would provide useful information about 
the availability of other water soluble vitamins to 
the body. Studies now are underway to investigate 
this possibility. Relationships between in vitro dis- 
integration time and dissolution rate for enteric 
coated tablets with varying degrees of in vivo avail- 
ability also are being investigated. 
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Fig. 4.-Correlation between time required for 
50% of the riboflavin from products A to  G to dis- 
solve in simulated gastrointestinal fluids with physio- 
logical availability of the products measured by uri- 
nary riboflavin excretion data. 
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Reuiew Article- 
Electron Spin Resonance Spectroscopy 


By L. DALLAS TUCK 


HE YEARS since World War I1 have brought 
Ta continual and almost geometric increase in 
the sophistication of physical measurements. 
While the chemist or pharmaceutical chemist of 
three decades ago depended for his routine work 
upon pipets, burets, and balances with the 
occasional use of the refractometer, pH meter, 
and the single-beam spectrophotometer, his 
modern counterpart has at  his disposal a pro- 
fusion of complex electronic instruments. Not 
only have the old instruments been refined into 
self-scanning automatic recording systems, but 
also new atomic and optical principles have been 
discovered and have led to new types of measure- 
ment. 


Two new branches of spectroscopy of particular 
interest in this review are commonly known as 
nuclear magnetic resonance (NMR) and electron 
spin resonance (ESR). They are mentioned to- 
gether because they represent applications of the 
same principle to two different types of ele- 
mentary particles. The former, NMR, concerns 
energy levels due to orientation of the atomic 
nuckus in a magnetic field, while the latter, ESR, 
has the same relationship with respect to the 
electron. Though there are many differences in 
the practical details of the instrumentation, 
there are also many common features, particularly 
from a viewpoint of the theory. The principal 
concern of this review is electron spin resonance, 
but we shall have occasion to compare it with 
NMR, an instrument probably more familiar to 
the reader. 


The purpose of this article is to set down 
Received from the Department of Pharmaceutical Chem- 


istry, School of Pharmacy, University of California, San 
Francisco. 


enough of the physical principles and applications 
of electron spin resonance to make the contem- 
porary literature readable, with particular em- 
phasis on those applications currently being made 
in chemistry and biology. For more detailed 
discussion of the theory or specific applications, a 
wealth of review and research literature is 
available (1-12). 


There is not a unanimity in the use of the name 
“electron spin resonance.” The name used 
depends on the particular application and the 
habits of the research worker (5, 12). From a 
broad instrumental point of view, “electron spin 
resonance, ” “electron paramagnetic resonance, ” 
and just plain “paramagnetic resonance” are 
all synonymous, and only the first mentioned will 
be used here. 


While the spectroscopy of nuclear magnetic 
resonance requires the presence of nuclei possess- 
ing magnetic moments, the mere presence of 
electrons does not lead to an ESR spectrum. 
Only an atom or molecule possessing an unpaired 
electron will exhibit ESR absorption. Thus, 
most chemical compounds are inactive in this 
respect because their electrons are paired; i.e., 
every possible electron orbital either is empty or 
is filled with two electrons of opposite spin. 


The following types of substances are sus- 
ceptible to study in ESR spectroscopy: (a )  para- 
magnetic ions of transition group elements, 
(b) free radicals, (c) triplet-state molecules, often 
formed by excitation from the (paired electron) 
ground state in phosphorescent molecules. A 
triplet-state molecule has two unpaired electrons ; 
the oxygen molecule is an example, though an 
atypical one. ( d )  Odd-electron elements and 
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molecules in the gaseous state, and (e) metals and 
other solids containing conduction electrons and 
holes. 


This review is devoted to those of the above 
substances which exist in detectable quantity in 
liquid solution at ordinary temperatures- 
principally items a and b. Item c is given only 
brief mention because of the experimental prob- 
lems involved in obtaining a spectrum (1 3). 


PHYSICAL PRINCIPLES 


I t  is well known (14)’ that the electron pos- 
sesses an axis about which it rotates with an in- 
variant angular momentum, referred to as its 
spin angular momentum or spin. The magnitude 
of the spin is expressed as p,  = ‘ / * ( h / 2 ~ ) ,  where 
the spin quantzim number, stands in place of 
an inteRer in a similar equation for the orbital 
angular niomentum of an atomic electron. 
Planck’s constant, h, has the value 6.62 X lO-*7 


erg second. The spinning charge comprises an 
electric current which produces a magnetic 
dipole moment, p,, also an invariant of the elec- 
tron, whose value is related to the unit of orbital 
magnetic moment, po ,  the Bohr magneton, by 


P. = 1/2 gpo (Eq. 1) 


In this equation, g is a factor determined by the 
charge structure of the electron and is called the 
Lande g factor or the spectroscopic splitting factor ; 
for an electron with no orbital angular momen- 
tum, g has the value 2.0023. For the purpose 
of a simple image not structurally meaningful, 
i t  is convenient to imagine the electron consisting 
of a tiny magnet of pole strength 9.27 X 
electromagnetic units and with north and south 
poles separated by 1 A. This is a way of illus- 
trating the fact that the spin moment is 9.27 X 
1 0 4  erg/gausP 


Consider a volume of a dilute gas contained 
within the pole gap of a magnet with parallel 
pole faces, ie., within a homogeneous magnetic 
field. The rule of spatial quantization permits 
the electron magnets to occur only in two orien- 
tations, as illustrated in Fig. 1. This is a con- 
sequence of the fact that the spin quantum 
number S is ’/z and the general rule according 
to which there are 2S + 1 permitted orientations. 
The two permitted states are characterized by a 
set of quantum numbers representing the orien- 


1 The come ts fundamental to this discussion are found in 
numerous boois on introductory atomic physics or quantum 
mechanics. Most of the vocabulary is in a succinct form in 
Reference 14. 


1 In electrodynamics, a distinction is made between the 
magnetic field strength (gauss) and the magnetic induction 
(oersted). While the latter is  logical^ appropriate here, 
common usage dictates the former. omputation results 
are the same either way since the materials commonly used 
have unit magnetic permeability. 


Fig. 1.-Schematic rep- 
resentation of the two 


1 1  permitted electron ori- 
entations in a magnetic ’ ‘ field. The orientation 
CY is the excited state; 
B is the ground state. 


tation of the electron magnet in the magnetic 
field, Ma = M g  = The only pos- 
sible transitions are those for which AM = 
Ma - Mg = 1 and AM = M ,  - Ma = -1. 
The orientation, a, which is parallel to the mag- 
netic field, is mechanically unstable because of the 
repulsion of like poles; while the antiparallel 
orientation, 8, is stable. The work required to 
rotate the electron magnet from condition 8 
to condition a is proportional to the magnetic 
moment and the magnetic field strength H 
(gauss). According to Eq. 1, the energies of 
the states relative to the condition of zero mag- 
netic field strength can be computed by 


Ea = P ~ H  = ‘ /qgPoH (Eq. 2) 


Eg = -paH = - ‘ / i ~ o H  


The energy of the transition AM = +1 is thus 


AE = E ,  - Eg = gp,H (Eq. 3) 


Equations 2 and 3 are expressed graphically in 
Fig. 2, in which the length of the arrow cor- 
responds to A E  at a given externally applied 
field. 


As applied to electrons in free atoms, one will 
find in books on spectroscopy (e.g., Reference 15) 
an equation for g which takes into account the 
orbital angular momentum as well as the spin.3 
Since the orbital motion in molecules is intimately 
connected with the physical and chemical bonds, 
it  is not possible, except in gaseous systems, to 
effect reorientation of the orbital moments with- 
out absorbing large energies. As expressed in the 
literature (3), orbital orientation is quenched.‘ 
The electron spin, however, is not involved in the 
molecular structure; accordingly, spin orienta- 
tion readily occurs with energy levels almost 
identical to those of the free electron. Small 
variations from the free-spin value due to forces 
between the orbital and the spin magnetic mo- 
ments are expressed by adjustment of the value 
of g as used in Eq. 1. This effect is referred 
to by the term “spin-orbit coupling.” 


*The equation for g referred to  would yield pre- 
cisely 2 for the free electron and must be corrected for a 
polarization effect arising in quantum electrodynamics to 
yield the value 2.0023 referred to above. 


‘An exceptional class of solid w m  ounds occurs in the 
lanthinide and actinide rare earth sds, in which the un- 
paired electrons are deep within the atomic kernel (5, 6. 16). 
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As in other branches of spectroscopy, absorbed 
electromagnetic energy lifts the energy level of a 
molecule from a ground state to an excited state. 
The ground state energy is represented by the 
point on curve B of Fig. 2 which corresponds to the 
applied magnetic field strength. Absorption 
will occur only if a photon of the electromagnetic 
radiation matches the energy required to lift the 
system to the value on curve a at the same H 
value, illustrated by the length of the arrow in 
Fig. 2. A given value of field strength H re- 
quires a definite electromagnetic frequency, v, 
which is calculated in cycles per second by com- 
bining Einstein’s equation, AE = hv, with Eq. 3 to 
yield 
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It  would appear that there is an infinite range 
of frequencies to choose from, for one need only 
choose a value of the magnetic field which cor- 
responds to a convenient frequency according to 
Eq. 4. In practice, the difficulties and cost of 
generating a steady and homogeneous magnetic 
field increase in a geometric manner with the 
field strength. Other desiderata, such as sensi- 
tivity and resolvability of the spectrum, are im- 
proved by higher frequency and thus higher field 
strength, so that a compromise is necessary. 
Though for some purposes frequencies in the 10 
to 100 megacycle range may be used, the most 
common frequency now used is about 9 giga- 
cycles (Gc.) (9000 megacycles) per second, which 
is in the microwave region of the radiofrequency 
spectrum. Calculation from Eq. 4 shows that 
the corresponding magnetic field strength is of the 
order of 3000 gauss. 


INSTRUMENTAL 


In gross schematic structure, the ESR spec- 
trometer consists of the magnet, the microwave 
circuit, and electronic equipment for regulation, 
detection, and recording. A block diagram of a 
simplified spectrometer is shown in Fig. 3. The 
microwave source is a reflex klystron oscillator 
which sends 9 Gc. per second power by way of a 
pipe of rectangular cross section called a wave- 


Fig. 2. - En- 
ergies of the two 
states of a free 
electron as a func- 


FIELO STRENGTH tion of magnetic 
field strength. 


MAGNET 


CHART 
AMPLIFIER 1 -i] RECORMR 


Fig. 3.-Schematic diagram of a simplified ESR 
spectrometer. 


“ I  A I 
Fig. 4.-Standing - wave 


amplitudes in a full-wave- 
length resonant cavity as a 
function of position along 
the axis of the cavity. The 
ordinate of the upper curve 
is the magnetic field strength; 
that of the lower curve is 


0 the electric field strength. 


guide into a resonant cavity through a circular 
iris of about 0.5-cm. diameter. The cavity may 
be a walled-off section of waveguide, but it is 
often an especially constructed chamber with 
built-in field-modulation coils, special fittings for 
support of the sample, etc. The source fre- 
quency must be carefully adjusted to be exactly 
resonant with the cavity-a condition such that 
there are an integral number of half-wavelengths 
in the cavity. A second iris through the far wall 
of the cavity permits a fraction of the power to 
escape and be detected by a silicon crystal 
rectifier, and the magnitude of the exit power is 
registered on a recording voltmeter. Because of 
the strict frequency requirement for resonances 
in the cavity, it is not possible to obtain an 
ESR spectrum by varying the frequency. Ac- 
cording to the conjugate nature of frequency and 
magnetic field strength (Eq. 4), the same purpose 
is served by varying the magnetic field at a fixed 
frequency . 


A practical spectrometer varies in numerous 
respects from the above, but it has as its main 
characteristics the following components: an 
electromagnetic oscillator, a resonant circuit con- 
taining the sample within the magnetic field, and 
provisions for detecting, amplifying, and indicat- 
ing the power absorbed by the sample. 


The position of the sample is a critical factor 
in the sensitivity of the spectrometer. Ideally, 
one desires to absorb as much magnetic energy 
in the sample as possible with no power lost 
in other ways. Thus, the most favored position 
for the sample is at  the maximum (loop or anti- 
node) of the magnetic standing wave in the cavity. 
Because the electric and magnetic waves are 90’ 


6 The word resonance is used in this article in two separate 
senses. In this section, simple instrumental resonance is 
used BS resonance between the source frequency and one of 
the natural frequencies of the cavity. As used in the name 
of the phenomenon the word resonance implies the condition 
that the photons of the source frequent). have the exact 
energy to effect the desired magnetic transition. 
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out of phase, the antinode of the oscillating mag- 
netic field is at  the same position as the node of 
the electric field, as shown in Fig. 4. As the 
dielectric loss in matter due to oscillating electric 
dipoles is proportional to the oscillating electric 
field strength, maximum magnetic absorption 
and minimum electric absorption occur at the 
same position. 


Of course, the position of the node is merely a 
mathematical point, so that any actual physical 
sample would overlap less ideal positions. For 
many substances, a small amount of overlap is no 
disadvantage. However, some samples, partic- 
ularly aqueous solutions, are so lossy that they 
tend to kill the oscillation in the cavity and must 
be inserted in capillary tubes or in thin flat 
quartz cells carefully aligned in the electric 
nodal plane. 


The presentation of the spectrum may take 
many forms. I t  could be presented as a graph 
of the point-by-point d.-c. voltage output of the 
crystal rectifier as a function of the magnetic 
field. An automatic device for linear sweeping 
of the magnetic field together with a recording 
voltmeter would produce such a graph, as shown 
in Fig. 5A. 


To increase the signal-to-noise ratio, many 
ESR spectrometers use a device known as a 
phase-sensitive (lock-in or coherent signal) 
detector. This device is capable of eliminating 
extraneous signals and noise voltages by accepting 
only an alternating voltage of the same frequency 
and phase as some constant-frequency reference 
voltage. 


An alternating magnetic field is superimposed 
on the slowly swept magnetic field by means of 
auxiliary coils parallel to the pole faces of the 
magnet, referred to as field modulation coils. 
The frequency of the field modulation is arbitrary, 
and spectrometers exist in which it is as low as 
30 cps. and as high as 1 megacycle. The voltage 
producing this field is connected to the reference 
input of the phase-sensitive detector and operates 
a gate to turn the detector on and off in syn- 
chrony with the alternating output voltage from 
the crystal detector. The output of this device 
is illustrated in Fig. 5B for the sample whose 
absorption spectrum is shown in Fig. 5A. As the 
external magnetic field is slowly swept through 
the absorption curve of Fig. 5A, the field modula- 
tion imposes an alternating field, indicated by the 
sinusoidal wave form. The crystal receives a 
d.-c. voltage according to the height of the curve, 
upon which is superimposed an alternating volt- 
age whose magnitude depends upon the steepness 
of the curve. The phase-sensitive detector re- 
sponds only to the alternating voltage, which is 


Fig. 5.-Key: A, ESR absorption spectrum of a 
substance showing no hyperfine structure; B, ESR 
derivative spectrum resulting from use of field mod- 
ulation and phase-sensitive detection. The abscissa 
is magnetic field strength ; the ordinate is voltage 
output at  the recording voltmeter. The vertical 
sine wave represents the field modulation of the 
magnetic field; the horizontal sine wave is the 
resulting alternating output voltage. 


then rectified. The voltage recorded at each 
point of the abscissa has a value proportional to 
the derivative of Fig. 5A at the same H value, as 
shown in Fig. 5B. This curve is often referred 
to as a derivative spectrum.6 


Though the novice may find i t  d;fficult to inter- 
pret such a curve, with experience it yields more 
information to the eye than does the original 
absorption curve, at  least in complicated spectra 
with overlapping of individual lines. This is 
because subtle changes of the slope are exagger- 
ated in the derivative curve. Some workers have 
carried this procedure one step farther to the 
second derivative and claim even better inter- 
pretability (17). 


A limiting factor in any sensitive instrument is 
the amount of interference arising from extra- 
neous sources. Electronic instruments utilize 
grounding, shielding, and regulating techniques 
to reduce stray pickup; yet every element which 
emits or carries electric power is an internal source 
of thermal noise. The klystron oscillator is the 
most important noise source in a modem ESR 
spectrometer, and the sensitivity is primarily 
determined by this tube (18). Since the noise 
should average out to zero, an average signal 
taken over a time long enough should give a 
spectrum of any desired signal-noise ratio, and 
most electronic instruments are equipped with a 
low-pass filter of variable time constant for this 
purpose. To extend the time constant beyond a 
few seconds, however, has many practical dis- 
advantages and requires an instrument of un- 
attainable stability. An ingenious technique 
used by Commoner and co-workers (19) takes 
advantage of the averaging effect by recording the 
signal from identically prepared samples on the 
same chart 10 to 15 times. Though in a single 
sweep it is difficult to distinguish the signal from 
the noise, the repetition produced a composite 


Strictly, the derivative spectrum is found only in the limit 
as the field modulation approaches zero. 
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pen track of breadth equal to the noise voltage 
upon which the signal appears unambiguously. 


Electronic devices based on the same principle 
store the information from successive sweeps, 
reproducing the average after completion of some 
hundreds of sweeps (20, 21). Figure 6 compares 
an ESR spectrum by Klein and Barton (20) of a 
dilute solution of manganous ion in one sweep 
with an average of 5000 sweeps over 7 hours. 


CHARACTERISTICS OF A SPECTRUM 


The absorption spectrum of a free electron 
appears as a single spike centered at  field strength 
corresponding to that calculated from Eq. 4, 
with g = 2.0023. Spectra of unpaired electrons 
in atoms and molecules vary from this for several 
reasons. 


Line Shift and g Value.-As discussed in a 
previous section, interaction with the orbital 
angular momentum results in a variation of g by 
spin-orbit coupling. To borrow a term from 
NMR, this is a kind of chemical shift, as the 
deviation from the free spin value depends upon 
magnetic d e c t s  in the environment. 


Line Broadening.-For precision in the in- 
formation to be obtained from a spectrum, the 
line width must be as small as possible. There are 
several causes of broadening in lines, a knowledge 
of which is necessary for rational study of ESR 
spectra. 


Some line broadening arises from purely in- 
strumental causes. Lack of homogeneity in the 
magnetic field, producing a different field strength 
a t  different parts of the sample, would produce 
broadening for obvious reasons. Another com- 
mon cause of broadening is the use of large values 
of field modulation alternating field strength. 
It is clear from inspection of Fig. 5 that if the 
amplitude of the field modulation is of the order 
of magnitude of the line width itself, an apparent 
broadening of the line will occur. Sometimes 
this may be necessary, however, as increase of the 
field modulation is one way of increasing the 
sensitivity; and if the sample is very dilute in 
paramagnetic solute, a compromise is necessary 
between detection of the free radical and charac- 
terization of its true spectrum. 
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Fig. 6.-ESR spectnun of an aqueous solution 
containing 8 X 10-11rnoles of manganous ion in the 
spectrometer cell. The lower curve is-the direct 
output of the spectrometer; the upper curve is an 
electronic average of the same sample as a result 
of 5,000 traverses. 


The presence of neighboring paramagnetic 
molecules alters the local magnetic field strength. 
This brc;adens the spectral line in part because of 
the statistical deviations of the field owing to 
momentarily Merent environments. This effect 
is called “dipole broadening” or “spin-spin 
broadening.” Dilution of the solution will 
result in narrower lines by increasing the average 
distance between molecules. 
In complicated organic free radicals at  low 


concentration, the ESR spectrum will often be a 
single broad line. This broadening could be 
caused by failure to resolve hyperfine splitting 
(see Hyperfine Structare). If the spectrum 
consists of a series of narrow lines, large field 
modulation may wash out this structure by the 
mechanism discussed above. 


The breadth of an ESR spectrum line is actu- 
ally the result of a complex combination of causes, 
both intramolecular and environmental. The 
ultimate line width is related to the lifetime of a 
magnetic state. Any effect which facilitates 
energy coupling between the spin center and the 
environment leads to broadening; any effect that 
tends to isolate it leads to narrowing. For 
further information, one should consult the 
literature on the subject of the spin-relaxation 
process (3). 


Fine Structure.-Students of atomic spec- 
troscopy will recall that fine structure pertains 
to the separation of electronic energy levels of the 
same principal quantum number and different 
angular momentum quantum number (14). 
Fine structure appears in ESR spectra only in the 
gaseous and crystalline states. For further dis- 
cussion, one should refer to  the pertinent litera- 
ture (5,10-12). 


Hyperfine Structure.-An important char- 
acteristic of an ESR spectrum arises owing 
to the presence of nuclei having magnetic mo- 
ments within the orbital of the unpaired electron. 
Like that of the electron, the spin of a hydrogen 
nucleus can be oriented in only two directions. 
In one such orientation, it adds its field to that of 
the external field, while in the other it subtracts. 
Thus, if the electron lies very close to this 
nucleus, an applied field measurably smaller 
(or larger) than for a free electron is required to 
bring the electron to its resonance value. The 
energy diagram of Fig. 2 may be amended to 
contain this information. A single proton acting 
as a magnet will add or subtract a detinite amount 
to the applied field, regardless of the value of the 
latter. Figure 7 shows two values of H at which 
resonance occurs at  a given frequency-ne 
lower and one higher than that expected in the 
absence of the proton. Since there will be an 
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approximately equal number of protons in each 
of the two states, it  will give rise to a doublet 
symmetrically disposed around the basic line 
position. This is the simplest case of hyperfine 
splitting and is analogous to spin-spin splitting in 
NMR. 


It was noted above that two orientations are 
permitted the hydrogen nucleus. This is a con- 
sequence of the nuclear spin quantum number 
I = l/*, exactly analogous to the rule outlined 
for the electron with S = l/*. Other nuclei 
having other values of the nuclear spin quantum 
number will conform to the rule that the only 
nuclear orientations permitted are those in which 
M, = +I  and values smaller in magnitude by 
integers, where MI is the projection of I along 
the magnetic field direction. For nitrogen-14, 
for which I = 1, M, is permitted the values +1, 
0, - 1, leading to a three-peak spectrum. Since 
one-third of the atoms in a given sample will be in 
each such state, the three lines wil l  be of equal 
intensity. 


A striking example of such a spectrum is that 
found for the free radical divalent anion, peroxyl- 
amine disulfonate, obtained as the potassium 
salt, as shown in Fig. 8. The splitting is caused 
by the nitrogen-14 in the molecule. 


Values of the nuclear spin quantum number 
depend upon both the atomic number and the 
atomic weight, i.e., both on the number of protons 
and neutrons. M e r e n t  isotopes of the same 
element will thus have different I values. Some 
values for common nuclides are listed in Table I. 


Elements with even mass numbers (total of 
protons and neutrons) have integral values of I, 
those with odd mass numbers have half-integral 
values, and nuclei with even atomic number and 
even atomic mass number have zero spin. The 
latter is a result of the pairing of the spins of the 
respective protons and neutrons. 


Table I shows that in an organic compound 
containing ordinary carbon, hydrogen, and oxy- 
gen, only the hydrogen will produce hyperfine 
splitting. However, splitting due to the small 
naturally occurring fraction of carbon-13 is 
sometimes observed (see below). 
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PRACTICAL AND THEORETICAL 
APPLICATIONS 


Quantitative Analysis.-The use of ESR as a 
quantitative measure of free radical concen- 
tration is based on the fact that the integral 
of the absorption spectrum is proportional to the 
number of spin centers within the cavity (3). 
For spectrometers with first-derivative presen- 
tation, this proportionality may be utilized only 
by performing a double integration on the raw 


Fig. 7.-Energies of the 
two magnetic states of an 
electron as a function of 
magnetic field strength show- 


ELO STRE TH ing hyperfine splitting by a 
nucleus with S = I/*. The 
scale of the splitting is 
exaggerated. 
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Fig. 8.-ESR spectrum of potassium peroxyl- 
amine disulfonate dissolved in an aqueous am- 
moniacal solution. 


spectrum and comparing it with a similar inte- 
gration for a standard of known titer. Such 
computations are time consuming and, for 
reasons listed below, are often of questionable 
accuracy. Electronic integrators (22) and other 
computational aids (23) may be used to facilitate 
the integration, but even these yield only order- 
of-magnitude results. The inaccuracy of all 
integration processes as applied to ESR arises 
from at least two basic causes: (a) the instability 
of the spectrometer. which appears as baseline 
drift of the integrated spectrum and (b) the 
difficulty of resolving hyperfine structure in a 
time sufficiently short to obtain an accurate in- 
tegral. A third cause of inaccuracy occurs, 
particularly in lossy solutions, if the sample must 
be removed from the cavity to insert the standard 
whose dissipative character may be quite differ- 
ent. This difficulty may be avoided by using a 
double cavity capable of accommodating the 
two samples and displaying their spectra at  the 
same time (24). 


For many purposes only relative concentration 
of a single substance is required. In this case, 
the maximum height of the derivative signal 
serves as a proportional measure of concentration 
(25) * 


A standard substance useful and almost indis- 
pensable in ESR spectroscopy is l,l-diphenyl-2- 
piuylhydrazyl (DPPH) which can be prepared as 
a polycrystalline solid in the free radical form. 
In this form, its spectrum is a single peak of 
about 3 gauss width and a g value of 2.0036 (3). 
Its line width varies somewhat with crystal size, 
evidently connected with the surface adsorption 
of paramagnetic oxygen (26-28). It is stable for 
months in the solid state but undergoes a few 
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per cent decay in a year. In dilute solution in 
benzene and other solvents, it exhibits a spectrum 
of five lines with line separation of about 10 
gauss, a result of hyperfine splitting by the two 
nearly equivalent nitrogen nuclei. 


Other standards of free spin which have been 
proposed and used include manganous ion (29), 
ruby crystal (30), and carbonaceous material 
(31) ; these are useful for particular applications 
but have certain practical disadvantages. 


Qualitative Analysis and Chemical Struc- 
ture.-As discussed earlier, there are three 
important characteristics of an ESR spectrum 
by which it can be identified--uiz., its g value, 
its line width, and its hyperfine structure. 
Each of these can play a part in the qualitative 
identification of a paramagnetic entity and 
furnish clues to its chemical nature. 


As a simple example, manganous ion in an 
aqueous solution can be readily identified by 
observation of its six-line spectrum of 100-gauss 
separation (32) (see Fig. 6). With methods 
beyond the scope of this discussion, the electronic 
structure of coordinated complexes and chelates 
of transition-group ions may be deduced by study 
of the details of the hyperfine structure (33). 


The free radical produced by electric discharge 
through methane was identified as the methyl 
radical by its ESR spectrum, consisting of four 
symtnetrical hyperfine lines of intensity ratios 
1:3:3:1 (34). Four lines would be expected 
from a free radical with three equivalent protons 
from the multiplicity rule, 21 + 1, since the total 
nuclear spin of three aligned protons would be 
I = The relative intensities of the lines are 
computed from the statistical weights of the 
four possible combinations. There is only one 
permutation for which all of the nuclear magnets 
point to the north (or the south) pole of the ex- 


TABLE I.O-NUCLEAR SPIN QUANTUM NUMBERS OF 
SEVERAL COMMON NUCLIDES 


At. MDss 
Element No. No. I 


Hydrogen 1 1 ‘/2 
Hydrogen-2 


(deuterium) 1 2 1 
Hehum 2 4 0 
Carbon-12 6 12 0 


1/2 
14 l3 0 


Carbon-13 6 
Carbon-14 6 
Nitrogen 7 14 1 
Oxygen- 16 8 16 0 
Oxygen-17 8 17 ‘ / a  
oxygen- 18 8 18 0 
Fluorine 9 19 1/2 


Sodium 11 23 
Vanadium 23 51 7/¶ 
Manganese 25 55 =/r 


OSullivan, W. H. “Trilinear Chart of Nuclides,” Oak 
See this or other sources Ridge National.Labc’ratory, 1957. 


for a complete Ilst. 
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ternal magnet, which corresponds to M I  = f a/2. 


Reversal of any one of the three protons will 
yield the result M, = Since each per- 
mutation is equally probable, the statistical 
weight of MI = is three times that for MI = 
a/2. While it is true that most organic free 
radicals do not have the structural simplicity of 
the methyl radical, their spectra sometimes do. 
From the fact that the ESR spectrum of a free 
radical is a symmetrical triplet of intensity 1 : 2 : 1, 
it is deduced that the unpaired electron is 
localized on a group containing two equivalent 
protons (35). 


The methods of analysis illustrated above can 
be extended only in principle to more complex 
organic and biological free radicals. However, 
like the infrared spectrum, common features in 
two spectra are to be associated with similar 
structural features. Ingram (3) cites at  length 
the work of Gordy et al. (36), who showed the 
similarity of the ESR spectra of free radicals 
from a number of animal proteins with that of 
cystine. Schieser (37) has recently pointed out 
common features in the spectra of free radicals 
formed in the Marquis test (and other color 
tests) on various alkaloids. He concludes that 
the site of the free radical is a phenolic moiety 
common to all the compounds studied. 


Electron Density in r-Radicals.-Free rad- 
icals formed by oxidation or reduction of aro- 
matic molecules owe their stability to the 
participation of the unpaired electron in the 
aromatic resonance. In the language of the 
quantum theory, it is in a s-orbital. This is con- 
firmed by the ESR spectra of such radicals, 
which show hyperfine splitting by all of the ring 
hydrogens. Moreover, hyperfine splitting is also 
contributed by the protons of methyl groups 
attached directly to the ring, which is a direct 
verification of hyperconjugation (3). 


A quantum mechanical analysis of the aromatic 
ring shows that the hyperfine splitting by a ring 
proton is directly proportional to the unpaired 
electron density (the square of the wave function) 
a t  the carbon atom to which it is attached (38). 
Hyperfine splitting calculated from this theory 
is in good agreement with experimental values 
(39). Electron densities of both positive and 
negative radical ions of a number of aromatic 
hydrocarbons have been computed (40). 


Hyperfine splitting in aromatic radicals at- 
tributed to the 1% of carbon-13 in natural carbon 
has been observed in certain spectra with narrow 
well-resolved lines (41). Figure 9 shows the 
ESR spectrum of dibenzo-p-dioxin (42). The 
five principal lines of intensity 1 : 4 : 6 : 4 : 1 arise 
from hyperfine splitting by one set of four equiv- 
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stances in the presence of certain inorganic 
ions by optical spectroscopy, supplemented by 
ESR data. Tuck and Tozer (45), using ESR 
supplemented by optical spectrophotometry, 
studied the decay in acidic solutions of the free 
radical of phenothiazine and a number of its 
substituents and have analyzed the mechanism 
of the decay process. Piette et al. (46) have 
studied the rate of peroxidase catalyzed oxidation 
of chlorpromazine. 


In the field of polymerization, in which the 
free radicals are stabilized by trapping in solid 
or viscous media, ESR promises to play an im- 
portant part in kinetic studies, as suggested by 
Whiffen (47). In some recent studies it has been 
used as an auxiliary technique in polymer rate 
studies (48). 


Rates of rapid electron exchange reactions in- 
volving a free radical may be estimated by a 
broadening effect on its spectrum when mixed 
with the other reactant. Ward and Weissman 
(49) showed that the complex spectrum of the 
naphthalene free radical ion lost its resolution as 
a result of an increase of line width when mixed 
with unreduced naphthalene. In 0.8 M solution 
in tetrahydrofuran, they estimated the half-life 
of the individual free radicals to be of the order 
of a microsecond. This is analogous to the well- 
known proton exchange effect observed in NMR 
spectra of suhstances undergoing keto-enol 
tautomerism (50). 


Biological Applications.-Early in its de- 
velopment, Commoner et al. (51) pioneered the 
application of ESR to biological systems when 
they packed their rather insensitive instru- 
ment full of lyophilized samples of some 22 
varieties of vegetable and animal life and proved 
that they contained paramagnetic matter. As 
the sensitivity of their instrument was improved, 
more difficult problems were tackled. The 
year 1957 brought two exciting developments: 
Commoner and his staff (19, 52) showed the pres- 
ence of free radicals in aqueous media containing 
enzymes, and Calvin and Sogo (53) showed that 
the free radical concentration in photosynthetic 
processes responded to the intensity of light. 
Other workers were close behind (54). Since 
that time, both of these areas have had continued 
activity (8,55,56), some of which could well have 
been included in the section on Reaction Kinetics. 


I t  must be mentioned here that ESR spectra 
of enzymic and other biological material (as well 
as those of polymerical radicals) usually depart 
from the precise symmetry found in simpler 
molecular compounds. This is to be associated 
with two important causes-uiz. , the simultaneous 
existence in solution of two or more free radicals 


Fig. 9.-ESR spectrum of dibenzo-p-dioxin, 
showing hyperfine splitting by four equivalent 
protons together with C13 splitting by two sets of 
four equivalent carbon atoms. The CI3 is that 
naturally present in 1% abundance. 


alent protons. The satellite lines are of the proper 
intensity to be ascribed to splitting by two 
sets of four equivalent carbon-13 atoms in their 
natural abundance. These observations are 
related to the local electron densities in a way 
more complicated than the proton splittings (43). 


Reaction Kinetics.-Limited as it is to the 
detection of free radicals and other paramag- 
netic substances, ESR cannot by itself give 
direct results of kinetics and mechanisms of 
reactions. Used with other spectrographic 
instruments, it is a powerful auxiliary for study 
of those reactions involving free radicals of 
reasonably long lifetimes. Its use in this con- 
nection may be enhanced by the development of 
the following accessory techniques : low-tempera- 
ture measurements, methods for electrolytic 
generation of free radicals within the instrument, 
and rapid mixing and flow techniques. All of 
these have the effect of facilitating the observa- 
tion of free radicals of short lifetimes. 
In direct application to kinetic problems, 


ESK is used to measure the free radical titer 
according to the rules outlined in Quantitative 
Analysis. Used in this way, i t  has had few 
applications in simple organic systems. This is 
in part owing to the short lifetimes of most 
structurally simple free radicals at their usual 
reacting temperatures. 


Of more than casual interest to pharmaceutical 
chemists, phenothiazine and its derivatives form 
long-lived free radical intermediates upon oxida- 
tion. Borg and Cotzias (44) have carried out 
studies on chlorpromazine and related suh- 
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with different g values and the colloidal nature 
of macromolecular systems, such that the molec- 
ular tumbling which averages out spectral 
anisotropy is inhibited. 


Of fundamental importance in biology and 
nuclear medicine are studies of the effects of 
ionizing radiation on biochemical substances. 
The laboratory of Gordy has produced many 
such studies concerning the effects of XGrays 
and gamma-rays on native proteins (57) and on 
other polyamino adds (58). These studies 
have shown that free radicals are formed as the 
primary effect of irradiation, and the detailed 
spectra give direct information about the struc- 
ture of the free radical and its orientation. 
Studies of the effect of radiation on biological 
systems have been carried out (59). 
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TABLE IV.-FORMULAS FOR THE ACETYLSALICYLIC With Dry-Flo. a starch ester containinz hvdro- - -  
ACID TABLETS CONTAINING CORNSTARCH* phobic groups, no lubricant was necessary because 


of the splendid flow characteristics of this compound. 
Solka-Floc BW 40 is a white, purified, wood cellulose 


FLOC, A N D  DRY-FLO AS DISINTEGRANTS 


Solka- 
Starch T)ry-Flo ,I$:,, of a purity of 99.5% and an average particle size 


Acetylsalicylic acid 324.0 324.0 324.0 of 90 p. This grade of Solka-Floc exhibited poor 
Cornstarch 32 .4  . .  . .  flow characteristics, and a lubricant was necessary. 
Dry-Flo . .  32.4 . .  Tablets of acetylsalicylic acid coritaining Dry- 


i:24 $:24 ’::& Flo as the disintegrating agent had a mean dis- Solka-Floc BW 40 
Magnesium stearate 


integration o f  38.99 minutes, compared to 47.57 


TABLE  DISINTEGRATION TIME IN MINUTES OF ACETYLSALICYLIC ACID TABLETS CONTAINING DRY-FLO, 
CORNSTARCH, AND SOLKA-FLOC AS DISINTECRANTS I N  SIMULATED GASTRIC JUICE 


c Trials 
D i s h  tegrant 1 st 2nd 3rd 4th 5th 


Dry-Flo 35.16 38.16 40.66 37.66 40.33 
Cornstarch 36.33 54 , 00 54.23 46.16 47.16 
Solka-Floc BW 40 50.16 57.33 54.83 55.50 55.00 


of the absolute deviations from the mean and 
( N  - 1) is the number of degrees of freedoill for a 
sinall sample, then 5 = (XI - X ) 2 / N  - 1 (2). 


The results of the disintegration tests of the tab- 
lets were analyzed statistically by the students 
”t” test and were found to be statistically3 different 
from cornstarch a t  the 1% probability level. 


Tablets of sodium bicarbonate containing Dry- 
Flo its the disintegrating agent had a mean dis- 
integration time in artificial gastric juice of 2.16 
minutes, compared with 3.28 minutes for tablets 
containing cornstarch as the disintegrant and 13.22 
minutes for tablets containing Solka-Floc B W 40 
as the disintegrant. All disintegrants yielded tab- 
lets which were white and smooth in appearance. 


- 


* In the statistical study the authors acknowledge the help 
of Mr. George O’Bleness. Director of the Computer and 
Statistical Division. Eaton Laboratories. Division of The 
Norwich Pharmacal Co.. Norwich, N. Y. 


minutes for cornstarch and 54.56 minutes for Solka- 
Floc B W 40. 


The disintegration of the sotliurn bicarbonate 
tablets was tested in siniulated gastric juice U.S.P. 
and in distilled water to determine how much of the 
disintegration was due to the deconlposition of the 
sodium bicarbonate by the acid media. In distilled 
water the tablets containing the Dry-Flo disin- 
tegrated in 2. i6  minutes or 2i:b longer than in 
simulated gastric juice U S  P. Sodium bicarbon- 
ate tablets containing cornstarch disintegrated in 
water in 6.40 minutes or 94(% longer than in siin- 
ulated gastric juice and the tablets containing 
Solka-Floc BW 40 disintegrated in 28.92 minutes 
in water or lllyo longer than in simulated gastric 
juice 1J.S.l’. 
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Books- 


A symposiuin was organized to  cuver the cheniirai 
structure of a substance and its behavior on a 
paper chromatograni and the mechanism of paper 
chromatography; the proceedings of the syin- 
posium are reported in this volume. A number of 
European scientists participated. Most of the 
papers and discussions have been translated from 
the original Czech, German, and Russian languages. 
The  book should be of valuable assistance to 
pharinaceutiral scientists who wish to explore the 
possibilities of utilizing more recent applications of 
paper chromatography in novel situations. 


A book of specifications for those reagents needccl 
for testing the substances included in the “Inter- 
national Pharmacopeia” is presented. The volunie 
covers about 400 reagents, ranging from the coni- 
mon mineral acids used in a multitude of tests to  the 
conlplex organic compounds required for perhaps 
only one intricate assay, and represents a collaborate 
effort of pharmaceutical experts from all over the 
world. The specifications are designed to  give the 
quality tests of the “International Pharmacopoeia” 
practical value by attempting to provide a worldwide 
reagent standard. 
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a period of 30 minutes and then rduxed for an 
additional 30 minutes. 


The method of Pohland and Sullivan (5) was used 
for the Grignard reaction. To the Grignard reagent, 
prepared as described above, was added a solution 
of 16.1 Gm. (0.08 mole) of 5-methyl-5-dimethyl- 
aminomethylthiaindan-6-one in 200 ml. of dry ether 
over a period of 30 minutes. The reaction mixture 
was decomposed by the dropwise addition of a 
saturated solution of ammonium chloride. The 
ether was decanted from the solid and dried over 
anhydrous magnesium sulfate. 


The ether solution was evaporated on a steam 
bath to  give a red oil which partially crystallized on 
cooling i n a  dry iceacetone bath. The solid sub- 
stance (10 Gm., 44%) was removed by filtration and 
after several recrystallizations from ethanol melted 
a t  113-115'. The infrared spectrum showed 
hydroxyl absorption at 3800 cm.-l and the absence 
of the characteristic carbonyl maximum between 
1600 and 1700 ern."'. 


Anal.-Calcd. for ClsHmNOS: C, 71.76; H, 
7.64. Found: C, 71.61; H, 7.71. A white 
methiodide salt was prepared by the usual procedure 
and recrystallized from ethanol, m.p. 228' dec., 
darkening at 220'. 


And-Calcd .  for CloH~INOS: C, 51.46; H, 
5.85. Found: C, 61.63; H,  5.95. 
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Anal.-Calcd. for CLSH120&: C, 62.47; H, 
4.19. Found: C, 62.22; H, 4.37. 


5-Methyl-5-dimethylaminomethyl~~dan-~l. 
-A modification of the procedure outlined by 
Chaikin and Brown (9) for the reduction of alde- 
hydes and ketones was employed. To a solution of 
18.9 Gm. (0.5 mole) of sodium borohydride in 400 
ml. of 50% methanol, cooled to 20°, was added drop- 
wise, with stirring, a solution of 5-methyl-5di- 
methylaminomethylthiaindan-6-one (prepared from 
56 Gm. (0.23 mole) of the hydrochloride) in 100 ml. 
of ethanol. The rate of addition of the ketone was 
controlled in order to  maintain a reaction tempera- 
ture of about 30". The mixture, following the addi- 
tion of the ketone, was heated for 2 hours at 50'. 
Thereafter, the mixture was concentrated in vucuo 
to  a solid, treated with 200 ml. of water, and ex- 
tracted with three 150-ml. portions of ether. The 
combined ether extracts were dried over anhydrous 
sodium sulfate, separated from the drying agent by 
filtration, and concentrated in vacuo. The residual 
solid (23 Gm., 47.5y0) was recrystallized from 
ethanol, to  give product, m.p. 110-111". The infra- 
red spectrum of the product in carbon tetrachloride 
showed absorption at 3800 ern.-' characteristic of 
hydroxyl groups, and the absence of the carbonyl 
absorption at 1660 cm.-l. 


And-Calcd. for CIIHlrNOS: C, 62.56; H, 
7.49; S, 5.17. Found: C, 62.39; H, 7.75; S, 
15.00. 


5-Methyl-5-dimethylaminomethyl-6-benzylthia- 
hdan-hl.-The method of Gilman and Catlin (10) 
was used in the preparation of benzylmagnesium 
chloride. In  a 1-L. three-necked flask fitted with a 
stirrer, dropping funnel, and a condenser provided 
with a drying tube containing calcium chloride and 
soda lime, were placed 9.5 Gm. (0.4 Gm. At.) 
of magnesium turnings, 25 ml. of dry ether, 5 ml. 
of a solution of 49.34 Gm. (0.3 mole) of benzyl 
chloride in 200 ml. of dry ether, and a crystal of 
iodine. Stirring was begun, and the remaining 
ethereal solution of benzyl chloride was added over 


Benzoxazoles: Potent Skeletal Muscle Relaxants 
By JOSEPH S A M *  and JAMES N. PLAMPIN 


The synthesis of a number of substituted 2-aminobenzoxazoles and benzoxazolinones 
is described. The majority of the compounds exhibit marked muscle relaxant 
activity, two of the most potent being 2-amino-5-chlorobenzoxazole1 and 5-chloro- 


benzoxatolinone.2 


s EARLY AS 1943 Goodman and associates (1) laboratory animals. However, it was not until A reported that benzimidazole produced a 1952 when Domino and co-workers (2) investi- 
reversible flaccid paralysis in various species of gated a series of benzazoles that more than a 
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us to investigate various substituted benzoxazoles 
further. 


Initial efforts were directed toward the prepara- 
tion of substituted 2-arninobenzoxazoles, inas- 
much as few such derivatives were described. 
In addition, these compounds would serve as 
intermediates to more complex compounds. 
Other investigators (5-7) have described the 
preparation of similar compounds. 


2-Aminobenzoxazoles (11) may be prepared 
conveniently from o-aminophenols (I) either by 
reaction with cyanogen bromide (7) to give the 
desired product directly or by first converting 
to the thiourea (111) with ammonium thio- 
cyanate followed by cyclization (8). 
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2-aminobenzoxazole was employed for the 
preparation of the corresponding 6-halo-2-amino- 
benzoxazoles. Halogenation proceeded to give 
the 6-halo derivatives. This was verified by 
comparison of the products with the 6-halo 
derivatives obtained by the unequivocal synthesis 
yia the thiourea and cyanogen bromide methods. 
The results were in agreement with the observa- 
tion made by Desai and associates (8) on the bro- 
mination of 2-aminobenzoxazole. 
In the course of our studies it was observed 


that the 2-aminobenzoxazoles could be hydro- 
lyzed readily to the corresponding benzoxazol- 
inones (IV) which also exhibited marked muscle 
relaxant activity. 


w 
I11 


The conversion of thioureas to 2-aminoben- 
zoxazoles is accelerated by maintaining an 
alkaline pH and by adding metallic oxide which 
results in the formation of the insoluble sulfide 
that is removed by filtration. 


The use of ammonium thiocyanate for the prep- 
aration of thioureas unfortunately did not always 
yield crystalline or easily purified products. In 
the course of our work it was found convenient 
to convert the crude thiourea to the desired 
benzoxazole without loss in yield.' The thioureas 
that were isolated and identified are listed in Table 
I. 


The observation that 2-amino-5-chloroben- 
zoxazole (V) is a potent spinal cord depressant 
agent (9) stimulated our interest in other balo- 
genated 2-aminobenzoxazoles. In addition to the 
thiourea and cyanogen bromide methods, halo- 
genation of 2-aminobenzoxazole and 5-substituted- 


IV 


A number of benzoxazolinones was prepared 
(Table 111) either by the hydrolysis of the corre- 
sponding 2-aminobenzoxazoles (11) or by treat- 
ment of the requisite 2-aminophenol (I) with 
phosgene (1 0). 


As with 2-aminobenzoxazoles, halogenation of 
benzoxazolinone and substituted benzoxazolines 
proceeded to give the corresponding 6-halo- 
benzoxazolinones. 


The reaction of 2-amino-5-chlorobenzoxazole 
(V) with methyl iodide and ethyl 8-bromopropio- 
nate gave 5-chloro-2-imino-3-methylbenzox- 
azoline (V J) and 5-chloro-3- (2-ethoxycarbon yl- 
ethyl)-2-iminobenzoxazole (VII), respectively. 
The methylation and proof of structure of all N- 
methylated derivatives is the subject of a previous 
publication (1 1). 


VI I 


TABLE I.-SUBSTITTJTBD 0-HYDROXYPHENYLTHIOUREAS p NHCNHn 


R -  
-N Andy-, %- 


R Recrystd. From M.p., OC. Formula Calcd. Found 
4-C1 Ethyl acetate-heptane 157 to 157.5 dec. GHrCINzOS 13.8 13.5 
4-CH10 Methanol 174-175 CJM'LOIS 14.1 13.8 
5421 Ethyl acetate 173-174 GH7ClNzOS" 13.8 13.6 
4-CHa Ethyl acetate 150-157 CsHioNzOS 15.4 15.0 - 


0 Cold.: C. 41.5; H.3.5. Found: C. 41.5; H.3.6. 
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TABLE II.-BENZOXAZOLES 
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R' 
H 
5-CI 
5-C1 
5-CH3O 
6-Cl 
5-CH3 
H 
5-CI 
5-F 
5-Br 
51 
5-CI 
5-CI 
5-CI 


7-CI 
5-CI 
4-CI 


5-Cl-6-Br 


M.P., -N Analysea, %- 
R" Rccrystd. From Method O C .  Formula Calcd. Found 


NHCOCHICI Benzene 180-180.5 CsH7CIN2Oz 13.3 13.5 


NHCOCH(CHaX Heptane 182-183 CliHliClNsOt 11.7 11.6 


NHx Benzene E 184-185 C~HICINZO 16.6 16.4 


o-NHGHXOpH Methanol . . . 304-305 CirHioNzOa 11.0 10.9 
H Petroleum ether 37-37.5 C~HICINO 9 . 1  8 .7  


NHZ Benzene A,'b 183-184 C~HSCINZO~ . . .  . . .  


NHr Benzene A,'h 165-166 C&N20t 17.1 16.8 


NHz Benzene A,B 141-142 C~HINIO 18.9 18.6 


NHz Ben Zen e A,'B 148-149 C7HsFNz0 18.4 18.3 
NHz Acetone-water B 177-178 C7H6BrNt0 13.1 12.7 
NHz Acetone-water B 196-197 GHbINzO 10.7 10.6 
NH(CHz)sN(CHo)2 . . . 78-79 CiiHisClN10 16.6 16.5 
SCHs Methanol-water . , . 87-89 CJIsClNOS 7.0 7.0 
NCsHiob Acetone-water . . . 106-107 CnHgKlNzO 11.8 12.1 
NHz Methanol-water E 237 CIHIB~CIN~O 11 .3 11.3 
NHz Acetone-benzene B 218-219 CTH&JNzO 16.6 16.7 
NHCHzCsHs Acetone-water . . . 136-139 CI~HIICINZO 10.8 10.7 
NHz Acetone-water B 200-201 C,HnCINzO 16.6 16.6 


5.6-diC1 NH; 
5:ciC N H N H ~  
5-CI-7-SOaH NHz 
5-CI OCHs 
5-NHp NHz 


Acetone-water 
Methanol-water 
Water 
Acetone-water 
Met hanol-ether 


5-NO; MI; Cellosolve-water 
5-CI NHCOCHs Methanol 
5,7-diBr NH2 
4,5,7-triCI NHI 


Acetone-Benzene 
2-Butanone 


E 239-240 C,H;Cl,N%O 13.8 13.6 -. _ - _  - ~ _ _  
. . 196-197 C,H,CINaOC 22.9 22.8 


B 300 C~HSCINIOS 11.3 11 . 3  
. . . 80.5-81.5 GHsClNOz 7.6 7.6 
. . 300 dec. C;H;CINIOd 22.6 22.1 


B 300 C;H~NIO; 22.4 23.0 


k" 253-254 C ~ H I B r ~ N 2 0  9.6 9 .6  
220-221 CsH7CIN2Oz 13.3 13.3 


B 296-297 GH&IaNzO 11.8 11.9 


0 Reference 7. * Piperidino. Calcd.: C, 45.8; H ,  3.3. F 


A representative arylaminobenzoxazole was 
prepared from 2-chlorobenzoxazole and anthra- 
nilic acid (6). The reaction, when performed 
in methanol, gave predominantly N-(a-benzox- 
azolyl) anthranilic acid (VIII) and some 12-benzo- 
(d)quinazo(2,3-b)oxazole- 12-one( IX) . The same 
reaction when conducted in glacial acetic acid 
yielded predominantly the ring compound (IX). 
Neither of the compounds above exhibited signifi- 
cant muscle relaxant properties when tested in 
experimental animals. 


C02H 


+ VIII 


6 
IX 


EXPERIMENTAL' 
Syntheses 


2 - Aminophenol, 2 - amino - 4 - chloro and 3- 
amino-5-chloro-2-hydroxybenzenesulfouic acid are 
available commercially. 2-Amino-6-chlorophenol 
(5), 2-amino-4-fluoropheno1 (12), 2-amino-4-meth- 


8 All melting and boiling points are uncorrected. 


'ound: C, 45.9; H. 3.4. d Hydrochloride. 


oxyphenol (lo), 2-amino-4-methylphenol (10). 2- 
amino-4-nitrophenol ( 13), 2-amino-5-chlorophenol 
( 14), 2-amino-4-bromophenol (15). 2-amino-4-iodo- 
phenol (16). 2-amino-4,6-dibromophenol (16), 2- 
amino-3-chlorophenol (17), and 2-amino-3,4,6-tri- 
chlorophenol (18) were prepared according to  pro- 
cedures described in the literature. 


Thioureas (Table I).-To a solution of 0.3 mole of 
the 2-aminophenol in 300 ml. of water containing 34 
ml. (14.6 Gm., 0.4 mole) of concentrated hydro- 
chloric acid was added 30.4 Gm. (0.4 mole) of am- 
monium thiocyanate. The resulting solution was 
placed in a porcelain evaporating dish and heated on 
steam bath for 3 hours. Water (300 ml.) was 
added to the cooled mixture and the product re- 
moved by filtration. The filtrate was heated again 
on a steam bath for 3 hours and the additional 
product removed by filtration. Purification was 
accomplished by recrystallization from a suitable 
solvent (Table I). Yield, 50-60yo. 


2-Aminobenzoxazoles (Table II).-Method A.-A 
solution of 0.3 mole of the o-hydroxyphenylthiourea 
in 1 L. of methanol was treated with 100 Gm. (0.45 
mole) of lead monoxide and the resulting mixture 
refluxed with stirring for 4 hours. The lead sulfide 
and excess lead monoxide were removed by filtration 
and washed thoroughly with hot methanol. Evap- 
oration of the solvent and recrystallization of the 
residue, using charcoal as a clarifying agent, gave 
7040% of the 2-aminobenzoxazoles (Table 11). 
In general, a crude thiourea was employed, the yield 
of product ranged from 4-74, based on the amino- 
phenol. 


Method B.-A stirred solution of 1.1 moles of 
cyanogen bromide (19) in 200 ml. of 70% methanol 
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TABLE III.-BENZOXAZOLINONES 


541 


M.P.. r-N Analyse~, %- 
R' R' Rerryatd. From Method OC. Formula Calcd. Found 


H 6 x 1  
H 5 B r  
H 5,7-diBr 
H 5-CHsO 
H 5-Cl-6-Br 
H 5-NHr 
H 5.6diC1 
C J I S  5-c1 
CHa 5 x 1  
CHFSHCH~ 5-C1 


a Reference 10. b Reference 20. 


Methanol-water E 
Methanol-water C 
Ethyl acetate E,  D 
Ethyl acetate D 
Methanol-water E, D 
Water D 
Methanol-water E, D 
Heptane F, G 
Methanol F 
Petroleum ether G 


C Reference 21. d Reference 22. 


195-196 QH4ClNO1" 
214-216 QH+BrNO$ 
260-261 CiH8BrsNW 


204-205 CTHgBrClNOl 
169-170 CsH7NOrd 


227-229 CiHeNzOt 
205 CiHgClrNOz 
73-75 CaH&lNOz 


133-135 CsHsClNOt 
62-64 CioHsClNO, 


. . .  


. . .  
. . .  . . .  
5.6 5.7 


18.7 18.7 
6.9 6.8 
7.1 6 .8  
7.6 7.7 
6 .7  6.7 


was treated with a solution of 1 mole of the substi- 
tuted oaminophenol in the minimum amount of 
methanol a t  room temperature. The solution was 
allowed to stand for 40 minutes, then neutralized 
with concentrated sodium hydroxide solution. 
Most of the methanol was distilled in oatuo, and the 
residual material was treated with water. The 
solid was removed by filtration and recrystallized 
from a suitable solvent (Table 11) after treatment 
with charcoal. Yields of 5(r7070, based on the 
aminophenol, were obtained. 


Benzouuolinones (Table IV).--Mcfhod C.-The 
method of Close, d d. (lo), was followed. A suspen- 
sion of 0.1 mole of substituted o-aminophenol and 
0.2 mole of sodium acetate in 300 ml. of ethyl acetate 
was stirred and treated with a solution of 0.11 mole 
of phosgene in 200 ml. of ethyl acetate. After re- 
fluxing briefly, the solution was cooled and washed 
with water and 570 hydrochloric acid, respectively. 
The ethyl acetate solution was dried over anhydrous 
magnesium sulfate and evaporated to dryness. 
The residue was recrystallized to give scrsO% of 
product (Table 111). 


Method D.-A solution of 0.1 mole of substituted 
2-aminobenzoxazole in m 3 0 0  ml. of 1N hydro- 
chloric acid was refluxed for 3 to 5 hours. The 
mixture was cooled, and the solid was removed by 
filtration. Recrystallization gave 50-70% of prod- 
uct (Table 111). 


Halogenation of 2-Aminobenzo~les and Ben- 
zoxazolines.-Method E.-A solution of 1.4 moles of 
the 2-aminobenzoxazole or benzoxazolinone in 2 L. 
of a suitable solvent (chloroform, ethyl acetate, etc.) 
was cooled to 5" and treated with a solution of 1.6 
moles of the halogen in the same solvent. The 
temperature was maintained a t  10-15" during the 
addition and stirring was continued for 1 to 2 hours. 
The solid was removed by filtration, suspended or 
dissolved in water, and neutralized with ammonia. 
The solid was removed by filtration and recrystal- 
lized to give 60-80~o of product (Tables 11, 111). 
S-Chlom-3-mbstitutedbenzoxazolinonm (Table 


III).--Methd F.-A solution of 0.1 mole of 6-chloro- 
benzoxazolinone in 200 ml. of water containing 4.3 
Gm. of sodium hydroxide was stirred and tteated 
with 0.12 mole of dimethyl or diethyl sulfate. The 
mixture was warmed on a steam bath until i t  became 
neutral and then cooled. The solid was removed by 
filtration and recrystallized to give 65-70y0 of 
product. 


Method G.-The procedure described by Close, 
et al. (10). (Method B), with minor modifications, 
was followed. A solution of 0.055 mole of potas- 
sium hydroxide and 0.05 mole of 5-chlorobenzoxazo- 
h o n e  in 120 ml. of cellosolve was stirred for 1 hour, 
then treated with 0.05 mole of alkyl bromide or 
iodide. After refluxing for 3 hours, the solvent was 
distilled and the residue recrystallized to give 70- 
80yo of product. 
5-Chloro-2-hydradnobenzoxazole.-The method 


described by Sam, cf al. (11). for the preparation of 
5-chloro-2dimethylaminobenzoxazole was followed 
using 9.4 Gm. (0.05mole) of 2,5dichlorobenzoxazole, 
5 Gm. (0.1 mole) of hydrazine hydrate, and 100 ml. 
of water. Six grams (67%) of product was obtained 
after recrystallization from a methanol and water 
mixture, m.p. 190-197". 


N,N - Bis [2 - (5 - chlorobenzoxazolyl)] - N',N' - 
dimethyl-1,J-propanediamindiamIne and SChloro-t(J- 
dimethy1aminopropylamino)benzouuole.-A solu- 
tion of 18.8 Gm. (0.1 mole) of 2,5dichlorobenzox- 
azole( 11) in 100 ml. of chloroform was treated with 
10.2 Gm. (0.1 mole) of 3dhethylaminopropylamine. 
After the initial reaction had subsided, the solution 
was refluxed briefly and cooled. A precipitate of 3- 
dimethylaminopropylamine hydrochloride was re- 
moved by filtration, and the chloroform was distilled 
in oatuo. The oily residue solidified and was re- 
crystallized from dilute methanol to give 10 Gm. of 
solid, m.p. 140-144'. Repeated recrystallization of 
the solid from dilute methanol gave 5.5 Gm. (27%) 
of N, N - bs[2 - (5-~hlorobenzoxazolyl)] - N', N' - di- 
methyl-1,3-propanediine, m.p. 146-148". 


Found: N, 13.6. 
The dilute methanol solutions were combined and 


concentrated in mum. The residual oil was ex- 
tracted with chloroform and dried over anhydrous 
magnesium sulfate. Distillation of the chloroform 
solution gave 8 Gm. (82%) of 5-chloro-2-(3dimethyl- 
aminopropylamino)benzoxazole, b.p. 168-170O (0.4 
mm.), m.p. 78-79". 
SChloro-2-methylmereaptobenzorazole.-A solu- 


tion of 37 Gm. (0.2 mole) of 5thloro-2-mercapto- 
benzoxazole (5) and 12 Gm. of sodium hydroxide in 
200 ml. of water was treated with 25.2 Gm. (0.2 
mole) of dimethylsulfate and stitred for 2 hours. 
The solid (32 Gm., 82y0) was removed by atration, 
washed with water, and recrystallized from dilute 
methanol, m.p. 87-89". 


A d . 4 l c d .  for C~nHiaCIzN4Oa: N, 13.8. 
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TABLE IV.-PARALYZINC AND LETHAL DOSES OF BBNZOXAZOLES ON INTIUPERITONEAL ADMINISTRATION 
TO MICE 


RI Ra 


CHLORINATED 2-AMINOBENZOXAZOLES 
4-C1 
5-C1 
6-Cl 
7-C1 
6-Br* 


5-SUBSTITUTED 2-AMINOBENZOXAZOLES 
NHZ F 
NHZ Br 
NHI I 


5-cHLORO-2-SUBSTITUTED BENZOXAZOLES 
H c1 
NHCOCHi c1 
NHCOCHtCl H' 
NHCOCH? C H I  h c1 
NHCH,' c1 
N( CHIP c1 
SWa c1 
NCsHmk c1 
NHNHI c1 
OCHJ c1 
NH( CH1bN( CHaL C1 
NHCHzC!+Hs c1 
SH' c1 


P D H  


36 
81 
66 
85 


103 


115 
144 
150 
103 
220 


1500 
99 


230 
250 
400 
350 
180 
280 
350' 
1OOO' 


750 


100 


0 


0 


0 


D 


DI AND TRI SUBSTITUTED 2-hINOBENZOXAZOLES 
5-CI-6-Br 105 
5,6diC1 132 
5-Cl-7-SOzH l44@ 
5.7-diBr 420 
4,5,7-triC1 1750 


L D M ~  


54 
376 
347 
180 
294 


450 
189 
150 
360 
432 
350 


2000 
392 


530 
1500 
450 


1200 
230 
280 
350 


lo00 
80 


1450 
230 


1280 
120 


240 
300 


1440 
780 


2000 


Index= 


1.5 
4.6 
5.3 
2.1 
2.9 


3 .9  
1.3 
1 .0  
3.5 
2.0 


1.3 
4.0 


2.3 
6.0 
1 .o 
4.0 
1.3 
1.0 
1.0 


. . .  


. . .  


. . .  
1.9  


1 .2  


. . .  


... 


2.3 
2.3 


1.9 
1.1 


... 


a Dose in mg./Kg. which causes a loss in righting reflex in 5 0 7  of the animals. Dose in mg./Kg. which causes death in 
Included here for convenience. 0 Stimulant. 50% of the animals. C Ratio of LDm to PDM. d Reference 7. 6 fieferencc 8. 


h Reference 23. ' Reference 11. j No acute loss in righting reflex. k Piperidino. I Reference 24. 


5-Chloro-2-piperidino~razole.-A solution of 
8 Gm. (0.04 mole) of 5chloro-2-methylmercapto- 
benzoxazole in 40 ml. of piperidine was refluxed for 
22 hours. The solution was cooled and diluted with 
250 ml. of water. The precipitate was collected 
and dissolved in dilute hydrochloric acid. A small 
amount of acid-insoluble material was removed by 
filtration and the product was precipitated with 
sodium hydroxide solution. After recrystallization 
from dilute acetone, there was obtained 8.7 Gm. 
(92%) of product, m.p. 106-107'. 
2-Benzylamino-5.chlorobenzoxazole.-A solution 


of 23 Gm. (0.12 mole) of 5chloro-2-mercaptobenz- 
oxazole (5) and 26.6 Gm. (0.25 mole) of benzylamine 
in 100 ml. of xylene was refluxed for 6 hours. The 
product was removed by filtration and dissolved in 
hot methanol. The solution was made alkaline 
with sodium hydroxide, and the product was pre- 
cipitated by dilution with water. The solid was 
collected and recrystallized from dilute acetone to 
give 20 Gm. (85%) of product, m.p. 136-139'. 


5-Chloro-2-methorgbenzo.azole.-A cold, stirred 
solution of 2.1 Gm. of sodium in 50 ml. of anhydrous 
methanol was treated rapidly with a culd solution of 


15 Gm. (0.08 mole) of 2,5-dichlorobenzoxazole (11) 
in 150 ml. of methanol. The reaction mixture was 
immediately poured into 1 L. of ice water. The 
white precipitate (14 Gm., 96%) was removed by 
filtration, washed with water, and recrystallized 
from dilute acetone, m.p. 80.5 to 81.5'. 
N-(2-Benzouuolyl)anthranilic Acid.-To a solu- 


tion of 13.8 Gm. (0.1 mole) of anthranilic acid in 150 
ml. of ethanol was added dropwise 16.4 Gm. (0.1 
mole) of 2chlorobenzoxazole. The resulting solu- 
tion was refluxed on a steam bath for 3 hours and the 
precipitated 12-benzo(d)quinazoo(2,3-b)oxazole-l2- 
one (3 Gm.) removed by filtration. The filtrate 
was concentrated in  vacuo and the residue extracted 
with 200 ml. of 10% sodium hydroxide solution. 
Neutralization of the solution with dilute hydro- 
chloric acid gave 10 Gm. of product which was re- 
crystallized from methanol, m.p. 304 to 305'. 


12-Benzo(d )qninazo( 2,3-b)o.azole-12-one.-To a 
warm solution of 13.8 Gm. (0.1 mole) anthranilic 
acid in 100 ml. of glacial acetic acid was added drop- 
wise 15 Gm. (0.1 mole) of 2chlorobenzoxazole. 
After the initial reaction subsided, the solution 
was refluxed for 30 minutes. The acetic acid was 
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layer was washed with dilute hydrochloric acid and 
water. Evaporation of the solvent gave 8 Grn. of 
product which was recrystallized from heptane, 
m.p. 182-183". 
N - [2 - (5 - Chlorobenzoxazolyl)] acetamide.-The 


procedure for the preparation of the isobutyramide 
above was followed using 3.9 Gm. (0.05 mole) of 
acetyl chloride. After recrystallization from meth- 
anol, 8 Gm. of product, m.p. 220-221", was ob- 
tained. 


2,5-Diaminobenzoxazole Hydrochloride.-A sus- 
pension of 34 Grn. (0.19 mole) of 2-amino-5-nitro- 
benzoxazole in methanol was treated with Pd-C 
catalyst and hydrogenated at room temperature. 
After the required amount of hydrogen was ab- 
sorbed (2 hours), the catalyst was removed by filtra- 
tion and the solution diluted with 2 vol. of ether. 
Conversion of the resulting solid t o  the hydrochlo- 
ride and subsequent recrystallization from a meth- 
anol-ether mixture gave 28 Gm. (79%) of product, 
m.p. 300" dec. 


3 - (2 - Ethorycarbonylethyl) - 2 - imino - benz- 
oxazoline Hydrobromide.-A mixture of 15 Gm. 
(0.11 mole) of 2-aminobenzoxazole, 19 Gm. (0.11 
mole) of ethyl 8-bromopropionate, and 50 ml. of dry 
toluene was heated on a steam bath for 9 hours. 
The toluene was decanted from the semisolid residue. 
The latter was triturated with methyl ethyl ketone 
and the solid (10 Gm.) removed by filtration. Re- 
crystallization from isopropanol gave product 
melting at 181 to 181.5'. 


Anal.-Calcd. for Cl2HlIBrN2OJ: N, 8.9. Found : 
N, 8.6. 


Pharmacological Results' 
The paralyzing action and lethal doses of the 


compounds described in this report are summarized 
briefly in Tables IV, V, and VI. A more extensive 
report of the pharmacological properties of the 
compounds will be the subject of another communi- 
cation. 


Of the various chloro-2-aminobenzoxazoles (Table 
IV), positions 5 and 6 provided compounds with 
similar activity. In the 2-amino-5-substituted 
benzoxazole series, the chloro, fluoro, and methyl 
substituted derivatives as well as the unsubstituted 
benzoxazole (Rz = H) were the most active. 
Variation of the substituent in the 2-position of 5- 
chlorobenzoxazole by groups other than the primary 
amino, in general, results in a decrease in activity. 
Only the amides possess muscle relaxant activity 
comparable to  2-amino-5-chlorobenzoxazole (zoxa- 
zolamine). Muscle relaxant. activity also is present 
in disubstituted and trisubstituted 2-aminobenzox- 
azoles; the activity, however, is less than that 
of the corresponding 2-amino-5-chlorobenzoxazole. 
Most of the benzoxazolinones that were evaluated 
possessed some degree of muscle relaxant activity 
(Table V). Several of the compounds listed in 
Table V possess muscle relaxant activity comparable 
to that of 5-chlorobenzoxazolinone (chlorzoxazone). 
Table VI is included for comparative purposes. 
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TABLE V.-PARALYZING AND LETHAL DOSES OF 
BENZOXAZOLINONES ON INTRAPERITONEAL 


ADMINISTRATION TO MICE 


.<Yo N- Rz 


Ri  
5-Cld 
6-Br* 
6-CV 
B-Brg 
5,f-diBr" 
4,5,7-triCli 
5-OCHf 
5-Cl-6-Br 


5.6-diC1 
5-NHz 


5-CI 
5-CI 
5-C1 


H 
H 
H 
H 
H 
H 
H 
H 
H 


Ri PDwo LDmb Indexc 
86 210 2.4 


237 445 1.9 
215 435 2.0 
109 262 2.4 ~ . .  


420 392 0.8 
61 61 1 .0  


250 650 2.6 
194 222 1 .2  
420k 420' 2.6 ~~ 


H is0 263 1.8 
CzHs 220 505 2.3 
CHs 800 2000 2 . 5  
CHFCHCHz 160 320 2 .0  


o Dose in mg./Kg. which causes a loss in righting reflex in 
50% of the animals. * Dose in mg./Kg. which causes death 
in 50% of the animals. Reference 
7. 25. Reference 26. f Reference 10. 0 Reference 20. 


Reference 21. ' Reference 27. i Reference 22. k No acute 
loss of righting reflex. 1 Delayed death. 


Ratio of LDw to PDao. 


TABLE VI.-COMPARATIVE Loss OF RIGHTING 
REFLEX AND TOXICITY OF MUSCLE RELAXANTS ON 


INTRAPERITONEAL INJECTION TO MICE (28) 


P D d  L D d  IndexC 
Zoxazolamine 81 376 4 . 6  
Chlorzoxazone 86 210 2 . 4  
Mephenesin 130 471 3 . 6  
Meprobamate 195 710 3.6 


(I Dose in mg./Kg. which causes a loss in righting reflex in 
60% of the animals. b Dose in mg./Rg. which causes death 
in 50% of the animda. Ratio of LDIO to PDw. 
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Interactions Between Orange I1 and Selected 
Long Chain Quaternary Ammonium Salts 


By GEORGE ZOGRAFI, PRAFUL R. PATEL*, and NORMAN D. WEINER 


The interactions between the dye, sodium p-(z-hydroxy- 1-naphthy1azo)benzenesul- 
fonate (orange 11) and four long chain uaternary ammonium salts-l-hexadecylpyri- 
dinium chloride, dodecyl uinolinium%romide, (2-phenoxyethyl)dodec yldimethyl- 
ammonium bromide, and ~diisobutylphenoxyethoxyethy1)dimethylbenzylammonium 
chloride-have been investigated. The stoichiometry of these interactions has been 
determined to be 1 : 1 at pH values ranging from 0.73 to 12.9 1, except for the reaction 
involving the hexadecylpyridinium ion above pH 12.34, where the stoichiomeuy of 
dye to quaternary ammonium ion is 1 : 2. The solubility of the various solid com- 
pounds has been determined at 25, 30, 35, and 40". From these data, the thermo- 
dynamic functions, AHo, ASo, and AFO have been calculated. Marked solubilization 
of these compounds has been observed in the presence of excess common quaternary 
ammonium ion at or near the critical micelle concentration of the particular long 


chain ion. The significance of these results is discussed. 


N RECENT YEARS the diverse properties of I surface-active agents have led to an increased 
utilization of these substances in pharmaceutical 
preparations. Such uses include emulsification, 
wetting, solubilization, and disinfection. An 
important group of surface-active agents are the 
long chain quaternary ammonium compounds 
which have been shown to exhibit a high degree 
of activity against bacteria and fungi (1). 


Because of the positive charge on the quater- 
nary nitrogen, these compounds are extremely 
incompatible with substances such as soaps and 
anionic dyes, generally forming insoluble com- 
pounds. In view of this, many studies concerned 
with the introduction of quaternary ammonium 


compounds into pharmaceuticals and the sub- 
sequent incompatibilities, have been reported 
(2-4). Lachman, et al. ( 5 ) ,  studied the interac- 
tion of 1-hexadecylpyridinium chloride, dodecyl- 
dimethyl(2-phenoxyethy1)ammonium bromide, 
and benzalkonium chloride with several anionic 
certified dyes. I t  was found that for equal 
quantities of the three quaternary ammonium 
salts, the amount of any dye which can be added 
without producing turbidity increases in the 
order : benzalkonium chloride, dodecyldimethyl 
(2-phenoxyethyl)ammonium bromide, and hexa- 
decylpyridinium chloride. They concluded that 
this order of reactivity can be assigned to the 
electropositive center and the steric configuration 
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been described. Sulfamylureas were determined by 
degradation to  the corresponding primary amine 
which was determined spectrophotometrically after 
reaction with 2:4-dinitrofluorobenzene. The com- 
pounds in a series of fluorine-containing sulfamyl- 
ureas were determined as fluoride ion after Schoniger 
combustion. One class of metabolites, the sul- 
famides. was hydrolyzed under basic conditions to 
give a secondary amine, which was then determined 
by the methyl-orange-dye-complex technique. The 
remaining amine metabolites were assayed directly 
by the methyl orange procedure. Although the 
assay has been primarily studied for the sulfamyl- 
ureas, it  is equally applicable to  the determination of 
the hypoglycemic sulfonylureas. The high blanks 
caused by hemolyzed plasma samples in currently 
used sulfonylurea assays have been eliminated in the 
assay described. 


however, that both the sulfonyl and sulfamylureas 
are stable when heated alone in pure hexyl acetate but 
that prior washing of the hexyl acetate with dilute 
hydrochloric acid causes the reaction to proceed 
smoothly. The requirement of both acid and water 
becomes clear from the preceding discussion of 
the reactions involved. 


The analytical method described for the fluorine 
containing sulfamylureas is novel because direct 
use is made of the fluorine substituent in the mole- 
cule. The electronegativity of the pentafluoro- 
propyl group increases the a a d  strength of the series, 
evidenced by a decrease in pRa [from 7.6 to 8.3 in 
the cycloalkyl series to  6.5 in the pentafluoropropyl 
series (3)], enhancing the acid stability of these 
compounds to  the point where they are resistant 
to hydrolysis under the assay conditions described 
for the sulfamylureas of the cycloalkyl series. The 
plasma and urine blank values in the combustion 
assay are low (a. 1 mcg./ml.), being limited more 
by the cleanliness of the analytical apparatus than 
by biological contaminants. 


The DNFB assay has been most extensively 
studied in the sulfamylurea series, but is also 
applicable to  the sulfonylureas (tolbutamide, 
chlorpropamide,’ acetohexamide, and cycloheptol- 
amide). Plasma and urine blanks are low (about 
5 mcg./ml.) and the assay has a wide range (10- 
200 mcg./ml.). 


SUMMARY 
Assays for sulfamylurea hypoglycemic agents and 


their metabolites in blood plasma and urine have 
1 Considerable early work on the application of the Spingler 


assay (4) t o  chlorpropamide was carried out by Dr. R. L. 
Wagner of these laboratories. The authors ratdully 
acknowledge the help given in this study by Dr. fVagner’s 
initial investigations. 
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Relation of pH to Preservative Effectiveness I1 


Neutral and Basic Media 


By BIUIE WICKLIFFE and DURWARD N. ENTREKIN 


Liquid uypticase soy broth media was buflered with Prideaux and Ward’s universal 
b&er to neutral and basic pH levels Preservative solutions 


inoculation of the tubes with a slum obtained from soil samples suspended in  water, 
these reparations were examind for preservative efTectiveness over a 6-month 
perlob In most cases preservative effectiveness varied with pH alteration. The 
preservative activity ranged from ne li ible with cinnamic acid and some of its 
derivatives, the amides of bromal and fidloroacetaldehyde, sorbic acid and dehydro- 
acetic acid-sodium, to fair i n  the case of parabens and salicylanilide, to good with 
ceuimide, chlorophenesin, vanillic acid esters, hexylresorcinol, hexachlorophene, 


and phenylethanol. 


H 7 t o  10 inclusive). 
of various concentrations were ad 9 ed to tubes containing the media After 
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at certain pH ranges, and this p H  range is differ- 
ent for each antiseptic or group of antiseptics (2, 
3). 


Some preservatives active in acid p H  are not 
effective at neutral or basic p H  levels (7). Stud- 
ies concerning the parabens as presenratives 
showed greater concentrations were needed for 
alkaline than for acid or neutral syrups (8). 
Antifungal activities of many preservatives have 
been observed at acid and basic pH levels (9-12). 


Bacterial growth has been shown to be in- 
hibited at pH 2 without the use of additional 
preservative material (13) ; it has been stated that  
asepsis also occurs above p H  9 (14). 


The presence of buffers in test preparations has 
been shown t o  have great influence on the  activity 
of the preservatives employed (15-17). Preserva- 
tives incorporated in different buffer mixtures of 
approximately the same p H  value will exhibit 
varying germicidal activity (1 7). 


Previous work in this series gave results of 
preservative effectiveness in acid media (13). 
The work presented here expands this study to 
include an investigation of the effects of neutral 
and alkaline pH levels. 


EXPERIMENTAL 


The procedure as outlined in previous work (13) 
was followed in this test with the following excep- 
tions : 


( a )  Prideaux and Ward’s universal buffer was used 
in this experiment as it would yield pH values over 
the entire range to be tested, 2.e.. pH 7, 8, 9, and 
10 (18). This buffer alone has no bactericidal effect 
a t  any pH level used in this test (19). 


(b)  The soil sample used for the inoculum had 
been checked and contained Gram-positive and 
Gram-negative spore forming rods, cocci, yeast, 
and mold. To insure the inoculurn containing some 
organism which would multiply a t  all pH levels 
included in this investigation, a suspension of 
Alcaligenes was added to the soil sample. The 
Alcaligenes was isolated from a milk of magnesia 
suspension with pH approximately 10. A pure 
culture of Alcaligenes was grown on an agar slant 
for several days and washed off with normal saline 
to prepare the fortifying suspension. 


(c)  Buffered media was autoclaved a t  15 p.s.i. 
for 15 minutes to  effect the sterilization. The 
media buffered to  pH 8, 9, and 10 resulted in lower 
pH readings after this procedure. Therefore, to 
obtain media with the desired pH values, solutions 
were prepared a t  correspondingly higher pH levels 
which upon autoclaving fell into the desired pH 
range. 


I t  was noted that the media darkened during the 
process of sterilization. Media at pH 7 turned 
yellow, and the color change increased with the 
increase in alkalinity to pH 10 which turned a 
light brown. A slight precipitate was formed in 
the pH 10 media. 


Many preservatives included in the previous 
work (13) and several preservatives not included 
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were used in this experiment (Table I).  Solid 
preservatives were prepared by weight/volume per 
cent and liquid preservatives by volume/volume 
per cent. Results were recorded as: visible growth 
(+), static condition (@), and complete killing of 
organisms (. .). 


RESULTS AND CONCLUSIONS 


Cianamic Acid.-In this study no preservative 
activity was observed with the aromatic materials 
tested. Cinnamyl acetate, cinnamic alcohol, and 
methyl, ethyl, and propyl cinnamate at concentra- 
tions of 0.0375, 0.075, and 0.15% were included in 
the test. These indicated no preservative activity 


TABLE  PRESERVATIVES SELECTED FOR USE AND 
THEIR SOURCES 


Preservatives Source 


p-HYDROXYBENZOATES 


Corp. 


Corp. 


Corp. 


Corp. 
CHEMOCIDES 


Methyl parasept Heyden Newport Chemical 


Ethyl parasept Heyden Newport Chemical 


Propyl parasept Heyden Newport Chemical 


Butyl parasept Heyden Newport Chemical 


Cetremide (Chem- Chemo Puro Manufacturing 


Chlorophenesin ( Chem- Chemo Puro Manufacturing 
wide CETB) Corp. 


- 
wide PCPD) Corp. 


Salicylanilide (Chemo- Chemo Puro Manufacturing 


CINNAMYL DERIVATIVES 


cide SA) c o w .  


Cinnamyl acetate Fritzsche Brothers, Inc. 
Cinnamyl alcohol Fritzsche Brothers, Inc. 
Methyl cinnamate 


Ethyl cinnamate 


Propyl cinnamate 


University of Georgia Research 


University of Georgia Research 


University of Georgia Research 


Laboratories 


Laboratories 


Laboratories 
VANILLIC ACID DERIVATIVES 


Vanillic acid 
Vanillic acid, ethyl 


Vanillic acid, 


E. R. Squibb & Sons 
E. R. Squibb & Sons 


E. R. Squibb & Sons 
ester 


propyl ester 


isobutyl ester 
Vanillic acid, E. R. Squibb & Sons 


AMIDES OF BROYALS AND DICHLOROACETALDEHYDES 
Dichloroacetalde- W. D. Easterly, Jr.. University 


Bromal chloroacet- W. D. Easterly, Jr., University 


Dichloroacetamide W. D. Easterly, Jr., University 


Dichloroacetarnide W. D. Easterly, Jr., University 


hyde chloroacet- of Arkansas 
amide 


amide of Arkansas 


phenylacetamide of Arkansas 


benzamide of Arkansas 
MISCELLANEOUS 


Dehydroacetic The Dow Chemical Co. 
acid-sodium 


Sorbic acid 
Hexachlorophene 


Union Carbide Chemical Co. 
K & K Laboratories, Inc. 


Hexylresor&nol Winthrop Laboratories 
Phenylethanol Mann Research Laboratories 
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over the test period, with the ethyl and propyl 
cinnamate showing no activity at the end of the 
second month. It should be noted that the solu- 
bility of these preservatives in the media was 
exceeded in most cases; therefore, the material 
available to  exert the preservative action in these 
tubes was less than the amounts indicated. These 
materials maintained a static condition in many of 
the tubes during the earlier readings, particularly 
a t  the neutral or weakly basic levels. However, 
they lost their activity fairly rapidly and eventually 
exhibited no preservative action. Although these 
esters have been shown to be effective antifungals 
(20). they were ineffective as preservatives against 
mixed organisms at neutral and alkaline pH values. 


Chemocides (Table II).-The chemocides as a 
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group showed varying degrees of preservative ac- 
tivity. Chlorophenesin was effective only a t  the 
maximum concentration (0.5%) used. Similar 
results have been recorded at  these concentrations 
in media buffered a t  pH levels 3 through 6 (13). 
Salicylanilide gave inconsistent results at the lower 
concentration and neutral pH. At pH 8 and 9 
salicylanilide was effective at all concentrations 
used in this experiment when examined at the end 
of the test period. I t  should be noted, however, 
that conditions of stasis were observed in earlier 
readings, indicating that this material is not an 
immediate destroyer of all microorganisms. At 
pH 10, conditions of stasis developed in tubes at 
the 3-month reading which at earlier readings 
showed effective preservative activity. This static 
condition was observed because growth was evident 
in the subculture, but no growth was seen in the 
preserved tube. It is believed that the tubes were 
contaminated during addition of sterile water used 
to keep the volume of the test media constant. 
However a t  the 6-month reading, preservative 
effectiveness was observed at 0.1 and 0.14% con- 
centrations. This indicates that a t  pH 10 salicyl- 
anilide is an effective preservative even after 0- 
months' storage at this extreme pH. It has been 
shown (13) that salicylanilide is more effective at 
pH 5 or below in tests n m  on media buffered to 
acid levels (pH 3 to 6). 


Cetremide, a cationic quaternary detergent, was 
effective in all concentrations and all pH levels 
tested throughout the 0-month test period. Cetre- 
mide is therefore valuable as a preservative in these 
concentrations in both acid (13) and basic media, 
pH 3 and 10 inclusive. 


p-Hydrorgbenzoates (Table III).-The preserv- 
ative activity of the parabens increased as the 
length of the side chain increased. These results 
agree with previous reports on their effectiveness as 
preservative or antifungal agents at the pH levels 
included in this test (6, 9, 13, 21). However, 
it has been reported that this relationship between 
chain length and activity does not exist a t  pH 6 
since methyl and ethyl esters were more active 
at pH 6 than the propyl and butyl esters (13). 
Propyl and butyl parabens were effective at pH 9; 
however, all parabens studied, with one exception, 
were ineffective a t  pH 10, probably because of hy- 
drolysis of the esters. The exception noted is the 
butyl ester at its maximum concentration. While 
the ethyl and propyl esters were not completely 
soluble in the concentrations used a t  pH 7, 8, and 9, 
these were soluble in media buffered to pH 10. 
This may be explained by the formation of a salt 
a t  the more alkaline level. A t  the lower concentra- 
tion and higher pH levels, these esters became less 
active as time elapsed and many cultures changed 
from static conditions to those of visible growth. 
This. too, was probably due to hydrolysis of the 
chemical. A t  the lower pH levels, however, these 
static conditions improved to  the point of showing 
effective preservative action. 


Vanillic Acid (Table IV).--Vanillic acid gave 
negative results similar to that of the cinnamic acid 
derivatives. The esters of vanillic acid, however, 
showed preservative action ; this activity increased 
as the length of the side chain increased. Vanillic 
acid was prepared a t  lower concentrations than its 
esters due to its decreased solubility. The solubility 


TABLE I1 .--SIX-MONTH READINGS OF CHEMOCIDES 


pH Blank ----Concentration, Yo w/v-- 
Cblorophenesin 0 .  OR 0 . 1  0 . 5  


(Chemocide PCPD) 
7 +  + + ..  
8 +  + + . .  
9 +  + + . .  


10 + + + . .  
Splicylanilide 


(Chemocide SA) 0.08 0.1 0.14 
+ o . b  @a . ., 


a a . .  
, ., 


. .  
7 +  
8 +  
9 +  


. .  
.a . .  . .  . .  


a . .  10 + + . .  
Cetremide 


(Chemocide CETB) 0.025 0.05 0.1 
7 +  . .  . .  . .  
8 +  . .  . .  . .  
9 +  . .  . .  . .  


10 + . .  . .  . .  
Precipitate formed in tubes on the addition of the 


preservative solution; therefore, apparently a saturated 
solution at this temperature has been produced. Duplicate 
tube did not produce identical readings. 


TABLE III.-SIX-MONTH READING OF p-HYDROXY- 
BBNZOATES 


pH Blank -Concentration, ?& w/v- 
Methyl Paraben 0.1 0 . 2  0 . 3  


7 + + @, . . b  .. 
8 + + + 


10 + + + + 
Ethyl Paraben 0.05 0 .1  0 . 2  


7 + + . .  . .  
8 + + @. + b  . .  
9 + + + 


9 + + + i3 


. 
a 


D 


10 + + + + 
Ropy1 Paraben 0.075 0 1  0.125 


0 a 
(i a 0 


. .  @, . . 0.'. . .  
. .  


7 + 
8 + ..  


Butyl Paraben 0.03 0.04 0.05 
7 + . .  . .  . .  
8 + ..  . .  . .  
9 + . .  . .  


10 + + + . .  
a Precipitate formed on the addition of the preservative 


solution. This precipitate Boated on the media. Ap- 
parently a saturated solution at this temperature bas been 
produced. * Duplicate test did not produce identical read- 
mgs. 
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TABLE VI.-SIX-MONTH READING OF 
MISCELLANEOUS PRESERVATIVES 


pH Blank --Concentration, % w/v-- 
Sorbic Acid 0.1 0.2 0.3 - + +  + , . I  $b 


9 + +  + + 
10 + + + + 
i + +  + . - ,  +b  


Dehydroacetic Acid-Sodium 
0.01 0 . 2  0 . 5  


Growth was evident in all tubes by the end 
of the test period 


Hexylresorcinol 
0.02  0.05 0.1 


7 + . . a  . .  . .  
8 + . . a  . .  . .  


10 + + d J  + +a 


7 + . .  . .  . .  
8 + . .  . .  . .  
9 + . .  . .  . .  


10 + . .  . .  . .  


0 


a a 
9 + + a . c d J  @ , a . c d , l  . , a.cd.1 


Hexachlorophene 
0.005 0.015 0.025 


0 a 


Phenylethanol 
1.0 2 . 0  3.0 


7 + . .  . . a /  . .  6 ,I 
8 + . . , + b  . .  6 .I . . 6.’ 


9 + . .  . .  6.l . .  8.1 
10 + . .  . .*-I . . e l  


of the esters in the media was exceeded in many 
instances resulting in an “oil-like” substance floating 
on the test media and red-brown “oil-like” sediment 
precipitating in the tubes. Therefore, percentages 
given in the table were not always true values. 


The propyl ester was the most effective of those 
studied; its activity a t  pH 10 was slightly de- 
creased, possibly due to  the formation of alkali 
salts (22) and/or hydrolysis. This loss of effective- 


TABLE IV.-SIX-MONTH READING OF VANILLIC 
ACID DERIVATIVES 


pH Blank -Concentration, Yo w/v--- 
Vanillic Acid 0 . 5  0.1 0 . 2  


of the test period 
Growth was evident in all tubes before the end 


Vanillic acid. ethyl ester 
0 . 1  0 . 4  0 . 8  


b 
b 
b 
b 


7 + . .  . .  . .  
8 + + . .  . .  
9 + + . .  . .  


10 + + + . .  
Vanillic acid, propyl ester 


b b 
b b 
b b 
b b 


. .  . .  . .  
. .  


7 + 
8 + 
9 + . .  . .  


. .  . .  . .  


. .  10 + + . .  
Vanillic acid, isobutyl ester 


b b 
h b 
b 


h 


. .  . .  
. .  


7 + + 
8 + . .  . .  
9 + . ., +a! . .  


. .  10 + 6 . .  


Duplicate test did not produce identical readings. 
b Oily precipitate formed on addition of preservative stock 
solution to media. Apparently a saturated solution at 
this temperature has been produced. 


TABLE V.-SIX-MONTH READING OF AMIDES OF 
BROMAL AND DICHLOROACETALDEHYDE 


pH Blank -----Concentration, ’% w/v-- 
Bromal chloro- 0.1 0 . 2  0 . 3  


acetamide 
7 + +  ..,a?- @ 
8 + +  + + 
9 + +  + + 


10 + + + + 
Dichloroacetalde- 
hyde chloroace- 


tumide 
0 1  0 . 2  0 . 4  


7 + +  + @ 
8 + +  + +. @.a 


9 + +  + + 
10 + + + + 


Dichloroacetalde- 
hyde benzamide 


0.125 0.25  0 . 5  


7 + +  + @ 
8 + +  + @ 
9 + +  + + 
10 + + + + 


Dichloroacetamide 
phenylacetamide 


7 + +  + @. ,.a 
8 + +  + + 
9 + +  + + 


10 + @, + a  + + 
Duplicute tuber did not produce identical readings. 


Tubes appear cloudy on the addition of the preservative 
solutions. b Duplicate test did not produce identical read- 
ings. < Oily precipitate formed on addition of preservative 
stock solution to media. d Dark reddish preci itate formed 
on addition of preservative stock solution to m d a .  8 Liquid 
preservative Boated on media. I Apparently a saturated 
solution at this temperature has been produced. 


ness at pH 10 agrees with previous work (22). The 
activity of the ethyl ester was similar to that of the 
propyl ester, except that increased concentration 
of the preservative was required. The isobutyl 
ester was intermediate in its action. These esters 
produced stasis in many of their earlier readings; 
however, on standing this condition of stasis changed 
to completion preservation. These results showed 
some variation from results obtained in acid media 
where the ethyl ester was most active (13). 


Amides of Bromals and Dichloroacetaldehyde 
(Table V).-The amides of bromals and dichloro- 
acetaldehyde included in this test, although ex- 
hibiting antifungal activity in previous tests (23), 
showed negligible preservative action in these 
neutral and basic pH ranges. There was slight 
activity in the range of pH 7 and 8 a t  the highest 
concentrations used. As with many of the other 
materials used in this study, conditions of stasis 
in the earlier stages of the test reverted to  that of 
visible growth at or before the 6-month reading. 
I t  is interesting to  note that even though earlier 
workers (23) had encountered some difficulty with 
the solubility of the bromal amides, no difficulty 
was encountered concerning the solubility of any 
of these compounds in the test media and in the 
concentration used here. 


Miscellaneous (Table VI).-The preservatives 
collected in a miscellaneous group gave varied 
results ranging from no action (sorbic acid and de- 
hydroacetic acid-sodium) to  complete action (hexa- 
chlorophene). 
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Sorbic acid, an unsaturated fatty acid, was not an 
effective preservative within the limitations of this 
test, showing slight activity only at the maximum 
concentration (0.3%) and the lower pH levels 
studied. Growth appeared within 2 weeks after 
inoculation in a majority of these tests. Earlier 
tests had shown this to be an effective preservative 
at pH 5 and below (13) but to exhibit no antifungal 
activity a t  pH 9 (11). As the pH increases, ioniza- 
tion increases, thus possibly explaining the loss of 
preservative activity in these tests. 


Dehydroacetic acid-sodium gave negative results 
similar to  those of sorbic acid. The highest con- 
centration at pH 7 inhibited visible growth for only 
2 weeks. The material was effective in earlier 
studies in the acid pH range (13). 


Hexylresorcinol exhibited preservative action 
a t  the lower pH levels tested in all concentrations. 
A dark reddish-brown precipitate was formed on 
the addition of this preservative to  the media. 
The quantity of this precipitate increased and 
darkened as the concentration of the preservative 
and the pH increased a t  all concentrations and at 
all pH levels. As alkalinity of the media increased, 
the effectiveness of the preservative decreased, 
showing slight activity a t  0.05% a t  pH 9 and no 
activity a t  any concentration used a t  pH 10. This 
decline in preservative action developed late in 
the test period. At 2 weeks only one tube showed 
a condition of stasis, while all other tubes showed 
no microbes present. It is believed that these 
tubes, as those in the salicylanilide series, then 
became contaminated during the addition of the 
water used to restore the volume of the test media. 
These contaminants combined with the hexyl- 
resorcinol's loss of effectiveness at pH 10 resulted in 
the growth observed late during this test. Hexyl- 
resorcinol and hexachlorophene were both shown 
to be effective at acid pH levels in previous work 


Hexachlorophene was effective at all pH levels 
in all concentrations tested in this series. There- 
fore, hexachlorophene has been shown to be effective 
over a pH range from 3 to 10, while hexylresorcinol 
exhibited activity between pH 3 and 9 (13). 


It should be noted that the solubility of phenyl- 
ethanol was exceeded in all tests, except for the 
lowest concentration used. Since the solubility of 
phenylethanol in water is 2.0Oj0, it  may be assumed 
that the tubes containing higher percentages of 
this material will actually contain only this amount 
in solution, with the remainder of the preservative 
separating into a second phase. Phenylethanol 
showed preservative activity in all concentrations 
studied at all pH levels, except for 1.0% a t  pH 8. 


(13). 


This was not consistent and must be due to ex- 
perimental error. 


SUMMARY 
The effectiveness of several preservatives, both 


those in present day usage and a few experimental 
materials, at neutral and basic pH levels was ob- 
served over a 6-month test period. It was shown 
that bacterial growth occurs at all pH levels tested 
between 7 and 10. 


As in the previous work done in this series of 
tests (13), a fortified soil sample was used as the 
inoculum in an effort to  check the preservative 
effectiveness against a large number of organisms. 
Trypticase soy broth was the test media for this 
investigation with Prideaux and Ward's universal 
buffer used to maintain the desired pH levels. 


Many of the materials tested, including cin- 
namic acid and some of its derivatives, the amides 
of bromals and dichloroacetaldehyde, sorbic acid, 
and dehydroacetic acid-sodium, were ineffective as 
preservatives. Others, the parabens and salicyl- 
anilide, showed some preservative activity; while 
cetremide, chlorophenesin, vanillic acid esters, 
hexylresorcinol, hexachlorophene, and phenylethanol 
exhibited very good preservative action. Those in 
the latter group therefore warrant further study. 


It was seen that pH is a factor which must be 
considered if judicious selection of preservative 
agents is to be made. 
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Stability of Procaine in Deuterium Oxide 
By F. P. SIEGEL, F. D. HITER, S. V. SUSINA, and M. I. BLAKE 


Stability of procaine i n  protiurn oxide and 
deuterium oxide was studied over the pH and 
“apparent” pH ran e 8 to 11. Stydies were 


conductecfat 40 and 100 . 
HARMACBUTICAL APPLICATIONS of the solvent P deuterium oxide (heavy water) have not been 


explored. I t  appears from reports in the literature 
(1, 2) that deuterium oxide is toxic in animals only 
when the concentration in the body fluids reaches 
high levels. Since this solvent is now available in 
large amounts a t  a reasonable cost, and since 
deuterium oxide resembles protium oxide (ordinary 
water) more closely than any other solvent, it 
seems appropriate to study the effect of this solvent 
in pharmaceutical systems. Our present interest 
deals with the investigation of certain drugs which 
are labile in an aqueous medium. The stability of 
these drugs may be prolonged in deuterium oxide. 
This may prove of value, for example, in the extem- 
poraneous preparation of ophthalmic solutions, 
where stability and sterility are important con- 
siderations. The effect of deuterium oxide in 
maintaining the sterility of such solutions is also 
under investigation in this laboratory. 


In an earlier paper (3), the effect of deuterium 
oxide on the local anesthetic activity of procaine 
was studied. The cornea of the guinea pig was used 
as the test site. I t  was found that 0.5% solution of 
procaine in deuterium oxide gave the same protec- 
tion as a 1.0% aqueous solution measured by the 
corneal reflex test. 


The hydrolysis of procaine in aqueous solutions 
was studied by Higuchi, et al. (4). The rate of 
hydrolysis was shown to increase with hydroxide ion 
concentration. In the present study the rates of 
hydrolysis in protium and deuterium oxides are 
compared over the pH range 8.0 to 11.0. The 
effect of elevated temperature is also noted. 


EXPERIMENTAL 
The hydrolytic decomposition of procaine hydro- 


chloride in protium oxide and deuterium oxide was 
followed by a modification of the method suggested 
by Higuchi, el al. (4). A series of ultraviolet ab- 
sorption measurements was made on a solution of 
procaine hydrochloride undergoing hydrolysis in a 
constant temperature bath. Absorption measure- 
ments were made with a Beckman DU spectro- 
photometer model 2400 at wavelengths of 287 and 
271.5 mp. The absorbance values obtained a t  the 
first wavelength corresponding to the absorption 
peak of procaine were used to calculate the per cent 
hydrolysis. The second wavelength readings are 
for the hydrolytic product, p-aminobenzoic acid, 
and serve as an internal check on side reactions which 
may occur. These readings should be constant 
since the absorption properties of procaine and p- 
aminobenzoic acid are identical a t  this wavelength. 
This has been noted by Higuchi, el ul. Degree of 
hydrolysis was calculated by 
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where &A is the absorbance of a partially hydrolyzed 
0.001% procaine hydrochloride solution, &g is the 
absorbance of p-aminobenzoate ion equivalent to a 
0.001% procaine hydrochloride solution, and kc 
is the absorbance of an unhydrolyzed 0.001% 
procaine hydrochloride solution. All readings were 
taken a t  287 mp. 


The hydrolysis of procaine hydrochloride was 
studied over the pH range 8.0 to 11.0 in protium 
oxide and over the “apparent” pH range 8.0 to 
11.0 in deuterium oxide. The hydroxide ion con- 
centration was maintained essentially constant 
during the course of hydrolysis by buffering the solu- 
tions with 0.5 M ammonium hydroxideammonium 
chloride buffer. 


The buffer solutions in deuterium oxide were 
prepared in the same manner as the aqueous buffers. 
The “apparent” pH was measured with a Beckman 
pH-meter (model H-2), and the solutions were 
adjusted to correspond to the aqueous pH values. 
An appropriate correction ( 5 )  to the “apparent” 
pH value was made to obtain pD. Analysis of the 
deuterium oxide buffers indicated that the deuterium 
oxide content was a t  least 99%. 


A 50-ml. volumetric flask was filled to slightly 
below the mark with buffer solution and the 5 s k  
was placed on a constant-temperature water bath 
set a t  40 f 0.5”. When the solution in the flask 
reached the temperature of the bath, 50 X of a freshly 
prepared 1.0% procaine hydrochloride stock solu- 
tion was added. The flask was filled to the mark 
with buffer solution maintained at the temperatureof 
the bath. The flask was then stoppered and shaken 
thoroughly. A t  zero time a 3.0-ml. sample was 
transferred from the flask to a spectrophotometer 
1-cm. cell and the absorbance was determined. 
This corresponded to the &c value of Eq. 1. The 
progress of hydrolysis was followed by removing 
samples in a similar manner a t  varying time intervals 
depending on the rate of hydrolysis. These readings 
gave &A values for the above expression. Exactly 
500 X of a 0.503a/, p-aminobenzoic acid stock solution 
was added to a 5.0-ml. volumetric 5 s k .  The flask 
was filled to the mark with buffer solution and mixed 
well. Exactly 50 X was transferred to a second 5.0- 
ml. volumetric flask. The flask was filled to the 
mark with buffer solution and shaken thoroughly. 
The absorbance was obtained and this supplied 
the &B in the above expression. The concentration of 
p-aminobenzoate in the final dilution is equivalent 
to the concentration obtainable from a 0.001% 
procaine hydrochloride solution upon complete 
hydrolysis. 


Since hydrolytic decomposition is accelerated at 
elevated temperatures, a comparative study was 
conducted at 100’. Exactly 50 X of a 1.0% procaine 
hydrochloride solution was added to a 50-ml. 
volumetric flask. The flask was filled to the mark 
with pH 8.0 aqueous buffer or “apparent” pH 8.0 
deuterium oxide buffer solution. The solution was 
mixed thoroughly and placed in 5.0-ml. colorbreak 
ampuls. The ampuls were sealed and placed in a 
boiling water bath. One ampul was set aside and 
was used to  obtain the kc reading. Ampuls were 
removed from the water bath at 5-minute intervals, 
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PROCAINE IN PROTIUM OXIDE AND DEUTERIUM 
OXIDE AT 40’ 


TABLE I.-cOMPARISON OF RATE OF HYDROLYSIS OF 


979 
DISCUSSION 


Over the pH range studied, the rate of deuterioly- 
sis of procaine is less than the rate of hydrolysis. 
Over the pH and “apparent” pH range 8 to 11 and 
at 40’ the ratio of half-lives in D20 and HsO is 
greatest at pH 8 (3.0) and decreases to a value of 1.2 
at pH 11. Considerably higher ratios are obtained 
when the data at the equivalent pH and pD are 
compared. For exatpple, when procaine in HzO 
at pH 9.0 is compared with procaine in DzO at pD 
8.9, the ratio of half-lives is 5.8. However, when 
aqueous procaine at pH 9.0 is compared with procaine 
in D20 at “apparent” pH 9.0, the ratio is 2.0, as 
shown in Table I. This would indicate that in- 
creased stability in DzO is not simply a pH effect. 


At 100” and pH 8 procaine is twice as stable in 
D20 as in H20. The kinetic data for this study are 
shown graphically in Fig. 1. A typical first-order 
plot is obtained. 


It was shown earlier (3) that the anesthetic 
activity of procaine, as observed on the cornea of the 
guinea pig, was greater in DzO by a factor of 2. 
Smce the anesthetic activity of procaine is due 
solely to free base which is predominant in the 
alkaline pH range, increased activity is, therefore, 
attributed to  a greater stability (in vzvo) of procaine 
base in deuterium oxide. Further, at the Same pH 
and “apparent” pH, a deuterium oxide solution of 
procaine may contain more free base than in the 
corresponding aqueous solution. 
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-Protiurn Oxide- -Deuterium Oxide- a 
Half-life, Half-life, T 1 / , O  


DH hr. PD hr. 7’91 H1O 
8.0 38.0 8.4b 115.0 3 . 0  
8.5 13.0 8 . 9  38.0 2 . 9  . .  


9 . 0  6 . 5  9 . 4  13.0 2 . 0  
9 . 5  4 . 5  9 . 9  9 . 5  2 . 1  


10.0 3 . 6  10.4 6.25 1.8 
11 .o 2.25  11.4 2.75 1 . 2  
8.0” 14d 8 . 4  7.0d 2 . 0  


Ratio of half-lives at “apparent” pH in DxO and pH in 
HIO. bpD - pH + 0.4.  this ND at 100’ C. dTime 
for this run is in minutes. 


Fig. l.-Com- 
parison of rate of 
hydrolysis of pro- 
caine in protium 
oxide and deute- 
rium oxide at pH 
and “apparent” pH 
8.0 and at a 100” ‘ temperature. \.o 


Tlmi Win) 
plunged into an ice water bath, and the absorbance 
was obtained at 287 mp. These supplied k A  read- 
ings. The ks was obtained in the manner described 
for the 40’ run. 


The data obtained from the experiments described 
above are recorded in Table I. The hydrolysis r a t e  
of procaine at 100’. and pH 8 in protium oxide and 
“apparent” pH 8 in deuterium oxide is shown 
graphically in Fig. 1. 


Effects of Limbic Lesions on 
Chlorpromazine-Pentobarbital Interaction 


By MARVIN COHE“ and JOHN W. NELSON 
Small lesions within the limbic system of the 
rat produced no consistent behavioral defects 
or altered responses to  chlorpromazine and/ 
or pentobarbital measured b a new behav- 


ioral scoring m e J o d .  


HE LIMBIC SYSTEM is a portion of the brain T located on the medial and basal walls of the 
cerebral hemispheres. Numerous stimulation and 
ablation studies (1-5) have indicated that this system 
is involved in the production or modification of 
emotional (affective) behavior. Other studies of 
a similar type have suggested that the psychotropic 
drug chlorpromazine may exert some of its be- 
havioral effects through a mechanism involving the 
limbic system (0, 7). However, no portion of this 
system has definitely been shown to be a site for 
chlorpromazine. An investigation was undertaken 


Received July 18,1963, from the College of Pharmacy, Ohio 
State University, Columbus. 


Accepted for publication December 11. 1963. 
This investigation was aupported in part b research grant 


MY-2929 from the National Institute of %dental Health, 
U. S. Public Health Service. Bethesda. Md. 


*Present address: IIT Research Institute, Chicago. Ill. 


to determine if chlorpromazine did act within the 
limbic system. This was done by the examination 
of responses to  chlorprornazine after small lesions 
had been placed in selected areas of the limbic sys- 
tem. 


EXPERIMENTAL 


The animals used were albino male rats of the 
Wistar strain and 70-100 days old. All animals 
were kept in groups of four and allowed free access 
to food and water, except during testing and op- 
erating periods. Lesions were made electrolytically 
with a Grass lesion maker (model LM-1). The cur- 
rent passed into each brain was of sufficient in- 
tensity to produce a lesion 0.5 to 1 mm. in diameter. 
All lesions were verified histologically by conven- 
tional paraffin embedding procedures. Sections 
were stained with a combination of Lux01 fast blue, 
hematoxylin, and eosin to obtain maximum differ- 
entiation of the lesion. Sham operations were per- 
formed by anesthetizing an animal, trephining its 
skull, and inserting the needle electrode to the ap- 
propriate brain area without allowing electric cur- 
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as before the dissociation constant for the weak 
acid, H A ,  and X is the amount of HA formed per 
unit volume at equilibrium. Solving Eqs. 11 and 12 
we get 


3 35 


(Eq. 12) 
Now substitution of Eqs. 1 and 2 with C = 0 into 
Eq. 12 will show that Eqs. 12 and 9 are again iden- 
tical when all the diffusion coefficients are set equal 
to D. 


DISCUSSION 
The present analysis demonstrates that within 


the framework of the diffusion layer model the total 
solubility method and the SCKD method give the 
same results when all of the diffusion coefficients 
may be set equal to the same value. Because dif- 
fusion coefficients of solute molecules do not differ' 
much in general and other uncertaintiessuch as 
variation of dissociation constants and solubilities 
with ionic strength and other solute interaction 


4 Neglecting effects of solvation, Stokes-Einstein law pre- 
dicts the diffusion coefficients vary approximately as the cube 
root of the molecular weight for materials of the same density. 


effects-are frequently the overriding factors, it 
would be expected that the total solubility method 
should explain experimental results as well as the I 


SCRD method. Nelson found this to  be the case , 
in many instances (1-3). 


Where the two methods will significantly differ 
would be primarily those situations in which the 
reacting agent is a colloid, e.g., micellar surfactants 
which solubilize the solute and nonionic polymers 
and polyelectrolytes which react with and bind 
the solute. In these instances, the relatively small 
diffusion coefficients of colloids will lead to  much ' 
smaller dissolution rates for the SCRD theory under , certain conditions. , 
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Use of Solubility Analysis in Pharmaceutical Stability Studies 
By J. P. COMER and L. D. HOWELL 


Purity determined by solubility analysis was used to  evaluate the efficacy of other 
analytical methods for measuring thermal degradation. Techniques for filtration 
and a method for calculation of confidence interval for solubility analysis are de- 


scribed. 


HE VALIDITY of a stability assay procedure may T be confirmed in different ways. If the assays on 
samples stored at elevated temperatures decrease 
with time, the method is confirmed. The method of 
analysis may also be checked by a comparison with a 
method which is known to measure stability. Sev- 
eral tests of purity are available to  the analysts in 
such cases. Those commonly used include vapor 
phase, thin layer, and paper chromatography. 
Garrett (1) reviewed other tests for solvolytic sta- 
bility of drugs. The purpose of this study was to  
investigate the possibility of using solubility analysis 
as a reference assay t o  evaluate a proposed assay 
procedure on thermally degraded drug substances. 
It is not practical to use solubility analysis as the 
stability assay because of cost, time, and the fact 
that solubility analysis is only applicable to  the 
drug substance free of excipients. If the proposed 
or conventional assay procedure is confirmed by 
the purity test, the procedure may then be used 
with a fair degree of certainty on the finished 
pharmaceutical if thermal instability is the main 
con sideration. 


EXPERIMENTAL 


Three newly developed and two older drug sub- 
stances were stored at  varying temperatures and 


Received May 4, 1963. from the Analytical Development 


Accepted for publication July 16. 1963. 
Department, Eli Lilly and Co., Indianapolis, led.  


were periodically withdrawn and assayed by solu- 
bility analysis and by an alternate procedure. 


Solubility Analysis Procedure (2) 


Varied amounts of the material being tested were 
allowed to equilibrate at 25' with 2 ml. of an appro- 
priate solvent. After equilibrium was reached, the 
solution was filtered with a Swinny filter, using S 
and S No. 740 E filter pads. The filtrate was trans- 
ferred to a previously tared drying flask and 
weighed. (The drying flasks were prepared by Ace 
Glass Co. with an average weight of 6.0 Gm.) The 
solvent was removed under vacuum at 40'. All 
weights were recorded to the nearest 0.02 mg. 
Ratios of mg. solute per Gm. solvent and mg. 
residue per Gm. solution were calculated for each 
amount of solute. The data were plotted as mg. 
residue per Gm. solution (ordinate) versus mg. 
solute per Gm. solvent (Fig. 1). The per cent purity 
and 95% confidence interval about this purity were 
calculated by a variation of the method of least 
squares (3). 


Calculations for per cent purity measured by 
solubility analysis and the 95% confidence limits 
about this purity are yo purity = 100 - 100 0 


InZxP - (ZX)'] - [nZy* - (Zy)'] * e =  
2 [nZxy - ZxZy] 
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Maximum and minimum values for per cent purity t values (student t )  were chosen to  correspond to  a 
corresponding to a level of confidence of 95% are level of confidence of 95% and (n-2) degrees of 


freedom. 
max. % purity = One of the major advantages in using a technique 


such as solubilityanalysis as a reference assay was that 
the values obtained were figures of absolute purity. 
Table I1 lists the k values and the 95% confidence 
intervals about these values on five different drug 
substances. The k values are shown for both 


arc sin 6 -1 2 
min. % purity = 


a r C t a n B + - - - -  


d [ n Z x Z  - (Zz)"[nZy* - ( Z y ) f ]  - [nZxy  - ZxZyjZt 


(InZx* - (=)'I - [n2Y2 - ( ~ Y ) ~ I ) *  + ( n Z x y  - ZxZy]2 
4 


where 3c = mg. solute/Gm. solvent, y = mg. resi- 
due/Gm. solution, X = 1.0 for linear bivariant data, 
and t values (student t )  were chosen to correspond to  
a level of confidence of 95% and (n-2) degrees of 
freedom. 
Alternate Assays 


a - d - 4 - Dimethylamino - 1,2 - diphenyl - 3- 
methyl-2-propionoxy Butane Hydrochloride.-Sixty- 
five milligrams of the sample was dissolved in dis- 
tilled water, and the free base was precipitated with 
4 drops of 50% NaOH. The free base was ex- 
tracted with four 25-ml. portions of chloroform; 
the chloroform was evaporated to dryness. The 
residue was dissolved in exactly 2 ml. of chloro- 
form; the absorbance of this solution was measured 
on a Beckman I.R. spectrophotometer a t  5.8 p 
in 0.1 mm. rocksalt cells a t  a slit width of 0.3 mm. 
These absorbances were compared with those ob- 
tained in the same manner on 65 mg. of standard 
material. 
a - 1 - 4 - Dimethylamino - 1,2 - diphenyl - 3- 


methyl-2-propionoq Butane-N-oxide Hydrochlo- 
ride.-The alternate assay for this compound was the 
same as the one for ad-4-dimethylamino-1,2-di- 
phenyl-3-methyl-2-propionoxy butane hydrochlo- 
ride. 


Ergonovine Maleate.-This material was assayed 
per the directions for the standard in the procedure 
for ergonovine maleate injection in the U.S.P. XVI. 


Ascorbic Acid.-The U.S.P. XVI method was 
used to  analyze 100-mg. samples. 
N-(pAcetylphenylsulfonyl)-N-cyclohexyl Urea.- 


The absorbance of the sample and standard were 
measured a t  249 mp. a t  a concentration of 0.01 mg./- 
ml., on a Beckman DU spectrophotometer. The 
absorbances were compared with those obtained on 
the original starting material in the same manner as 
the sample. 


The data obtained by solubility analysis and by 
the alternate procedure were plotted as In concen- 
tration versus time (Fig. 2). The results in Table I1 
were obtained from these plots. By plotting the 
data in this way the assumption is made that the 
reaction occurring is 6rst order. This was found to  
be true for the compounds used over the range in- 
vestigated. The slope of the best fitting line for this 
type of plot will be the reaction rate constant (k). 
The k values and the confidence intervals about 
these values were calculated by the method of 
least squares. 


e =  T A N  p 
e = o 1 2 2 9  


PURITY 8 7 . 7 1 %  
MAX.PURITY = 8 9 . 8 7  % 
MIN. PURITY = 8 5 . 5 6 %  


STORAGE TEMP. = 130'C 
STORAGE T I M E  = 14 DAYS 


A=SATURATION OF SOLUTE 


I I I I 


0 10 20 30 40 50 


mg. SOLUTE PER Gm. SOLVENT 


Fig. 1. -a-d-4-Dimethylamino-l,2-diphenyl-3- 
methyl-2-propionoxy butane hydrochloride. 


solubility analysis and for an alternate procedure. 
The 95% confidence interval appears to  be quite 
large compared with the k values. The major con- 
sideration, however, is to  observe the difference 
between the two methods. If the confidence inter- 
vals of the two methods do not overlap, it  is apparent 
that the results of the two methods are significantly 
different. 


RESULTS 
Neither solubility analysis nor the I.R. spectro- 


photometric assay detected degradation of a-d-4- 
dimethylamino-l,2-diphenyl-3-methyl-2-propionoxy 
butane hydrochloride. The solubility analysis and 
the I.R. spectrophotometric data showed approxi- 
mately the same amount of degradation on a-l,4- 


C I I I I 1 I - 
0.25 0.3 0.75 1.0 1.23 


TIME, DAYS 


Fig. 2.-Ascorbic acid storage temperature, 130" 
C. Key: A, solubility analysis data; B, U.S.P. 
data. Slope A = -0.051 f 0.021; slope B = 
-0.0158 f 0.0079. 
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TABLE L-SOLVENT SYSTEMS OF SOLUBILITY 
ANALYSIS 


337 


Compd. Solvent System, yo 
a-d-4-Dimethylamino- 100 ETOAc 


1.2-diphenyl-3- 
methyl-2-propionox y 
butane hydrochlo- 
ride 


a-1.4-Dimethylamino- 65 ETOAc 
1,2-diphenyl-3- 35 CHaOH 
methyl-2-propi- 
onoxy butane-N- 
oxide hydrochloride 


Ergonovine maleate 100 CHBOH 
Ascorbic acid 5C (CHa)zCHOH 


N-(P-Acetylphenyl- 40 CHCla 
50 CHjCHzOH 


sulfony1)-N-cyclo- 60 CHaOH 
hexyl urea 


Solubility 
at 25OC.. 
mg./Gm. 


7.5 


16.0 


10.5 
15.0 


23.0 


N-(p-Acetylphenylsulfony1)- N-cyclohexyl urea 
was measured by an ultraviolet spectrophotometric 
assay and by solubility analysis. The data obtained 
indicated that the U.V. assay was incapable of com- 
pletely measuring the thermal degradation that had 
occurred. The reaction rate constant (k) of the 
solubility analysis plot on the samples stored at  
130" was ten times greater than that obtained from 
the U.V. data. 


By using solubility analysis as the criteria for 
purity in the above examples, the conventional 
methods for measuring thermal degradation were 
confirmed for one compound, shown to be ques- 
tionable for three, and verified the thermal stability 
for one drug substance. 


There are many practical considerations involved 
in the interpretations of these data for pharmaceu- 
tical stability studies. Thermal instability may be 
inconsequential in reference to other modes of deg- 
radation. In such cases assay procedures must be 


TABLE II.-REACTION RATE CONSTANTS 


Storag: Sol. Anal., 
Drug Substance Temp., C. k X 10-8  


a-d-4-Dimethylamino-l,2-di- 
p henyl-3-methyl-2-propion- 
oxy butane hydrochloride 


a-l,4-Dimethylamino-l,2-di- 
phenyl-3-methyl-2-propion- 
oxy butane- N-oxide hydro- 
chloride 


Ergonovine maleate 
Ergonovine maleate 
Ergonovine maleate 
Ascorbic acid 
Ascorbic acid 
Ascorbic acid 
N-(p-Acetylphenyl sulfony1)- 


N-cyclohexyl urea 


80.0 -0.03 
105.0 -0.04 
130.0 -0.76 
80.0 -0.49 


105.0 -4.83 
125.0 -109.0 


65.0 0.48 
80.0 -0.50 


100.0 -3.98 
80.0 -0.98 


105.0 -9.10 
130.0 -51 .O 
80.0 -0.06 


105.0 -4.09 
130.0 -123.0 


dimethylamino-1.2-diphenyl-3-methyl-2-propionoxy 
butane-N-oxide hydrochloride. 


The solubility analysis on ergonovine maleate 
indicated that more degradation had occurred than 
was shown by the colorimetric assay. The colori- 
metric assay was therefore not capable of measuring 
completely the thermal degradation that had oc- 
curred. 


Conf. Int.. 
95% * 


1 x 10-1 
0.01 
0.30 
6.70 
0.70 
7.10 


72.5 


1.07 
0.67 
1.76 
1.59 
1.93 


0.57 
1.28 


21.3 


14.7 


Alt. Assay, 
k x 10-1 


0.01 
-0.01 


0.09 
-0.53 
-5.7 


-105.0 


-0.10 
-0.28 
-1.61 
-0.88 
-1.06 


-0.49 
-1.19 


-15.8 


-13.7 


Conf. Int., 
95% f 


1 x 10-1 
0.07 
0.11 
3.40 
1.20 
7.64 


57.5 


1.04 
0.71 
0.47 
0.44 
0.91 
7.88 
0.87 
1.10 


18.8 


Alt. Assay 
Method 
1. R. 
I. R. 
I. R. 
I. R. 
I. R. 
I. R. 


Colorimetric 
Colorimetric 
Colorimetric 


1 2  titr. 
It titr. 
1 2  titr. u. v. u. v. 
u. v. 


designed and verified by other procedures. The 
use of a method that will measure puritysuch as 
solubility analysis for short term accelerated aging 
studies-does give valuable information to the 
pharmaceutical analyst. It provides an estimate of 
the efficacy of the proposed method and also provides 
preliminary evaluation of the thermal stability of 
the drug substance. 


Ascorbic acid was measured by iodometric titra- 
tion and by solubility analysis. The iodometric I) Garrett E R THIS OURNAL, 51,811(1962). 
assay was incapable of completely measuring the 


REFERENCES 
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metric procedure. From inspection of Table 11, REFERENCES 
it is seen that quantitative recovery was achieved (1) Kunre, F. M., pnd Davis, J. s., TITIS JOURNAL, s3, 
by the extraction and chromatographic techniques. 12:$1$y&bsch H. and Levine , Scicrre 121 3147(1g66) 
The analyses reported in Table 111 were carried g g ~ ~ 9 ~ l ~ d .  ’L. k., J .  Ass&.”Ofic. A h .  ~hcmirlr.  40; 
out in triplicate by the assay method described. (4) Hamlin. W. E., d d., THIS JOURNAL, 49, 253(1960). 


Stability of Cycloserine in Buffered 
Aqueous Solutions 


By LOUIS MALSPEIS and DAVID GOLD 


The pH rate prodle of the hydrolysis of cycloserine in aqueous bufFers is reported. 
Apparent pseudo first-order plots of the hydrolytic degradation are observed over 
the entire H range. Minimal over-all velocity occurs in the vicinity of pH 12. A 
linear log 1-pH plot is found for the protonated molecule and the dipolar ion in the 
pH ranges 0.4 to 2.3 and 3.0 to 7.0. The hydrolysis is catid zed by undissociated 
acetic acid, and the acetic acid-catalyzed reaction appears to & first order with re- 
spect to cycloserine, regardless of whether the protonated molecule or the dipolar 
ion is present in the solution Primary kinetic salt effects were not detected in 
hydrolyses involving the protonated, dipolar, or anionic molecules. Tbe kinetics 
suggest that in the acid-catalyzed hydrolysis the substrate is the protonated cycloser- 
ine molecule. An intermolecular electrophilic-nucleophilic mechanism involving 


this substrate is considered. 


BE STRUCTURE of the antibiotic cycloserine’ T has been shown to be ~-4&0-3-iw=li- 
done (1, 2); the dipolar ion structure, as de- 
duced from its infrared absorption spedrum and 
from potentiometric titration in aqueous wlu- 
tion, is 11. 


I II m 
Reports of qualitative observations of the 


degradation of cycloserine in aqueous solution 
indicate that the compound is relatively stable 
in alkaline solution, whereas it is readily hydro- 
lyzed in acid solution. Kuehl ct d. (1) noted 
that cycloserine was facilely degraded to h e  
and hydroxylamine upon acid hydrolysis and 
that it was relatively stable to alkali. Hidy ct 
al. (2) reported that mild acid hydrolysis yielded 
Dserine and hydroxylamine, while prolonged 
hydrolysis gave DLserine and hydroxylamine. 
In aqueous solution a t  pH 6, the compound was 
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1 Marketed as Seromycin by Eli Lilly and Co., Indianapolia. 
In& 


ous acpplied of cpdowrine. 


63% degraded in 20 hours a t  room temperature 
(3). In 15% sodium hydroxide solution at 
100°, Ratouis and Behar observed that the 
compound was 38% degraded in 6 hours (4). 
Felder and Tiepolo reported that cycloserine is 
about 2% degraded in 24 hours at  physiological 
conditions (5). The decomposition products 
were stated to be hydroxylamine, serine, and 
3-aminoxyalanine in acidic solution and 2,5- 
bis(aminoxymethyl)-3,6-dioxopiperazine and 2,5- 
bismethylene-3,6-dioxopiperazine in neutral solu- 


Analogous results were reported for 4-benz- 
amido-3-isoxazolidone. This amide was stable 
to boiling 2 N sodium hydroxide, while acid 
hydrolysis produced ring opening in addition 
to amide cleavage (6). Ratds  and Behar (4) 
identified serine and serine amide as the prod- 
ucts of the acid-catalyzed hydrolysis. 


Inconsistent with these observations is the 
report of Nishimura and Shimobima (7), who 
found that the stability point of cycloserine in 
aqueous solution is at pH 6.0. 


Structurally, cycloserine may be viewed as a 
cyclic 0-alkyl hydroxamic acid. The ob- 
served stability of cycloserine to alkaline hy- 
drolysis indicates that N-amide substitution 
with an oxygen atom results in a compound which 
is much less susceptible to nucleophilic attack. 
Simple amides are approximately equally SUS- 
ceptible to nucleophilic and to electrophilic 
attack (8) ; the pH rate profile of the hydrolysis of 
simple amides exhibits a minimal over-all velocity 


tion (5) .  
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TABLE I.-BUFPER SOLUTIONS 


Buffer Buffer Compn. 
A 0.50 MHC1 
B 0.095 M HC1 


0.005 M KCl 
c 0.01 MHCl  


0.09 MKCl  
D 0.106 M uhthalic acid 


Apparent pHa 
25O 70' 80' 950 


0 .3gb . . .  . . .  . . .  
1.07 1.14 1.30 1.30 


2.10 2.15 2.30 2.40 


2.72 2.96 3.11 3.12 


3.60 3.65 3.77 3.88 


0.160 M NaCl 


0.180 M CHaCOONa 
0.020 M NaCl 


0.002 M NanBdOl 


F 0.060 M CHaCOOH 


G 0.204 M HiBOs 


H 0.04 MHqBOn ~~ 


0.09 M N;,B,Ol 
I 0.546 M NaOH 


T 0.10 M NaOH 
0.023 M NanB& 


5.00 5.20 5.35 5.49 


7.13 7.16 7.17 6.95 


9.08 8.90 8.94 8.91 


11.10 11.14 11.10 11.17 


12.86" . . .  . . .  . . .  
0.90 MNaCl 


K 1.00 MNaOH 13.8lC . . .  . . .  . . .  


pH Values determined at temperature cited with glass calomel electrodes. pH Values calculated from mean activ- 
ity coefficients (26). pH Values calculated from mean activity coefficients (27). 


in the pH range 3 to 4 (9). Accordingly, with 
the limitation that each region of the pH rate 
profile must be considered in terms of the degree 
of protonation of the substrate present in solu- 
tion, minimal over-all hydrolysis of cycloserine 
is expected at high pH values. 


Relatively few examples of intermolecular 
general acid catalysis of the hydrolysis of car- 
boxylic acid derivatives are known (lo).* Re- 
cently, the only example of intermolecular gen- 
eral acid catalysis of the hydrolysis of amides 
was reported by Wyness (1 l) ,  who demonstrated 
the acetic acid-catalyzed hydrolysis of N-n- 
butylacetamide. It was observed by Garrett 
(15, 13) that structural modification of esters 
which resulted in decreased hydrogen ion-cata- 
lyzed hydrolysis promoted intermolecular general 
base catalysis by acetate ion. Similarly, inter- 
molecular general acid catalysis should be favored 
in carboxylic a d d  derivatives exhibiting de- 
creased susceptibility to hydroxyl ion-catalyzed 
hydrolysis. According to this reasoning, cy- 
closerine appeared to be a favorable system for 
demonstrating intermolecular general acid catal- 
ysis. 


With this view, the pH rate profile of the hy- 
drolysis of cycloserine was investigated, and 
preliminary experiments t o  obtain evidence for 
intermolecular general acid-catalyzed hydrolysis 
were condiicted. 


EXPERIMENTAL 
Materials.-Cycloserine (Lilly, lot No. 501M1) 


recrystallized according to  the procedure of Stammer 
2 For an excellent discussion and pertinent references see 


Bender. M. I-., Chcm. Rcn., 60. 53(1960). 


el 01. (6) and dried in vacuo, m.p. 154 to 154.5' dec 
The reported melting points of this compound in- 
clude 154-155' (l), 156" (2). and 153-154" (6). All 
compounds used in the preparation of buffer solu- 
tions and in the assay procedure were reagent grade. 


Buffer Solutions, pH Measurement, and pK De- 
termination.-The rates of the decomposition of 
cycloserine as a function of pH and the concentra- 
tions of general acids and bases were studied using 
buffers. The b d e r  systems employed in the 
kinetic studies to elucidate the pH rate profile are 
listed in Table I. The concentrations of the buffer 
components cited are thevalues a t  room temperature. 


The Beckman model G pH meter was used to 
determine the pH of the buffer solutions at room 
temperature. The instrument was standardized 
with standard b d e r  solutions having pH values 
within two pH units of the solutions measured. 
A t  elevated temperatures the pH measurements 
were performed with the Beckman zeromatic pH 
meter. The instrument was standardized at the 
temperature of the solution which was measured 
with standard phosphate buffer. The pH values of 
the standard buffer a t  elevated temperatures were 
those cited by Britton (14). In all kinetic studies, 
pH measurements were taken prior and subsequent 
to the kinetic runs; no change in pH was observed. 


The dissociation constants of cycloserine were 
essentially determined by the method described by 
Stern (15). The total concentration of dipolar 
cycloserine and its conjugate acid or base was 0.010 
M, and the ionic strength of the solution was ad- 
justed to 0.200 with sodium chloride. The pH of 
the solutions was determined a t  all temperatures 
with the Beckman model G pH meter; appropriate 
temperature compensation corrections were applied. 


Kinetic Procedure.-The kinetic measurements of 
the degradation of cycloserine were conducted a t  
0.001 M in the given buffer solution. Aliquots were 
sealed in U.S.P. XVI type I ampuls of 10-ml. capac- 
ity; all the ampuls for a run were immersed in a 
liquid constant temperature bath. Time was per- 
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TIME IN HOURS 


Fig. 1.-Apparent pseudo first-order plots of the 
hydrolysis of cycloserine a t  80" at pH 5.2 in the pres- 
ence of varying acetic acid concentration. Ionic 
strength is adjusted to 1.6 with sodium chloride. 
The following values are given for [CHsCOOH] and 
[CHKOONa], respectively. Key: A, 0.064 and 
0.136; B, 0.122 and 0.278; C, 0.22U and 0.580; D, 
0.385 and 1.215. 


mitted for temperature equilibration before removal 
of the zero-time sample which was considered to 
contain 100% cycloserine. Individual ampuls were 
removed at recorded times and immediately im- 
mersed in an ice-water bath. The ampuls were 
stored in the ice-water mixture until completion of 


TABLE II.-OBSERVED RATE CONSTANTS FOR THE 
DEGRADATION OF 0.001 M CYCLOSERINE IN VARIOUS 


BUFFER SOLUTIONS 


lWki',  Sec. --I 7 


Buffer 50' 60' 7O0 8 0 0  950 
A 88.8 174 357 . . .  
B 36.9 67.8 136 269 . . .  
C . . .  55.0 103 216 502 
D . . .  44.3 86.9 167 330 ~~~ 


E 20.6 . . .  86.2 169 398 
F . . . . . .  29.6 48.9 103 
G . . . . . .  4.21 9.79 33.5 
H . . . . . .  2.44 6.75 24.1 
I . . . . . .  1.63 3.93 16.0 


. . . . . .  1.57 4.43 14.7 
2.08 5.35 18.0 


J 
K . . . . . .  


the run. The ampuls were then opened, the solu- 
tions allowed to warm to room temperature, and the 
concentration of cycloserine was determined by the 
colorimetric procedure of Jones (16). The absorb- 
ance of each sample was determined against a 
blank at 625 mb in a Beckman model DU spectro- 
photometer. Plots of log (Ag/A.) against time, as 
illustrated by the typical plots shown in Fig. 1, 
gave good straight lines. The pseudo first-order 
rate constants, kl', were obtained by multiplying 
the slope by 2.303. 


For certain runs in the pH region 2 to  0.4. the 
samples were quenched by chilling, followed by the 
addition of standard sodium hydroxide to give a 
pH of 7 T h e  samples were then stored in a 
refrigerator until the solutions were analyzed. 


Thermostats were maintained with f0.03" a t  
temperatures of 80" or below and within a &O.oBo 
range at 95'. 


RESULTS 
Dependence of Rate Upon Cycloserine Concentra- 


tion.-The kinetics of the disappearance of cyclo- 
serine from solutions of constant hydronium ion con- 
centration showed the reaction to  be first order with 
respect to  the total cycloserine concentration. The 
observed pseudo first-order rate constants, kl', 
were estimated from the semilog plots of the fraction 
of undegnded cycloserine as a function of time and 
are listed in Table 11. In each run. the reaction was 
followed to 30% residual cycloserine, and each plot 
included 7 to 10 points. Typical plots are shown in 
Fig. 1. At all pH values and irrespective of the 
buffer components, - d[C]/dt = k l ' [ C I ,  where C = 
cycloserine. 


Absence of Salt Effects.-The effect of varying 
ionic strength on the observed first-order rate con- 
stants of the hydronium ion-catalyzed hydrolyses 
was studied in solutions in which the predominant 
species of cycloserine is protonated, zwitterionic, or 
anionic. The results" are shown in Table 111. 
No significant chaqge in 'the rate constant was noted 
when cycloserine Was hydrblyzed at 50" in 0.1 M 
hydrochloric acid soIutions adjusted to  different 
ionic strengths with potassium chloride. A salt 
effect was not observed in the hydrolyses at 80" in 
boric acid-sodium borate buffer, pH 8.94, over the 
ionic strength range 0.27 to 0.81. The slight de- 
crease in observed rate with increasing ionic strength 
seen in the hydrolyses conducted a t  80" in biphthal- 
ate-phthalate buffer, pH 5.18, over the ionic 
strength range 0.20 to 0.80, is assumed to be within 


TABLE 111.-HYDROLYSIS OF CYCLOSERINE AT CONSTANT pH AND VARYING IONIC STRENGTH 


[HCIIO [KCII' c pHb 1Wk1, Set-1 Temp., C. 
0.095 0.005 0.100 1.14 2.69 50 
0.095 0.105 0.200 2.79 
0.095 0.305 0.400 2.75 


0.0527 0.0473 0.195 4.18 4.19 80 
0.0527 0.0473 01205 0.400 4.11 
0.0527 0.0473 0.605 0.800 4.04 


[KHPhthalate]" [KI Phthalate]" [NaCll" 


[HiBOII" [Naa&o11" [KCll" 
0.04 
0.04 
0.04 


0.09 . . .  0.27 8.94 6.75 
0.09 0.27 0.54 6.70 
0.09 0 .54  0.81 6.79 


80 


a Concentration at 25'. * pH Values determined at reaction temperature. 
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1 


PM 


Fig. 2.-The pH rate profile of the hydrolytic 
degradation of cycloserine. Kpy: 0, observed 
rates; 0, rates corrected for aceuc acid catalysis. 


the estimated reproducibility of the first-order 
constants. It appears that primary kinetic salt 
effects are not significant, irrespective of the degree 
of protonation of the substrate. Accordingly, the 
compositions of the buffer solutions were not main- 
tained at constant ionic strength. It is observed, 
however, that the ionic strength range of the buffer 
solutions employed in the acid-catalyzed regions of 
the pH rate profile is 0.1 to 0.3. It is interesting 
that primary salt effects were absent in the 
hydronium ion-catalyzed hydrolysis of L-aspara- 
ginylglycine under conditions where the substrate 
molecule is protonated (17). 


Dependence of Rate Upon Hydronium Ion Con- 
centration.-The pH rate profiles of the hydrolysis of 
cycloserine at 70. 80, and 95' are shown in Fig. 2. 
It is convenient to  examine four regions of the pro- 
file. In the pH range 2.3 to  0.4, an apparent linear 
increase of log kl' with increasing pH is seen. In the 
pH range 7.0 to 3.0, the apparently linear 
dependence of log kl' on pH exhibits a greater slope 
than is found in the pH 2.3 to  0.3 region. Between 
pH 11 and 7 log &I' decreases with pH; above pH 12, 
the limited data indicate an increase of log kl' 
with pH. The dashed lines in Fig. 2 show linear 
dependence of log RI' on pH in the pH range 11 to 
7, and the continuous line approximates a catalytic 
catenary with a minimum in the neighborhood of 
pH 12. Since the present investigation is concerned 
with demonstrating general acid-catalyzed 
hydrolysis, study of the alkaline region of the pH 
rate profile is deferred. If alkaline degradation of 
cycloserine above pH 12 is significant, then both 


TABLE IV.-APPARBNT DISSOCIATION CONSTANTS OF 
CYCLOSERiNE AT p = 0.2 


Temp., C. pKal' PKW' 
20.0" 4.39 7.39 
70.0 4.23 6.83 
80.0 4.08 6.70 
95.0 3.99 6.64 


~ ~ _ _ _ _  ~~ 


0 Reported values at room temperature. pKm' 4.4; 
pKaz' 7.3 (2); pKai', 4.4; pKax', 7.4 (1); pKa1'.'4.57; 
pKa3': 7.40; p - 0.4 (28). 


acid and base-catalyzed reactions occur simul- 
taneously between pH 12 and 10. 


Both linear segments of the pH rate profile in the 
pH range 7 to 0.4 exhibit apparent fractional slopes. 
In a study of the degradation of streptozotocin, 
Garrett (18) attributed such apparent fractional 
slopes of the log k-pH plot in the acid region to the 
observed rate due to  hydronium ion attack on 
protonated and nonprotonated substrate molecules 
in ionic equilibrium with each other. Perhaps the 
pH rate profile of cycloserine in the acid region 
presents a comparable situation. 


The apparent pKa' values of cycloserine *O.Ol, 
where the error is the average deviation of three 
determinations, are given in Table IV. Because of 
the lability of cycloserine to hydronium ion- 
catalyzed hydrolysis at elevated temperatures, the 
experimentally determined pKa' values are uncer- 
tain. However, the pKa' values do afford a reason- 
able estimate of the concentrations of protonated, 
zwitterionic. and anionic cycloserine molecules 
which are present in each region of the pH rate 
profile. The classical kinetic expression (12) for the 
hydronium ion-catalyzed hydrolysis of cycloserine 
is 


-dC/dt = - d ( [ C + ]  + [C*] + [ C - ] ) / d t  (Eq. 1) 


= -ki'[C] (Eq. 4) 


Neglecting the contribution of k~fl[H*O], where 
[ H + ]  = hydronium ion activity, [C] = [C+]  + 
[C*] + [C-] = total cycloserine concentration, 
C+ = protonated cycloserine. C* = dipolar ion 
cycloserine, C- = anion cycloserine. 


Inasmuch as the observed rates are correlated 
with the experimentally measured hydronium ion 
activity at elevated temperatures, there is consider- 
able uncertainty regarding the 95' pH rate profile. 
Nevertheless, the large differences in the slopes of 
the pH rate profile permit interpretation of the 
hydroniurn ion dependence. It can be estimated 
that the second-order rate constant in the region 
where the molecule is predominantly the dipolar ion 
is larger than the constant in the region where the 
principal species is the protonated molecule by a 
factor of 10'. One interpretation is the k.* in the 
above equations is much larger than k,+. denoting 
that the hydrolytic lability of the dipolar ion far 
exceeds that of the protonated molecule, a con- 
clusion which is in accord with the view that the 
decreased rate is a consequence of the coulombic 
repulsion of the hydronium ion attack on the pro- 
tonated molecule. This interpretation of the 
observed apparent fractional slopes of the pH de- 
pendency curve is based upon the assumption that 
the order of the reaction with respect to  hydronium 
ion is the same in the reactions involving C+, (?, 
and C-. 


An alternate explanation is required if the order 
of the reaction with respect to hydronium ion is not 
the same for the differently protonated substrate 
molecules. The reaction order with respect to 
hydronium ion is generally deduced from a linear 
logarithmic increase of (R1'-ko) with pH. The 
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TABLE V.-HYDROLYSIS OF CYCLoSERINE I N  ACETIC ACID-SODIUM ACETATE BUFFERED SOLUTIONS 


ICELCOOHI' [CItcOONalE 
0.048 0.102 
0.064 0.136 
0.070 0.149 
0.086 0.183 
0.032 0.032 
0.064 0.064 
0.096 0.096 
0.128 0.128 


[CHICOOHI O [CE~COONI~]~ 
0.064 0.136 
0.122 0.278 
0.220 0.680 
0.386 1.215 
0.064 
0.122 
0.220 
0.385 
0.064 
0.122 
0.220 
0.385 


0.136 
0.278 
0.580 
1.215 
0.136 
0.278 
0.680 
1.215 


INaCII. 
0.098 
0.064 
0.051 
0.017 
0.168 
0.136 
0.104 
0.072 


[NaClIo 
1.464 
1.322 
1 .om 
0.386 
1.464 
1.322 
1 .om 
0.385 
1.464 
1.322 
1.020 
0.386 


Part A 
Temp., [CHICOON~I 


pHb 'C. [CHICOOHI- 
4.04 70 2.13 


4.67 70 1 .oo 


PUtB 


p l i b  O C .  


6.04 70 


Temp., 


5.08 
5.01 
5.23 
5.20 80 
5.23 
5.29 
5.50 
5.32 95 
5.35 
6.41 
5.63 


101 k h ,  
Sec. -1 


2.64 
3.64 
5.13 
7.66 
4.68 
6.31 
9.55 


14.08 
11.77 
16.04 
23.57 
35.54 


10, koba, 10' k H A l  
See.-' L. Mole-1 Sec-1 
2.36 
2.63 
2.75 
3.04 1.75d 
3.04 
3.59 
4.20 
4.80 1.79' 


3.65 
5.13 
7.68 
4.68 
6.32 
9.57 


14.14 


1.W 


2 ., 970 
11.77 
16.05 
23.60 
35.63 7.4P 


a Concentration at 26' H Value. meamued wi th  asscalomel dcctrodes at the temperature cited. Pseudo first-order - 1.64 X 10-6 =.-I. k. = 2.48 X 10-6 scc.-l. rates corrected to pH 6.oi at ?b, pH 6.20 at 80°, and p 8  6.32 at B 6 O .  
1 1.59 X 10- ' ko 2.81 X lo* -.-I. A f a  7.03 X 10- *.-I. 


spontaneous reaction rate, k,,, commonly is small 
compared to the observed apparent first-order rate 
constant. If substrate molecules having Mering 
degrees of protonation are present in solution 
and the slope of the log kl' versus pH plot is not 
integral, the order of the reaction with respect to 
hydronium ion activity is equivocal. Moreover, 
if a plot of -log kl' uersus pH is linear with non- 
integral slope, then a plot of -log &I' uersu.s 11 pH 
will also be linear with nonintegral slope. From the 
reaction mechanism viewpoint, the reaction order 
with respect to hydronium ion is expected to be an 
integer. probably 1 or 2, corresponding to a linear 
plot of -log kl' against pH or 2 pH, respectively. 
Should -log kl' for the hydrolysis of C+ be a linear 
function of n pH and -log k1' for the hydrolysis of 
cf be a linear function of 2n pH, then the observed 
slopes of the respective plots would prove to be 
similar. The estimated slope of the pH rate profile 
(Fig. 2) in the pH range 2.0 to 0.4 is -0.122, and in 
the pH range 7.0 to 3.0 is -0.313, expressing the 
observed rate dependence on pH of the hydrolysis 
of C+ and cf. respectively. A plot of -log kl' 
against 2 pH in the pH range 7.0 to 3.0 is linear with 
slope -0.157, which indicates that the order with 
respect to hydronium ion of the hydrolysis rate of 
C* is approximately twice that of C+. 


Dependence of Rate Upon Acetic Acid Concentra- 
tion.-Catalysis by buffer components was studied 
by determining the pseudo Iirst-order hydrolysis rate 
as a function of the buffer concentration of a Series 
of acetic acid-dium acetate buffers of constant pH 
and ionic strength. In accord with the traditional 
treatment of general acid-general base catalysis 
(12). at constant pH where both C+ and C* are 
present in solution the observed rate constant. KI', 
is given by 


so that a plot of k,' versus the acetic acid concentra- 
tion, [HA]. is linear. As observed by Wyness 
( l l ) ,  constancy of slope for merent  ratios [ A - ] /  
[HAlindicates that kr-' and k~-' are negligibly 
small or zero and that catalysis is due to undis- 
sociated acetic acid. 


Fig. 3.-Plots 
showing the cat- 
alysis of the hydrol- 
ysis of cycloserine 
by acetic acid at 
constant pH and 
ionic strength. 
Key: 70'. pH 5.04, 
p = 1.6; 80". pH 
5.20, p = 1.6 
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TABLE VI.-HYDROLYSIS OF CYCWSERINE IN 
PHTHALIC ACID-POTASSIUM BIPHTHALATE 


BUFFERED SOLUTIONS AT 80" 


[Phthdic [KH Apparent IO'kr', 
Acid] Phthdate] [NaCl] pH See.-' 


0.1060 0.1590 0.0410 3.11 1.67 
0.0530 0.0795 0.1205 3.11 1.63 
0.0265 0.0398 0.1602 3.09 1.71 


Typical plots of the observed rate constants at 
elevated temperatures as a function of the acetic 
acid concentration a t  room temperature (Table V, 
Part B )  are shown in Fig. 3. At constant pH and 
ionic strength, the rates vary linearly with the acetic 
acid concentration. The apparent second-order 
rate coefficients, k#A = k.t,,/[cH~cOoH], for dif- 
ferent salt/acid ratios (Table V, Purt A )  are sensibly 
the same. Hence, catalysis appears to  be due to 
undissociated acetic acid or to both hydronium and 
acetate ions, but not due to the acetate ion concen- 
tration alone. Slight curvature is seen as the acetic 
acid concentration becomes large. 


The fact that the second-order rate coefficients, 
estimated at different hydronium ion concentrations, 
are similar indicates that the acetic acid catalytic 
coefficients kRA' and kHr" are identical. This con- 
clusion is inconsistent with the generally accepted 
formulation that kg~' and kHA' are the catalytic 
coefficients which apply to C+ and C*, respectively. 
On the other hand, if the acetic acid-catalyzed hy- 
drolysis of C* depends on the hydronium ion con- 
centration as well as the concentrations of C* and 
HA,  then kHA' = kHA'and kxn = kHA'(1 + [ H + l ) .  
Accordingly, it  would appear that the acetic acid- 
catalyzed reaction is first order with respect to 
cycloserine, regardless of whether the protonated 
molecule or the dipolar ion is present in the solu- 
tion. 


The intercept of the kl' versus CHzCOOH plot, 
k,, is a measure of all catalytic effects except acetic 
acid. Therefore, the intercept rates should fall 
on the graph of the pH rate profile. Representative 
intercept values are indicated by the solid circles 
in Fig. 2, and reasonable fit is observed. The inter- 
cept values are tabulated as a footnote in Table V. 


The rate of hydrolysis of cycloserine in phthalic 
acid-potassium ,biphthalate buffer solutions of 
similar pH and ionic strength was studied (Table 
VI). A fivefold variation in the phthalic acid 
concentration produced no significant change in 
rate. 


DISCUSSION 


Intermediates in the Acid-Catalyzed Hydrolysis 
Reactions.-The end products of the acid-catalyzed 
hydrolysis of cycloserine have been found to  be 
serine and hydroxylamine (1. 2, 5). In one report, 
3-aminoxyalanine was observed to  be a product of 
the acid-catalyzed degradation (6) .  Inasmuch as 
carbon-oxygen cleavage is considered unlikely, 
cleavage of either the carbon-nitrogen bond or the 
nitrogen-oxygen bond must occur initially during 
the course of the hydrolysis reaction. Therefore, 


OH 


the two possible intermediates in the reaction are 
3-aminoxy-~-alanine and D-serine hydroxamic acid. 
The hydroxaniate was not identified as an inter- 
mediate in the hydrolysis mixture in this laboratory. 
H'hen ferric ion was included in the hydrolysis 


mixture, the characteristic red of the ferric hy- 
droxamic acid chelate was not noted. Failure to 
detect serine hydroxamic acid does not preclude 
the possibility that it is also an intermediate and 
that two competitive reactions are taking place, 
inasmuch as the acid-catalyzed hydrolysis of the 
hydroxamic acid may occur rapidly. 


Justification for the expectation that 3-aminoxy- 
alanine is an intermediate is based upon analogous 
reactions. The treatment of cycloserine with 
methanolic hydrogen chloride yields 3-aminoxy-~- 
alanine methyl ester dihydrochloride (1, 2, 6). 
Refluxing ~~-4benzamido-3-koxazolidone in ab- 
solute ethanol saturated with hydrogen chloride 
gives the hydrochloride of 3-aminoxy-~~-alanine 
ethyl ester (6). The hydrochloride of 5 - d o x y -  
methyl-3-phenylhydantoin is formed from the 
hydrochloric acid treatment of the reaction product 
of cycloserine and phenyl isocyanate. In addition, 
good yields of aminoxyalkanes are obtained from the 
aqueous acid or alkaline hydrolysis of 0-alkyl hy- 
droxamic acids and 0-alkyl urethanes. Thus, 
heating 0-butyl benzohydroxamic acid with hydro- 
bromic acid gives aminoxybutane hydrobromide 
and benzoic acid (19); refluxing ethyl O-butyl- 
carbarnate with concentrated potassium hydroxide 
solution yields aminoxybutane (20). Moreover, i t  
is probable that 3-aminoxyalanine is an intermediate 
in the formation of 2,5bis(aminoxymethyl)-3,6-di- 
oxopiperazine from cycloserine (21, 22). There- 
fore, it is reasonable to expect that the carbon- 
nitrogen bond is preferentially cleaved. 


The apparent pKa values of 3-aminoxy-~-alanine 
methyl ester are 2.3 and 6.9 (1). the former value 
applying to the aminoxy group. Therefore, in 
dilute acid solution, the aminoxy group is incom- 
pletely protonated. It is possible that serine and 
hydroxylamine are formed from the aminoxy amino 
acid by solvent or nucleophilic displacement a t  
either the aminoxy nitrogen or the f l  carbon atom. 


Considexation of the Mechanism of the Hy- 
drolysis of Cyc1oserine.-The kinetics of the 
hydrolysis of cycloserine have shown that both the 
protonated molecule and the dipolar ion are subject 
to  hydronium ion-catalyzed hydrolysis, since the 
observed rates increase with decreasing pH. The 
question arises of whether the mechanisms of C+ 
and C* differ. 


I t  is not feasible that the rate-determining step in 
the hydrolysis of the dipolar ion involves proton 
transfer to the substrate 


C* + HsO+ ( M * )  * C+ + H20 (Slow) 


C+ + HzO -., products (fast) 


where M* is the transition state complex in the 
theory of absolute reaction rates, inasmuch as the 
hydrolysis of the protonated molecule was not 
rapid. Pre-equilibration of the dipolar ion and 
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HaO+, followed by the bmolecular reaction between 
the protonated cycloserine and water 


C* + HaO+ a C+ + HzO (fast) 
C+ + H20 (M’) -+ products (slow) 


is similar to  the generally accepted mechanism for 
amide hydrolysis and in this instance corresponds to  
the solvent-catalyzed reaction of C+. This mech- 
anism implies that there is present in the C+ 
molecule a center which is sufficiently electrophilic 
to  make the water-catalyzed reaction appreciable. 
Essentially, the mechanism is analogous to the 
water-catalyzed hydrolysis of a nonprotonated 
amide, and the rates of such spontaneous reactions 
are extremely low. If the intermediate product of 
the hydrolysis reaction is the 3-aminoxy amino acid, 
the water molecule must attack the carbonyl-car- 
bon; if the product is the hydroxamic acid, the 
reaction probably occurs at the ring nitrogen. 
Stammer and co-workers (6) have presented evi- 
dence that in hydroxamic acid salts the negative 
charge resides near the carbonyl-carbon. and it 
seems likely that there is also a relatively high 
electron density on the carbonyl-carbon of dipolar 
cycloserine. 


R 


1179 


range 7 to  3 is linear, and the slope of this plot 
approximates the slope of the -log kl’ versus pH 
plot in the region where the hydronium ion-catalyzed 
hydrolysis of C+ takes place. Hence, the steep 
slope in the pH rate profile is not attributed to the 
greater hydrolytic lability of C* but instead to the 
premise that the rate increases with the square of the 
hydronium ion concentration. 


A plausible mechanism for the hydrolysis of C+ 
is the classical mechanism cited above, in which the 
transition state results from the attack of a mole- 
cule of water on the conjugate acid of the substrate. 
If the aminoxy amino acid is the intermediate 
product, the mechanism could be formulated as 


k 
Accordingly, the structure of C+ is represented as I. 
It appears unlikely that either the carbonyl-carbon 
or the ring nitrogen in this molecule have sufficient 
electrophilic character to make the water-catalyzed 
hydrolysis of C+ significant. Therefore, i t  is more 
probable that the dipolar molecule must be doubly 
protonated and that the hydronium ion-catalyzed 
hydrolysis of C* and C+ proceed Via the same transi- 
tion state complex. The resemblance of the energies 
and entropies of activation in both regions of the 
pH rate profile (Table VII) supports this conten- 
tion. 


Therefore, in the region of the pH rate profile 
where the dipolar ion is the principal species, an 
increase in the hydronium ion concentration causes 
an increase in the hydrolysis rate as a consequence 
of the increase in the concentration of diprotonated 
substrate and kl‘ = k. + k&[H10+]*, so that 
-log (kl’ - k.) = -log krrc + 2 pH. As noted 
previously, a plot of -log kl’ versus 2 pH in the pH 


TABLE VII.-ACTIVATION ENERGIES AND ENTROPIES 
FOR THE HYDROLYTIC DEGRADATION OF 


CYCLOSERINE AT VARIOUS HYDRONIUM ION 
ACTIVITIES 


Appareat AEa AS+ 80’. 
PH Kcal./Mole e.u. 
0 . 4  16.3 -30.7 
1 . 3  16.1 -31.6 
2 . 3  16.0 -32.3 
3.1 16.5 -34.2 
3.8 15.gE -33.8“ 
7.2 20.8 -24.9 
8.9 23.1 -19.1 


11.1 22.8 -21 .o 
12.9 22.7 -21.1 
13.8 21.8 -23.2 


a Values exclude contribution due to acetic acid catalysis. 


m m 


and based upon the hydroxamic acid as the inter- 
mediate product, the reaction would proceed by 
reaction of HtO on the ring nitrogen. Thus 


OH* 


-c H AXJH3 N..eH-% Ho r-p N5H+o 


@ d H2 AH 


Before the latter mechanism can be accepted, it 
will be necessary to preclude the possibility of nu- 
cleophilic displacement at the 6 carbon atom and 
the possibility of carbonium ion formation a t  the 6 
carbon atom, in addition to establishing that the 
hydroxamic acid is an intermediate product. 


The kinetics of the hydrolysis of cycloserine in 
acetic acid-sodium acetate buffers indicates the 
apparent catalytic dependence of the hydrolysis on 
undissociated acetic acid. This does not appear to 
be a case of general acid catalysis, since catalysis by 
undissociated phthalic acid was not observed. As 
noted by Wyness ( l l ) ,  Bender’s electrophilic- 
nucleophilic mechanism (23, 24) applied to inter- 
molecular catalysis accommodates the observed 
kinetic dependence. In essence, the mechanism 
involves protonation of the substrate by acetic acid, 
followed by nucleophilic attack by acetate ion on an 
electrophilic center with concerted anhydride forma- 
tion and bond cleavage. The postulated transi- 
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tion states for aminoxyalanine and hydroxamic acid 
formation are 
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character of the carbonyl-carbon and a compound 
which is much more susceptible to nucleophilic 
attack. It is evident that the inductive effect does 
not operate in this way in cycloserine. To a large 
extent the negligible base-catalyzed hydrolysis in 
the pH range 6 to  12 is due to the coulombic re- 
pulsion of the hydroxide ion by the formal negative 
charge on the N-(2-0 system of the zwitterionic 
and anionic substrate. However, the hydrolysis 
kinetics in the pH range 4 to  5, a region where the 
hydroxide ion-catalyzed hydrolysis of simple amides 
is considerable, indicates that the base-catalyzed 
hydrolysis of C+ is unimportant. Thus, the low 
susceptibility of cycloserine is due to the inherent 
character of the isoxazolidone ring system, in which 
the carbonyl-carbon has decreased electrophilic 
character compared with the carbonyl-carbon of an 
amide. It is suggested that the p orbital on the ring 
oxygen interacts with those on the adjacent N-C-O 
system to form a streamer molecular orbital of 
greater stability than the streamer orbital Occuning 
on the N-C-O system alone. A crystallographic 
study of cycloserine (25) reveals that the five- 
membered ring system is nearly planar, so that the 
steric requirement for such streamer molecular 
orbital formation is present. A consequence of the 
delocalization of the T electrons is the apparent 
decreased electrophilic character of the carbonyl- 
carbon, so that the isoxazolidone ring is relatively 
resistant to nucleophilic attack but readily under- 
goes acid-catalyzed hydrolytic cleavage. 


and the resulting anhydride is then hydrolyzed 
rapidly. As in the instance of the hydronium ion- 
catalyzed reaction, it is concluded that the sub- 
strate molecule is probably C+ rather than C*, 
since neither the dipolar ion nor the protonated 
molecule appears to be susceptible to nucleophilic 
attack by hydroxide ion. The acetic acid-cata- 
lyzed hydrolysis of the dipolar ion requires the reac- 
tion of acetate ion with a nonprotonated center as 
the rate-determining step. Based upon the fact that 
the simple amide is not subject to  acetate ion- 
catalyzed hydrolysis and the premise that the amide 
has substantially more electrophilic character than 
is present in the isoxazolidone ring system, such a 
rate-determining step is highly improbable. 
The alternate mechanism (11) for the acetic acid- 


catalyzed reaction which involves a transition state 
wherein HrO attacks the electrophilic center of a 
hydrogen-bonded complex between acetic acid and 
cycloserine is not presently considered. Wyness 
(11) found that the effect of D.0 on the acetic acid- 
catalyzed hydrolysis of N-n-butylacetamide does 
not support this mechanism. 


Above pH 9, the anionic cycloserine molecule I11 
is the only species present in solution. Moreover, at 
pH values greater than 9, the pH dependency curve 
has appearance of a hydrolytic catenary, with a 
minimum in the vicinity of pH 12. The increase in 
the rate above pH 12 signifies that the degradation 
of the anionic molecule is base-catalyzed. Con- 
sidering the broad base of the pH dependency curve, 
it is probable that the base-catalyzed degradation 
contributes to the observed rate of the degradation 
of cycloserine in the pH range 10 to  12. The in- 
crease in the observed rate with decreasing pH in 
the pH range 11 to 9 is indicative of a hydronium 
ion-catalyzed reaction involving the C-. Thus, i t  
appears likely that in this region of the pH rate 
profile the degradation is proceeding by both base 
and acid-catalyzed reactions. The comparability 
of the values of the activation parameters in this 
region with those determined for the base-catalyzed 
reaction (Table VII) is probably fortuitous. 


The extremely low susceptibility of cycloserine to 
hydroxide ion-catalyzed hydrolysis is noteworthy. 
Based solely upon inductive effects, it  is expected 
that N-amide substitution with an electrophilic 
oxygen atom should result in enhanced electrophilic 
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Kinetic Study on Hydrolysis of a 
Mannich Base Compound 


By K. THOMAS KOSHY and H. MITCHNER* 


The hydrolysis of 2-(4-phenyl-1-piperainylmethyl)cyclohexanone hydrochloride, 
a Mannich condensation product, was studied in buffered aqueous solutions in the pH 
range of 1.1 to 5.5. The h drolytic products, N-phenylpiperazine and a rearranged 
dimer of 2-methylenecycloEexonone, were isolated and characterized. The hydrol- 
ysis was specific acid and general base catalyzed with maximum stability around pH 
2. The hydrolysis was seudo first order in nature with an energy of activation, un- 


corrected for &e heat of ionization of water, of 27.3 Kcal./mole. 


HE MANNICH condensation reaction is fre- 
Tquently used in the synthesis of pharma- 
ceutical compounds. In 1922, Mannich and 
Heilner (1) observed that w-dimethylamino- 
propiophenone hydrochloride prepared from 
acetophenone, formaldehyde, and dimethyl- 
amine hydrochloride decomposed on steam dis- 
tillation to  give acrylophenone and dimethyl- 
amine hydrochloride. Similar results were noted 
by Blicke and Burckhalter (2). Mannich (3) 
and Mannich and Honig (4) also had reported 
that 2- (piperidinomethy1)cyclohexanone on 
fusion decomposed to  piperidine hydrochloride 
and 2-methylenecyclohexanone. 


References on the breakdown of Mannich 
bases have been essentially qualitative. Stability 
studies in this laboratory on a pharmaceutical 
product formed by a Mannich base reaction 
showed an unexpected hydrolysis and afforded an 
opportunity to  investigate quantitatively the 
kinetics of the hydrolysis of this compound. Fac- 
tors affecting hydrolysis which could be utilized as 
guidelines for pharmaceutical formulation were 
of particular interest. 


2 -(4 - Phenyl- 1 - piperazinylmethy1)cyclohexan- 
one hydrochloride (compound MA1050) was pre- 
pared by the Miles Chemical Therapeutics 
Research Laboratory by the condensation of 
cyclohexanone, formaldehyde, and N-phenyl- 
piperazine hydrochloride as shown in Scheme I. 


0 


Scheme I 
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This compound was stable to moderate 
amounts of dry heat, but broke down under ac- 
celerated conditions of combined heat and hu- 
midity. In  accordance with findings on similar 
compounds (3, 4), the methylene-nitrogen bond 
was considered the most probable point of hy- 
drolytic attack. This was confirmed by the 
identification of the breakdown products. An- 
alytical procedures were adapted to  follow the 
appearance of one of the degradation components, 
which introduced into the system a new functional 
group, a secondary amine. 


EXPERIMENTAL 


Isolation and Characterization of Degradation 
Compounds.-Approximately 2.0 Gm. of compound 
MA1050 was dissolved in about 100 ml. of 1.0 N- 
hydrochloric acid and digested on a steam bath for 
a few hours. The solution was cooled and ex- 
tracted with several portions of ethyl ether. The 
ether extract was discarded. The aqueous phase was 
made alkaline with sodium hydroxide solution and 
extracted with ethyl ether. The ether extract was 
washed free of alkali, dried with anhydrous sodium 
sulfate, and the ether evaporated. The residue 
was identified as N-phenylpiperazine by its in- 
frared spectrum and by the melting point of its 
hydrochloride. 


A second nonnitrogenous product was isolated by 
heating a 6% aqueous solution of MA1050 in a 
closed system for a few hours on a steam bath. A 
white crystalline material separated. This was 
recrystallized from aqueous ethanol and dried in 
yacilo at 60' for 3 hours, m.p. 156-159'. This 
material was characterized as the hydrated dimer of 
3-methylenecyclohexanone which was previously 
reported by Warnhoff and Johnson (5).l The 
melting point checked more closely with that re- 
ported by Mannich (3) for the same compound. 
Analytical Method for Determining the Rate of 


Hydrolysis.-The rate of hydrolysis was followed by 
determining the rate of appearance of N-phenyl- 
piperazine. A color reaction of secondary amines 
with carbon disulfide and cupric ion reported by 
Umbreit (6) was adapted for this purpose. The 
copper dithiocarbamate of the amine formed in the 
reaction was extracted into benzene and determined 
colorimetrically. This reaction was suitable for 


1 The authors thank Dr. 0. E. Fancher, Director of the 
Chemical Therapeutics Research Laboratory, Mile Labora- 
tories, Inc., for charactenzing this degradation product. 
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at 60°, and pH 3, 4, and 5 at 50" and 70". Hy- 
drochloric acid was used for pH 1.1 solution; 
phosphoric acid and monobasic sodium phosphate 
were used for solutions of pH 2 and 3, and acetic 
acid and sodium acetate for pH 4, 4.5, 5, and 5.5. 
The ionic strength of all solutions was adjusted to 
0.15 with potassium chloride. Buffers of pH higher 
than 5.5 could not be employed in this study due 
to  precipitation of free base of the compound. 


Effect of Initial Concentration on the Order and 
Rate of Hydrolysis.-The procedure, as outlined, was 
used for studies in acetate buffer a t  pH 5 at 60" 
using two different initial concentrations of com- 
pound MA1050. 


Effect of Ionic Strength.-The effect of ionic 
strength on the rate was investigated by the hydrol- 
ysis of compound MA1050 at  60" in solutions of pH 
1.1,2,3,4, and 5. The ionic strengths were adjusted 
to  different levels with potassium chloride. 


BufTers as General Acid or General Base Cat- 
alysts.-The effect of buffer constituents as general 
acid or general base catalysts was investigated by 
hydrolyzing compound MA1050 in solutions of pH 
2,3,4,  and 5 at constant ionic strength but different 
concentrations of the buffer species at each pH. 


-I 


2 INITIAL c0"TMlloN 4.801 I IO'M/L 1 


pH 1 . 1  


o/ 


I I I I 1 


- .----- , - 
I5 30 15  60 15 90 105 


TIME - HOURS 


IGg. 1.-First-order plot of the hydrolysis of com- 
pound MA1050 in buffered aqueous solutions a t  60". 


TABLE I.-OBSERVED FIRST-ORDER SPECIFIC 
REACTION CONSTANTS (k IN HOUR-]) FOR THE 


HYDROLYSIS OF COMPOUND MA1050 IN BUFFERED 
AQUEOUS SOLUTIONS AT 60"" 


PH k, hr.-1 X 10: 
1.1 
2 .0  
3.0 
4 . 0  
4 . 5  
5.0 
5 . 5  


15.30 
5.63 
8.46 


31.72 
78.70 


205.70 
382.70 


0 The ionic strength of all solutions wsp 0.15. 


determining N-phenylpiperazine with no inter- 
ference from compound MA1050 or its nonnitrog- 
enous breakdown product. N-Phenylpiperazine 
was stable under the experimental conditions of 
hydrolysis. 


Procedure.-The following general procedure was 
used for studying the rate of hydrolysis. Samples of 
0.2 Gm. of compound MA1050 were weighed 
accurately into 300-ml. volumetric flasks containing 
an amount of potassium chloride to adjust the ionic 
strength to a predetermined value. The contents 
were dissolved in the appropriate buffer solution 
preheated to the particular temperature a t  which 
the hydrolysis was studied. More of the hot buffer 
solution was added to  volume, the contents mixed, 
and the flask placed in a constant temperature 
bath. Fifteenmilliliter aliquots were withdrawn 
after 5 minutes equilibration and thereafter at 
periodic intervals. These solutions were cooled to 
room temperature, the pH adjusted to 6 with 
0.2 N NaOH, transferred to a 100-ml. volumetric 
flask, and water added to volume. A 2.0-ml. ali- 
quot of each was assayed for N-phenylpiperazine. 
The comparative color developed simultaneously 
on a 2.0-ml. aliquot of a suitable standard solution 
of N-phenylpiperazine hydrochloride was used in 
calculating the concentration of the sample. 


pH and Temperature Effect.-The effect of pH 
and temperature on the rate was determined by the 
hydrolysis at three different temperatures in buffer 
solutions as follows: pH 1.1, 2, 3, 4, 4.5, 5, and 5.5 


Y 


w 


0 2 4 6 8 10 12 14 
TIME - HOURS 


Fig. 2.-Plot showing the effect of initial concen- 
tration on the rate of hydrolysis of Compound MA 
1050 in acetate buffer pH 5 a t  50". 
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Fig. 4.-Effect of buffer concentration on the 
hydrolysis of Compound MA1050 in phosphate 
buffers of pH 2 and 3 at 60" at constant ionic 
strength. 
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Fig. 5.-Effect of buffer concentration on the 
hydrolysis of compound MA1050 in acetate buffers 
of pH 4 and 5 a t  60" at constant ionic strength. 


RESULTS AND DISCUSSION 
Figure 1 is a typical plot of the logarithm of the 


concentration remaining in solution against time 
for the hydrolysis of compound MA1050 and dem- 
onstrates that the hydrolysis is pseudo first order 
with respect to compound MA1050 and is a func- 
tion of the pH of the medium. The iirst-order rate 
constants for the reaction at 60" are given in Table 
I. 


Figure 2 demonstrates that the rate is directly 
dependent on the concentration of MA1050. 


Effect of Ionic Strength.-No salt was noticed at 
pH 2.  At pH 3,  4, and 5, an increase in the ionic 
strength resulted in a decrease in rate. A t  pH 1.1, 
however, increasing the ionic strength had the re- 
verse effect of accelerating the rate. The data were 
tested using the Bronsted-Bjerrum equation (Eq. 1) 
for bimolecular reactions. 


where k is the observed rate constant, ko is the rate 
constant at zero ionic strength, Q is a function of 
such properties of the solution as dielectric constant, 
temperature, etc., and thermodynamic constants; 
ZA and Zg are the charges on the reacting species, 
and fi  is the ionic strength of the medium. 


log k = log ko + 2 Q z ~ Z s f l ~ *  (Eq. 1) 


Figure 3 is a plot of the logarithm of the observed 
rate constants against the square root of the ionic 
strengths for the hydrolysis at pH 1.1 and 5 at 60". 
The positive slope for the hydrolysis a t  pH 1.1 in- 
dicates a reaction between ions of like charges. 
Conversely, the negative slope for the hydrolysis at 
pH 5 indicates a reaction between ions of d i e  
charges. At pH 2, where there is no salt effect, the 
value of ZAZB is zero, which would be consistent for 
a reaction between uncharged species or between an 
ion and a neutral molecule. The values for ZAZB 
were determined from the slopes of the lines in Fig. 
3, and from the calculated values for Q at 60". 
These were 0.28 and -0.58 at pH 1.1 and 5, re- 
spectively. The finding of nonintegral values for 
ZAZB could be due to high ionic strength, the oc- 
currence of more than one reaction at the point of 
determination, or to a significant contribution by 
the secondary salt effect. 


Effect of Buffers as General Acid or General Base 
Catalysts.-Under the experimental conditions used 
in this study, compound MA1050 was subject to 
specific acid and general base catalysis. The ob- 
served rate constant is a summation of the catalytic 
effect of all the species involved. In accordance with 
the treatment of Frost and Pearson (7) it can be 
represented as 


k o a  = ki (H+) + kz(OH-) + Ziki (HAi) + Zki ( A-i) Zki (Bi) + Zki (BiH +) (Eq. 2 )  


where HA is a general acid and A- its conjugate 
base, and B is a general base and BH + its conjugate 
acid. Figures 4 and 5 are plots of the observed rate 
constants against the total buffer concentrations 
at pH 2 ,  3, 4, and 5 at 60", the ionic strength of all 
solutions being the same. No attempt was made to 
calculate separately the specific contribution of the 
individual general acids or general bases to  the total 
buffer catalysis. The increasingly positive slopes 
of the lines with increasing pH indicate that the 
catalytic effect of the various species was limited to 
their basic forms. 


pH-Rate Rolile.-According to Eq. 2, the plots of 
the observed rate constants against buffer concen- 
trations extrapolated to zero buffer concentration 
give the rate constant uninfluenced by the buffer 
species. These values were obtained from Figs. 4 and 
5 and plotted as a function of pH in Fig. 6 to  show 
the pH dependency of the rate and a maximum 
stability at pH 2. 


A number of chemical reactions can lead to the 
same observed experimental dependence. Repre- 
senting the basic form of compound MA1050 as A 
and a general base as B. the probable reactions are 


1, A++ + H +  


2, A++ + Ha0 


ka + 
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by the Arrhenius plot (Fig. 7). Data obtained a t  pH 
3,4. and 5 at 50", 60°, and 70' were used in this plot. 
The energy of activation, uncorrected for the heat 
of ionization of water, was calculated from the slopes 
of the lines and presented in Table 11. The average 
value for the energy of activation was 27.3 Kcal./ 
mole. The frequency factor, A ,  and the entropy of 
activation, AS+, were calculated from this value 
using standard equations. These values are given 
in Table 11. The frequency factor was in the range 
of to lola, which seems high for a bimolecular 
reaction. Of interest was the entropy of activation 
change from a negative value a t  pH 3 to a positive 
value at pH 5, for which no rationale could be de- 
veloped. 


Mechanism of Hydrolysis.-The isolation and 
characterization of the degradation products of com- 
pound MA1050 as the hydrated, rearranged dimer of 
2-methylenecyclohexanone and N-phenylpiperazine 
indicate that the primary path of breakdown is the 
hydrolytic attack a t  the methylene-nitrogen bond. 
The hydrolysis is first order with respect to the con- 
centration of compound MA1050, but of a complex 
order with respect to hydrogen and hydroxyl ion 
concentrations making if difficult to write a rate 
equation. There is a positive salt effect at pH 1.1, 
no salt effect a t  pH 2, and a negative salt effect 
at higher pH. which suggests that more than one 
mechanism is involved. Although this study was 
not designed to investigate the mechanism of hy- 
drolysis of compound MA1050, two pathways can 
be postulated, which appear to be in agreement 
with the kinetic data. In solutions of pH higher 
than 2, a pathway consistent with the negative salt 
effect and the marked catalytic effect of the acetate 
ion a t  pH 5 would be as shown in Scheme 11. 


- 1.0- 


0 - - 
-2.0. 


- 10 
0 1 2 3 4 5  
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Fig. 6.-Effect of pH on the hydrolysis of com- 
pound MA1050 in buffered aqueous solutioiis a t  60" 
and at constant ionic strength. 
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Fig. 7.-Amhenius-type plot of the logarithm of 
the observed rate constants against the reciprocal 
of absolute temperature for the hydrolysis a t  pH 
3, 4. and 5. 


I / T  x 10' 


Reaction 3 can be ruled out because one of the nitro- 
gens in compound MA1050 is weakly basic and 
under conditions where it is protonated the hydroxyl 
ion concentration will be negligible. The pre- 
dominant reactions appear to  be 1, occurring below 
pH 2, and 6, occurring at higher pH. Theoretically, 
the slopes of the plot in Fig. 6 should be an indica- 
tion of the order of the reaction with respect to the 
hydrogen and hydroxyl ion concentrations. The 
numerical value of the slope varies from 0 to 0.72. 
These fractional values are an indication of the com- 
plexity of the reaction in the pH region under 
study. 


Temperature Effect on the Rate.-The effect of 
temperature on the rate constants is demonstrated 


r Bas 1 


0 


Scheme I1 


In solutions of pH lower than 2, the pathway 
might be as shown in Scheme 111. 


TABLE II.-vALUES FOR THE ENERGY OF ACTNATION. FREQUENCY FACTOR, AND THE ENTROPY OF 
ACTIVATION CALCULATED FROM THE SLOPES OF THE ARRHENIUS PLOT 


- 
c--- pH 3- - --pH- p p H 5 - p -  


SOo 60' 70" 50° 60° 70° 50" 60' 70° 
Frequency factor. A ,  sec. --I 2 . 1 X  l . 9 X  6 . 0 X  6 . 5 X  7 . 1 X  6 . 0 X  3 . 7 X  1 . 9 X  3 . 9 X  


1012 1012 10" 1011 1012 1012 101' 10" 10" 
Ihtropy of activation, cal./rnole deg. -2 .28 -2.57 -4.93 -0.08 0.04 0.35 3.36 2.00 3.34 
Energy of activation, Eo. Kcal./mole 27.71 26.85 27.31 
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Scheme 111 


The 2-methylenecyclohexanone shown in the 
postulated reactions appears to dimerize and re- 
arrange according to the pathway suggested by 
Warnhoff and Johnson (5). 


Pharmaceutical Consideration.-The immediate 
practical application of this study was in the elimina- 
tion or control of factors affecting the rate of break- 
down of a parenteral preparation for clinical pharma- 
cological work. The pH of an aqueous solution of 
compound MA1050 is 5.0. The kinetic data indi- 
cated that a solution a t  this pH could not be steri- 
lized by autoclaving, nor could a sterile solution be 
prepared aseptically and stored even at refrigeration 
temperature for reasonable lengths of time without 
appreciable breakdown. Formulation considera- 
tions were therefore directed to  the prepasation of a 
sterile lyophilized powder. 


SUMMARY 


A Mnnnich base, 2-( 4-phen yl-I-piperaziiiylinethyl) 
cyclohexanone, was susceptible to hydrolytic attack 
at its niethylene-nitrogen linkage. The breakdown 
products were isolated and characterized as N- 
phenylpiperazine and the hydrated dimer of 2- 
rnethylenecyclohexanone. 


A kinetic study of the hydrolysis reaction in buffer 
solutions of pH 1.1 to 5.5 and factors influencing it 
are reported. The hydrolysis was pseudo first order 
in nature and was specific acid and general base 
catalyzed. The pH profile showed the compound to 
have maximum stability in solution at p H  2. A t  
pH values other than 2, ionic concentration of the 
medium affected the rate. The energy of activa- 
tion for the hydrolysis in buffered aqueous solutions, 
uncorrected for the heat of ionization of water, 
was 27.3 Kcal./mole. In view of the uncertainty 
of the hydrogen or hydroxyl ion dependency, no 
rate equation is given. However, two probable 
pathways for the hydrolysis are suggested. 


Knowledge from the evaluation of stability factors 
influencing compound MA1050 was applied to  
pharmaceutical considerations with the develop- 
ment of a lyophilized product as the most stable 
dosage form. 
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, D r u g  Standards- 
Qualitative and Quantitative Tests 


for Chloral Betaine 
Provisional, unotlicial monographs are developed by the Dru Standards Laboratory, 
in coo eration with the manufacturers of the drug concern2, for publication i n  the 
Jownafoj  Pba-cerrticalScimcrz. The ready availability of this information affords 
discriminating medical and pharmaceutical practitioners with an added basis for 
confidence in  the quality of new drug products generally, and of those covered by the 
monographs particularly. Such monographs will ap ear on drugs representing new 
chemical entities for which suitable identity tests antassay procedures are not avail- 
able in the published literature. The  urity and assa limits reported for the drugs 
and their dosage forms are based on ofsewations m a l e  on samples representative of 
commercial production and are considered to be reasonable within expected analyti- 


cal and manufacturing variation. 


HLORAL HYDmTE-betaine adduct; C7HI,Cls- as 


H 


ClsC-c 


C NOc; mol. wt. 282.55. The structural 
formula of chloral betaine may be represented 
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C-CH,-fi( CH3)a 
O N  


Physical Rqpfies.-Chloral betaine occurs as a 
preparation of this monograph. white, crystalline powder having a faint aromatic, 








Research Articles- 


Inter- and Intrasubject Variations in 
Drug Absorption Kinetics 


By GERHARD LEVY and LEO E. HOLLISTER 


Inter- and intrasubject variations in drug absorption kinetics were studied in  1 5  sub- 
jects who ingested 975 mg. of aspirin in  compressed tablets o n  two separate oc- 
casions. The  group included unusually rapid and unusually slow eliminators of 
salicylate. Average as well as individual absorption data could be described as first- 
order processes preceded by a short induction period. The  magnitude of variations 
in  rate constants and induction times between subjects and between tests i n  any one 
subject has been determined, and the possible existence of consistently slow and rapid 
drug absorbers has been examined. In vitro dissolution of drug from the dosage form 
was describable as a first-order process, and a quantitative correlation between invitro 
dissolution and in vivo absorption data has been obtained. Acceptance of a given 
mathematical model, based o n  average data, as a description of drug absorption and 
elimination processes is justified only if the model fits the majority of the individual 
data. It also must be appreciated that considerable inter- and intrasubject variations 


in rate constants may exist. 


HE RECENT development of convenient mathe- 
T m a t i c a l  methodology for determining drug 
absorption rates (1) represents a major advance 
in biopharmaceutics. Different kinetic models 
for drug absorption processes, illustrated by 
several practical examples, have been presented 
(2). In the present report, studies are described 
which serve to extend these developments to a 
consideration of inter- and intrasubject variations 
in drug absorption kinetics and to the mathe- 
matical correlation of in wititro and in viuo drug- 
release data. 


EXPERIMENTAL 


Clinical Study.-Fifteen normal male subjects 
ingested 975 mg. aspirin’ in the form of three com- 
pressed tablets on two occasions, usually about 1 
week apart. The tablets were swallowed whole on 
an empty stomach with 240 ml. of water. Blood 
samples were obtained at 15, 30, 60, 90, 120, 180, 
and 240 minutes after drug ingestion. Serum 
salicylate levels were determined in duplicate by the 
colorimetric procedure of Trinder (3). Aspirin 
tablets used in all phases of the study were from a 
single lot of a national brand purchased on the open 
market. 


Calculation of Absorption Rates.-The per cent 
of the dose absorbed a t  various times was  calculated 
by the procedure of Wagner and Nelson (2) 


Received June 25, 1964 from the Biopbarmaceutics Lab- 
oratory, School of Pharma‘cy. State University of New York 
at Buffalo, Buffalo, and the Veterans Administration Hos- 
pital. Palo Alto, Cavf. 


Accepted for publication, August 18, 1964. 
The authors acknowledge the competent technical assist- 


ance, of Mr. S. L. Kanter, Mr. N. J. Angelino, and Mrs. J. A. 
Procknal. 


* Analysis of four individual tablets (no more were avail- 
able) indicated an average aspirin content of 319 mg. per 
tablet (range: 315-328 mg.). In view of the small sample, 
the label claim (325 mg.) was accepted as accurate and was 
used in subsequent calculations. 


A 
A ,  ?‘Absorbed = - X 100 = 


.!=T 
c dl 


X 100 (Eq. 1) 
C T + I C  Lo 


J:om C dt 


where A is the cumulative amount of drug absorbed 
at any time T, A, is the total amount of drug even- 
tually absorbed, CT is the drug concentration in 
serum at time T, and K is the first-order elimination 
rate constant for salicylate. Individual values of K 
were obtained from half-lives which were deter- 
mined graphically from postabsorptive blood level 
data that yielded straight lines when the logarithm 
of serum salicylate concentration was plotted as a 
function of time, on the basis of the relationship 


where t1 /2 is the half-life for elimination, expressed 
in units of time. Values for the integral in Eq. 1 
were obtained by planimetry of respective areas 
under individual serum salicylate concentration 
versus time curves. In view of the known rapid and 
complete gastrointestinal absorption of aspirii 
when it is administered in conventional compressed 
tablets (4), A, was assumed to equal the adminis- 
tered dosz. Considerations concerning the use of 
the Wagner-Nelson method (1.2) for the determina- 
tion of aspirii absorption rates on the basis of 
salicylate blood levels have been discussed by Levy 
in a previous publication (5). 


Dissolution Rate Determinations.-In Gtro dis- 
solution rates were determined by the method of 
Levy and Hayes (6) with the following modifica- 
tions: the volume of 0.1 N HCI was increased to 350 
ml., and data for tablets which formed a “mound” 
a t  the edge rather than in the center of the bottom 
of the beaker were excluded. Samples were 
analyzed as described previously (6). 


1446 







Vol. 53, No. 12, December 1964 1447 


Fig. 1.-Serum salicylate concentration and per 
cent absorbed as a function of time after ingestion of 
975 mg. aspirin by subject H, a rapid eliminator of 
salicylate. 


B " ,  ,.-0-.-. -(<,I> "i I 


I . I ,, 
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Fig. 2.--Serum salicylate concentration and per 
cent absorbed as a function of time after ingestion of 
975 mg. aspirin by subject P, who eliminates salicyl- 
ate at an average rate. 


RESULTS AND DISCUSSION 


Figures 1 to 3 illustrate how absorption rates 
were determined for each subject. The examples 
were chosen because they represent subjects who 
eliminate salicylate at an unusually rapid, average, 
and slow rate, respectively. Such pronounced inter. 
subject variations in salicylate elimination kinetics 
are in accord with the results of previous studies 
in our laboratories (7, 8) .  Excellent plateaus 
were obtained when values of A / V  (cumulative 
amount absorbed/apparent volume of distribution) 
were plotted as a function of time, an indication of the 
accuracy of blood level data, the precision of plani- 
metric measurements of areas under the blood level- 
time curves, and the applicability of apparent K 
value determinations.' 


After calculation of individual values for per cent 
absorbed at various times after drug ingestion, the 
data were averaged and were plotted on semi- 


* It was found recently that dimination of salicylate given 
in 1-Gm. (aspirin) doses involves initially parallel first-order 
and zero-order processes (Levy, C.. to be ublished). This 
cannot be recognized readily from salicygte plasma level 
versus time data which a pear linear rather than curved 
when plotted s;milogarithally.  Therefore, first-orde; 
elimination rate constants (K) referred to in this paper must 
be considered apparent values. Their use in calculations of 
salicylate absor tion and elimination kinetics does not intro- 
duce any signi&ant errors, except in the terminal phase of 
salicylate elimination. 


logarithmic paper as per cent unabsorbed versus 
time. Figure 4 represents the average of 30 indi- 
vidual values obtained from 15 subjects in two tests. 
The data can be described in terms of a first-order 
process preceded by an apparent induction phase 
which can be accounted for by a zero time shift. 


As = A. C - . O * ~ ( ~ * ) ,  when t 1 6 minutes (Eq. 3) 
or 


speciticall y, 


log As  = -O.Ol(t  - 6) + log A,,, 
when t 1 6 minutes (Eq. 4) 


where A. is the amount unabsorbed at time t (ex- 
pressed in minutes), and A, is the administered dose. 
Figure 5 depicts the results obtained when average 
data from the two tests (15 individual values each) 
are plotted separately. The results of the two tests 
are essentially identical. 


The impressive reproducibility of absorption 
kinetics in a group of only 15 subjects might lead 
one to conclude that the rate of drug absorption in 
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Fig. 3.-Serum salicylate concentration and per 
cent absorbed as a function of time after ingestion of 
975 mg. aspirin by subject J, a slow eliminator of 
salicylate. 
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Fig. 4.-Rate of gastrointestinal absorption of 
aspirin after ingestion of 975 mg. aspirin as three 
tablets, expressed in terms of percent unabsorbed as a 
function of time. Average of 30 determinations in 
15 subjects. 
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On the other hand, pronounced differences in absorp- 
tion kinetics are apparent in the results depicted in 
Figs. 8-10. These figures were chosen because they 
illustrate various types of intrasubject variations 
observed in the present study: ( a )  similar rate con- 
stants but different induction times (Fig. 8), (b)  
similar induction times but different rate constants 
(Fig. 9). and (c)  different induction times and dif- 
ferent rate constants (Fig. 10). 


Interestingly. the individual showing rapid absorp- 
tion (Fig. 7) happens to  be an unusually slow drug 
eliminator (Fig. 3). The unusually rapid drug elim- 
inator (Fig. 1) absorbed aspirin at a slow, though 
variable rate (Fig. 9). Using data from these two 
subjects, it is possible to demonstrate the profound 
intersubject variations in drug absorption and elim- 


6 


Y,""," 


Fig. 5.-Rate of 
gastrointestinal ab- 
sorption of aspirin 
after ingestion of 
975 mg. aspirin as 
three tablets, ex- 
pressed in terms of 
per cent unab- 
sorbed as a func- 
tion of time. Aver- 
age of 15 deter- 
minations in 15 sub- 
jects. Key: @, 
first test; 0, sec- ~- ond test. 
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Fig. ti.-Example of consistently slow absorption : 
rate of gastrointestinal absorption of aspirin after 
ingestion of 97.5 mg. aspirin as three tablets, ex- 
pressed in terms of per cent unabsorbed as a func- 
tion of time. Results of two separate tests in sub- 
ject A. 
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Fig. 7.--Example of consis- 
tently rapid absorption: rate of 
gastrointestinal absorption of 
aspirin after ingestion of 975 mg. 
aspirin as three tablets, ex- 
pressed in terms of per cent un- 
absorbed as a function of time. 
Results of two separate tests in 
subject J. \ 
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any one individual is quite consistent in separate 
experiments. However, such was generally not the 
case. The group of subjects in the two tests included 
individuals who behaved as consistently slow ab- 
sorbers, consistently rapid absorbers, and some who 
exhibited pronounced differences in absorption 
kinetics 011 tlie two occasions. To illustrate, Fig. 6 
sliows data representative of an individual who 
absorbed tlie drug a t  a consistently low rate (rela- 
tive to the average), while Fig. 7 represents data 
indicative of consistently rapid drug absorption. 


I \ 
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Fig. 8.-Example of variable absorption evi- 
denced by differences in induction times: rateof 
gastrointestinal absorption of aspirin after ingestion 
of 975 mg. aspirin as three tablets, expressed in terms 
of per cent unabsorbed as a function of time. Re- 
sults of two separate tests in subject L. 
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Fig. B.-Example of variable absorption evidenced 
by differences in first-order rate constants: rate of 
gastrointestinal absorption of aspirin after ingestion 
of 975 ing. aspirin as three tablets, expressed in 
terms of per cent unabsorbed as a function of time. 
Results of two separate tests in subject H. 
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Fig. 10.-Example of variable absorption evi- 
denced by differences in induction times and first- 
order rate constants: rate of gastrointestinal absorp- 
tion of aspirin after ingestion of 975 mg. aspirin as 
three tablets, expressed in terms of per cent unab- 
sorbed as a function of time. Results of two sepa- 
rate tests in subject S. 
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Fig. 11.-Solid line depicts per cent unabsorbed 
as a function of time for the hypothetical case where 
average data from two subjects absorbing drug by a 
first-order process with half-lives of 10 minutes and 
80 minutes, respectively, are plotted. Stippled lines 
indicate rates of component processes if average data 
are interpreted (mistakenly) to  represent two parallel 
first-order processes. 


ination kinetics which may be encountered clinically. 
Since, in the present study, drug absorption and 
elimination can be represented as two consecutive 
Brst-order processes 


which, upon integration, evaluation of the constant 
of integration at zero time, and rearrangement 
yields 
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where Ab is the amount of drug in the body (exclu- 
sive of the gastrointestinal tract) at time t ,  k, is the 
first-order absorption rate constant, and the other 
symbols have the meanings assigned to them pre- 
viously. A b  is related to drug concentration in 
serum (C) in the following manner 


Ab ._ = c 
V 


where V is the apparent volume of distribution. In 
the case of the individual (subject J )  who yielded the 
experimental values shown in Figs. 3 and 7 (rapid 
absorption and slow elimination), 


A b  = -1.0 A , ( e - . W ( l - O )  - e-.WJ92(r-o)) (Eq, 8 )  


while in the case of subject H, who absorbed the 
drug slowly and eliminated it rapidly (Fig. 1 and 
first test in Fig. 9). 


(Eq, 9) 


The expressions are not applicable when f <9 
minutes and <1 minute, respectively. 


An even greater difference is obtained in expres- 
sions for calculating Serum salicylate concentrations 
(C, in micrograms per milliliter) rather than amount 
of drug in the body ( A b ) .  Instead of Eq. 8, one 
obtains 


Ab = -2.3 AO(e- .M8E4l-1)  - e-.WrS(C-l)) 


1 C = -.76 X 1 0 - 4  A o ( e - . W ( t - O )  - e-.OOO92(t-O) 


(Eq. 8a) 
while 
C = -2.1 X 10-4 ~ o ( e - . W W t - l )  - e - . W ( 8 ( t - l ) )  


(Eq. gal 


takes the place of Eq. 9. The greater difference is 
due to the fact that absolute apparent volumes of 
distribution in the two subjects differ appreciably 
(subject J: 13,200 ml.; subject H: 11,100 ml.). 


It is not too difficult to develop suitable kinetic 
models to  fit most curves representing cumulative 
amount (or per cent) absorbed ueisus time, since such 
curves are generally smooth rather than undulating 
and since they reach a plateau or asymptotic value. 
I t  should be recognized. however, that kinetic 
models derived from average data may be com- 
pletely meaningless since they may fit only these 
and none of the individual data. Kinetic models 
become meaningful only if they can describe the 
majority, if not all, of the individual data. While 
individual rate constants may vary, all or most of 
the individual data should be describable, within 
reasonable limits, by one and the same general type 
of mathematical expression. Such is the case with 
the data reported here-the average and the indi- 
vidual data can be described as first-order processes. 


From a theoretical point of view, a mathematical 
expression which describes adequately all individual 
data need not necessarily fit the average data. To  
illustrate, one may consider the hypothetical case of 
two subjects, a rapid and a slow absorber.* Both 
subjects absorb a drug in a manner describable as a 
single first-order process but with half-lives of 10 
minutes and 80 minutes, respectively. These are 


:One may also consider a group of subjects showing 
bimodality in drug absorption rates. perhaps due to its com- 
position with respect to age, sex. or state of health. 
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order processes. Yet this kinetic model is unrealis- 
tic and meaningless because it fits only the average 
data-examination of individual data would show 
that absorption is describable as one exponential 
process. 


Van Liew has shown that the sum of several ex- 
ponential processes with different rate constants 
may yield a concave curve when plotted on semi- 
logarithmic paper (9). The concavity from a 
single-mode distribution is determined by the rela- 
tive magnitude of the standard distribution (SD) 
and the mean of the distribution. The smaller the 
SD/mean ratio, the more nearly the composite curve 
resembles a single exponential process. The 
straightness of the line in Fig. 4 can be explained in 
this mannex. 


The degree of correlation of individual absorption 
rates during the first test with rates during the 
second test has been examined in two ways: (a) by 
neglecting the respective induction times and 
plotting individual half-lives (tl12) for absorption 
rates in the first test against half-lives in the second 
test (Fig. 12) and (b)  by plotting individual times 
for 50% drug absorption in the 6rst test against 
those in the second test (Fig. 13). The latter values 
are a function not only of absorption rate constants 
but also of the respective induction times. Neither 
of the data depicted in the two plots yielded statis- 
tically significant correlation coefficients. There is 
an indication that about half of the 15 subjects ab- 
sorbed drug at individually similar rates in separate 
tests, while the other half consisted of subjects with 
pronounced individual variability with respect to 
the rate of drug absorption. However, this sugges- 
tion should be considered as highly speculative, at 
least until additional data become available.' 


Extensive studies have shown that the gastro- 
intestinal absorption of aspirin administered in 
tablet form is rate-limited by the dissolution of drug 
in gastrointestinal fluids (10). It is reasonable to 
assume when absorption rate is dissolution rate de- 
pendent that the kinetic model which fits the drug 
absorption process will, in most instances, also apply 
to the in vim dissolution process. As an extension 
of this reasoning, the suggestion may be made that a 
useful in vitro dissolution rate test for a given dosage 
form should yield data which are describable by the 
same kinetic model as the in vivo dissolution process 
and the in uiuu absorption proces~ .~  


Results of dissolution-rate studies of aspirin tab- 
lets used in the clinical phase of this investigation are 
depicted in Fig. 14. Like the in uiuo absorption 
process, the in ktro dissolution can be described by 
first-order kinetics, Viz., 


a = a&-."l (Eq. 10) 


or 


log a = -.085t + log a. (Eq. 11) 


where a. is the initial amount of drug in the tablet, 
and a is the amount of drug remaining undissolved 
at time t (which is expressed in minutes). The Levy- 
_____ 


4 In some instances, variability in absorption rates can he 
due to variations in release properties of the dosage form. 
This was not a factor in the present study. 


6 It is emphasized that this statement applies only to  cases 
where absorption rate is dissolution rate-limited. It must be 
appreciated also that this rensonhg should be interpreted 
against the background of physiologic realities which may 
modify the suggested relationship in specific instaoces. 


. 
0 


Fig. 12.-Scatter plot of individual half-lives for 
aspirin absorption (based on absorption rates and 
neglecting induction times) in two separate tests. . 
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Fig. 13.-Scatter plot of individual times for 50% 
aspirin absorption (reflecting absorption rates and 
induction times) in two separate tests. 
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Fig. 14.--ln vitro dissolution rate of aspirin from 
compressed tablets (the same lot as the tablets used 
in the clinical study). Average of six tablets. 
Vertical bars indicate f one standard deviation. 


realistic values, as evident from data shown in a 
subsequent figure. A semilogarithniic plot of aver- 
age per cent unabsorbed as a function of time would 
yield the concave curve shown in Fig. 11. This 
curve can be resolved readily to yield two corn- 
ponent first-order processes, and thus ode may con- 
clude that absorption occurred by two parallel first- 
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of slope unity having an intercept a t  14y0 dissolved 
in mtro, and thus can be expressed by 


yo of dose absorbed at time t = % of dose 
(Eq. 12) 


which describes drug absorption up to 86% of the 
dose. 


yo of dose absorbed at time t = yo of dose 
dissolved in mlro at t/3 - 10% (Eq. 13) 


which Levy obtained from data on other subjects 
using different aspirin tablet preparations (5). In 
each case the data fitted a slope of unity, and in each 
case similar intercepts on the per cent dissolved axis 
were obtained. These reflect the induction time in 
drug absorption evident in Fig. 4. Levy and Jusko 
(11) have shown in experiments with rats that this 
induction time is due to initial accumulation of 
salicylate in the gastrointestinal wall which prevents 
or reduces markedly the entry of drug into the cir- 
culation during the first few minutes after drug 
administration. The question of why the intensity 
factor (the divisor of t )  should differ almost three- 
fold in the two studies remains. This could, of 
course, be due t o  the different subjects and clinical 
environments involved, but the differences also 
might be related to the fact that subjects in the 
present study participated for the first time in a test 
which involves intensive blood sampling, while sub- 
jects in the previous study were indoctrinated and 
experienced by participation in previous tests (12). 
Stress and apprehension are known to affect not only 
gastric motility but also gastric pH (13) and may 
modify in  mu0 dissolution and, therefore, the rate of 
absorption. 


Finally, it  is of interest to evaluate the data in 
terms of some of their practical implications with 
respect to  comparative studies of absorption rates of 
drugs (particularly salicylates) administered in dif- 
ferent dosage forms. How well do the “raw” blood 
level values reflect drug absorption rate? Using 
serum salicylate concentration and per cent absorbed 
values at 30 minutes (which is the approximate aver- 
age midpoint for drug absorption in the entire group 
and shows the greatest spread of individual values), 
blood level and per cent absorbed values correlated 
very well (Fig. 16). This only can be the case if the 
subjects have similar absolute apparent volumes of 
distribution. Indeed, calculations based on A,/ V 
values showed that 13 of the 15 subjects had ap- 
parent volumes of distribution which fell within 
3z10yo of the mean value for the group. This 
fortunate occurrence would not happen if the sub- 
jects differ widely in respective body weights? or in 
relative volumes of distribution.* For example, the 
relative volume of distribution of salicylate in arthrit- 
ics differs from that in normal subjects (14). due to 
changes in plasma protein composition characteristic 
of the arthritis syndrome. Consequently, salicylate 
blood levels from equal doses of drug are lower in 
arthritics than in normal subjects (14). The same 
is true in many other clinical situations, like infec- 


dissolved in vifro a t  t/8.5 - 14% 


This may be compared with the expression 


h r  cmt ~ m o ~ v r d  or Tino ‘/e I 


Fig. 15.-Plot of per cent aspirin absorbed at time 
f after drug administration us. per cent dissolved in 
vilro at time t/8.5. 
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Fig. 16.--Scatter plot of per cent aspirin absorbed 
vs. serum salicylate concentration 30 minutes after 
ingestion of 975 mg. aspirin. Shown are 30 values 
from 15 subjects. Key: 0, first test; 0 ,  second 
test. 


Hayes dissolution-rate procedure (6) was modified in 
this study to obtain greater precision and to  reduce 
saturation effects which became apparent in a pre- 
vious study (5). Improvement in precision was 
obtained by excluding data from tablets which 
formed a “mound” at the edge rather than in the 
center of the bottom of the beaker,@ while saturation 
effects due to  concentration build-up in the terminal 
phase of the dissolution process were reduced by 
increasing the volume of solvent from 250 ml. to 350 
ml . 


The first-order rate constant for in mtro dissolution 
was about 8.5 times as great as the first-order rate 
constant for in tVo absorption. This may be a 
re5ection of more intensive agitation of dissolution 
medium in the in vitro test. Using a procedure ap- 
plied previously by Levy (5), a plot of per cent ab- 
sorbed in viuo at time t uersus amount dissolved in 
&YO at time t/8.5 was constructed and is shown as 
Fig. 15. The data fit satisfactorily a regression line 


0 Data from four out of 10 tablets were excluded in this 
experiment. Results of all 10 dissolution determinauons 
also fitted fist-order kinetics. but standard deviations were 
considerably larger due to the slower dissolution of tablets 
which mounded at the edge. Rate constants were 0.20 
minute-> and 0.17 minute-’ based on the average of sir and 
10 determinations, respectively. 


1 Evaluation of drug absorption from com ressed tablets 
and many other pharmaceutical dosage forms $0- not permit 
individual adjustment of doses to obtain a constant dose on a 
milligram per kilogram body weight basis. 


8 The average body weight of the 15 subjects was 71 Kg. 
(SD 8.5 Kg.), and the average relative volume of distribution 
was 170 ml./Kg. (SD 15.4 ml./Kg.). 
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TABLE  COEFFICIENTS OF VARIATION CALCU- 


AND PER CENT ABSORBED DATAO 
LATED FROM SERUM SALICYLATB CONCENTRATION 


Time, First Test Second Test Combined Tests 
Min. S.S. P.A. S.S. P.A. S.S. P.A. 
16 69 66 94 105 8.3 90 


Journal of Pharmaceutical Sciences 


greater homogeneity of absorption data (compared to 
blood level data) in the present study can be attrib- 
uted to the similarity of volumes of distribution 
among the test subjects and also the rapid gastro- 
intestinal absorption (compared to elimination) of 
aspirin. The chance exists also that in this rela- 
tively small group of subjects a fortuitous Occurrence 
of opposite effects in any given subject may have 
dampened the blood level variations. In general, 
however, and particularly in situations where a 
greater diversity of V and K values is encountered 
and where Ra is not much greater than K, the use of 
actual absorption values should yield more homo- 
genous data than are obtained by use of blood level 
values. This would permit a more sensitive statis- 
tical comparison of drug absorption from different 
dosage forms and would provide a more direct 
indication of absorption rates. 
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with Members of the 
Tetracycline Family I 


Introduction 


By EDWARD G. REMMERS, WILLIAM C. BARRINGER, GEORGE M. SIEGER, 
and ALBERT P. DOERSCHUK 


Metal-acid complexes with a number of members of the tetracycline family have 
been prepared for chemical and biological evaluation. The  studies reported here 
indicate that these preparations exhibited properties not displayed by the uncom- 
plexed antibiotic. The  most interesting prOpeKieS characteristic of selected com- 
plexes in  this series include enhanced solubility at pH 4.0-7.0, enhanced alkaline 
stability, reduced acute toxicity, reduced tissue irritation and rapid tissue diffusion, 


and enhanced blood levels. 


HIS PUBLICATION is the fmt in a series de- 
Tscribing the pharmaceutical properties of 
metal-acid complexes with members of the tetra- 
cycline family. The experimental data reported 
.___ 
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in this and subsequent publications have been 
obtained over the last 5 years through the co- 
operative efforts of a large number of investiga- 
tors. 


Many metal-acid complexes have been pre- 
pared having the following general formula: 
(tetracycline - group antibiotic) - (a1uminum)a- 
(ca1cium)b-(gluconic acid)c, where a ,  b, and c 
vary widely. As the molar ratios of the con- 
stituents are varied, the pharmaceutical proper- 
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Interactions Between Orange I1 and Selected 
Long Chain Quaternary Ammonium Salts 


By GEORGE ZOGRAFI, PRAFUL R. PATEL*, and NORMAN D. WEINER 


The interactions between the dye, sodium p-(z-hydroxy- 1-naphthy1azo)benzenesul- 
fonate (orange 11) and four long chain uaternary ammonium salts-l-hexadecylpyri- 
dinium chloride, dodecyl uinolinium%romide, (2-phenoxyethyl)dodec yldimethyl- 
ammonium bromide, and ~diisobutylphenoxyethoxyethy1)dimethylbenzylammonium 
chloride-have been investigated. The stoichiometry of these interactions has been 
determined to be 1 : 1 at pH values ranging from 0.73 to 12.9 1, except for the reaction 
involving the hexadecylpyridinium ion above pH 12.34, where the stoichiomeuy of 
dye to quaternary ammonium ion is 1 : 2. The solubility of the various solid com- 
pounds has been determined at 25, 30, 35, and 40". From these data, the thermo- 
dynamic functions, AHo, ASo, and AFO have been calculated. Marked solubilization 
of these compounds has been observed in the presence of excess common quaternary 
ammonium ion at or near the critical micelle concentration of the particular long 


chain ion. The significance of these results is discussed. 


N RECENT YEARS the diverse properties of I surface-active agents have led to an increased 
utilization of these substances in pharmaceutical 
preparations. Such uses include emulsification, 
wetting, solubilization, and disinfection. An 
important group of surface-active agents are the 
long chain quaternary ammonium compounds 
which have been shown to exhibit a high degree 
of activity against bacteria and fungi (1). 


Because of the positive charge on the quater- 
nary nitrogen, these compounds are extremely 
incompatible with substances such as soaps and 
anionic dyes, generally forming insoluble com- 
pounds. In view of this, many studies concerned 
with the introduction of quaternary ammonium 


compounds into pharmaceuticals and the sub- 
sequent incompatibilities, have been reported 
(2-4). Lachman, et al. ( 5 ) ,  studied the interac- 
tion of 1-hexadecylpyridinium chloride, dodecyl- 
dimethyl(2-phenoxyethy1)ammonium bromide, 
and benzalkonium chloride with several anionic 
certified dyes. I t  was found that for equal 
quantities of the three quaternary ammonium 
salts, the amount of any dye which can be added 
without producing turbidity increases in the 
order : benzalkonium chloride, dodecyldimethyl 
(2-phenoxyethyl)ammonium bromide, and hexa- 
decylpyridinium chloride. They concluded that 
this order of reactivity can be assigned to the 
electropositive center and the steric configuration 
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solubility characteristics, and determining the 
thermodynamic quantities involved in the dis- 
solution process. 


EXPERIMENTAL 


Materials.-The dye selected for this study was 
the sodium salt of p-(2-hydroxy-l-naphthylazo)- 
benzenesulfonic acid, commonly known as orange 
11. It was obtained, twice recrystallized from water, 
from Eastman Organic Chemicals and further puri- 
fied by recrystallization from absolute alcohol. This 
dye is structurally similar to the commonly used 
certified dyes and has the advantage of being quite 
pure and free of isomers (6). 


Four quaternary ammonium salts were selected: 
1-hexadecylpyridinium chloride, commonly known 
as cetylpyridinium chloride (CPC); dodecyldi- 
methyl(2-phenoxyethy1)ammonium bromide, com- 
monly known as domiphen bromide (PDDB); 
(diisobutylphenoxyethoxyethy1)dimethylbenzylam- 
monium chloride, commonly known as hyamine 
1622 (DDBC); and dodecylquinolinium bromide 
(DQB), which was synthesized according to  the 
method of Few, et al. (7). All compounds, recrystal- 
lized, had melting points which agreed with reported 
values (7, 8). All other chemicals used were of 
reagent grade. 


Spectral Properties of Orange II.-The concentra- 
tion of orange I1 in solution was measured spectro- 
photometrically using a Beckman model DU 
spectrophotometer. Maximum absorption occurred 
at a wavelength of 488 mp in distilled water. The 
molar absorptivity index was 2.097 X 10‘. The 
wavelength of maximum absorbance and the absorp- 
tivity index were independent of ionic strength up  
to a value of 1.0. 


ne. 


400 430 460 490 520 550 584 
WAVELENGTH, A, M p  


Fig. 1.-Plots of absorbance of orange I1 us. wave- 
length in millimicrons at various pH values. Key: 


3 . . . ., 
pH 11.34; 4 -. - , pH 11.98; and 5 - - - - 8 PH 
12.34 to 12.91. 


1 -, pH 0.73 to  8.05; 2 - - - -. pH 9.94; 


rrl 
c11 


DETERGENT CQNCN., 
moles X lo7 


Fig. 2.-Dye loss from aqueous layer us. detergent. 
Key: ., CPC, pH 7.50; 0, CPC, pH 12.91; 0, 
PDDB, pH 7.50; A, PDDB, pH 12.91. 


In  view of the acidic properties of the dye it was 
of interest to determine the absorption spectrum 
over a wide range of pH values. Therefore, a series 
of dye solutions, varying in pH from 0.73 to 12.91, 
were prepared. The concentration of the dye was 
kept constant and the ionic strength of all solutions, 
except that  at pH 0.73, was brought up to  0.15 with 
sodium chloride. All pH measurements were made 
with a Beckman model G pH meter. The absorp- 
tion spectrum of this dye, as shown in Fig. 1, re- 
mains unchanged from a pH of 0.73 to 8.05. Above 
pH 8.05, a decrease in absorbance can be noted, 
until at pH 12.34 or higher, the absorbance reaches a 
minimum. The constancy of the spectrum from 
pH 0.73 to 8.05 indicates that the chrornophore is 
essentially unaltered over this range of pH, the sul- 
fonic acid group being completely dissociated and 
the phenolic group undissociated. Above this pH 
the chromophore is altered due to dissociation of the 
phenolic auxochrome. This is reflected by the 
decrease in absorbance and the shift in the absorp- 
tion maximum at pH 12.34 from 488 mp to about 460 
mp. 


Stoichiometry of Dye-Detergent Interactions.-It 
is generally expected that the stoichiometric relation- 
ship of a compound formed from monovalent ions 
of opposite charge will be 1 : l .  At high pH values 
(12.91), where the phenolic group of orange I1 is 
completely dissociated, the possibility of two deter- 
gent cations combining with one dye anion exists. 
Since for any consideration of the solubility charac- 
teristics of a slightly soluble salt, the number of ions 
involved must be known, it  was decided to determine 
the stoichiometry of the various dye-detergent 
combinations. 


The procedure used in this investigation was that 
of Few and Ottewill (9). It is based on the fact 
that a water-soluble dye is completely transferred to  
chloroform in the presence of an oppositely charged 
long-chain ion, due to the formation of a water- 
insoluble, chloroform-soluble “complex,” while alone 
it is completely insoluble in chloroform. The method 
was modified in the following manner. Five milk 
liters of aqueous dye solution and 5 ml. of aqueous 
detergent solution were added to  a 40-ml. glass- 
stoppered centrifuge tube. To this was added 10 
ml. of chloroform. The tubes were then stoppered 
and shaken at least 50 times to insure complete 
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TABLE  ELEMENTAL ANALYSES~ AND MELTING POINTS OF DYE-DETERGENT SALTS __ -. - 
p H a t  _ _ _ _ ~  Analyses Yo-- -- ~ - ~ 


[)ye- Delergent which C ,--H-- . .-__, 
Salts Obtained Calcd. Found Calcd. Found C'alcd. Found M . p .  


Dye-CPC-2 H20 7.50 68.40 68.26 8.00 7.93 6.46 6 .52  140-141 
Dye-2 CPC-4 H20 12.91 i 0 . 5 5  50.22 9.52 9 .80  5.47 5.47 90-92 
Dve-PDDB 7.50 69.02 68.85 7.75 7 . 7 8  6 . 3 5  6.69 118.5to119.5" ~ ~~. ~ 


Die-PDDB 12.91 69.62 69.39 7 .75  8 .23  6.35 6 . 7 5  1 1 8 . 5 t 0 1 1 9 . 5 ~  
Dye- D DBC 7.50 69.90 69.43 7.23 7.39 5 .69  5.31 121-122 
Dye- D DBC 12.91 69.90 70.15 7.23 7 .34  5.69 5 32 121-122 
Dye-DQB 7 .50  70.77 70.32 6 .92  6.76 6 .69  6 . 5 3  141-142 
Dye-DQB 12.91 70.75 70.37 6 .92  6.94 6.69 6.91 141-142 


u Analyses performed by Dr. G. Weiler and Dr. I;. B. Strauss, Microanalytical Laboratory, Oxford, England. 


extraction of the dye-detergent compound. The 
tubes were then centrifuged at 1500 r.p.m. for 10 
minutes to obtain clear layers. Saniples were re- 
moved from the aqueous layer and transferred 
directly to  a 1-cm. spectrophotometric cell. Ab- 
sorbance of the remaining dye was then measured a t  
488 xnp. 


A solution containing a constant concentration of 
dye was equilibrated with one containing various 
concentrations of detergent, these concentrations 
all being less than the initial dye concentration. All 
solutions had an ionic strength of 0.15. The 
amount of dye-detergent complex transferred to 
chloroform in the presence of detergent was also 
determined a t  a pH of 12.91 (0.15 M NaOH). pre- 
viously determined to be that pH where the dye is 
completely dissociated. Under these conditions, the 
pH of the aqueous layer, after extraction with chloro- 
form, was adjusted with an equal quantity of 0.16 M 
HC1 to allow the use of the molar absorptivity con- 
stant of the dye in distilled water. 


To substantiate the stoichioinetry of the various 
dye-detergent compounds, they were isolated in the 
following manner. Equal volumes of equimolar 
aqueous solutions of 0.1 M dye and detergent were 
mixed and allowed to stand for 12 hours. The same 
concentrations of dye and detergent, at a pH of 12.91. 
were also mixed and allowed to stand for the same 
length of time; an appropriate amount of NaOH 
was added to  the dye solution before the addition of 
the detergent solutions. The combinations of dye 
and DDBC from distilled water and 0.15 M sodium 
hydroxide and dye-PDDB from 0.15 M sodium 
hydroxide yielded an oily layer which, when ex- 
tracted with ethyl acetate, mixed with anhydrous 
sodium sulfate, filtered, and cooled, yielded a pre- 
cipitate. These were recrystallized twice from 
ethyl acetate and dried under vacuum at  room 
temperature. The combinations of dye plus PDDB. 
CPC, and DQB obtained from distilled water and 
DQB obtained from 0.15 M sodium hydroxide, 
yielded solids which were washed several times with 
distilled water and recrystallized twice from ethyl 
acetate. The CPC-dye combination obtained from 
0.15 M sodium hydroxide required a water-acetone 
mixture ( 1 : 1 )  for recrystallization. All of these 
compounds were dried under vacuum at  room 
temperature and submitted for elemental analysis. 


Solubility of the Dye-Detergent Compounds.-- 
Only the four salts obtained a t  neutral pH values 
were investigated, since the dye-CPC compound 
formed at high pH values is of little pharnlaceutical 
interest. The general procedure for determining 
solubility was as follows. To about 30 ml. of dis- 
tilled water in a 50-inl. container, 100 mg. of dye- 


detergent compound was added. The containers 
were sealed and placed into a constant temperature 
water bath, equipped with a rotating wheel, for 8 
hours. This was the time required to  insure equi- 
librium. The containers were then removed from 
the rotating wheel and allowed to sit in the bath to 
facilitate settling of the solid. To prevent removal 
of solid particles, the supernatant liquid was removed 
through glass wool plugs. Comparison with known 
solutions of dye and detergent alone showed no loss 
of dye or detergent due to  adsorption on the glass 
wool or container in the range of concentrations 
used. The samples were added directly to  a Beck- 
man spectrophotometer absorbance cell and meas- 
ured at 488 nip. The absorbance of the dye at this 
wavelength was unaffected by the presence of dis- 
solved detergent. This procedure was followed a t  
four temperatures-25, 30, 35, and 40" f 0.1". 
To determine the effect of ionic strength, the solu- 
bility of the dye-DDBC compounds was measured 
a t  25" in 0.01.0.05, and 0.1 M sodium chloride. 


Solubilization of Dye-Detergent Compounds in 
the Presence of Excess Detergent.-Precipitates 
formed from oppositely charged substances are 
known to be solubilized in the presence of surfactant 
micelles (10). Therefore, the solubility of each dye- 
detergent compound was measured in solutions 
containing excess detergent at concentrations below 
and above its critical micelle concentration (C.M.C.). 
The critical niicelle concentrations of CPC, PDDB, 
and DDBC were measured by observing the charac- 
teristic break in the slope of a surface tension versus 
log concentration curve. Surface tension was meas- 
ured using the Wilhelmy plate method (11); a thin 
roughened platinum plate was used to insure com- 
plete wetting of the plate. The critical niicelle 
concentrations obtained are: CPC, 1.0 X loea M ;  


The value for CPC agrees with previously reported 
results (12). while the latter two values have not 
been previously reported. The critical micelle con- 
centration of DQB is 4.8 X loda M, determined by 
surface tension measurements (7). Following the 
procedure for measuring solubility, as outlined 
earlier, the appearance of dye in solution was meas- 
ured a t  488 m p ;  the wavelength of maximum ab- 
sorbance in the presence of micelles remaining un-  
changed from that of the dye in water. 


PDDB, 1.2 x 10-3 M ;  DDBC, 2.25 x 10-3 M .  


RESULTS 


Stoichiometry.-The number of moles of orange I1 
transferred to chloroform at low pH was equal, in 
all cases, to the number of moles of detergent 
present, indicating a 1: 1 stoichiometry. This was 
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STANDARD THERMODYNAMIC FUNCTIONS FOR THE 
DISSOLUTION OF DYE-DETERGENT SALTS AT VARIOUS 


TEMPERATURES 


TABLE II.-~oLUEILITY PRODUCTS (K'-)  AND 
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K'ap = K'spyh2 (Eq. 3) 


Taking the logarithm of both sides of the equation 
and multiplying by - 1 gives 


PK'ap = PK'ap - 2 log Y+ (Eq. 4) 


Using the extended form of the Debye-Hiickel equa- 
tion at 25" and rearranging Eq. 4 


Temp. 
Absolute 


298 
303 
308 
313 


298 
303 
308 
313 


298 
303 
308 
313 


298 
303 
308 
313 


AFO 
K',n X Kcal. 


1010 mole-' 


Dye-CPC 


0.0713 15.32 
0.213 15.04 
0.689 14.56 


Dye-PDDB 
0.582 13.96 
0.863 13.95 
1.15 14.01 
1.52 14.07 


Dye- D DB C 
1.07 13.56 
1.42 13.65 
1.96 13.68 
2.60 13.73 


Dye-DQB 
0.0548 15.35 
0.0906 15.31 
0.146 15.27 
0.246 15.20 


A H o  AS 
Kcal. 


mole-1 e.u. 


38.4 76.0 
38.5 
38.4 


11.8 


11.8 
11.8 


11.7 -7 .3  


10.3 


10.3 
10.3 


10.3 -11.1 


18.0 
18.0 9 .0  
18.0 
18.0 


also true over a pH range of 0.73 to  8.05 and at 
ionic strengths up to 1.0. At a pH of 12.91, 1 mole 
of orange 11 was transferred for every 2 moles of 
CPC, while a 1 : 1 relationship continued to  exist for 
the other detergents. These results are graphically 
illustrated in Fig. 2. These observations are fur- 
ther substantiated by elemental analysis of the 
various dye-detergent compounds, as shown in 
Table I. Here it can be seen that, except for CPC, 
the same stoichiometry is obtained for each dye- 
detergent combination regardless of the pH. 


Solubility.-The solubility of the various I :  1 
compounds in distilled water, expressed as an ap- 
parent solubility product, KfsP, is shown in Table 11. 
The solubility product was obtained by using 


K'*p = (Q+)(D- )  (Eq. 1) 


where (Q+) and (D-) are the detergent and dye ion 
concentrations, respectively. 


The effect of adding electrolytes can be seen in 
Table 111. A significant increase in the apparent 
solubility product occurs as the ionic strength is 
increased. This may be explained on the basis of 
the following relationship for uni-univalent sub- 
stances 


Ko*p = (Q+)(D-)  Y+* (Eq. 2) 


where KO., is the thermodynamic solubility product, 
and y& is the mean activity coefficient. Since the 
activity coefficient becomes less than unity as the 
ionic strength is increased, one would expect the 
apparent solubility product to  increase, as is ob- 
served. 


To determine whether the apparent solubility 
products obtained in distilled water are actually the 
thermodynamic solubility products, it  is necessary 
to  extrapolate the solubility products obtained at 
various ionic strengths to  zero ionic strength and 
compare the two values. This was conveniently 
done by combining Eqs. 1 and 2 which gives 


where p is the ionic strength. A plot of PKrap 
versus di/(l + dz should give a straight line 
with a slope equal to -1.02 and an intercept of 
pKolp.  From the curves shown in Fig. 3, the thermo- 
dynamic solubility products a t  25" are 0.601 X 
10-'0 for PDDB and 1.11 X forDDBC, which 
is in good agreement with values obtained in dis- 
tilled water, as shown in Table 11. The slopes of 
these lines are - 1.052 and - 1.043 for PDDB and 
DDBC, respectively. Thus, i t  appears that the 
apparent solubility products determined in distilled 
water for these relatively insoluble compounds are 
the thermodynamic values. 


The corresponding standard free energy, entropy, 
and enthalpy changes for the dissolution of the 
various compounds in distilled water are listed in 
Table 11. The standard free energy change is 
obtained from 


AFO = -RT In KO., (Eq. 6) 


where R is the gas constant in calories degree-' 
inole-', and T is the absolute temperature. The 
standard entropy change is obtained from 


The standard enthalpy change at each temperature 
was determined from the Gibbs-Helmholtz equation 


AH0 = AF" + TAS" (Eq. 8) 


Solubilization in the Presence of Excess Deter- 
gent.-As seen in Figs. 4 and 5, the addition of a low 
concentration of detergent to a system containing 
the corresponding dyedetergent combination reduces 
solubility to zero. This may be attributed to the 
common ion effect for sparingly soluble substances. 
Further addition of detergent brings about a 
sudden increase in the solubility of the solid com- 


TABLE III.-SOLUBILITY PRODUCTS (K',,) OF 
DYE-DETERGENT SALTS AT VARIOUS IONIC 


STRENGTHS (25') 


Y K ' . ,  x 101- 
Ionic Strength Dye-PDDB Dye-DDBC 


0.01 0.753 1.57 
0.05 0.867 1.91 
0.10 0.980 2.14 


Fig. 3.-Plot of PK'., vs. f i / ( l  + 6). Key: 0. 
dye PDDB; 0, dye DDBC. 
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DETERGENT CONCN. (moles/L.) X lo3 
Fig. 4.-Plots of absorbance of dye-detergent salts 


in detergent solution a t  488 mp vs. detergent concen- 
tration. Key: __ , dye-CPC; - - - -, dye-PDDR; 
and . . . ., dye-DDBC. 


pound. For PDDB and DDBC, this redissolu- 
tion occurs a t  the critical micelle concentration. 
For DQB, solubility commences @st below the 
critical rnicelle concentration, while for CPC, solu- 
bilization occurs significantly below the critical 
micelle concentration. I t  is also interesting to  note, 
as shown in Fig. 5, that much less dye appears in 
solution for a given change of DQB concentration, 
compared to the other systems. 


DISCUSSION 


Stoichiometry and Solubility.-The formation of 
the various 1 : l  dye-detergent compounds is ap- 
parently due to electrostatic bonding between the 
negatively charged sulfonate group of orange I1 and 
the cationic nitrogen of the various detergents. 
However, differences in the solubility of these com- 
pounds, and particularly differences in the tempera- 
ture coefficients for solubility, indicate a marked 
dependence on the electronic and steric configura- 
tion of the cationic species. Such differences as re- 
flected in the heat of solution are CPC >> DQB > 
PDDB M DDBC. 


The heat of solution of a salt is dependent on the 
difference between the energy required to  overcome 
the attraction between oppositely charged ions and 
the energy gain due to  the solvation of the ions. 
The positive values for AHo obtained in all cases 
would indicate that the energy required to over- 
come the attractive forces is greater than the energy 
of hydration. Since the attractive energy increases 
with the reciprocal of the distance between the ions, 
those ions capable of close approach should exhibit 
greater heats of solution, all other factors being 
equal. The greater heats of solution of the dye-CI'C 
and dye-DQB compounds, compar.Fd to  the dye- 
PDDB and dye-DDBC compounds, are therefore 
probably because CPC and DQB contain a planar, 
aromatic structure capable of close epproach to  the 
likewise planar and aromatic dye.1 On the other 
hand, PDDB and DDBC contain a positive nitrogen 
atom surrounded by large alkyl and alkoxyl groups 
in a tetrahedral arrangement. These systems, being 
bulky and sterically hindered, therefore, cannot ap- 
proach the dye anion as close as the planar cations. 


The large difference in the heat of solution of dye- 


40 5 0  6 0  7 0  8 0  9 0  


DQB SOLN. CONCN. (mole/L.) X lo1 
Fig. 5.-Plot of absorbance of dye-DQB in solution 


at 488 mp vs. DQB concentration in solution. 


CPC and dye-DQB appears to be due to  more than 
steric considerations since both compounds are 
planar and aromatic. One would predict that ionic 
interactions should be stronger if the charge on each 
ion is localized to  a greater extent. Both the pyri- 
diniuni and quinolinium ring systems exhibit 
delocalization of their positive charge, the latter 
being capable of greater delocalization. On this 
basis, one would expect the pyridinium ion to be 
more tightly held to the anionic dye. Whether this 
difference can account for the observed differences 
in the heats of solution is difficult to  say since the 
picture is further complicated by secondary attrac- 
tive forces, energies of hydration. and steric hinder- 
ance. Whatever the major factors involved, they 
are probably also responsible for the fact that 
orange I1 can form a 1:2 salt with CPC when the 
naphthol group is ionized, while DQB and the other 
detergents cannot. 


The large temperature coefficient for the solubility 
of dye-CPC indicates that the positive entropy 
changes associated with its dissolution are significant. 
This large increase of 76 entropy units may in part 
be accounted for on the basis of the two waters of 
crystallization, which are released upon dissolution 
of the salt. Since the standard entropy for water at 
25' is 16.7 entropy units, the gain in entropy by this 
means should be about 33.4 entropy units. The 
small change in entropy exhibited by the other dye- 
detergent salts is generally in agreement with what is 
observed with most inorganic salts. For example, 
the standard entropy change for the dissolution of 
silver bromide, calculated from the solubility product 
data of Lewin (13), is about five entropy units. 
More accurate calorimetric data are necessary be- 
fore the exact nature of the entropy changes can be 
understood, but it is apparent from these studies 
that entropy is a major factor in the interaction of 
orange I1 and CPC. 


Solubilization in the Presence of Excess Deter- 
gent.-That detergent micelles are capable of solu- 
biking water-insoluble substances is well known 
and has been reviewed extensively by McBain (14) 
and Klevens (15). The solubilization of dyedeter- 
gent salts in excess detergent has been observed by 
Murkejee and Mysels (10). It was shown that for a 
number of dye-detergent combinations, solubiliza- 
tion occurred below the normal critical micelle con- 
centration of the detergent. I t  was concluded that 
the presence of the insoluble dye-detergent salt 
induces the formation of mixed micelles consisting 
of the dye-detergent salt and the detergent. At 
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higher concentrations of detergent, they observed a 
transition from the dye-rich induced micelles to the 
more normal type of micelle, fewer dye ions per 
micelle being distributed uniformly among the great 
number of detergent micelles. 


It can be seen in Figs. 4 and 5 that solubilization 
occurs very near or at the C.M.C. of all the deter- 
gents except CPC, although very slight solubiliza- 
tion below the C.M.C. of DQB may also be occurring. 
Thus, it would appear that dye-CPC, in particular, 
may be involved in a mixed micelle of the type 
shown by Mukejee and Mysels (10). It is also 
interesting to  note the break in the slope of the solu- 
bilization curve (Fig. 4) for dye-CPC a t  1.0 X lo-* 
M ,  the critical micelle concentration of CPC. This 
may indicate a transition from induced to  normal 
micelles as shown by Mukejee and Mysels. 


The mechanism of micellization induced by a 
solubilizate has been discussed by Ekwall (16). who 
showed that fatty alcohols are solubilized by soaps 
significantly below the C.M.C. of the soap. He 
attributes this phenomenon to a lowering of the free 
energy of formation of the soap micelles by the 
formation of a mixed micelle of alcohol and soap. 
If the alcohol orients between the ionized soap mole- 
cules, the repulsive forces of the like-charged soap 
ions will be reduced, thus facilitating micelle forma- 
tion. 


Likewise, the combination of an unionized long 
chain dye-detergent salt and an ionized detergent 
could also result in a mixed micelle which forms be- 
low the C.M.C. of the detergent. The importance 
of having the proper chemical structure and steric 
configuration so that mixed micelles can form has 
been shown by Schulman and Cockbain (17) in 
their work with emulsions. Using long chain alco- 
hols and soaps, they showed that the length of both 
alkyl chains, the sue and polarity of the head groups, 
and even the presence of double bonds in the alkyl 
chains are important factors which govern the forma- 
tion of stable films. Therefore, it  is not surprising 
that all dye-detergent systems do not exhibit 
marked shifts in the concentration of detergent 
required for solubilization. The dye-CPC salt 
apparently is able to  form such mixed films with 
CPC, perhaps because of the planar nature of all the 
head groups, while the other detergents are too large 
and bulky to be capable of forming a stable mixed 
film. For instance, even though DQB is planar, it  
has a high C.M.C. (4.8 X M) and a small 
micellar weight (10,500) (18). which indicates an 
inability to pack many DQB molecules into a micelle 
due to  the large size of the quinolinium head group. 
The presence of a 16 carbon chain CPC may also be 
important, since van der Waals attractions between 
the alkyl chains will contribute to the stability of a 
mixed film. 


From a pharmaceutical point of view, the fact that 
these insoluble compounds can be solubilized by 
relatively low concentrations of surfactant should 
be useful in overcoming this common incompati- 
bility. If systems capable of forming mixed micelles 
are used, even less detergent should be necessary. 
Of course, it must be kept in mind that the dye is 
now dissolved in a new phase, and that with some 
dyes a shift in the absorption spectrum of the 
chromophore may occur. Whether this is a prac- 
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tical problem will depend on the color desired in the 
final product; whether the antibacterial efficacy of 
the product is altered must also be considered. 


SUMMARY AND CONCLUSIONS 


1. The interactions between the dye, orange 11, 
and quaternary ammonium compounds, l-hexa- 
decylpyridinium chloride (CPC), (2-phenoxyethy1)- 
dodecyldimethyl ammonium bromide (PDDB), (di- 
isobutylphenoxyethoxyethyl)dimethylbenzylam- 
monium chloride (DDBC), and dodecylquinolinium 
bromide (DQB) have been investigated. 


The stoichiometry of these interactions has 
been determined by measuring the distribution of the 
dye between water and chloroform as a function of 
pH and ionic strength, in the presence of various 
detergent ion concentrations. This has been sub- 
stantiated by isolation and elemental analysis of the 
various dye-detergent compounds. Below pH 
8.05, where the dye has one ionized group, all deter- 
gents give compounds with 1 : 1 stoichiometry. 
Above pH 12.34, shown t o  be that region where the 
dye contains two ionized groups, dye-CPC shows 1 :2 
stoichiometry, while the other dye-detergent salts 
continue to show 1 : 1 stoichiometry. 


The solubility products of the various dye- 
detergent salts have been determined a t  25, 30, 35, 
and 40’. Thermodynamic functions calculated for 
the dissolution of the salts indicate marked differ- 
ences in the strength of these interactions, with CPC 
in particular exhibiting a very strong interaction 
with orange 11. 


4. Micellar solubilization of the various dye- 
detergent compounds occurs in the presence of the 
excess common detergent. Solubilization of dye- 
CPC, significantly below the C.M.C. of CPC, is 
believed to  be due to  the formation of mixed micelles 
consisting of the nonionic dye-detergent compound 
and CPC. 


2. 


3. 
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Toxicity of Plastics Used in Medical Practice I1 
Toxicity of Citric Acid Esters Used as Plasticizers 


By D. B. MEYERS, J. AUTIAN, and W. L. GUESS 


The acute and chronic toxicity of triethyl citrate, acetyl triethyl citrate, tributyl 
citrate, and acetyl tributyl citrate was studied in a series of small animals. The 
behavior response to parenteral administration of the esters was observed in rats, 
mice, frogs, and rabbits. Mice were used to determine the LD, for each compound. 
All of the esters exhibited a marked effect on the CNS evidenced by increased res- 
piration rate, convulsions, and cord depression. When applied locally to the nerve, 
the citrates rapidly blocked nerve conduction. A profound depressor action was 
observed in cats and rabbits which was attributed to a direct cardiac inhibitory effect. 
Chronic administration for a period of 2 weeks resulted in a depression of weight 
gain; in the animals chat received acetyl tributyl citrate evidence of a change in the 
blood picture was observed. Histopathological examinations revealed no damage 


to the liver, kidney, lungs, and spinal cord in the chronic animals. 


UCH PROGRESS has been made in the use of 
plastics for various devices used in med- 


icine and pharmacy in the last 5 years. Ad- 
vancements in plastic technology have made 
possible many improvements in existing devices 
which would not have been possible with more 
conventional materials. However, certain prob- 
lems have been noted which indicate that 
greater care should be taken in selecting the 
plastic device (1-3). 


Tubings for the administration of drug and 
blood products or for the collection of body fluids 
may be composed of one or more polymeric 
materials. Usually the polymer is of the vinyl 
type, if softness, flexibility, and clarity are 
desired. Plasticizers and other additives must 
be added to this polymeric material to give the 
final device the desired physical and chemical 
properties. Thus, it  is possible to have a host of 
plastic formulas, referred to as polyvinyl chloride, 
but each differing from the other in composition. 
In most instances the various ingredients used 
for polyvinyl chloride tubings which are to be 
used in medical practice have been approved as 
food additives by the FDA. 


In 1960, Autian and Kapadia (4) reported 
that certain polyvinyl chloride tubings released 
a constituent to several hydroalcoholic solvent 
systems. They did not, however, investigate 
the possible biological effect of the leached 
constituent. Meyler, Willebrands, and Durrer 
(5) in the same year reported that certain poly- 
___- 
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vinyl chloride tubings released a constituent to 
blood which in turn caused cardiac arrest and 
ventricular fibrillation on the isolated perfused 
heart of rats. Keith, et al. (G), reported that 
one lot of plastic tubings (vinyl type) appeared 
to enhance the hemolytic effect on perfused 
blood. This observation was further substan- 
tiated with in rdtro studies by Hirose and as- 
sociates (i). Lawrence, et al. (8 ) ,  noted that a 
number of commercially available polyvinyl 
chloride tubings used as part of administration 
devices released a constituent into tissue causing 
a toxic response when implanted for short 
periods of time in animals. In this particular 
study the offending agent in the plastic was not 
the plasticizer but one of the other additives. 


Even though the work of Lawrence, et al., 
revealed that the plasticizers were not causing 
adverse effects by the experimental method 
employed, there is no assurance that the same 
plasticizers or other plasticizers will not produce 
a biological effect when administered in a dif- 
ferent manner to animals. Since present vinyl 
tubings contain a large proportion of one or 
more plasticizers and since these tubings will 
have contact with drug systems or body tissues 
for varying periods of time, it was thought 
prudent to investigate the pharmacological 
properties of one series of plasticizers (citric acid 
esters) which had previously been reported as 
quite safe by oral feeding (9). 


EXPERIMENTAL 


The compounds used in this study included 
triethyl citrate (TEC), acetyl triethyl citrate 
(ATEC), tributyl citrate (TBC), and acetyl tri- 
butyl citrate (ATBC). The esters were commercial 
samples containing less than 1% foreign material.' 
Because of the nearly insoluble nature of the butyl 


1 Samples supplied by Charles Pfizer and Co..  Inc.. 
Brooklyn. N. Y. 
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derivatives, all the esters were administered sus- 
pended or dissolved in 3% acacia throughout the 
experimental work. Ester concentration was varied 
to be suitable for each particular study. 


Behavior Studies.-The general overt effects of 
the esters were first observed following i.p. admin- 
istration of graded doses into Swiss albino mice. 
Both of the ethyl citrates produced a very rapid 
loss of righting reflex without loss of consciousness 
in doses slightly exceeding 400 mg./Kg. Usually 
the animals regained their posture within 15 minutes. 
Respiration rate was markedly increased and 
frequently clonic convulsions were observed. The 
butyl derivatives failed to  produce the rapid loss 
of righting reflex, but did evoke an increase in 
respiration which was frequently accompanied by 
clonic convulsions. Some writhing was observed 
during the first 10 minutes after injection of the 
butyl compounds. All of tne esters produced the 
Same signs of stimulation in Wistar rats when 
given i.p. with both TEC and ATEC, again causing 
a rapid loss of righting reflex of short duration when 
the dosage exceeded 400 mg./Kg. The stimulating 
properties of the esters were confirmed by intra- 
venous administration into rabbits. Marked in- 
creases in motor activity and respiration were ob- 
served following doses of 100 mg./Kg. 


Doses of 1000 mg./Kg. placed in the ventral 
lymph sac of the frog resulted in a short period of 
clonic activity, followed by the complete abolish- 
ment of all reflex activity. 


Acute Toncity.-The i.p. LDw's for the esters 
were determined in Swiss albino mice weighing 
between 16 and 20 Gm. Doses were chosen from 
a logarithmic scale and the median lethal dose 
calculated by method of Bliss (10). All deaths 
occurred in the first hour following administration 
of TEC and ATEC, but in the case of the butyl 
compounds a 72-hour observation period was re- 
quired. The LDM with standard error for TEC 
was 1750 f 68 mg./Kg.; for ATEC, 1150 f 185 
mg./Kg.; for TBC, 2900 f 210 mg./Kp.; and for 
ATBC, >4000 mg./Kg. Death was attributed to  
circulatory collapse and postictal depression. 


Chronic Toxicity Studies.-To study cumulative 
effects of the citrates, a 14-day chronic toxicity 
test was carried out in which mice weighing from 
16-20 Gm. were given daily i.p. doses which ap- 
proximated one-fifth of the acute median lethal 
dose. Five groups of 20 mice each were selected 
and the weight, RBC count, WBC count, clotting 
time, and hemoglobin level of each individual 
determined. Group A received daily injections of 
TEC 350 mg./Kg.; Group B, 230 mg./Kg. of 
ATEC; Group C, 580 mg./Kg. of TBC; and 
Group D, 900 mg./Kg. of ATBC. Group E 
received daily injections of the 3'% acacia vehicle 
and served as the control. The animals were 
weighed daily and at the end of the 2-week period 
the RBC count, WBC count, clotting time, and 
hemoglobin level were redetermined. 


Figure 1 shows t h a t  all of the compounds in- 
hibited normal weight gain. At the 7-day period 
this inhibition was significant within 95% confidence 
limits. I t  was most striking in the case of ATBC 
which, although given in the largest doses, had 
exhibited the lowest acute toxicity. 


There were no significant differences in the RBC 
counts, the WBC counts, the clotting times, and 


the hemoglobin levels in the mice that received 
TEC, ATEC, or TBC. However, signscant (95% 
confidence) fall in the RBC count and hemoglobin 
levels in those animals administered ATBC oc- 
curred. 


In a further study of the blood picture changes 
due to ATBC, two albino rabbits were administered 
450 mg./Kg. of ATBC daily for 14 days. Two 
others were given 900 mg./Kg. daily for 7 days. 
At the end of the period, the RBC count, hemo- 
globin level, and a differential WBC count were 
made; red bone marrow smears from the femur 
bone were examined. In all animals there was a 
fall in the red blood cell count ranging from 0.5 to 
2.5 million and a corresponding fall in hemoglobin 
levels. However, the basophil count and the bone 
marrow smears gave no indication of aplastic 
anemia. 


At the end of the chronic toxicity study, two 
mice from each group were sacrificed; slides were 
made of liver, lung, and kidney tissues. Examina- 
tion of these slides did not reveal pathological 
cellular changes in these organs. 


On the day following withdrawal from the chronic 
test, hexobarbital sleeping time studies were con- 
ducted in the remaining mice. There was no 
significant difference in the sleeping time within 
the various groups. This confirmed that liver 
function was not impaired by chronic administration 
of the esters. 


Effects of the Esters on Neural Muscular Trans- 
mission.-Behavior studies indicated that the 
citrate esters produced some neurological effects. 
Therefore, a series of studies was set up to  de- 
termine the nature of the neural involvement. In 
the first experiment, white rats were anesthetized 
with pentobarbital, and right anterior tibialis muscle 
freed and arranged for recording contractions, and 
shielded electrodes placed central to a pledget of 
cotton around the sciatic nerve. Stimulus was 
supplied through the electrodes by a stimulator 
set to deliver a current which would produce a 
submaximal response every 10 seconds. After ob- 
taining a normal response, 3 drops of the ester 
were placed on the cotton. All four esters produced 
a complete sciatic nerve block which was reversible 
when the cotton was removed and the nerve washed 
with saline. This activity was confirnied using 
the isolated gastrocnemius muscle-sciatic nerve 
preparation from the frog. 


To determine central nervous system involve- 
ment, pentobarbital anesthetized white rats were 
set up so that the contralateral reflex could be 
recorded. After freeing the anterior tibialis muscle 
in the left leg and arranging it for recording con- 
tractions, shielded electrodes were placed around 


I , . . . . . . . , . , , . " * .  


TIME. DAYS 


Fig. 1.-The effect of some citric acid esters admin- 
istered i.p. on weight gain of mice. 
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the sciatic nerve in the right leg. The stimulator 
was set to  deliver a series of five impulses 10 seconds 
apart when activated by a switch. After determin- 
ing a normal submaximal contralateral reflex, each 
ester was administered through the jugular vein 
which had previously been cannulated. Figure 2 
shows that all of the esters were capable of com- 
pletely blocking this reflex. The duration of 
blockage varied according to  the ester. Consider- 
ably larger doses of ATBC were required to affect 
the block, but the duration was much longer. 
In contrast, TBC block occurred in response to the 
lowest dose but lasted longer than that produced 
by either of the ethyl esters. 


To verify that cord depression and not myoneural 
junction blocking was the cause of the inhibited 
contralateral reflex, rats were prepared so that the 
sciatic nerve stimulation and anterior tibialis muscle 
contraction occurred on the same side. Doses of 
the esters which were twice as great as those which 
abolished the contralateral reflex failed to impair 
myoneural junction transmission. 
Local Anesthesia Action.-All four of the esters 


temporarily abolished the corneal reflex when 3 
drops of a 5% suspension were placed in the con- 
junctival sac of the rabbit. As expected, the butyl 
esters were longer in duration than their ethyl 
counterparts. This local anesthetic effect was 
c o n h e d  by the intradermal administration of 


-2-KT2 I TIC s I 


m..... 50 &. 
TW..... 25 ../Id. 
ATK....125 ../Id. 


A m . . . .  30 ../Id. 


I 1 1 1 1 , 1 1 1 1  
T l m r  I" Ill"",., , , , , , 


Fig. 2.-Effect of some citric acid esters admin- 
istered i.v. on the contralateral reflex of the rat. 


Fig. 4.-Effect of some citric acid esters on rate 
and amplitude of the isolated rabbit heart. 


0.1 ml. of a 2% suspension of the esters into shaved 
areas on the back of guinea pigs. The duration of 
insensitivity to  pricking of the surrounding area 
with a pin was 12 to  20 minutes for TEC. How- 
ever, TBC produced a deadened area for a period of 
over 2 hours. 


Cardiovascular Action of the Citrate Esters.- 
Acute toxicity studies indicated probable cardio- 
vascular collapse, so a study of theeffect of the citrate 
esters on blood pressure was indicated. Rabbits 
and cats were used in this study. Blood pressures 
were recorded from the cannulated carotid artery 
with a mercury manometer. A tambour connected 
to the tracheal cannula simultaneously recorded 
respiration. The esters were administered through 
the ear vein or through the cannulated jugular. 
Figure 3 is a tracing showing the typical responses 
obtained from varying doses of the esters in rabbits. 
There was an apparent dose-response relationship 
with all the compounds, and all of them produced 
complete loss of blood pressure when administered 
in toxic doses. Interestingly, the comparative 
doses required to produce a fall in blood pressure 
for the esters were quite well related to those which 
were required to  produce death. ATBC with a 
high LDjo (greater than 4000 mg./Kg.) did not 
produce a significant fall in blood pressure in low 


Fig. 3.-Influence of 
some citric acid esters 
on blood pressure and 
respiration of rabbits 
under pentobarbital anes- 
thesia. 
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doses. The depressor effect of the esters was 
similar in cats and rabbits. It could not be blocked 
by atropine, and it could be reversed by epinephrine. 
This was indicative that the effect was due to  direct 
smooth muscle relaxation or to the cardiac de- 
pression which was quite apparent. 


To show that the depressor effect was primarily 
due to cardiac inhibition, the esters were tested on 
the isolated rabbit heart after the method of 
Langendorff (11). As can be seen in Fig. 4, all of 
the compounds brought about a sharp decline in 
both rate and amplitude of the heart beat. If 
given in carefully controlled doses, the heart re- 
turned to  normal, but higher doses resulted in 
complete heart arrest. Coronary flow was also 
markedly diminished, precluding the possibility of 
significant direct smooth muscle relaxation. 
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does not appear to have an effect on the blood 
picture, but there are indications that ATBC may 
inhibit production or increase destruction of red 
blood cells. No species variation was observed 
throughout the investigation. 


One must take care not to extrapolate the results 
reported in this paper t o  actual polyvinyl chloride 
devices which might contain plasticizers as re- 
ported here, since the biological activity will be 
elicited only when the plasticizer is released into 
the body fluids and, further, that the magnitude 
of the response shall have a direct relation to the 
concentration released. The biological responses 
reported here for a group of plasticizers should, 
however, alert those manufacturing plastic devices 
to learn more about the ingredients they employ 
in their plastic formulation if these items are to 
be introduced into medical practice. 
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Rheology of Gelatin Films 
By ROBERT A. CASTELLO* and JERE E. GOYAN$ 


A procedure has been develo ed for the evaluation of the viscoelastic properties of 
gelatin films employed in sol gelatin capsule formulations. It involves the meas- 
urement of the tensile relaxation modulus of the film and the fitting of the resultant 
curve on a n  analog computer to obtain the appropriate constants. A theory was 
proposed for the mechanism of stress relaxation in gelatin films. Based upon this 
theory, a n  equation for the tensile relaxation modulus was derived. This  equation 
was of the same form as the empirical equation which fit the stress relaxation curves 


of the gelatin films. 


LTHOUCH MUCH INFORMATION has been of gelatin films. Since the rheological behavior A gathered concerning changes in the rheo- of gelatin films influences the properties of 
logical properties of gelatin solutions upon ther- capsules molded from them, information con- 
ma1 aging, little is known of the characteristics cerning changes in this behavior might be help- 


ful in  evaluating technological problems en- 
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study the stress relaxation model has been 


* Fellow of the Lilly Endowment Fund and Fellow of the 
American Foundation for Pharmaceutical Education. has studied stress relaxation as a tool in the 
Present address: Merck Sharp and Dohme Research Labora- 


School of Pharmacy, University of 
Cahfomia, San Francisco, 


$.Piesent address: 








Vol. 53, No. 8, August 1964 


PROCAINE IN PROTIUM OXIDE AND DEUTERIUM 
OXIDE AT 40’ 


TABLE I.-cOMPARISON OF RATE OF HYDROLYSIS OF 


979 
DISCUSSION 


Over the pH range studied, the rate of deuterioly- 
sis of procaine is less than the rate of hydrolysis. 
Over the pH and “apparent” pH range 8 to 11 and 
at 40’ the ratio of half-lives in D20 and HsO is 
greatest at pH 8 (3.0) and decreases to a value of 1.2 
at pH 11. Considerably higher ratios are obtained 
when the data at the equivalent pH and pD are 
compared. For exatpple, when procaine in HzO 
at pH 9.0 is compared with procaine in DzO at pD 
8.9, the ratio of half-lives is 5.8. However, when 
aqueous procaine at pH 9.0 is compared with procaine 
in D20 at “apparent” pH 9.0, the ratio is 2.0, as 
shown in Table I. This would indicate that in- 
creased stability in DzO is not simply a pH effect. 


At 100” and pH 8 procaine is twice as stable in 
D20 as in H20. The kinetic data for this study are 
shown graphically in Fig. 1. A typical first-order 
plot is obtained. 


It was shown earlier (3) that the anesthetic 
activity of procaine, as observed on the cornea of the 
guinea pig, was greater in DzO by a factor of 2. 
Smce the anesthetic activity of procaine is due 
solely to free base which is predominant in the 
alkaline pH range, increased activity is, therefore, 
attributed to  a greater stability (in vzvo) of procaine 
base in deuterium oxide. Further, at the Same pH 
and “apparent” pH, a deuterium oxide solution of 
procaine may contain more free base than in the 
corresponding aqueous solution. 
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-Protiurn Oxide- -Deuterium Oxide- a 
Half-life, Half-life, T 1 / , O  


DH hr. PD hr. 7’91 H1O 
8.0 38.0 8.4b 115.0 3 . 0  
8.5 13.0 8 . 9  38.0 2 . 9  . .  


9 . 0  6 . 5  9 . 4  13.0 2 . 0  
9 . 5  4 . 5  9 . 9  9 . 5  2 . 1  


10.0 3 . 6  10.4 6.25 1.8 
11 .o 2.25  11.4 2.75 1 . 2  
8.0” 14d 8 . 4  7.0d 2 . 0  


Ratio of half-lives at “apparent” pH in DxO and pH in 
HIO. bpD - pH + 0.4.  this ND at 100’ C. dTime 
for this run is in minutes. 


Fig. l.-Com- 
parison of rate of 
hydrolysis of pro- 
caine in protium 
oxide and deute- 
rium oxide at pH 
and “apparent” pH 
8.0 and at a 100” ‘ temperature. \.o 


Tlmi Win) 
plunged into an ice water bath, and the absorbance 
was obtained at 287 mp. These supplied k A  read- 
ings. The ks was obtained in the manner described 
for the 40’ run. 


The data obtained from the experiments described 
above are recorded in Table I. The hydrolysis r a t e  
of procaine at 100’. and pH 8 in protium oxide and 
“apparent” pH 8 in deuterium oxide is shown 
graphically in Fig. 1. 


Effects of Limbic Lesions on 
Chlorpromazine-Pentobarbital Interaction 


By MARVIN COHE“ and JOHN W. NELSON 
Small lesions within the limbic system of the 
rat produced no consistent behavioral defects 
or altered responses to  chlorpromazine and/ 
or pentobarbital measured b a new behav- 


ioral scoring m e J o d .  


HE LIMBIC SYSTEM is a portion of the brain T located on the medial and basal walls of the 
cerebral hemispheres. Numerous stimulation and 
ablation studies (1-5) have indicated that this system 
is involved in the production or modification of 
emotional (affective) behavior. Other studies of 
a similar type have suggested that the psychotropic 
drug chlorpromazine may exert some of its be- 
havioral effects through a mechanism involving the 
limbic system (0, 7). However, no portion of this 
system has definitely been shown to be a site for 
chlorpromazine. An investigation was undertaken 
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to determine if chlorpromazine did act within the 
limbic system. This was done by the examination 
of responses to  chlorprornazine after small lesions 
had been placed in selected areas of the limbic sys- 
tem. 


EXPERIMENTAL 


The animals used were albino male rats of the 
Wistar strain and 70-100 days old. All animals 
were kept in groups of four and allowed free access 
to food and water, except during testing and op- 
erating periods. Lesions were made electrolytically 
with a Grass lesion maker (model LM-1). The cur- 
rent passed into each brain was of sufficient in- 
tensity to produce a lesion 0.5 to 1 mm. in diameter. 
All lesions were verified histologically by conven- 
tional paraffin embedding procedures. Sections 
were stained with a combination of Lux01 fast blue, 
hematoxylin, and eosin to obtain maximum differ- 
entiation of the lesion. Sham operations were per- 
formed by anesthetizing an animal, trephining its 
skull, and inserting the needle electrode to the ap- 
propriate brain area without allowing electric cur- 
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TABLE I.-RESPONSES OF A N I M A L S  WITH SEPTAL LESIONS 
__ _.____ __ - . ~ ~ ~  


Effect of Pentobarbital Response to 
Animal No. t o  Saline Dose Response. mg./Kg. Dose Response, rng./Kg. Cornbination 


Response Effect 01 Chlorprorna&e 


Unoperated Animals 
13 0.5 


1 .o 
2.0 


1 .o 
2.0 
3.0 


17.5 
17.5 
17.5 


10.0 
7 .O 


10.0 


7.0 
7.0 


10.0 
1.0 
4.0 
0.5 
6.0 
4.0 
6.0 
6.0 
7.0 


10.0 


31 
47 
14 
39 
55 
15 
45 
74 
16 
63 
76 


1.5 
2.0 
0 .5  


4 .0  
3.0 
0 . 5  
5.0 
5.0 
3.0 
3.0 
4.0 
5.0 


0.5 17.5 
1 .o 17.5 


Operated Animals 


5 
5 


1.5 
3 
3 


2 .0  
0.5 5 


10 
10 
10 


2.5 
3.0 
1.0 


5 
5 
5 


1 .o 
3.0 
2.0 
7.0 1 .o 


0.5 
1.5 


7 
7 
7 


15 
15 
15 


3.0 
2 . 0  


13" 
31 
47 
14O 


0.5 
0.5 
2 .o 


1 
1 
1 


7.0 
10.0 
10.0 
0.5 
0.5 
0.5 
3.0 
2 .0  
2 .0  
4.0 
3.0 
7.0 


7.0 
3.0 
7.0 
1.0 


1 .o 
1 . o  
1 .o 
1 . o  


17.5 
5 
5 


1.0 
1 .o 
0.5 


3 
3 
3 


_. 


39 
55 
15" 


1 .o 
1 .o 
6.0 


5 
10 
10 


1 . o  
1.0 


3.0 
5.0 
4.0 
4.0 
4.0 
5.0 


45 
74 
1 W  


... 


5.0 
6.0 
7.0 


1.0 
1 .o 
0 .5  


10 
15 
15 


- _  
53 
76 


7.0 
10.0 1.0 15 


" Sham operation. 


TABLE II.-RESPONSBS OF ANIMALS WITH AMYGDALOID LESIONS 


Effect of Pentobarbital Response to 
Animal No. to Saline Dose Response, mg./Kg. Dose Response. mg./Kg. Combination 


Response Effect of Chlorprornazine 


Unoperated Animals 
75 
73 
33 


3.0 
1.0 
1 .o 


1 
3 
3 


2.0 17.5 10.0 
4.0 5 2.5  
1 . o  5 1.0 


7.0 
3.0 
2.0 


46 3.0 3 3.0 5 
80 0 . 5  5 5.0 10 


3.0 4.0 ~. 


2 .0  6.0 
1 .o 5.0 
3.0 4.0 
6.0 10.0 


21 1.0  5 5.0 10 
34 1.0 5 1 .o 10 
78 3.0 7 4.5 15 
30 1 .o 7 5.0 15 3.0 5.0 


6.0 6.0 36 1 .o 7 5.0 15 
Operated Animals 


75" 1 .o 
73" 1 .o 
33 0.5 


1 
3 
3 


1.0 
3.0 


17.5 10.0 10.0 
5 0.5 3.0 
5 0.5 2.0 1.0 


46 2.5 3 2.0 
800 1 . o  5 3.0 
21 1.0 5 3.0 
34 1 .o 5 4.0 
78" 0.0 7 4.0 
36 1 .o 7 4.0 
30 0.5 7 1 . o  


5 
10 
10 
10 
15 


2.0  2 .0  
1 .o 4.0 
1 .o 5.0 
3.0 5.0 
5.0 10.0 


15 3.0 10.0 
15 3.0 7.0 


- 
(I Sham operation. 


rent to pass. The wound was sutured, and the 
animal was allowed to recover. 


Behavioral changes were determined by means of 
an original method which evaluated the responses to 
low (subhypnotic) doses of central depressants 
with a scoring system. The behavioral criteria 
utilized as the basis of the scoring system were loss of 
spontaneous motion, responses to external stimuli, 
and degree of ataxia. This method has been de- 
scribed in detail in a previous publication (8). 


RESULTS 
Four areas of the limbic system-the anterior 


(precommissural) septum, amygdaloid complex, ros- 


tral hippocampus, and medial forebrain bundle- 
were chosen for study. Unoperated and operated 
animals were tested for their responses to pento- 
barbital (5, 10, 15, or 17.5 mg./Kg.), chlorpromazine 
(1, 3, 5, or 7 mg./Kg.), and combinations of the two 
(3 mg./Kg. chlorpromazine + 5 mg./Kg. pento- 
barbital, 5 mg./Kg. chlorpromazine + 10 mg./Kg. 
pentobarbital, 7 mg./Kg. chlorpromazine + 15 mg./ 
Kg. pentobarbital, or 1 mg./Kg. chlorpromazine + 17.5 mg./Kg. pentobarbital). All drugs were 
administered intraperitoneally. Combinations of 
chlorpromazine and pentobarbital were used be- 
cause they gave a more sensitive indication of the 
behavioral effects of chlorpromazine than did the 
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latter administered alone, using the criteria of the SUMMARY 
behavioral method employed. 


Tables I and I1 show the responses obtained with 
animals subjected to septa1 and amygdaloid lesions, 
respectively. It can be seen that small lesions in 
these areas produced no consistent change hi be- 
havior or in the responses to  the administration of 
the drugs used. Similar results were obtained with 
the other areas investigated. The only behavioral 
change noted was a slight hyperexcitability ; but 
since sham operated animals also showed this reac- 
tion, it  was attributed to  the operating procedure 
rather than to the presence of a lesion. 


The results of this study indicate that investiga- 
tions of behavior involving the production of lesions 
require a great deal of caution in the interpretation 
of behavioral changes that are seen. Lesion size 
may be one of the factors that has contributed to the 
many conflicting reports appearing in this field. 


Small lesions within the limbic system of the rat 
produced no consistent behavioral defects or altered 
responses to chlorpromazine and/or pentobarbital as 
measured by a new behavioral scoring method. 
Lesion size may be one of the factors that has con- 
tributed to the many conflicting reports appearing 
in this field. 
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Facile Synthesis of Isoindoline and Substituted Isoindolines 
By JOHN L. NEUMEYER' 


The preparation of isoindoline and several 
derivatives bearing nuclear substituents by 
methods previously employed successfully 
only for  N-substituted derivatives is described. 
The method involves the preparation and 


hydrogenolysis of N-benzyl isoindolines. 


HILB A considerable amount of work has been W reported on the synthesis of N-substituted 
isoindolines and hydrogenated isoindolines by a 
variety of methods, difficulty was experienced by 
several workers (including the author) in obtaining 
isoindoline (VIa)  in good yields and in a pure form. 
Isoindoline derivatives have been obtained by 
the reaction of amines with o-xylylene dibrornide 
(1, 2). Bornstein (3) prepared isoindoline (VIn) 
by the hydrolytic cleavage of 2-(~-tolylsulfonyl)- 
isoindoline (prepared from o-xylylene dibromide and 
p-toluenesulfonamide) with phenol and hydro- 
bromic acid in propionic acid. The reduction of N- 
substituted phthalimides with lithium aluminum 
hydride was a generally satisfactory method for 
obtaining N-substituted isoindolines (4. 5) and 
was utilized also for the preparation of tetrahydro 
and hexahydroisondoline (4), but failed when applied 
to the reduction of phthalimide. As a result, we 
have devised a method for the preparation of iso- 
indoline and substituted isoindolines which was 
based on the lithium aluminum hydride reduction 
of N-benzylphthalimides of their corresponding iso- 
indolines, followed by the hydrogenolysis of the 
benzyl moiety with palladium-on-charcoal. This 
route was satisfactory also for the preparation of 
5-methylisoindoline (VIb) and 4-aminoisoindoline 
(VII ) ,  but failed to yield 4chloroisoindoline froni 
the hydrogenolysis of N-benzyl-4-chloroisoindoline 
(Vc). Treatment of Vc with hydrogen and palladium 
caused the hydrogenolysis of the chlorine and the 
benzyl group; isoindoline (VIa)  was the isolated 
product. 
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EXPERIMENTAL' 


N-Benzy1phthalimide.-This was prepared froni 
potassium phthalimide (0.5 mole) and benzyl 
chloride (0.5 mole) in N,N-dimethylformamide in 
75% yield by the method of Billman and Cash (6), 
crude, m.p. 111-112'. The compound was used it1 
subsequent reactions without further purification. 
[Lit. (6) m.p. 115-116".] 


N-Benzyl4methylphtlimide (IIb).-This W R S  


obtained from potassium 4-methylphthalimide ( I b )  
and benzyl chloride; yield: 7274. m.p. 122.5 to 
123.5'. 


And-Calcd. for C~H13N02: C, 73.99; H, 5.77; 
N,5.57. Found: C, 73.87; H, 5.82; N, 5.63. 


N-Benzyl-3-chlorophthalimide (IIc).-This was 
obtained from potassium 3-chlorophthalimide (Ic) 
and benzyl chloride; yield: 98%, m.p. 137 to 138.5' 
(recrystallized from n-butanol). 


And-Calcd. for ClsHloNOzCI: C, 66.30; H, 
3.71. Found: C, 66.29; H, 3.71. 


N-Benzyl-3-nitrophthalimide (IId).-A mixture 
of 19.3 Gm. (0.1 mole) of 3-nitrophthalic anhydride 
and 10.7 Gm. (0.1 mole) of benzylamine was fused 
at 200-250" and the mixture allowed to  cool. Upon 
recrystallization from isopropyl alcohol. 23 Gm. 
(83%) of yellow flakes, m.p. 140-141'. were ob- 
tained. 


And-Calcd. for Cl~HloN20,: C, 63.83; H, 
3.57; N, 9.93. Found: C, 63.68; H, 3.74; N, 
9.90. 
N-Benzyl-3-aminophthalimide (IIe ).-A solution 


of 25 Gm. (0.089 mole) of N-benzyl-3-nitrophthal- 
imide in 290 ml. of benzene was hydrogenated in a 
Parr hydrogenator at room temperature using 0.5 
Gm. of platinum oxide until the hydrogen uptake 


1 Both the melting points and the boiling points were un- 
corrected. All melting points were obtained in a Thomas 
Hoover silicone oil filled capillary melting point apparatus. 
The assistance of Mr. R .  C. Phnro with a number of the 
experiments reported herein, of Mr. J. E. Zarembo and his 
staff in carrying out the analyses, and of Mr. H. Adelman 
in the interpretation of infrared spectra is gratefully ac- 
knowledged. 








Stability of Certified Dyes in Tablets 11. Fading of FD&C 
Red No. 3 and FD8iC Red No. 3 Aluminum Lake 


in Three Tablet Formulas 
By F. W. GOODHART, M. E. EVERHARD, and D. A. DICKCIUS 


The  fading rates of FD&C Red No. 3 and its aluminum lake were determined in  three 
tablet formulas which differed only in the excipient employed. In tablets of calcium 
sulfate the dye faded at about twice the rate of the same dye in either dicalcium phos- 
phate or lactose tablets. However, the use of the corresponding lake in the calcium 
sulfate formulation reduced the fading rate si nificantly. No significant differences 
in  fading rates were demonstrated between $e dye and the lake in tablets of dical- 
cium phosphate or lactose. The  method of size reduction of the dyed powder did 


not significantly affect the fading rate. 


N A PREVIOUS COMMUNICATION (1 ), a method was I described by which the approximate color shelf 
life of a tablet formulation can be predicted on the 
basis of high intensity fading. This study demon- 
strated that FD&C Red No. 3 possessed a fading 
rate independent of the dye concentration in the 
tablet. The first-order rate equation which de- 
scribed the fading was 


lner = -kI t  + hot. (Eq. 1) 


where 81 = Ef = AC, in which Rt is the ( 2Rt ) 
reflectance at 543 mp (the absorption peak) at time 
1,  A is a constant, C is the concentration of dye in 
weight per cent, k is the first-order rate constant, I is 
the intensity of light, and to  is time zero. 


The present work was concerned with three 
variables. The first of these was the nature of the 
colorant, dye or lake. Enhanced stability to ultra- 
violet radiation was indicated for several lakes (2), 
but quantitative data comparing fading rates for 
FD&C Red No. 3 and its lake were not reported. 
The influence of tablet diluents on dye stability has 
not been investigated: since the diluent itself is 


EXPERIMENTAL 
Materials.-Lactose U.S.P.. calcium sulfate dihy- 


drate, anhydrous dibasic calcium phosphate N F., 
acacia U.S.P., magnesium stearate U.S.P.. FD&C 
Red No. 3, and FD&C Red No. 3 aluminum lake 
were employed. 


Equipment.-Low intensity light was provided by 
a bank of G.E. F40CW fluorescent tubes; high 
intensity light was provided by a light cabinet pre- 
viously described (3, 4). Reflectance measure- 
ment, light intensity measurement, and preparation 
of the tablets were the same as described in our first 
study (I) ,  except that some formulas were reduced 
by comminuting or ball milling rather than micro- 
pulverizing. Comminuting was carried out on the 
Fitzpatrick model D comminutor and micropulveriz- 
ing on the Pulverizing Machine Co. micro-sample 
mill. 


Storage of Tablets.-Prepared tablet sarnples 
were placed in a light cabinet under a flux of 518 f.-c. 
and under a bank of fluorescent light at 195. 74, 50, 
and 11 f.-c. Samples were withdrawn periodically 
for reflectance measurement. 


RESULTS AND DISCUSSION 
Results.-A summary of the first-order rate 


TABLE I . - R A ~  CONSTANTS FOR THE FADING OF FD&C RED No. 3 


Diluent Nature of Colorant Dye Dispersion Method k X 105 (f.-c. hr.) -1 


C a m I  ' 2 H ~ 0  Dye Comminu tedo 11.3 f 1.1 
CaSO,. 2H20 Dye Micropulverized" 11.4 f 0 . 8  


CaHPO, Dye Micropulverized" 6 . 7  f 0 . 6  
CaH POI Lake Comminuted or ball milledh 7 . 8  f 0.3 
Lactose Dye Micropulverized" 6 . 1 f 0 . 3  
Lactose Lake Micropulverizedb 4 . 6  f 0.9 


CaSO. .2H20 Lake Comminuted or ball milledh 7 .4  + 0.8  


-~ -~ ~~ 


a Average of three slopes, each a different dye concentration. h Average of two slopes, each the same dye concentration. 


sometimes a source of incompatibility. this factor 
was included. Another factor investigated was the olo Fig. 1.-Plots 


of Ot os. the prod- 
preparing the tablets. While the affinity of the dye o,M . - cict of time x in- 


tensity for the 
dye on  CaSO4"- 
2HtO. Key: 8, 
518 f-c.; A, 195 
f.-c.; 0, 74 f.-c.; degree of mottling was noted when pressed into o,2 


0,  50 f.-c.; and 
X, 11 f.-c. Upper 
line, 0.060% 
w/w dye; middle 


method of preparation of the dyed powder used in 


for different diluents varies, this property alone did 
not determine the color uniformity. .Some formulas 
appeared to be uniformly dyed, but an unusual 


tablets. Therefore, three methods of size reduction 
were included to improve color uniformity and to 
determine whether this variable altered the ratc of 


Moo l"mm line, 0.030% 
cal Research, New Brunswick, N. J. TIME X INTENSITY w/w dye; lower 


(F.-c.-HOURS.) line, 0 .015% 
w/w dye. Meth- 


o f 5 q  
o,,o 


fading. 0.00 
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TIME X INTENSITY 
(F.-c.-HOURS.) 


line, 0.015% w/w dye. Method 
was micropulverization. 


Fig. 2.-Plots 
of et us. the prod- 
uct of time x in- 
tensity for the 
dye on CaHPO,. 
Kev: a. 518 
f . - i ;  A; 195 
f.4.; 0, 74f.-c.; 
o .50f .c . ;  and 
x, 11 f.-c. upper 
line, O.osO% w/ 
w dye; middle 
line, 0.030% w/ 
w dye; lower 


of size reduction 


TI= X INTENSITY 
( F.-c.-HRS.) 


dye; lower line, 0.015% w/w dye. 
reduction was micropulverization. 


Fig. 4.-Plots 
of 8, us. the prod- 
uct of time z in- 
tensity for the 
lake on lactose. 
0 ,518f .c . ;  A, 
195 f.c.; 0 , 7 4  
f.-c.; a, 5of.-c.; 
and X, 11 f.c. 
U p p e r  line, 
0 .060% w/w 
dye; middle line, 
0 . 0 3 0 %  w(w 


Method of size 


TABLE II.-EPFECT OF CALCIUM ION ON FADING OF FD&C RED NO. 3 AT 25' AND 900 P.-c. 


% D e Remaining 
Initial mM of mg./ml. of A&er 17 Hr. 


%In. Calcium Ion Dye lnitialc Initial pH Final pH Exposure 
Control None 0.78 6 . 8  4.9 85 
CaSO,. 2H10 0.12 0.71 7.1 5 . 5  85 
CaHPOp 0.15 0.76 7 . 8  6 .4  82 
CaClr 0.90 0.76 6.9 5 .0  67 
&SO, . 2 H O  1.5 0.40 7 .1  5 . 3  55 
CaCl2 9.0 0.14 7.3 4.3 46 


a Saturated solution of calcium phosphate at 23OC. b Saturated solution of calcium sulfate at 2 3 T .  c All solutions were 
Precipitation of calcium salt of dye is responsible for reduction of initial dye concen- prepared to contain 0.78 mg./ml. of dye. 


tration in all experiments except the control. 


Fig. 3.-Plots 
of Bt us. the prod- 
uct of time x in- 
tensity for the 
lake on Cas01.- 
2H20 a n d  
CaHPO.. Upper 
line, CaSO4.- 


)aao lcm w/wdye; lower 
TIME X INTENSITY line, CaHPO,, 


( F.-c.-HOURS. ) 0.060% w/w 
dye. Key: 0,  


518f.-c.; ~ , 1 9 5 f . - c . ;  0,74f.-c.;n,mf.-c.; x.11 
f .-c. Method of preparation was  micropulverization. 


:m 0.30 , 
0 


0.20 


2H20, O.osO% aio 


constants, K, calculated by Eq. 1, along with their 
average deviations is given in Table I for all systems 
studied. 


The rate constants listed in Table I were deter- 
mined by fitting the best straight line using regres- 
sion analysis. Correlation coefficients ranged from 
0.90 to 0.99. The standard deviation of the rate 
constant was also calculated to  determine whether 
any rate constants were statistically different from 
others at 95y0 confidence limits. 


Effects of Size Reduction.-While the dye seems 
to have an affinity for all three diluents employed, 
the calcium sulfate tablets were noticeably more 
mottled than those made with either dimlcium 
phosphate or lactose. Dispersion by comminuting 
rather than micropulverization did not decrease this 
effect. As seen in Table I the rate constants for dye 
in calcium sulfate were the same regardless of the 
kind of size reduction employed. Figure 1 illustrates 
the fading of the dye on calcium sulfate tablets pre- 
pared by micropulverization. 


Marked speckling occurred with both calcium 
salts when the lake was employed. Therefore, 
these blends were subjected to ball milling to produce 


121 


1 


\ 
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Fig. 5.-Sta- 
tistical analysis 
of means illus- 
trating signifi- 
cant differences 
of rate constants 
for the dye in 
tablets of cal- 
cium sulfate di- 
hydrate, dibasic 
calcium phos- 
phate, 2 n d  lac- 
tose. X is over- t t I allaverageof 12 


7 - - - - - - - - - - - - - - 
rate constants 
and dotted lines 
give 95 and 99% 
limits. Key:  
CS. calcium sul- 


fate dihydrate; CP, dicalcium phosphate; L, lactose; 
F, comminuted; and M, micropulverized. 


a uniform color. Although the fading rate was 
slightly lower for the tablets prepared by ball 
milling compared to comminuting, the difference 
between the rates was not statistically significant a t  
the 95% level. An average value is therefore re- 
ported in Table I. 


Effect of Diluent on the Fading Rate of the Dye.- 
Figures 1 and 2 show the fading of the dye on cal- 
cium sulfate and calcium phosphate, respectively. 
As Seen in Table I, the rate constant for calcium sul- 
fate was nearly double that found for either calcium 
phosphate or lactose. A statistical treatment of the 
rates (5) is shown in Fig. 5. The significant dif- 
ferences demonstrate an incompatibility of the dye 
with calcium sulfate. 


To  substantiate that calcium was the cause of the 
faster fading, a series of dye solutions was prepared 
and exposed to high intensity fluorescent light (900 
f.-c.) for 17 hours. The results of the experiment 


cs cs CP L 
F M M M  
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are shown in Table 11. As the concentration of 
calcium increases, the dye deteriorates more rapidly. 
It is apparent that no correlation exists between 
degree of fading and the initial or final pH. There- 
fore, i t  can be concluded that the higher solubility of 
calcium sulfate dihydrate (0.2 Gm./100 ml. a t  25”) 
is the cause for the more rapid fading. The solubil- 
ity of dicalcium phosphate is about 0.05 Gm./100 
ml. at 25”. an amount apparently insufficient to 
cause a significant increase in the fading rate. 


Effect of Colorant Nature.-No significant dif- 
ferences in the fading rates existed between the dye 
and the lake on either dicalcium phosphate or lac- 
tose. However, in the case of calcium sulfate a 
marked reduction in the rate was afforded by use of 
the lake over the dye as seen in Table I and Figs. 1 
and 3. The reason for increased stability with the 
lake can be attributed t o  the adsorption of the dye to 
its substrate. In this form the dye is not free to re- 
act freely with available calcium ion. 


SUMMARY AND CONCLUSIONS 
The usefulness of semilogarithmic plots of the 


Kubelka-Munk function and the product of time x 
intensity has heen shown applicable to  tablet sys- 
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tems other than those originally employed. The 
rate constants for tablets of calcium sulfate dihydrate 
lake, dibasic calcium phosphate-dye or lake, and 
lactose-dye or lake are not statistically different. 
However, tablets of calcium sulfate dihydrate and 
dye show a fading rate significantly higher than 
other tablet formulas studied. The method of size 
reduction did not significantly alter the fading rate 
in those tablets that were mottled or speckled when 
prepared by micropulverization. 


I t  is believed that better control of pressure and 
the selection of more closely matched tablets will 
reduce experimental error due to tablet-to-tablet 
variation. This factor along with the use of color 
differences calculated from tristimulus values will no 
doubt lead to new interpretations of color fading. 


REFERENCES 
(1) Everhard. M. E., and Goodhart, P. W.. THIS JOURNAL. 


(2) Tucker, S., Nicholson, A. E.. and Engelbert. H., ibid. ,  


{3) Lachman, L., and Cooper, J . ,  i b id . ,  48, 225(1959). 
(4) Lachman. L., Swartz, C. J . ,  and Cooper, J., ;bid., 49, 


(5) Ott, E. R . ,  “+alysis of Means,”Technical Report No. 


52. 281(1963). 


47 849(1958). 


2 13( 1960). 


1 ,  Rutgers University. New Brunsmck. N.  J.  


In Vitro Evaluation of Sustained-Release Tablets by 
Dual Channel Scintillation Counting 


By K. 0. MONTGOMERY, C. V. FLEMMING, M. H. WEINSWIGt, R. F. PARKEt, 
and H. A. SWARTZt 


A rapid procedure was developed for the study of the in uitro release characteristics 
of two radiolabeled drugs in a tertiary drug system. The  use of dual channel 
scintillation spectroscopy allowed for simultaneous determinations of per cent re- 


lease of each labeled drug from the single sustained-action core tablet. 


ADIOISOTOPES have been used extensively in the R testing of various pharmaceutical dosage 
forms (1). The literature contains several reports 
of evaluative methodology regarding in vivo and in 
vilro uses of radioisotopes with the sustained-release 
dosage form (2-5). This report will be restricted to 
the determination of the release characteristics of 
(21-36 labeled phenylephrine hydrochloride and C-14 
labeled aspirin in the presence of chlorpheniramine 
hydrochloride in yitro from the single sustained- 
release core tablet. The method employed was that 
of dual channel scintillation spectroscopy which per- 
mitted the simultaneous determination of the per- 
centage released of the individual radiolabeled drugs. 


EXPERIMENTAL 
Preparation of Labeled Compounds.-Chlorine-36 


labeled phenylephrine hydrochloride was prepared 
by dissolving 3 Gm. of compound in distilled water 
and crystallizing out the free base from the solution 
rendered alkaline with ammonia. The base was 
filtered, washed, and dried. Fifty microcuries of 
chlorine-36 labeled hydrochloric acid was then 
added to a mixture of 1.23 Gm. of the base and 4 ml. 
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of distilled water. One drop of methyl red T.S. was 
added; the solution was neutralized with dilute 
hydrochloric acid. This solution was later added to 
the mass during the preparation of the tablet cores. 
Carbon-I4 labeled aspirin was synthesized using 
50 pc. of carbon-14 labeled acetic anhydride and 
salicylic acid A.R. using routine procedures (6). 
The labeled aspirin was  then blended with about 25 
Gm. aspirin C.P. by dissolving both in an ether- 
petroleum ether mixture. The blend was then 
crystallized and dried. The specific activities for the 
respective compounds were 15 pc./Gm. for phenyl- 
ephrine hydrochloride and 45 M./Gm. for aspirin 
prior to dilution. 


Preparation of Tablets.-A batch of 100 core 
tablets, each made to  weigh 405 mg., was prepared 
by using a single punch tablet press fitted with a 
l*/sz-in. die and standard concave punches. Each 
tablet contained 180 mg. of labeled aspirin, 1.3 mg. 
of labeled phenylephrine hydrochloride, and 8.3 
mg. of chlorpheniramine hydrochloride after prep- 
aration by the methods of Nash and Jeffries (7, 8). 
The cores were not compression coated. An 
immediate release portion-additional quantities 
of drugs in lactose-would lend nothing to  the 
evaluation of the sustained-action formula and, 
therefore, was not used. 








Absorption, Metabolism, and Excretion of 
Oxazepam and Its Succinate Half-Ester 


By SIDNEY S. WALKENSTEIN, ROBERT WISER, CATHRYN H. GUDMUNDSEN, 
HAZEL B. KIMMEL, and ROBERT A. CORRADINO 


X A Z E P A M , ~  7-chloro-l,3-dihydro-3-hydroxy- 0 5-phenyl-2H-1,4-benzodiazepine-2-one, has 
been characterized pharmacologically in our lab- 
oratories as an anticonvulsant and mild central 
depressant and is currently under clinical investi- 
gation as an antianxiety agent. 


For oral use in this study we synthesized the 
drug with CL4 at the 2-position. Wy-4426, the 
water-soluble sodium salt of the succinate half- 
ester, was prepared from C*4-oxazepam for par- 
enteral use. 


Oxazepam 


EXPERIMENTAL. 


Synthesis of C1~Oxazepem.-2-Amino-5chloro- 
benzophenone oxime in acetic acid was treated with 
a solution of 2-chloroacetyl-l-CL4 chloride in hexane. 
The mixture was allowed to stand a t  room tempera- 
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ture for 48 hours. Methylene chloride and water 
were then added with mixing, the methylene chloride 
layer was separated, washed with sodium carbonate 
solution, and concentrated in a stream of nitrogen. 
Without isolation the crude 2-chloromethyl-4- 
phenyl-6-chloroquinazoline-3-oxide was treated with 
sodium hydroxide in aqueous ethanol, stirred 1 hour, 
diluted with water, and acidified with HC1. The 
product, 7-chloro-5phenyl-l,3-dihydro-2H-l,4-ben- 
zodiazepine-2-one-4-oxide was separated and re- 
crystallized from aqueous ethanol. Treatment of 
this material with acetic anhydride in acetic acid a t  
90-100" afforded crystals of 7-chloro-5phenyl-3- 
acetoxy - 1,3 - dihydro - 2H - 1.4 - benzodiazepine- 
Zone after cooling. This solid was then hydrolyzed 
with sodium hydroxide in aqueous ethanol and 
oxazepan isolated by dilution with water and 
acidification with acetic acid. Recrystallization 
from hot dimethyl formamide gave a product, m.p. 
204.5 to 205.5', specific activity 2970 disintegra- 
tions/minute/mcg. 


Synthesis of Wy4426.-C*Wxazepam and suc- 
cinic anhydride were heated in pyridine at  95' for 1.5 
hours. The mixture was cooled and diluted with 
ethanol. Addition of water precipitated the pyridin- 
ium salt of the succinate half-ester. The pyridinium 
salt was dissolved in ethanol and treated with sodium 
hydroxide solution to yield the sodium salt of the 
half-ester. The Wy-4426 thus obtained was chro- 
matographed and found by radioautography to have 
a trace of oxazepam. 


Colorimetric Asaay of Oxazepam and Its Glucur- 
onide.-The following method takes advantage of 
the fact that 2-amino-Schlorobenzophenone, the 
product of acid hydrolysis of oxazepam, is quanti- 
tatively extracted from aqueous acid by organic 
solvent and thereby effectively separated from sub- 
stances which may interfere in the Bratton-Marshall 
reaction. The method would appear to be ap- 
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the sample size; there was no concomitant increase 
in the blank. 


Fluorometric Assay of Oxazepam in Urine and 
Serum.-Three milliliters of urine or serum was 
added to 0.5 ml. of capryl alcohol in a 12-ml. centri- 
fuge tube equipped with a standard taper joint and 
polyethylene stopper. The liquids were mixed 
thoroughly by a Vortex mixer. Six milliliters of 
ethylene dichloride was added, and the phases were 
thoroughly mixed by shaking. The tube was centri- 
fuged and the aqueous layer removed by aspiration. 
Four milliliters of the organic layer was transferred 
to a 40-ml. centrifuge tube containing 20 ml. of 
0.1 M KH,PO,; the mixture was shaken. After 
centrifugation, the aqueous layer was removed by 
aspiration, 20 ml. of fresh phosphate solution was 
added, and again the mixture was shaken, centri- 
fuged, and the aqueous layer removed. Three 
milliliters of the ethylene dichloride layer was trans- 
ferred to another tube containing 3.0 ml. 3 N HCI. 
The mixture was then shaken and centrifuged and 
the acid layer transferred to a quartz cell. 


The fluorescence was measured on a Photovolt 
fluorometer equipped with a high-pressure mercury 
lamp, a 200-400 mp broad-band primary filter, and a 
B 540 ( 5 2 M O  mp) broad-band secondary filter. 


Standards were prepared by substituting measured 
volumes of a standard solution of oxazepam in 
ethylene dichloride for an equivalent volume of the 
pure solvent. This preparation was placed in a 
tube containing control urine or serum and was 
carried through the procedure. 


The method described will detect as little as 0.5 
mcg. oxazepani/ml. urine or serum. As in all 
fluorescence analysis, standards used should be 
fairly close in concentration to that of the sample 
being determined. Low blank values were obtained 
in urine and serum, and none of the metabolites inter- 
fered with the test for unchanged drug. Duplicate 
samples agreed within 5%. 


Paper Chromatography.-Samples of urine spotted 
directly and extracts of feces were chromatographed 
on Whatman No. 1 paper in butanol 17, ethanol 3, 
water 20 (upper phase) and butanol 6, pyridine 4, 
water 3. 


After development and drying of the chromato- 
grams, they were either placed in contact with Kodak 
No Screen X-Ray Film for radioautography or were 
sectioned for radioanalysis in a thin-window gas 
flow counter ( Nuclear-Chicago Ultrascaler). 


Radioassay of Biological Samples.-Feces-cecum 
and small intestine-were homogenized and an ali- 
quot was taken for Schoeniger combustion; a 10% 
ethanolamine solution was used as absorbent. An 
aliquot of this solution was added to scintillator 
fluid in a counting vial. Crine was added directly 
to  counting vials containing scintillator made up in 
dioxane-naphthalene-ethanol. Tissue samples, 
other than small intestine and cecum, were dissolved 
in hyamine hydroxide prior to addition of scintilla- 
tor fluid. The samples were then assayed in a 
Packard TriCarb scintillation spectrometer. 


Administration of Dr~g.-C'~-Oxazeparn was 
made up in gelatin capsules for oral administration 
to three fasted female dogs a t  a dose of approxi- 
mately 2 mg./Kg. Plasma samples and urine (by 
catheterization) were taken at various time intervals 
for 120 hours following administration of the drug. 
A suspension of the drug (finely ground) in 1% poly- 


plicdble to  the determination of any benzodiazepine, 
such as chlordiazepoxide. as well as for the rnetab- 
olites of these drugs, which yield 2-amino-5chloro- 
benzophenone on acid hydrolysis. 


0xazepem.-Two milliliters of plasma, urine, or 
homogenates of feces or tissue was shaken in glass 
or polyethylene-stoppered centrifuge tubes with 10 
ml. of ethylene dichloride for 30 minutes on a me- 
chanical shaker. One milliliter of aqueous phase (A) 
was removed for subsequent determination of oxaze- 
pam glucuronide. Eight milliliters of the organic 
phase was transferred to a clean 40-ml. centrifuge 
tube containing 4 nil. 6 N HCI and agitated for 1 
minute on a Vortex, Jr. mixer. The tube was 
centrifuged; 3 ml. of the aqueous phase was trans- 
ferred to a clean 40-ml. centrifuge tube which was 
then heated for 1 hour in a boiling water bath. The 
tube was stoppered after temperature equilibration. 
After removal from the bath and cooling, 15 ml. of 
HIO was added, followed by 10 ml. of CCL. The 
tube was stoppered and shaken mechanically for 
30 minutes. Following centrifugation and removal 
of the aqueous phase, 8 ml. of the organic layer was 
transferred to a clean 40-ml. tube and extracted with 
a mixture of 2 ml. 1 N HCl and 1 nil. freshly prepared 
0.1% NaNO, by agitation for 2 minutes on a Vortex, 
Jr. mixer. Two milliliters of the aqueous phase was 
transferred to a test tube containing 0.5 ml. of 0.5% 
ammonium sulfamate. After mixing and allowing 
2 minutes for complete destruction of nitrite, 0.5 ml. 
of 0.1 % N-( 1-naphthy1)ethylenediamine. 2HCl was 
added, and the contents of the tube mixed. After 
standing for 10 minutes, the sample was read at 
550 nip in a Bausch & Lomb spectronic 20 colorim- 
eter. 


Standards were prepared by shaking 2-1111. por- 
tions of appropriate biological control samples with 
10-ml. ethylene dichloride solutions containing 
known amounts of oxazepam. When assayed, a 
0.5 mcg. /ml. ethylene dichloride solution of oxaze- 
pam gave a reading of 0.05 absorbance units. 


Oxazepam G1ucuronide.-Since no sample of feces 
from species investigated-dog, rat, pig, or man- 
contained this metabolite, this part of the assay of 
feces is unnecessary. To 1 ml. of aqueous phase A 
(from which oxazepam was removed by extraction 
with ethylene dichloride) in a clean 40-ml. centri- 
fuge tube was added 1 ml. concentrated HCI. The 
tube was heated for 1 hour in a boiling water bath 
(stoppered after temperature equilibration). 
Following the addition of 10 ml. of Hs0 to the cooled 
tube, the procedure employed was the same as that 
for oxazeparn following its hydrolysis. 


Standards were prepared by addition of 1-1111. 
solutions of oxazepam in 6 N HCI to 1 ml. ethylene 
dichloride-extracted biological samples from un- 
treated animals. After addition of 1 ml. con- 
centrated HCI to  this mixture, hydrolysis and subse- 
quent treatment followed the procedure for oxaze- 
pam. Treated in this manner, a 5-mcg. solution of 
oxazepam gave a reading of 0.08 absorbance units, 
which was 70% of the value obtained by direct 
coupling of an equivalent amount of 2-amho-5- 
chlorobenzophenone. The absorbance-concentra- 
tion curve was linear up to 30 mcg. of oxazepam, and 
replicate samples agreed within 5%. Because of 
negligible blanks, it was possible to  detect as little 
as 0.25 mcg. of oxazepam in theassayforglucuronide. 
Lower concentrations were determined by increasing 







Vol. 53, No. 10, October 1964 


TABLE I.-DDoG PLASMA LEWLS~ OF (2" AFTER A 
SINGLE OPAL DOSE OF clcoXAZEPAbS 


A B C Av. 
Dog Wt.. 11.0 11.8 9.5 
Dose, mg. 23.0 25.0 20.0 


30 min. 0 0 0.20 0.07 
1 hr. 0 0 0.67 0.22 
2 hr. 0.28 0.07 2.34 0.90 
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Plasma Levels in Dogs.-Table I gives plasma 
levels of Ct4 in three dogs after an oral dose of C1'- 
oxazepam. Dog C showed the most rapid uptake 
of drug and also peaked earlier than the other two 
dogs. Peak levels were reached at from 4 to 6 
hours in all three dogs. Radioactivity persisted in 
the blood of all three dogs for 48 hours and in two of 
the dogs for 120 hours, although the levels present 
at these times were insignificant. 


Table I1 gives C14 plasma levels in dogs following 
an intravenous dose of Wy-4426. Peak levels were 
reached within the first 15 minutes after injection; 
radioactivity, although not a t  appreciable levels, 
persisted in the plasma of all three dogs for 48 hours 
and in two of the dogs for 72 hours. It should be 
noted that from the fourth hour the data closely 
corresponded with that obtained with oxazepam. 
Urinary Excretion in Dogs.-Following an oral 


dose of CL4-oxazepam. amounts of C14 excreted at 
varying time intervals in urine corresponded roughly 
with its blood level (Table 111). By the twenty- 
fourth hour each dog had excreted about three- 
fifths of the dose. All the dogs continued to excrete 
detectable amounts of C14 up to 96 hours, but vir- 
tually none beyond this time. 


After i.v. administration of Cl4-labeIed-Wy-4426, 
a peak rate of urinary excretion of about 15%/hour 
occurred for the first 30 minutes (Table IV). Sixty 
per cent of the drug was excreted by the twenty- 


TABLE III.-EXCRETION~ OF C14 AFTER A SINGLE 
ORAL DOSE OF c14-oXAZEPAM TO DOGS 


HI. A B C Av. 


Urine 
0.5 0 0 0 0 
1 0.01 0 0.50 0.17 


4 hr. 
6 hr. 
24 hr. 


- ~- 
1.62 0.79 2.2- 1.50 
1.53 1.43 1.15 1.37 
0.12 0.54 0.14 0.27 


48 hr. 0.06 0.06 0.01 0.04 
120 hr. 0.01 0.04 0 0.02 


a Expressed in mcg./ml. of equivalent oxazepam. 


TABLE lI.-DoG PLASMA LEVELS- OF el4 AFTER A 
SINGLE INTRAVENOUS DOSE* OF C14-Wy-4426 


A B C Av. 
Dog Wt. .Kg .  8 .8  11.7 10.0 


15 min. 21.4 10.5 16.1 16.0 
30 min. 19.1 8.15 11.9 13.1 
1 hr. 11.4 5.05 9.25 8.57 
2 hr. 3.09 2.76 5.00 3.62 
4 hr. 1.23 1.35 1.99 1.52 
6 hr. 1.14 1.09 1.50 1.24 
24 hr. 0.14 0.20 0.18 0.17 
48 hr. 0.08 0.27 0.09 0.14 
72 hr. 0 0.10 0.10 0.07 


a Expressed in mcg./ml. of equivalent oxazepam. Dose 
was equivalent to 1.92 mg./Kg. of oxazepam. 


sorbate SO* was prepared containing 0.4 mg. 
oxazepam/ml. This suspension was administered 
by stomach tube at a dose of 2 mg./Kg. to  fasted 
white male rats weighing between 250 and 370 Gm. 


For parented  administration Wy-4426 was made 
up in physiological saline so that 1 ml. of solution 
contained the equivalent of 3.84 mg. of oxazepam. 
The dose was such that animals received an amount 
equivalent to a dose of 1.92 mg./Kg. oxazepam. 
The solution of Wy-4426 was given i.v. to three fasted 
female dogs. Urine (by catheterization) and plasma 
samples were drawn at intervals up to  72 hours. 
The solution was also injected i.m. into fasted male 
white rats at a dose of 1.92 mg./Kg. For the collec- 
tion of feces and urine, all rats were kept in me- 
tabolism cages until sacrificed in groups of three 
a t  intervals up to 48 hours. 


A similar dose of oxazepam was given p.0. to an 
8.7-Kg. pig and Wy-4426 was given i.m. to a 6.7-Kg. 
Pig. 


A 60-mg. dose of oxazepam was given p.0. to each 
of two humans-one a healthy male (V. M.) and the 
other a female with sickle cell anemia, rheumatic 
heart disease. and rheumatic fever (A. R.). 


RESULTS 


A preliminary study was carried out in which un- 
labeled oxazepam, at doses of 5 to  10 mg./Kg., was 
given orally and parenterally to female dogs. Only 
after administration by the i.v. route could appre- 
ciable levels of unchanged drug be demonstrated in 
plasma. Examination of urine bore out these re- 
sults; only 1 to 2% of metabolically unaltered drug 
could be found. Accordingly the CL4-labeled drug 
was employed in further studies. 


* Marketed as Twcen 80 by the Atlas Powder Co , Wil- 
mingon. Del. 


2 4.25 0.11 6.65 3.67 
4 11.20 2.03 24.95 12.73 
6 27.10 8.75 32.86 22.90 


24 62.50 57.15 57.61 59.09 
48 69.03 68.85 61.35 66.41 
96 70.33 70.65 61.85 67.61 


120 70.41 70.65 61.86 67.64 
Feces 


24 8.68 38.10 23.39 
48 31.50* 19.93 41.66 31.03 
96 34.58 24.81 42.90 34.90 


144 35.54 27.21 44.08 35.61 


0 In cumulative per cent of dose. 0-48 hours. 


TABLE IV.-EEXCRETION~ OF C14 AFTER A SINGLE 
INTRAVENOUS DOSE OF CI4-Wy-4426 TO DOGS 


HI. A B C Av. 


Urine 
0.25 . . . 4.36 1.71 3.02 
0.5 5.36 7.48 8.91 7.25 _ .  


1 9.21 12.23 13.15 11.53 
2 14.01 20.98 18.50 17.83 
4 24.71 32.08 33.36 30.05 
6 31.30 42.98 42.16 32.15 


24 44.01 65.41 72.80 60.77 
48 45.06 78.08 77.03 66.72 
72 45.06 79.03 78.12 ' 67.40 


Feces 
24 39.0 0 0.1 13.0 
48 44.5 11 2 18.8 24.5 
72 44.5 23 5 22.4 30.4 


(I l o  cumulative per cent of dose. 







1184 


fourth hour and an additional 6% by the forty- 
eighth hour. When the experiment was terminated 
a t  72 hours, somewhat over two-thirds of the dose 
had been excreted in urine. 


Fecal Excretion in Dogs.-That part of the dose 
not accounted for by urinary excretion appeared in 
feces (Tables 111 and IV). There appeared to  be 
considerable individual variation in the amounts 
excreted in feces with both forms of the drug; 
animals receiving oxazepam ranged from about 20 
to 42% of the dose in feces in 48 hours, and those on 
Wy-4426 ranged from 11 to 45% in the Same 
period. 


Rat Tissue Levels.-Table V summarizes the 
levels of Cl4 in tissues and excreta of rats dosed orally 
with Cl'-oxazepam. A more rapid uptake can be 
noted than was apparent in the dogs (each evidenced 
C14 in all tissues in the first 30 minutes). Con- 
tributing to  this more rapid uptake might be the 
effect of liquid volume on increasing the rate of 
gastric emptying, and of polysorbate 80 and fine 
particle size on absorption. Values for liver ex- 
ceeded those for all other organs outside the gastro- 
intestinal tract for up to 6 hours. Liver, however, 
showed no tendency to accumulate drug, as indicated 
by the rapid decline in radioactivity after the 30- 
minute peak and the virtual clearance of C" from 
this organ by the twenty-fourth hour. 


There was apparently good uptake by all organs 
examined and fairly rapid clearance from many by the 
sixth hour. Continued appearance of low levels of 
activity in kidney and several other organs may be 
accounted for by reabsorption from gut of drug or 
metabolites. 


In contrast to the dog, the rat  appeared t o  favor 
the fecal route for excretion of drug and metab- 
olites, since about 1.5 to four times as much 
radioactivity appeared in the feces of the rat as in 
the urine by 48 hours. At the end of the same period 
the dog had excreted twice as much in urine as in 
feces (Table 111). 


Within 30 minutes of injection of CWabeled- 
Wy-4426, half the dose was absorbed from the intra- 
muscular injection site (Table VI). By the twenty- 
fourth hour, no drug remained at the injection site 
in the three animals of that group. 
Peak levels occurred in plasma within 30 minutes 


of injection. Except for the gastrointestinal tract, 
only liver and kidney exhibited higher values than 
the general average for all organs. These higher 
levels did not persist beyond the first hour, and at 
24 and 48 hours, liver and kidney contained amounts 
of CI4 comparable to  over-all organ averages. Small 
intestine remained high for the first 6 hours, but by 
48 hours, small intestine was free of drug and me- 
tabolites. 


Excretion of Wy-4426 and metabolites was accom- 
plished largely Via the fecal route, which accounted 
for over two-thirds of the dose in 4 8  hours. During 
this period, less than one-fifth of the dose was ex- 
creted in urine. This urine to  feces ratio, similar 
to that in the oxazepam rats, was the reverse of the 
ratio obtained in dogs. 


Metabolism.--Virtually all of the radioactivity in 
the urine of dogs dosed with C14-oxazepam was found 
in a single metabolite (Fig. 1). Treatment of this 
urine with propionic anhydride in pyridine resylted 
in the quantitative conversion of this metabolite to a 
new substance. On the chromatograms this detoxi- 
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almost all the radioactivity appearing in oxazepam 
glucuronide. Traces of radioactivity were dis- 
tributed among four or five additional metabolites. 


Disposition of Oxazepam in Humans.-As seen in 
Table VII. plasma levels peaked at 4 hours and per- 
sisted for at least 48 hours in both subjects following 
a single oral 60-mg. dose. Only one plasma sample, 
48 hour of A. R., contained glucuronide in addi- 
tion to unchanged drug. As in dog and pig, the 
urine of both subjects contained only glucuronide, 
and the feces (V. M.) only unchanged drug. 


urine (Fig. 1). Two of these were identified as un- 
changed Wy-4426 and oxazepam. When this urine 
was subjected to mild acid hydrolysis, Wy-4426 was 
converted to  oxazepam, but the glucuronide was 
relatively unaffected. When the urine was treated 
with glucuronidase instead of acid, only Wy-4426 and 
oxazepam remained. Chromatograms of rat urine 
(Fig. 2) indicated more complex biotransformation 
of both drugs in this species; a t  least seven distinct 
metabolites were evident. Pigs appeared to  me- 
tabolize oxazepam and Wy-4426 like dogs (Fig. 3); 


Pharmacology and Toxicology of Lutetium Chloride 
By THOMAS J. HAL.EY, N. KOMESU, M. EFROS, L. KOSTE, and H. C. UPHAM 


The pharmacological and toxicological properties of lutetium chloride have been 
investigated. The  intra eritoneal and oral LDw’s were 315 and 7.1 mg./K re- 
spectively. Studies of =ironic  toxicity showed no effect o n  growth and the 8imo- 
gram or any internal organ changes at autopsy. Transient ocular irritation was ob- 
served, and the chemical produced extensive scar formation when applied to abraded 
skin. Nodules were formed at the site of intradermal injection. Pharmacolo ical 
studies showed the chemical to be a depressant o n  all systems studied. Deat t  re- 
sulted from cardiovascular colla se coupled with respiratory aralysis. Such effects 


could not be counteractes by atropinization or epineptrine injection. 


ECENTLY, there has been considerable interest 
in the chemistry of the rare earths and their 


employment as alloying agents (1-3). Studies of 
their biological effects have not been comparable, 
particularly concerning the heaviest member of 
the series, lutetium. Spode (4) employed Lull‘ 
for interstitial radiotherapy in guinea pigs. 
Snyder el al. (5) showed that intravenous in- 
jection of lutetium chloride did not increase liver 
lipids like cerium did. Durbin et al. (6) reported 
that  50 to 65% of an injected dose of lutetium de- 
posited in the skeleton and the extraskeletal bur- 
den was excreted in the urine within 2 weeks. 
Schepers et al. (7-9) studied the effects of mix- 
tures of rare earth oxides or fluorides on the 
lungs; although damage did occur, the exact ele- 
ment involved could not be pinpointed because a 
mixture was used. Bruce et al. (10) reported 
that the intraperitoneal LDs’s for lutetium nitrate 
in female mice and rats were 290(259-325) and 
335(294-382) mg./Kg., respectively. Inasmuch 
as the above reports constitute the bulk of the 
known effects of lutetium, a more extensive in- 
vestigation of the pharmacology and toxicology of 
this element has been undertaken 


METHODS AND MATERIALS 
The intraperitoneal LDm was obtained with 60 


male CFI mice and the oral LDm with 50 male 
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CFI mice. Chronic toxic effects of the element were 
studied by including 0.01, 0.1, and 1.0% of the com- 
pound in the diet and feeding it over a period of 90 
days to three groups of CRW rats. Each group 
contained six males and six females. Observations 
were made every 2 weeks of total erythrocytes, 
total leukocytes, differential cell count, platelets, 
hemoglobin, hematocrit, and body weight. Upon 
completion of the study, histopathological examina- 
tion was made of the heart, lung, liver, kidney, 
spleen, pancreas, adrenal, and small intestine. 
The method of Draize el al. (11) was used to study 
ocular and skin irritation in rabbits and intradermal 
irritation in guinea pigs. In the ocular studies two 
rabbits were used; each animal had one eye exposed 
to 0.1 ml. of a 1:l aqueous solution of compound, 
while the other eye served as a control. Rabbit 
skin irritation studies used six animals according to 
the design of Draize el al. (11). Three guinea pigs 
were used for the compound in the intradermal 
series; the concentrations were 1 : 10, 1 : 100, 
1 : loa, 1 : lo4, 1 : lo5, and 1 : 108. Histopathological 
examination was made of the skin areas injected 
with the 1 : 10’ concentration. Effects of the chemi- 
cal on guinea pig ileal strips bathed in Locke- 
Ringers solution were studied in a thermostatically 
regulated 25ml. bath using the Trendelenburg 
method (12). Studies were also made on the isolated 
rabbit ileum in the presence of either 2.5 mcg. of 
acetylcholine or 0.5 mcg. of nicotine. Ten cats of 
both sexes, weighing 2.34.18 Kg., were anesthetized 
with 0.5 ml./Kg. of Dial-urethane intraperitoneally. 
A six-channel Offner Dynagraph with Statham 
transducers was used to  record carotid arterial 
pressure, respiration, nictitating membrane con- 
traction, ECG lead 11, femoral arterial pressure, 
and femoral arterial flow. The latter was obtained 
with a 25ml. Shipley-Wilson flowmeter (13). 
Preganglionic stimulation of the cervical sympathetic 
fibers and the contralateral vagus fibers was ac- 
complished with a Grass model S-4 stimulator at 
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Scheme 111 


The 2-methylenecyclohexanone shown in the 
postulated reactions appears to dimerize and re- 
arrange according to the pathway suggested by 
Warnhoff and Johnson (5). 


Pharmaceutical Consideration.-The immediate 
practical application of this study was in the elimina- 
tion or control of factors affecting the rate of break- 
down of a parenteral preparation for clinical pharma- 
cological work. The pH of an aqueous solution of 
compound MA1050 is 5.0. The kinetic data indi- 
cated that a solution a t  this pH could not be steri- 
lized by autoclaving, nor could a sterile solution be 
prepared aseptically and stored even at refrigeration 
temperature for reasonable lengths of time without 
appreciable breakdown. Formulation considera- 
tions were therefore directed to  the prepasation of a 
sterile lyophilized powder. 


SUMMARY 


A Mnnnich base, 2-( 4-phen yl-I-piperaziiiylinethyl) 
cyclohexanone, was susceptible to hydrolytic attack 
at its niethylene-nitrogen linkage. The breakdown 
products were isolated and characterized as N- 
phenylpiperazine and the hydrated dimer of 2- 
rnethylenecyclohexanone. 


A kinetic study of the hydrolysis reaction in buffer 
solutions of pH 1.1 to 5.5 and factors influencing it 
are reported. The hydrolysis was pseudo first order 
in nature and was specific acid and general base 
catalyzed. The pH profile showed the compound to 
have maximum stability in solution at p H  2. A t  
pH values other than 2, ionic concentration of the 
medium affected the rate. The energy of activa- 
tion for the hydrolysis in buffered aqueous solutions, 
uncorrected for the heat of ionization of water, 
was 27.3 Kcal./mole. In view of the uncertainty 
of the hydrogen or hydroxyl ion dependency, no 
rate equation is given. However, two probable 
pathways for the hydrolysis are suggested. 


Knowledge from the evaluation of stability factors 
influencing compound MA1050 was applied to  
pharmaceutical considerations with the develop- 
ment of a lyophilized product as the most stable 
dosage form. 
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, D r u g  Standards- 
Qualitative and Quantitative Tests 


for Chloral Betaine 
Provisional, unotlicial monographs are developed by the Dru Standards Laboratory, 
in coo eration with the manufacturers of the drug concern2, for publication i n  the 
Jownafoj  Pba-cerrticalScimcrz. The ready availability of this information affords 
discriminating medical and pharmaceutical practitioners with an added basis for 
confidence in  the quality of new drug products generally, and of those covered by the 
monographs particularly. Such monographs will ap ear on drugs representing new 
chemical entities for which suitable identity tests antassay procedures are not avail- 
able in the published literature. The  urity and assa limits reported for the drugs 
and their dosage forms are based on ofsewations m a l e  on samples representative of 
commercial production and are considered to be reasonable within expected analyti- 


cal and manufacturing variation. 


HLORAL HYDmTE-betaine adduct; C7HI,Cls- as 


H 


ClsC-c 


C NOc; mol. wt. 282.55. The structural 
formula of chloral betaine may be represented 


Received March 13, 19fl4, from the Drug Standards 
Laboratory, AMERICAN PHARMACEUTICAL A~SOCIATION 'OH FOUNDATION, Washington, D. C. 


Accepted for publication April 6. 1964. 
Mead Johnson and CO. .  Evansville. Ind.. has cooperated by 


furnishing samples and data to aid in the development and 


C-CH,-fi( CH3)a 
O N  


Physical Rqpfies.-Chloral betaine occurs as a 
preparation of this monograph. white, crystalline powder having a faint aromatic, 
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and allow the mixture to  stand for 2 minutes. Add 
phenolphthalein T.S. and titrate the residual 
alkali at once with 0.1 N hydrochloric acid. Each 
milliliter of 0.1 N sodium hydroxide is equivalent 
to 16.54 mg. of CZH~CI~OS. The amount of chloral 
hydrate found is not less than 567, and not more 
than 59.5%. 


DOSAGE FORMS O F  CHLORAL BETAINE 


Chloral Betaine Tablets 
Identity Tests.-Remove the film coating from 


one chloral betaine tablet by cutting with a sharp 
blade or by shaking with chloroform for about 1 hour 
and triturate the tablet to a fine powder. The infra- 
red spectrum of a 0.5% dispersion of the powdered 
tablet in potassium bromide, in a disk of about 0.82 
mm. thickness, corresponds to that of chloral bebine 
(Fig. 1). 


Assay.-Transfer 10 whole tablets to  a 200-ml. 
volumetric flask, add 160 ml. of water, and shake 
mechanically for 45 minutes or until tablet disinte- 
gration is complete. Add water to  volume and mix. 
Filter, rejecting the first portion of filtrate. Pipet 
a portion of the filtrate, equivalent to about 250 mg. 
of chloral hydrate, into a 125-ml. conical flask. 
Add 20.0 ml. of 0.1 N sodium hydroxide and allow 
the mixture to  stand for 2 minutes. Add phenol- 
phthalein T.S. and titrate the residual alkali at 
once with 0.1 N hydrochloric acid. Each milliliter 
of 0.1 N sodium hydroxide is equivalent to 16.54 
mg. of CSH.ICI~O%. The amount of chloral hydrate 
found is not less than 95% and not more than 110% 
of the labeled amount. 


Fig. l.-Infrared spectrum of chloral betaine in 
potassium bromide disk (0.5%). Perkin-Elmer 
model 21 spectrophotometer; sodium chloride 
pnsm. 


penetrating, slightly acrid odor characteristic of 
chloral hydrate and a slightly bitter taste, m.p. 122- 
124.5". U.S.P. XVI Class Ia. I t  is very soluble in 
water, freely soluble in alcohol, and very slightly 
soluble in chloroform. 


Identity Tests.-Warm chloral betaine with a few 
drops of aniline and of sodium hydroxide T.S. : the 
mixture has the intensely disagreeable odor of 
phenyl isocyanide. (Caution: poisonous.) 


The infrared spectrum of a 0.5% dispersion of 
chloral betaine in potassium bromide, in a disk of 
about 0.82 mm. thickness, is shown in Fig. 1. 


Purity Tests.-Char about 1 Gm. of chloral be- 
taine, accurately weighed, cool the residue, add 1 mi. 
of sulfuric acid, heat cautiously until evolution of 
sulfur trioxide ceases, ignite, cool, and weigh: the 
residue does not exceed 0.2%. Retain the residue 
for the heavy metals test. 


Dissolve the sulfated ash obtained from 1 Gm. of 
chloral betaine in a small volume of hot nitric acid 
and evaporate to dryness on a steam bath. Dissolve 
the residue in 2 ml. of diluted acetic acid, dilute to 
25 ml. with water, and determine the heavy metals 
content of this solution by the U.S.P. XVI heavy 
metals test, method I: the heavy metals limit for 
chloral betaine is 20 p.pm. 


Determine the water content of chloral betaine by 
the titrimetric (Karl Fischer) method: chloral betaine 
contains not less than 5.85% and not more than 
7.35y0 water. 


Assay.-Behzne.-Transfer about 200 mg. of 
chloral betaine, accurately weighed, to a 200-ml. tall- 
form beaker and dissolve in 50 ml. of glacial acetic 
acid. Add 5 ml. of acetic anhydride, 1.5 to 2 ml. of 
a 1 in 5OOO solution of p-naphtholbenzein in glacial 
acetic acid, and titrate with 0.1 N acetous per- 
chloric acid. Perform a blank titration and make 
any necessary correction. Each milliliter of 0.1 N 
perchloric acid is equivalent to 11.72 mg. of 
CsHnNOr. The amount of betaine found is not 
less than 4070 and not more than 44%. 


Chloral Hydrate.-Transfer about 500 mg. of 
chloral betaine, accurately weighed, to a 125ml. 
conical flask and dissolve in 25 ml. of water. Add 
25.0 ml. of 0.1 N sodium hydroxide, swirl to  mix, 


DISCUSSION 


U.S.P. and N.F. terminology for solubility, 
melting range, reagents, etc.. have been used 
wherever feasible. 


Chloral betaine,l a chemical complex of chloral 
hydrate and betaine, is an oral sedative and hypnotic 
compound. 


Quantitative Methods.-The quantitative meth- 
ods provided are simple to perform and possess 
sufficient accuracy and precision for their intended 
purposes. Titrimetric determination of the water 
content gave an average value of 6.34 f 0.10%.* 
Nonaqueous titration of this compound with acetous 
perchloric acid gave an average value equivalent to 
41.2 + 0.1% betahe. Acidimetric determination of 
the chloral hydrate content gave an average value of 
58.8 f 0.1%. Analysis of commercial tablets 
gave an average value of 102.3 f 0.037, based on 
the chloral hydrate content. 


1 Marketed as Beta-Chlor by Mead Johnson nnd Co.. 
Evansville, Ind. 


Maximum deviation from the mean value. 
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TABLE  COEFFICIENTS OF VARIATION CALCU- 


AND PER CENT ABSORBED DATAO 
LATED FROM SERUM SALICYLATB CONCENTRATION 


Time, First Test Second Test Combined Tests 
Min. S.S. P.A. S.S. P.A. S.S. P.A. 
16 69 66 94 105 8.3 90 


Journal of Pharmaceutical Sciences 


greater homogeneity of absorption data (compared to 
blood level data) in the present study can be attrib- 
uted to the similarity of volumes of distribution 
among the test subjects and also the rapid gastro- 
intestinal absorption (compared to elimination) of 
aspirin. The chance exists also that in this rela- 
tively small group of subjects a fortuitous Occurrence 
of opposite effects in any given subject may have 
dampened the blood level variations. In general, 
however, and particularly in situations where a 
greater diversity of V and K values is encountered 
and where Ra is not much greater than K, the use of 
actual absorption values should yield more homo- 
genous data than are obtained by use of blood level 
values. This would permit a more sensitive statis- 
tical comparison of drug absorption from different 
dosage forms and would provide a more direct 
indication of absorption rates. 
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_. .. .. .~ ~ . .  _ _  ._ 


30 53 51 44 52 48 51 
60 34 22 28 28 25 25 
90 19 13 18 15 18 14 


“S.S., Coefficients based on serum salicylate concentra- 
tion; P.A., coefficients based on per cent absorbed. 


tion, where plasma albumin concentration is greatly 
reduced (15). I t  is also to be expected that correla- 
tion of blood level and per cent absorbed data would 
be poor when drug absorption rate is not consider- 
ably higher than the rate of drug elimination (as- 
suming that elimination rate shows the usual inter- 
subject variability). 


From a similar point of view, i t  is of interest to 
compare the homogeneity of per cent absorbed 
values to that of blood level data. Considering the 
possible intersubject variations in volume of distribu- 
tion and elimination rate, one would expect that 
actual absorption data would be more homogenous 
than blood level data (which would reflect also the 
variations in V and K values). As shown in Table 
I, coefficients of variation of blood level data and of 
absorption data obtained in the present study were 
generally the same, except for the greater homo- 
geneity of absorption data when absorption was near 
completion (90 minutes). The latter tendency re- 
flects the intersubject differences in elimination 
rates, which become most apparent in the post- 
absorption period. The reawns for the lack of 
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with Members of the 
Tetracycline Family I 


Introduction 


By EDWARD G. REMMERS, WILLIAM C. BARRINGER, GEORGE M. SIEGER, 
and ALBERT P. DOERSCHUK 


Metal-acid complexes with a number of members of the tetracycline family have 
been prepared for chemical and biological evaluation. The  studies reported here 
indicate that these preparations exhibited properties not displayed by the uncom- 
plexed antibiotic. The  most interesting prOpeKieS characteristic of selected com- 
plexes in  this series include enhanced solubility at pH 4.0-7.0, enhanced alkaline 
stability, reduced acute toxicity, reduced tissue irritation and rapid tissue diffusion, 


and enhanced blood levels. 


HIS PUBLICATION is the fmt in a series de- 
Tscribing the pharmaceutical properties of 
metal-acid complexes with members of the tetra- 
cycline family. The experimental data reported 
.___ 


Received May 14. 1964, from the Pharmaceutical Product 
I )evelopment Section, Lederle Laboratories, American 
Cyanamid Co.. Pearl River. N. Y. 


Accepted for publication July 20, 1964. 
6-Demethylchlortetracycline. chlortetracycline. and tetra- 


cycline are marketed a s  Declomycin. Aureornycin. and 
Achromyrin, respectively, by the American Cyanamid Co., 
Pearl River, N. Y. 5-Hydroxytetracycliae is  marketed as  
Terramycin by the Chas. PBzer Co., New York. N. Y. 


in this and subsequent publications have been 
obtained over the last 5 years through the co- 
operative efforts of a large number of investiga- 
tors. 


Many metal-acid complexes have been pre- 
pared having the following general formula: 
(tetracycline - group antibiotic) - (a1uminum)a- 
(ca1cium)b-(gluconic acid)c, where a ,  b, and c 
vary widely. As the molar ratios of the con- 
stituents are varied, the pharmaceutical proper- 
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ties, which are not displayed by salts of these ments to a common standard and to conform to pre- 
vious work. as reported by Kunin and Finland (2) 
and Sweeney et al. (3). Thus, all blood levels are 


effort with these comp*exes has been devoted to reported in terms of tetracycline.HC1 equivalents. 
investigation of the effects of different molar L D ~  Dete&atims.-The method used for esti- 
ratios on pharmaceutical properties and to  deter- mating the LDm values has been described by Reed 
mination of the minimum molar ratios of con- and Muench (4). Swiss albino mice (Taconic 


graduated so that more than 50% of the mice re- 
sired properties. ceivinn the hiphest dosane succumbed. and more 


antibiotics, also vary. Much of the 


stituenb in the complex which still give the de were caged in groups Of lo each; dosage was 


EXPERIMENTAL 


Preparation of Metal-Acid Complexes. ’-The 
aluminum-acid complex was first prepared by adding 
aluminum isopropoxide to a solution of the acid in 
water or other suitable solvent to give the desired 
molar ratios. The resulting mixture was stirred 
overnight until an essentially clear solution was ob- 
tained. The antibiotic was then added as the base 
or hydrochloride, and stirring was continued until a 
clear solution was obtained. If a second metal, such 
as calcium or magnesium, was to  be incorporated 
into the complex, the appropriate amount of the 
metal oxide was added, and the mixture was stirred 
until a clear solution was obtained. The pH of the 
mixture was elevated to 5.0-7.0 with concentrated 
NaOH if necessary, and the solution was filtered to 
remove traces of unreacted solids. The complex was 
recovered by lyophilization or by solvent precipita- 
tion in 1&20 vol. of a 2: 1 isopropanol-petroleum 
ether (b.p. 60-68”) mixture. The resulting precipi- 
tate was aged for 30 minutes or longer, collected by 
filtration, washed with isopropanol, and dried in 
vacuo over phosphorus pentoxide at 30-40’. 


Solubility Determinations.-The complexes were 
added to distilled water a t  a level of about 50 mg./ 
ml. of antibiotic with stirring at room temperature. 
The pH of the solution was adjusted with either 5 N 
HC1 or saturated NaOH. The solution was stirred 
for approximately 0.5 hour, during which the pH was 
readjusted to the desired level if necessary. I t  was 
then filtered; the filtrate was diluted in water and 
read in a Cary U.V. spectrophotometer to determine 
the solubility of the antibiotic. 


Blood Level Studies.-Mongrel dogs of each sex, 
weighing 40 to 60 lb., were divided into groups of 
three, assigned so that the average body weight of 
each group was approximately the same. The anti- 
biotic preparations were dissolved in distilled water 
to give a concentration of 25 to 50 mg. antibiotic/ 
ml. and were injected intramuscularly into the biceps 
femoris. Blood samples were withdrawn from the 
cephalic vein at 1, 4, 7, and 24 hours following ad- 
ministration of the antibiotic. The samples were 
allowed to clot, ringed, and centrifuged. The clear 
serum was pipeted from the clot and assayed in du- 
plicate microbiologically as tetracycline.HC1, using 
B. cereus as the test organism. The details of this 
assay procedure have been reported from these labo- 
ratories (1). The area under the blood level-time 
curve from 0 to 24 hours was computed and reported 
as area under the curve (AUC). 


In all blood level experiments, a tetracycline.HC1 
standard was used in all serum assays. This proce- 
dure was followed to reduce all blood level experi- 


than 50% survived the lowest dose. The prepara- 
tion to  be tested was dissolved in distilled water a t  
levels such that 0.5ml. and 0.2-1111. quantities could 
be administered by intraperitoneal and intravenous 
routes, respectively. The intravenous dose was in- 
jected over an interval of 5-7 seconds. The mice 
were observed daily for a 6-day test period. 


Rabbit Intradermal Irritation Test.-Rabbits 
weighing 4-6 Kg. were used, usually with three rab- 
bits per group. On the day before the test, the ab- 
domen of each rabbit was clipped with an electric 
clipper. Immediately before injection, the rabbits 
were anesthetized by administration of sodium 
pentobarbital into the marginal ear vein at a dose of 
0.2 ml. of a 6% solution per pound of body weight. 


Solutions of two chlortetracycline standards 
(class I “good” and class IV “bad”) and two experi- 
mental preparations were made a t  a concentration 
of 50 mg. antibiotic in 10 ml. of pyrogen-free distilled 
water. One-milliliter tuberculin syringes were 
fitted with No. 27 gauge needles with intradermal 
bevels. One-tenth of a milliliter of each of the four 
solutions was injected as superficially as possible, 
just lateral to  the mammary glands and away from 
the movable skin near the front and bind legs. A 
separate needle and syringe were used for each 
preparation. The injection sites were examined 16 
to 20 hours after injection. The reactions of the 
test solutions were then compared to the good and 
bad standards. An average rating was computed 
from the results obtained with three rabbits. Prep- 
arations must have a class I (good irritation) rating 
before they may be used in parenteral and topical 
products. 


RESULTS AND DISCUSSION 


Table I lists some of the antibiotics, metals, and 
acids used in these complexes. To date, every 
tetracycline antibiotic tried in these preparations 
has undergone complex formation. Of the various 


TABLE ~.-ANTIBIOTICS, METALS, A N D  ACIDS USED 
I N  METAL-ACID COMPLEXES 


Antibiotics Metals Acids 
Chlortetracycline Aluminum Gluconic 
6-Demethylchlor- 


tetracycline Calcium Metaphosphoric 
Tetracycline Magnesium Pyrophosphoric 
Oxytetracycline Iron Polyphosphoric 
6-Demet hyltetra- 


cycline Tungsten Orthophosphoric 
6-Deoxy-6-de- 


methyltetra- 
cycline Uranium Lactic 


6- Deoxytetra- 
cvcline Boric 


O-Amino%de- 
1 The procedures employed in preparing these complexes 


are described more fully by Ritter. I . . .  U. S. pat. 2,736.725 
and by Sieger, G .  M., and Weidenheimer, J. F., U. S. pat. 
3,053,892. 


OXytetraCyCline 







1454 


TABLE II.-PHARMACBUTfCAL PROPERTIES OF 
METAL-ACID C O M ~ E X E S  


( a )  Increased solubility in the pH range of 4.e7.0. 
( b )  Enhanced alkaline stabilitv. 


Journul of Phurmaceutual Sciences 


calcium into the complex. When DMCTC-alumi- 
num-gluconate complexes are prepared with gradu- 
ated amounts of calcium in the complex, the solu- 
bility on the alkaline sideof neutra1:ty is depressed. 


Enhanced Alkaline Stability.-The enhanced alka- 
line stability of aluminum-gluconate complexes with 
graduated amounts of calcium has been reported by 
Remmers el al. (6), where the incorporation of 1.0 or 
more molar parts of calcium into the complex mark- 
edly increased the alkaline stability of most, but not 
all, of the tetracycline antibiotics. Of those tested 
to date, only chlortetracycline is unusual since 
studies with this antibiotic have repeatedly failed 
to demonstrate greatly enhanced alkaline stability. 


Acute Toxicity.-Prior to  extensive biological 
evaluation of these complexes, representative prepa- 
rations were submitted for acute toxicity studies in 
mice. Table I11 presents the LDm determinations 
for DMCTC.HC1 and three selected DMCTC- 
metal-acid complexes in mice following intraperi- 


( c )  Reduced acute toxcity. - 
( d )  Reduced tissue irritation and rapid tissue dif- 


(e) Enhanced blood levels. 
fusion. 


metals used, aluminum, calcium, magnesium, and 
iron have produced the most interesting pharma- 
ceutical properties. Unfortunately, complexes con- 
taining iron have a relatively dark color due to re- 
action of iron with a phenolic hydroxyl group of the 
antibiotic. As a result, a major portion of effort was 
devoted to complexes with the other metals. Of the 
various acids employed to date, polyhydroxy acids 
and phosphorus-containing acids have given the 
most interesting results. In preparing metal-acid 
complexes, the two following criteria have been em- 
ployed in determining if complex formation has oc- 
curred: ( a )  changes in the ultraviolet absorption 
spectrum and (b) solubility behavior in the region of 
pH 4.0-7.0. 


If complex formation has occurred. the ultraviolet 
absorption peak in the 355-370 mp region, due to  the 
C-7 to  C-12 chromophore (5). is shifted to longer 
wavelengths. The complex will also remain in solu- 
tion in the region of pH 4.0-7.0, where simple salts of 
the tetracycline family are hydrolyzed, and the 
neutral form of the antibiotic precipitates from solu- 
tion. 


The important pharmaceutical properties that 
have been observed with selected preparations are 
shown in Table 11. Each property will be discussed 
in detail. 


Increased Solubility.-Compared to the uncom- 
plexed antibiotic, metal-acid complexes generally 
are more soluble in the pH range of 4.0 to  7.0, in 
which many pharmaceutical preparations are for- 
mulated. Figure 1 compares the pH solubility 
curve for 6-demethylchlortetracycline (DMCTC) to 
the corresponding curves for two DMCTC-metal- 
acid complexes. Over the pH range of 3.0 to 7.0, 
the uncomplexed antibiotic is soluble to  the extent 
of 3 to 7 mg./ml. In contrast, the DMCTC com- 
plexes exhibit comparatively high solubility over 
this pH range. The solubility of DMCTC-alumi- 
num-gluconate (molar ratio 1 :4:6.6) exceeds 50 
mg./ml. of antibiotic over the pH range of 2.0 to 
10.0. The pH solubility curve for DMCTC-alumi- 
num-calcium-gluconate (molar ratio 1 : 4: 2: 12) in- 
dicates the effect on solubility of incorporation of 


1 ,"t \ I '\. 


PH 
Fig. 1.-pH solubility curves for DMCTC and 


two DMCTC-metal-acid complexes. Key: 0, 
DMCTC; 0,  DMCTC-Al-gluconate (1:4:6.6); 0, 
DMCTC-Al-Ca-gluconate (1 :4:2: 12). 


TABLE III.-LDs~ VALUES FOR SELECTED METAL- 
ACID COMPLEXES IN MICE' 


Derivative 1.p. l.v. 
DMCTC.HC1 273 89 
DMCTC-aluminum-gluconate 


(molar ratio 1:4:6.6) 495 698 
DMCTC-aluminum-calcium- 


gluconate (molar ratio 
1:4:5:12) 420 306 


DMCTC-aluminum-pyrop hos- 
phate (molar ratio 1 : 1 : 1 ) 1,810 260 


Administration Rt. 


a Milligrams DMCTGHCI per kilogram body weight. 


TABLE IV.-RESULTS FROM RABBIT I N T R A D E R ~ L  
IRRITATION TEST 


Prepn. Rating 
Bad chlortetracycline standard Class IV 
DMCTC neutral (starting material 


for complex) Class I1 
DMCTC-aluminum-calcium-glu- 


conate (1:4:5:12) <Class I 
Good chlortetracycline standard Class I 


toneal and intravenous administration. The LDm 
values for the complexes are approximately 1.5 to 
8.0 times higher than the values obtained with the 
uncomplexed antibiotic when compared on an anti- 
biotic-content basis. 


The DMCTC-aluminum-pyrophosphate complex 
(molar ratio 1 : 1 : 1) resulted in a comparatively high 
LDbo value after intraperitoneal administration and 
a relatively low LDm value after intravenous ad- 
ministration. This phenomenon is probably the 
result of serum binding of calcium ; complexes whose 
calcium binding has not been satisfied produce blood 
pressure depression when administered intra- 
venously By incorporating calcium into the com- 
plex or by administering the complex in a solution 
containing available calcium ions, the blood pressure 
depression can be essentially eliminated. 


Changes in Tissue Irritation and Diffusion.-An 
important characteristic of these complexes is their 
ability to  minimize or to eliminate the irritating 


* Acute toxicity studies and blood level experiments were 
performed under the direction of Dr. J. J. Corbett and Mr. N. 
Anagnostakos. Biological Assay Development Laboratory. 
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TABLE V.-MOLECULAR WEIGHT DETERMINATIONS FOR SELECTED METAL-ACID COMPLEXES 


Derivative Mot. Wt. Degree of Homogeneity 


DMCTC-aluminum-calcium-gluconate 


DMCTC-aluminum-pyrophosphate 


DMCTC-aluminum-metaphosphate 


(molar ratio 1:4:5:12) 990 Homogeneous 


(molar ratio 1:l:l) 1,350 Homogeneous 


(molar ratio 1:4:12) 2,000 Two fractions 


1 [Higher molecular 
wt. fraction 


properties of selected batches of antibiotic in the 
rabbit intradermal irritation test.' Table IV pre- 
sents the results obtained with a metal-acid complex; 
approximately 20 hours following intradermal ad- 
ministration, the complex has diffused away from the 
injection site and has produced no signs of erythema. 
Metal-acid complexes consistently diffuse so rapidly 
from the injection site that in many cases it is dif- 
ficult to identify the site 16 to 20 hours later. When 
DMCTC-aluminum-calcium-gluconate (molar ratio 
1:4:5:12) is prepared from DMCTC having a 
class I1 rating, the resulting complex has an irritation 
rating less than class I. 


Molecular weight determinations were made on 
selected metal-acid complexes in the ultracentrifuge.' 
Table V indicates that molecular weights ranged 
from 990 to 2,000. In most cases the complexes 
behaved as a homogeneous entity in the ultra- 
centrifuge. The DMCTC - aluminum - meta- 
phosphate complex (molar ratio 1:4:12) was the 
only preparation displaying heterogeneity. The 
molecular weight of the lighter fraction was too low 
to be estimated accurately. Disk diffusion studies 
performed on several microbiological media indi- 
cated that DMCTC-metal-acid complexes diffused 
as rapidly as uncomplexed DMCTC.HCl.6 


Blood Levels.-A thiid important property ob- 
served with selected metal-acid complexes is the en- 
hanced blood levels obtained compared to levels 
resulting from salts of the corresponding uncom- 
plexed antibiotic. Figure 2 shows blood levels ob- 
tained with DMCTC-aluminum-magnesium-gluco- 
nate (molar ratio 1:4:5:12) and DMCTC.HC1 
when administered intramuscularly to dogs a t  a 
level of 1.5 mg. antibiotic per pound of body weight. 
Blood levels of the group of three dogs receiving the 
DMCTC.HC1 resulted in an AUC of 20.3 mcg./ 
hours/ml. When the dogs received the antibiotic 
as the DMCTC-aluminum-magnesium-gluconate 
complex, an AUC of 99.6 mcg./hours/ml. was ob- 
tained or nearly a fivefold enhancement. After ad- 
ministration a t  a level of 1.5 mg. per pound of body 
weight, irritation evidenced by limping was noted in 
both groups of dogs in this experiment. 


Figure 3 presents the results of a blood level study 
in which the DMCTC complex was administered at  
a reduced dosage. The control group of three dogs 
received DMCTC.HC1 a t  a level of 2.5 mg. per 
pound of body weight. A second group received 


8 Rabbit intradermal irritation studies were perlormed 
under the direction of Mr. G. R. Personeus and Mr. A. 
Tonelli, Quality Control Section. 


4 Molecular weight determinations were made under the 
direction of Mr. R. L. Davies, Biochemical Research Section. 


b Disk diffusion studies were perlormed under the direction 
01 Mr. A. C. Dornbush, Biochemical Research Section. 


DMCTC-aluminum-calcium-gluconate (molar ratio 
1:4:5:12) at  a level of 0.8 mg. DMCTC.HCI per 
pound of body weight. After a dosage reduction, in 
terms of antibiotic content that was approximately 
threefold, the DMCTC complex resulted in blood 
levels nearly twice as high in terms of AUC as those 
obtained with DMCTC-HCl. The level of 2.5 
mg. DMCTC.HC1 per pound of body weight pro- 
duced considerable irritation in the dogs, while 
little or no irritation occurred in dogs receiving the 
DMCTC complex. Thus, i t  is possible to reduce the 
dosage of the antibiotic when administered as the 
complex to a level where little or no irritation is 
produced, but where acceptable blood levels are 
maintained. 
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HR. AFTER TREATMENT 
Fig. 2.-Average blood levels of three dogs per 


group following intramuscular administration of 
DMCTC . HC1 and DMCTC-metal-acid-complex a t  
a dose of 1.5 mg. DMCTC-HCl/lb. body weight. 
Key: 0, DMCTCaHCl, AUC = 20.3 mcg./ 
hours/ml. (formulation pH 4.0); 0. DMCTC-AI- 
Mg-gluconate (1:4:5:12), AUC = 99.6 mcg./ 
hourslml. (formulation pH 4.5). 


HR. AFTER TREATMENT 
Fig. 3.-Average blood levels of three dogs per 


group following intramuscular administration of 
DMCTC.HC1 and DMCTC-metal-acid complex. 
Key: 0, DMCTCeHCl at 2.5 mg./lb., AUC = 
45.5 mcg./hours/ml. (formulation pH 4.0); 0. 
DMCTC-Al-Ca-gluconate (1 :4: 5: 12) a t  0.8 mg. 
DMCTC.HCl/lb., AUC = 80.1 mcg./hours/ml. 
(formulation pH 4.5). 
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HR. AFTER TREATMENT 
Fig. 4.-Average blood levels of three dogs per 


group following intramuscular administration of 
OTC and DMCTC-Al-Ca-gluconate. Key: 0, 
OTC a t  2.5 mg. OTC neutral/lb., AUC = 38.6 
mcg./hours/ml. (formulation pH 8.5). 0, DMCTC- 
Al-Ca-gluconate (1:4:5:12) at 0.3 mg. DMCTC. 
HCl/lb., AUC = 45.3 mcg./hours/ml. (formulation 
pH 4.5). 


Figure 4 shows the blood levels obtained with 
DMCTC-aluminum-calcium-gluconate (molar ratio 
1 : 4 : 5: 12) and a commercially available precon- 
stituted oxytetracycline intramuscular formulation 
in 75% propplene glycol (Pfizer) for human adminis- 
tration. The DMCTC complex was administered 
intramuscularly to dogs a t  0.3 mg. DMCTC.HCI 
per pound of body weight and the oxytetracycline 
(OTC) at a level of 2.5 mg. OTC base per pound of 
body weight. On an antibiotic-weight basis, ap- 
proximately one-eighth as much antibiotic was ad- 
ministered as the complex. However, the blood 
levels produced nearly equal AUC’s in terms of 
tetracycline. HC1 equivalents (Fig. 4). Some of the 
blood level enhancement observed in this experiment 
results from the fact that DMCTC is more active 
microbiologically on a weight basis than OTC when 
assayed against a tetracycline .HCI standard. 
To date, many blood-level studies have been made 
in dogs, rabbits, and rats with complexes containing 
various tetracycline antibiotics orally, intrarnuscu- 
larly, and intravenously. The degree of blood level 
enhancement, which has been demonstrated re- 
peatedly, is dependent on the route of administration 
and the constituents in the complex. 


The mechanism by which blood-level enhancement 
occurs is not completely understood. One hypo- 
thesis is that blood-level enhancement results from 
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limited tissue penetration of the antibiotic complex 
from the blood stream. 


Blood Level Experiments in Humans.--Katz (7) 
and Katz and Fedorko (8) reported the results of a 
clinical trial in humans using DMCTC-aluminum- 
calcium-gluconate (molar ratio 1 :4: 5: 12). They 
found that intramuscular administration of this 
complex in single doses equivalent to 25 and 50 mg. 
of DMCTC. HC1 produced significantly higher 
serum levels than would have been expected from 
considerably larger doses of tetracycline. These 
doses were in a range normally expected to be 
therapeutic. However, several patients with tetra- 
cycline-antibiotic-susceptible infections did not re- 
spond satisfactorily at a dose of 50 mg. per day. 
The response was improved by increasing the dose to 
100 mg. per day. 


SUMMARY 


Chemical and biological evaluation of metal-acid 
complexes with members of the tetracycline family 
indicate that these preparations exhibited properties 
that were not displayed by the uncomplexed anti- 
biotic. The most interesting properties which are 
characteristic of selected complexes include enhanced 
solubility and alkaline stability, reduced acute 
toxicity and tissue irritation, and enhanced blood 
levels. 
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ERRATUM 


In the paper titled “Preparation of a Phase Dia- 
gram for Coacervation” ( l ) ,  Eq. 6 on page 519 
should read: 


(Asp. gr.) (D) - ( A  R. I.) (A Sp. gr. -k B )  
( A D  - BC) - ( A  sp. gr.) ( C  - D) n =  


(Eq. 6) 
(1) Phares. R. R., Jr.. and Sperandio. G. J., THIS JOURNAL. 


53, 518(1964). 
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Reuiw Article- 


Thiophene Compounds of Biological Interest 
By W. LEWIS NOBLES and C. DEWITT BLANTON, JR. 


HE CONCEPT OF preparing thiophene analogs 
biologically active compounds has stimu- 


lated workers in pharmaceutical chemistry so that 
it  now appears that at least one thiophene analog 
has been prepared for every important therapeutic 
group containing a benzene nucleus. It has been 
hoped that the thiophene analog would possibly 
be as active as the parent compound or that the 
thiophene analog would, by virtue of its similar 
chemical structure, combine with the receptor 
and-if not eliciting a response of its own-serve 
effectivelyas acompetitive inhibitor. Thus, when 
a thiophene analog is prepared, i t  is conceivable 
that such an agent may either intensify, mimic, 
or antagonize the physiological activity of the 
parent substance. Many of the thiophene com- 
pounds are more toxic than their benzene analogs 
and, consequently, less effective medicinal agents. 
There are, however, some exceptions: several 
thiophene derivatives are employed clinically. 


Excellent summaries of the literature up to 1959 
are available (1-5). In this review particular 
emphasis will be placed on knowledge gained 
since 1959. To present a more comprehensive 
understanding of the role of thiophene in pharma- 
ceuticals, mention of some of the earlier work will 
be included. 


The electronic structure of thiophene must be 
very similar to that of benzene, pyrrole, and furan. 
Each carbon atom must be in an approximately 
trigonal state of hybridization with a 2fi orbital 
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perpendicular to the plane of the ring. These 
orbitals interact laterally with the two 3 9  
electrons provided by the sulfur atom to form 
the r-bonds. As the energy difference between 
3 9  and 3d is not great, it  has been suggested (6) 
that the sulfur-carbon bonds in thiophene do not 
consist of pure porbitals, but that some of the 3d 
orbitals of the sulfur atom were used. When pd 
hybridization of the sulfur orbitals occurs, three 


(2) hybrid orbitals are formed, two of which 
have the correct symmetry and energy to conju- 
gate with the carbon atoms. The third hybrid 
orbital is high in energy and is unoccupied in the 
ground state (7). No agreement has been 
reached, however, on the importance of fid 
hybridization of the sulfur atom. This hybridiza- 
tion is considered by some workers as an essential 
feature in the electronic structure of thiophene, 
making the sulfur atom similar to a CH=CH 
group, and being responsible for some of the 
differences between thiophene, furan, and pyrrole; 
whereas others have suggested that most of the 
properties of thiophenes may be accounted for 
without invoking pd hybridization at all (8). 
Mangini and Zauli (8b) even doubt the basic 
validity of the Longuet-Higgins approach (7u). 


The structural similarity between thiophene 
and benzene is also reflected in that both form 
“sandwich” compounds with certain metals. For 
example, thiophene forms thiophene-chromium- 
tricarbonyl (9), and numerous similar com- 
pounds are known in the benzene series. 


In addition to the established use as anti- 
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Since no systematic study had been made of the 
tissue changes brought about by feeding 2- 
thienylalanine, Kaufman, et al. (24), studied the 
pathologic changes induced by j3-2-thienylalanine. 
A purified synthetic diet of the 2 isomer in 
amounts of 1 and 2% was fed to rats for 4 weeks. 
Marked loss of weight was noted in all these 
animals. In addition to the expected loss of 
weight, the pyloric glands of the stomach and 
Brunner’s glands of the duodenum were shrunken, 
and the cytoplasm was vacuolated. The acini of 
the submaxillary glands were atrophied; kidneys 
were enlarged and the proximal convoluted 
tubules were damaged; there was spermatogenic 
arrest at  the spermatid level. The ductus 
epididymis was narrowed, the epithelium was 
atrophic, and the glands contained a decreased 
amount of secretion. There was a decrease in 
the number of mature lymphocytes of the spleen 
and of the thymus; the skin was hyperkeratotic, 
and the hair follicles were atrophic. Thinning of 
the epiphyseal plate was observed, with a de- 
crease in growth of bone. Less marked changes 
were noted in the heart, pituitary gland, thyroid, 
adrenals, and the liver. Hruban and Wissler 
(25), using 8-3-thienylalanine, reported changes 
in the pancreas, liver, spleen, and thymus which 
resembled in some respects the changes described 
by Kaufman for 8-2-thienylalanine. 


More recently, work has been directed toward 
the study of the biological activity of simple 
peptides (26) formed from the 8-thienylalanines, 
and there has been interest in the simple amino 
acids themselves as potential antiviral (27) and 
anticancer agents (28). Generally, the toxicity 
for rats (29) and the growth stimulation and in- 
hibition for E .  coli (26a, b, d)  are no more pro- 
nounced than with the corresponding simple 
amino acids; in some cases the thienyl peptides 
are less effective. Dipeptides of j3-2-thienyl- 
alanine competitively inhibited the utilization of 
dipeptides of phenylalanine (26d, 30). Such 
inhibition studies have contributed additional 
evidence to previous proposals of a special role of 
peptides in the growth of microorganisms (31,32) 
and indicate the possibility of specific sites of 
utilization of dipeptides. 


Growth studies with Lactobacillus arabinosus 
(33) showed that L-leucyl-L-phenylalanylglycine 
was more effective than phenylalanine or the 
related dipeptide in reversing the toxicity of L- 


leucyl-~-2-thienyl-~-alanylglycine; this was ac- 
cepted as evidence for possible utilization of 
tripeptides without previous hydrolysis to the 
free amino acids or the intermediate dipeptides. 
To pursue studies of the role of tripeptides in 


histamines (lo), certain thiophene derivatives 
have shown (1, 5, 11-16) substantial activity as 
pressor compounds, local anesthetics, hypnotics, 
analgesics, anticholinergics, antispasmodics, anti- 
convulsants, tuberculostats, antibacterials, anti- 
malarials, and germicides. Many of these prod- 
ucts have biological and pharmacological proper- 
ties markedly different from the benzene analogs. 


Both biochemical and pharmacological studies 
have shown that the “theoretical equivalence” of 
a thiophene and a benzene nucleus-which is 
easy to establish if only similarities are mentioned 
and dissimilarities are disregarded-is by no 
means universal. The general conclusion to be 
drawn on determination of the biological proper- 
ties of thiophene (I) and its higher ring homologs, 
thionaphthene (11) and dibenzothiophene (111), 
is that these compounds usually possess activities 
similar to those of benzene, naphthalene, and 
anthracene but less pronounced and often more 
toxic (1, 5). Comprehensive studies of the 


I I1 


biological properties of thiophene and its higher 
ring homologs have been limited by the low 
solubility of such compounds in aqueous media. 
However, excellent historical reviews of the 
biological properties of the simpler thiophene 
derivatives have been compiled by Blicke (1) and 
Martin-Smith (5). 


THIOPHENE DERIVATIVES AS BIOLOGICAL 
ANTAGONISTS 


The best knownof the thiophene antimetabolites 
are the two isomeric 8-thienylalanines which are 
antimetabolites of the essential amino acid, 0- 
phenylalanine. The “antiphenylalanine” prop- 
erties of thienylalanine have been investigated 
with Saccharonzycea cerewisiae, Escherichia coli, 
Streptococcus fnecnlis, and Lactobacillus arabinosus. 
It  was observed (17) that only the L isomer, and 
not the D, inhibited the growth of S. cerevisiae, E. 
coli, and L .  delbrzreckii, and that the inhibition of 
growth of rats produced by the DL, D, or L isomer 
is counteracted by phenylalanine (18-20). Of 
the two isomers, the 3-thienyl isomer appears to be 
a more active antagonist than the 2-thienyl isomer 
(21-23). For S. cerewisiae, strain 139, the growth 
inhibitory properties of the 3-thienyl isomer were 
about twice those of 8-2-thienylalanine, and for E. 
coLi the 3 isomer was about one-third more efTec- 
tive. The activity was reversed by phenyl- 
alanine. 







Vol. 53, No. 2, February 1964 


metabolism, Dunn (34) prepared four tripeptide 
analogs containing 8-2-thienylalanine. Tripep- 
tides of phenylalanine were more active than 
phenylalanine in reversing the toxicity of 8-2- 
thienylalanine in E. coli, strain 9723. Tripeptides 
of j3-2-thienylalanine were comparable to free 8-2- 
thienylalanine as growth inhibitors for E. coli 
when tested in the salt-glucose medium; and 
when tested in the presence of analogous tri- 
peptides of phenylalanine, they were many times 
as toxic as free 8-2-thienylalanine. The toxicity 
of the tripeptides of 8-2-thienylalanine was re- 
versed noncompetitively by phenylalanine and 
its dipeptides. The results are interpreted as 
indicating that tripeptides of ,!?-2-thienylalanine 
compete with tripeptides of phenylalanine in a 
specific way and that their route of utilization is 
independent of the route followed by the possible 
hydrolytic products. 


It has been shown that although structural 
analogs of amino acids added to a culture in the 
exponential growth phase inhibit normal multi- 
plication of the organism, they do not cause an 
immediate cessation of growth and protein syn- 
thesis (35). Incorporation of structural analogs 
of amino acids, e.g., p-fluorophenylalanine, 8-2- 
thienylalanine, and norleucine, in bacterial pro- 
teins during linear growth of the organism has 
been observed (36). It is suggested that struc- 
tural analogs of amino acids which can be in- 
corporated into bacterial proteins during the 
linear growth phase do not act by inhibiting pro- 
tein biosynthesis, but rather by promoting the 
synthesis of proteins which are abnormal with 
respect to structure and activity. 


Comparison (37) of isotopic thienylalanine and 
fluorophenylalanine with respect to their partia- 
pation in peptide and in protein synthesis reveals 
that the former amino acid was incorporated 
about 20 times more readily into gramicidin S 
by Bacillus brevi than the fluoro compound. 
In protein synthesis, fluorophenylalanine was 
more than five times more extensively utilized 
than was the thienyl derivative. Wolfe and 
Hahn (38) reported that 8-2-thienylalanine was 
strongly activated by an E. coli extract but was 
not utilized for net protein synthesis by this 
organism. 


3-Thienylalanine has also been reported (39) 
to have an effect on protein formation. The 
incorporation of labeled amino acids into serum 
and tissue proteins of B-3-thienylalanine-treated 
rats was compared with control rats. Suppres- 
sion of the labeled amino acid uptake was found 
in all of the proteins analyzed, with a significant 
difference between the degrees of suppression. 
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The y-globulin and albumin among the serum 
proteins were less affected than the 8- and 0- 


globulins. Intestinal proteins showed the least 
suppression. 


Moderate growth inhibition has been observed 
in several transplanted tumors (Murphy-Storm 
lymphosarcoma) by feeding 8-3-thienylalanine 
in diets lacking phenylalanine (40). Diets of 8-3- 
thienylalanine fed to male albino rats have also 
been noted to inhibit the growth of trans- 
planted Jensen and Walker tumors, but no re- 
gression of the tumors occurred (41). These 
authors report that 8-3-thienylalanine potentiates 
the inhibitory action of triethylene amine on 
tumor growth. 


When p-3-thienylalanine is fed to rats for an 
appropriate time before and after antigen injec- 
tion, it markedly inhibits antibody response (42). 
Added to antibody-synthesizing tissue culture 
system, it did not inhibit antibody synthesis. It 
appears that unless 8-3-thienylalanine is fed dur- 
ing the induction period, its inhibitory effect will 
not be manifested. The activity is probably 
ininhibiting the setting up of theantibody-forming 
mechanism. 


Thiophene derivatives as antimetabolites are 
not solely limited to the antiamino acids. Ache- 
son, et al. (43), have synthesized some thiophenes 
(IV) related to vitamin A, although no thiophene 
derivative closely analogous to vitamin A appears 
to have been achieved. 


CH3 CHs 
I I 


R-CH=CH-C=CH-CH=CH-C=CH<HZOH 
IV 


R (vitamin A)= H3ChcH3 
-CH3 


CH3 OH 
R (thiophene relative) = H J C - P G  


Many modifications of the sulfanilamide mole- 
cule, an antimetabolite to folic acid-requiring 
bacteria, have been synthesized; among these 
are compounds containing a thiophene ring (5). 
2-Thiophenesulfonamide (V), a carbonic an- 
hydrase inhibitor, has been used to determine the 
role of carbonic anhydrase in the bicarbonate 
excretion from salivary glands and the mechanism 
of ionic excretion (44). There is also a consider- 
able amount of literature on biotin (VI) (vitamin 
H) and structurally related compounds such as 
norbiotin, homobiotin, and biotin sulfone, which 
act as antimetabolites (5, 45). 
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other chemical groups, and the relative potency of 
the isosteres has varied according to the biological 
test system employed. 


Campaigne and co-workers (67) studied the 
synthesis and reactions of 3-substituted thio- 
phenes and prepared four N-substituted dimethyl- 
aminoethyl pyridines containing the 3-thienyl 
and halogen-substituted 3-thienyl nucleus. The 
3-thienyl compounds all possessed activities about 
equal to those of the 2-thienyl analog (metha- 
pyrilene) and tripelennamine. The unsub- 
stituted derivative (thenyldiamine ; compound 
X, Table I) is more potent than the chloro and 
bromo substituted analogs (48, 53). This differ- 
ence between the increased activity on halogena- 
tion in the 2-thienyl series and the lack of this in 
the 3-thienyl analogs is attributed to the differ- 
ence in the position of the halogen atoms, being 
5 in the former and 2 in the 3-thienyl series (48). 


In common with other antihistamines, the 
thiophene derivatives show local anesthetic 
activity (68), possess antifungal action (69), 
prolong the blood clotting time (70) ,  exert cardio- 
depressant activity (71), possess antipyretic 
activity in some species (72), possess some 
oxytocic activity, and demonstrate, to a greater 
or lesser degree, atropine-like activity. 


Methapyrilene is reported to possess hypnotic 
activity approximately equal to that of pheno- 
barbital ( i 3 )  and to potentiate the effect of other 
hypnotic drugs (74). The nicotinates of metha- 
pyrilene and thenyldiamine have been reported to 
be useful sedatives (75). Methapyrilene was 
found to possess quinidine-like activity in experi- 
mental cardiac arrhythmias in dogs (76). In atrial 
arrhythmias, it  was much stronger than quinidine. 
For ventricular tachycardia resulting from acute 
mycocardial infarction, i t  was more effective than 
quinidine in suppressing the ectopic activity. In 
addition, methapyrilene was found to possess anti- 


n( CH2) I-COOH 
S 


VI 


ANTIHISTAMINES 


Thiophenes are most extensively used as anti- 
histaminics. The literature on these compounds 
is so voluminous that only a brief consideration 
can be given herein. Blicke ( 1 )  records 26 
thiophene derivatives which are analogous in 
structure to tripelennamine, while Martin- 
Smith (5) has observed that there are over 100 
publications dealing with 2-thienyl isosteres of 
tripelennamine. In addition to the Blicke and 
Martin-Smith articles, reviews of antihistaminic 
drugs, in which the relationship of the various 
thiophene derivatives to other drugs of this class 
is shown, are available (10, 46). Some of the 
most important antihistamines possessing thio- 
phene rings are included in Table I ( 5 ) .  Chloro- 
thenylpyramine (No. XI, Table I) is also anal- 
ogous to chlorprophenpyridamine. Being twice 
as active and possessing one-half the acute 
toxicity (54, 56), the 5-halogenated thiophenes 
(No. XI and XI l ,  Tahle I) were more active than 
tripelennamine. When equal doses of the drugs 
were administered, chlorothenylpyramine pro- 
tected against histamine shock twice as long as 
tripelennamine (01). Thiophene isosteres of 
other well established antihistamine drugs have 
also been prepared (50, 58, 62-66). However, 
the thiophene compounds have not shown marked 
superiority as antihistamines to compounds of 


TABLE  ANTIHIS HISTAMINIC THIOPHENE COMPOUNDS 
R--S 


I 
CH2-R’ 


- 
No. R R’ x a  Ref. 
V I I  (Antergan) Phenyl Phenyl A . . .  


IX (Methapyrilenr) 2-Pyridyl 2-Thienyl A (47-5ij. 
VIII (Tripclennarnine) 2-Pyridyl Phenyl A 


X (Thenfadil) 2-Pyridyl 3-Thienyl A (48, 52. 53) 
XI (Chloromethapyrilcne) 2-Pyridyl 2-(5-Chlorothienyl) A (54, 55)  


XI1 (Bromothen) 2-Pyridyl 2-(5-Bromothienyl) A (56) 
XI11 (Methaphenilene) (Diatrin) Phenyl 2-Thienyl A (50, 57) 
XIV . . .  2-Pyrimidyl 2-Thienyl A (58)  
XV . . .  2-Lepidyl 2-Thienyl A (59) 


XVI . . .  2-Lepidyl 2-(8ChIorothienyl) A (59) 
XVII . . .  Phenyl 2-Thienyl B (60) 


(chlorothen) 


* A = N-(CHdt---N(CHdx. 







Vol. 53, No.  2, February 1964 


veratrinic activity. Results are available which 
indicate that antiarrhythmic activity is common 
to a large number of different antihistaminic 
compounds and is not restricted to specific struc- 
tural types (77). However, only diphenhydra- 
mine and methapyrilene exhibit high activity 
against both types of arrhythmias. In a study of 
the effect of antihistamines on experimental 
cardiac arrhythmia, Agotsuma (78) reports that 
tripelennamine was most effective, followed by 
methapyrilene, diphenhydramine, and chlorpro- 
phenpyridamine. Methapyrilene and its chloro 
derivative (chlorothenylpyramine) have also 
been reported (79) to be more effective than 
quinidine when tested for ability to protect the 
canine heart from spontaneous ventricular 
fibrillation during progressive hypothermia. The 
isomeric carboxy methapyrilenes of 2- and 3- 
thiophene have been prepared, and the observed 
antihistaminic activity and the soporific effects 
are described (80). 


Finally, methapyrilene has also been employed 
in ophthalmology (81). 


ANALGESICS 
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In the course of an investigation of the bio- 
logical properties of a series of 3-tertiaryamino- 
l,l-di-(2-thienyl)but-l-enes prepared as analogs 
of the 3,3-diphenylallylamines which were known 
to have atropine-like, antihistarninic, and local 
anesthetic properties (82), the important dis- 
covery was made that the thiophene compounds- 
in addition to having similar activity to the com- 
pounds on which they were modeled-also 
possessed pronounced analgesic activity (83). 


Unfortunately, the compounds of this series are 
addictive as are other potent analgesics. 


The potent analgesics derived from 3-tertiary 
amino-l,l-di-(2-thienyl)-l-butene (XVIII; thi- 
ambutene) have been studied especially by 


XVIII 


Japanese workers (85-88). Thiambutenes can 
be represented by the general formula (XVIII) 
and can thus be regarded as cogeners of methadone 


(XIX), in which the ketone side chain has been 
omitted, with the introduction of a double bond 
and the benzene rings replaced by thiophene 
rings. The double bond is not necessary for 
analgesic activity, and the corresponding sat- 
urated l,l-di-(2-thienyl)-3-tertiaryaminobutanes 
are also potent analgesics, although somewhat 
weaker than the unsaturated compounds (89). It 
has been shown that i t  is the enantiomorph re- 
lated to malanine which is the analgesically active 
optical isomer (90). 


The thiambutene analgesics have attracted 
considerable attention in Japan where modified 
syntheses have appeared (91). Methods for the 
detection of thiambutenes have been described 
(92). The Reformatsky reaction between di-2- 
thienyl ketone and ethyl a-bromopropionate, 
followed by dehydration, gave compound XX. 
Bromination of the methyl group of XX with N -  
bromosuccinimide, followed by reaction with 
excess secondary amide, gave XXI which shows 
combined analgesic and antitussive properties 
(93). It is claimed that 3-piperidyl-l,l-di-(2- 


xx XXI 


thieny1)but-1-ene is a potent antitussive as meas- 
ured on the dog (94). The same compound was 
later reported to be very effective by oral ad- 
ministration to adults (95). 


The Reformatsky reaction has also been used 
for the preparation of 2-aminoethyl 3,3-diaryl-3- 
hydroxypropanoates XXII and their dehydrated 
products (96). The propenamides (XXIII) 
have also been prepared for pharmacological 
evaluation (97). In l-methyl-3-bis(2-thienyl)- 


u 
XXII . 


methylenepiperidine, a potent nonnarcotic anti- 
tussive has been found (98). It is claimed to be 
more potent than codeine and shows no analgesic 
activity. 3 - Piperidino - l,l-bis(2-thienyl)-l-bu- 
tene has been tested clinically as an antitussive 
(99). 
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production of several thiophene-containing peni- 
cillins (106). The thiophene analog of the nat- 
urally occurring antibiotic chloramphenicol 
(XXVIII) has been synthesized (107), as have 
been similar structures (5). The antibacterial 


In a study of structure-activity relationships in 
antitussive agents, a working hypothesis-that 
the introduction of a piperidino group into a 
compound showing any action on the central 
nervous system can produce antitussive activity 
if the activity has been latent, or strength if such 
activity is already manifest-has been presented 
(100). For compounds of type XXI, XXIV, 
and XXV, some of which show thiambutene-like 


xxv 
structure and weak analgesic activity, the 
piperidino compounds are definitely superior to 
the other antitussive activity (101). 


The thiophene analogs of methadone XXVI and 
isomethadone have been prepared and shown to be 
active analgesics (102). Heterocyclic acetamides 


q? 
S C-C2Hs 


I 
‘C-CH~- CH-N(CH~)* 


1 fy CH3 
XXVI 


Rz XXVII 


of the type XXVII have been prepared for evalua- 
tion of their analgesics and antipyretic activity 
(103). Luts and Nobles have prepared the 3- 
thienyl analog of d-propoxyphene (104). Pre- 
liminary studies indicate that some of the 3- 
thienyl analogs combined sedative and stimulat- 
ing properties in an unusual manner. 


ANTIMICROBIAL AGENTS 


Because of the complex chemical structure of 
many of the antibiotics, the synthesis of anti- 
biotic isosteres has been somewhat limited. In  
the case of the penicillins, the important dis- 
covery that addition of a variety of organic acids 
or their derivatives to the culture medium resulted 
in their incorporation into new “biosynthetic” 
penicillins (105) provided a route for the easy 


OH 


NH-C-CH-CI, 
I1 
0 


XXVIII 


activity of all was much lower than that of the 
natural antibiotic (108). 
An observation that nitrofurans possessed anti- 


bacterial activity encouraged the preparation of 
the thiophene isosteres. Thus 3-(5-nitro-2- 
thienyl) acrolein and 2-bromo-3-(5-nitro-2- 
thienyl) acrolein have been reported to be very 
active against S. aureus and E. coli (109) and 
to have a low toxicity to the tissues of the host. 
Cyanonitrovinylthiophenes have been reported 
to inhibit growth of bacteria and fungi (110). 


Of the many nitrothiophenes prepared (1 11), 
it has been determined that the presence of the 
double bond as in the acrolein derivatives appears 
necessary for pronounced antibacterial activity 
and that the presence of a nitro group is not 
essential for effective antibacterial activity. 
However, it has been observed ( l l l a )  that the 
optimum position for the nitro group in the 
thiophene ring was the 5-position. Many 
chalcone derivatives of nitrothiophene car- 
boxaldehydes (1 12) as well as hydantoin, thio- 
hydantoin, and piperidine derivatives (1 13) have 
been tested, but these compounds exhibited little 
or no activity as bactericides. In addition, cer- 
tain 5-chloro-2-thienyl-~-dialkylaminoethyl ke- 
tones have been reported to exhibit antibacterial 
activity (1 14). 


In a comparative study of in witro cellular 
toxicity of some isosteric derivatives with 
benzene and thiophene rings, Aurousseau (115) 
has noted that derivatives of thiophene have gen- 
erally higher bacteriostatic potency than ana- 
logs of benzene. Only sodium thenoylacrylate 
and the sodium and ammonium salts of thenoic 
acid are slightly less active. The salt of thenoic 
acid with a bactericidal cation, 8-quinolinol, is 
more powerful than its analog. Synergism was 
observed in the cases of sodium thenoylacrylate, 
nitrothiophene, nitroacetothienone, and their 
homologs. Similarly, it has been demonstrated 
that some compounds, e.g., DL-2-thienylalanine, 
with little or no antimicrobial activity when used 
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alone, act as synergists when mixed with certain 
antibiotics (116). Such synergism might make 
feasible increased therapeutic ranges of the more 
toxic antibiotics. 


The main chemical classes of drugs showing 
high antitubercular activity are the sulfones, 
thiosemicarbazones, and certain acid hydrazides. 
Thiophene derivatives of each group have been 
prepared. The sulfone isosteres (117) possess 
slight antitubercular and antistreptococcal activ- 
ity. All the thiosemicarbazone thiophene isosteres 
are reported to be active against Mycobacterium 
tuberculosis (1 18-123). The thiosemicarbazone 
of 4-(2-thienyl)-3-buten-2-one has been reported 
capable of completely inhibiting the in  vitro 
growth of M .  tuberculosis in relatively low concen- 
tration (124). Preliminary experiments with the 
3 isomer have indicated that it has even higher 
activity. The hydrazine derivatives of the thio- 
phene isosteres have been found to have an order 
of activity somewhat less than that of iso- 
nicotinylhydrazide (11, 125-128). The con- 
densation products of these hydrazides with a 
large number of aldehydes and ketones have been 
investigated for the possibility of their blocking 
of the free amino group (1 1, 128). Also prepared 
for testing as potential tuberculostatic com- 
pounds were the condensation products of 
isonicotinylhydrazide and various aldehydes and 
ketones of the thiophene series (129). 


Other compounds found to have antitubercular 
action were l-~-thenoylphenyl-3-methyl-2-thio- 
urea (130), which was reported to be very active 
against tuberculosis in mice, 6-(2-thienyl)-3- 
mercapto-1,2,4-triazin-5-one (131), and the thio- 
amide of 2-thenoic acid (132). 2-Thiothenamide 
did not surpass thioisonicotinamide in antituber- 
cular activity. 


Recently a technique which employs a thio- 
phene derivative has been developed for differ- 
entiation of M. tuberculosis into human and bovine 
types (133). By means of niacin test and tests 
of resistance against 2-thenoylhydrazine and 2- 
furoylhydrazine, M. tuberculosis strains can be 
divided into human and bovine types. 


Many of those compounds exhibiting anti- 
bacterial activity are reported to possess fungi- 
cidal activity (134). Antifungal activity has also 
been reported in many other types of thiophene 
derivatives, especially those containing mercury 
(135). The antimicrobial activities of (R* 
C)*Hg and R m H g C l  (R = 2-thienyl) were 
recently studied and found effective against both 
fungi and bacteria (136). 2-Thiophenemercuri- 
chloride has also found use as a plant bactericide 
by inhibiting the growth of imochibyo (a disease 
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of rice) bacteria (137). Several 3-thienylrhoda- 
mines (138) and a thienyl benzimidazole deriva- 
tive (139) are reported to exhibit fungistatic 
activity. 2- (2-Thieny1thio)-ethylpyridine is re- 
ported (140) to have no insecticidal or bacteriadal 
properties, but has mild fungicidal activity. 
3,3,4,4-Tetrachlorohydrothiophene-l, 1-dioxide is 
used as a fungicide (141). Fuerst and Higgins 
(142) have presented data on the inhibition of 
Neurospora crassa by a group of thiophenes. 
The phenomenon of colonization induction of 
Neurospora was observed with L-sorbose and by 
the thiophene derivatives. Some thiophenes were 
fungicidal while others were fungistatic. 


Thiosemicarbazones of many substituted thio- 
phene carboxaldehydes were synthesized as 
potential antiviral agents (143), while relatively 
few compounds containing thiophene rings have 
been prepared and tested for their toxicity to 
protozoan parasites. 2-Thiopheneglyoxal has 
been found only moderately active against New- 
castle disease virus and influenza virus in 
embryonated eggs (144). Recently, certain 8- 
amino ketones (Mannich bases) have been pre- 
pared (145) for which 2-acetyl thiophene was the 
ketone employed and 3-azabicyclo [3.2.2.]nonane 
served as the amine moiety. Results of pre- 
liminary screening (145b) indicated that signifi- 
cant antimicrobial activity against certain Gram- 
positive and Gram-negative bacteria, fungi, and 
protozoa is possessed by these compounds. In- 
dications are that the thiophene isosteres are not 
as active as the benzene analogs. 


PESTICIDAL AGENT'S 
Thiophene compounds related to DDT have 


been examined for insecticidal properties (1, 5). 
For effectiveness against house flies, the thiophene 
isosteres and related thiophene derivatives have 
been disappointing, but they are reported effec- 
tive against cockroaches and mosquito larvae, 
and a variety of other insects. 


The interesting nematicidal activity of 2,2'- 
5',2'-terthienyl (XXIX) (146) (also called 
a-terthienyl) and of 5-(3-buten-l-ynyl)-2,2'-bi- 
thienyl (XXX) (147), prompted Uhlenbroek and 
Bijloo (148) to investigate more systematically 
the nematicidal properties of polythienyls and 
related compounds. The compounds exhibiting 
highest activity are recorded in Table 11. 


xxx 
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TABLE II.-NEMATICIDAL THIOPHENE COMPOUNDS 


Compd. 
No. Structure 


XXIX 2,2'-5',2'-Terthienyl q-qq 
XXX 2,2'-4',2'-Terthienyl Q + p T  


Qq-Q 
XXXI 5-Phenyl-2,2'-bithienyl 


XXXII 5,5'-DirnethyL2,2'-bithienyl CH3- CH3 


SXXIII 5-Methyl-2,2'-bithienyl 


XXXIV 5,5'-Dirnethyl-2,2'-5',2'-terthienyl 


XXXV 5,5'-Dichloro-2,2'-bithienyl 


XXXVI 5-Nitro-2,2'-bithienyl 


XXXVII 5-Propionyl-2,2'-bithienyl 


The consequences of the following structural 
variation were studied in particular: (a) isomeric 
changes, ( b )  substitution of one or more thiophene 
rings in polythienyls by benzene rings, (c) intro- 
duction of methyl groups into polythienyls, and 
( d )  introduction of other substituents into poly- 
thienyls. The conclusion is drawn that any 
compound with very high nematicidal activity 
can be considered to be a derivative of 2,2'- 
bithienyl. However, 2,2'-bithienyl itself and a 
number of derivatives show little or no nemati- 
cidal activity. Therefore, proper substitution may 
also play an important part. In addition to their 
effectiveness against nematodes, the polythienyls 
are effective herbicidal agents against many 
noxious plants (149). 


Several of the halogenated tetrahydrothio- 
phene-1 ,I-dioxide compounds may be employed 
in nematicidal and other pesticidal application 
(150). An advantage is their ease of use, for no 
water seal is required. They may be used as dry 
powder with filler or as a liquid when wetting 
agents are added. 


The nematicidal action of thenyl isothio- 
cyanate has been demonstrated by its action 
against Panagrellus redivivis in water and 
hfeloidogyne incognita var. acrita in soil (151). 


ANTISPASMODICS 
Earlier investigations have shown that power- 


ful antispasmodic activity occurs in various basic 
esters of a-substituted thienylglycolic acids, 


X 


R 
XXXVIII 


Q !!Hco2-cHz-cH2--N (c2Ha)* 


&I XXXIX 


thienylacetic acids, and thienylpropionic acids of 
the general type XXXVIII (5). One such com- 
pound, the 2-diethylaminoethyl ester of a- 
cyclopentyl- (2-thieny1)glycolic acid (XXXIX) , 
is employed clinically in the form of its salt. The 
most recent work is concerned with the basic alkyl 
esters of a- (2-cycloalken yl) -2-thien ylacetic acids, 
which have been pharmacologically evaluated in 
the form of their acid addition and quaternary 
ammonium salts (152, 153). Several have been 
found to possess anticholinergic activity of a 
high order. 


&( a-Phenyl-a-3-theny1acetoxy)ethyldimethyl- 
sulfonium bromide was synthesized from 3- 
methylthiophene in an effort to determine the 
potentiality of this isostere of thiospasmin as an 
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antispasmodic agent (154). This agent was 
markedly less dective as an antispasmodic than 
is the cyclohexyl analog of thiospasmin. The 
compound appeared to potentiate the action of 
serotonin on the isolated rat uterus. 
The main choleretic principle of the plant 


Curuma h e s t u a  was identified (155) as p- 
tolylmethylcarbinol. The isosteric alkyl-2- 
thienylcarbinols and alkyl(5-methyl-2-thienyl)- 
carbinols have been prepared (156) and reported 
to display choleretic activity in rats. 


ESTROGENIC AGENTS 


Many stilbene-like thiophene compounds have 
been prepared for a study of estrogenic activity, 
especially by Buu-Hoi, et al. Thiophene deriva- 
tives of nonhydroxylated stilbene types showed 
no significant activity (157), whereas weak estro- 
genic activity was found in 5-acetyl, 5-propionyl- 
and 5-benzoyl-2-(-stilbenzyl)thiophene (158). 1- 
Bromo-l,2-diphenyl-2-(5-bromo-2-thienyl)ethyl- 
ene (XL) was found to inhibit body growth and 
to produce extensive testicular atrophy in male 
rats (159). It has been suggested that this com- 
pound deserves clinical trial in mammary cancer. 
1 - Bromo - 1 - phenyl - 2 - ( p  - methoxypheny1)- 
2- (5-bromo-2-thieny1)ethylene and 1-bromo- 1 - 
( p  - chlorophenyl) - 2 - ( p  - methoxyphenyl - 2- 
(5-bromo-2-thienyl)-ethylene were reported to 
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think of diagnosing diseases in a human patient 
by means of quantum mechanics, such a tech- 
nique has been developed for differentiation be- 
tween obstructive jaundice and nonobstructive 
jaundice. 


Schmidt (163) was the first to use wave mechan- 
ical methods to study the mechanism of the action 
of carcinogenic substances. He concluded that 
in order for an aromatic hydrocarbon to be 
carcinogenic, it  was necessary that there exist in 
the molecule a region rich in ?r electrons, the 
density of which exceeded a certain threshold 
value. Svartholm (164) proposed to associate 
the carcinogenic properties of hydrocarbons with 
the reactivity of addition across one of the bonds. 
To explain an antagonism phenomenon which 
they had observed, Lacassagne, Buu-Hoi, Daudel, 
and Radali (165) imagined that carcinogenic 
hydrocarbons must be able to form an addition 
complex with the substrate which controls cellular 
division. This addition complex was assumed to 
be effective in producing a cancer only if it could 
take place at certain well defined points in the 
cell. 


Several theoretical studies, of which summaries 
are available in recent literature (166), have 
shown that hydrocarbons or derivatives that are 
carcinogenic have a bond with high bond order. 
As this property determines the rate of certain 
addition reactions to this bond, it is tempting to 
assume that the addition of the hydrocarbon 
through one of its bonds to certain cellular con- 
stituents is an important step in the production 
of cancer. A more recent report states that it 
seems improbable that there was a clear relation 
between the total amount of a substance which was 
fixed to the cellular proteins and its carcinogenic 
power (167). However, it remained probable 
that a necessary condition for a substance to be 
carcinogenic was that a substantial amount was 
fixed by one of its bonds to the protein. 


Many of the polycyclic hydrocarbons that have 
proved to be carcinogenic are phenanthrene 
derivatives suitably substituted by alkyl groups 
or with fused aryl rings attached to phenanthrene. 
Some heterocyclic analogs of these carcinogenic 
hydrocarbons, such as acridine, carbazole, and 
thiophene derivatives, have also proved to be 
carcinogenic (168). From these facts, Robinson 
proposed that the essential structural features for 
carcinogenicity in the polycyclic hydrocarbons 
may be an activated phenanthrene bridge (the 
9,lO double bond in phenanthrene shown by 
asterisks in formula), which needs to be un- 
substituted (169). 


In an attempt to determine what effect, if any, 


XL XLI 


exert a true estrogenic action in rats (160), 1- 
Bromo-1,2-diphenyl-2-(5-bromo-2-thienyl)ethyl- 
ene did not exhibit true estrogenic activity, 
although it did inhibit release or action of the 
follicle-stimulating hormone. 


A thiophene analog of an isoflavone (XLI) 
showed no activity (161). 


THIOSTERS OF CARClNOGENlC 
HYDROCARBONS 


In the review article by Martin-Smith (5), the 
interest in compounds containing thiophene rings 
is reported to be derived largely from the ideas 
inherent in the receptor theory of drug action, the 
theory of biological antagonism, and the concept 
of bioisoterism. A new theory, which has gained 
favor in recent years and which also incorporates 
many of the principles of the three concepts men- 
tioned above, is based on quantum mechanics. 
For example, although one would not ordinarily 
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reported (172) to correlate directly with a tumor 
index (per cent of animals developing tumors per 
time in days for tumor appearance). There are 
exceptions which are difficult to explain on the 
basis of the Pullman hypothesis. 


The synthesis of thiosters of carcinogenic 
hydrocarbons in which the “K-region” is re- 
placed by isosteric substitution with thiophene 
has been continued (173). Many of the thiosters 
remain to be tested. Some unexpected results 
were observed among those which have been 
tested. The two phenanthrene bridges (PB’s) 
in 9,lO - dimethyl - 1 : 2,5: 6 - dibenzanthracene 
(XLVII) have been replaced stepwise as in 
XLVa (173, 174) and XLVIIa (175). Com- 
pound XLVa is a much more powerful carcino- 
gen than XLVII  (168b), and the high activity 


the 9,lO double bond might contribute towards 
carcinogenic activity, Robinson and Tilak have 
synthesized thiophene isosteres of carcinogenic 
hydrocarbons, in which the sulfur atom in the 
thiophene ring replaces the key phenanthrene 
bridge. A review of the work in this field, which 
contains a considerable amount of unpublished 
data, has been presented by Tilak (170). Inter- 
estingly, compound X L I I  was only slightly active 


CHI 
XLIV 


when painted on mice and inactive by sub- 
cutaneous injection when compared to the 
carcinogenic compounds XLIII  and XLIV. The 


@g@p * \  \ \ \  


* 
CHs ‘ CHs 
XLV XLVa 


inactivity of XLII  was attributed to the absence of 
the phenanthrene bridge, since high activity 
again emerged in the case of XLV and XLVa. 


Since the first step in carcinogenesis involves a 
reaction of the carcinogen and a cellular receiver 
probably of an electrophilic nature, Pullman 
(166a) postulated that the “K-region” should be 
sufficiently active and that the “L-region” (meso 
position in anthracene residue) should be inactive 
(by substitution, e.g., by methyl groups). The 
more carcinogenic hydrocarbons are generally 


L-region a -, 


more strongly bound to proteins by the “K- 
region,” while weaker carcinogenic or inactive 
hydrocarbons were bound through the “L-region” 
or by neither. For example, the electronic charge 


XLVII XLVIIa 


is attributed to a single activated PB instead of 
two competitive PB’s as in XLVII  (173). The 
key thioster XLVIIa, wherein both the PB’s are 
removed, proved highly carcinogenic, contrary to 
the expectation that it would be inactive (176). 
When one of the two PB’s in 9,lO-dimethyl- 
1 : 2,7 : 8-dibenzanthracene (XLVIII) was re- 
placed, a highly active carcinogen XLV resulted 
as expected (177). However, the key thioster wQ+ / 


* \  / / *  
* * 


CHs CHs 
XLVIII XLVIIIa 


XLVIIIa, wherein both the PB’s were removed 
(178), also proved to be highly carcinogenic 
contrary to its expected inactivity (176). The 
thioster of 3 : 4-benzphenanthrene (XLIX) and 
chrysene (L) have proved inactive (168b, 176), 
although the thiosters may contain one or two of 
the original phenanthrene bridges. The key 
thiosters of X L I X  and L, in which both PB’s c&Qy * \  /. \ / *  


* *  ‘ /  * 
XLIX 


of the “K-region” of a series of benzoacridines was L 
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are replaced by sulfur, have also proved non- 
carcinogenic. The thioster (LIa) of the weakly 
carcinogenic 1 : 2,5 : 6-dibenzphenanthrene (LI) 
has given a highly toxicinitial reaction when given 
subcutaneously to mice (178). 
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* *  


LI LIa 


Tilak (170) has observed that the interrela- 
tion between carcinogenicity and the structure 
of polycyclic hydrocarbons and their thiosters 
does not appear to be simple. The carcino- 
genicity of some of the thiosters which do not 
contain a phenanthrene bridge cannot be fitted 
into the “K-region” hypothesis, and i t  seems 
likely that the sulfur atoms in the condensed 
thiophenes have their own characteristic reac- 
tivity towards a biological substrate. 


Metabolic studies (1 79) of dibenzothiophene 
have provided experimental support for the sug- 
gestion that the sulfur atom is implicated in 
metabolism. When fed to rats through a stand- 
ard diet, I-hydroxydibenzothiophene-5,5-dioxide1 
was isolated. The sulfur atom in thiosters, like 
the “K-region” in the corresponding hydrocarbon, 
is oxidized in vivo and is responsible for the 
carcinogenicity of these compounds. 


As noted earlier for the 8-thienylalanine, some 
thiophene derivatives possess the ability to re- 
tard the growth of various tumors, Thiophene- 
2,5-carboxylic acid in repeated doses inhibited 
the growth of Yoshida sarcoma in rats and the 
growth of a fibrosarcoma in mice (180). I n  vitro 
studies with a C“-labeled glucose suggested that 
certain thiophene compounds interfered with the 
hexose monophosphate pathway. j3-Chloroethyl- 
amino derivatives of thiophene were found quite 
toxic and inhibited the growth of tumors (sarcoma 
“45,” Ehrlich’s tumor) only slightly (181). 
Uptake and incorporation of glycine-l-C14 by 
Ehrlich ascites carcinoma cells was inhibited by 
a-amino-2-thiophene acetic acid (thienylglycine) 
(182). 


MISCELLANEOUS 


The earlier literature of thiophene chemistry 
indicates a potential use of thiophene isosteres as 
anticonvulsants (1, 5). A large series of 5- 
(2-thienyl) substituted hydantoins, including 
some bearing 3-alkyl substituents and 1,3- 
dialkyl substituents have been prepared (183), 


1 Tilak (170) reported earlier that 2-hydrorydibenzothio- 
phene-5.5-dioxide was isolated during the metabolic studies 
of dibenzothiophcne. Undoubtedly a typographical error 
!qs bgeu made ig one of these reports. 


and some have been found to possess the same 
order of activity as 5,5-diphenylhydantoin. The 
anticonvulsant properties of 5-phenyl-5-(2- 
thienyl) hydantoin have been well established 
and compare directly with those of 5,5-diphenyl- 
hydantoin (184). It was clinically used for a time 
(185) on account of its favorable therapeutic 
ratio, since although less active than 5,5-di- 
phenylhydantoin, it is also less toxic. 5,5-Di(2- 
thienyl) hydantoin is claimed to be active as an 
anticonvulsant (186). 


Thiophene derivatives have been studied quite 
extensively for local anesthetic activity (1, 5). 
When a series of dialkylaminoalkyl esters of 3- 
thenoic acid were compared with the 2-isomers 
(67c), only 7-di-n-butylaminopropyl-3-thenoate 
was found to have significant local anesthetic 
activity. The activity of this compound was 
slightly less than that of the corresponding 2 
isomer. A study of the influence of isosterism of 
acids on activity of salts and esters endowed 
with local anesthetic or analgesic properties has 
recently appeared (187). For procaine salts, the 
2-thenoate was less potent, quicker acting, and 
of shorter duration of action than the benzoate, 
but both were more potent local anesthetics than 
the hydrochloride salts. The benzylurethan of 
glycol and the 2-thenylurethan of glycol were both 
local anesthetics, but much weaker than procaine 
hydrochloride. The thenyl isostere was  more 
potent and also more toxic than the benzyl 
isostere. For morphine salts, the 2-thenoate 
acted more slowly, but the action was of longer 
duration than that of the benzoate. The (2- 
thenoy1)-acrylic acid salt of morphine was slightly 
more potent than the benzoylacrylic acid salt. 


The discovery that certain 8-haloethyIamines 
possessed powerful adrenergic blocking action 
inspired a mild interest in thiophene compounds 
of this type (188). Of the thiophenes studied N- 
thenyl- N-benzyl-2-chloroethylamine was the most 
active (189). The antiadrenaline and anti- 
noradrenaline activity of N-benzoyl-N-2‘-halo- 
genoethyl2-thenylamines has been studied (190). 


The radiation protective action of N-phenyl- 
amidines of thiophene carboxylic acid in white 
rats has been studied (191). The radioprotective 
effect of the N-phenylamidine of 2-thiophenecar- 
boxylic acid has been reported (192) dependent on 
the dose used. The radioprotective effect began 
to be manifest at doses of 60 mg./Kg. Below 
these doses there was a sharp decline in the radio- 
protective capacities. A t  60 mg./Kg. the per- 
centage of survivals among the female animals 
was 60, while that among the males was 35. The 
difference b&wwn the protected male and female 
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shown in general the biological similarity of 
the phenyl and thienyl groups; and it has shown 
that the position of substitution of the thiophene 
ring is important (3-thienyl derivatives usually 
being more active and less toxic than their 2 
isomers). The data accumulated should contrib- 
ute to the development of newer theories which 
may lead to better understanding of drug action 
and biochemical processes. 


I n  this connection, one can mention the use of 
thiophene and its homologs as starting compounds 
for the preparation of aliphatic amino acids (197). 
Long chain amino acids, both straight and 
branched, with a variable number of carbon 
atoms between the amino and carboxyl groups 
were prepared by synthesis of the corresponding 
thiophene derivatives and subsequent Raney 
nickel reductive desulfurization. The significant 
importance of the aliphatic amino acids and the 
opportunities offered by this method should be 
obvious, particularly regarding metabolic studies, 
since it would appear feasible for desulfurization 
to occur under biochemical conditions, as well as 
oxidation of the thiophene molecule. Studies 
have shown that there was increase of neutral 
sulfur in the blood, but no increase in the sulfate 
ion concentration (198). 


It would appear advantageous to study thio- 
pene derivatives more as individuals and less in 
regard to their isosteric relationship to some 
known biologically active agent. For example, 
2,2'-5',2"-terthienyl (14s) is reported to exhibit 
very high nematicidal activity, while the phenyl 
isostere (p-terphenyl) gives negative results. Also, 
the thiosters of the carcinogenic polycyclic hydro- 
carbons, in many cases, exhibited carcinogenic 
activity considerably higher than that of the 
phenyl isomer ( I i O ) .  Thus, while the thiophene 
isosteres may not exhibit activity comparable to 
the benzene isostere from which they were 
modeled, they may display a unique action (bio- 
logical activity) of their own which will be entirely 
different from that of the benzene isomer. 


rats indicates a possible significance of female 
sex hormones. The radiosensitivity of various 
transplanted tumors is claimed to be increased 
by pretreatment with 2,5-dicarbethoxy-3,4-di- 
hydroxythiophene (193). This agent inhibited 
the uptake of oxygen by homogenates of various 
mouse tumor tissues and of normal liver, kidney 
and spleen, but not of brain. 


The diuretic activity of some thiophene deriva- 
tives has been studied recently (194). 2,4- 
Disulfonamidothiophene, 2,4-disulfonamido-5- 
chlorothiophene, and 2,4-disulfonamido-5-methyl- 
thiophene showed notable diuretic effect. How- 
ever, at doses above 250 mg./Kg. they showed 
neuromuscular effects characterized by a degree 
of hypotonicity and ataxia and accompanied by 
respiratory depression. The diuretic activity of 
oral doses of 125 and 50 mg./Kg. was determined 
after 5 hours; the effect of daily doses was studied 
at  the end of 3 and G weeks. Marked increases 
over the levels for controls were observed in the 
volume of urine, sodium, potassium, and chlorine 
excreted 5 hours after ingestion. 


N'-Substituted- N-thiophenesulfonyl ureas have 
been reported to cause a significant lowering of 
the blood sugar level when administered intra- 
venously as determined on rabbits (195). 


A series of compounds containing thiophene 
rings which are isosteres of the less important bio- 
logical active compounds, or else which have 
had very little work done on them is summarized 
by Martin-Smith (5). This series includes agents 
which act as vasoconstrictors, choleretics, anti- 
thyroid agents, vasopressors, sedatives, anti- 
mitotic substances, vasodilators, muscle relaxants 
hypotensive agents, and heart and respiratory 
regulators. 


Recently 2- [3- (2-methylbenzothienyl)methyl]- 
2-imidazoline has been used to increase arterial 
blood pressure ( 196). 


CONCLUSIONS 


In the search for drugs with a higher degree of 
potency and fewer toxic side effects, considerable 
attention has been devoted to compounds which 
possess thiophene rings. From a voluminous 
amount of work very few new drugs of clearly 
superior clinical desirability have been produced. 
As a result, one can notice a certain slackening 
interest in the preparation of thiophenes for 
pharmacological studies. However, these re- 
sults should serve as a guide to future research, 
and not as a sign that negative conclusions 
invalidate future work. As noted earlier (5) ,  
the work on thiophenes has made valuable con- 
tributions to the study of antimetabolites: it  has 
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Resedrcb Articles- 


Gastrointestinal Factors in Aspirin Absorption 
A Quantitative Study 


By EDWARD B. TRUITT, Jr., and ANN M. MORGAN 


Three astrointestinal factors influencing aspirin absorption have been selectively 
adjustet for quantitative measurement of their effect on the rate of salicylate ab- 
sorption in humans and dogs. These are (a) gastric emptying, (b) aspirin dis- 
solution rate, and (c) intragastric pH. Other factors such as tablet disintegration 
time, aspirin particle size, and intersubject variability have been eliminated or 
reduced where possible. The major portion of the salicylate in the blood during 
the first 20 minutes comes from the stomach. Impedance of gastric emptying by 
the use of atropine and placing the subjects in a left lateral position did not eliminate 
the higher plasma salicylate levels produced by the inclusion of the buffer antacids 
in aspirin tablets. The major effect of these antacids appears to be an acceleration 
of aspirin dissolution. This has been conhmed in this study by an in vivo dem- 
onstration of more rapid absorption from solutions of aspirin than from tablets. 
Aspirin in solution has a lower pH alone than with the inclusion of butfering ant- 
acids. Selective adjustment of the degree of aspirin and sodium salicylate ionization 
through the use of various buffers provided a method of study of the influence of 
intra astric pH on the rate of as irin absorption. Support was obtained from dog 
and ffuman studies in favor o t t h e  pH partition hypothesis that salicylates are 


absorbed more rapidly at low pH values. 


ANY INVESTIGATIONS of salicylate absorption M have been made because of the ease with 
which salicylic acid can be measured in body 
fluids. Despite this, some factors regulating 
this membranous transfer have only recently been 
measured under physiologic conditions in man. 
~~ ~ 
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One such factor is the direct transfer of salicylate 
from the stomach into the blood circulation 


The claim of Paul, el al. (3), that certain ant- 
acids increased the gastrointestinal absorption rate 
of aspirin has received considerable examination. 
Despite a number of studies showing no signifi- 
cant differences (4-7), quite a few tests using 
adequate numbers and crossover design to reduce 
intersubject variability have shown clearly 


(1,2). 








Synthesis of Amino Acids in the Catecholamine Series 
By WALTER H. HARTUNG*, ALBERT N. MATTOCKS$, and ROBERT I. ELLINS 


Tyrosine is enerally proposed as the initial precursor i n  the biogenesis of epi- 
nephrine an$ norepinephrine. Methods are presented for the pre aration of amino 
acids which could be included in  alternate mechanisms or possihy interfere with 
the metabolic sequence. During the course of this study the following compounds 
were prepared: phenylserine and its ethyl ester, p-hydroxyphenylserine, 0-methyl 
tyrosine, and w-aminoacetylcatecho1 in  a n  attempt t o  prepare dihydroxyphenyl- 
serine, DOPS. An effort was made to improve on  the practicality of the methods 
previously used. I n  some cases a specific adaptation of known procedures was 


employed; i n  others new syntheses were developed. 


ECENT STUDIES ( 1 ,  2) tend to  advance 
Blaschko's original hypothesis (3) con- 


cerning the role of various amino acids in the 
biogenesis of catecholamines: tyrosine+3,4- 
dihydroxyphenylalanine (DOPA) Ahydroxytyra- 
mine (Dopamine)+norepinephrine. Only a few 
steps in the classical sequence of reactions have 
been clearly demonstrated. The  purpose of this 
investigation was to prepare, by convenient 
methods, amino acids related t o  those proposed 
in the biogenetic sequence. The  amino acids 
may have functions of their own or serve as 
intermediates in alternate metabolic pathways 
leading to  the formation of norepinephrine. 
Recently, Dickenson and Thompson (4) re- 
ported that  phenylalanine was necessary for 
virus synthesis and that L-threophenylserine was 
the most active of a series of compounds tested 
against influenza A virus. Holtz, et al. (5), 
found that all organ extracts which decarboxyl- 
ated DOPA also attacked the phenylserines. 
During the course of this study the following 
compounds were prepared : phenylserine and i ts  
ethyl ester, p-hydroxyphenylserine, 0-methyl 
tyrosine, and w-aminoacetylcatechol (in a n  
attempt to prepare dihydroxyphenylserine, 
DOPS). An effort was mpde to  improve on the 
practicality of the methods previously used. 
I n  some cases a specific adaptation of known 
procedures was employed, and in others new 
syntheses were developed. 


EXPERIMENTAL 
The melting points reported in the paper are 


uncorrected and were determined by the capillary 
tube method. 


pHydroryphenacy1 Cyanide (II).-In 100 ml. of 
alcohol was dissolved 21.5 Gm. (0.125 mole) of 
p-hydroxyphenacyl chloride (6) (Ia), and the 
solution was warmed to 50". To the warm solution 
was added, with stirring, 26 Gm. (0.46 mole) potas- 
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sium cyanide in 80 ml. water. The mixture was kept 
warm and stirred for an additional 30 minutes, 
then allowed to  cool to room temperature. The 
solution was acidified to litmus with hydrochloric 
acid and allowed to  cool overnight in a refrigerator. 
The resulting crystals were filtered and redis- 
solved in 50% alcohol to  which 3 Grn. of decolorizing 
charcoal had been added. The mixture was warmed 
for 15-20 minutes on a hot plate and filtered while 
hot. Upon cooling, the clear filtrate yielded 10 
Gm. (60%) of p-hydroxyphenacyl cyanide as 
tan crystals. Concentration of the filtrate pro- 
duced no appreciable quantities of product. The 
dried cyanide melted with decomposition a t  172". 
No further purification was considered necessary 
for subsequent reactions. 


And-Calcd. for C O H ~ N O ~ :  N, 8.7. Found: N, 
8.9. 


Attempted Synthesis of a-Hydroximino-@-keto- 
j+(p-hydroxyphenyl)-propionic Acid Ethyl Ester 
from p-Hydroxyphenacyl Cyanide (II).-In 30 ml. 
of absolute alcohol which had been previously 
saturated with dry hydrogen chloride, 6 Gm. 
(0.037 mole) of p-hydroxyphenacyl cyanide (11) 
was dissolved. The solution was placed in a 
stoppered flask and allowed to stand a t  room tem- 
perature for 5 days. To this solution 100 ml. of 
distilled water was added, and the mixture was 
warmed to 3W60' and cooled overnight in a re- 
frigerator. A small quantity of flocculent pre- 
cipitate was observed in the beaker, and the mixture 
was extracted with ether to  isolate all the reaction 
product. Evaporation of solvent from the ether 
extracts produced dark crystals which were dis- 
solved in hot alcohol, charcoaled, and reprecipitated 
by cooling. .4 yield of 5.5 Gm. of yellow crystals 
was obtained. Two repetitions of this reaction 
produced only dark oily substances from which no 
crystalline material could be obtained. 


Five grams of the yellow crystalline product of 
alcoholysis were dissolved in 100 ml. of ether, and 
the solution was saturated with hydrogen chloride. 
Butyl nitrite (2.4 Grn., 0.023 mole) was added to  
the solution over a period of 30 minutes. After 
an additional 30 minutes of stirring, the reaction 
mixture was transferred to  a distilling flask, and 
the solvents were removed by heating. The residue 
was taken up in hot toluene and reprecipitated by 
cooling. Four grams of light gold crystals was ob- 
tained. The product melted at 153-155'. The 
calculated nitrogen content for a-hydroximino-j3- 
keto-@-( p-hydroxypheny1)-propionic acid ethyl ester 
is 5.9170, and the nitrogen content of the product 
as shown by Kjeldahl analysis was 11.0%. No 
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study of the structure of the product was made, 
but it is interesting that the corresponding amide 
would contain 13.5y0 nitrogen and that the nitroso 
substituted derivative of the ester desired would 
contain 10.5y0 nitrogen. Should this compound 
actually have been a-hydroximino-i9-keto-p-(3- 
nitroso-4-hydroxyphenyl)-propionic acid ethyl ester, 
the method might serve as a synthesis of compounds 
of this type. The possibilities of this reaction 
deserve further study. 


pHydroxgphenylglyoxylohydroxamy1 Cyanide 
(IVa).-To a solution of 5.5 Gin. (0.027 mole) of 
p-hydroxyphenylglyoxylohydroxamyl chloride 
(IIIa) in 100 ml. of alcohol was added 6.5 Gm. 
(0.1 mole) of potassium cyanide in 100 ml. of water. 
The solution was heated with occasional stirring for 
1 hour on a steam bath. After allowing the mix- 
ture to  cool, hydrochloric acid was added until 
the reaction was acid to litmus, and the mixture 
was cooled in the refrigerator. After 1 hour of 
cooling, the crystals that had precipitated were 
filtered, dried, and weighed. Filtration gave 1.5 
Gm. of brown needles and ether extraction of the 
filtrate followed by evaporation of solvent produced 
3.5 Gm. additional product, the total yield being 
5 Gm. (%yo). The crude nitrile was recrystallized 
from dilute alcohol, and the crystals melted a t  
160-161 ' with decomposition. Repeated reactions 
gave yields of 90-95y0. 


Anal.--Calcd. for CloHeNz03: N, 14.7. Found: 
N, 14.1, 14.3. 
a - Hydroximino - p - hydroxybenzoylacetic Acid 


(V).-In 50 ml. of 10% aqueous sodium hydroxide 
was dissolved 3.5 Gm. (0.018 mole) of p-hydroxy- 
phenylglyoxylohydroxamyl cyanide (IVu), and the 
mixture was heated in an open beaker on a steam 
bath for 6 hours, evolution of ammonia being 
completed a t  the time. Crushed ice (100 Gm.) 
was added, and the cold mixture was acidified with 
dilute hydrochloric acid and extracted with ether. 
The ether was dried over anhydrous sodium sulfate 
and removed on a water bath. The residue did not 
require further purification since it was only slightly 
colored. A yield of 3.6 Gm. (96%) of crude acid 
was obtained as yellow crystals, melting with evolu- 
tion of gas a t  124-125". Attempts at recrystalliza- 
tion of small amounts of the acid for analysis were 
unsuccessful; only amorphous products were ob- 
tained. A neutral equivalent of the compound was 
made by dissolving a portion in excess 0.02 N base 
and residually titrating with 0.02 N acid. 


Anal.-Calcd. for N.E. CoHpNO6: 225. Found: 
N.E. 219, 228. 


pHydroxyphenylserine Hydrochloride (VI).- 
In  100 ml. of absolute alcohol containing 5 Gm. 
hydrogen chloride was dissolved 2.1 Gm. (0.01 mole) 
of the a-hydroximino acid (V); 3 Gm. of 10% 
palladium catalyst was added. The mixture was 
shaken in hydrogen a t  a pressure of 1 Atm., and 
the theoretical quantity of hydrogen was absorbed 
in 1 hour. The solution was filtered to remove 
the catalyst and the filtrate concentrated under 
reduced pressure to about 30 ml. Ether was 
added until a definite turbidity was apparent, 
and the mixture was then cooled overnight. The 
crystals which had formed were filtered, washed 
with ether, and dried. The product was recrystal- 
lized from hot alcohol. The crystals darkened to  
gold at 18Cb185" and melted to  a red oil with 
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evolution of gas a t  224225'. This melting point 
behavior is similar to that reported for the free base 


Anal.-Calcd. for COH~~CINO,: N, 6.01. 
Found: N, 5.96, 6.01. 
3,4-Dihydroxyphenylglyoxylohydroxamyl Cyanide 


(IVb).-To 10.65 Gm. (0.05 mole) of 3,4-dihydroxy- 
phenylglyoxylohydroxamyl chloride (6) (IIIb) dis- 
solved in 100 ml. of alcohol was added 13 Gm. 
(0.3 mole) of potassium cyanide dissolved in 200 
ml. of water. The mixture was heated, with oc- 
casional stirring, on a steam bath for 1 hour and 
allowed to cool. On acidification with dilute hy- 
drochloric acid, a brownish mass formed which 
dissolved on addition of excess acid. The dark 
mixture was extracted with three 250-ml. portions 
of ether. The ether extract was dried over an- 
hydrous sodium sulfate and evaporated to dryness 
on a steam bath. The resulting crude product was 
taken up in 50 ml. of ether, boiled with 1 Gm. of 
charcoal, and filtered. After the addition of 350 
ml. of toluene, the solution became cloudy and was 
placed in a refrigerator for 2 hours. A yield of 
5.5 Gm. (53%) of yellowish-green crystals was 
ohtained, melting a t  172 to 173.5". 


Anal.-Calcd. for COHSN~O,: C, 52.43; H, 2.93; 
N, 13.6. Found: C, 52.43; H, 2.95; N, 13.5. 


Attempted Preparation of a-Hydroximino-3,C 
dihydrorgbenzoylacetic Acid (W).-A solution of 
3,4 - dihydroxyphenylglyoxylohydroxamyl cyanide 
(IVb) (0.02 mole) was dissolved in 100 ml. of lOy, 
aqueous sodium hydroxide, and the mixture was 
heated on a steam bath until ammonia was no 
longer liberated. The reaction required 5-6 hours 
of heating. On cooling to room temperature, the 
solution was treated with 100 Gm. of crushed ice 
and acidified with dilute hydrochloric acid; an 
immediate evolution of gas was noted. The mix- 
ture was extracted with ether and the ether extract 
dried over anhydrous sodium sulfate, filtered, and 
evaporated to  dryness on a steam bath. Very 
hygroscopic brown crystals were obtained. Further 
purification by recrystallization from ether produced 
yellow-brown crystals which were also hygroscopic. 
An accurate analysis could not be obtained. 


Preparation of u-Aminoacetylcatechol (VIII). 
(Attempted Synthesis of 3,4-Dihydroryphenyl- 
serine).-In a hydrogenation flask were placed the 
product obtained from the hydrolysis of 0.02 mole 
of 3.4-dihydroxyphenylglyoxylohydroxamyl cyanide 
(IVb), 100 ml. of absolute alcohol containing 10 
Gm. of dry hydrogen chloride, and 3 Gm. of a 10% 
palladium-on-charcoal catalyst. The mixture was 
shaken on a Parr hydrogenation apparatus until 
hydrogen was no longer absorbed, about 0.05 
mole being taken up. The catalyst was filtered, 
and the filtrate concentrated in  vacua to 30 ml. 
Addition of 100 ml. of dry ether precipitated 4 Gm. 
of colorless crystals. Recrystallization from ab- 
solute alcohol gave 3.6 Gm. of a hydrochloride that 
melted to a red oil with evolution of a gas at 244- 
246". 


A nu/.-Calcd. for 3,4-dihydroxyphenylserine hy- 
drochloride, C8HllNO3-HCI: C, 43.29; H, 4.85; 
N, 5.6. Calcd. for arterenol hydrochloride, 
C8H1,N03*HCI: C, 46.i2; H, 5.9; N, 6.8. Calcd. 
for w-aminoacetylcatechol, CsHgNOa-HCl: C, 47.18; 
H, 4.9; N, 6.8. Found: C, 46.65; H, 4.9; N, 
6.9. 


(7). 
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The analytical data were consistent wi:h the 
values calculated for w-aminoacetylcatechol or 
arterenol hydrochloride. The melting point of 
arterenol hydrochloride was reported by Simonoff 
(8) as 136" with decomposition. The melting point 
of the amino ketone hydrochloride reported by 
Barger and Dale (9) was 252' with decomposition. 
From the above data it may be assumed with reason- 
able certainty that the compound formed was 
w-aminoacetylcatechol rather than arterenol or 
3,4-dihydroxyphenylserine 


The apparent formation of w-aniinoacetylcatechol 
by this series of reactions, rather than 3.4-di- 
hydroxyphenylserine, can be explained if the 8-keto 
acid obtained by hydrolysis of 3,4-dihydroxygly- 
oxylohydroxamyl cyanide (I1.b) underwent dc- 
carboxylation to form w-hydroximinoacetylcatechol. 
The evolution of gas, presumably carbon dioxide, 
noted during the hydrolysis, is evidence of the 
possibility that decarbosylation occurred. 


In an attempt to avoid decarboxylation, the 
miiture, resulting from the heating of 3 Gm. of 3,4- 
clih ydroxyphenylglyoxylohydroxamyl cyanide ( 11.6) 
with sodium hydroxide was transferred without 
purification to a hydrogenation bottle. The flask 
was shaken with 0.5 Gm. of a 10% palladium 
catalyst in an effort to prevent poisoning of the 3 
Cm. of additional catalyst which was later added. 
.4 negligible amount of hydrogen was taken up, 
indicating incomplete hydrogenation. The solution 
was acidified arid extracted with ether. On evap- 
oration of the ether, effervescence was again ob- 
served. The residue was dissolved in 100 Gm. 
of absolute alcohol containing 5 Gm. of dry hydro- 
gen chloride and placed in a hydrogenation bottle 
with 3 Gm. of a 10% palladium catalyst. After 
hydrogenation, w-aminoacetylcatechol, nielting with 
decomposition a t  244-246", was obtained. 


Phenylserine and Phenylserine Ethyl Ester 
Hydrochloride.-In a 500-ml. round-bottomed flask 
were placed 8.5 Gni. (0.08 mole) of benzaldehyde, 
9.5 Gm. (0.04 mole) of carbobenzyloxyglycine 
ethyl ester, 2 Gm. of sodium wire, and 75 ml. of 
dry ether. The sodium wire was soon coated with 
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a yellow layer from which it was freed by vigorous 
shaking. The sodium disappeared after standing 
24 hours. The solution was filtered, and the 
resulting solid washed with dry ether. The crystals 
were dissolved in a minimum of water and acidified 
with dilute acetic acid. Upon evaporation of the 
solvent under reduced pressure, a viscous oil was 
obtained which solidified to a gel in the refrigerator. 
This was treated with 50 ml. of absolute alcohol 
containing 3 Gm. of dry hydrogen chloride and 2 
Gm. of a 10% palladium-on-charcoal catalyst. 
On hydrogenation, 250 ml. of hydrogen was ab- 
sorbed. The catalyst was filtered and the solution 
concentrated to 35 ml. under reduced pressure. 
Addition of dry ether produced 4 Gm. (41y0) of 
phenylserine ether ester hydrochloride, melting a t  
157-161 '. The melting point was in agreement with 
those already reported for phenylserine ethyl ester 
hydrochloride (10). 


Anal.-Calcd. for CIIHI~NO~.HCI:  N, 5.70. 
Found: N, 5.78,5.83. 
N-Carbobenzyloxypheny1serine.-In a 500-ml. 


round-bottomed flask were placed 8.5 Gm. (0.08 
mole) of benzaldehyde, 8.4 Gm. (0.04 mole) of 
carbobenzyloxyglycine, 2 Gni. (0.45 mole) of 
sodiuni wire, and i5  ml. of dry ether; reaction took 
place as previously described. Isolation of the 
product by the above procedure produced 8 Gm. 
of the sodium salt of N-carbobenzyloxyphenylserine. 
The cr)rstals were dissolved in a minimum of water 
and acidified with dilute acetic acid. Evaporation 
of the solvent produced an oil which solidified on 
addition of dry ether and standing in the refrig- 
erator; it melted a t  83-85", 


And-Calcd. for C17Hl7NOa: hT, 4.44. Found: 
K, 4.53. 
Pheny1serine.-N-Carhbenzyloxyphen ylser ine  


(1  Gm., 0.003 mole) was dissolved in 75 nil. of 
alcohol containing i Gm. of dry hydrogen chloride 
and 2 Gin. of a 10% palladium catalyst. About 
100 ml. of hydrogen (a slight excess of the theoretical 
amount) was absorbed in 15 minutes. The catalyst 
was filtered and the filtrate concentrated under 
reduced pressure. Addition of an excess of dry 
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ether produced 0.4 Gm. (57y0) of crystals melting 
a t  148-150'. Carrara and co-workers (11) re- 
ported the melting point of phenylserine hydro- 
chloride to be 157'. 


Q - Hydroximino - @ - (p - methoxypheny1)- 
propionic Acid.-A 5.3 Gm. (0.024 mole) quantity 
of p-methoxybenzylmalonic acid was dissolved in 
50 ml. of ether, and 4.85 Gm. (0.047 mole) of 
butyl nitrite was added. The mixture was placed 
in an ice bath and stirred while hydrogen chloride 
was passed into the beaker until none of the gas 
was absorbed. Stirring and cooling were continued 
for 20 minutes, and the reddish reaction mixture 
was warmed on a hot water bath until the ether had 
evaporated. A residue of slightly colored solid 
remained; this was dissolved in warm alcohol and 
reprecipitated by the addition of cold water to 
yield 4.95 Gm. (96%) of colorless crystals of Q- 


hydroximino-8-(p-methoxypheny1)-propionic acid. 
The recrystallized product melted a t  156'. Hamlin 
and Hartung (12) reported a melting point of 
156-157" for this compound. Subsequent reactions 
gave yields of 90-950/0. 


0-Methyltyroshe.-To a solution of 4 Gm. 
(0.019 mole) of the a-hydroximino-@-(p-methoxy- 
pheny1)-propionic acid in 100 ml. ethyl alcohol was 
added 3 Gm. of a 10% palladium catalyst. To  the 
mixture was then added 10 ml. of 36% hydrochloric 
acid; the mixture was shaken with hydrogen a t  a 
pressure of 10 Atm. The theoretical quantity of 
hydrogen was absorbed in 3.5 hours, and the mix- 
ture was filtered to remove the catalyst. The sol- 
vent was removed under reduced pressure on a 
hot water bath, and the residue was dissolved in 
15 ml. of warm distilled water and titrated to neutral 
with 0.1 N sodium hydroxide using methyl red 
indicator. Cooling of the neutral solution pre- 
cipitated 3.5 Gm. (93%) of 0-methyltyrosine. The 
melting point, 295-296" with decomposition, 
agreed with the value reported (13, 14). 


prepared by nitrosating phenacylchloride and react- 
ing the resulting isonitroso compound with potas- 
sium cyanide. Both keto and cyano groups are 
known to promote nitrosation of adjacent aliphatic 
carbon atoms. Indeed, Pasquale (15) obtained 
good yields of I1 by nitrosating phenacyl cyanide. 
We were not, however, able to  prepare p-hydroxy- 
phenylglyoxylohydroxamyl cyanide ( IVa) by nitro- 
sating p-hydroxyphenacylcyanide, nor are reports 
available indicating that 3,4-dihydroxyphenyl- 
glyoxylohydroxamylcyanide (IVb) can be prepared 
by nitrosating dihydroxyphenacylcpanide. This 
would indicate that substituents adjacent to carbonyl 
groupings drastically affect nitrosation reactions. 


The potential of these compounds as enzyme 
inhibitors or alternate precursors of norepinephrine 
were not investigated; however, a group of the 
National Institutes of Health (16, 17) reported 
recently on the activity of a number of related 
compounds as substrates and inhibitors of dopamine- 
6-oxidase. 
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Assay Methods for Some Vhcu roseu 
Alkaloids I1 


By IVAN M. JAKOVLJEVIC, L. DAVID SEAY, and REGINALD W. SHAFFER 


Colorimetric and fluorometric methods u e  
presented for quantitative determination of 
some Vinca alkaloids. T h e  identification is 
accomplished with a new color reagent- 
ceric ammonium sulfate in  phosphoric acid- 
and two thin-layer chromatographic systems. 


HE ALKALOIDS from Vinca rosea Linn. rep- 
Tresent a new approach in  the chemothera- 
peutic treatment of a variety of human neoplasms 
(6). 


Received May 28, 1963, from Eli I.illy and Co.. Indian- 


Accepted for publication September 10, 1963. 
apolis, Ind. 


In Part I a colorimetric method which was very 
specific for vincaleukoblastine' (vinblastine) was 
described (5). Since that time, only leurocris- 
tinel (vincristine)-another dimeric indole-indo- 
line compound isolated later (8, 10)--has been 
shown to give the same reaction as vincaleuko- 
blastine. By the vincaleukoblastine method (5), 
leurocristine exhibits the same color curve as 


1 The A.M.A. Council on Ihugs has approved vinblastine 
and vincristine as generic names for these alkaloids. 
Vincaleukoblastine is marketed as  Velban (vigblastinq 
sulfate) by Eli Lilly and Co., Indianapolis. Ind. 
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doses. The depressor effect of the esters was 
similar in cats and rabbits. It could not be blocked 
by atropine, and it could be reversed by epinephrine. 
This was indicative that the effect was due to  direct 
smooth muscle relaxation or to the cardiac de- 
pression which was quite apparent. 


To show that the depressor effect was primarily 
due to cardiac inhibition, the esters were tested on 
the isolated rabbit heart after the method of 
Langendorff (11). As can be seen in Fig. 4, all of 
the compounds brought about a sharp decline in 
both rate and amplitude of the heart beat. If 
given in carefully controlled doses, the heart re- 
turned to  normal, but higher doses resulted in 
complete heart arrest. Coronary flow was also 
markedly diminished, precluding the possibility of 
significant direct smooth muscle relaxation. 
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does not appear to have an effect on the blood 
picture, but there are indications that ATBC may 
inhibit production or increase destruction of red 
blood cells. No species variation was observed 
throughout the investigation. 


One must take care not to extrapolate the results 
reported in this paper t o  actual polyvinyl chloride 
devices which might contain plasticizers as re- 
ported here, since the biological activity will be 
elicited only when the plasticizer is released into 
the body fluids and, further, that the magnitude 
of the response shall have a direct relation to the 
concentration released. The biological responses 
reported here for a group of plasticizers should, 
however, alert those manufacturing plastic devices 
to learn more about the ingredients they employ 
in their plastic formulation if these items are to 
be introduced into medical practice. 


REFERENCES SUMMARY AND CONCLUSIONS 


The results of this study indicate that the four 
citric acid esters used as plasticizers have well 
defined and marked pharmacological activity when 
administered parenterally. All f o u  have local 
anesthetic action and can block neural transmission 
when they come in direct contact with a nerve trunk. 
All of them diffuse from the blood stream into the 
cord in sufficient concentration to depress cord 
function. At the same time they apparently 
stimulate the higher centers. Although they vary 
widely in potency, both the ethyl esters and the 
butyl esters depress cardiac activity sufficiently to 
produce cardiovascular collapse. Chronic adminis- 
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Rheology of Gelatin Films 
By ROBERT A. CASTELLO* and JERE E. GOYAN$ 


A procedure has been develo ed for the evaluation of the viscoelastic properties of 
gelatin films employed in sol gelatin capsule formulations. It involves the meas- 
urement of the tensile relaxation modulus of the film and the fitting of the resultant 
curve on a n  analog computer to obtain the appropriate constants. A theory was 
proposed for the mechanism of stress relaxation in gelatin films. Based upon this 
theory, a n  equation for the tensile relaxation modulus was derived. This  equation 
was of the same form as the empirical equation which fit the stress relaxation curves 


of the gelatin films. 


LTHOUCH MUCH INFORMATION has been of gelatin films. Since the rheological behavior A gathered concerning changes in the rheo- of gelatin films influences the properties of 
logical properties of gelatin solutions upon ther- capsules molded from them, information con- 
ma1 aging, little is known of the characteristics cerning changes in this behavior might be help- 


ful in  evaluating technological problems en- 
Received June 3,1963, from the College of Pharmacy, Uni- 


versity of Michigan, Ann Arbor. countered in the encapsulation process. 
Accepted for publication October 7. 1963. 
Abstracted from a thesis submitted by Robert A. Castello The viscoelastic properties of gelatin have 


to the Horace H. Rackham School of Graduate Studies in 
partial fulfillment of Doctor of Philosophy degree require- been investigated by  authors. Among 
ments. 


to the Scientific Section, A,PH.A., Miami B-h them, Ferry (1, 21 has studied the concentration 
meeting, May 1963. effect on gel rigidities, and Tobolsky (3, 4) 


tories West Point, Pa. investigation of gelation mechanisms. In this 
study the stress relaxation model has been 
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adapted for the investigation of soft gelatin 
capsule formulations. 


The field of viscoelasticity is intimately con- 
cerned with two basic physical laws. The first 
of these is Newton’s law of viscosity which 
states that the stress on a perfectly viscous body 
is directly proportional to the rate of strain and 
is independent of the strain, giving 


o = vdt/dt (Eq. 1) 


where u = stress, dc,’dt = rate of strain, and 
7 = coefficient of viscosity. The second is 
Hooke’s law which states that the stress on a 
perfectly elastic body is proportional to the 
strain and is independent of the rate of strain, 
giving in the case of simple extension 


o = Ec (Eq. 2 )  


where u = stress, t = strain, and E = Young’s 
modulus of elasticity. 


The basic viscoelastic equations may be 
derived from these two equations; Keiner (5) 
has done this for the stress relaxation modulus. 
Stress relaxation may be defined as the change 
in stress with time of a viscoelastic body under 
constant strain. Upon differentiating Eq. 2 
with respect to time 


do/dt = Edr/dt (Eq. 3) 


Then, combination of this with Newton’s equa- 
tion gives 


Pdddt = (l/E) do/dt + (l/q)o (Eq. 4) 


Under the conditions of stress relaxation, the 
strain is constant. Therefore, dc/dt is equal 
to zero and the equation becomes 


do/dt = ( E / v ) o  (Eq. 5) 


By separating the variables and integrating 


o(t)  = ooexp - ( E / v ) t  (Eq. 6) 


This then describes the change in stress with 
time of a viscoelastic system under constant 
strain. 


A very wide class of substances exhibit me- 
chanical behavior in which elastic and viscous 
behavior are superposed. Much interest has 
been generated in this complex mechanical 
behavior and several authors (6-8) have em- 
ployed mechanical models depicting these 
phenomena. 


Nearly a century ago, Maxwell first postulated 
the stress relaxation equation. This equation 
corresponds to a mechanical model consisting 
of a spring and dashpot in series (see Fig. 1) 
which is therefore called a Maxwell element. 
In this model, the spring obeys Hooke’s law, 


Fig. 1.-Maxwell ’ and Wiechert me- 1 chanical models for , stress relaxation. 


and the resistance to flow in the dashpot is 
supplied by a Newtonian viscous oil. 


The Maxwell equation is 


~ ( l )  = ooexp - ( t / ~ )  (Eq. 7)  


where i = the Maxwell relaxation time (the 
time required for the stress to equal l / e  times 
its initial value). In terms of the Maxwell 
model, the spring would have a Young’s modulus 
of E ,  and the oil a viscosity of 7. 


(Eq. 8 )  


The Maxwell model describes adequately the 
stress relaxation of a single polymer chain, but 
polymeric systems such as gelatin solutions 
are described as being composed of 7t polymer 
chains. A theory that accounts for the presence 
of a number of chains was proposed by Wiechert. 
The mechanical model srlggested by Wiechert 
is simply a large number of Maxwell elements 
placed in parallel as shown in Fig. 1. The 
equation for stress relaxation of the Wiechert 
model is 


Therefore 


r = v / E  


n 


i - I  
u ( t )  = oi e x p ( - t / i i )  (Eq. 9)  


where uf = partial stress contributed by the 
i th element (uo = Zuf )  and 7 1  = Mawell relaxa- 
tion time of the ith element. A similar analogy 
can be made as with the Maxwell model so 
that 


it = q,/Ei (Eq. 10) 
where T i  and El  are the coefficient of viscosity 
and Young’s modulus of the ith elements. 
respectively. 


EX PER IM ENTAL 


Several different types of gelatin were employed 
in this study. Specifications for these samples ap- 
pear in Table I .  The formulation used consisted of: 


Gelatin (on an anhydrous basis). . .  43% 
Glycerin U.S.P.. . . . . . . . . . . . . . . . .  18yo 
Distilled water. . . . . . . . . . . . . . . . . .  39% 


In the preparation of the sample, the gelatin was 
weighed and placed in a 2-L. resin reaction flask 
equipped with a Gerald K. Heller model GT-21 
motor and controller.1 The stirrer shaft was in- 
serted through the center part of the resin flask 


1 G. K. Heller Co., Las Vegas. Nev. 
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TABLE ~.-SPECIFICATIONS OF GELATIN SAMPLES~ 


Viscosity. Raw 
Sample Source Millipoise Bloom PH Material Process Moisture 


33-59A Amer. Agr. Chem. Co. 44.5 250 5 . 7  Porkskin Acid 9 . 8  
33-59B Amer. Agr. Chem. Co. 47.1 225 5.55 Ossien Lime 9.4  
33-59C Amer. Agr. Chem. Co. 51.3 281 5 . 8  Porkskin Acid 9 . 3  
33-59D Amer. Agr. Chem. Co. 50.5 290 5.55 Porkskin Acid 9 . 5  
33-593 Amer. Agr. Chem. Co. 44.7 203 5.45 Calfskin Lime 13.1 
33-59F Amer. Agr. Chem. Co. 47.1 150 5 . 6  Calfskin Lime 10.3 
33-59G Amer. Agr. Chem. Co. 29.5 165 4.95 Porkskin Acid 10.6 
33-59H Amer. Agr. Chem. Co. 25.6 177 5.65 Porkskin Acid 8 . 9  
33-591 Amer. Agr. Chem. Co. 29.8 177 5.15 Porkskin Acid 10.1 
33-59J Amer. Agr. Chem. Co. 35.8  161 5 . 5  Ossien Lime 8 . 6  
33-59K Swift 37 to  43 195 to 205 4 . 4  to  4 . 8  Porkskin . . . 10.0 
33-59L Vyse 37 to  43 120 to  130 5 . 5  to  7.0 Calfskin . . . 10.4 
33-59N - Riches Nelson 30 200 5 . 0  Ossien Acid 12.9 


a The authors thank the Lederle Division of American Cyanamid Corp. for slipplying gelatins 33-59K and 33-59L. 


with a ball and socket joint. The flask was im- 
mersed in a water bath at 90". The glycerin and 
water were mixed and heated to  90°, then added to 
the gelatin. The age of the melt was calculated 
from the time of this addition. The gelatin was 
allowed to melt, and the sample was then stirred 
for 30 minutes to insure homogeneity. After stir- 
ring, the sample was transferred to a 1-L. round 
bottomed 5 s k  which was immersed in a water 
bath at 60' f 0.1'. Transfer was accomplished 
by a vacuum supplied by a water aspirator. This 
transfer also served to deaerate the gelatin melt. 


Film strips were cast on the apparatus shown in 
Fig. 2. The brass hopper was equipped with a semi- 
circular valve to control the flow of gelatin. It 
was inserted through a port in the top of the drum 
assembly and was adjusted with set screws at the 
four comers of the hopper assembly to a position 
0.010 in. above the drum surface. The casting 
thickness of the film was set at 0.025 in. with an 
adjustable gate in front of the hopper. The tem- 
perature of the hopper was controlled by a Glas-col 
heating mantle which was made to hopper dimen- 
sions. It was adjusted to maintain a 60' tempera- 
ture in the sample. The films were cast on an &in. 
diameter chrome plated drum which was driven 
by a '/a h.p. Boston gear ratio motor* having a gear 
reduction of 1600 to 1. At the time of the casting, 
the valve was opened and the motor turned on. 
The film was cast a t  a rate of 1 r.p.m. The films 
were stripped from the casting drum and placed 
on stainless steel sheets to  be cut into test strips. 
Test strips were cut with a razor blade using a 
template. The dimensions of the test portion were 
1 X 5 cm. The actual film thickness was measured 
with a micrometer at the time of tensile measure- 
ments. 


Film strips were aged in a blue M vapor-temp 
humidity chamber model VP-100 which had been 
modified.' The solenoid valve was bypassed, and 
a water-alcohol mixture was circulated through the 
cooling coils by means of a centrifugal pump. The 
cooling mixture was contained in a refrigerated 
water bath and was kept at a temperature of -2'. 
The centrifugal pump was connected through an 
electrical relay which was controlled by a resistor 
whose resistance varied with humidity. The dry 
bulb temperature was adjusted as normally in the 
humidity cabinet. The relay was then adjusted 


2 Marwedel, San Francisco, Calif. 
8 Fisher Scientific Co., Pittsburgh, Pa. 


Fig. 2.-Film 
casting appara- 
tus. 


A,  Set screw 
B,  Hopper 
C. Valve 
0; Drum 


so that the pump would shut off when the proper 
wet bulb depression was obtained on a wet bulb 
thermometer mounted inside the cabinet. The 
cover for the humidity cabinet which was originally 
an inverted bell jar was changed to a Plexiglas cab- 
inet which would accommodate the tensile strength 
apparatus. Access to the inside of the cabinet was 
gained through an 8 X 12-in. door which was held 
in place by wing nuts a t  each of the comers. The 
edges of the door and the bottom of the Plexiglas 
cover were sealed with sponge rubber to  prevent 
transfer of moisture from the atmosphere to the 
controlled humidity air inside the cabinet. A 
circulating fan was placed in the cabinet to insure 
that variations in the humidity at various levels 
in the cabinet would be negligible. 


Tensile measurements of the films were made on 
a Gardner Laboratories tensile strength apparatus' 
mounted inside the humidity cabinet. This ap- 
paratus was modified in the following manner. 
The spring for recording the force was replaced by a 
Statham Laboratories model G-1 transducer,' 
and the output voltage was recorded on a model 
G-10 Varian Associates recorder.* A Starret dial 
indicator' was mounted on the apparatus to  mea- 
sure film elongation. The indicator had a range of 
0.25 in. and was graduated in 0.001 in. At the time 
of measurement, the sample was instantaneously 
placed under a small strain by turning the handle 
on the worm gear at the top of the apparatus. The 
stress was followed with time and was recorded on 


4 Gardner Laboratories, Bethesda, Md. 
6 Statham Instruments, Hato Rey. Puerto Rico 
a Varian Associates, Palo Alto, Calif. 
7 Marwedel, San Francisco. Calif. 
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TABLE II.-COMPUTER CONSTANTS OF GELATIN FILM 33-69B DURING THERMAL AGING OF MELT AT 60°C. 


Melt Age, -Pre-exponentials X 1 0 - 8  (dynes cm.-9- 7-Erponentials (sec. -1)- 
HI. A B C D a 5 Y 


7 4.30 4 .68  4.38 3.26 0.922 0.261 0.046 
24 4.04 4.66 3.80 2.72 0.922 0.261 0.046 
48 5.58 4.82 3.24 2.74 0.922 0.261 0.046 
72 5.28 3.80 3.78 2.66 0.922 0.261 0.046 


the Varian recorder a t  a chart speed of 16 in. per 
minute. The elongation was measured to the 
nearest 1/1000 in. on the dial indicator, and the 
film thickness was measured with a micrometer for 
the calculation of the cross-sectional area. 


Effect of Thermal Aging of the Melt.-A sample 
was prepared and hydrolyzed a t  60" for 96 hours 
measured from the time of addition of the glycerin- 
water mixture to  the dry gelatin. Film strips were 
cast a t  24-hour intervals. These strips were aged in 
a humidity cabinet at 30" and 49% relative humidity 
for 3 hours. I t  had previously been determined 
that the film moisture content equilibrated during 
this aging period. Stress-time plots were recorded 
and the tensile relaxation moduli were calculated. 
Duplicate test strips were run for all measurements 
and agreed within 5% error. The stress relaxation 
curves were fitted on an analog computer and the 
constants determined. 


E ( t )  = Ae-aI + B e - l  + Ce-if  + D (Eq. 11) 


A typical set of constants is shown in Table 11. 
Film Storage at Constant Relative Humidity.-A 


gelatin melt was prepared and cast at 24,48, and 72 
hours. Several test strips were cut from each casting 
and aged in a humidity cabinet a t  30" and 49% rela- 
tive humidity. Tensile relaxation measurements 
were made at 48-hour intervals for 336 hours after 
casting. The stress relaxation curves were again 
fitted on the computer. Sample constants are 
shown in Table 111. 


Refrigerator Storage of Melt.-A sample 
was prepared and maintained at 60" for 
30 hours. A t  28 hours, a sample was cast and aged 
in the humidity cabinet at 30" and 43% relative 
humidity for 3 hours. The tensile relaxation 
modulus was determined. At the end of the 30- 
hour period, the sample was placed in a refrigerator 
a t  3" for 15 days. The sample was removed from 
the refrigerator and heated an additional 5 hours 
a t  60" to melt it. At this time, additional test 
strips were prepared in the same manner and the 
tensile relaxation moduli determined. 


All of the curves fit 


RESULTS AND DISCUSSION 


All of the stress relaxation curves for a given 
gelatin melt were fitted using the same set of decay 


constants regardless of the time of thermal aging. 
This was true not only for samples cast at various 
times from the same melt but also for samples cast 
from subsequent melts containing the same gelatin. 
These exponential decay constants could then be 
used as parameters to identify a specific gelatin. 


As the gelatin was aged, the values of the initial 
modulus, E., and the equilibrium modulus, E,, 
decreased indicating that the number of cross 
links in the network was decreasing. These values 
did not decay in a regular fashion as did the vis- 
cosity values of the diluted gelatin melt (see Fig. 
3). In most cases there appeared to  be an induc- 
tion period with little change in the tensile prop- 
erties of the film and then a marked decrease 
usually appearing in the 4&hour sample. There- 
fore, the decay in the modulus could not be ade- 
quately explained by a scission of the polymer chain 
and subsequent loss of cross-linking sites from the 
molecule. If this were so, the decay would be 
expected to  parallel the loss in viscosity. 


Another cause for the tensile modulus decay may 
be proposed based on the concept of crystallinity 
in polymer systems. As the time of thermal aging 
increased, the polymer chains would contract and 
become more amorphous. When the gelatin 
temperature was lowered to the gel point during 
film casting, there would be fewer bonding sites 
oriented for cross-linking and the tensile modulus 
of the film would be lower. If this were the case, 
it would be expected that after extended periods 
a t  low temperatures the gelatin molecules could 
reorient and the modulus would increase. 


This type of behavior was demonstrated during 
humidity cabinet storage of the gelatin films. The 
moduli increased with time of storage in the 
humidity cabinet indicating an increase in the num- 
ber of crosslinks and an increase in the crystal- 
linity of the films. Since the increase of the tensile 
properties was a rate process, a treatment similar 
to Bisschop's for crystalline polymers was employed 
(9, 10). The equilibrium modulus of the film was 
plotted Iwsus  time of storage in the humidity 
cabinet. These plots for the 48-hour casting and 
72-hour casting are shown in Fig. 4. As reported 
in the literature, these plots yielded straight lines 
whose slopes could be used as an estimation of the 
gel rate. I t  was interesting to note that the rate 


TABLE III.-COMPUTER CONSTANTS OF GELATIN FILM 33-59J DURING HUMIDITY CABINET AGING 48-HovR 
CASTING 


HI. A B C D a B 7 
48 4.22 1.54 1.54 0.85 0.874 0.252 0.043 
96 4.50 1.28 1.28 0 79 0.874 0.252 0.043 


144 4.14 1.45 1.94 1.25 0.874 0.252 0.043 
192 3.70 2.16 2.36 1.55 0.874 0.252 0.043 
240 3.63 1.81 1.65 1.24 0.874 0.252 0.043 
288 3.61 2.60 2.46 2.02 0,874 0.252 0.043 
336 3.15 3.38 2.83 2.00 0.874 0.252 0.043 


Film Age, ----Pre-exponentials X 10-8 (dynes cm-2)- -Exponentids (sec. -I)--- 
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TIME, HR. 
Fig. 3.-Viscosity of gelatin melts us. time of thermal 


sang. 


for the 48-hour casting was greater than that  
for the 72-hour casting. Thus, it appears that one 
of the effects of thermal aging of the melt is a de- 
crease in the rate of gelation after casting. 


Samples stored in the refrigerator for extended 
periods showed increased tensile properties over 
the thermally degraded melts which had previously 
been cast. This held true even though the samples 
had to be reheated at 60" for an additional 5 hours 
to reach casting consistency. These results again 
support the proposition that an orientation mech- 
anism may account for the decay of tensile proper- 
ties in gelatin films. At the refrigerator temperature 
the sample could reorient and increase its crystal- 
linity allowing for a greater number of cross-links 
to  be formed upon remelting and casting. 


Experimental evidence favors the concept of 
crystalline-amorphous transitions in gelatin films. 
Assuming this concept to  be true, the films would 
be expected to  become more amorphous during 
thermal aging. This should result in a shift of the 
cross-link distribution to increase the number of 
short relaxation time cross-links. The phenomenon 
of stress relaxation could then be explained on the 
basis of an entropy change in the system which 
had been induced by the elongation of the polymer 
chains forcing them into a more oriented and more 
highly crystalline form. This concept may be 
investigated from a theoretical viewpoint to deter- 
mine what type of equation for stress relaxation 
would be predicted. The film. as cast, may be 
considered to  consist of polymer chains of varying 
degrees of crystallinity. During stress relaxation 
there is crystal growth. and these chains are trans- 
formed to the crystalline state. A series of reac- 
tions would be occurring during this process cor- 
responding to  the model 


where A corresponds to  the amorphous chains, 
B and C to  intermediate degrees of crystallinity, 
and D to the crystalline chains. The rate constants 
for the transformations of these chains to more 
crystalline forms are a, B, and y. 


Assuming that these are all first-order trans- 
formations, a series of differential equations for the 
change in concentration of these cross-links with 
time may be 


= a [ A ]  - @[B]  (Eq. 14) dl 


Fig. 4.-Equi- 
librium modulus 
gelatin film 33- 
59J us. time of 
humidity cabi- 


 d ah,, net aging. 


4'. Lc. 
TIME, HR. 


These equations may then be solved for the con- 
centration of the cross-links. 


The tensile modulus of the film should be pro- 
portional to the concentration of the cross-links 
and may be 


E ( t )  = ki[Al + kz[BI + h [ C ]  + 4 [ D 1  (Eq. 17) 


By substitution of the values for the concentra- 
tion of the cross-links into the above equation one 
may obtain the equation for the. tensile relaxation 
modulus, which on rearrangement yields 


E ( t )  = h ( A 0  + Bo + Co + Do) + 


r-1 B,e-vJ + (&a - & 4 )  Coe-il (Eq. 18) 


This predicts for the tensile relaxation modulus 
an equation which would fit the Wiechert mechan- 
ical model with the following boundary conditions 


a t t  = 0 
E. = k A  + + k r G  + k4DO (Eq. 19) 


a t t =  m 


E m  = k4(440 + Bo + Co + Do) (Eq. 20) 


Since the experimental curves also fit this model, 
it  may be proposed that the stress decay can be at- 
tributed to  a change in the crystalline-amorphous 
ratio in gelatb films. 


SUMMARY 


Information gathered to  this point from stress 
relaxation measuremehts seems to  support the 
theory of crystallite formation in gelatin films. 
Results of humidity cabinet aging studies indicate 
that the increase in the tensile properties of the 
films is a kinetic process whose rate is influenced 
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by the degree of thermal aging of the melt. The 
decrease in the rate of gelation may be explained on 
the basis of dissolution of the smaller crystallites 
a t  elevated temperatures. At the time of casting, 
these crystallites are not present to serve as nuclei, 
and the rate of crystallization would be decreased. 
The crystallites reappear after an induction period 
a t  low temperatures. This may be demonstrated 
by storage of the thermally aged melt in a refrigerator 
for a period of time. Subsequent measurement of 
the tensile relaxation modulus of films cast from this 
melt show an increase in its value. This reversal 
of the thermal degradation of the melt lends sup- 
port to the crystalline-amorphous concept. 


Viscosity studies of the melt proved ineffectual 
in describing changes occurring in the tensile prop- 
erties of films cast from the melt. Results in- 
dicated an orderly decrease in molecular weight 
with thermal aging. Changes in the tensile prop- 
erties could not be reconciled with changes in 
molecular weight. Not only were these changes 
not parallel with the decrease in viscosity but also 
there was no way to explain the reversal of thermal 
changes during low temperature storage of the melt. 
Although some changes in the tensile properties 
may result from a scission of the polymer chain 
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during hydrolysis, i t  does not appear to  be the major 
contributing factor. 


To obtain a complete picture of the changes oc- 
curring in the rheological properties of gelatin 
films, it seems that, in addition to viscometric 
studies, one must measure some viscoelastic prop- 
erty whereby one may obtain information about 
the cross-linking processes occurring during gela- 
tion. I t  is felt that these changes may be re- 
sponsible for some of the technological problems 
arising in the use of gelatin systems in the phar- 
maceutical industry. 
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Powdered Particle Interactions: Suspension 
Flocculation and Caking I11 


By ROBERT G. WILSON* and BERNARD ECANOW 


T h e  chemistry of bismuth subnitrate i n  aqueous suspension has been investigated 
and explained in terms of coordination theory. Particular attention has been given 
to the reaction that occurs between phosphate ions and the surface of the bismuth 
subnitrate particles. Flocculation and caking phenomena are reviewed and in- 


terpreted in  the light of these new findings. 


N A PREVIOUS paper ( 1 )  flocculation phenomena 
for bismuth subnitrate suspension systems 


were reported in  terms of microscopic data  and 
the relative suspension heights obtained from a 
series of controlled flocculation experiments. 
Strong bonds were seen to  form between the par- 
ticles while in the suspended state. The particles 
were held in fixed relative positions as they settled 
and were unable to shift and slide past one 
another to  squeeze out the  suspension medium 
and form a dense, compact sediment. Instead, 
the flocculated particles settled into the frame- 
work of a bulky sediment. 


In this prior work (1) some effort was made to  
suggest the probable nature of the  reacting 
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groups, but only tentative conclusions could be 
drawn. The work has continued with a closer 
inspection of the reactions of bismuth subnitrate 
in aqueous suspension in the hope that  such in- 
formation could provide a better insight into the 
mechanics of flocculation. 


The literature (2-7) contains little detailed 
information on bismuth subnitrate or its reac- 
tions. A number of empirical formulas have 
been assigned t o  the  compound. It is evident 
that  the composition and properties of the crys- 
talline material will vary, depending upon the 
method of preparation and the  nature of changes 
that  may occur when the material is subjected to 
further processing. The  structure of the com- 
mercial product cannot be reduced to  lattice 
formulas that describe an exact crystal geometrv. 


MATERIALS AND METHODS 


Materials.-Bismuth subnitrate N.F. from the 
same lot, supplied by Mallinckrodt Chemical Works. 
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almost all the radioactivity appearing in oxazepam 
glucuronide. Traces of radioactivity were dis- 
tributed among four or five additional metabolites. 


Disposition of Oxazepam in Humans.-As seen in 
Table VII. plasma levels peaked at 4 hours and per- 
sisted for at least 48 hours in both subjects following 
a single oral 60-mg. dose. Only one plasma sample, 
48 hour of A. R., contained glucuronide in addi- 
tion to unchanged drug. As in dog and pig, the 
urine of both subjects contained only glucuronide, 
and the feces (V. M.) only unchanged drug. 


urine (Fig. 1). Two of these were identified as un- 
changed Wy-4426 and oxazepam. When this urine 
was subjected to mild acid hydrolysis, Wy-4426 was 
converted to  oxazepam, but the glucuronide was 
relatively unaffected. When the urine was treated 
with glucuronidase instead of acid, only Wy-4426 and 
oxazepam remained. Chromatograms of rat urine 
(Fig. 2) indicated more complex biotransformation 
of both drugs in this species; a t  least seven distinct 
metabolites were evident. Pigs appeared to  me- 
tabolize oxazepam and Wy-4426 like dogs (Fig. 3); 


Pharmacology and Toxicology of Lutetium Chloride 
By THOMAS J. HAL.EY, N. KOMESU, M. EFROS, L. KOSTE, and H. C. UPHAM 


The pharmacological and toxicological properties of lutetium chloride have been 
investigated. The  intra eritoneal and oral LDw’s were 315 and 7.1 mg./K re- 
spectively. Studies of =ironic  toxicity showed no effect o n  growth and the 8imo- 
gram or any internal organ changes at autopsy. Transient ocular irritation was ob- 
served, and the chemical produced extensive scar formation when applied to abraded 
skin. Nodules were formed at the site of intradermal injection. Pharmacolo ical 
studies showed the chemical to be a depressant o n  all systems studied. Deat t  re- 
sulted from cardiovascular colla se coupled with respiratory aralysis. Such effects 


could not be counteractes by atropinization or epineptrine injection. 


ECENTLY, there has been considerable interest 
in the chemistry of the rare earths and their 


employment as alloying agents (1-3). Studies of 
their biological effects have not been comparable, 
particularly concerning the heaviest member of 
the series, lutetium. Spode (4) employed Lull‘ 
for interstitial radiotherapy in guinea pigs. 
Snyder el al. (5) showed that intravenous in- 
jection of lutetium chloride did not increase liver 
lipids like cerium did. Durbin et al. (6) reported 
that  50 to 65% of an injected dose of lutetium de- 
posited in the skeleton and the extraskeletal bur- 
den was excreted in the urine within 2 weeks. 
Schepers et al. (7-9) studied the effects of mix- 
tures of rare earth oxides or fluorides on the 
lungs; although damage did occur, the exact ele- 
ment involved could not be pinpointed because a 
mixture was used. Bruce et al. (10) reported 
that the intraperitoneal LDs’s for lutetium nitrate 
in female mice and rats were 290(259-325) and 
335(294-382) mg./Kg., respectively. Inasmuch 
as the above reports constitute the bulk of the 
known effects of lutetium, a more extensive in- 
vestigation of the pharmacology and toxicology of 
this element has been undertaken 


METHODS AND MATERIALS 
The intraperitoneal LDm was obtained with 60 


male CFI mice and the oral LDm with 50 male 
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CFI mice. Chronic toxic effects of the element were 
studied by including 0.01, 0.1, and 1.0% of the com- 
pound in the diet and feeding it over a period of 90 
days to three groups of CRW rats. Each group 
contained six males and six females. Observations 
were made every 2 weeks of total erythrocytes, 
total leukocytes, differential cell count, platelets, 
hemoglobin, hematocrit, and body weight. Upon 
completion of the study, histopathological examina- 
tion was made of the heart, lung, liver, kidney, 
spleen, pancreas, adrenal, and small intestine. 
The method of Draize el al. (11) was used to study 
ocular and skin irritation in rabbits and intradermal 
irritation in guinea pigs. In the ocular studies two 
rabbits were used; each animal had one eye exposed 
to 0.1 ml. of a 1:l aqueous solution of compound, 
while the other eye served as a control. Rabbit 
skin irritation studies used six animals according to 
the design of Draize el al. (11). Three guinea pigs 
were used for the compound in the intradermal 
series; the concentrations were 1 : 10, 1 : 100, 
1 : loa, 1 : lo4, 1 : lo5, and 1 : 108. Histopathological 
examination was made of the skin areas injected 
with the 1 : 10’ concentration. Effects of the chemi- 
cal on guinea pig ileal strips bathed in Locke- 
Ringers solution were studied in a thermostatically 
regulated 25ml. bath using the Trendelenburg 
method (12). Studies were also made on the isolated 
rabbit ileum in the presence of either 2.5 mcg. of 
acetylcholine or 0.5 mcg. of nicotine. Ten cats of 
both sexes, weighing 2.34.18 Kg., were anesthetized 
with 0.5 ml./Kg. of Dial-urethane intraperitoneally. 
A six-channel Offner Dynagraph with Statham 
transducers was used to  record carotid arterial 
pressure, respiration, nictitating membrane con- 
traction, ECG lead 11, femoral arterial pressure, 
and femoral arterial flow. The latter was obtained 
with a 25ml. Shipley-Wilson flowmeter (13). 
Preganglionic stimulation of the cervical sympathetic 
fibers and the contralateral vagus fibers was ac- 
complished with a Grass model S-4 stimulator at 
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8 v./10 seconds. Two hours were allowed to  elapse 
prior to drug administration. Intravenous doses of 
the drug used were: lutetium, 1 to 40 mg./Kg.; 
epinephrine, 5 mcg./Kg. ; acetylcholine, 5 mcg./Kg. ; 
histamine, 2 mcg./Kg.; and atropine, 2 mg./Kg. 
All injections were made at a constant volume of 1 
ml. Where appropriate, the results were analyzed 
statistically by the Litchiield-Wilcoxon method 
(14), or standard errors were calculated. 


Acute Toxicity.-The symptoms of acute toxicity 
were writhing, ataxia, labored respiration, walking 
on toes with back arched, and sedation. The 6rst 
deaths occurred within 24 hours, and the peak was 
reached at 48 hours. Throughout the 7-day period 
of observation, the animals were unthrifty. The 
intraperitoneal LDm/7 days for lutetium chloride 
was 315 (267-372) mg./Kg. with a slope value of 
1.54 (1.11-2.13). The oral LDw/7 days was 7100 
(6630-7590) mg./Kg. with a slope value of 1.19 
(1.03-1.38). 


Chronic Toxicity.-Male and female rats ingesting 
various levels of lutetium chloride in the diet showed 
no differences in growth rate from the controls (Fig. 
1). ,Moreover, the chemical had no significant effect 
on the hematology of the animals. A normal growth 
pattern would account for the increases in both the 
cellular elements and the hemoglobin. In fact, 
the values given in Table I are in good agreement 
with those listed for the rat by Gardner (15). 
No data are given for the differential cell counts 
because there was no significant difference between 
the medicated and the control groups. At autopsy. 
the internal organs of all groups of rats appeared 
normal; there were no outward signs of damage from 
ingestion of lutetium chloride for 12 weeks. His- 
topathological examination of the heart, lung, liver, 
kidney, spleen, pancreas, adrenal, and small intestine 
revealed no changes that could be attributed to  
ingestion of lutetium chloride. 


Ocular Irritation-Instillation of 0.1 ml. of a 
1 :  1 solution of lutetium chloride into the eyes of 
two albino rabbits produced no effect upon the 
cornea. However, within 1 hour the conjunctiva 
was a diffuse beefy red, chemosis had caused swelling 
of the lids closing the eyes, and a profuse discharge 
had moistened the lids and a considerable area 
surrounding the eyes. At 24 hours the maximum 
irritation index of 20 was still present, and minute 
ulcers appeared. The irritation index was reduced 
to  6 in 1 week, but complete healing required 2 
weeks. There was no evidence of residual damage. 


Skin Irritation.-No reaction was observed when 
0.5 Gm. of crystalline lutetium chloride was applied 
to intact rabbit skin. The response of abraded skin 
was very severe, showing a maximum irritation 
index of 8 at 24 hours. No changes occurred in the 
irritation index up to  14 days. However, healing 
with the formation of scars 25 to 30 mm. in diameter 
occurred at 35 days. Intradermal injection of 
lutetium chloride at concentrations of 1 : 10, 1 : 100, 
and 1 : 1000 produced necrosis within 1 hour and an 
irritation index (erythema plus edema) of 8 to  3, 
respectively. These reactions persisted for 7 
days; complete healing with epilation and scar 
formation did not occur for 5 weeks. The con- 
centrations of 1 : 10' to  1 : 10' gave a %-hour irrita- 
tion index of 2 and healing with nodule formation 
at 46 days. Histopathological examination of 
these nodules revealed the presence of crystalhe 
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Fig. l.-Growth of male and female CRW rats on 
feeding various levels of lutetium chloride in the diet 
for 90 days. Bars signify the standard errors. Each 
group contained six animals for each dosage level. 


deposits of unknown composition. Foreign body 
giant cells and histocytes surrounded the crystals, 
while fibroblasts and granulation tissue extended into 
the deposits. Such cellular changes were not found 
in control skin sections from the same animals. 
Inasmuch as necrosis was not observed at these 
concentrations, the response does not appear to be 
related to the hydrogen ion concentration of the 
injected solutions. The pH values were 5.61 to 
6.04. It seems more likely that there was a reaction 
between the lutetium and tissue phosphate to  
produce insoluble lutetium phosphate ; however, 
the small number and size of the crystals prevented 
a more quantitative analysis. 


Effects on Isolated Ileum.-In the dosage range 
of 10 to 40 mg., lutetium chloride produced an in- 
c rwing  depression of intestinal tonus and contrac- 
tility of the rabbit ileum ending in a nonreversible 
paralysis. This depressant effect counteracted the 
spasmogenic effect of both acetylcholine and nico- 
tine. The antispasmodic EDWS were 0.6(0.54.7) 
mg./ml. and 0.5(0.3-0.8) mg./ml., respectively, 
with slope values of 1.33(0.91-1.94) and 2.22 
(0.96-5.13). A similar depression also occurred with 
the Trendelenburg guinea pig enteric ganglia prep- 
aration, where the EDM figures for blocking the 
circular and longitudinal muscular contractions were 
0.5(0.4-0.7) mg./ml. and 0.3(0.2-0.4) mg./ml., re- 
spectively. Although this would seem to indicate 
that lutetium chloride had ganglionic blocking prop- 
erties, such activity appears unlikely because the 
compound failed to block the cat superior cervical 
ganglion preparation. 


Pharmacological Effects.-No pharmacological 
effects were observed on the cat in the dosage range 
of 1 to  10 mg./Kg. When death did not occur at 20 
mg./Kg., there was a transient hypotension of 10 
to 15 mm. Hg with a concomitant decrease in 
peripheral blood flow. Complete cardiovascular 
collapse, coupled with respiratory paralysis, was 
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produced by 20 mg./Kg. in five animals and by 40 
mg./Kg. in the other five. The respiration was not 
affected prior to  exitus. Terminal electrocardio- 
graphic changes included inversion of the QRS com- 
plex, transient ventricular fibrillation, 2: 1 and 3: 1 
heart block, diphasic T-waves, inverted T-waves, 
increase in height of T-wave, and high takeoff of 
T-waves. Injection of epinephrine caused QRS com- 
plexes of low amplitude and an absence of the T- 
wave. In the presence of atropine, epinephrine in- 
duced a fatal ventricular fibrillation. Within the 
dosage range employed, lutetium chloride had no 
effect on the pharmacological responses to acetylcho- 
line, histamine, or vagal stimulation. Moreover, it 
had no effect on transmission in the superior cervical 
ganglion or on contraction of the nictitating mem- 
brane. None of the above effects of lutetium chloride 
could be modified by atropinization, and the cardio- 
vascular collapse was not counteracted by epine- 
phrine. 


DISCUSSION 


Lutetium chloride is less toxic-both acutely and 
chronically-than gadolinium and samarium (16) or 
niobium (17) or hafnium (18) and about equal in 
toxicity to scandium (19),  terbium, thulium, and 
ytterbium (20), and praseodymium and neodymium 
(21). The ocular irritation produced by lutetium 
was similar to and of the same duration as that pro- 
duced by the other rare earths studied (16, 19-21). 
The same was true for its ability to produce skin 
irritation and nodule formation in the dermal layers 
(22). The depressant effects on other biological 
systems was similar to  the observations of Mines (23) 
concerning the frog heart. The mode of death- 
respiratory paralysis coupled with cardiovascular 
collapse-was identical to that observed with the 
other rare elements (16-21). Precautionary meas- 
ures to be instituted in handling lutetium chloride 
should include respirators and protective clothing. 
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ether produced 0.4 Gm. (57y0) of crystals melting 
a t  148-150'. Carrara and co-workers (11) re- 
ported the melting point of phenylserine hydro- 
chloride to be 157'. 


Q - Hydroximino - @ - (p - methoxypheny1)- 
propionic Acid.-A 5.3 Gm. (0.024 mole) quantity 
of p-methoxybenzylmalonic acid was dissolved in 
50 ml. of ether, and 4.85 Gm. (0.047 mole) of 
butyl nitrite was added. The mixture was placed 
in an ice bath and stirred while hydrogen chloride 
was passed into the beaker until none of the gas 
was absorbed. Stirring and cooling were continued 
for 20 minutes, and the reddish reaction mixture 
was warmed on a hot water bath until the ether had 
evaporated. A residue of slightly colored solid 
remained; this was dissolved in warm alcohol and 
reprecipitated by the addition of cold water to 
yield 4.95 Gm. (96%) of colorless crystals of Q- 


hydroximino-8-(p-methoxypheny1)-propionic acid. 
The recrystallized product melted a t  156'. Hamlin 
and Hartung (12) reported a melting point of 
156-157" for this compound. Subsequent reactions 
gave yields of 90-950/0. 


0-Methyltyroshe.-To a solution of 4 Gm. 
(0.019 mole) of the a-hydroximino-@-(p-methoxy- 
pheny1)-propionic acid in 100 ml. ethyl alcohol was 
added 3 Gm. of a 10% palladium catalyst. To  the 
mixture was then added 10 ml. of 36% hydrochloric 
acid; the mixture was shaken with hydrogen a t  a 
pressure of 10 Atm. The theoretical quantity of 
hydrogen was absorbed in 3.5 hours, and the mix- 
ture was filtered to remove the catalyst. The sol- 
vent was removed under reduced pressure on a 
hot water bath, and the residue was dissolved in 
15 ml. of warm distilled water and titrated to neutral 
with 0.1 N sodium hydroxide using methyl red 
indicator. Cooling of the neutral solution pre- 
cipitated 3.5 Gm. (93%) of 0-methyltyrosine. The 
melting point, 295-296" with decomposition, 
agreed with the value reported (13, 14). 


prepared by nitrosating phenacylchloride and react- 
ing the resulting isonitroso compound with potas- 
sium cyanide. Both keto and cyano groups are 
known to promote nitrosation of adjacent aliphatic 
carbon atoms. Indeed, Pasquale (15) obtained 
good yields of I1 by nitrosating phenacyl cyanide. 
We were not, however, able to  prepare p-hydroxy- 
phenylglyoxylohydroxamyl cyanide ( IVa) by nitro- 
sating p-hydroxyphenacylcyanide, nor are reports 
available indicating that 3,4-dihydroxyphenyl- 
glyoxylohydroxamylcyanide (IVb) can be prepared 
by nitrosating dihydroxyphenacylcpanide. This 
would indicate that substituents adjacent to carbonyl 
groupings drastically affect nitrosation reactions. 


The potential of these compounds as enzyme 
inhibitors or alternate precursors of norepinephrine 
were not investigated; however, a group of the 
National Institutes of Health (16, 17) reported 
recently on the activity of a number of related 
compounds as substrates and inhibitors of dopamine- 
6-oxidase. 
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Assay Methods for Some Vhcu roseu 
Alkaloids I1 


By IVAN M. JAKOVLJEVIC, L. DAVID SEAY, and REGINALD W. SHAFFER 


Colorimetric and fluorometric methods u e  
presented for quantitative determination of 
some Vinca alkaloids. T h e  identification is 
accomplished with a new color reagent- 
ceric ammonium sulfate in  phosphoric acid- 
and two thin-layer chromatographic systems. 


HE ALKALOIDS from Vinca rosea Linn. rep- 
Tresent a new approach in  the chemothera- 
peutic treatment of a variety of human neoplasms 
(6). 
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apolis, Ind. 


In Part I a colorimetric method which was very 
specific for vincaleukoblastine' (vinblastine) was 
described (5). Since that time, only leurocris- 
tinel (vincristine)-another dimeric indole-indo- 
line compound isolated later (8, 10)--has been 
shown to give the same reaction as vincaleuko- 
blastine. By the vincaleukoblastine method (5), 
leurocristine exhibits the same color curve as 


1 The A.M.A. Council on Ihugs has approved vinblastine 
and vincristine as generic names for these alkaloids. 
Vincaleukoblastine is marketed as  Velban (vigblastinq 
sulfate) by Eli Lilly and Co., Indianapolis. Ind. 
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TABLE I.-COLOR REACTIONS OF SOME Vinca yosea LINN. ALKALOIDS 


1% Ferric 
Ammonium Sulfate in 


10 Min. in Water Bath 
1 % Ceric Ammonium 85% HaPo, After 1% Ferric Ammonium 


Name Sulfate in 85% HaPOd, R T  Sulfate in 75% HrSOd. RT 
Vincaleukoblastine Purple Violet Blue 
Leurocristine Blue violet Pink Blue -t grey-blue 


Pale yellow Yellow + green Leurosine Pink 
Yellow + copper Violet (strong) Dark blue Leurosidine 


Vindoline Purple (strong) Blue-grey Purple (strong) 
Catharanthine Indigo -+ green Yellow Blue-violet 
Virosine Sky blue + yellow Colorless Pink + green 
Perivine Green -+ brown Pale yellow Umber 
Reserpine Sky blue + yellow Lemon yellow Blue -+ green 
Vincarodine Blue + green Colorless Blue + green -+ umber 
Neoleurosidine Violet + blue-violet Magenta Green + blue 
Tetrahydroserpentine Yellow -+ umber 
Isoleurosine copper Yellow + orange Green + blue 
(Indole) Dark brown Yellow Yellow + green 


vincaleukoblastine. However, at the maximum 3o 


coefficient 25yo lower than tha t  of vincaleuko- 


Fig. 1 .-Excitation 
(A) and emission (B) There are still 35 alkaloids which have been iso- 


lated from Vinca rosea Linn. (Catharanthus roseus spectra of leurosine 
G. Don) in  the Organic Chemical Development sulfate fluorophor. 


absorption peak, leurocristine has an extinction 


blastine. 


and Research Laboratories, Eli Lilly and Co. 
(11, 12);  i t  is the purpose of this paper to  give 
quantitative means for determining some of 
them. 


It is very interesting that  at room temperature 


Colorless Violet + blue -+ green 


p; 


* lo :20N 
400 500 600 


WAVELENGTH IN m,, 


A.R., all from Mallinckrodt Chemical Works are 
a 1 % solution of ceric ammonium sulfate in 85y0 
phosphoric acid is a n  excellent reagent for dis- 
tinbwishing between most of these alkaloids. 


A 1% solution of ferric ammonium sulfate in  
85% phosphoric acid gives quite different colors 
from that  of the ceric salt, bu t  requires heating in 
a water bath. 


Ferric ammonium sulfate, as a 1% soltition in 
i 5% sulfuric acid, offers at room temperature a 
third series of different colors-a great help in 
the identification of these alkaloids. 


Table I gives the color reactions produced by 
these three reagents. Approximately 200-300 
mcg. of the alkaloid dissolved in  about 1 ml. of 
the corresponding reagent will give colors as 
shown in Table I. 


EXPERIMENTAL 


Leurosine 
Analytical data for leurosine and vincaleuko- 


blastine (3) show them as isomeric compounds: 
C ~ ~ H W N ~ O ~  having the dimeric indole-indoline 
group with a demonstrable oncolytic activity. 
The ultraviolet spectrum of leurosine has a maximum 
at 214 mp in ethanol. Electrometric titration 
shows pRa' at 7.5 in water (7). 


The sulfate salt, n1.p. 238-242" dec.. has been 
used for the quantitative determination described 
below. 


Materials.-Ferric ammonium sulfate, crystals, 
A.R.; phosphoric acid 85%, A.R.; and acetone, 


utilized . 
Color Reagent.-Five grains of ferric ammonium 


sulfate is dissolved in about 400 ml. of phosphoric 
acid in a 500-ml. volumetric flask by heating in a 
boiling water bath. The solution is cooled to room 
temperature and made up to volume with phos- 
phoric acid. To prepare a reagent which is stable 
for several months, the larger crystals found in the 
reagent bottle should be pulverized and used. 


Apparatus.-An Aminco-Bowman spectropho- 
torneter (American Instrument Co., Inc.. Silver 
Springs, Md.), equipped with 1-cm. square silica 
cells was used for the determination of excitation 
and emission spectra. A Turner model 110 fluo- 
rometer (G. K. Turner Associates) equipped with a 
set of matched borosilicate glass test tubes was 
employed for all fluorometric measurements. A 
filter 7-60 (transmitting light between 350 and 
400 mp) was employed as a primary filter, and a 
filter 2A (transmitting at 415 mp and above) was 
employed as secondary filter. 


Prwedure.-One milligram of the standard 
leurosine sulfate and 1 mg. of the sample prepara- 
tion are weighed to the nearest 0.01 mg. and trans- 
ferred into separate 100-ml. volumetric flasks. 
The standard and the sample are dissolved and 
diluted to the mark with acetone. Two 1-ml. 
aliquots of the standard solution and two 1-ml. 
aliquots of the sample solution, equivalent to 10 
mcg. of leurosine sulfate each, are transferred to 
separate 10-ml. volumetric flasks. The solvent is 
evaporated with a mild jet of air. To each of the 
four flasks, 5 ml. of the color reagent is added by a 
graduated cylinder. A reagent blank is prepared 
by adding 1 ml. of acetone and 5 ml. of the color 
reagent t o  a 10-ml. volumetric flask. The flasks 
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Fig. 2.--Cary re- 
cording spectrophoto- 


; 3  metric curve of the 
leurosidine chromo- 
phor. Key: -, 


1 initially; - - - - , after 
24 hours. 


m 
a 2  


!/h 
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are placed simultaneously in an oil bath of 70 f 
3' and, after heating for 2 minutes, they are stop- 
pered with glass stoppers. The heating is con- 
tinued for a total of 40 minutes. The contents are 
cooled to  room temperature and diluted to  the 
mark with phosphoric acid. 


In the example given, the concentration of the 
final solution is 1 mcg. of leurosine sulfate per 
milliliter, but as low as 0.02 mcg. can be easily 
estimated. The calibration curve passes through 
the origin and obeys Beer's law within this concen- 
tration range. It was noted also that the fluorophor 
formed is extremely stable for up to  8 hours after 
being diluted with phosphoric acid. 


Figure 1 gives excitation and emission spectra 
of the fluorophor. 


Leurosidine 
Leurosidine is another dimeric indole-indoline 


compound having an ultraviolet spectrum essen- 
tially identical to  that of leurosine. In  chloroform 
as a solvent, even the infrared spectrum is similar 
to that of leurosine (10). m.p. 208211' dec. pKa' 
5.5 and 8.8 in 33% dimethylformamide. [a];' = + 55.8' in chloroform (10, 11). 


When leurosidine is treated with ceric ammonium 
sulfate color reagent, i t  exhibits a fluorescence 
which is approximately one-half that of leurosine; 
however, leurosidine exhibits a reddish color also 
which is not observed with leurosine. The same 
reddish color is given by vincaleukoblastine and 
leurocristine if treated with the same reagent. 
The fluorescence of vinmleukoblastine is about 
30% of that of leurosine, and leurocristine has 
practically no fluorescence. 


Materials.-Ferric ammonium sulfate, crystals, 
A.R.; phosphoric acid 85%, A.R., both from 
Mallinckrodt Chemical Works; and sulfuric acid 
concentrate, reagent, E. I. du Pont de Nemours & 
Company, Inc., are employed. 


Color Reagent.-Five grams of ferric ammonium 
sulfate is dissolved in about 400 ml. of phosphoric 
acid in a 500-ml. volumetric flask by heating in a 
boiling water bath. The solution is cooled to room 
temperature, 10 ml. of sulfuric acid is added, and 
the volume made up to  500 ml. with phosphoric 
acid. As mentioned above, only the large crystals 
should be pulverized and used. 


Apparatua.-A Beckman model DU spectro- 
photometer with l c m .  glass cells is used. 


Procedure.-Three milligrams each of the stand- 
ard leurosidine sulfate and the sample is weighed 
to the nearest 0.01 mg., transferred to  separate 10- 
ml. volumetric flasks, dissolved in water, and diluted 
up to  volume. Two 1-ml. aliquots of both standard 
and sample solution are transferred into individual 
10-ml. volumetric flasks; 2 ml. of water is added 
to  each of the flasks. The solution is made to  
volume with the color reagent, and the flasks placed 


for 40 minutes in a water or oil bath at 100 f 3". 
After the heating peripd, the flasks are cooled to 
room temperature and, if necessary, the volume is 
corrected to  10 ml. using the color reagent. A 
reagent blank is-pr'&&d by transferring 3 ml. of 
water to  a 10-ml. volumetric flask and diluting to 
volume with the color reagent. The reagent blank 
is heated simultaneously with the standard and the 
sample. The dark blue chromophor exhibits a 
peak a t  605 mp, where the calculations are made, 
and a well defined shoulder at 570 mp. After 24 
hours, both the peak and the shoulder will be 
found at the same place, except that their absorb- 
ances are slightly higher (Fig. 2). 


The calibration curve made with 5-40 mcg./ml. 
of leurosidine sulfate in the final solution passes 
through the origin and obeys Beer's law. 


Vindoline 


Vindoline is considered the major alkaloid in the 
leaves of Vinca ioseu Linn. On the basis of an- 
alytical and physical data, the empirical formula 
CsrHarN~Os has been found (4, 11). Vindoline is 
combined with the indole moiety in several dimeric 
V k u  alkaloids, m.p. 154-155'. pKa' 5.5 in 66% 
dmethylfonnamide. [a12 = - 18' (chloroform). 
Ultraviolet absorption curve shows peaks at 212, 
250, and 304 my in ethanol (2). 


Vindoline dissolves in concentrated sulfuric acid 
and hydrochloric acid without color; in concen- 
trated nitric acid or nitric acid diluted no more 
than 1:3, i t  dissolves giving a dark ruby red. 


The strong red developed with ferric ammonium 
sulfate described below has been found specific 
for vindoline and until now has not been observed 
with any other alkaloid from Vincu rosea Linn., 
as seen in Table I. 


Materiala-Ferric ammonium sulfate, crystals, 
A.R., Malliickrodt Chemical Works; sulfuric acid 
concentrate, reagent, E. I. du Pont de Nemours & 
Company, Inc. ; and acetic acid glacial. A.R.. Mallin- 
ckrodt Chemical Works are utilized. 


Color Reagent .4ne  gram of femc ammonium 
sulfate is dissolved in 25 ml. of water and filtered if 
necessary. While swirling and cooling in ice 
water, 75 ml. of concentrated sulfuric acid is added 
in small increments. The reagent is stable for 2 
days, after which time it becomes turbid and 
should be discarded. 


Apparatus.-A Beckman model DU spectro- 
photometer with 1-cm. glass cells is employed. 


P r o c e d u r e . 4 e  milligram each of the standard 
vindoline and the sample are weighed to the nearest 
0.01 mg., transferred to separate 50-ml. volumetric 
flasks, and dissolved in and made up t o  volume 
with glacial acetic acid. Two 2-ml. aliquots of 
both standard and sample solutions, each equivalent 
to 40 mcg., are transferred into individual 10-ml. 
volumetric flasks. To each flask is pipeted 3 ml. 
of glacial acetic acid; the solution is made to 
volume with the color reagent. As soon as the 
reagent is added, a red (lavender) is observed. 
Although heat develops by mixing acetic acid 
with the color reagent, a contraction of the 
volume can be observed. The mixture is homoge- 
nized by inverting the flasks several times and is 
allowed to  cool to  room temperature. The final 
volume is made 15 minutes after the color reagent 
is added. 
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The reagent blank consists of 5 ml. glacial acetic 
acid and 5 ml. of the color reagent treated a t  room 
temperature as standard and sample. 


The absorbances are measured a t  538 mp where 
the only peak appears. The color is stable for a t  
least 4 hours, after which time the mixture becomes 
a little opalescent. The calibration curve is linear, 
passes the origin, and obeys Beer’s law in concen- 
trations from 1-10 mcg./ml. 


Fig. 3.--Solvent: 5y0. EtOH in acetonitrile; 
plate: 0.5N LiOH/alumina; sample: 50 mcg. 
Key: 1. neo-leurosidine; 2, leurosidine; 3, vincatli- 
icine; 4, leurocristine. 


THIN-LAYER CHROMATOGRAPHY 


The chromatographic investigation of the Vinca 
alkaloids, as with most alkaloids, has been done 
mainly by employing paper chromatography (9). 
This technique has much to offer for identification 
purposes, but it suffers somewhat with respect to 
reproducibility and rigid control of conditions. 
There are also some limitations on the type of de- 
tection techniques employed. Thin-layer chro- 
matography offers a better approach to the iden- 
tification of most Vinca alkaloids (1, 10); the two 
systems discussed below are felt to have special 
advantages over paper chromatography as a means 
of identification. The methods are less time con- 
suming, more reproducible, and more specific as a 
result of the use of a new color reagent. 


The work discussed here was first performed by 
spotting the free alkaloids on silica gel plates pre- 
pared in the usual manner. Ethyl acetate, ab- 
solute ethanol, or a niixture of the two gave satis- 
factory results, except for tailing of several of the 
alkaloids. 


Alumina plates (aluminum oxide Fluka for thin- 
layer chromatography) prepared in the usual 
manner eliminated some of the tailing, but not all 
separations were complete. Finally. the use of 
alumina plates prepared with 0.5 N lithium hy- 
droxide worked well with a solvent containing 5% 
absolute ethanol in acetonitrile (v/v), except for 
some tailing of leurosine. The tailing of leurosine 
was eliminated with a 30% acetonitrile in benzene 
solution (v/v). The last system separates leurosine 
and vincaleukoblastine quite well, while other alka- 
loids travel too slowly. By making use of bo th  
systems, all the alkaloids mentioned below can be 
separated and identified readily (see Figs. 3 and 4). 


All experiments were performed employing large 
chromatographic chambers (4  X 11 X 12 in.) 
which contained blotting paper wicks covering both 
narrow sides of the chamber and one of the large 
sides for a distance of approximately 9 in. from the 
bottom. The sulfate salts of the alkaloids studied 
thus far behave the same as their corresponding 
free alkaloids in a given system. The samples 
were prepared as 1% solutions in chloroform and 
have been stable with respect to  chromatography 
for a t  least 24 hours if the solutions are stored 
in a refrigerator. Normally, 200 mcg. of the sample 
is spotted which permits the detection of as low as 1 
to 3% of any other alkaloid which may be present. 


The detection of the alkaloids may be accom- 


, -  


I&; 4. catharathine.. background. All of the alkaloids react well with a 


TABLE IL-SOME CHARACTERISTICS OF SEVERAL V b ~ c u  ALKALOIDS 


Name 
Neo-leurosidine 
Leurosidine 
Vincathicine 
Leurocristine 
Leurosine 
Vincaleukoblastine 
Vindoline 
Catharanthiiie 


UI traviolet 
Fluorescence Color 


Purple Brown -. lavender 
Purple Lavender 
Bluish-white Pink -P yellow 
Quenches Lavender -c pink 
Blue Bluish lavender 
Purple Lavender 
Quenches Violet + pink 
Quenches Yellow 


R /  Values 


0.04 ... 
0.23 . . .  
0.41 . . .  
0.51 . . .  


5% EtOH 30% Acetonitrile 
in Acetonitrile in Benzene 


. . .  0.27 


. . .  0.36 


... 0.56 


. . .  0.85 
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contact with the plate. The colors fade consider- 
ablyif theplate is allowed to cooland absorb moisture 
from the air. The color development will be poor 
if the spraying is delayed more than 30 minutes 
after removing the plate from the solvent system, 
even though the plate is kept warm. 


mixture of 1% ceric ammonium sulfate in 85% 
phosphoric acid. If the color reagent is diluted 
with an equal volume of water, i t  is more conven- 
iently sprayed; however, more than one spraying 
may be required with the diluted reagent to obtain 
sharp and stable colored zones. Table I1 shows 
the  colors obtained, the ultraviolet characteristics, 
and the R, values of the alkaloids in the two systems REFERENCES 
dcsiccatot discussed above. 


Some precautions have been necessary to obtain 
the best results. The plates should be oven- 
dried a t  105' for a t  least 30 minutes before using 
them. The dried plates may be stored for weeks 
in a suitable desiccator without noticeable effects 
on their performance. Color development is best 
if the plates are heated to  100' immediately after 
they are removed from the chamber and are kept 
warm for at least 5 minutes before spraying them. 
As mentioned above, the diluted color reagent is 
the best for the detection purposes in spite of the 
necessity of repeated sprayings. The colors are 
quite stable overnight if the plate is kept warm 
(90-100°) and no moisture is allowed to  come into 
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- Technical Articles 


New Rheometer for Determining Rheological and 
Viscoelastic Properties of Fluids 


ByDUNCAN E. McVEA" and JERE E. GOYAN$ 


A rising cylinder rheometer is described which can be used to study the flow prop- 
erties of 0uids in the low shear regions similar to those caused by a falling article. 
The rheometer ma also be used to study viscoelastic properties of flu&. The 
rheometer was useBto obtain flow curves in the low shear region of several phar- 
maceutical suspending agents. Bingham yield values were obtained by extrapolating 
methods from these 00w curves. Dpamic viscosities of these materials were 
obtained by analysis of their relaxauon behavior. The dynamic viscosities are 


compared with the plastic viscosities of the materials in the low shear range. 


HE COMMONLY used suspension vehicles 
Texhibit either pseudoplastic or plastic flow 
properties (1). Flow curves for these fluids over 
a wide range of shear rates may be obtained from 
viscometers currently in use (2). 


However, the measurement of shearing forces 
at the very low shear rates produced by  a falling 
particle is difficult to obtain with available 
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viscometers. An example of the magnitude of 
desirable shear may be obtained as follows. 
Consider a 100-c( particle with a density of 2.00 
falling in a Newtonian fluid having a density of 
1.00 and a viscosity of 10 poise. The maximum 
shear rate (at the equator of the sphere) will be 
0.16 reciprocal seconds. It was therefore de- 
cided to build a viscometer which could produce 
viscometric data at these low shear rates. An 
additional advantage to such an instrument 
would be the more precise determination of yield 
value obtainable because of the shorter extrap- 
olation to zero shear rate. 


The  development of a new viscometer seemed 
desirable because of the difficulties that  would be 
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are shown in Table 11. As the concentration of 
calcium increases, the dye deteriorates more rapidly. 
It is apparent that no correlation exists between 
degree of fading and the initial or final pH. There- 
fore, i t  can be concluded that the higher solubility of 
calcium sulfate dihydrate (0.2 Gm./100 ml. a t  25”) 
is the cause for the more rapid fading. The solubil- 
ity of dicalcium phosphate is about 0.05 Gm./100 
ml. at 25”. an amount apparently insufficient to 
cause a significant increase in the fading rate. 


Effect of Colorant Nature.-No significant dif- 
ferences in the fading rates existed between the dye 
and the lake on either dicalcium phosphate or lac- 
tose. However, in the case of calcium sulfate a 
marked reduction in the rate was afforded by use of 
the lake over the dye as seen in Table I and Figs. 1 
and 3. The reason for increased stability with the 
lake can be attributed t o  the adsorption of the dye to 
its substrate. In this form the dye is not free to re- 
act freely with available calcium ion. 


SUMMARY AND CONCLUSIONS 
The usefulness of semilogarithmic plots of the 


Kubelka-Munk function and the product of time x 
intensity has heen shown applicable to  tablet sys- 
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tems other than those originally employed. The 
rate constants for tablets of calcium sulfate dihydrate 
lake, dibasic calcium phosphate-dye or lake, and 
lactose-dye or lake are not statistically different. 
However, tablets of calcium sulfate dihydrate and 
dye show a fading rate significantly higher than 
other tablet formulas studied. The method of size 
reduction did not significantly alter the fading rate 
in those tablets that were mottled or speckled when 
prepared by micropulverization. 


I t  is believed that better control of pressure and 
the selection of more closely matched tablets will 
reduce experimental error due to tablet-to-tablet 
variation. This factor along with the use of color 
differences calculated from tristimulus values will no 
doubt lead to new interpretations of color fading. 
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In Vitro Evaluation of Sustained-Release Tablets by 
Dual Channel Scintillation Counting 


By K. 0. MONTGOMERY, C. V. FLEMMING, M. H. WEINSWIGt, R. F. PARKEt, 
and H. A. SWARTZt 


A rapid procedure was developed for the study of the in uitro release characteristics 
of two radiolabeled drugs in a tertiary drug system. The  use of dual channel 
scintillation spectroscopy allowed for simultaneous determinations of per cent re- 


lease of each labeled drug from the single sustained-action core tablet. 


ADIOISOTOPES have been used extensively in the R testing of various pharmaceutical dosage 
forms (1). The literature contains several reports 
of evaluative methodology regarding in vivo and in 
vilro uses of radioisotopes with the sustained-release 
dosage form (2-5). This report will be restricted to 
the determination of the release characteristics of 
(21-36 labeled phenylephrine hydrochloride and C-14 
labeled aspirin in the presence of chlorpheniramine 
hydrochloride in yitro from the single sustained- 
release core tablet. The method employed was that 
of dual channel scintillation spectroscopy which per- 
mitted the simultaneous determination of the per- 
centage released of the individual radiolabeled drugs. 


EXPERIMENTAL 
Preparation of Labeled Compounds.-Chlorine-36 


labeled phenylephrine hydrochloride was prepared 
by dissolving 3 Gm. of compound in distilled water 
and crystallizing out the free base from the solution 
rendered alkaline with ammonia. The base was 
filtered, washed, and dried. Fifty microcuries of 
chlorine-36 labeled hydrochloric acid was then 
added to a mixture of 1.23 Gm. of the base and 4 ml. 


Recaved December 20, 1962. from the Research Center, 
Pitman-Moore Co.. Division of the Dow Chemical Co.. 
Indianapolis, Ind. 


Accepted for publication July 23, 1963. 
t Present address: 


sity, Indianapoli, Ind. 
College of Pharmacy, Butler Univer- 


of distilled water. One drop of methyl red T.S. was 
added; the solution was neutralized with dilute 
hydrochloric acid. This solution was later added to 
the mass during the preparation of the tablet cores. 
Carbon-I4 labeled aspirin was synthesized using 
50 pc. of carbon-14 labeled acetic anhydride and 
salicylic acid A.R. using routine procedures (6). 
The labeled aspirin was  then blended with about 25 
Gm. aspirin C.P. by dissolving both in an ether- 
petroleum ether mixture. The blend was then 
crystallized and dried. The specific activities for the 
respective compounds were 15 pc./Gm. for phenyl- 
ephrine hydrochloride and 45 M./Gm. for aspirin 
prior to dilution. 


Preparation of Tablets.-A batch of 100 core 
tablets, each made to  weigh 405 mg., was prepared 
by using a single punch tablet press fitted with a 
l*/sz-in. die and standard concave punches. Each 
tablet contained 180 mg. of labeled aspirin, 1.3 mg. 
of labeled phenylephrine hydrochloride, and 8.3 
mg. of chlorpheniramine hydrochloride after prep- 
aration by the methods of Nash and Jeffries (7, 8). 
The cores were not compression coated. An 
immediate release portion-additional quantities 
of drugs in lactose-would lend nothing to  the 
evaluation of the sustained-action formula and, 
therefore, was not used. 
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Fig. 1.-Release 
in oitro of aspirin 
and phenylephrine 
hydrochloride in 
simulated gastric 
juice T.S. Key: 


phenylephrme hy- 
drochloride. 
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Dissolution and Sampling Procedure.-The ro- 
tating bottle apparatus of Souder and Ellenbogen 
(9) was placed in a water bath with a temperature 
of 37.5 * 1". Into three separate bottles was 
added 60 ml. of simulated gastric fluid T.S. Each 
of three more bottles received 60 ml. of simulated 
intestinal fluid T.S. One core tablet was placed in 
each bottle and the instrument rotated with a speed 
of 44 r.p.m. Samples ranging from 0.1 ml. to  0.2 
ml. were withdrawn from each bottle at periodic 
intervals. Each sample was added to a counting 
bottle1 which contained 10 ml. of the liquid scintil- 
lation solvent (0.4% 2,5diphenyloxazole, 0.01% 
2,2-p-phenylene bis-5-phenyloxazole. 5% naphtha- 
lene, 20% ethanol, p.5. to  100% with toluene). 
The counting bottles were then refrigerated at 
-5' for 24 hours for dark adaptation and tempera- 
ture stability. A blank consisting of 10 ml. of 
liquid scintillation solvent and 0.2 ml. of distilled 
water served as the sample for background deter- 
minations. 


Counting of Sample&-All vials were placed in 
the detector* at -5" for a 10-minute cimnt. The 
scaler8 and pulse height analyzer' were adjusted to  
permit simultaneous measurement of the carbon-14 
and chlorine-36 by means of dual channel counting. 
A t  the selected settings the counting efficiencies 
were determined using standards of known activity 
(10). Each sample was counted for 10 minutes. 
The three count determinations for each sampling 
time were averaged for each channel. Because 


1 Wbeaton glass counting vials, T. C. Wheaton. MilviUe, 


f Ekco universal counter No. N884, American Tradair 


Ekco scaler No. N810 A, American Tradair Corp., Long 


N. J .  


Corp., Long Island City, N. Y. 


Island City, N. Y. 


Fig. 2.-Release 
in wihv of aspirin 
and phenylephrine 
hydrochloride in 
simulated intestinal 
fluid T.S. Key: 
- , aspirin; - - -, 
phenylephrine hy- 
drochloride. 
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each isotope used possesses an energy spectrum and 
is not monoenergetic, it  was necessary to  correct the 
preliminary results to  eliminate the contribution of 
activity of each isotope in each channel. 


RESULTS AND DISCUSSION 


The sensitivity of the isotope tracer method allows 
for selection of extremely small samples. The data 
presented consist of averages of runs for only three 
tablets. It could well have been only one tablet 
because the range of gross counts at each time 
interval did not exceed 4 ~ 5 %  of the mean gross 
count. 


In graphically recording drug release it was most 
convenient to plot the log of the per cent of drug 
retained versus time. In this study the highest 
corrected activity was arbitrarily chosen as 100% 
release. Plots of the release patterns of aspirin 
and phenylephrine hydrochloride in two media 
may be seen in Figs. 1 and 2, which illustrate that 
the release in both media assumes typical pseudo- 
first order behavior (11, 12). Thus, it  appears that 
this procedure may have merit in studying the rate 
and reliability of release of single tablets a t  the 
stage of formulation. 
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latter administered alone, using the criteria of the SUMMARY 
behavioral method employed. 


Tables I and I1 show the responses obtained with 
animals subjected to septa1 and amygdaloid lesions, 
respectively. It can be seen that small lesions in 
these areas produced no consistent change hi be- 
havior or in the responses to  the administration of 
the drugs used. Similar results were obtained with 
the other areas investigated. The only behavioral 
change noted was a slight hyperexcitability ; but 
since sham operated animals also showed this reac- 
tion, it  was attributed to  the operating procedure 
rather than to the presence of a lesion. 


The results of this study indicate that investiga- 
tions of behavior involving the production of lesions 
require a great deal of caution in the interpretation 
of behavioral changes that are seen. Lesion size 
may be one of the factors that has contributed to the 
many conflicting reports appearing in this field. 


Small lesions within the limbic system of the rat 
produced no consistent behavioral defects or altered 
responses to chlorpromazine and/or pentobarbital as 
measured by a new behavioral scoring method. 
Lesion size may be one of the factors that has con- 
tributed to the many conflicting reports appearing 
in this field. 
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Facile Synthesis of Isoindoline and Substituted Isoindolines 
By JOHN L. NEUMEYER' 


The preparation of isoindoline and several 
derivatives bearing nuclear substituents by 
methods previously employed successfully 
only for  N-substituted derivatives is described. 
The method involves the preparation and 


hydrogenolysis of N-benzyl isoindolines. 


HILB A considerable amount of work has been W reported on the synthesis of N-substituted 
isoindolines and hydrogenated isoindolines by a 
variety of methods, difficulty was experienced by 
several workers (including the author) in obtaining 
isoindoline (VIa)  in good yields and in a pure form. 
Isoindoline derivatives have been obtained by 
the reaction of amines with o-xylylene dibrornide 
(1, 2). Bornstein (3) prepared isoindoline (VIn) 
by the hydrolytic cleavage of 2-(~-tolylsulfonyl)- 
isoindoline (prepared from o-xylylene dibromide and 
p-toluenesulfonamide) with phenol and hydro- 
bromic acid in propionic acid. The reduction of N- 
substituted phthalimides with lithium aluminum 
hydride was a generally satisfactory method for 
obtaining N-substituted isoindolines (4. 5) and 
was utilized also for the preparation of tetrahydro 
and hexahydroisondoline (4), but failed when applied 
to the reduction of phthalimide. As a result, we 
have devised a method for the preparation of iso- 
indoline and substituted isoindolines which was 
based on the lithium aluminum hydride reduction 
of N-benzylphthalimides of their corresponding iso- 
indolines, followed by the hydrogenolysis of the 
benzyl moiety with palladium-on-charcoal. This 
route was satisfactory also for the preparation of 
5-methylisoindoline (VIb) and 4-aminoisoindoline 
(VII ) ,  but failed to yield 4chloroisoindoline froni 
the hydrogenolysis of N-benzyl-4-chloroisoindoline 
(Vc). Treatment of Vc with hydrogen and palladium 
caused the hydrogenolysis of the chlorine and the 
benzyl group; isoindoline (VIa)  was the isolated 
product. 


Received November 12, 1983, from the Central Research 
Laboratories, Niapra Chemical Division, PMC Corp., 
Princeton N. J. 
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EXPERIMENTAL' 


N-Benzy1phthalimide.-This was prepared froni 
potassium phthalimide (0.5 mole) and benzyl 
chloride (0.5 mole) in N,N-dimethylformamide in 
75% yield by the method of Billman and Cash (6), 
crude, m.p. 111-112'. The compound was used it1 
subsequent reactions without further purification. 
[Lit. (6) m.p. 115-116".] 


N-Benzyl4methylphtlimide (IIb).-This W R S  


obtained from potassium 4-methylphthalimide ( I b )  
and benzyl chloride; yield: 7274. m.p. 122.5 to 
123.5'. 


And-Calcd. for C~H13N02: C, 73.99; H, 5.77; 
N,5.57. Found: C, 73.87; H, 5.82; N, 5.63. 


N-Benzyl-3-chlorophthalimide (IIc).-This was 
obtained from potassium 3-chlorophthalimide (Ic) 
and benzyl chloride; yield: 98%, m.p. 137 to 138.5' 
(recrystallized from n-butanol). 


And-Calcd. for ClsHloNOzCI: C, 66.30; H, 
3.71. Found: C, 66.29; H, 3.71. 


N-Benzyl-3-nitrophthalimide (IId).-A mixture 
of 19.3 Gm. (0.1 mole) of 3-nitrophthalic anhydride 
and 10.7 Gm. (0.1 mole) of benzylamine was fused 
at 200-250" and the mixture allowed to  cool. Upon 
recrystallization from isopropyl alcohol. 23 Gm. 
(83%) of yellow flakes, m.p. 140-141'. were ob- 
tained. 


And-Calcd. for Cl~HloN20,: C, 63.83; H, 
3.57; N, 9.93. Found: C, 63.68; H, 3.74; N, 
9.90. 
N-Benzyl-3-aminophthalimide (IIe ).-A solution 


of 25 Gm. (0.089 mole) of N-benzyl-3-nitrophthal- 
imide in 290 ml. of benzene was hydrogenated in a 
Parr hydrogenator at room temperature using 0.5 
Gm. of platinum oxide until the hydrogen uptake 


1 Both the melting points and the boiling points were un- 
corrected. All melting points were obtained in a Thomas 
Hoover silicone oil filled capillary melting point apparatus. 
The assistance of Mr. R .  C. Phnro with a number of the 
experiments reported herein, of Mr. J. E. Zarembo and his 
staff in carrying out the analyses, and of Mr. H. Adelman 
in the interpretation of infrared spectra is gratefully ac- 
knowledged. 
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I a , X = H  
b, X = 4-Me 
C, X=3-C1 


x 
VIa, X = H 


b, X = 5-Me 
d, X = 4-NHz 


x 
Va, X = H  


b, X = 5-Me 
c, x = 4CI 
d, X=4-NHz 


had ceased (30 minutes). The catalyst and ben- 
zene were removed yielding 19.0 Gm. (85%) of 
yellow needles, m.p. 148.5 to 149.5'. 


And-Calcd. for Cl~HlnN~Oz: N, 11.11. Found: 
N, 11.35. 
N-( Benzy1)isoindoline (Va).-The procedure for 


the reduction of the imide to the isoindoline was 
similar to the method previously described (4). 
To lo00 ml. of ether (dried over sodium) in a 2-L. 
flask fitted with a stirrer, Soxhlet extractor, and a 
thermometer was added 23 Gm. (0.6 mole) of 
lithium aluminum hydride. The thimble of the 
Soxhlet extractor was charged with 70 Gm. (0.3 
mole) of N-benzylphthaliimide and continuously 
extracted for 24 hours. With stirring, 100 ml. of 
10% sodium sulfate was slowly added to the ether 
mixture while the reaction flask was cooled in an 
ice bath. The precipitate was filtered off and washed 
two times with 200 ml. of ether; the combined 
ether extracts were dried over magnesium sulfate, 
the ether was eliminated, and the residue distilled, 
yieldingz7.5 Gm. (60%) of an oil, b.p. 180' (0.35 
mm.), nD 1.5897. This oil solidified on standing 
(m.p. 36-37") and darkened when exposed to light 
and air. [Lit. (2) m.p. 41" recrystallized from 
alcohol. ] 


N-(Benzyl)4chloroisoindoline (Vc).-This was 
obtained from IIc in 66% yield; b.p. 144" (0.5 
mm.), ny 1.5945. The compound darkens on 


Anal.-Calcd. for ClsHl&lN: C, 73.91; H, 
5.79; N, 5.75. Found: C, 73.69; H, 5.47; N, 
5.62. 


N-(BenzyM-methylieoindoline (Vb).-This was 
obtained from IIb, b. p. 126-130' (0.04 mm.), 
m.p. 47-49". The analytical sample, m.p. 57-58". 
was recrystallized from ethanol-water. 


Ad.-Calcd. for ClsH17N: C, 86.05; H, 7.68; 
N, 6.27. Found: C, 85.67; H. 7.53; N, 6.31. 
c N-(Benzyl)-4-aminoisoind0line (Vd).-This was 
obtained from IIe in 45% yield; b.p. 152-157" (0.001 
mrn.), m.p. 64-65'. The compound was character- 
ized as the phenylurea derivative, prepared from 
phenyl isocyanate in ether, m . p. 178-179". 


And-Calcd. for W u N a O :  C, 76.94; H, 6.16; 
N, 12.24. Found: C, 77.25; H, 6.37; N, 12.06. 


The reduction of N-benzyl-3-nitrophthabide 
(IId)1(0.07 mole) with lithium aluminum hydride 
(0.21 mole) by the aforementioned procedure also 
yielded 27% of Vd. 


standing. 


Isohdoline (ma).-Hydrogenolysis of 9.5 Gm. 
(0.043 mole) N-(benzy1)isoindolme (Va) in 100 ml. 
of ethanol was carried out by shaking the solution in 
a Parr apparatus for 16 hours with 2 Gm. of 575 
palladiurn-on-carbon under an initial pressure of 
50 p s i .  hydrogen at 50'. Distillation of the 
product gave 3.8 Gm. (75%) of VIa b.p. 105' 
(20 mm.), ny 1.5850, a clear oil which solidifies on 
standing in the refrigerator, m.p. 17". ILit. (2) 
b.p. 115' (30 mm.), ny 1.5698, m.p. 16.0 to 16.5O.I 
The P-toluenesulfonyl derivative was prepared by 
treating 0.5 Gm. of isoindoline (VIa) with 0.6 Gm. 
of p-toluenesulfonyl chloride in 3 ml. of pyridine. 
The mixture was warmed for 30 minutes, allowed to 
cool, and poured over ice. The yellow crystals 
which precipitated were filtered and recrystallized 
from ethanol, m.p. 175 to 175.5'. [Lit. (3) 175- 
176' prepared from o-xylylene dibromide and p-  
toluenesulfonamide. ] 


5-Methylisohdoline (VIb).-This was prepared 
by the hydrogenolysis of Vb in the aforementioned 
manner in 76% yield, b.p. 111' (14 mm.), m.p. 
43-44'. 


And-Calcd. for CoHIIN: C, 81.16; H, 8.38; 
N, 10.52. Found: C, 80.91; H, 8.05; N, 10.30. 


This compound was further characterized by 
preparing the phenylurea'derivative, m.p. 16M61 O. 


And-Calcd. for CleHl,NzO: C, 76.16; H, 6.39; 
N, 11.10. Found: C, 76.41; H, 6.33; N, 11.21. 


4-Aminoisoindohe (VId).-This was obtained 
by the hydrogenolysis of Vd in the aforementioned 
manner (80% yield); b.p. 137-140" (0.1 mm.), 
m.p. 86-87'. 


Anal.-Calcd. for C8HloNz: C, 71.61; H, 7.51; 
N.20.88. Found : C, 71.35; H, 7.60; N,20.61. 


The d ihydrdonde  of VId was prepared from 
methanol and hydrogen chloride and recrystallized 
from methanol-ether, m.p. 283-284". 


And.-Calcd. for C&IloNt * 2HC1: C, 46.35; 
H, 5.84; N. 13.53. Found: C.46.24; H, 5.80; N, 
13.61. 
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Technical Articles 


New Air Suspension Apparatus for Coating Discrete 
Solids 


By H. C. CALDWEU and EARL ROSEN 


A patent for the apparatus and method for coating discrete solids by means of air 
suspension and a modikication of the basic Wurster design has recently been issued. 
Experience with this new apparatus and its differences from previously reported air 


suspension coating equipment are discussed. 


INCE WURSTER'S original patents on means for s applying coating to tablets or the like (1, 2), 
several reports have appeared (3-12) on the use 
of an air suspension coating (ASC) apparatus 
patterned after his inventions. The Wurster 
apparatus comprises in combination a vertical 
coating chamber, a screen means extending trans- 
versely across the chamber at  its lower end, and 
an air source and conduct means for directing an 
air stream through the chamber in a vertical 
direction in order to support the materials to be 
suspended in the lower part of the coating cham- 
ber. An expanded part a t  the top of the coating 
chamber is provided to reduce the air velocity 
and thereby prevent pneumatic transport of the 
particles being coated. Figure 1 is a schematic 
diagram of such an apparatus. 


The process consists simply of supporting par- 
ticles in the vertical column with an upwardly 
moving air stream, during which time a coating 
solution is atomized onto the suspended particles. 
The velocity of the air stream is adjusted so that 
the suspended particles are maintained in a 
region of the column relatively confined. 
An experimental study by Wilhelm and Valen- 


tine (13) has disclosed the sequence of the rela- 
tionships between the various phenomena that 
comprise the entire fluidized state spectrum. 
The Wilhelm and Valentine apparatus, the ele- 
ments of which are shown in Fig. 2, was essentially 
a vertical glass tube of 4-in. diameter, fitted on 
its side with ports for addition of solids and 
admission of air. The tube was unobstructed 
over its entire length. For its operation spheres 
of 0.02 to 0.03 in. in diameter were introduced 
while air entered simultaneously. The number 
of particles and air rates could be varied over wide 
ranges, and it was possible to observe the be- 
havior of the particles directly. 


The results of these experiments indicated that 
with the proper adjustment of solids and air flows 


Received April 1. 1964, from Smith Kline and Freod 
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virtually all phenomena of the fluidized state, 
extending from the dense-phase bed all the way 
through the dispersed phase into pneumatic 
transport, could be produced. The diagrams of 
Fig. 3, suggested by Wilhelm and Valentine, will 


Fig. l.--Sche- 
matic diagram of 
Wurster an-sus- 
pension coater as 
reported by Sin- 
giser and Lowen- 
thal(5). 


-"-I I 


Fig. 2.-Ele- 
ments of Wil. 
helm and Valen- 
tine apparatus (13). 


Fig. 3.- Pictorial representation of transition 
from concurrent to countercurrent flow of particles 
in rising gas stream in Wilhelm and Valentine ap- 
paratus (13). 
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After considerable experimentation with vertical 
apparatuses, a device schematically described in 
Fig. 4 was evolved (14). 


This apparatus differs from the Wurster design 
primarily in that materials to be coated are truly air 
suspended and do not need support for screens or 
other air-regulating devices (such as vanes) in a 
highly dispersed state approaching that of pneumatic 
transport, in an expanded chamber situated a t  the 
top of a vertical column providing a laminar cushion 
of air. Also the materials to be applied are delivered 
out of the main suspending air stream in a direction 
opposite or countercurrent to the direction of the 
movement of the particles to be coated. This con- 
struction makes possible the application of significant 
quantities of coating materials and those of a tacky 
nature without regulating the rate of air flow to keep 
the solids in suspension as their weight increases in- 
cident to the application of the coating material. 
Furthermore, this construction makes possible the 
use of a single apparatus to coat charges of particles 
of widely varying magnitude in the same apparatus. 


The expanded chamber used for coating is con- 
structed to provide a dense zone of particles falling 
countercurrent to  the spray pattern in the immediate 
area of the nozzle. This permits the most eco- 
nomical utilization of the coating material since 
there is a minimum rilean free path for coating 
material to be entrained out of the chamber with- 
out contacting a particle to be coated. Second, 
the truncated cone construction permits pellets or 
tablets to roll down the sides, thereby achieving some 
of the smoothing effect of rolling before falling into 
the central air stream, a zone of maximum sheer 
and disengagement. The highly dispersed state 
reached in the upper chamber insures complete dry- 
ing of the separated particles before they again fall 
into the coating zone. 


Equipment.-(a) A Zenith laboratory metering 
unit type QE equipped with a Graham variability 
speed transmission model 45 R2.8 with infinite 
variable speed motor from 0 to 200 r.p.m. and l / d  hp. 
master electric explosion-proof motor were used to 
supply fluids to atomizing nozzles. Pumps with 
0.58 ml./rev. (size l) ,  1.168 ml./rev. (size 2). and 
2.920 ml./rev. (size 5) were used in these studies. 
Curves for each of these pumps were drawn to in- 
dicate the relationship of transmission setting to  
grams of coating pumped per minute. ( b )  New 
York blower No. 14 General Industrial fan arrange- 
ment No. 1, which has a capacity of 1400 C.F.M. 
a t  12-in. static pressure a t  3710 r.p.m., was driven 
by a 5 hp., 440 v., 1750 r.p.m., three-phase motor 
(Crocker Wheeler Electric Manufacturing Co.). 
Air flow rate was set by a variable-speed drive on the 
fan or by a restriction of the air at the fan intake port. 
( c )  Internal and external mixing spraying systems 
pneumatic atomizing nozzles were used for most of 
these studies. Internal mixing nozzle setup No. 20 
and external mixing nozzle setup No. 4 were satis- 
factory for most spraying needs. ( d )  A cyclone 
powder collector was fabricated to our specifications 
by the E. D. Menold Co., Philadelphia, Pa. The 
cyclone was designed to recover 95% of all powders. 
(e) A venturi tube was fabricated of glass in our 
laboratories. Powder was introduced into this 
venturi with a model F-00 Syntron equipped with a 
controller. Special tubular and flat pan troughs 
were used to convey the powder. 


Since it was desirable to  spray coatings that melt 


Fig. 4.--Sche- 
mat ic  diagram 
of t h e  Mesnard- 
Rosen-Scott air-sus- 
pension apparatus 
(14). NOI*LI. 


hl"", 


..* 


be helpful in establishing the relationship among 
solids, air rate, and resulting bed density. The  
drawings in Fig. 3 represent the upper two sec- 
tions of the apparatus. Given a fixed-solids feed 
rate, the air rate is gradually reduced from its 
original high value in 1. Owing to  this high air 
velocity in 1, the  particles will be blown out of 
the apparatus. As the  air rate is reduced as 
shown in 2, the particle population increases as 
the void space decreases slightly. However, the 
pellets still move concurrently upward with the 
air. For another small reduction in air rate, 3, 
solids will tend to crowd together, and violent 
slugging will occur with the solids moving down- 
ward. The  void space decreases sharply. A 
condition of minimum voidage is observed near 
4, and the solids now have a well-defined upper 
boundary. With a further reduction, the solids 
in the bed decrease t o  reach a limiting value. 


In our laboratories air suspension coating 
apparatuses of the Wurster design operated under 
conditions described by Fig. 8,3 ,4 ,  and 5. It was 
possible to operate under these conditions of 
relatively dense bed as long as the  coating mate- 
rials applied were nontacky and not of great 
quantity-about 10% of the starting charge. 
However, under conditions of general operation 
the regions 3, 4,  and 5 were relatively unstable 
and sufficiently sensitive t o  air flow rate to make 
frequent adjustments necessary during applica- 
tion of significant (over 10% of starting charge 
weight) quantities of coating. 


T o  overcome this problem and provide maxi- 
mum flexibility of the apparatus a series of experi- 
ments was undertaken to modify the design. 
Since the area of highly dispersed phase was far 
less sensitive to variations in  air flow rate, special 
attention was given to this spectrum of the fluid- 
ized state. 


EXPERIMENTAL. 
Although the area of pneumatic transport pro- 


vided a starting point for experimentation, it was 
not a satisfactory condition in a vertical system since 
there was not sufficient time for particle build-up 
during passage of a particle through the spray pat- 
tern of a single nozzle. However, when a horizontal 
or air slide arrangement with a plurality of spraying 
nozzles was used, encouraging results were obtained. 
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TABLE  APPLICATION OF POWDERS TO PELLETS 


% 
Pellet Coating Powder 


Charge, Powder Time Charge 
No. Kg. Charge, Kg. Min.' Applied 
1 10.0 4. 90" 5 48 
2 10.0 5' 6 63 
3 10.0 5" 6 57 
4 10.0 50 6 62 
5 10.0 5" 7 66 
6 10.0 5b 7 64 
7 10.0 5b 7 60 
8 17.9 7.* 9 82 
9 30.0 4.3d 10 77 


10 25.0 4.3d 11 49 
a Starch:sugar (1: l ) .  b Calcium sulfate dihydrate. 


c Powdered sugar. d Dextro-amphetamine dlfate mating 
powder containing 82.5% active drug. 


at about room temperature, the liquid reservoir, 
fluid lines, and nozzles were heated (electrically or 
with steam) to avoid congealing in the system. 
Also, since heated air was needed for some experi- 
ments, a series of steam-heated pipes was installed in 
the air ducts between the fan and the coating zone. 
The temperature was regulated to 11' using a 
series of steam reducer valves. 


Charge Magnitude and Operation.-The follow- 
ing procedure is employed during a typical coating 
operation. The blower is turned on and the par- 
ticles to be coated are permitted to fall from a 
reservoir into the coating chamber. The coatings 
are then applied Via the nozzle assembly and/or 
venturi. When all of the coating agents have been 
applied, the blower is turned off, and the particles 
are permitted to fall into an appropriate container. 


Using the apparatus described in Fig. 4, it is possi- 
ble to suspend a minimum char= of 1 Kg. and 
a maximum charge of 40 Kg. of sugar pellets ranging 
in size from 40-16 mesh with negligible loss through 
entrainment. The optimal charge range for this 
equipment is 10-25 Kg. 


Powder Coating onto Sugar Pellets.--Conven- 
tional pan-coating procedures for application of 
powder onto sugar pellets are lengthy since several 
coats are required (15). Thus, it was of interest to 
determine if coating time could be reduced in the 
ASC device. A variety of powders were applied onto 
20-25-mesh sugar pellets with an adhesive consist- 
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ing of 10% acidified gelatin in a hydroalcoholic 
solvent. The adhesive solution was sprayed 
through the nozzle assembly while the powder was 
applied simultaneously through the venturi tube. 
Results of 10 representative experiments are re- 
ported in Table I. 


The cyclone collector was used to collect coating 
powder that did not adhere to the pellets on the first 
pass. Although the collected powder was suitable 
for subsequent recycling, the W e s  for per cent 
powder applied refer to the quantity that adhered 
on the first pass since the process was not set up for 
recycling of powder. 


Lipid Coating of Pellets.-The classical method of 
preparing sustained-release pellets involves spraying 
of a wax and/or a fat on medicated pellets in a coat- 
ing pan as described by the MacDonnell (15) and 
Blythe (16) patents. This pan-coating operation 
requires a number of separate applications to permit 
solvent evaporation between coats. Therefore, pan 
coating of sustained-release pellets is long and rela- 
tively expensive due to the costs of labor and solvent 
involved. 


In contrast, a batch of sustained-release pellets 
can be prepared by the ASC procedure in a fraction 
of the time required for pan coating. Furthermore, 
the use of the ASC apparatus permits the applica- 
tion of waxes and fats as melts rather than as solu- 
tions in organic solvents. For example, the authors 
have successfully sprayed melted polyethylene, mi- 
crocrystalline wax, glyceryl monostearate, glyceryl 
distearate, beeswax, and 12-hydroxystearyl alcohol, 
etc. 


Data on nine batches of sustained-release pellets 
using 12-hydroxystearyl alcohol and glyceryl di- and 
monostearate-white wax as the coating agents are 
reported in Table 11. The criteria for comparing the 
various sustained-release groups are the in vitro re- 
lease profiles obtained by the method of Souder and 
Ellenbogen (17). The pellets coated in this case 
were from the same batch of d-amphetamine sulfate 
pellets. In all cases the lipid was sprayed as a 
melt. 


The amount of coating on the pellets in Table I1 
definitely influences the in d r o  release of the drug; 
as more coating is applied, the release is depressed. 


TABLE II.-APPLICATION OF SUSTAINED-RELEASE COATING TO DRUG PELLETS 


Actual % 


No. Charge, Kg. Time, Min. Final Product 0.5 2 4.5 7 
1 12 16.0 9.0" 45 75 87 93 
2 12 22.5 12.5" 20 50 67 77 
3 12 28.8 16.0" 7 23 44 59 
4 12 35.0 19. 4" 3 11 25 38 
5 19.2 13.4 14 .P  44 67 96 99 
6 21 18 18.86 29 51 79 96 
7 21 46 19.3b 19 43 65 93 
8 20 36 2 5 . 6  16 32 77 98 
9 21 29.5 27. 4b 10 16 51 92 


starting spraying Coating on % &Amphetamine Sulfate Released at Hr. Indicated 


a 12-Hydroxystearyl alcohol. * Glyceryl monostearate, 36%; glyceryl distenrate, 54%; white wax, 10%. 


TABLE III.-STUDY OF COATING CONDITIONS 


Gm. Molten 
Starting Spraying Coatinga Actual % Air % d-Amphetamine Sulfate R e l d  at 
Charge, Time, Sprayed Coating on Temp., Hr. Indtcated 


No. Kg. Min. Per Min. Final Product OC. 0.5 2 4.5 7 
1 10 11.7 257 21.4 40 17 28 69 94 
2 10 11.7 257 21.7 30 31 44 87 99 
3 20 23.4 257 21.6 30 34 45 93 99 
4 10 23.4 128 21.3 46 3 25 47 81 


a Glyceryl monostcorote, 36%; glyceryl distcarnte, 64%; white wax, 10%. 
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to determine if results obtained with the laboratory 
model could be obtained routinely with the larger 
device. A comparison of the in vitro release profiles 
of batch 1 with 2 and 3, and batch 4 with 5 and 6 
reveals that pellets coated in either the small or large 
ASC device under similar conditions possess similar 
release profiles. Therefore, no scale-up problems are 
anticipated. 


Another important consideration is batch-to- 
batch reproducibility. Note that batches 5-9, 
coated under similar conditions, were coated 
with nearly identical quantities of 12-hydroxystearyl 
alcohol and had similar release profiles. Of course, 
this illustrates that a high degree of batch-to-batch 
reproducibility can be expected. 


Among the variables studied, the most critical was 
suspending air temperature. A comparison of the 
in  uitro disintegration profiles for batches 9 and 10 
demonstrates this. It is thought that the w'arm 
air allows the coating to be applied more efficiently. 


Other variables studied that were not critical 
under our conditions are rate of application and use 
of different nozzles. For example, when the in  w'tro 
disintegration profiles for batch 6 are compared to 
batch 9, it  is evident that an increase in the rate of 
application from 39 to 65 Gm./minute has little 
effect. Also a comparison of the profiles of batches 
7 and 8 to batches 5, 6, and 9 reveals that changing 
nozzles has a minor effect. 


Enteric Pellets.-The usual methods for preparing 
enteric-coated pharmaceutical products are labo- 
rious. Therefore, when a development project re- 
quired enteric-coated pellets, it  was decided to deter- 
mine if the laboratory model air suspension appara- 
tus could be used. Since supplies of the chemical 
in question were in short supply, a model run was con- 
ducted with dextro-amphetamine sulfate pellets. In 
this study an enteric coating solution consisting of 
ethyl acetate (38%), ethyl lactate ( l l%) ,  alcohol (38- 
%), cellulose acetate phthalate (8.5%), and glyceryl 
monostearate (4.5y0) was sprayed in 67 minutes with 
a Spraying Systems pneumatic atomizing nozzle 


To determine the best coating conditions, some of 
the variables involved in the ASC of sustained-re- 
Irase pellets were investigated. Table 111 shows the 
results of one study which consisted of four experi- 
ments. Each experiment was run under different 
conditions to determine factors critical in influencing 
the in  &tro release profile of the final product. 


Table I11 shows the effect of these different con- 
ditions. Perhaps the most important discovery is 
that desired quantities of coating agent can be ap- 
plied to  pellets with a high degree of reproducibility. 
Compare the amount of coating on batch 1 to  the 
other three batches. Also, a comparison of the in  
vitro disintegration profiles for batches 2 and 3 re- 
veals that sustained-release pellets prepared a t  the 
same air temperature are indeed comparable. Note 
that the weight of the starting charge and coating 
time for batch 3 is twice that of batch 2. Thus, it 
appears that the weight of the starting charge is 
critical. 


Studies with a Laboratory Model Air Suspension 
Apparatus.-The above studies suggested that a 
minimum charge of 10 Kg. was required to obtain 
optimal coating results. Thus, it  was desirable to 
make a scaled-down model with a charge capacity of 
1-5 Kg. for laboratory use to study the effects of a 
host of possible variables encountered in air coating. 
While the major emphasis was on studying the vari- 
ables encountered in the preparation of medicated 
and sustained-release pellets, it  was also desirable to 
determine if the apparatus had utility in other coat- 
ing operations. 


Lipid Coating of Pellets.-To exploit the potential 
advantages of the ASC procedure for the routine 
manufacture of lipid-coated pellets, it  was necessary 
to study the effects of the possible variables en- 
countered in their preparation. 


Results of one series of experiments in which 
molten 12-hydroxystearyl alcohol was sprayed onto 
dextro-amphetamine sulfate pellets are reported in 
Table IV. 


Perhaps the most important part of this study was 


TABLE IV.-STUDY OF COATING VARIABLES _ _  
Gm. 


Molten Actual % Suspend- 
Starting Spraying Coatin@ Coating on ing Air % d-Amphetamine Sulfate Released at 
Charge, Time, Sprayed Final Temp., Hr. Indicated 


Batch Kz. Min. Per Min. Product 'C. Nozzleb 0.5 2 4.6 7 
1 
2 
3 
4 
5 
6 
7 
8 
9 


10 


12 16.0 86 9.0 40 2 
3 9.0 39 9.6 40 2 
3 9 . 0  39 10.2 40 2 


12 22.5 86 12.5 40 2 
3 9 . 9  53 14.1 40 2 
3 8.0 65 14.3 40 2 


1 3 13.4 39 14.1 
3 12.5 39 14.2 
3 13.4 39 14.0 40 
3 13.4 39 14.0 R.T. 1 


40 1 
40 2 


12-Hydroxystearyl alcohol. b Spraying systems pneumatic atomizing nozzles: 
2,  external mixing nozzle set-up No. 4. 


45 75 87 93 
51 80 93 100 
44 77 8s 100 
20 50 67 77 
17 45 61 80 
19 47 71 82 
18 52 70 80 


52 69 82 
17 65 78 
33 58 78 87 
2o 45 


I ,  external mixing nozzle set-up No. 3; 


TABLE V.-ENTERIC CAPSULES PREPARED IN ASC DEVICE 
. -__- - 


No. of Capsules 
Remaining After 4 


Capsule Coating on Spraying Hr. in U.S.P. GF 
Actual % 


Batch Charge, Kg. Size Capsules, No. Final product Time, Min. (with Disks) 
1 0 . 7  2 1660 5 . 4  10 9of 11 
2 0 .7  2 1660 9 . 5  6 18 of 18 
3 1 . 0  1 2200 7.6 5 18 of 18 
4 1 .0  1 2200 8 . 8  5 18 of 18 
5 1.0 4 4800 7.9 7 18 of 18 
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TABLE VI.-ENTERIC TABLETS PREPARED IN ASC DEVICE 


No. of Tablets 
Remaining After 4 


% Enteric Coating, Coating Hr. in U.S.P. GF 
Batch No. Charge, Kg. Tablets, No. Wt. Gain Time, Min. (with Disks) 


1 0.6" 1320 14.6 40.5 18 of 18 
2 0.6a 1320 7.1 7 18 of 18 
3 
4 


i.5- 3iiO 6.2 
1.9 6500 1.9 


15 
13 


18 of 18 
18 of 18 


a Ecotrin tablets coated with acacia and coating powder (lot 2516). b Placebo cores. 


TABLE VII.-DISINTEGRATION OF ASC ENTERIC TABLETS 


Disintegration Min. in Disintegration 1 Hr in U.S.P. 
U.S.P. GF at 3 k .  with GF with Di sk ,  th& U.S.P. Hardness (Units), Electric 


Disks IF with Disks. Mm. Strong-Cobb 
Ref. Range Mtan Range Mean Range Mean 


Ecotrin Cores Lot 2516 0.5-2 1.3 . . .  . . .  8-12 10 
Placebo Cores Batch No. 5-15 10 ... 12-20 16 


2 . . .  . . .  6-9 8 . . .  . . .  
3 ... ... 5-10 7 . . .  . . .  
4 ... ... 18-29 24 . .  


1 ... ... 11% 9 . . .  . . .  


set up No. 5 onto 2 Kg. of pellets which was sus- 
pended in air at 45". Duplicate release values after 
1.5-hour exposure to  U.S.P. gastric fluid showed that 
only 1 and 3% of the drug was released. In con- 
trast, the pellets completely disintegrated in less 
than 30 minutes of exposure to U.S.P. intestinal 
fluid. 


This experiment shows that the air suspension 
apparatus can be used to prepare enteric-coated 
pellets. It is likely that the spraying time could be 
shortened considerably with further work. 


Enteric Capsules.-Although enteric capsules are 
not used extensively commercially, they are often 
used for clinical studies. These capsules are usually 
prepared in pans by applying numerous coats of a.n 
enteric coating solution. Since this coating process 
usually requires 1 day for each batch of enteric 
capsules, it was of interest to  determine if the 
process could be speeded up in the ASC apparatus. 


To prevent the capsules from opening in the air 
stream, they were sealed in a coating pan with a 
solution containing ethyl acetate (a%), ethyl 
lactate (14%). alcohol (410/0), and cellulose acetate 
phthalate (2%). The enteric solution reported by 
Blythe et ul. (18) was diluted with an equal volume 
of acetone: alcohol (46% acetone: 54% alcohol) and 
sprayed with a Spraying Systems pneumatic atomiz- 
ing nozzle set up No. 5. The usual coating time 
was 6 minutes. 


The data reported in Table V indicate that enteric 
capsules of various sizes can be prepared in the ASC 
device. This procedure requires only a fraction of 
the time required for pan coating. Thus the ASC 
device offers an excellent method for the preparation 
of enteric-coated capsules. It should be of particular 
value for the preparation of clinical supplies. 


Enteric Tablets.4ingiser and Lowenthal (5) 
reported that the air suspension coating technique 
could be used to prepare enteric ammonium chloride 
tablets in 30 to  60 minutes. The authors have 
used the apparatus for this purpose also and wish 
to  report on this phase of our ASC studies. Aspirin 
tablets with sealing and rounding coats as described 
by Blythe et al. (18) and uncoated compressed 
placebo tablets were used for these studies. The 
enteric solution and nozzle are the same as used 
for the enteric capsules. Results of four experi- 
ments are summarized in Table VI. 


In Table VII original tablet disintegration and 
hardness data are presented which indicate that the 
disintegration times of the enteric tablets in intestinal 
fluid were within normal limits. Therefore, it ap- 
pears that the ASC device also can be used for the 
preparation of enteric tablets. 


SUMMARY 
A versatile new air suspension coating apparatus 


has been described. This apparatus can be used in 
a number of pharmaceutical coating processes. For 
example, i t  has been used successfully to  apply 
powder and lipid materials to pellets. Furthermore, 
i t  also has been used to prepare enteric-coated pellets, 
tablets, and capsules. 


The most critical coating variable encountered 
in the preparation of lipid-coated pellets was the 
temperature of the suspending air. 


A high degree of batch-to-batch reproducibility 
was obtained when similar conditions were used to 
prepare lipid-coated pellets. Reproducible results 
were obtained with both the large and the laboratory 
models. Thus, no scale-up problems were encoun- 
tered. 
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HR. AFTER TREATMENT 
Fig. 4.-Average blood levels of three dogs per 


group following intramuscular administration of 
OTC and DMCTC-Al-Ca-gluconate. Key: 0, 
OTC a t  2.5 mg. OTC neutral/lb., AUC = 38.6 
mcg./hours/ml. (formulation pH 8.5). 0, DMCTC- 
Al-Ca-gluconate (1:4:5:12) at 0.3 mg. DMCTC. 
HCl/lb., AUC = 45.3 mcg./hours/ml. (formulation 
pH 4.5). 


Figure 4 shows the blood levels obtained with 
DMCTC-aluminum-calcium-gluconate (molar ratio 
1 : 4 : 5: 12) and a commercially available precon- 
stituted oxytetracycline intramuscular formulation 
in 75% propplene glycol (Pfizer) for human adminis- 
tration. The DMCTC complex was administered 
intramuscularly to dogs a t  0.3 mg. DMCTC.HCI 
per pound of body weight and the oxytetracycline 
(OTC) at a level of 2.5 mg. OTC base per pound of 
body weight. On an antibiotic-weight basis, ap- 
proximately one-eighth as much antibiotic was ad- 
ministered as the complex. However, the blood 
levels produced nearly equal AUC’s in terms of 
tetracycline. HC1 equivalents (Fig. 4). Some of the 
blood level enhancement observed in this experiment 
results from the fact that DMCTC is more active 
microbiologically on a weight basis than OTC when 
assayed against a tetracycline .HCI standard. 
To date, many blood-level studies have been made 
in dogs, rabbits, and rats with complexes containing 
various tetracycline antibiotics orally, intrarnuscu- 
larly, and intravenously. The degree of blood level 
enhancement, which has been demonstrated re- 
peatedly, is dependent on the route of administration 
and the constituents in the complex. 


The mechanism by which blood-level enhancement 
occurs is not completely understood. One hypo- 
thesis is that blood-level enhancement results from 
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limited tissue penetration of the antibiotic complex 
from the blood stream. 


Blood Level Experiments in Humans.--Katz (7) 
and Katz and Fedorko (8) reported the results of a 
clinical trial in humans using DMCTC-aluminum- 
calcium-gluconate (molar ratio 1 :4: 5: 12). They 
found that intramuscular administration of this 
complex in single doses equivalent to 25 and 50 mg. 
of DMCTC. HC1 produced significantly higher 
serum levels than would have been expected from 
considerably larger doses of tetracycline. These 
doses were in a range normally expected to be 
therapeutic. However, several patients with tetra- 
cycline-antibiotic-susceptible infections did not re- 
spond satisfactorily at a dose of 50 mg. per day. 
The response was improved by increasing the dose to 
100 mg. per day. 


SUMMARY 


Chemical and biological evaluation of metal-acid 
complexes with members of the tetracycline family 
indicate that these preparations exhibited properties 
that were not displayed by the uncomplexed anti- 
biotic. The most interesting properties which are 
characteristic of selected complexes include enhanced 
solubility and alkaline stability, reduced acute 
toxicity and tissue irritation, and enhanced blood 
levels. 
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ERRATUM 


In the paper titled “Preparation of a Phase Dia- 
gram for Coacervation” ( l ) ,  Eq. 6 on page 519 
should read: 


(Asp. gr.) (D) - ( A  R. I.) (A Sp. gr. -k B )  
( A D  - BC) - ( A  sp. gr.) ( C  - D) n =  


(Eq. 6) 
(1) Phares. R. R., Jr.. and Sperandio. G. J., THIS JOURNAL. 


53, 518(1964). 
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Resedrcb Articles- 


Gastrointestinal Factors in Aspirin Absorption 
A Quantitative Study 


By EDWARD B. TRUITT, Jr., and ANN M. MORGAN 


Three astrointestinal factors influencing aspirin absorption have been selectively 
adjustet for quantitative measurement of their effect on the rate of salicylate ab- 
sorption in humans and dogs. These are (a) gastric emptying, (b) aspirin dis- 
solution rate, and (c) intragastric pH. Other factors such as tablet disintegration 
time, aspirin particle size, and intersubject variability have been eliminated or 
reduced where possible. The major portion of the salicylate in the blood during 
the first 20 minutes comes from the stomach. Impedance of gastric emptying by 
the use of atropine and placing the subjects in a left lateral position did not eliminate 
the higher plasma salicylate levels produced by the inclusion of the buffer antacids 
in aspirin tablets. The major effect of these antacids appears to be an acceleration 
of aspirin dissolution. This has been conhmed in this study by an in vivo dem- 
onstration of more rapid absorption from solutions of aspirin than from tablets. 
Aspirin in solution has a lower pH alone than with the inclusion of butfering ant- 
acids. Selective adjustment of the degree of aspirin and sodium salicylate ionization 
through the use of various buffers provided a method of study of the influence of 
intra astric pH on the rate of as irin absorption. Support was obtained from dog 
and ffuman studies in favor o t t h e  pH partition hypothesis that salicylates are 


absorbed more rapidly at low pH values. 


ANY INVESTIGATIONS of salicylate absorption M have been made because of the ease with 
which salicylic acid can be measured in body 
fluids. Despite this, some factors regulating 
this membranous transfer have only recently been 
measured under physiologic conditions in man. 
~~ ~ 
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One such factor is the direct transfer of salicylate 
from the stomach into the blood circulation 


The claim of Paul, el al. (3), that certain ant- 
acids increased the gastrointestinal absorption rate 
of aspirin has received considerable examination. 
Despite a number of studies showing no signifi- 
cant differences (4-7), quite a few tests using 
adequate numbers and crossover design to reduce 
intersubject variability have shown clearly 


(1,2). 
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TABLE I.-PLASMA SALICYLATE LEVELS (mgJ100 
ml.) IN 20 SUBJECTS WITH ANTI WITHOUT 0.4 mg. 
ATROPINE SULFATE AND L.L.P. 30 MINUTES BEFORE 


BUFFERED ASPIRIN ADMINISTRATION (0.648 Gm.) 


significant acceleration of aspirin tablet absorp- 
tion rate (8-10). In addition, claims of ac- 
celerated gastric salicylate absorption have been 
reported for solutions of sodium acetylsalicylate 
(ll), calcium aspirin (S), and for combinations of 
salicylates with magnesium aluminum hydroxide 
(12), mephenesin (13), methocarbamol (14), 
glucosamine (15), and an  effervescent mixture 
(16). 


Those factors which are theoretically involved 
in controlling the rate of absorption of oral 
aspirin tablets include: (a)  tablet disintegration 
time, (b)  aspirin particle size, (c) aggregation 
between aspirin particles and other tablet com- 
ponents such as disintegrators, binders, excip. 
ients, etc. (a function of tablet compressiort 
force), (d) aspirin dissolution time, (e) the gastric: 
pH (by affecting the ratio of ionized to unionizec! 
drug), (f) the rate of gastric emptying. and (g) tht: 
presence of interfering factors such as gastric. 
mucus, food, and other adsorbents and diluents 
Some of these factors can be experimentally con- 
trolled in human subjects to a degree that 
permits an evaluation of their quantitative 
function in the absorptive process. I t  is the 
purpose of this study to investigate the role of 
three factors-(a) gastric emptying, ( b )  aspirin 
dissolution rate, and (c) gastric pH--on the 
early absorption rate of aspirin. By testing 
these factors with and without the addition of the 
buffer antacids, magnesium carbonate, and 
dihydroxyaluminum aminoacetate, some evi- 
dence can be deduced concerning the mechanism 
by which they accelerate aspirin absorption. 


METHODS AND MATERIALS 
Twenty healthy subjects were tested following an 


overnight fast in a crossover comparison of a plain' 
and a buffered aspirin2 Each subject received 
0.4 mg. of atropine sulfate orally 30 minutes before 
the salicylate drugs. After a control blood sample 
was withdrawn, each subject swallowed (without 
chewing) two tablets of one of the salicylate prod- 
ucts, with 100 nil. of cool tap water. Each tablet 
contained 0.32 Gin. of acetylsalicylic acid. The 
subjects were then placed in the left lateral position. 
Blood samples were drawn at 5, 10, and 20 minutes 
with the subjects remaining in the recumbent 
position and were analyzed for total plasma salicylate 
by the Routh and Dryer modification of the Brodie 
method (17). After a 72-hour interval the experi- 
ment was completed. 


Dissolved Aspirin Test.-A second panel of 20 
fasted subjects (differing from the first group by 
six rcplacernents) were tested using solutions of 
freshly dissolved aspirin with and without the 
buffer antacids. Each subject drank 250 ml. of 
water containing either ( a )  648 mg. of aspirin 
(U.S.P. Monsanto brand) or ( b )  648 mg. of aspirin 


1 hlarketed as Bayer aspirin, lot No. L0228, by Winthrop 


2 Marketed as Bufferin, lot No. 1BO8, by the Bristol- 
Laboratories. New York, N. Y. 
MyersCo., New York, N.  Y. 


Sub- 
ject 
1 
2a 
3 
4 
5 
6 
7 
8 
9" 


1 on 
11" 
12 
13 
14 
15" 
16 
174 
1 8a 
19 
20 
Mean 


5 
0.10 
0.05 
0.15 
0.20 
0 
0 
0 
0.25 
0.10 
0.30 
0 
0.32 
0.10 
0.30 
0.20 
0 
0.15 
0.10 
0.30 
0 
0.131 


AtSOd and L.L.P. N o  AtSOa 
Time, min. Time, min. 


10 20 10 20 
0.30 0.80 
0.68 2.20 
0.40 0.50 
1.05 3.05 
0.38 0.92 
0.30 0.68 
0.10 0.70 
0.40 1.48 
0.40 1.25 
. . .  1.10 


0.60 2.65 
i.00 2.90 
1.70 3.90 
0.70 1.76 
2.62 3.32 
0.10 0.70 
1.40 3.30 
0.70 1.85 
0.40 1.38 
1.65 3.40 
0.78 1.89 


0.80 
0.95 
0.10 
1.10 
0 .68  
0.40 


0.10 
0.89 


0.65 
0.95 
0.45 
0.85 
1.98 
0.79 
1.85 


1.30 
1.25 
0.84 


... 


. . .  


. . .  


1.95 
3.85 
2.60 
4.40 
1.95 
1.40 


2.70 
5.69 
2.58 
2.15 
4.00 
3.51 
3.40 
6.45 
1.90 
4.30 


3.75 
2.30 
3.27 


. . .  


... 


Female. 


TABLE II.-PLASMA SALICYLATE LEVELS (mg./100 
ml.) IN 20 SUBJECTS WITH AND WITHOUT 0.4 mg. 
ATROPINE SULFATE AND L.L.P. 30 MINUTES 


BEFORE ASPIRIN ADMINISTRATION (0.648 Gm.) 


Sub- 
ject 
1 
2" 
3 
4 
5 
6 
7 
8 
95 


10 
11" 
12 
13 
14 
15" 
16 
17" 
18' 
19 
20 
Mean 


AtSOa and L.L.P. 
Time, min. 


5 10 20 
0.05 0.55 2.00 
0.10 0.60 1.80 
0.10 0.30 0.40 
0.20 0.70 2.26 
0 0.30 0.32 
0 0.50 1.85 
0 0.32 0.92 
0 0.05 0.68 
0.32 0.70 3.05 
0 0.30 0.92 
0 0.10 0.70 
0 0.20 0.90 
0.30 0.38 1.62 
0 0.15 0.68 
0 0.30 1.00 
0.30 0.35 1.40 
0.30 1.00 1.78 
0 0.10 1.05 
0.30 0.70 1.60 
0.60 0.90 1.75 
0.129 0.44 1.33 


NO AtSOa 
Time, min. 
10 20 


0.35 0.60 
1.15 1.20 
0.68 2.00 
0.68 1.75 
0 0.50 
1.76 4.80 


0 0.35 
0.75 i.95 
1.85 5.60 
0.63 2.65 
0.20 1.20 
0.85 1.78 
0.35 1.85 
0.60 0.95 
0.70 1.80 
1.09 1.09 
. . .  


1.40 3.50 
0.20 1.30 
0.74 1.94 


a Female 


TABLE III.-AVERAGE PLASMA SALICYLATE LEVELS 
IN 20 FASTING SUBJECTS WITH IMPEDED GASTRIC 
EMPTYING OWING TO ATROPINE AND A LEFT LATERAL 


POSITION (L.L.P.) 


Av. Plasma Salicylate, mg./100 ml. 
Treatment 5 min. 10 min. 20 min. 


Buffered aspirin 0.131 0.78 1.89 
Aspirin 0.128 0.44 1.33 
Mean individual 0.003 0.34 0.54 


difference 
S.E. difference 0.005 0.15 0.27 


>0.90 <0.05 <0.10 
>0.02 >0.05 


P 
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TABLE IV.-PLASMA SALICYLATE LEVELS IN 20 FASTING SUBJECTS AFTER DRINKING 250 ml. OF ASPIRIN 
SOLUTION (648 mg.) WITH AND WITHOUT BUFFER ANTACIDS (MAGNESIUM CARBONATE, 194 mg., AND 


DIHYDROXYALUMINUM AMINOACETATE, 97 mg.) 


Buffered Aspirin Solution 
Time, min. 


Plain Aspirin Solution 
Time, min. 


Subject 5 10 20 30 5 10 20 30 
1 0.50 1.95 4.05 6.50 0 0.70 3.50 3.90 
2 0.70 1.58 3.00 5.30 0.30 2.70 5.35 6.90 
3 0.35 1.30 4.30 7.50 0.75 1.48 4.80 7.60 
4 . . .  3.05 3.85 4.30 0.38 1.55 3.88 5.60 
5 0.70 2.60 5.30 7.25 0.95 2.90 5.95 6.90 
6" 0 1.70 6.80 8.30 2.40 3.75 7.10 8.20 
7 0.70 4.35 5.40 6.45 1.75 3.88 6.45 7.20 
8' 1.40 5.60 7.50 7.50 . . .  . . .  6.15 7.95 
9 0.10 0.40 4.00 6.00 0.55 1.05 2.86 5.00 


10" 0.80 2.70 7.60 8.40 1.65 3.78 7.50 7.50 
11 0.35 2.30 5.30 5.90 1.50 4.80 6.55 6.45 
12 0 0.80 4.00 5.40 1.50 3.90 5.50 6.60 
13" 0 0.65 1.80 3.60 0.30 2.38 6.00 7.10 
14' 0.70 2.95 5.85 6.35 1.10 4.35 7.10 7.60 
15 0.40 1.95 4.70 6.15 0.35 2.75 5.85 6.15 
16 0.65 2.38 5.20 6.00 1.75 3.30 5.35 6.35 
17 0.25 1.70 4.35 4.80 1.05 3.10 5.50 6.45 
18" 1.80 3.85 7.10 7.80 1.15 4.20 6.00 7.50 
19 0.50 1.65 6.40 6.00 1.65 3.60 5.45 6.50 
20 0.80 3.40 6.00 7.10 0.50 2.80 6.90 6.95 
Mean 0.56 2.34 5.13 6.33 1.03 3.00 5.69 6.69 


' Female. 


TABLE V.-bfEAN PLASMA SALICYLATE LEVELS I N  20 FASTING SUBJECTS AFTER DRINKING ASPIRIN 
SOLUTIONS-BUFFERED AND PLAIN 


Av. Plasma Salicylate, mg./lOO ml. 
Treatment 5 min. 10 min. 20 min. 30 min. 


Buffered aspirin solution 0.56 2.34 5.13 6.33 
Aspirin solution 1.03 3.00 5.69 6.69 
Mean individual difference -0.55 -0.68 -0 .56  -0.36 
S.E. difference 0.189 0.30 0.295 0.275 
P <0.01 <O .05 <o .10 <0.3 


>0.02 >O. 05 >0.2 


with 194 mg. of magnesium carbonate and 97 mg. of 
dihydroxyaluminum aminoacetate. These solu- 
tions were prepared immediately before drinking 
with the aspirin fully dissolved; however, the buffers 
were incompletely dissolved in this limited amount of 
fluid. After 72 hours the subjects received the 
opposite portion of the crossover design. 


Buffered Aspirin Solution Tests.-Dog Study.- 
Six dogs were tested for intragastric pH and plasma 
salicylate levels after receiving each of five citrate- 
phosphate buffer (0.15 M) solutions containing a 
50 mg./Kg. dose of aspirin or sodium salicylate. 
The solutions were adjusted to pH's 3.2, 4.4, 5.2, 
6.0, and 8.0, and the volume given was 200 ml. A 
control blood sample was removed; 0.025 mg./Kg. 
of atropine sulfate was injected intravenously. 
The dog was then intubated with a double lumen 
catheter having either a glass or antimony electrode 
a t  the tip (glass was necessary for low pH values). 
The indifferent electrode (calomel) was placed in 
contact with the skin using a salt paste for contact. 
The dog was trained to lie quietly on its left side 
and the stomach tube was adjusted to  the fundic 
region of the stomach by markings on the tube 
which had been previously calibrated by X-ray 
photographs. The buffer was instilled through the 
catheter, washed in, and blood samples were taken 
at 5 and 10 minutes with the animal remaining in 
the left lateral position. Each dog received two 
tests with each aspirin buffer solution and one test 


for each sodium salicylate buffer solution, with no 
more than two tests per week. 
Human Study.-Ten fasted subjects (all except 


two from the first two panels) were tested for 
intragastric pH and plasma salicylate levels after 
receiving each of three citrate-phosphate buffer 
solutions containing an aspirin dose equivalent to 
two tablets. Intragastric pH was recorded using 
an antimony electrode in the catheter tip and 
was compared to  a calomel reference electrode 
which made contact with the subject's hand through 
some salt-containing gelatin paste. The subjects 
were placed in the left lateral position and remained 
so throughout the test. After the positioning of the 
electrode, the catheter was taped to the subject's 
face to  eliminate movement of the electrode into 
the intestine, etc. Three 0.15 M citrate-phosphate 
buffers of McIlvaine's series with pH values of 2.5, 
4.5, and 6.5 were used to  prepare solutions of aspirin 
containing 648 mg. in 250 ml. of buffer. 


After the initial pH was measured and a contxA 
blood sample removed, the aspirin in buffer solution 
was injected through the catheter. With a buffer 
of pH 2.5 a t  15", it was not possible to  dissolve more 
than about W90% of the aspirin and the rest 
was instilled as a mixture. Intragastric pH was 
recorded continuously and blood samples were 
taken at 10 and 20 minutes with the subject reclin- 
ing. Total plasma salicylate concentration was 
measured as before. 
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RESULTS of the drug. The addition of the buffer antacids 
significantly slows absorption during the first 10 


Impeded Gastric Emptying Test--The Plasm5 minutes, but not at later periods. 
salicylate levels were generally lower for both aspirin solution Test.-Dog stwd,,.- 
and buffered aspirin when emptying of the stomach ~i~~~~ 1 and 2 show the resulting loeminUte 
was impeded than those values usually found intragastric pH recordings for the six dogs a t  each 
with the subject in the upright Position These of the five buffer pH values. It may be seen that 
differences are shown in Tables 1 and 11. The the ztl &, p~ was stable and ranged about f o  5 
summarized values which were measured in this p~ units of the value for the instilled buffer 
test are shown in Table 111. Paired statistical ~i~~~~ 3 and 4 show the plasma salicylate values 
analysis of individual differences showed that for the test of sodium salicylate buffer solutions at 
atropine combined with the left lateral position the various recorded p~ values and after 10 minutes 
reduced salicylate levels significantly for aspirin a t  of absorption Although a large degree of in- 
10 minutes and buffered aspirin a t  20 minutes. dividual variation in response occurred, there is a 


I t  may be Seen that the buffered aspirin tablets pronounced trend from high plasma levels at lower 
produce significantly higher plasma levels a t  10 p~ values to much lower levels at the high buffer 
minutes and the difference is close to this level of p~ values ($ e., a suggestion that salicylate ab- 
significance at 20 minutes, but not a t  5 minutes. sorption is inversely correlated to  intragastric pH). 


Dissolved Aspirin Test.-The plasma SdiCYlate A similar relationship was found between intra- 
levels measured after administration of solutions of p~ and absorption rate for aspirin with 
aspirin were the highest ever measured in this these same buffws. The large interdog variation 
laboratory for this dose and absorption time. of these plasma salicylate levels prompted the larger 
Tables IV and V show the lCVek Of salicylic acid study of this relationship in humans using a wider 
following each solution. interval between buffer pH. 


I t  is apparent from the data summarized in Table H~~~~ & & . - ~ ~ ~ ~ ~ l l ~  the inhagastric p~ 
V that aspirin alone becomes the m ~ e  rapidly found after buffered aspirin instillation was close 
absorbed product when the dissolution step (in the to the initial p~ of the buffer zn Gtro. The mag- 
absorptive process) is accomplished before ingestion nitude of the% differences are shown in Table VI. 


These data suggest that the resultant intragastric 
PH pH following instillation of these buffers was 


within a reasonable range from the initial zn vttro 


were depressed, likely by gastric secretions. The 
lower value was raised, although the average 
initial pH measured in the stomach before ad- 


BufFered 


10 Mfl, P H . 3 2  


DOQZ wO3 W 4  D o O J  Do0 0 


7 , values. As expected, the two higher pH buffers 
: wpl 


I 
6 ,  


2 
I 
9 


ministration of the buffer was 2.58 and quite uniform 1 1  1 1  
L ., 1 


8 * with a S.E. of f O  13 pH units. 


; .) 


0 - - - relation with the original pH of the instilled buffer. 


7 MI- p n - 4 4 1  0 , l  , The rate of salicylate absorption may be expressed 
6 


J,' 4' rr -J ~~~1 , 
either in relation to  the initial pH of the buffer 
in  vitro or in terms of the resulting pH in the stom- 
ach. Table VII presents this relationship in cor- 


3 I 
2 -, , LT 1, h- j J L_- , 
8 mi" pn a 5 2  An adequate test of the relationship between 


the total amount of aspirin could not be fully dis- 


buffer pH and absorption rate was not completely 
possible, especially at the earlier time period, since 


solved in a pH 2.5 buffer. Thus, a t  10 minutes the 
absorption of salicylate was greater for the pH 4 5 


minutes the highest plasma levels occurred with the 


1 


,4 
3 , 2 I 
; 4 -  4 -  


~ i g .  l,-Dog intragastric pH after oral acetyl- and 6.5 buffers, as expected. However. at 2o 
salicylic =id 
phosphate buffers. pH 4.5 buffer. 


(50 mg./Kg.) in &rate- 


I t o  - *- &rb&l"' 


Fig. 2.-Dog intragastric 
pHafter oralacetylsalicylic 


. . acid administration (50 
mg./Kg.) in citrate-phos- 
phate buffers 
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If the plasma salicylate levels are compared 
instead to the actual pH measured from the intra- 
gastric electrode, a somewhat different pattern 
emerges. 
On this basis, an increased salicylate absorption is 


evident in two separate ranges, pH 3.0 to  .3.9 and 
above pH 5.0. The peaks are better defined at 
the later time period, probably for the same reason 
of incomplete solubility for the lower pH buffer 
suggested before. 


This is shown in Table VIII. 


DISCUSSION 


The well known accelerating action of antacids 
upon gastric emptying prompted the evaluation of 
this factor as the first possible explanation of the 
more rapid absorption of buffered aspirin. It was 
expected that if faster absorption by the buffered 
drug disappeared with the use of atropine and the 
left side position, it could be taken as evidence of a 
role for gastric emptying in its absorption. Roent- 
genographic evidence for the effectiveness of this 
procedure in delaying gastric emptying has been 
previously illustrated (2). 


Impedance of gastric emptying produces a 
significant reduction in the total salicylate levels as 
shown in Table IV but did not eliminate the faster 
absorption of buffered aspirin as shown in Table 
V. This indicates that although a portion of the 


I2 0, 


1004 I F: 
Dog 2- -v 
DW 3--0  


Fig. 3.-Sali- 
cylate absorp- 
tion 10 minutes 
after 50 mg./Kg. 
sodium salicylate 
in citrate-phos- 
phate buffers. 


Fig. 4.-Sali- 
cylate absorp- 
tion 10 minutes 
after 50 mg./Kg. 
sodium salicylate 
in citrate-phos- 
phate buffers. 
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TABLE VI.-DEVIATIONS OF INTRAGASTRIC PH 
VALUES FROM INITIAL BUFFER PH In Vitro IN TEN 
FASTING SUBJECTS AFTER 250 ml. OF ASPIRIN- 


BUFFER SOLUTION 


Initial 
Buffer, Buffer pH 


Av. Deviations of Intragastric pH from 


PH 10 min. S.E. 20 min. S.E 
2.5 f0 .35  0.24 +0.47 0.25 
4 . 5  -0.50 0.19 -0.66 0.21 
6 . 5  -0.54 0.26 -0.96 0.29 


TABLE VII.-cORRELATION I N  TEN SUBJECTS OF 
PLASMA SALICYLATE LEVEL WITH INITIAL PH In 
Vitro OF CITRATE-PHOSPHATE BUFFERS CON- 


TAINING 648 mg. ASPIRIN 


Initial Plasma Salicylate, mg./100 ml. 
Buffer, 10 min. 20 min. 


PH Av. S.E. Av. S.E. 
2.5O 0.68 0.10 2.32 0 .28  
4 . 5  0.95 0.09 2.73 0.21 
6 .5  1 0 2  0 15 2.56 0.42 


a Aspirin not completely soluble at this pH and amount. 


TABLE VIII.-CORRELATION OF PLASMA SALICYLATE 
LEVEL WITH INTRAGASTRIC PH AFTER INSTILLATION 


OF BUFFERS CONTAINING 648 mg. OF ASPIRIN 


Intra- 
gastric 


Range 


Plasma Salicylate Leve!. mg./100 ml. 


No. Av. S.E. No. Av. S.E. 
10 min. 20 min. PH 


2 . 0 t 0 2 . 9  9 0.68 0.12 8 2.26 0.19 
3.0 t o 3 . 9  3 1.01 0.19 7 3.07 0.33 
4 .0  t o 4 . 9  8 0.76 0.17 7 2.27 0.21 
over5.0 9 1.01 0.17 8 2.56 0.39 


early absorption of each drug is dependent upon 
gastric emptying, the restriction of this factor does 
not eliminate the faster rise in blood salicylate with 
the buffered aspirin. 


Although it is frequently confused with tablet 
disintegration time, the rate of aspirin dissolution 
is probably the rate-limiting step in the absorptive 
process (18). Disintegration of the tablet may be 
rate limiting if prolonged, but was not significant 
here because it was less than 1 minute for each 
product. Dissolution time is a slow and quite 
variable process with different aspirin preparations 
(19). It is dependent upon aspirin particle size, 
aggregation between particles, pH, temperature, 
agitation, and other factors. Two of the products 
tested by Levy and Hayes (19) having the slowest 
disintegration times (calcium aspirin and buffered 
aspirin) showed the most rapid dissolution rates. 


The rate limiting effect of dissolution time, 
suggested by Edwards (18j, was confirmed in vivo 
by Nelson and Schaldemose (20), and by Levy and 
Hayes (19), but in both cases the evidence was 
accumulated using urinary excretion rates of salicylic 
acid rather than blood determinations as in this 
study. While both methods for estimating gastric 
absorption rates are indirect, blood levels are 
considered as more closely reflecting effective tissue 
levels of the drug than are urinary concentrations 
for the early absorption period as studied here. Al- 
though Leonards (11) showed that a solution of 
sodium acetylsalicylate was absorbed faster than 
an aspirin suspension, using a blood measurement, 
this comparison involved a difference in pH be- 
tween a neutralized form of the drug in solution and 
an undissolved suspension of acetylsalicylic acid. 
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in the same tablet of magnesium carbonate and 
dihydroxyaluminum glycinate with a buffer action 
at about pH 4.5 (3) do not markedly decrease 
aspirin absorption as shown in the dissolved aspirin 
test and by buffer adjustment of intragastric pH. 
Indeed, this pH of 4.5 may represent an optimum 
between high pH values which increase the rate of 
dissolution and low pH values which increase the 
rate of gastric absorption. 


A comparison of the data in this study for aspirin 
solutions to previous data for aspirin tablets (10) 
showed that plasma SAL levels are 6.5 times higher 
at 10 minutes, 4.3 times a t  20 minutes, and 3.3 
tinies at 30 minutes. The ratios are much less 
for buffered aspirin solutions-2.7 at 10 minutes, 
1.9 a t  20 minutes, and 1.6 at 30 minutes. The 
essential difference between these two solutions is 
one of acidity. Aspirin in solution a t  this concen- 
tration gives a pH of about 3.0; whereas, when 
combined with magnesium carbonate and dihydroxy- 
aluminum glycinate. the pH is 4.6. I t  was this 
difference in absorption of two aspirin solutions 
differing mainly in pH that prompted the last 
portion of the investigation with buffer adjustment 
of intragastric acidity. 


The pKa of salicylic acid is 3.0 and that of 
acetylsalicylic acid is 3.5. According to  a pH 
partition hypothesis for drug absorption (21). the 
rate of salicylate absorption from the solute state 
into the systemic circulation is dependent upon the 
concentration of unionized, lipid soluble molecules 
which increase at lower pH values. Schanker (22) 
showed that absorption of salicylates was more 
rapid from 0.1 N HCI than from bicarbonate 
solution in the rat, using ligation to  assure gastric 
absorption. The tests of this hypothesis in dogs 
and in humans in this study generally agree with 
the idea that absorption is greater at lower pH 
values. However, in the human study and in 
some of the dog patterns, a second peak of ab- 
sorption appears near neutrality. The optimum 
pH for absorption in this experiment was about 
pH 3.5 to 5.0 for dogs and 3.0 to 4.0 for humans. 
Owing to  difficulties of dissolving aspirin at low pH 
values it cannot be said that the lower pH values 
represent the true lower limit of maximal absorption 
rates. Rubin, ct al. (23). claimed that the amounts 
of antacid buffers included in buffered aspirin tablets 
were unable to alter gastric pH significantly. 
These results suggest that the environmental 
pH conferred upon aspirin particles by the presence 
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Pharmacology of Alkylamino 
of p-Ethoxybenzoic 


Ethanol 
Acid 


Esters 


By A. E. WADE and F. FORD MILLIKAN 


A series of eight alkylaminoethanol esters ofp-ethoxybenzoic acid were examined for 
local anesthetic activity on the rabbit cornea and frog sciatic nerve, for acute toxicity 
in  mice, for irritancy o n  the rabbit cornea and by the trypan blue test in rabbits, and 
for their spasmolytic activity on the isolated rabbit ileum. I n  general, sciatic nerve 
block was hastened, irritancy was increased, acute toxicity increased, and duration 
of topical anesthesia decreased as the alkylamino portion of the molecule was en- 


larged. 


HE SYNTHESIS and pharmacology of methyl- 
benzyl monoethanolamine paraethoxybenzo- 
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ate  hydrochloride was previously reported by 
Millikan and Feurt ( 1). Although this compound 
appeared to have adequate spasmolytic and local 
anesthetic activities, its irritant properties were 
too pronounced for its acceptance as an injectable 
drug. The present work cons.itutes a study of 
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by the degree of thermal aging of the melt. The 
decrease in the rate of gelation may be explained on 
the basis of dissolution of the smaller crystallites 
a t  elevated temperatures. At the time of casting, 
these crystallites are not present to serve as nuclei, 
and the rate of crystallization would be decreased. 
The crystallites reappear after an induction period 
a t  low temperatures. This may be demonstrated 
by storage of the thermally aged melt in a refrigerator 
for a period of time. Subsequent measurement of 
the tensile relaxation modulus of films cast from this 
melt show an increase in its value. This reversal 
of the thermal degradation of the melt lends sup- 
port to the crystalline-amorphous concept. 


Viscosity studies of the melt proved ineffectual 
in describing changes occurring in the tensile prop- 
erties of films cast from the melt. Results in- 
dicated an orderly decrease in molecular weight 
with thermal aging. Changes in the tensile prop- 
erties could not be reconciled with changes in 
molecular weight. Not only were these changes 
not parallel with the decrease in viscosity but also 
there was no way to explain the reversal of thermal 
changes during low temperature storage of the melt. 
Although some changes in the tensile properties 
may result from a scission of the polymer chain 
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during hydrolysis, i t  does not appear to  be the major 
contributing factor. 


To obtain a complete picture of the changes oc- 
curring in the rheological properties of gelatin 
films, it seems that, in addition to viscometric 
studies, one must measure some viscoelastic prop- 
erty whereby one may obtain information about 
the cross-linking processes occurring during gela- 
tion. I t  is felt that these changes may be re- 
sponsible for some of the technological problems 
arising in the use of gelatin systems in the phar- 
maceutical industry. 
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Powdered Particle Interactions: Suspension 
Flocculation and Caking I11 


By ROBERT G. WILSON* and BERNARD ECANOW 


T h e  chemistry of bismuth subnitrate i n  aqueous suspension has been investigated 
and explained in terms of coordination theory. Particular attention has been given 
to the reaction that occurs between phosphate ions and the surface of the bismuth 
subnitrate particles. Flocculation and caking phenomena are reviewed and in- 


terpreted in  the light of these new findings. 


N A PREVIOUS paper ( 1 )  flocculation phenomena 
for bismuth subnitrate suspension systems 


were reported in  terms of microscopic data  and 
the relative suspension heights obtained from a 
series of controlled flocculation experiments. 
Strong bonds were seen to  form between the par- 
ticles while in the suspended state. The particles 
were held in fixed relative positions as they settled 
and were unable to shift and slide past one 
another to  squeeze out the  suspension medium 
and form a dense, compact sediment. Instead, 
the flocculated particles settled into the frame- 
work of a bulky sediment. 


In this prior work (1) some effort was made to  
suggest the probable nature of the  reacting 
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groups, but only tentative conclusions could be 
drawn. The work has continued with a closer 
inspection of the reactions of bismuth subnitrate 
in aqueous suspension in the hope that  such in- 
formation could provide a better insight into the 
mechanics of flocculation. 


The literature (2-7) contains little detailed 
information on bismuth subnitrate or its reac- 
tions. A number of empirical formulas have 
been assigned t o  the  compound. It is evident 
that  the composition and properties of the crys- 
talline material will vary, depending upon the 
method of preparation and the  nature of changes 
that  may occur when the material is subjected to 
further processing. The  structure of the com- 
mercial product cannot be reduced to  lattice 
formulas that describe an exact crystal geometrv. 


MATERIALS AND METHODS 


Materials.-Bismuth subnitrate N.F. from the 
same lot, supplied by Mallinckrodt Chemical Works. 
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St. Louis, Mo.. was used throughout the experiments. 
Monobasic potassium phosphate, reagent grade, 
supplied by Merck & Co., Rahway, N. J., was used 
in preparing the phosphate solutions. All other 
materials used were of reagent grade. 


Equipment.-A Birrell wrist-action shaker, model 
DD, was used t o  agitate the bismuth subnitrate 
suspensions undergoing time reactions. Spectro- 
photometric determinations were made on a Cole- 
man, Jr., spectrophotometer, model 6-A. A Beck- 
man extended range pH meter was used to  obtain 
the pH data. 


concentration of phosphate ion was determined 
through use of the molybdovanadophosphoric 
acid method, described by Boltz (8) .  


of nitrate ion was followed by the phenoldisulfonic 
acid method, described by Boltz (9). 


MethOds.-PHoSPHATB DETERMINATIONS.-The 


NITRATE DmERMINAfIONS.-The concentration 


EXPERIMENTAL WORK 


Attention was 6rst directed toward the reaction 
that occurs between phosphate ions and bismuth 
subnitrate in aqueous suspension. A series of solu- 
tions of known phosphate ion concentrations was 
prepared and used to obtain the upper curve of 
Fig. 1. The same solutions of phosphate ion were 
then used as the suspending media for a series of 
2% bismuth subnitrate suspensions, and the lower 
curve was obtained. The downward shift in phos- 
phate ion concentration was the result of its reac- 
tion with the bismuth subnitrate. If no reaction 
had taken place, the two curves would have been 
identical. 


It was soon found that the amount of phosphate 
ion removed from the suspension medium varied 
with time. Three sets of a series of 100 ml. 2% 
bismuth subnitrate suspensions were prepared, 
with each set at a different level of initial phosphate 
ion concentration. The results are shown in Fig. 
2, which plots the concentration of phosphate ion 
remaining in the suspension medium wrsus time. 
The results indicate that the uptake of phosphate 
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X lo-' meq. OF PHOSPHORUS 
(AS PHOSPHATE ION) PER ml. 


Fig. 1.-A plot of optical density us. phosphate 
ion Concentration. The dotted line presents the 
data obtained from a series of solutions of known 
phosphate ion content. The solid line plots data 
on the concentration of phosphate ion remaining 
in the suspension media, after bismuth subnitrate 
2y0 concentration was added to each of these known 
solutions. The experiment was duplicated, with 
one set of data shown as 0 and the other as 0. 


Fig. 2.-A plot of the concentrations of phosphate 
ion remaining in 2% bismuth subnitrate suspensions 
us. time from the moment of preparing the sus- 
pensions. The three curves present data from 
suspensions prepared at three different initial phos- 
phate ion concentrations. The curves have been 
marked with these initial concentrations. 


ion is independent of its initial concentration in the 
suspension medium, and that the rate at which 
reactive sites appear on the surfaces of the particles 
is the controlling factor. It should be noted that 
all three of the initial concentrations used were 
sufficient to cause the, flocculation of the suspended 
particles. The amount of phosphate removed from 
the suspension medium has been calculated and 
plotted as one of the curves of Fig. 5. 


It was found that the amount of phosphate ion 
required to  cause flocculation increases as an aqueous 
bismuth subnitrate suspension is aged. For a 270 
suspension, the requirement rose from 1.0 X lo-' 
to 1.4 X lo-' meq. phosphorus (as phosphate ion) 
per milliliter of suspension, during the f i s t  15 
minutes. No aging effect could be shown beyond 
this initial period of time by this technique. 


Next, studies were conducted on the changes in 
pH that result from the suspension of bismuth sub- 
nitrate powder in water. The data could be con- 
verted to  hydrogen ion concentration where this 
was of assistance in interpreting the phenomenon. 
The suspension medium under test was f i s t  ad- 
justed to  pH 7.00, and the bismuth subnitrate 
then added all at once in an amount calculated to 
give a 2% suspension. The data for bismuth sub- 
nitrate suspended in water have been plotted as 
one of the curves of Figs. 3 and 4. The same data 
were converted to milliequivalents of hydrogen ion 
released with time and plotted as one of the curves 
of Fig. 5. 


Comparable pH versus time plots were obtained 
for 2oJ, bismuth subnitrate suspensions containing 
different amounts of phosphate ion. The results 
are shown in Fig. 3. Buffering by the phosphate 
ion tended to shift the initial portion of the curves 
upward and to the right so that it was not clear 
whether the release of hydrogen ion was the same 
in each medium. The experiment was repeated 
using chloride ion as the flocculating agent. It 
showed an ability to flocculate comparable to that 
of phosphate ion, but no buffering effect was ex- 
pected to cloud an analysis of the results. The 
data have been plotted in Fig. 4. As can be seen, 
the presence of chloride ion enhanced the initial 
release of hydrogen ions. However, the effect was 
short lived, for after the fist 40 seconds the pH 
gradually rose, indicating the removal of hydrogen 
ions from the suspension medium. This response 
to the presence of chloride ion was particularly 
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which are in interaction with the molecules of the 
solution. 


In commercial processes, it seems the pH generally 
rises as the bismuth subnitrate is formed. Thus the 
surface composition of the crystal would be strongly 
influenced by the final pH of the precipitation 
medium and this effect would be further accentuated 
by the loss of nitric acid that occurs during the 
washing step. The drying step also acts upon the 
surface, rather than the bulk substance of the 
crystal. Adsorbed water molecules are driven off 
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Fig. 3.-A plot of pH vs. time for freshly prepared 
bismuth subnitrate suspension systems. The bis- 
muth subnitrate in dry powder form was added to  
solutions containing different concentrations of 
chloride ion to  form a series of 2% suspensions. 
The chloride solutions were adjusted to  pH 7.00 
prior to  the addition of the solid material. The 
curves have been marked to  show the initial chloride 
ion concentrations, and are compared against the 
results obtained with distilled water. 


marked when its concentration in the suspending 
medium was increased to  over ten times the amount 
required to cause flocculation. 


The concentration of nitrate ion in the bismuth 
subnitrate suspension medium also varied with time. 
The data have been plotted as one of the curves of 
Fig. 5. It can be seen that hydrogen ion is released 
in an amount almost double that of the nitrate 
ion, and thus the interaction of bismuth subnitrate 
with water is not one of simple hydrolysis to form 
nitric acid. 


The final phase of the work was concerned with 
the disappearance of phosphate ion with time as a 
bismuth subnitrate suspension is aged. Reference 
to  Fig. 5 will show that no 24-hour value has 
been given for the disappearance of phosphorus (as 
phosphate ion) from the suspension medium. 
This is because, a t  low levels of phosphate ion con- 
centration, all of the ion disappeared from the 
suspension medium within the first 24 hours. After 
several trials, a 48-hour reading was obtained by 
raising the initial phosphate ion concentration to 
200 X lo-' meq. phosphorus (as phosphate ion) 
per ml. After 48 hours on the shaking machine, 
the pH was buffered at 4.05 by the phosphate re- 
maining in solution, and 104 X lo-' meq. of phos- 
phorus (as phosphate ion) had been removed from 
each milliliter of the suspension medium. Nitric 
acid was then added to bring the pH down to 3.0 
and the suspension shaken for another 48 hours. 
There was no further uptake of phosphate ion. 
The pH was reduced to 1.5, and all of the remaining 
phosphate ion was removed from the suspension 
medium during an additional 48 hours of shaking. 


DISCUSSION OF RESULTS 


The empirical formulas that have been assigned 
to bismuth subnitrate may be representative of the 
bulk substance of the crystal or powder, but do 
not necessarily provide an adequate description 
of the crystal surface. As a crystal forms, its 
surface is an amorphous, hydrated, electrostatically 
charged region of transition between the mother 
liquor and the fully formed crystalline material. 
Dean (10) suggests this for a colloid such as a-FezOa, 
in which the iron and oxygen atoms in the surface 
region may either be thought of as adsorbed ions, 
or as atoms belonging to the crystal structure but 
having unsatisfied valence and coordination bonds 
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Fig. 4.-A plot of pH vs. time for freshly pre- 
pared bismuth subnitrate suspension systems. The 
bismuth subnitrate in dry powder form was added 
to solutions containing different concentrations of 
phosphate ion to form a series of 2% suspensions. 
The phosphate solutions were adjusted to  pH 7.00 
prior to  the addition of the solid material. The 
curves have been marked to show the initial phos- 
phate ion concentrations and are compared against 
the results obtained with distilled water. 


and hydroxy groups at the surface are converted 
to oxy bridges. 


The reactions of bismuth subnitrate can be under- 
stood within the framework of Werner's coordination 
theory (11). Dean (10) has discussed coordination 
theory pictorially in terms of the ferric ion. The 
water molecules of a coordination shell are held so 
strongly that the bonds between the iron atom and 
the oxygen atoms of the water molecules resemble 
covalent bonds. Two electrons from the oxygen 
atom serve to hold the water to the charged metallic 
atom and are drawn toward the metal atom so 
that the bonds between the hydrogen atoms and 
the oxygen are weakened. The hydrated ion be- 
comes acidic and yields hydrogen ions to  the 
solution. 


These concepts can be extended to the bismuth 
subnitrate suspension system. When bismuth sub- 
nitrate forms a 2% suspension in water, nitrate 
ions appear in the suspension medium, and the 
pH falls from 7.00 to  3.95. These facts have been 
summarized in Fig. 5. Utilizing coordination 
theory, the reaction sequence shown in Fig. 6 
(reactions a through e )  is proposed. 


In these reaction steps, the bismuth atom has 
been assigned a coordination number of 8. This 
finds justification in the crystal structure of the 
compound, bismuth oxychloride. Wells (12) and 
Hiickel (13) have both discussed the layered struc- 
ture of the BiOCl crystal, in which the bismuth 
atom has been shown to be 8-coordinated. Very 
similar formulas could be drawn if i t  should later 
be shown that the bismuth atom in bismuth sub- 
nitrate is Gcoordinated. 


The data plotted in Fig. 3 show the change in 
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pH that takes place when bismuth subnitrate is 
added to  a neutral solution of sodium chloride. 
There is a rapid release of hydrogen ion, just as is 
seen when bismuth subnitrate is added to water, 
but the release is enhanced by the presence of the 
chloride ion. We believe this may be a case in 
which the solubility of a very slightly soluble 
substance is increased by the presence of other ions 
(14). The nitrate concentration is in a range where 
the Debye-Hiickel effect would be of significance. 


As nitrate ions leave the crystal surface, un- 
satisfied bismuth sites would become available for 
covalent-type bonding with water of coordination. 
As the covalent-type bonds are formed, hydrogen 
ions are released to  the suspension medium, and 
the pH falls. Figure 3 also shows a pH reversal 
effect, due to  the presence of chloride ion. This 
seems due to the insolubility of bismuth oxychloride 
or its precursors and to the high electronegativity 
of the chloride atom. By forming a Bi-Cl bond 
having more of an ionic than covalent character, 
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Fig. 5.-A summary plot showing ion concentra- 
tions us. time. The data was obtained from several 
different suspension systems. Key: o, the curve 
on hydrogen ion concentration us. time when bis- 
muth subnitrate is added in dry powder form to give 
an aqueous 2% bismuth subnitrate suspension; 
A, the curve on nitrate ion concentration us. time 
when bismuth subnitrate is added in dry powder 
form to give an aqueous 2% bismuth subnitrate 
suspension; 0, the curve on loss of phosphate 
ion concentration us. time, following the addi- 
tion of bismuth subnitrate in dry powder form to a 
solution containing monobasic potassium phos- 
phate. 


the strength of the covalent-type bonds between 
the bismuth atom and its water of coordination is 
diminished. With a weakening of these bonds, the 
oxygen atoms of the water of coordination become 
correspondingly more negative, and there is some 
recall of the hydrogen ions previously released. 
The net effect is a rise in the pH of the solution. 
The change in pH with time, when bismuth sub- 
nitrate is added to water containing the phosphate 
ion, has been shown in Fig. 4. Buffering is one 
reason for the difference in response to phosphate 
or chloride ion, but another factor is that the phos- 
phate group is not so electronegative as is the 
chlorine atom. The significant pH reversal seen 
with chloride ion would thus not be expected 
from the medium containing the phosphate ion. 


The aging of a bismuth subnitrate suspension 
can be partly understood in terms of reactions a 
through c in Fig. 6. Figure 5 shows that the nitrate 


and hydrogen ion concentrations of the suspension 
medium increase rapidly following the addition of 
the bismuth subnitrate, and the concentrations of 
both ions asymptotically approach equilibrium 
levels. As aging proceeds, respective sites appear 
due to the ionization of the nitrate group. How- 
ever, this ionization accounts for but a part of the 
reactive sites that ultimately appear on the crystal 
surface. The particle surface reactivity increases 
to such an extent that the phosphate ion concentra- 
tion will drop from 200 X lo-' to 96 X lo-' meq. 
of phosphorus (as phosphate ion) per milliliter, 
over a 48-hour period. The exact reason for this 
increase in the number of reactive sites is unknown. 
I t  is assumed that it is the end result of an opening 
of oxy bridges as the crystal surface becomes in- 
creasingly hydrated. 


As evidence of the change in surface charge and 
reactivity with time, it is of interest to consider the 
deflocculation of a phosphate ion flocculated bismuth 
subnitrate suspension. If such a suspension is 
freshly formed and continuously shaken while it 
ages, i t  will revert to the deflocculated state. The 
shaking action tends to  separate the flocculated 
particles while their surface is being altered by the 
hydration mechanism. A positive particle surface 
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COVALENT-TYPE BONDING HYDROGEN BONDING 


Fig. 6.-Proposed reaction sequence utilizing the 
coordination theory. 
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charge would result, and there may be a further 
reduction in the negativity of the surface as reacted 
phosphate groups form second bonds with the 
crystal surface when adjacent bismuth sites become 
available. This type of reaction a t  the crystal 
surface may be inferred from the crystal structure 
of a salt such as aluminum phosphate (15). 


Thus, aging processes combined with vigorous 
agitation will cause the flocculated system to revert 
to a deflocculated state in which the individual 
particles have a net positive surface charge. In  
the absence of shaking, there is no apparent tendency 
to deflocculate on aging for a period of several 
months. However, if a suspension flocculated by a 
small amount of phosphate ion is allowed to  age 
for several months and then shaken, it will promptly 
deflocculate. It should be noted that the hydration 
phenomenon does not cause an increase in the 
amount of phosphate ion required to cause floccula- 
tion of the system. Also, the deflocculated system 
may be reflocculated by the addition of a relatively 
small amount of phosphate ion. It is not necessary 
to add phosphate ion in an amount sufficient to 
satisfy all of the reactive sites on the aged crystal 
surfaces. This serves to  reinforce the thought that 
only a few phosphate bridges are required to bond 
the bismuth subnitrate particles into a floc. 


Where an excess of phosphate ion is present and 
the pH is held at  a relatively high level, as was the 
case when the suspension medium initially contained 
200 X lo-‘ meq. of phosphorus (as phosphate 
ion) per milliliter, the suspension remains in the 
flocculated state throughout the aging process. 
Shaking is instrumental in breaking the larger 
flocs into smaller aggregates, but there is no re- 
version to the completely deflocculated suspension 
that might be expected. The reversal of charge 
(irregular series) for iron oxide particles suspended 
in water has been discussed by Van Wazer (16). 
The particles initially carry a positive charge and 
will be flocculated by the addition of polyphosphate 
ions. However, if more polyphosphate is intro- 
duced into the system, there is a reversal of particle 
charge, and the system reverts to  the deflocculated 
state. In the case of bismuth subnitrate, this 
type of deflocculation was not seen despite the 
vigorous shaking action to which the suspension was 
subjected. 


From the above, it appears that the surface charge 
on the bismuth subnitrate macroparticles was not 
so effective in preventing flocculation or in causing 
deflocculation as the surface charge in a typical 
colloidal system. This finding emphasizes the 
difference between a colloidal and noncolloidal 
suspension svstem. For the noncolloidal bismuth 
subnitrate, flocculation phenomena must be ex- 
plained in terms of the number of bonds formed 
bvtween the particles and in terms of the strengthq 
of such bonds. The chemistry of the ferric ion 
and of the bismuth subnitrate crystal surface point 
to a t  least two types of bonds. These are illus- 
trated in reaction f of Fig. 6. This bonding 
mechanism would imply that the nitrate ion could 
be responsible for the flocculation of a bismuth 
subnitrate suspension. Indeed this is the case, for 
a degree of flocculation is seen when a concentrated 
solution of potassium nitrate is added to a bismuth 
subnitrate suspension. 
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One other phenomenon remains to  be considered. 
When a bismuth subnitrate suspension was floc- 
culated with a large excess of phosphate ion, a 
little more than half of the phosphate was removed 
from the suspension medium as the suspension was 
aged with shaking for a 48-hour period. The 
balance of the phosphate could be removed by ad- 
justing the pH to 1.5 and continuing the shaking 
process. This seems due to the action of the acid 
upon those groups in the crystal surface which were 
formed later in the manufacturing process. Re- 
active sites appear in large number as the crystal 
surface is etched by the acid. 


SUMMARY 


The surface chemistry of bismuth subnitrate 
particles in aqueous suspension has been discussed 
in terms of Werner’s coordination theory. This 
new approach to  the chemistry of bismuth sub- 
nitrate has been of value in explaining the phe- 
nomena associated with bismuth subnitrate sus- 
pensions. Data are reported which support the 
application of the theory to this special case in- 
volving a suspended solid. Aging phenomena 
have also been reported for the bismuth subnitratc 
suspension system. 


Coordination theory has been used in a further 
discussion of the nature of the bonds that exist 
between the particles of a phosphate ion flocculated 
bismuth subnitrate suspension. An important 
difference between colloidal and noncolloidal sys- 
tems is based on this point. To bond noncolloidal 
particles, relatively strong bonds must be present 
in sufficient number over those areas of particle 
surface that come in contact with each other. As 
particle size decreases, fewer bonds or bonds of a 
weaker nature, can serve to bind the particles 
together into a floc. 
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Determination of Trace Elements in Drugs 
by Neutron Activation Analysis 


By M. M. TUCKERMAN*, L. C. BATE, and G. W. LEDDICOTTE 


Results of determinations of trace elements i n  drugs by neutron activation analysis 
are presented for more than 150  s ~ u n  les including inorganics, salicylates, steroids, 
vitamins, antibiotics, and chlorinate8 compounds. Trace elements found include 
aluminum, antimony, arsenic, bromine, chlorine, copper, gallium, manganese, 


mercury, scandium, sodium, and thorium. 


ONOGRAPAS setting standards for drugs fre- M quently have limit tests for “heavy metals.” 
The tests are more accurately described as “sub- 
stances colored by sulfide ions under the conditions 
specified for preparing the sample as compared 
visually with a lead standard.” The sensitivity of 
the test varies with the metallic ions present and the 
acidity of the solution. The visual comparison 
suffers from the differences in color of the various 
metal sulfides. 


Since the test normally sets limits in the parts- 
per-million range, about 1 Gm. of material must be 
destroyed. Organic materials obtained from 
good manufacturing processes almost invariably 
give no discernible color when tested. The con- 
siderations of the cost involved in performing the 
assay on the more expensive synthetic drugs, and 
of the possible amounts of impurities that could be 
introduced by milligram-level doses, have led to a 
re-examination of the rationale for this test by the 
Subcommittee on Heavy Metals of the Board of 
Revision of the United States Pharmacopeia. 


A prelimiinary general investigation of trace 
elements in drugs was undertaken to  collect data for 
recommendations for tests for trace contaminants. 
Nondestructive neutron activation analysis was 
chosen as a rapid method which provided adequate 
sensitivity for all toxic elements and all common 
contaminants (except lead) if 100-mg. samples were 
irradiated in the neutron flux available in the air- 
cooled portion of the Oak Ridge graphite-moderated 
reactor (1). 


Neutron activation is based on the work of 
Fermi (2) as further developed by Curie (3), 
Livingston (4), Hevesy (5 ) .  Seaborg (6) ,  and 
Clark and Overman (7). A comparison of the 
limits of neutron activation with other methods of 
analysis has been made in a review by Meinke (8). 
The physical, chemical, and nuclear limitations of the 
method have been recognized in a review by Smales 
(9). 


Neutron activation analysis is a method for 
quantitative and qualitative determinations of the 
elements in a sample using the technique of nuclear 
transformation. When a sample is irradiated by 
neutrons produced in a nuclear reactor or other 
source, some of the atoms in the sample interact 
with the neutrons and are converted into radioactive 
isotopes of the same element (10). 


The product produced by irradiation of a stable 
isotope with neutrons is usually radioactive and 
produces gamma rays. The energies of the emitted 


Received October 32, 1963, from Oak Ridge National 
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Accepted for publication December 19. 1963. 
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The authors thank the major pharmaceutrcd manufac- 
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study possible. 


gamma rays and the relative numbers emitted at 
each energy is the gamma spectrum, a characteristic 
of each isotope which can be used for qualitative 
identification (11). 


Quantitative measurement is made either by 
comparison of the sample with a standard (12) or by 
mathematical calculation based upon a knowledge 
of the irradiating neutron flux and the geometry and 
efliciency of the gamma-ray detector (13). 


For most samples, the recorded gamma spectrum 
is complex, consisting of the sum of the spectra 
from the isotopes present. These can be identilied 
by the process of “spectrum stripping” in which the 
spectral contribution from an isotope present in the 
sample is electronically subtracted from the re- 
corded spectrum of the sample (14). This process 
can be repeated, subject only t o  the statistical nature 
of emission of radiation, until all isotopes present 
have been identified and quantitatively determined. 
Although results presented in this paper were ob- 
tained through the process of spectrum stripping by 
manual operations, a computer-controlled process 
has been shown to be feasible (15). 


EXPERIMENTAL 
Solid samples in Bakelite-capped glass vials were 


placed in a polyethylene secondary container and 
were irradiated for appropriate periods of time 
from a few hours to  1 week in the au-cooled hole 
of the X-10 graphite-moderated reactor at Oak 
Ridge National Laboratory. Assays for aluminum 
were done by irradiation of the sample in poly- 
ethylene primary and secondary containers for 1 
minute in the pneumatic tube of the Oak Ridge 
“swimming pool” reactor. After irradiation, 
samples were weighed and placed in clean containers 
for counting. Counting was done with a single 
3 x 3 in. thallium-activated sodium iodide crystal 
optically coupled to  a 3-in. Dumont photomultiplier 
tube. This assembly was contained in a graded 
lead-copper-cadmium shield about 3 f t .  in diameter. 
The geometry of the counter was adjusted and 
polyethylene absorbers for beta-radiation were 
used as needed to make proper use of the equipment. 
The gamma-ray spectrum was obtained by sorting 
the pulses from the phototube, using a Radiation 
Instruments Development Laboratory 200channel 
analyzer. These spectra were analyzed by manual 
spectrum stripping using liquid standards of known 
concentrations irradiated simultaneously with the 
sample. 


RESULTS AND DISCUSSION 
The results of the assays are shown in Table I. 


These results represent a very small sampling com- 
pared with the total number of pharmaceutical 
batches produced. No general conclusions, there- 
fore, should be drawn from the data. 


Quite unexpected, however, was the widespread 
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TABLE I.-TRACE ELEMENTS FOUND IN DRUG SAMPLES' 
_. _ _  


No. 
of 


Substance Samples 
Acetophenetidin 
Acetophenetidin 
Acetylsalicylic acid 
Acetylsalicylic acid 
Aluminum hydroxide 
Amodiaquine hydro- 


chloride 
Ascorbic acid 
Benzoic acid 
Bismuth subcarbonate 
Bismuth subcarbonate 
Calcium carbonate 
Calcium-d-pantothen- 


Calcium gluconate 
Cherry juice 
Chloramphenicol 
Chloramphenicol 


palmitate 
Chlormezanone 
Chloroquine phosphate 
Cortisone acetate 
Diphenhydramine 


hydrochloride 
Diphenylhydantoin 
Ferrous gluconate 
Hydrocortisone 
Hydrocortisone acetate 
Magnesium stearate 
Magnesium trisilicate 
Methocel 
Methyl salicylate 
Niacin 
Methyl salicylate 
Niacinamide 
Phenol 
Phenylephrine 


hydrochloride 
Prednisolone 
Predisolone acetate 
Prednisone 
Riboflavin 
Talc 
Talc 
Tannic acid 
Contamination from 


ate 


ascorbic acid 


5 
4 
5 
5 
3 


3 
10 
5 
3 
1 
5 


4 
4 
1 
4 


4 
3 
3 
3 


4 
4 
3 
3 
3 
4 
4 
5 
5 
5 
5 
5 
3 


3 
3 
3 
3 
3 
2 
2 
4 


-- Elements Detected 
Cu Ga M u  Hg K Sc A1 Sb As 


2 


2 


3 


2 


4 


3 


2 


Br 
2 


3 


4 


4 


4 


5 
6 


4 


4 


4 
6 


6 


5 
5 
4 


2 


3 


4 
6 
5 
6 
3 


3 


4 
2 


3 


4 


4 


3 


4 


4 
4 


1 
3 
2 


4 


6 


2 


1 
3 


2 
2 
3 


3 5  


3 


3 
4 
3 


5 


2 


2 
6 


3 


4 


3 


c 


3 


3 1 


3 


3 
3 
3 


6 


Na Th. 
2 
5 
2 
3 
8 


5 
4 
4 
4 
6 
5 


5 
4 


4 


4 
4 
5 


4 
5 
5 


4 
6 
8 
6 
2 
4 2  
3 
5 
3 


4 


5 


4 
7 
6 
5 


6 
a Key, Average of samples in which element was detected. Blank, not detected, 1 less than 0.01 p.p.m: 2 0.010 to  


0.099p.p.m.; 3.0.lOtoO.OOp.p.m.; 4 , l .Otog.Sp.p.m.;  5 ,10 to99p .p .m. ;  6,100to'990'p.p.m.; 7.1OOOto4,960~.p.m.; 8.  
10,000 to 49,000 p p.m. 


occurrence of bromine, which may indicate the 
presence of hrominated intermediates, bromine in 
raw materials, or bromine in the plant atmosphere. 
Wide differences in sodium content for groups of 
samples of acetophenetidin, acetylsalicylic acid, 
methyl salicylate, and talc clearly indicate the 
origin of samples from different manufacturers. 
The presence of copper in a grossly discolored 
portion of a sample of ascorbic acid emphasize the 
need for care in the manufacture of this substance. 
The occurrence of arsenic, antimony, and mercury 
in some samples, albeit in quantities which would 
not be detected by the U.S.P. heavy metals test, 
shows the possibility of contamination and the 
need for retention of the U.S.P. test. 


REFERENCES 
( I )  Leddicotte. G. W.. el al.. "Use y! Neutron Activation 


Analysis in Analytical Chemistry." in Progress in Nuclear 
Energy Series IX. Vol. I, Analytical Chemistry," Pergamon 
Press, New York. N. Y., 3959. pp. 123-135. 


(2) Fermi. R.. Nalurr. 133. 757f1934). 
(3) Curie,'I., jnliot, F..-anh Preiswerk, P. ,  Compl. Rend.. 


(4) I h i n  ston M. S. Henderwn M. C.. and Lawrence. 


nske Videnskab., 


(6) Seabor ,-G. T.. and Ljvingood, J. J., J. A m .  Chrm. 


198,2089(1934). 


E. 0.. Proc. !kall.'Acsd. hi. ,  20, 470'(1934). 


Scl 14 (5 )  (1936). 


Soc.. 60.1784((1938). 


( 5 )  Hevesy. G., and Levi. H.. Knl. Da 
skab Math.-Frs.. Mcdd . .  


. .  . .  
(7). C!ark, H. M., and Overman, R. T.. Alomir Energy 


Commissron Rcporl MDDC-1328 (Sept. 24 1947). 
(8)  Meihke, W. W., Scicncr. 121, 177(1655). 
(9) Srnales, A., Alomics, 4, 55(1953). 


(10) Leddicotte. G, W.. and Reynolds, S. A,,  Nucleonics, 
8, G2(1951). 


(11) Crouthynel. C. E., ed., "Applied Gamma-Ray 
Spectrometry. 


(12) Guinn, V. P.. and Wngner, C. D., A m l .  Chrm., 32, 
3 17( 1S60). 


(13) Heath, H. L.. "S$ntillation Spectrometry Gamma- 
Ray Spectrum Catalog Atomic Energy Commission Rr- 
search and Dcvclogmcnr 'Ripor1 IDO-l6408(July 1, 1957). 


(14) Bate L. C. and 1.eddicotte G. W., Oak Ridge 
JValional Laboralmy Reba1 ORNL-Z9i7(1960).  


Pergirmori Press, New York. N. Y.. 1960. 


(15) Pite. L. E., Sieele, E. L.. and Waioerdi. R. E. 
"Adcultural  and Mcchnnical College of Texas Publ. TEES: 
2761-2," Texas A 81 M Press, College Station. 1962. 








Commnnications- 
Relationship Between Elimination 


Rate of Drugs and Rate of 
Decline of Their 


Pharmacologic Effects 


Sir: 


Recent advances in the mathematical analysis 
of the kinetics of drug absorption, metabolism, 
and excretion make it timely to consider the 
relationship between the time course, after drug 
administration, of drug content in the body and 
the time-intensity course of the pharmacologic 
effect elicited by the drug. Of particular interest 
is the nature of the relationship between drug 
ebmination rate and the rate of decline of a 
pharmacologic effect. It has been pointed out 
previously (1) that several factors can account 
for appreciable differences in rates of these two 
processes; the rate of decline of a pharmacologic 
effect may be related, among other factors, to the 
rate of reformation of an essential enzyme, to the 
rate of drug diffusion from a target site, to the 
rate of elimination of a pharmacologically active 
metabolite, or it may even be characteristic of 
the effect itself rather than of the drug (2). The 
rate of decline of certain types of pharmacologic 
activity can be modified also by physiologic 
compensatory (homeostatic) mechanisms. 1 t is 
proposed to examine here the relatively uncom- 
plicated case in which the administered drug is 
pharmacologically active as such, its biotrans- 
formation products are inactive, and the intensity 
of pharmacologic activity at any given time is 
some function of the amount of drug in the body 
at that time. It is assumed, for the sake of sim- 
plicity, that drug absorption is instantaneous (as 
would be the case upon intravenous administra- 
tion). 


I t  is found frequently that the intensitv of a 
pharmacologic effect is related linearly, over a 
considerable range, to the logarithm of the ad- 
ministered amount of drug (3). Thus 


E = m l o g A + e  (Eq. 1) 


where E is the intensity of the pharmacologic 
effect, A is the amount of administered drug, m 
is the slope of the line when E is plotted versus log 
A ,  and e (which usually is a negative quantity) 
is the intercept of the line on the E axis. Equa- 
tion l may be expressed 


Considering the common case where drug elimina- 
tion follows first-order kinetics 


K 
2.3 log A = log Ao - - t (Eq. 3) 


where A is the amount of drug in the body at 
time t ,  A0 is the intercept at zero time of the 
extrapolated linear portion of a plot of the loga- 
rithm of A versus time, and K is the first-order 
elimination rate constant for the drug. Sub- 
stituting for log A and log A0 in Eq. 3 from Eq. 2 
yields 


t (Eq. 4) E - e - a - e  
m m 2.3 


which, upon multiplication of each term by m and 
rearrangement, results in 


(Eq. 5) 
K m  
2.3 E = E o - - t  


Also 


-..- 
where t,,* is the biologic half-life of the drug. 
Significantly, Eqs. 5 and 6 are zero order and, 
under these conditions, the rate of decline of 
pharmacologic activity is a function of drug 
elimination rate and of m, with the latter value 
reflecting quantitatively (over the applicable 
range) the proportionality between intensity of 
the pharmacologic effect and the logarithm of the 
amount of drug in the body. 


I t  is not uncommon to find apparent zero-order 


1-l-l-I-I- 


2 4  6 8 10 


Timr. Hours 


Fig. 1.-Intensity-time curves for SKF 5516- 
induced mydriasis in mice based on data from 
Sturtevant ( 5 ) .  Differences in slopes suggest vari- 
ation of K with dose (see text). Key: 0 ,  3 mg./- 
Kg.; ., 1 mg./Kg.; 0, 0.3 mg./Kg., intravenously. 
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rates of decline of pharmacologic activity 
described in the pharmacologic literature. For 
example, the time course of mydriatic response by 
mice to atropine is apparently zero order; this is 
particularly interesting in view of the excellent 
linearity of the response versus log dose plot 
obtained in the same study (4). The time course 
of mydriatic response to two other anticholin- 
ergic drugs has been described recently in terns 
of first-order kinetics (5 ) ,  yet the data are, in 
fact, much more representative of zero-order 
kinetics (for example, see Fig. 1). Naturally, the 
occurrence of apparent zero-order kinetics in the 
decline of pharmacologic activity, while consistent 
with the kinetic relationship developed here, 
cannot prove its existence. Moreover, none of 
these comments should be interpreted as ruling 
out the theoretical basis for the occurrence of 
first- or second-order kinetics with respect to the 
rate of decline of some types of pharmacologic 
activity. 


Perhaps the most important conclusion to be 
derived from the present discussion is this: the 
frequent reasoning (see, for instance, the refer- 
ences cited by Schaumann and Stoepel(6)) that 
the pharmacologic effect is likely to decline ex- 
ponentially because the body drug content does is 
intrinsically wrong unless the intensity of a 
pharmacologic effect is a linear function of the 
dose. The latter occurs quite infrequently, 
although we have recently reported one such case 
(7). It seems desirable, therefore, to be arcum- 
spect in depicting activity versus time data and to 
consider the possibility of a linear decline of 
activity with time. 
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Tumor Inhibitors 111. 
Monocrotaline, the Active 


Principle of Crotalaria spectabilir 
Sir: 


In the course of a continuing screening program 
for tumor inhibitors from plant sources, an 
alcoholic extract of the fruits of Crotalaria spccta- 
bilis Roth,’ was found to have reproducible 
activity against adenocarcinoma 755 in mice.l 


I Gathered in North Carolina, November, 1962. The 
authors acknowledge with thanks the receipt of the dried plant 
material from Dr. Robert E. Perdue Jr. U. S .  Dept. of 
Agriculture, Beltsville. Md., in accordP’nce h t h  the program 
developed with the U.S.D.A. by the Cancer Chemotherapy 
National Service Center. 


 assays were performed by the Wisconsin Alumni Re- 
search Foundation under contract to the Cancer Chemo- 
th-pj Nabonal . ‘ . Service Center. The procedures were 
those erribed in Cancer Chemotherapy Rcpt.. 25 ,  l(l962). 


The relationship expressed in Eq. 5 has inter- 
esting implications. I t  indicates that, despite a 
direct relation between body drug content and 
intensity of the elicited pharmacologic effect, 
rates of decline of these two quantities can follow 
different kinetics and, therefore, not be parallel. 
Since not only K but also m can vary significantly 
in a series of similar pharmacologic agents ( 8 ) ,  
the possibility presents itself, through the design 
and choice of agents with different K / m  ratios, 
of modifying the relationship between the time 
course of body drug content and the time- 
intensity course of a pharmacologic effect. This 
may be a means of reducing certain side effects 
associated with a given class of chemotherapeutic 
agents. The K/m ratio may also be a useful 
additional parameter for characterizing the 
properties of certain drugs. 


(1) Levy, G., in “Prescription Pharmacy.” J. B. Lippincott 
Co. Philadel hia. Pa., 1963, Chapter 2. (b Levy, e., “Proc. Annual Research & Scient. Develop- 
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D. C.. 1961, p. 32. 
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We report herein the fractionation of the active 
extract and the isolation and characterization of 
the active principle, monocrotaline. 


Preliminary studies of the alcoholic extract 
indicated that partition between chloroform and 
water resulted in concentration of the activity 
in the water phase. Upon treatment of the 
aqueous solution with dilute aqueous alkali, the 
active principle was liberated from its salt form 
and became extractable into chloroform. The 
systematic procedure which was subsequently 
developed for isolation of the active alkaloid 
started with extraction of dried ground plant 
material in a Soxhlet extractor with 95% 
ethanol. After concentration of the extract 
under water pump pressure, a thick brown 
resinous solid was obtained. Partition between 








Factors Influencing Stability of Prednisolone 
in Aqueous Solution 


By THOMAS 0. OESTERLING and DAVID E. GUTTMAN* 


An investigation was made of some of the factors which iduence the rate of dis- 
appearance of prednisolone from aqueous solution. The rate exhibited a marked de- 
pendency on buffer concentration. Incorporation of a sequestering agent into the 
solutions eliminated this dependency and indicated that trace-metal impurities which 
were present in the buffer reagents were catalytically involved in the degradation. 
Rate constants were determined over a wide range of pH in borate and phosphate 
bui€ers and in the presence and absence of disodium ethylenediaminetetraacetic acid. 
The rate of the apparent metal-catalyzed reaction was pH independent above pH 7 
and below pH 5 and exhibited a srst-otder dependency on hydroxide-ion in the 
intermediate range. In the presence of sequestering agent, the rate of reaction was 
strongly dependent on hydroxide-ion concentration above pH 8 but exhibited only 


slight dependency at lower pH values. 


NUMBER OF studies has demonstrated that A prednisolone and related corticosteroids are 
susceptible to degradative reactions which in- 
volve the 17-dihydroxyacetone side-chain (1-4). 
Transformations and elimination of the side- 
chain have been shown to occur both in the pres- 
ence and absence of oxygen. Autoxidation, 
however, appears to be the mode of destruc- 
tion which is most likely to be responsible 
for stability problems in drug products. The 
involvement of trace metals in catalyzing the 
autoxidation is an obvious possibility and has 
been reported in the literature. For example, 
Caspi et al. (5) effected an oxidative cleavage of 
the dihydroxyacetone moiety of cortisone with 
lead tetraacetate to therapeutically inactive prod- 
ucts. Similarly, trace amounts of copper are 
actively involved in the reactivity of the C-17 
function. Lewbart and Mattox (6) reported 
that trace amounts of copper, present in glass- 
ware, caused destruction of cortisone and related 
steroids. The steroidal destruction was pre- 
vented by the addition of ethylenediaminetetra- 
acetic acid. Other workers have shown that 20- 
keto-21-hydroxy steroids, such as prednisolone, 
are readily oxidized to the corresponding glyoxals 
(20-keto-21-aldehydes) in the presence of cupric 
acetate (7-10). 


The objectives of this investigation were to 
quantitate an observation that the trace metal 
content of chemicals commonly employed to 
formulate buffers was sufficient to accelerate 
markedly the destruction of prednisolone in solu- 
tion and to investigate stability characteristics 
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of the steroid in the presence and absence of a 
sequestering agent. 


EXPERIMENTAL 


Materials.-Prednisolone was crystallized from a 
hydro-alcoholic solution several times and dried at 
l l O o ,  m.p. 233-234', uncorrected. Sequestrene Nao 
Idisodium salt of ethylenediaminetetraacetic acid 
(EDTA)] was obtained from the Akose Chemical 
Co. Assay reagents were 2,3,5 - triphenyltetra- 
zolium chloride (Mann Research Laboratories, Inc.) 
and tetramethylammonium hydroxide (Eastman 
Organic Chemicals) as a 10% aqueous solution. 
Buffers were prepared with reagent grade chemicals 
and double-distilled deionized water and were ad- 
justed to the desired pH using a Beckman model 
G pH meter. Solutions containing sequestering 
agent were adjusted to the desired pH after the con- 
centration had been made 0.1% with respect to 
sequesterene N-. A constant ionic strength of 
0.2 was maintained by adding KCI to the borate 
systems utilized in studying the effect of b d e r  con- 
centration on rate of degradation. 


Procedure.-A 100-ml. low-actinium volumetric 
flask containing approximately 98 ml. of appropriate 
buffer was placed in a Sargent Thermonitor constant 
temperature bath. After thermal equilibrium had 
been attained, 25 mg. of prednisolone in 1 ml. of 
absolute methanol was added, and the contents of 
the flask were mixed. The solution was made to 
volume with buffer and again rendered homogeneous. 
At  appropriate intervals 5ml. samples were with- 
drawn and added to 5 ml. of 0.2 N acetic acid to 
quench the reaction. Four-milliliter aliquots of 
each sample were extracted with four successive 10- 
ml. portions of chloroform. The chloroform was 
removed in vacuo. and the residue was reconstituted 
with 20 ml. of absolute ethanol. The concentration 
of undergraded predniilone in the sample was 
determined by subjecting 10 ml. of the reconstituted 
ethanolic solution to a tetrazolium assay (11). 


RESULTS AND DISCUSSION 


This study of factors which influence the stability 
of corticosteroids was motivated primarily by an 
observation that the rate of disappearance of pred- 
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The shape of the curves indicates that, both in the 
presence and in the absence of EDTA. the rate of 
disappearance of prednisolone was first order with 
respect t o  hydroxide-ion a t  higher pH values but less 
than first order at the lower values studied. A 
comparison of the two curves shows that the se- 
questering agent had little effect on rate in systems 
maintained a t  the lower pH values. A t  higher pH 
values the disappearance of prednisolone occurred 
much more rapidly from systems which were not 
protected by sequestering agent. The degree of 
protection, reflected by the vertical distance be- 
tween the two curves, increases with an increase in 
pH. The nature of the curves suggests that a con- 
stant difference is approached at higher pH values. 


The pH profile was extended to a lower pH re- 
gion by investigating the stability in phosphate 
buffers. A higher temperature (70') was utilized 
here to  increase the rate for the sake of expediency. 
The results are shown in Fig. 4. The observed in- 
fluence of pH is rather unusual and indicates interest- 
ing changes in the nature of the involvement of 
hydroxide-ion in the degradative reactions. In the 
EDTA-containing system, the rate exhibited only 
a relatively small pH dependency over a fairly wide 
range of pH 5-8. Above pH 8, the rate is much 
more dependent on pH: the curve suggests that in 
this pH region the order of the degradation with 
respect to hydroxide-ion changes from zero order 
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Fig. 1.-The effect of borate buffer concentration 
on the rate of prednisolone degradation at 35' and 
ionic strength 0.2. Key: 0, 0.05 M; 0, 0.01 M; 
0.0.15 M; 8, 0.20 M. 


nisolone from buffered aqueous solutions, pre- 
pared with double-distilled deionized water, ex- 
hibited a dependency on the concentration of buffer, 
in spite of the fact that pH and ionic strength were 
maintained constant. This effect is illustrated in 
Fig. 1, where some representative results are plotted 
and show that the first-order disappearance of pred- 
nisolone occurred much more rapidly from solu- 
tions which contained a relatively high concentra- 
tion of borate buffer than from less concentrated 
solutions. This effect was noted at a number of 
different pH values and suggested, a t  least initially, 
the possibility that general acid and/or general base 
catalysis was responsible. A more definitive study, 
which is illustrated in Fig. 2, ruled out this possi- 
bility. This plot summarizes the results of a study 
in which first-order rate constants were determined 
as a function of buffer concentration in two sets of 
systems, which differed only in that one contained 
O.l'% of the disodium salt of EDTA, while the other 
contained no sequestering agent. It may be seen 
that in the presence of EDTA, the observed rate was 
independent of the concentration of buffer. In its 
absence the rates were significautly faster, dependent 
on the concentration of buffer, and the rate constant 
appeared to be approaching an asymptotic value a t  
high concentrations of buffer. On the basis of this 
evidence, it was concluded that components of the 
buffer had no catalytic influence per se, but that 
they served as carriers of trace metal contaminants 
which accelerated the decomposition. 


The influence of pH on the stability of predniso- 
lone in borate buffer in the presence and absence of 
EDTA is graphically summarized in Fig. 3, where 
rate constant is plotted as a function of pH. In 
reference to this plot and Fig. 4, i t  should be pointed 
out that  there is some uncertainty about the ac- 
curacy of the rate constants for systems which did 
not contain EDTA. In such systems the disap- 
pearance of steroid occurred quite rapidly, and the 
scatter of experimental points in the semilog plots 
precluded precise graphical determination of ratecon- 
stants. In contrast. excellent fits were obtained in 
equivalent plots for systems which contained EDTA. 
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Fig. 2.-The effect of buffer concentration on the 
rate of prednisolone degradation in the presence and 
absence of sequestrene Nas at 30". pH 10, and ionic 
strength 0.2. Key: 0; no EDTA: 0, 0.1% EDTA. 
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Fig. 3.-The effect of pH on the rate of de- 
gradation of prednisolone in the presence and absence 
of sequestrene Na, at 35' in 0.1 M borate buffers. 
Key: 0. no EDTA; o.O.l% EDTA. 
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metals also might be a causative factor. Further 
experimentation is required to elucidate this ob- 
servation. 


It has been reported that at least three products 
are formed by at least three parallel pseudo first- 
order reactions when 17-dihydroxyacetone steroids 
are subjected to an aqueous alkaline environment 
(11). The presence of trace metals in such systems 
increases the complexity of the degradation, and the 
precise role of the metals is unknown. The metals 
may function by catalyzing any number of the pre- 
viously reported reactions, or they may increase the 
observed rate constant by providing a new deg- 
radative route for the steroid. The results of this 
study lend evidence to the postulation that trace 
metals are involved primarily in the oxygen-depen- 
dent degradative route of the steroid. This evidence 
manifests itself in that the hydroxide-ion dependency 
of the metal-catalyzed reaction of this study is 
similar to the hydroxide-ion dependency of the 
oxygen-dependent reaction described by Guttman 
and Meister (11). On the other hand, the fact that 
products of both the oxygen-dependent and oxygen- 
independent reactions have been isolated from the 
metal-catalyzed degradation of 17-dihydroxyace- 
tone steroids (5, 12) suggests that catalytic amounts 
of metals are involved in more than one of the 
degradative reactions. It is possible that the 
metals function as catalysts for all of the reactions 
or are involved in an initial step resulting in the 
formation of an intermediate which then decomposes 
to the reported products. 


Lewbart and Mattox (13) reported that the 
glyoxals obtained by cupric acetate oxidation of 17- 
dihydroxyacetone steroids are unstable and undergo 
rearrangement both in the presence of alcoholic 
cupric acetate and aqueous alkali. The cupric ace- 
tate catalyzed rearrangements in alcoholic media are 
many times slower than those in basic aqueous sys- 
tems and are futher retarded by the addition of 
water. Our study is in agreement with these re- 
sults. The nonmetal-catalyzed reaction exhibited a 
strong hydroxide-ion dependency at high pH values 
(Fig. 4), whereas the metal-catalyzed reaction was 
pH independent in this range (Fig. 5). Thus, at a 
very high concentration of hydroxide ion, the con- 
tribution of the metal-catalyzed reaction to  the ob- 
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Fig. 4.-The effect of pH on the rate of predni- 


solone degradation in the presence and absence of 
sequestrene Nat at 70" in 0.1 M phosphate buffers. 
Key: 0, no EDTA; .,O.l% EDTA. 


to first order. In the absence of EDTA, the order 
with respect to hydroxide-ion appears to  be first at 
lower pH values, zero at'intermediate values, and 
first a t  the higher extreme. 


An insight into the nature of the metal-catalyzed 
reaction was obtained by a treatment of the data 
which are illustrated in Fig. 5. Here rate constants 
for the metal~catalyzed degradation were plotted as 
a function of pH. These constants were obtained 
by taking the difference between rate constants de- 
termined in the absence (ko) and presence (K.) of 
EDTA at the same pH. The differences were in- 
terpolated from the curves of Fig. 4. 


Below p H  5. incorporation of EDTA into the so- 
lutions had little effect on the velocity of dis- 
appearance of prednisolone. This might have re- 
sulted from a reduction in the efficiency of the se- 
questering agent at lower p H  values. Thus, metal 
catalysis might have been operant in systems which 
contained EDTA. Alternatively, and possibly more 
likely, the observed instability in both systems in 
this pH region was primarily due to reactions which 
were not dependent on metal catalysis. As the pH 
was increased, the velocity of the metal-catalyzed 
reaction increased in a manner which suggested 
first-order dependency on hydroxide-ion. With 
subsequent increases in pH, the order changed from 
first to  zero, so that at higher pH values the rate of 
the metal-catalyzed reaction was essentially indepen- 
dent of pH. 


It is interesting to note that the influence of pH 
on the metal-catalyzed reaction in phosphate buffer 
was somewhat different from that in borate buffer. 
At the lower pH values investigated in borate buffer 
(ie., below approximately 8.5), only small differences 
in rate constants were obtained between solutions 
which contained EDTA and those which did not. 
In contrast, the differences were quite large in phos- 
phate systems throughout this pH range. No clear- 
cut explanation can be offered to  account for this 
effect. The different behavior might be due to  the 
difference in temperature between the two studies. 
Differences in the nature and concentration of trace 
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Fig. 5.-The effect of pH on the metal-catalyzed 
degradation of prednisolone a t  70' in 0.1 M phos- 
phate buffers. 
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4. In the presence of sequestering agent, the re- 
action rate was strongly dependent on hydroxide-ion 
concentration above pH 8 and only slightly de- 
pendent at  lower pH values. 


served rate constant would be small. It should 
be pointed out, however, that trace metals markedly 
accelerate the degradation of corticosteroids in the 
pharmaceutically important pH range. The pres- 
ence of these impurities should be a prime factor in 
steroid stability considerations. 


SUMMARY 


1. The decomposition of prednisolone in aqueous 
solution was markedly accelerated by contaminants 
present in buffer reagents. Evidence has been pre- 
sented which strongly indicates that the contami- 
nants were trace metals. However, no attempt was 
made to identify the metals or to determine the na- 
ture of their influence on the degradative reactions. 


2. Addition of a sequestering agent provided a 
method to isolate and quantitate the rate of the ap- 
parent metal-catalyzed reaction. 
3. The rate of the apparent metal-catalyzed re- 


action was pH independent above pH 7 and below 
pH 5 and exhibited a first-order dependency on 
hydroxide-ion in the intermediate range. 
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Ultraviolet Spectrophotometric Estimation 
of Arylglycolate Drugs 


By LESTER CHAFETZ* 


Oxidation of aryl lycolic acids to carbonyl compounds affords ultraviolet chromo- 
phores which m$e possible the spectrophotometric estimation of the acids with 
y l y  increased sensitivity and selectivity. Oxidative spectro hotometric methods 
or representative arylglycolic acids were studied; the proce&res were applied to 


the estimation of some arylglycolate drugs in dosage forms. 


ALTS OF mandelic acid have been employed as S urinary antiseptics, and several arylglycolate 
esters are used in medicine for antispasmodic, 
mydriatic, psychotropic, and other pharma- 
cological activities. A study of spectrophoto- 
metric procedures was carried out using mandelic 
acid, benzilic acid, a-cyclopentylphenylglycolic 
acid, and a-cyclopentyl-2-thiopheneglycolic acid. 
The application of the procedures to the assay 
of representative arylglycolate drugs is reported. 


Phenylglycolic acids and their esters have 
benzenoid ultraviolet spectra which are neither 
sufficiently intense to afTord sensitivity in deter- 
mination nor sdiciently characteristic to serve 
for identification (1). The majority of the 
analytical methods reported for arylglycolate 
drugs are based on the presence of a tertiary 
amine or quaternary ammonium function in the 
alcohol moiety, and few of the methods are 
selective for unhydrolyzed drug (2-8). 
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A number of workers have described procedures 
for oxidation of arylglycolic acids with decar- 
boxylation to carbonyl compounds. The reagents 
used included “zinc manganite” (9-ll), sodium 
bismuthate (12), N-bromosuccinimide (13), lead 
tetraacetate (14), periodate (14-16), and ceric 
sulfate (17-19). Some of these oxidative pro- 
cedures were made the basis of titrimetic assay 
methods. 


Spectrophotometry of the carbonyl compound 
products of the oxidation of arylglycolic acids 
appeared to offer a promising means for analysis 
of arylglycolate drugs. The increase in ultra- 
violet absorption effected by thus obtaining a 
carbonyl group in conjugation with an  aromatic 
ring is evident in a comparison of the molar 
absorptivities, t, of the acids with values reported 
in the literature for the carbonyl compounds. 
Mandelic acid has em=. 212 and benzaldehyde 
emX. 14,000 (20); benzilic acid has t-, 538 
and benzophenone emsx. 19,500 (21); and a- 
cyclopentylphenylglycolic acid has tmL. 276 
compared with tmr. of 12,900 (22) for cyclopentyl 
phenyl ketone. 








Kinetic Analvsis of Blood Levels and Urinarv 
~ 4 


Excretion in ;he Absorptive Phase after Single 
Doses of Drug 


By JOHN G. WAGNER and EINO NELSON 


The use of per cent absorbed versns time lots to elucidate kinetic models for dru 
absorption is described. The following finetic models, which are illustrated w i g  
ex erimental data, are considered: absorption by a zero-order process, by two zero- 
orfter processes operating in parallel, by a tirst-order process, by two parallel first- 


order processes, and by simultaneous zero-order and tirst-order processes. 


HE MATHEMATICAL description of blood, 
Tserum, or plasma drug concentration and time 
data and data on amounts of drug excreted in 
various times is receiving increased attention by 
academic, clinical, and industrial researchers. 
The industrial phamacist, in particular, is faced 
with the task of devising methods which hopefully 
will allow him to predict from in uitro measure- 
ments the characteristic of a product with respect 
to the rate and extent it releases the active ingre- 
dient contained for absorption. This may re- 
quire him to make measurements in viuo that 
allow him to describe absorption rate as a function 
of time and interpret these in a manner consistent 
with the physiological reality of the in viuo system 
studied. Although the intact animal may Seem 
to be a system too complex for any interpretation 
of experimental data except gross ones, this is not 
necessarily the case. Once data are described in 
mathematical terms within the experimental 
error of the measurements, they become subject 
to interpretation which must be consistent with 
the physiological reality of the system and the 
physical-chemical, physical, and pharmaceutical 
characteristics of the product administered. 


Several parameters have been used to estimate 
rate of drug absorption when a drug is admin- 
istered in pharmaceutical dosage forms. Rate of 
absorption has been assessed by time of appear- 
ance of measurable blood level, time of appear- 
ance of maximum blood, serum, or plasma levels, 
amount of drug or drug metabolite excreted in 
the urine in a given time or time of appearance of 
maximum urinary excretion rate. All of these 
parameters give only qualitative indication of rate 
of drug absorption because they are only in- 
directly related to rate. Quantitative methods 
for estimating rate of absorption have been devel- 
oped by Dominguez (1) and Nelson (2). The 
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method of Dominguez is applicable to blood, 
serum, or plasma level versus time data and the 
method of Nelson to urinary excretion rate versus 
time data. Among other quantities, the method 
of Dominguez requires knowledge of the apparent 
volume of distribution; the method of Nelson 
requires knowledge of the fraction of a dose 
excreted as unchanged drug, the fraction of the 
dose absorbed, and the derivative of excretion 
rate versus time data. These parameters may be 
difficult to obtain with accuracy. 


Recently (3), modifications of the methods of 
Dominguez (1) and of Nelson (2) have been 
described which greatly simplify calculation of 
drug absorption rate because values of per cent 
of total absorption are obtained. Use of these 
equations does not require a knowledge of a drug's 
volume of distribution, what fraction of a dose is 
absorbed, or the fraction of the dose absorbed that 
is excreted as unchanged drug. 


It is the purpose of this paper to illustrate the 
applicability of these expressions in elucidating 
kinetic models that describe the various processes 
by which drugs may be absorbed. While it may 
not be possible always to determine the kinetics 
of the absorption process, sufficient data are avail- 
able to illustrate the usefulness of the methods. 
Equation 1 is for blood, serum, or plasma level 
versus time data, and Eq. 2 is for urinary excretion 


A 
A ,  %absorbed = -T X 100 


K J Cdt 
f = O  


data. The derivation of these expressions is given 
A 
A ,  


%absorbed = 2 X 100 


in the Ap@n.dix. In Eq. 1, AT is the cumulative 
amount of drug absorbed from time zero to time 
T in any convenient units, A ,  is the amount 
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Fig. 1.-Illustrates graphically the operations nec- 
essary to obtain A T / V  (i.e.,  the cumulative amount 
absorbed per unit volume of the apparent volume 
of distribution between time zero and time 7') 
from blood level data. 
eventually absorbed in the same units, K is the 
over-all rate constant for elimination from blood, 
etc., in reciprocal time, and CT is blood, serum, 
or plasma concentration at time T. In Eq. 2, AT, 
A -, and K have the same meanings as in Eq. 1 ; 
dX,/dt is urinary excretion rate at time T, and X, 
is the cumulative amount excreted in the same 
time. The method for using Eqs. 1 and 2 and 
the assumptions on which they are based have 
been described previously (3). However, their 
use is best illustrated by simulated blood level 
versus time curves and cumulative amount ex- 
creted versus time curves. 


Figure 1 shows a hypothetical blood level ueisus 
time curve with various markings which will be 
used to illustrate the application of Eq. 1. The 
vertical line delineates an area under a blood level 
ueisus time curve from t = 0 to 1 = T on the 
abscissa of the graph. These areas may be esti- 
mated by planimetry or by use of the trapezoidal 
rule. It is only necessary to multiply each of 
these cumdative areas by the value of K, as 
determined by well-known procedures (4), and 
add to each the value of blood concentration at 
corresponding times to obtain the cumulative 
amount absorbed per unit volume of the apparent 
volume of distribution. This is continued until a 
maximum or asymptotic value is obtained which 
is divided into the value obtained at earlier times 
to obtain per cent absorbed ve15us time data. 


Figure 2 is a plot of cumulative amount of drug 
excreted ueisus time. Excretion rate values from 
curve in Fig. 2 are selected at various times (ob- 
tained from the slope of the curve as shown on the 
figure) and divided by K and added to the amount 
excreted in the same time as determined from the 
cumulative excretion curve. A maximum or 
asymptote will be obtained; when this quantity 
is obtained, division of it into the values of the 
quantities obtained at earlier times will give the 
per cent absorbed at various times in accord with 
Eq. 2. 


Cases of Recycling via the Enterohepatic Cycle.- 
I t  is known that some drugs may be absorbed via the 
gastrointestinal tract, pass Via the portal vein to the 
liver, and then be partially excreted via the bile back 
into the intestinal contents. Part or all of this drug 
may then be reabsorbed; some of it may be excreted 
in the feces. 


In such cases the se- (or plasma) level-time 
plot may have a major maximum and a minor maxi- 
mum or a major maximum and a shoulder rather 
than the usual exponential fall-off, beginning shortly 
following a single maximum in the plot. When the 
per cent absorbed time plot is derived from such a 
set of data, the cumulative per cent absorbed values 
may rise progressively, then derrease for a time, then 
increase again. At first glance this may appear to  
be inconsistent. However, we defme rate of absorp- 
tion as the rate of appearance of unchanged drug in 
the volume of distribution. This rate may be nega- 
tive if the rate of efflux of drug from the blood back 
into the tract is greater than the rate of influx of drug 
from the tract to the blood. The latter can occur at 
certain times when recycling oia the enterohepatic 
cycle takes place to a marked degree. In these cases 
it may be best to define the slope of the cumulative 
per cent absorbed-time plot calculated by the 
method of Wagner and Nelson (3) as the net flux 
acros the gastrointestinal barrier, which is the result 
of influx from the tract to the blood and efflux from 
the blood and/or bile back into the tract. This 
takes care of the apparent inconsistency that the 
cumulative per cent absorbed can be less than it has 
been at earlier times, then gradually increase again. 


Kinetic Models.-The kinetics of absorption, dis- 
tribution, metabolism, and excretion of drugs can be 
adequately described by multicompartment models 
if unchanged drug is measured in the blood or in the 
urine, and measurements are made during the ab- 
sorption phase. Differential equations and their 
solutions which depend upon the assumption that 
amount of drug, and not concentration of drug, is the 


Fig. 2.-Illustrates graphically the operations nec- 
essary to obtain A T /  V ( i e . ,  the cumulative amount 
absorbed per unit volume of the apparent volume 
of distribution between time zero and time T) from 
a plot of cumulative amount of unchanged drug ex- 
creted in the urine against time. 
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of FD/ V obtained from the A T /  V versus time plot if 
sufficient blood samples are taken. Once the expo- 
nential fall-off of C with t is established, the area for 
the tail end of the Cversus t plot can be estimated by 


C = Co exp [ - K t ]  (Eq. 6)  


which describes this part of the blood concentration 
versus time curve. In Eq. 6. C is blood, etc.; con- 
centration a t  time t and C, is defined below. If t' is 
the time when the exponential fall-off of blood con- 
centration begins, and CI' is the blood concentration 
at this time, then the area under the blood concen- 
tration versus time curve from t' to  t, is given by s&'= s".;.-xp [ - K ( t  - t')]dt 


1=1' 1 =1' 
Pl-1' fi 


driving force also are applicable to these kinetics. 
This is true since the assumption also is applicable 
to these kinetics. The assumption and definitions 
used herein include the following concepts: ( a )  only 
the volume of one compartment-namely, the ap- 
parent volume of distribution-is involved; ( b )  
the rate of absorption is defined as the rate of appear- 
ance of unchanged drug in the apparent volume of 
distribution in amount/unit time, or per cent of 
total dmg absorbed/unit time; hence, although the 
driving force may be the concentration in the intes- 
tinal contents, the volume of the intestinal content 
does not enter into the calculations and may be 
ignored; ( c )  the amount of unchanged drug excreted 
in the urine in a given time is the quantity measured 
and used in the kinetic calculations; hence, the 
volume of the urine is of importance only in the 
estimation of the amount of drug in the urine. 


The apparent volume of distribution, V, is simply 
the number by which to multiply the plasma, serum, 
or whole blood concentration, so that there is mate- 
rial balance according to Eq. 3. 


CTV = AT - ET - MT (Eq. 3) 


where CT is the plasma, serum, or whole blood con- 
centration of unchanged drug at time T, A T  is the 
cumulative amount of unchanged drug absorbed to 
time T, ET is the cumulative amount of unchanged 
drug which has been eliminated in the urine to time 
T, and MT is the cumulative amount of drug metab- 
olized to  time T. No physical significance should be 
assigned to  V since part of the drug in the volume, 
V, may be bound to protein or stored temporarily 
in one particular organ. Also, it  is obvious that 
depending upon whether plasma, serum, or whole 
blood concentration is measured, the value of V will 
change even though everything else is held constant. 
As previously explained, the method of calculation 


using blood (serum or plasma) unchanged drug 
concentration data involves estimation of A T / V  
a t  various times after administration of the dose. 
The maximum or asymptotic value of A T / V ,  
( A T / V ) - .  is FD/V,  where F is the fraction of the 
dose absorbed and D is the dose. Hence, FD is the 
amount of drug absorbed and FD/ V is the amount 
of drug absorbed per unit of apparent volume of 
distribution in concentration units. By the method 
of calculation one never knows the absolute values of 
F or V but the value of F D / V  is obtained. This 
value is comparable to, but not the same as, the CO 
obtained by extrapolating a semilogarithmic plot of 
blood level against time. The Co obtained by such 
a method is an approximation (and frequently a poor 
one) for the desired value FD/V. Due to the rela- 
tionship 


FD = V K  Cdt (Eq. 4) KOm 
where K is the first-order rate constant for loss of 
drug from the volume of distribution, and the in- 
tegral is the area under the blood level curve from 
time zero to time infinity, we have 


Equation 5' provides a method of checking the value 
.. 
' Or its equivalent. Eq. 5a. 


L O  Coexp ( - K t ) d t  = - exp ( - K t ' )  K 
(Eq. 7)  


=J t = m  


where lnCo = InCt. + KI'. This area must be added 
to the area under the C. 1 plot from 1 = 0 to t' to 


yield the area J&Lm 
1=0 


Hence 


= K [sg + s:==; Cdt] (Eq. 5a) 


If sufficient blood samples are taken during the 
interval t = 0 to t = t', then the middle integral of 
Eq. 5a may be estimated with good accuracy using 
the trapezoidal rule. Also, as a consequence of the 
foregoing, the following theoretical relationship holds : 


;=t '  


= CV + K [Ld: (Eq. 8 )  


Variability of Blood Level and Urinary Excretion 
Data.-True variability of blood level and urinary 
excretion data may be attributed to the following fac- 
tors: ( a )  assay error, (6) biological variation ( i e . ,  
variation in V, f, F, and K) not only from subject to 
subject but also for a given subject from drug to drug 
or with a given drug, and ( c )  dosage form effects 
( i e . ,  variation in Fand d d / d t )  not only from subject 
to subject tested with the same formulation of the 
same drug but also for a given subject from day to 
day with the same formulation. 


Apparent variability of blood level and urinary 
excretion data may be attributed to ( a )  using a time 
interval too long for excretion rate measurement, (6) 
using the wrong mathematical method with a par- 
ticular set of data (the mathematical method may be 
wrong since the method is based on certain assump- 
tions which are invalid for the particular set of data 
being evaluated), (c) usihg the wrong criterion to 
estimate variability. 


When comparing urinary excretion data with 
blood level data, blood (serum or plasma) levels must 
be measured at the midpoints of the urinary collec- 
tion intervals to expect the proper equation to  apply. 
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The correlation of excretion rate with blood levels 
must be done for each subject independently, since 
the theoretical relationship (4) indicates the slope of 
the straight line relating these variables will be KfV, 
and this will vary from subject to subject. Further- 
more, this equation is true only where free unchanged 
drug is measured in the blood and the urine. Hence, 
if excretion rate does not correlate linearly with blood 
level when one measures, for example, a radioactive 
tracer such as tritium, etc., one should not blame the 
mathematical method. For example, the conclu- 
sion that, “The urinary excretion of both drugs 
varied widely among individuals, indicating this 
parameter is limited in value as a reflection of oral 
absorption,” which has been made ( 5 )  was not justi- 
fied on the basis of the evidence the authors pre- 
sented. The authors measured tritium radioactivity 
in blood and urine; hence, one would expect that 
there may not be a quantitative relationship between 
urinary excretion rate and plasma level. Their first 
excretion interval of 0 to 4 hours was too large and 
probably covered all the absorption phase or even 
more, especially for phenylephrine hydrochloride. 
They could have compared the serum levels at 2 
hours, with excretion in the 0 to  4-hour interval 
(since only in this instance were the serum levels at 
the midpoints of the excretion intervals); yet they 
failed to do so. They did not calculate per cent 
standard deviations-the most valid way to compare 
variability when the averages and dimensions of that 
which one is comparing are dserent. In fact, the 
per cent standard deviations calculated from their 
data ( 5 )  in Tables I1 and 111 were 49.7% for the 
plasma levels at 10 hours and 47.1% for the urinary 
excretion in the 8- to 12-hour interval for phenyl- 
ephrine given as the hydrochloride, and 25.9y0 and 
28.6%, respectively, for phenylephrine given as the 
tannate. In each pair, these are of the same order 
of magnitude. Another factor not recognized was 
that drug metabolites are usually eliminated more 
rapidly than they are formed. Hence, in the non- 
specific assay used, no correlation between drug 
blood level and urinary excretion rate should be 
expected. 


Correlation of excretion rate and serum level of 
tetracycline in three normal humans has been re- 
ported recently (6). The experimental design and 
mathematical methods need not be repeated here; 
the reader is referred to  that paper for the details. 
In this particular set of experiments, it was necessary 
to  carry out three assays on each serum sample to 
obtain about the Same accuracy and precision as one 
obtains with a single urine assay. 


Rate of urinary excretion of unchanged drug is 
given by (4) 
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Hence, another possible test of the variability of 
urinary excretion and blood levels is to compare 
the per cent standard deviation of (X& and of 


K l y o b t a i n e d  with a panel of known subjects 


in whom these quantities could be estimated at the 
same time. Experiments of this type were recently 
carried out at the organization with which one of 
the present authors (7) is affiliated using commercial 
capsules of tetracycline hydrochloride and a panel 
of eight male adults. The per cent standard devia- 
tion was Z3.0yo for (XJm based on 96-hour urinary 
excretion, 36.9% for the asymptotic value of CT + 
K l z i  (which is theoretically equivalent to  


1-0 


dXu - =  KfVC 
dt 


where dX.Ja2 is urinary excretion rate, and f is 
the fraction of a dose eventually excreted unchanged 
in the urine, and the other terms have their usual 
meaning. Integration of Eq. 9 between the limits 
1 = 0 and t = and transposition of the f term gives 


r & ? ) i n  one experiment, 36.0% for (X& 
J t - 0  1 


based on 96-hour urinary excretion, and 24.3% for the 


asymptotic value of CT + K Cdt obtained in the 


second experiment. From these data one could not 
conclude that urinary excretion data were less re- 
liable indices of physiological availability than blood 
level data. 


Physiological Availability.4ser and his associ- 
ates (8 )  introduced the concept of physiological 
availability. They defined physiological availability 


KT 


as 


yo availability = 


yo of dose excreted 
in given time after 


test dose 


Yo of dose excreted in 
X 100 (Eq. 11) 


same time after aqueous 
solution of drug is taken 


It is important to  collect urine for a period long 
enough that essentially all drug excreted is collected. 
Otherwise, the estimated availability will be er- 
roneous. 


A more generalized equation for calculating 
physiological availability is 


yo availability = 


amount (or %) absorbed 
after test dose 


amount (or yo) absorbed 
following the same dose 


in most readily 
available form 


X 100 (Eq. 12) 


Wagner el al. (9) showed that physiological avail- 
ability could be estimated from blood level data as 
well as from urinary excretion data. Although the 
example utilized Eq. 8, the calculation was un- 
necessarily complicated by estimation of V in the 
individual subject by extrapolation of a plot of the 
logarithm of Cagainst 1. 


If a crossover study is carried out in a panel of 
humans in which one or more test formulations of 
a given drug is compared with a readily available 
form of the drug, then the methods for estimating 
physiological availability are 
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Method 1: 
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Method 7: 
yo availability = 


t = m  


Cdt calculated from aver- 


age blood levels of test prep- 
aration 


Lo 
L: X 100 (Eq. 19) 


Cdt calculated from 


average blood levels of readily 
available preparation 
Method 5, which is equivalent to the method of 


Oser and associates (8). requires collection of urine 
for approximately seven to ten biological half-lives 
of the particular drug involved. Urine must be 
collected for this interval of time to ensure collec- 
tion of about 99% of the unchanged excreted drug. 
Methods 6 and 7 require blood samples to be col- 
lected at intervals frequent enough and for a time 
long enough that there is obtained a good estimate 
of the area under the blood level-time curve from 
zero time to  the time that the blood level is no longer 
measurable. Methods 3 and 4 require that urine be 
collected only during the absorption phase, provided 
K is known. Methods 1 and 2 require that blood 
samples be collected only during the absorption 
phase, provided K is known. 


Usually, but not always, the asymptotic value of 


CT + K &:will be reached at, or shortly after, 


the peak of the C versus t plot. A pilot experiment 
will usually determine whether this is true for the 
particular formulation under study. If a pilot ex- 
periment is conducted first, one cannot only esti- 
mate K for the particular drug but also establish a 
reasonable blood and urine sampling scheme which 
is applicable to the particular drug and formula- 
tions. The most important blood and urine samples 
are those between the time of administration and the 
time when the maximum blood level is reached and 
those taken in the terminal part of the blood level- 
time plot or cumulative urinary excretion-time plot. 
The absorption phase is covered by the iirst group 
of samples and the value of K obtained from the 
latter group of samples. Hence, often a reduction or 
elimination of several blood or urine samples can be 
made between the time of the peak blood level and 
the time the blood or urine levels become essentially 
zero. Unfortunately, most blood level data re- 
ported in the literature were obtained with such 
sampling schedules that most of the results fall in 
the latter range. 


If unchanged drug is measured in the blood and 
urine, then all seven methods above should give, 
within experimental error, the Same estimate of 
physiological availability. Large deviations be- 
tween the percentage obtained by different methods 
of calculations, say about 20%. should lead to the 
suspicion that one or more of the assumptions in- 
volved in making one or more of the estimates is 
invalid for the particular set of data. 


Biological Examples.LThe first example in this 
Averaged data are used in fitting to various equations dis- 


cussed. This may lead to errors in interpretation of the 
kinetic model which actually holds (11). This consideration 
is only important when wide variation in rate constants occurs 
in test subjects (12). Extremely large variations did not occur 
in the cases illustrated. However, the definitive test of the 
correctness of a given Linetrc model lies in the demonstration 
that the individual rather than the average data obey the 
model. 


% availability = 
Average asymptotic value of 


CT + K 1:; for test prep- 


aration 


Average asymptotic value of CT 
I=T 


+ K Cdt for the readily avail- 


able preparation 


Method 2: 


Asymptotic value of CT + 
K Cdt calculated from aver- 


X 100 (Eq. 13) 


Lo 


Lo 
yo availability = 


f - T  


age blood levels for test 
preparation 


Asymptotic value of CT + 
K l f t  calculated from aver- 


age blood levels for readily 
available preparation 


Method 3: 


X 100 (Eq. 14) 


f = T  


yo availability = 
1 dX, ,  
K dt Asymptotic value of - - + 


Xu for test preparation 


Average asymptotic value of 


K dt 
available preparation 


Method 4:  


- X 100 (Eq. 15) 


- _- d X u  + xu for readily 


'% availability = 
1 dX, ,  
K dt Asymptotic value of - --- + 


Xu calculated from average 
amounts excreted for test 
preparation 


Asymptotic value of - - + 
X 100 (Eq. 16) 


1 d X ,  
K dt 


Xu calculated from average 
amounts excreted for readily 
available preparation 


Method 5: 


70 availability = 
Average (Xu)- for test 
preparation 
- . . .- X 100 (Eq. 17) 
Average (X& for readily 
available preparation 


Method 6: 


yo availability = 


Average Cdt for test prep- 


aration 


Average 


available preparation 


lom 
1:- 


x 100 (Eq. 18) 
Cdt for readily 
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TIME 1.111 


Fig. 3.-Curve A is a plot of blood glucose level 
against time taken from Jokipii and Turpeinen 
(10). The solid line is the one described by the 
equation A T / V ,  and the solid dots are the experi- 
mentally observed values. Line B is a plot of A T / V  
against time calculated according to the method 
described in the text. 


Fig. 4.-Agreement between theoretically pre- 
dicted infusion rate of glucose calculated with the 
appropriate equation (right ordinate) and that 
known to be experimentally correct. Curve A is the 
least squares line, and the triangles are calculated 
values. Curve B represents hypothetical cumula- 
tive urinary excretion of glucose. 


section will consider the case where the drug enters 
the fluids of distribution at a constant rate (zero- 
order process) and is eliminated from these fluids at 
a rate directly proportional to the existing concen- 
tration at a given time (lirst-order process). This 
sequence of processes is shown as Model I in the 
Appendix, and the expression which describes blood 
concentration as a function of time is Eq. 5A of the 
appendix. 


The data used are the results of the experiments of 
Jokipii and Turpeinen (10). Glucose was infused 
as 5 to 6% isotonic solutions into the cubital vein 
at constant rates. The mean rate of infusion in 24 
normal subjects was 297 mg./minute. The mean 
preinjection blood sugar was 84.9 mg./lOO ml. 
This is the zero level at time zero shown on Fig. 3. 
The mean blood sugar level at 60 minutes is shown 
also in Fig. 3. The solid dots are the arithmetic 
values. The open circles are those obtained by the 
best fit-namely, C = 53.8 [ I  -exp( -0.05191)]. 


The triangles in Fig. 3 are values of CT + K. 
(area) calculated from these data. The slope of this 
line through these points is 2.794 ml./minute 100 ml. 


The line is straight, a reflection that the glucose was 
infused a t  a constant rate. 


Since it is known that the actual infusion rate 
was 297 mg./minute, an estimate can be made of 
the apparent volume of distribution, V, from this 
rate and the slope of the A T / V  time plot. The 
calculated V is 10.600 ml. Exactly the same 
answer was obtained by Jokipii and Turpeinen (10) 
by assuming that the Model 1 applied to  these 
data. 


Assume all the glucose in the blood was excreted 
unchanged in the urine, and urine was assayed for 
glucose. Figure 4 shows a hypothetical cumulative 
excretion curve for this case. 


It should be noted that the cumulative excretion 
curve, X, versus t ,  is curved throughout the 60- 
minute infusion period. It appears linear from 40 
to 60 minutes, but the rate calculated in this in- 
terval is 274 mg./hour, which is 7.7% lower than the 
actual rate of 297 mg./minute. 


By the method previously outlined, values of 
l /K-(AX,, /At)  + X,, (see Eq. 42A of the Appendix) 
were calculated and are shown as the triangles here. 
The slope of the line drawn through these points is 
297 mg./minute, which is exactly the known infusion 
rate. These results are supporting evidence that 
the simple graphical method is highly accurate. 
The apparent linearity of the hypothetical cumula- 
tive excretion plot in the 40 to 60-minute interval 
is shown to be only apparent in Fig. 4 when the ex- 
cretion rate is plotted against time (cf. Fig. 5).  A 
cumulative excretion plot is very “insensitive” 
compared with the derivative plot. 


If a loading dose, exactly equal to ko/K, is injected 
rapidly intravenously and at the same time the 
constant rate infusion is started, then the blood level 
will remain constant,’ and a plot of cumulative 
amount of unchanged drug in the urine against time 
will be linear as long as the constant infusion rate is 
maintained. 


It may be that absorption proceeds into the fluids 
of distribution by two parallel zero-order processes 
(Model 2 of the Appendix). Data are available with 
which this can be shown. Tanaka et al. (13) re- 
ported blood levels of sulfanilamide in five dogs 
administered in two different formulations of sul- 
fanilamide orally. Sample I was a micropellet 
formulation containing 33.2% of sulfanilamide in 
gelled gelatin. Sample I1 was a similar micropellet 
formulation which had been treated with 10% 
formalin-isopropanol a t  2 to 5” for 24 hours, then 
dried; it contained 19.0% sulfanilamide. Both 
preparations were administered orally to the dogs at 
a dose of 250 mg. of sulfanilamide per kilogram of 
body weight. The results obtained with the second 
preparation were interpreted in terms of the model 
just discussed after computing per cent absorbed 
uersus time plots. The results are summarized in 
Fig. 6. As may be seen, two zero-order processes 
were in operation during absorption. The values 
of the constants and material balance are sum- 
marized in Table I. 


In a study in which 200-mg. doses of lincomycin 
were injected intramuFularly, data (7) were ob- 
tained which could be interpreted as consistent with 
M A 1  3 of the Appendix. Nearly 70% of the dose 
was absorbed rapidly, comparable to a rapid intra- 


8 Actually, in the usual medid experiment thelonding dose 
is less than or greater than h/K, and the constant rate UI- 
fusion is continued until the measured blood level becomes 
apparently comtant. 
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administration of a sustained-release suspension of 
this substance have been interpreted in terms of this 
model. 


Per cent absorbed versus time values were calcu- 
lated using Eq. 1. When plotted (Fig. 8). it ap- 
peared that the line connecting the points might be 
one delineating a cumulative first-order process. 


TABLE I.-SUMMARY OF DATA FOR A CASE OF 
ABSORPTION AND ELIMINATION CONFORMING TO 


Model 2 


Clock Time % of Dose Total '% 
Time, Interval, Absorbed/ of Dose 


Absorbed Hr. Hr. Hr." * * 


50 


304*.% 


- - 0 5 -  


m 


e 
z 
1 
Y 
5 
J 


e 


g 0 5 -  
z Y 


01 


t . . '  I 


-  lo^^^ I* 0 


1 -  


0 I 2 3 4 5 6 1 8  9 10 I1 
. . . . , . , . . . '  


l ly t  Im.1 


Fig. 5.-Hypothetical urinary excretion rate of 
glucose versus time. (See text regarding this curve.) 


Fig. 6.-Per cent absorbed versus time plot cal- 
culated from blood level versus time data obtained 
following the administration of sulfanilamide in 
sustained-release form (see text for reference). 
Two zero-order processes were apparently in opera- 
tion. The equation describing segment A is yo 
AT = 5.671 - 15.7, and the equation for segment 
B is % AT = 2.481 + 30.5. The arrow on the 
figure indicates the time in hours when the first 
process ceased. 


venous injection, and about 30% byafirst-orderproc- 
ess (see Fig. 7). Hence, data were fitted to  the sum of 
Eqs. 7A and 20A of the Appendix. The correlation 
between experimentally observed and theoretically 
predicted values of serum level versus time by the 
resulting equation is shown in Table 11. It will be 
seen from data in this table that the correlation was 
excellent . 


It may also be the case that drug is absorbed by 
two first-order processes operating in parallel, as 
in the scheme shown as ModeZ 4 in the Appendix. 


Data in the literature (14) on blood levels of 
sulfaethylthiadiazole as a function of time after the 


2.8-14.5 11.7 3.19 37.3 
2.8-28 25.2 2.48 62.5 


Total 99.8 


Observed Theoretically 
Time, Serum Levels, Predicted Serum 
Hr. mcg./ml. Levels, mcg./ml. 


1 
2 
4 
6 
8 
12 


3.8 
3.8 
3.0 
2.3 
1.7 
0.9 


3.5 
3.8 
2.8 
2.3 
1.7 
0.9 


Following a 200-mg. intramuscular dose. 
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FD = loo%, fs = 0.70. ko = 7%/hour (hence, 10 
hours were required t o  release all the "drug" from 
compartment A at a constant rate), $ = 0.30, k. = 
0.693 hour-', and K = 0.1386 hour-' corresponding 
to a biological half-life of 5 hours. Figure 11 is a 
plot of the per cent of drug in compartment C 


Fig. 8.-Per cent absorbed umus time plot cal- 
culated from blood level versus time data obtained 
following oral administration of sulfaethylthiadiazole 
in sustained-release form (14). The solid circles 
are values directly calculated from average serum 
levels. The line is based on the analysis shown in 
Fig. 9. 


Therefore, per cent drug unabsorbed was plotted 
u e r m  time on semilogarithmic paper. (The proce- 
dure was the same as in the preceding case.) This 
plot is shown in Fig. 9. If the diEereuces between 
line B and extrapolated line C are plotted as a func- 
tion time, another straight line, A, results. This 
could be interpreted as an indication that absorp- 
tion occurred by two parallel apparent M-order  
processes.' 


The appropriate equation to  estimate the blood 
levels of sulfaethylthiadiazole is Eq. 28A in the 
Appendix. For this particular example, the value 
FD/V = 20 mg.% was obtained by extrapolating 
a plot of A T / V  ueisas time (analogous to extrap- 
olating Fig. 8 to 100%). The other constants were 
obtained as follows: 5 = 0.334 from the intercept 
of line A and fs = 0.666 from the intercept of line 
C of Fig. 9; k, = 1.074 hr.-I from the slope of line 
A and k,' = 0.219 hr.-1 from the slope of line C of 
Fig. 9; K = 0.0928 hr.-' was obtained from data in 
the same paper (14) obtained following administra- 
tion of crystalline (noncoated) sulfaethylthiadiazole. 
Figure 10 compares the estimated blood levels 
(dotted line) with the observed blood levels (solid 
dots). The estimated blood levels agree to within 
0.3 to 5% (average 2.1%) of the observed blood 
levels. Even better agreement of estimated and ob- 
served blood levels could have been obtained with a 
computer using the blood level and time values 
themselves rather than the logarithms of the blood 
level values. 


Hypothetical Example.-A hypothetical example 
of Model 5 of the Appendix illustrates the accuracy 
of the method when absorption occurs by simul- 
taneous zero-order and first-order processes. The 
parameters chosen (Eq. 32A) were as follows: 


1 It also could be the case that two consecutive processes 
were involved. However, this was shown not to be the 
case by further mathematical analysis. 


Fig. 9.-A plot of per cent sulfaethylthiadiaz?le 
unabsorbed (logarithmic scale) versus time showing 
two components in the absorption phase. The 
open circles delineate a line described by 100 - A T  
= 66.6 exp (-0.219t) on h e a r  coordinate paper. 
The points for the line delineated by triangles were 
obtained by subtracting values given by the extrap- 
olated portion of the other line and those given by 
the line connecting the last open circle and the 100% 
value. The equation of this line on linear coordinate 
paper is described by 100 - AT = 33.4 exp (-1.074 
t ) .  The arrows on the ordinate indicate the per- 
centages not absorbed by the two parallel first-order 
process. (Additional explanation is given in the 
text.) 


oo- 
I I* I 


Fig. 10.-Agreement between theoretically pre- 
dicted sulfaethylthiadiazole blood levels and time 
(line) and experimentally observed levels (solid 
circles). The X's represent range of individual 
subject experimental values observed. Mean values 
were used to  obtain the plotted solid circles and the 
theoretical ~,nq. 
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inal graph. Both analog and digital computers 
yielded the same results. 


This model illustrates another important point. 
Even when 70% of the dose was released at a con- 
stant rate, the blood level (amount in Compartment 
C) never became flat or constant, and the cumula- 
tive excretion curve (amount in compartment D) 
never became linear. Even if the proper loading 
dose-namely, ko/K = 7%/0.1386 = 50.5%- 
had been placed in compartment B initially and the 
remaining 49.5% put in compartment A and released 
over 10 hours at a constant rate of 4.95%/hour, the 
resulting compartment C plot would be nearly, but 
not exactly, parallel to the time axis for only a short 
interval of time. 


Equations to Estimate Blood Levels.-The equa- 
tion to provide estimated blood levels at any time t 
after administration of a single dose of a drug may 
also be derived by using only the numerator of Eq. 
1 and by using Eq. 8. In this case, the total initial 
amount in compartments A and B of the models 
in the Appendix becomes F D / V  and is in the same 
concentration units as the measured blood levels. 
In this case. the per cent absorbed versus time plot 
is replaced by an A T / V  versus time plot, where 
A T / V  is in the units of the measured blood levels. 
This procedure results in considerable time saving 
since the conversion to percentages is eliminated. 


APPENDIX 


This appendix considers various models to dexribe 
drug absorption, metabolism, and excretion with 
which new data and data in the literature may be 
interpreted (in most cases). Also contained is the 
derivation of the mathematical expressions which 
describe blood, serum, or plasma level and in some 
cases, urinary excretion of drug in the models pre- 
sented. 


Model I.-The first model to be considered is 


0 5 10 I5 M 25 W 
I l * I  


Fig. 11.-Hypothetical percentages of drug in 
various compartments of distribution for a specific 
case when drug is absorbed by parallel zero and 
first-order processes. This is Model 5 of the 
Appendix. (See text under Hypothetical Example 
for explanation of curves.) 


(analogous to the blood level) and the cumulative 
amount of drug in compartment D (analogous to  
unchanged drug excreted in the urine plus metab- 
olites). The amounts remaining in compartments 
A and B at times t-namely, x,  and x b .  respectively 
-were directly calculated and used to produce the 
third line, % A T  = lOO-(x, f xb), shown in Fig. 
11. From 5 to 10 hours the latter line is essentially 
linear. However, it is not exactly linear, since a t  
5 hours 6.25% of the original 30% of the drug in 
compartment A is still there and being released a t  
a first-order rate. However, this is a relatively small 
amount compared with the 35% being released at 
a rate of 7%/hour which is in compartment B at 
the same time. By assuming linearity of the % 
AT,  t plot in the 5- to 10-hour interval, some error 
is introduced. The magnitude of this error is shown 
in Table I11 in the first row. The second row in the 
table gives the constants back-calculated from the 
compartment C data using Eq. 1; the third row 
in Table I11 gives the constants back-calculated 
from the compartment D data using Eq. 2. It may 
be seen that the new methods introduce little or 
no more error than is caused by the assumption that 
the % AT.  t plot is linear in the 5- to 10-hour period. 
These results were achieved simply with a pencil 
and paper using the trapezoidal rule to estimate the 
areas and reading the x d  values directly off the orig- 


In Model 1, A represents drug a t  an absorption site 
or in an infusion apparatus being transferred to a 
compartment C (drug in blood and the other fluids 
of distribution in apparent equilibrium) by a process 
whose rate is constant (zero-order process) and from 
which it is removed from the body by metabolism 


TABLE III.-cONSTANTS OF Model 5 BACK-CALCULATED BY VARIOUS METHODS AND THE PERCENTAGE ERROR 
OF THE CALCULATED VALUES FROM THE ACTUAL VALUES USED TO GENERATE THE MODEL CURVES 


Constant Involved - 
-100 f, %- -100 fs, 7- -h, Hr.-la- -ko, %/Hr.- 
Calcd. % Calcd. % Calcd. % Calcd. % 


Method of Calculation Value Error Value Error Value Error Value Error 
Graphically from actual X .  and 


From Xc.  t values using X c  + xb values from 5 to 10 hr. 28 -6.67 72 +2.86 0.717" +3.46 7.18 + 2.6 


K f : I : X d l  28.1 -6.33 71.9 +2.71 Notestimated 7.17 + 2.4 


From X d , t  values using 
28.2 -6.00 71.8 +2.57 Notestimated 7.19 + 2.7 


A X d  + X d  K -z- 
From actual x d ,  t values from 5 to  


10 hr., assuming excretion rate 
is constant These values indeterminate by this method 6.27 -10 


'1 kl - 2;"s loglo [w' - (lOO's - kd)]. Values of kr were calculated for l = 0.2, 0.4, 0.6, 0.8; 1. 2. 3. and 
100 f 


4 hr. then averaged. 
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and/or excretion of unchanged drug at a rate di- 
rectly proportional to the concentration present in 
compartment C (first-order process) to compart- 
ment(s) D. The quantities ko and K are the zero 
and first-order rate constants, respectively, with di- 
mensions of amount per unit time and reciprocal 
time, respectively. The rate of change of concentra- 
tion C in compartment C with time in Model 1 
will be equal to 


1401 


whereV is the apparent volume in which drug be- 
comes distributed ( i e . ,  the volume of compartment 
C). Rearranging Eq. 1A and integrating gives 


In ($ - K C )  = t + constant (Eq.2A) 


If a t  zero time no drug is absorbed, the value of the 
constant is 


1 - 


1 - In ( k o / V )  = constant (Eq. 3A) 


Inserting Eq. 3A in Eq. 2A and rearranging gives 


- K C  = -Kt (Eq. 4A) ko/ V 
In 


If Eq. 4A is raised to power of the natural logarithm 
and rearranged, the following expression results 
which gives blood, serum, or plasma concentration 
as a function of time: 


k 
K V  C = [ l  - exp ( - K t ) ]  (Eq. 5A) 


If the constant of integration in Eq. 2A is evaluated 
under the condition that a t  zero time C = C'J, 
then the expression becomes after rearranging and 
raising it to powers of the natural logarithm 


k c = -I- (" - Co) exp (-Kt) (Eq.6A) K V  KV 
If Co is selected to equal ko/K V, then Eq. 6A re- 
duces to 


c = o  k 
KV 


and blood, etc., concentration would be constant 
for as  long as drug is absorbed or introduced a t  a 
constant rate. This is the case when an appro- 
priately calculated initial loading dose is given by 
rapid intravenous injection, and drug infusion starts 
immediately at a constant rate by the intravenous 
route. 


If accumulation of unchanged drug is followed in 
compartment D, assuming that some part of the dose 
is excreted unchanged in the urine, an expression can 
be developed to describe this accumulation. Uri- 
nary excretion rate will be given by (4) 


- = kiVC dX.  
dt 


where k1 is the first-order urinary excretion rate con- 
stant. Substituting for C by its value as given in 
Eq. 5A yields 


dA = eo [l - exp ( -KQ] (Eq. 9A) dt K 


Integrating Eq. 9A gives 


+ constant klkd 
K 


klko exp ( - K t )  
x u  = - + K ,  


(Eq. 10A) 


If a t  zero time no drug has been excreted, the con- 
stant of integration has the following value: 


constant = - kiko - K' (Eq. l l A )  


InsPrting this expression in Eq. 10A and rearranging 
gives 


kikot kiko 
K K' X - -- - - [ I  - exp ( -K t ) ]  (Eq. 12A) u -  


as the expression desired. After a sufficiently 
long time (seven to ten half-lives), the term containing 
the exponential in Eq. 12A becomes negligible and 
the equation reduces to 


kikot kiko X - __ - - (Eq. 13A) 
Y -  K K 1  


and a plot of cumulative amount of unchanged drug 
excreted would become linear. 


In Eq. 13A the ratio, kl/K,  is the fraction of a 
dose,f, eventually excreted unchanged. 


Model 2.-Another model in which the drug ab- 
sorption part would conceivably be found in practice 
is 


The constants ko and K have the same meaning as 
previously. The constant, ko', is a zero-order rate 
constant for an absorption or infusion process 
which operates simultaneously with the other zero- 
order process. In Model 2 rate of change of blood, 
etc. (compartment C) concentration with time is 
given by 


d C  ko + ko' 
dt K V  


= ~ - KC (Eq. 14A) - 


By the procedure identical to that used to obtain 
Eq. bA, blood concentration as a function of time in 
Model 2 will be given by 


[ l  - exp ( - Kt)]  (Eq. 15A) ko + ko' C -  - K V  


Model 3.-It could be the case that absorption 
proceeds by a single first-order process and the situa- 
tion may be depicted as 


k s  K 
F D a t t  = 0) A + C - + D  


In Model 3, k.  is the first-order rate constant for 
the absorption process. The rate of change of blood, 
etc., concentration is given by 


- K4 - KC (Eq. 16A) dt - V 


In Eq. 16A, X. is the amount of the drug a t  the 
absorption site at any time, 1, and the other terms 
have the same meaning as previously described. 
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Equation 25A may, after substituting for X. and X b  


as given in Eq. 17A, be rearranged and integrated to  
give 


C = (constant) exp ( - K t )  + 


If the drug disappears by a first-order absorption 
process, then X. will be given by 


X. = FD exp (-k.1) (Eq. 17A) 


where D is the dose and F the fraction of i t  eventually 
absorbed by the first-order process. Inserting the 
value of X. as given above in Eq. 16A and integrating 
the resulting expression gives 


C = (constant) exp ( - Kt)  
'OFD 


V ( K T )  
[exp ( -  Kat) (Eq. 18A) 


If at zero time no drug is in the blood, the constant 
of integration has the following value 


kaFD (Eq. 19A) V( K 7) constant = - 


Inserting the value of this constant in Eq. 18A and 
rearranging the resulting expression gives 


C = -- -?- [exp ( - k.t) - exp ( - K t ) ]  F * D  k 
V K - k a  


(Eq. 20A) 


IJsing Eq. 8A, urinary excretion rate of unchanged 
drug (if any) will be described by 


dX' '  = 'lkLFD [exp (- kat) - exp ( - Kt)]  
dt K - k .  


(Eq. 21A) 


Equation 21A may be integrated to obtain 


+ constant (Eq. 32A) 


I f  a t  zero time no  drug has been excreted, the con- 
stant of integration has the following value: 


constant = - - kt FD -- (Eq. 23A) 
K - k . (  K ) 


I f  Eq. 23A is substituted in Eq. 22A and resulting 
expression rearranged, the following equation may 
be obtained: 


k1 FD x,, = ( K  - ko) [1 - exp (-k.t)l 


[ 1 - exp ( - K t ) ]  (Eq. 24A) kika FD 
( K  - ka)  


- 


Equation 24A describes cumulative amount of un- 
changed drug excreted, and again the ratio, kl/K, 
is equal to the fraction of a dose excreted in this form. 


Model 4.-Absorption may also precede by two 
parallel first-order processes as shown: 


FDf, a t  t = 0) A 


FDf8 a t  t = O }  B< 
fi + f. = 1 


In Model 4fi andf, are, respectively, the fractions of 
the dose absorbed by the indicated processes. In 
this model, drug blood, etc., level will be described 
by the following expression, where A and B are the 
two sources of drug, and k. and k.' are the first- 
order rate constants for the indicated processes. 


= 7 (kaX, + k.'Xb) - KC(Eq.25A) dl 


. .  


kaFDfi k''FDfg exp ( - k.'t) V ( K  - k.) exp (-"') + V(K - ka') 
(Eq. 26A) 


If no drug is in circulation at zero time, then the 
constant of integration has the value 


k. FDfi ka FDf. constant = - - - 
V(K - k.) V ( K  - ka') 


(Eq. 27A) 


Inserting Eq. 27A in Eq. 26A gives, on rearrange- 
ment 


[exp ( - k.'t) - exp ( - K t ) ]  1 (Eq. 28A)  


to describe blood (compartment C)  level as a func- 
tion of time. 


Model 5.-In the preceding model two first-order 
absorption processes were assumed to be in opera- 
tion simultaneously. It may also be that both a 
zero and first-order process operate simultaneously 
as shown in the following model: 


Rate of change of blood (compartment C) concen- 
tration with time in the Model 5 above is given 
by 


kn k X. :F = v + % - K C  (Eq. 29A) 


After substituting for A', in Eq. 29A. as given by Eq. 
17A, rearranging, and integrating, the following 
expression is obtained : 


C = (constant) exp ( - K t )  


+ 2 k + -- kh FDfi exp ( - k a t )  (Eq. 30A) KV V(K - k,) 


If at zero time no drug is present in the blood, the 
constant of integration in Eq. 30A has the value 


constant = - [kv + kaFDfi ] (Eq. 31A) 
V ( K  - k.) 


Substituting for the constant in Eq. 30.4 by its valuc 
as given by Eq. 31A gives 


+ {$k [ I  - exp (-Kt)] I I (Eq.32A) 


as the expression which describes blood level as a 
function of time. This equation is valid during the 


.-- . .  time zero-order absorption is occurring. 
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The derivation of the expressions given in the 
text to calculate per cent of the absorbed dose of a 
drug as a function of time begins with a material 
balance accounting for the dose absorbed a t  all 
times. This material balance is 


FD = x a + b  + x e  + x d  (Eq.33A) 


where X,+b is the amount a t  absorption site a t  any 
time, X. is the amount in the body at the same time, 
and x d  is the amount eliminated from the body also 
in the same time. Another material balance is 


A T  = xc + x d  (Eq. 34A) 


Hence, 
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Furthermore, since X ,  = VC and dX,/dt = V. 
dC/dt and since dXd/dt = KVC (loss from V is as- 
sumed to be first order), Eq. 35A may be written 


dC _ -  - V dl + KVC (Eq.36A) dA 
dt 


Integration of Eq. 36A between the limits r = O  and 
t =  T yields 


A T  = V CT + K Cdt (Eq.37A) ( JTOT) 
Integration of Eq. 36A between the limits t = O  and 
t=  co yields 


By definition, we have 


A % absorbed = k', X 100 (Eq. 39A) 


Hence, 


C T + K C Z  


%absorbed = X 100 (Eq. 40A) 


K J g  


The denominator of Eq. 4OA is the maximum or 
asymptotic value of the numerator. 


If urinary excretion of unchanged drug is followed, 
Eq. 408 may be modified. Urinary excretion rate of 
unchanged drug is given by (4): 


dXn = f V K C  
dt (Eq. 41A) 


Solving Eq. 41A for C, substituting into Eq. MA. 
and simplifying yields 


yo absorbed 


GLOSSARY 


dA/dl ,  instantaneous absorption rate (units of amounts per 


AT amount absorbed from time zero to time T (weight Units). 
A:, amount eventually absorbed, A, = F.D (weight units). 
C, the blood (serum or plasma) concentratlon (concentration 


units) assumed to  be representative of compartment C in 
the models. 


CT, the blood (serum or plasma) concentration at time T (con- 
centration units). 


V, the apparent volume of distribution (volume units). See 
Inlrodudion for dehition. 


K ,  the 6rst-orda rate constant for loss of drug from V units 
(units of reciprocal time). 


D. the dose.of drug administered (weight units). 
F, the fraction of the drug absorbed. (r.c.,.the fraction of the 


dose which reaches V). Thw is a dimensonless number and 
0 3  F Z . 1 .  


4. the fracuon of the drug reaching the circulation ( i .e . ,  V) 
which is excreted unchanged in the urine. This is a dimen- 
sionless number and 0 7 f 7 1. 


Xc, amount of unchanged drug retained in V at  a given time 
(weight units). 


Xd. amount of drug eliminated from V by all processes in a 
given time weight units). 


Xu, amount o! unchanged drug eliminated in the urine to a 


d&dt, the instantaneous rate of urinary Fxcretion of un- 
changed drug at  time t. This is the fist denvative of ,a plot 
of cumulative amount of unchanged drug excreted ~n the 
urine against time (units of weight per unit time). 


d*Xu/da ,  the rate.nf c.hange of urinary excretion rate. This is 
the second d a v a t w e  of a plot of cumulative amount of 
unchanged drug excreted in the urine against time. 


(Xu),, the amount of unchanged drug excreted in the urine in 
infinite time (weight units). 


% AT. the amount of drug absorbed to time T expressed as a 
percentage of the total amount absorbed 1i.c.. % AT = 
( A T / A d  X 1001. 


E i : t h e  area under a plot of blood (serum or plasma) 


unit time). 


'ven time (weight units) and Xu = f. Xd. 


concentration against time between time zero and time T 
(units of concentration X time). 


the area under a plot of blood (serum or plasma) 


concentration against time between time zero and infinite 
time (units of concentration X time). 


Interpretation of the Models 
A and/or B, drug in the dosage form and/or gastrointestinal 


tract or site of injection (i.c.. drug in A and/or B is unab- 
sorbed). 


C. drug in V of which blood (serum or plasma) is a part. In 
the models Cis the concentration of compartment C, whose 
volume is V. 


D, drug in the urine and/or metabolites. 
ka, a zero-order rate constant (amount/unit time). 
b and kr, 6rst-order rate constants (units of reciprocal time). 
Xa, Xb, Xc, and Xd. amounts of .drug in the compartments A. 


f i ,  that fraction of the drug absorbed which is absorbed at 


fs, that fraction of the B u g  absorbed which is absorbed slowly 


h and b', first-order absorption rate constants (units of re- 


Hence, C 0 X c / V .  


B, C ,  and D at time 1, respectwely. 


rapid rates from com artment A. 
from compartment B. 
ciprocal time). 
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Analogs of Tetrahydrofolic Acid XV 


Mode of Binding of 2,4-Diaminopyrimidines to Folic Reductase 
and Thymidylate Synthetase 


By B. R, BAKER and BENG-THONG HO 


A series of compounds related to 5-(3-anilinopro yl)-2,4-dinmino 6-methyl-4-py- 
rimidine (XIII) was synthesized and evaluated as ingbitors of dihydrofolic reductase 
and thymidylate synthetnse. Strong evidence was obtnined that both amino groups 
were binding grou s to both enzymes. Inhibition by 2-nmino-5-(3-aniLinopropyl)- 
6-methyl-4-pyrimi&nol ( Ib)  was lost with both enzymes when the 2-amino group 
was replaced by 2-dimethylamino (XXII).  When the 4-amino rou of XI11 was 
replaced by a 4-dimethylamino, a 26-fold decrease in binding to &y&folic reduc- 
m e  was observed. In  contrast, this structural change caused little change in the ex- 
tent of inhibition of thyrnidylate synthetase. robably 
binds to both enzymes (E) through an N-H + E hydrogen bond. The 4-gydroryl 
group of I6 robably binds to dihydrofolic reductase by an 0 - H c E  hydrogen bond 
of the less Rvored 4-hydroxy tautomer but to thymidylate synthetase by a 6 0  -. 
H-E hydrogen bond of the more stable 4-OX0 tautomer. Since 2,4&nmino teri 
dines bind to folic reductase 10 to fiftyfold stronger than similarly substitutec!2,4: 
diamino-5,6-dialkylpyrimidines, it is probable chat N, or NI of the teridine is an ad- 
ditional binding group. 10 contrast, 2-amino-4-hydrory-5.6-~~lpyrimidines 
bind to folic reductase about fivefold better than the corresponding 2-amino-4-hy- 
droxypteridines, an indication that neither N, nor N, of the latter is a binding group. 
It is proposed that the imidazole ring of a histidine is present in the active site of 
folic reducrnse in order to transfer a proton to one side of a pyrnzine double bond 
when bydride ion is transferred from TPNH to the other side of the double bond. 
It is also proposed that this imidazole ring forms a complex (a) with Nb or Ns of 2.4- 
diaminopteridines, (b) with a 6-phenyl or 6-beozyl group attached to a 2-amino-4- 


pyrirnidinol, or (c)  with a 5-phenyl group attacbed to a 2,4-diaminopyrirnidine. 


The 2-amino group of 16 


HE HIGH biological potency of 4-amino-4- 
Tdeoxyfolic acid (aminopterin) (XXVIII) and 
the use of this compound as an antileukemic agent 
have been known for about 15 years (1). The 
lethal effect of aminopterin (XXVIII) on 
mammalian d l s  is most probably due to its 
strong inhibition of the important enzyme, folk 
reductase, which reduces folic acid (XXIX) to its 
cofactor form, tetrahydrofolic acid (1). Some 
years later, Werkheiser (2) showed that amino- 
pterin (XXVIII) was bound to folk reductase 
10,000 times stronger than the substrate, folic 
acid (XXIX), a remarkable increase in binding 
for such a simple structural change. 


On the basis that the 2,4-diaminopteridine 
moiety of aminopterin was a much stronger base 
than the 2-amino-4-hydroxypteridine moiety of 
folk acid, Baker (3) proposxd that the greater ex- 
tent of protonation at  the %amino group of 
aminopterin could lead to increased binding to an 
anionic site on the enzyme, and such an ionic 
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bond could account for 6-7 Kcal. increase in free 
energy of binding. Zakrzewski (4) showed by 
thermodynamic studies that folate most probably 
had to be converted by the enzyme from its nor- 
mal 3-H-40~0  tautomer to the 4hydroxy 
tautomer before hydrogen binding of this group 
to the enzyme could take place. The 4-amino 
group of aminopterin already exists mainly as the 
+amino tautomer and could therefore readily 
form two hydrogen bonds with the enzyme 
through the 4-NH and 3-N groups. Since hydro- 
gen bonds have 2-5 Kcal. (5 )  of bonding energy, 
two additional hydrogen bonds in the 4-amino 
structure would give 4-10 Kcal. of free energy 
of binding, possibly within the range of the ob- 
served 6-7 Kcal. increase in free energy of bind- 
ing with aminopterin. Furthermore, Zakrzewski 
(6) observed that there was no correlation be- 
tween inhibition of folic reductase by a series of 
2,4diaminoheterocycles and their basiaty, which 
made Baker’s earlier hypothesis (3) seemingly 
untenable; however, these 2,4diamho com- 
pounds (6) had other structural changes which 
might have influenced binding in a way to negate 
correlation with basicity. Therefore, the au- 
thors felt that a further study of binding to folic 
reductase with a more closely related series of 
compounds might shed additional light on the 
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remarkably strong binding of aminopterin 
(xxvIr1). 


A previous paper (7) from this laboratory 
showed that the tetrahydrofolate analog (Ia) with 
K j  = 2 X 10” was bound to folk reductase 
stronger than the substrate, folk acid, with K ,  = 
10 X lo4. Furthermore, the simplified struc- 
ture I b  without the carboxy-L-glutamate moiety 
was still a reasonably good inhibitor of folk 
reductase with K j  = 63 X 10” (8 ) .  A further 
study (9) showed that the 2-amino group of I b  
contributed more to binding to (dihydro)folic 
reductase than the 4-hydroxyl group did, but 
binding at the 4-position was increased with a 4- 
mercapto group. The synthesis and mode of 
binding of some pyrimidyl analogs, where the 
substituents at the 2- and 4-positions of I b  have 
been varied with amino, dimethylamino, and 
hydrogen substituents, will now be reported, 
The effects of these groupings on binding of I b  
to thymidylate synthetase are also reported. 


EXPERIMENTAL 
Methods 


Analogs of type I were originally synthesized by 
reductive condensation of the Spyrimidylpropional- 
dehyde (11) with the appropriate arylarnine (7, 8). 
Therefore, the initial efforts toward synthesis of the 
2.4-diamino analog (XIII) were aimed at synthesis 
of the key intermediate, 2,4-diacetamido-6-methyl- 
5-pyrirnidylpropionaldehyde. Reaction of the 2- 
arnino-4-chloropyrimidne bearing a dioxolane 
blocked aldehyde group (IIIa) (9) with methanolic 
ammonia for 24 hours in a sealed vessel at 150’ gave 
the hydrochloride salt of VI in good yield. In the 
synthesis of I1 and related compounds it was neces- 
sary to exchange the dioxolane blocking group for 
the diethyl acetal blocking group (7, 10) before the 
aldehyde function could be regenerated; therefore, 
the 2,4-diarninopyrimidyl dioxolane (VI) was re- 
acted with alcoholic sulfuric acid. Instead of the 
expected diethylacetal (V), an air-unstable product 
was obtained that showed a bathochromic shift in 
the ultraviolet from that expected for V. It ap- 
peared that cyclization to IV had taken place, a 
compound that would be expected to be unstable to 
air and would absorb at  longer wavelength than V. 
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The availability of 2-amino-5:( 3-anilinopropyl)-6- 
methyl-4-pyrimidinethiol (VII) ( 10) suggested that 
attempts be made to replace the mercapto group by 
amino. Since the carboxymethylthio group is a 
better leaving group than the methylthio group for 
nucleophilic displacement on a pyrimidine ring ( 11 ), 
VII was reacted with chloroacetic acid in water. 
Less than 2% of the desired 4-carboxymethylthio- 
pyrimidine (IX) was formed; the major product 
was the cyclized piperidino [2,3-d] pyrimidine (X) 
formed by anchimeric displacement of the carboxy- 
methylthio group of I X  by the neighboring anilino 
group. The cyclic compound (X) had an ultraviolet 
spectrum almost identical to  that of 2-amino-4-( N- 
methylanilino)-5,6-trimethylenepyrimidine ( 12), as 
would be expected. Thus, it was apparent that 
even if the yield of IX could be increased by con- 
ducting the reaction in acid solution to protonate 
the anilino group, it would not be possible to displace 
the carboxymethylthio group of I X  with ammonia 
since the anchimeric cyclization to X would be more 
rapid. 


To  avoid cyclization of the anilino group, the N- 
acetylanilino pyrimidinethiol (VIII) (13) was re- 
acted with chloroacetic acid in boiling methanol; 
the rate of reaction was followed by the shift of 350 
mp peak of VIII to 310 mr. The reaction required 
20 hours for completion. Reaction was faster in 
water, being complete in less than 2 hours. The 
yield of XI was better (91%) in the aqueous medium 
than in methanol (45%). Unfortunately, the car- 
boxymethylthio group of XI was not a leaving group 
sufficiently strong to be displaced by ammonia below 
the decomposition temperature of XI. At 140" for 
24 hours in concentrated ammonia water, conditions 
strong enough to convert a 2-amino-4chloropyri- 
midine (HI)  to the diamine (VI). XI  was recovered 
unchanged. At higher temperature (190") conversion 
to XI1 apparently occurred along with some de- 
composition, as shown by the characteristic shift in 
ultraviolet spectrum in such a conversion (12). 
Although this route was probably successful, the 
length of the synthesis (15 steps) was considered im- 
practical, and a shorter synthesis was sought. 


Acetylation of I b  with acetic anhydride in pyridme 
at about 90" gave an 80% yield of crystalline diacetyl 
derivative (XIV). Reaction of XIV with phos- 
phorus oxychloride in benzene a t  85" seemed rapid 
(lo), but the resultant chloropyrimidine (XV) was 
difficult to  purify and may have been contaminated 
with unchanged XIV. Treatment of crude XV with 
ammonia in methanol at 140" gave XI1 as a glass 
that had the proper ultraviolet spectrum; if the 
anilino N-acetyl group had not remained intact, then 
the product could have been expected to be piperi- 
dino-pyrimidine, X, which has a quite different ultra- 
violet spectrum. Hydrolysis of the N-acetyl group 
with boiling 6 N hydrochloric acid gave a mixture 
of the desired diaminopyrimidine (XIII) and the 
starting 2-amino-4-pyrimidinol (Ib) ; these two com- 
pounds were separated without much difficulty 
by taking advantage of the stronger basicity of XIII ;  
but the over-all yield was low. Whether the I b  
arose from contamination of the chloropyrimidine 
(XV) with unchanged XIV or whether the 2,4- 
diaminopyrimidine (XIII) was partially hydrolyzed 
to Ib during the acid treatment (14) was not re- 
solved. 


This route to the diaminopyrimidine (XIII)  still 
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involved 11 steps yia 2-acetamido-4-hydroxy-6- 
methyl-5-pyrimidylpropionaldehyde (11) and Ib, and 
the over-all yield was quite low. However, the high 
potency of XI11 as an inhibitor of dihydrofolic re- 
ductase and the concomitant emergence of a facile 
three-step synthesis (15) of the N-tosyl derivative 
(XVII) of Ib suggested that the conversion of XVII 
to the diaminopyrimidine (XIII)  be investigated. 


Reaction of pure XVII with boiling phosphorus 
oxychloride required 45 minutes for completion, and 
the crystalline chloropyrimidine (XVIII) was ob- 
tained in 80% yield. Treatment of XVIII with 
methanolic ammonia a t  150" for 24 hours afforded 
the pure crystalline, blocked diaminopyrimidine 
(XVI) in 64% yield as its hydrochloride. The 
fusion of ammonium acetate with the chloro- 
pyrimidine (XVIII) at 165O-a~ described for the 
conversion of certain 2-methylthiopyrimidines to 2- 
aminopyrimidines ( 16)-mainly gave reversion to 
the pyrimidinol (XVII) in 710/, yield, and only a 6% 
yield of the diaminopyrimidine (XVI) was obtained. 
The tosyl group of XVI was smoothly removed by 
reductive cleavage with sodium in liquid ammonia 
(15) to give the desired dimminopyrimidine (XIII) in 
85y0 yield. Thus, this last synthesis of XI11 required 
only six steps, each of which proceeded in 7040% 
yield. The N-tosyl group of XVI could also be 
cleaved with 30% hydrogen bromide in acetic acid 
in the presence of phenol (15, 17) to give 82% of 
XIII. 


Reaction of the chloropyrimidine (XVIII) with 
ethanolic dimethylamine at 140" for 24 hours-the 
conditions used for conversion of XVIII to XVI- 
led to a dark brown syrup which had the ultraviolet 
spectra expected for a 2-amino-4-dimethylamino- 
pyrimidine (12); however, i t  could not be crystal- 
lized. The severity of the conditions was gradually 
reduced to  the minimum, which surprisingly was 
only 1 hour at 120". White crystalline XIXu was 
then readily isolated in 40% yield with the unex- 
pectedly low melting point of 74". Cleavage of the 
N-tosyl group of XIXu with hydrogen bromide in 
acetic acid containing phenol (15, 17) gave the di- 
methylamino pyrimidine (XIXb) in satisfactory 
yield. 


When the keto ester (XX) (15) was reacted with 
N. N-dimethylguanidine, the crystalline 2-dimethyl- 
aminopyrimidine (XXI) was obtained in only fair 
yield. Cleavage of the N-tosyl group with sodium 
and liquid ammonia afforded the desired 2-dimethyl- 
amino - 5 - (anilinopropyl) - 6 - methyl - 4 - pyrimi- 
dmol (XXII) in 81% yield. 


The final compound needed for enzymic com- 
parison was the 4-aminopyrimidine (XXVI). The 
synthesis of XXVI started with condensation of the 
keto ester (XX) (15) with thiourea in methanolic 
sodium methoxide; the crystalline 2-mercapto- 
pyrimidine (XXIII) was readily isolated in 71%. 
Desulfurization of XXIII  with sponge nickel in 
boiling 2-methoxyethanol afforded 58% of the 4- 
pyrimidmol (XXIV). Treatment of XXIV with 
phosphorus oxychloride in boiling benzene gave a 
crystalline precipitate that was the phosphate salt 
of the chloropyrimidine (XXV). Conversion of the 
phosphate salt to the free base with aqueous sodium 
bicarbonate afforded an 84% over-all yield of crystal- 
line XXV from XXIV. The chloro group of XXV 
was displaced with ammonia in methanol at 140" 
during 5 hours, giving a quantitative yield of the 
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blocked 4-aminopyrirnidine (XXVLI). Detosylation 
with sodium in liquid ammonia proceeded smoothly 
to afford the desired crystalline 4-aminopyrimidine 
(XXVI) in 76y0 yield. 


Synthesis 
Melting points were taken on a Fisher-Johns 


apparatus, and those below 230" are corrected. 
Infrared spectra were determined with a Perkin- 
Elmer 137 B spectrophotometer in KBr disk unless 
otherwise indicated ; ultraviolet spectra were deter- 
mined with a Perkin-Elmer 202 spectrophotometer. 


2,4 - Diamino - 5 - [2 - (1,3 - dioxolan - 2 - y1)- 
ethylJ-6methyl4pyrimidine (VI) Hydrochloride.- 
A mixture of 500 mg. of pure IIIb (10) and 10 ml. 
of ethanol saturated with ammonia at 0' was 
heated in a steel bomb at 1W155" for 24 hours. 
Evaporation to  dryness in vacuo left 506 mg. of 
crude crystalline product, m.p. 207-210". Re- 
crystallization from methanol-acetone gave 234 
mg. (51y0) of white crystals, m.p. 214215"; 
vmaX. 3300,3150 (NH); 1660 (C=NH+) 1625, 1520 
(NH, pyrimidine); 1100, 1040, 1015 cm.-* (ether 
C--0-C); A",",.'.' 277 mp ( e  7800); 287 mp ( c 
8100). 


And-Calcd. for C10H17CIN401: C, 46.1; H, 
6.57; N, 21.5. Found: C, 45.7; H. 6.40; N, 
21.2 


Similarly, IIIa (9) gave 65% of recrystallized 
product and was considered the method of choice 
because of the ease of obtaining pure II Ia  and the 
large losses involved in obtaining pure IIIb (10). 
2 - Amino - 4 - methyl - 8 - phenylpiperido [2,3-d] - 


pyrimidine (X).-A mixture of 100 mg. (0.364 
mrnole) of V I I  and 34 mg. (0.364 mmole) of chloro- 
acetic acid in 2 ml. of water was refluxed with 
stirring for 45 minutes. After being cooled, the 
mixture was filtered, and the insoluble crystals were 
collected on a filter; yield, 2 mg. (1.6%). Its 
ultraviolet spectra indicated its structure was 
IX, since it was close to  that described for 2-amino- 
4-methylthio-5,6-trimethylenepyrimidine ( 12) ; A:!.' 
240, 274. 318, and Gt,f3 310 mp. 


The filtrate was adjusted to  pH 12 with 10% 
sodium hydroxide. The crystalline X was collected 
on a filter and washed with water; yield, 25 mg. 
(29%). m.p. 141'; Y,,,,,~. 3320,3200 (NH); 1600.1500 


(NH,  pyrimidine, C=C); 760, 695 cm.-1 (CeHo); 
Am-, 290 ( 6  13,100), inflection centering a t  245 mp 
(C 9200); 305 ( e  12,500), inflection centering 
a t  252 mp ( 8200). 


And-Calcd. for C14HlsN4: C, 70.0; H. 6.71; 
N, 23.3. Found: C, 69.7; H, 6.70; N, 23.6. 


2 - Amino - 4 - carboxymethylthio - 5 - (N - acetyl- 
3-anilinopropyl)-6-methylpyrimidine (XI).-A mix- 
ture of 100 mg. (0.32 mmole) of VIII (13), 4 ml. of 
water, and 41 mg. (0.43 mmole) of chloroacetic 
acid was refluxed for 2 hours, then chilled and 
neutralized to pH 5. The product was collected 
on a filter and washed with water; yield, 107 mg. 
(91'%), m.p. 218-221'. Recrystallization from 
ethanol raised the melting point to 225226"; 
vmX. 3400, 3000, 2960, 2750, 2350, 1950-1860 (NH, 
NH+); 1700 (C=NH+); 1600 cm.-1 (COO-, 
pyrimidine), indicating a zwitterion structure ; XL;.' 
2 i l  ( e  10,500). shoulder at 232 mp ( c 20,600); A ~ ~ . ' . 1 3  


233 ( e  20,000), 306 mp ( E 9900). 
And-Calcd. for ClsHaN40aS: C, 57.7; H, 5.92; 


N, 15.0. Found: C, 57.7; H, 5.89; N, 14.8. 
In  boiling methanol, 22 hours were required for 


completion of the reaction, and XI was obtained 
in 45% yield. In boiling 0.1 N hydrochloric acid, 
reaction required 3 hours; X I  was obtained in 68% 
yield. 


2 - Acetamido - 5 - (N - acetyl - 3 - anilinopropy1)- 
6-methyl4pyrimidinol (XIV).-A solution of 520 
mg. (2.01 mmoles) of I b  (8) in 4 ml. of reagent 
pyridine and 2 ml. of acetic anhydride was heated in 
a bath a t  90-92' for 1 hour, then spin-evaporated in 
wcuo. The gummy residue was spin-evaporated in 
vacuo with toluene (3 X 5 ml.). Trituration of the 
residue with ethyl acetate gave 543 mg. (80%) of 
product, m.p. 127-130". Recrystallization from 
ethyl acetate afforded white crystals, m.p. 126-127"; 


(C=O, NH, pyrimidine, C=C); 69'7 cm.-l (phenyl 
CH); h:::H 242 ( 6  12,900), 294 m r  ( e  9100); 278 
( B 8100), inflection centering at 247 mp ( 10,700). 


And-Calcd. for C18HaN40~: C, 63.1; H, 6.48; 
N, 16.4. Found: C, 63.0; H. 6.49; N, 16.2. 


2 - Amino - 4 - chloro - 6 - methyl - 5 - (N- 
tosyl-3-anilinopropyl)pyrimidine (-).-A mix- 
ture of 1.075 Gm. (2.6 mmoles) of dry, recrystallized 
XVII (15) (m.p. 232-233') and 5 ml. of phos- 


DB 1.7 


vmSx. 3200, 2950 (NH, OH); 1650,1600,1570, 1530 
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phorus oxychloride was heated under a condenser 
protected from moisture in an oil bath preheated 
to 110". After 45 minutes, the solution was cooled 
and poured into 50 Gm. of crushed ice and 15 ml. 
of petroleum ether with vigorous mechanical stirring. 
The gummy precipitate gradually solidi6ed. The 
solid was ground with water, then filtered; this 
process was repeated until an aqueous washing was 
no longer acidic. After being dried over potassium 
hydroxide for 18 hours, the crude product weighed 
1.166 Gm. (10470). m.p. 158-162". Recrystalliza- 
tion from ethanol-water gave 0.892 Gm. (80%) of 
white crystals, m.p. 161-164". that were suitable 
for further transformations. Several more recrystal- 
lizations from ethanol-water gave the analytical 
sample, m.p. 166-168"; Y~.. 3450, 3300, 3170 
(NH); 1625, 1575, 1520 (NH, pyrimidine, C=C); 
1340, 1150 cm.-l (-SO1N-); gv 232, 316 mp; 
g,.'.'a 236,305 mp. 


And.-Calcd. for C;IH&IN,O& C, 58.5; H, 
5.38; N, 13.0. 
2,4 - Diamino - 6 - methyl - 5 - (N - tosyl- 3- 


anilinopropy1)pyrimidine (XVI) Hydrochloride.- 
A mixture of 240 mg. (0.557 m o l e )  of XVIII and 
15 ml. of methanol saturated with ammonia at 
0" was heated in a steel bomb in a bath at 150" for 
24 hours. The solution was clarified by filtration. 
then spin-evaporated in vacuo. The residue was 
spin-evaporated in vacuo with methanol (3 X 5 ml.), 
leaving 260 mg. (104%) of crude product, m.p. 230- 
239' dec. Recrystallization from ethanol-petroleum 
ether (b.p. 60-110") gave 160 mg. (6470) of white 
crystals, m.p. 254-257' dec.; vmu. 3350,3100 (NH); 
1660 (C=NH+); 1630, 1580 (C=C, C=N); 1350 
1160 cm.-l (-,!QN-). 


And.-Calcd. for Cg,H&NbO&: C, 56.3; H, 
5.85; N, 15.6. Found: C. 56.5; H, 5.86; N, 15.4. 


5 - (3 - Anilinopropyl) - 2,4 - diamino - 6 - methyl- 
pyrimidine (=).-Preparafion A.-To a magnet- 
ically stirred suspension of 500 mg. (1.12 mmoles) of 
XVI hydrochloride in 60 ml. of liquid ammonia was 
added sodium in small pieces until a permanent blue 
color was obtained that did not bleach in 15 minutes; 
a total of 167 mg. of sodium was required. After the 
cautious addition of 0.55 Gm. of ammonium chloride, 
the ammonia was allowed to evaporate, and the 
last traces were removed in vacuo. The residue 
was dissolved in 10 ml. of water plus 1.5 ml. of 6 N 
hydrochloric acid. The filtered solution was ad- 
justed to  pH 12 with 30% aqueous sodium hydroxide 
with cooling. The product was collected on a filter 
and washed with water; yield, 245 mg. (8570), m.p. 
180-182'. Recrystallization from ethanol-water 
gave the analytical sample, m.p. 183-184"; vmX. 
3500, 3350, 3200 (NH); 1700, 1625, 1600, 1575 
(NH, pyrimidine, C=C); 750, 690 (phenyl CH); 
no - W N -  near 1350 or 1160 crn.-l; g",' 277 
mu ( e 7200); 236 ( C  20,600), 282 mH ( e  8200); 
A::!* 237 ( 6  20,500), 288 mp ( C  10,100). 


And.-Calcd. for C1,HHloNa: C, 65.3; H, 7.44; 
N. 27.2. Found: C, 65.1; H, 7.51; N, 27.1. 


Preparation B.-A suspension of 245 mg. (0.547 
mmole) of XVI hydrochloride in 3.75 Gm. of 30% 
hydrogen bromide in acetic acid and 103 mg. of 
phenol (17) was stirred for 18 hours protected from 
moisture, then diluted with 15 ml. of anhydrous 
ether. The white hydrobromide salt was collected 
on a filter and washed with ether; yield, 247 mg., 
m.p. 253-255'. The hydrobromide salt was dis- 


Found: C, 58.3; H, 5.55; N. 12.8. 
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solved in 10 ml. of water; the solution, clarified by 
filtration, was basified to pH 12 with 30% aqueous 
sodium hydroxide. The product was collected on 
a filter and washed with water; yield, 115 mg. 
(82%), m.p. 183-184", that was identical to 
Preparation A. 


If the hydrogen bromideacetic acid to XVI ratio 
was decreased threefold, most of the XVI was re- 
covered unchanged due to  its insolubility. 


Preparation C.-A magnetically stirred mixture 
of 400 mg. (1.17 mmoles) of XIV, 4 ml. of benzene, 
and 0.4 ml. of phosphorus oxychloride was heated 
under a condenser in an oil bath preheated and 
maintained at 85". Solution was completed in 1 
minute, and the reaction was stopped after 3 minutes 
when the solution started to turn turbid; the mix- 
ture was immediately poured into a stirred solution 
of 2.6 Gm. of anhydrous sodium acetate in 10 ml. of 
water. After being stirred 10 minutes, the layers 
were separated, and the aqueous layer was ex- 
tracted with dichloromethane (5 X 5 ml.). The 
combined organic solutions, dried with magnesium 
sulfate, were spin-evaporated in vacuo. Trituration 
of the residue with a mixture of ethyl acetate and 
ether gave 220 mg. (52y0) of crude XV, m.p. 134- 
137", which was difficult to purify further. 


A mixture of 0.85 Gm. (2.36 mmoles) of XV and 
8.5 ml. of ethanol saturated with ammonia at 0" 
was heated in a steel bomb at 140-145' for 24 hours. 
Spin-evaporation in vacuo left 0.87 Gm. of crude XI1 
hydrochloride as a glassy solid; A:",l 276 mp, A',",: 
278 mp; %:.la 287 mp; these spectra were in agree- 
ment with a 2,4-diamino-5,6-dialylpyrimidine ( 12). 


A solution of 700 mg. crude XI1 hydrochloride in 
2 ml. of 6 N hydrochloric acid was refluxed for 2 
hours, then spin-evaporated in vacuo. The residue 
was a mixture of Ib and XI11 which were readily 
separated by fractional neutralization of an acid solu- 
tion; I b  separated at pH 5, a mixture of the two at 
pH 7.5, and pure XI11 at p H  13. Refractionation 
of the pH 7.5 precipitate gave additional XIII ;  
yield, 26 mg. (9%), m.p. 182-184", that  was iden- 
tical to Preparation A. 


The yield of I b  was over 50%; since the ultraviolet 
spectrum of crude XI1 did not indicate that this 
much of the 2-amino-4-hydroxypymidine deriva- 
tive was present, it  would appear that Ib arose by 
acid cleavage of XI11 (14). 


Preparation D.-A solution of 19 mg. of X I  in 4 
ml. of concentrated ammonia water was heated in a 
steel bomb at 185-195' for 20 hours. The filtered 
solution was evaporated in vacuo, leaving 10 mg. 
of a gummy yellow solid whose ultraviolet spectra 
were in agreement with structure XI1 or XIII ;  


2 - Amino - 4 - dimethylamino - 6 - methyl - 5- 
(N-tosyl+anilinopropyl)pyrimidine (ma).-A mix- 
ture of 280 mg. (0.65 mmole) of XVIII and 15 ml. 
of 20% ethanolic dimethylamine was heated in a 
steel bomb a t  120" for 1 hour. The solution was 
spin-evaporated in vacuo. Crystallization of the 
residue from aqueous ethanol gave 115 mg. (40%) 
of white crystals, m.p. 70-74'. with softening at 65". 
Recrystallization from the same solvent gave white 
crystals of unchanged melting point; Y-. 3450, 
3350. 3200 (NH); 1620, 1600, 1560-1540 (NH, 
pyrimidine, C-C); 1340, 1160 cm.-l (-SOIN-); c;*' 295 mp with an inflection a t  235 mp; gya 305 
mP. 


275 mp, 288 a. 
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TABLE I.-INHIBITION OF DIHYDROFOL~C RRDUCTASB AND THYMIDYLATB SYNTHETASE BY 
2-R1-4-R2-5-( 3-ANILI NOPROPYL)-6-METHYLPYRIMIDINES 


YDihydrofol ic  Reductasea .b- YThymidylate Synthetasebsc-. 
Inhibitor mM Inhibitor Synthetase 


Compd. Ri RZ Inhibitor hibition S u b s k e s  Inhibitor hbition Subsiratea Reductasel 
Concn. 3 . 1 ~ -  


mM 
Concn. %, 1."- 


I b' NH. OH 0 . 6 P  43 130 0.62' 50 50 0 .39  
XIIP  NH; N H ~  0.0022 50 0 37 0.80 50 63 170 
A' NH? H 0.95  50' 80 0.70' 35 
XXVII H NH, 0.14 50 23 1.0 26 210 


1 . 2  
9 . 2  


B' H OH ~ 1 . 5  0 >loo0 2.0' 26 420 <0.4  
X S I I  MezN OH 6h 0 >40o0 1.5k 0 >480 
XISb NH? NMe2 0.058 50 9 . 7  1 .3  50 100 10 


u Dih drofolic reductase from pigeon liver was prepared and assayed with 6 rm. dihydrofolate and 12 pm. TPNH in 0.05 M 
tris b u d r  at pH 7.4 as previously described (9). The technical assistance of Mrs. Rita Zielinsky with these assays IS 
acknowledged, Thymidylate synthetase from E .  colt B. was prepared and assayed with 80 pm. Z'-deoxyuridylate and 25.7 
rm. dl-tetrahydrofolate, magnesium chloride, and formaldehyde in 0.05 M t r is  buffer at pH 7.4 as previously described (9). 
d Ratio of concentrations of inhibitor to dihydrofolate giving 50% inhibition. Ratio of concentrations of inhibitor to the 
active 1-isomer of 5, 10-methylene-tetrahydrofolate giving 50% inhibition. I Ratio of inhibit0r:substrate for 50% inhibition 
of thymidylate synthetase to inhibitor: substrate for 50% inhibition of dehydrofolic reductase. 9 Enzyme data from Reference 
9. h Cell also contained 10% N,N-dimethylformamide. i Cell also contained 3% N.N-dimethylformamide. 2 In the 
przsence of 12 pm. dihydrofolate. Cell also contained 5% 2-methoxyethanol. 


Anal.-Calcd. for CUH~QN~OZS: C, 62.8; H, 6.65; 
N, 15.9. Found: C, 62.7; H, 6.59; N, 15.8. 


2 - Amino - 5 - (3 - anilinopropyl) - 4 - dimethyl- 
amino-6-methylpyrimidine (XIXb) Dihydrochlo- 
ride.-To 1.4 Gm. of 30% hydrogen bromide in 
acetic acid and 107 mg. of phenol (17) was added 250 
mg. of XIXa. After being stirred for 16 hours, the 
mixture was processed as described for XIII ,  
Preparation B. When the aqueous solution was 
basified to pH 12, a gum separated. The mixture 
was extracted with chloroform (5  X 4 ml.). The 
combined extracts were dried with magnesium 
sulfate and spin-evaporated in vacuo, leaving 145 
mg. of crude XIXb as a gum. The gum was dis- 
solved in 1 ml. of ethanol and the solution treated 
with 1 ml. of 12 N hydrochloric acid. Spin evapora- 
tion in vacwo left 150 mg. (74%) of crude XIXb di- 
hydrochloride, m.p. 144-149'. Two recrystalliza- 
tions from absolute ethanol-petroleum ether afforded 
106 mg. (52%) of white crystals, m.p. 172-176". 
which was unchanged after one more recrystalliza- 
tion. The analytical sample had umX. 3450, 3340, 
3200 (XH); 2960-2900, 2740-2660 (NH+); 1650 
(C=NH+); 1625, 1550 (C=C. C=N); 760, 690 
cm.-l(CsHs); A::&' 291 mp ( t  9800); 242 ( e  
19,700), 292 mp ( e  11.100); 302 ( e  8700). 
240 mp (shoulder, e 18,300). 


Anal.-Calcd. for C16H26Cl2N5: C, 53.6; H, 7.03 
N, 19.5. Found: C, 53.9; H, 7.16; N, 19.3. 


2 - Dimethylamino - 6 - methyl - 5 - (N - tosyl- 
J-anilinopropyl)4pyrimidinol (XXI).-A mixture of 
2.75 Gm. of crude XX (73% pure by ultraviolet 
analysis) (15), 0.90 Gm. (3.29 mmoles) of 1,l-di- 
methylguanidine sulfate, 0.36 Gm. (6.59 mmoles) 
of sodium methoxide, and 15 ml. of methanol was re- 
fluxed with magnetic stirring for 20 hours protected 
from moisture. The mixture was spin-evaporated 
in  vacuo and the residue triturated with 30 ml. 
of water; an oil separated that soon solidified. The 
crude product was collected on a filter and washed 
with water, then ethanol; yield, 1.36 Gm. (65%). 
m.p. 19i--2Ol0. Recrystallization from absolute 
ethanol gave 0.705 Gm. (34%) of pure product, m.p. 
243-245", that was unchanged on further recrystal- 
lization. The compound had vmnx. 1625, 1600, 1525 
(pyrimidine, C=C); 1340, 1160 cm.-' (-SOzN-); 
grx,' 234, 265 mp; gfS.' 230, plateau a t  290-306 
mp; 292, shoulder at 236 mp. 


Aml.-Calcd. for CzaHesNiOsS: C, 62.7; H, 6.40; 
N, 12.7. Found: C, 62.9; H, 6.60; N, 12.6. 


5 - (3 - Anilinopropyl) - 2 - dimethylamino - 6- 
rnethyl4pyrimidinol (XXU).-Treatment of 400 
mg. (0.91 mmole) of XXI with sodium (0.15 Gm.) 
in liquid ammonia, as described for the conversion of 
X VI to XIII, gave upon neutralization of the hydro- 
chloric acid solution, a solid that was collected on a 
filter, washed with water, and triturated with petro- 
leum ether; yield, 218 mg. (81%), m.p. 12G121". 
Recrystallization from petroleum ether (b.p. 60- 
110') gave white crystals, m.p. 121-122'; 
3400 (NH or OH); 1630, 1575 (pyrimidine, C=C); 
750, 690 cm.-l (aromatic CH); A",",.' 231 ( e  14,700), 
271 mp ( e  7700); A::,",' 234 ( E  26,800). inflection 
centering a t  285 mp ( e  5400); 242 ( c  23,700), 
290 mp ( e  8100). 


Anal.-Calcd. for ClaHpzN,O: C, 67.1; H, 7.74; 
N, 19.6. Found: C, 67.3; H. 7.92; N, 19.5. 


2 - Mercapto - 6 - methyl - 5 - (N - tosyl - 3- 
anilinopropyl)-I-pyrimidinol (XXIII).-To a solu- 
tion of 5.6 Gm. of crude XX (T3% pure by ultra- 
violet analysis) (15) in 30 ml. of reagent methanol 
was added 1.58 Gm. (29.2 mmoles) of sodium 
methoxide and 1.00 Gm. (13.1 mmoles) of thiourea. 
After being refluxed for 22 hours with magnetic stir- 
ring and protected from moisture, the mixture was 
spin-evaporated an vacuo. The residue was dissolved 
in 60 ml. of water and filtered from some insoluble 
by-product; acidification to about pH 4 with acetic 
acid gave 2.95 Gm. (ilyo) of product, m.p. 265-269'. 
Recrystallization from 2-methoxyethanol by addi- 
tion of water gave 2.66 Gm. (64y0) of pure product, 
m.p. 250-252'; urnax. 3050 (NH or OH); 2980-2880 
(acidic hydrogen); 1630. 1550 (pyrimidine, C=C); 
1330. 1155 cm.+ ( -S02N-); A:tx.1.7 221, 278 mp; 
A:,,"3 313, plateau a t  253-263, inflection centering a t  
235 mp. 


And-Calcd. for CziHecNiOaSq: C, 58.7; H, 5.40; 
N. 9.78. Found: C, 58.5; H, 5.35; N, 9.53. 


6 - Methyl - 5 - (N - tosyl - 3 - anilinopropyl) - 4 
pyrimidinol (xxIV).-To a solution of 1.00 Gm. 
(2.33 mmoles) of XXIII in 25 ml. of 2-methoxy- 
ethanol was added 4.5 Gm. of sponge nickel catalyst 
(Davison Co.). After being refluxed with stirring 
for 3 hours, the mixture was filtered through a Celite 
pad, then the insolubles were washed with hot 2- 
methoxyethanol (2  X 10 ml.). The combined 
filtrate and washings were spin-evaporated in  vacuo, 







Vol. 53, No. 12, December 1964 1463 


leaving 0.54 Gm. (58%) of white solid m.p. 214- 
215". Recrystallization from ethyl acetate gave 
0.35 Gm. of white crystals, m.p. 214215'; umX. 
2950-2850 (acidic hydrogen); 1640, 1600 (C=O, 
pyrimidine, C==C); 1340, 1150 cm.-1 (-S02N-); 
Gtx,'' 265, with a shoulder at 233 mp. 


Ad.-Calcd. for CuHnlNIO~S: C, 63.5; H, 5.83; 
N, 10.6. Found: C, 63.7; H,  6.91; N, 10.4. 


4 - Chloro - 6 - methyl - 5 - (N - tosyl - 3 - anilino- 
propy1)pyrimidine (XXV).-A mixture of 200 mg. 
(0.50 mmole) of XXIV, 2 ml. of benzene, and 0.2 ml. 
of phosphorus oxychldride was heated under reflux 
for 30 minutes protected from moisture in an oil 
bath preheated to 85'. Within 10 minutes, the 
phosphate salt of XXV began to separate. The 
white crystals were collected on a filter and washed 
with benzene; yield, 0.252 Gm., m.p. 155-157". 
which showed NH+ bands a t  26W2350 and 2100- 
1900 cm.? and a P -c 0 band 1290 cm.-l. 


A mixture of the phosphate salt, chloroform 
(5 ml.), and 5% aqueous sodium bicarbonate (5 ml.) 
was shaken until solution was complete. The sep- 
arated chloroform solution was washed with water, 
dried with magnesium sulfate, then spin-evaporated 
in uacuo; yield, 0.175 Gm. (84%) of white crystals, 
m.p. 124125". Recrystallization from ethanol- 
water gave white crystals of unchanged melting 
point; Y-. 1580, 1540-1520 (C=N, C=C); 
1320, 1150 cm.-I (-SOIN-). 


Anal.-Calcd. for C2rHnC1NsOzS: C, 60.6; H, 
5.33; N, 10.1. 


4 - Amino - 6 -methyl - 5 - (N - tosyl- 3 - anilino- 
propy1)pyrimidine (-).-A mixture of 465 mg. 
(1.12 mmoles) of XXV and 10 ml. of methanol 
saturated with ammonia at 0' was heated in a steel 
bomb at 140" for 5 hours. The cooled contents 
were clarified by filtration, and the solution was 
spin-evaporated in vacuo. The residual hydro- 
chloride was dissolved in 30 ml. of 25% aqueous 
acetic acid, then the solution was adjusted to pH 12 
with 30% sodium hydroxide. The product was 
collected on a filter and washed with water; yield, 
470 mg. (100%), m.p. 169-172'. Recrystallization 
from ethanol-water gave 375 mg. (85%) of product, 
m.p. 170-172'. Further recrystallization raised 
the melting point to  173-175'; vm.=. 3450, 3300, 
3180-3100 (NH); 1630, 1560 (NH, C=C, C=N); 
1330, 1150 cm.-l (-%N-). 


And.-Calcd. for G1H2,N40& C, 63.6; H, 6.10; 
N, 14.1. Found: C, 63.8; H, 6.28; N, 13.9. 


4 - Amino - 5 - (3 - anilinopropyl - 6 - methyl- 
pyrimidine (XXVI).-Reduction of 368 mg. (0.93 
mmole) of XXVII with 177 mg. of sodium in 
liquid ammonia, as described for the conversion 
of XVI to XII, gave 170 mg. (760/0) of product, 
m.p. 144-146'. Recrystallization from ethyl ace- 
tate-petroleum ether afforded 130 mg. (58%) of 
pure product as white crystals, m.p. 147-148'; 
v-. 3350,3150 (NH); 1640.1570,1540 (NH. W, 
C=N); 790, 680 an.-' (CsHo); z,.' 257 mp ( c  
12,300); z:.' 242 ( e  17,600), 272 mp (inflection, c 
8400); a?," 238 ( 6  19,800), 275 mp ( E 7600, shoulder). 


Ad.-Calcd. for CL4H18N4: C, 69.4; H, 7.49; 
N, 23.1. Found C,69.2; H, 7.32; N, 23.0. 


Found: C, 60.5; H, 5.30; N, 10.2. 


RESULTS AND DISCUSSION 


As stated in the introduction, the objective of 
this study was to shed further light on the remark- 


able increase in binding by aminopterin (XXVIII) 
and other 2,4-diaminoheterocycles to  the enzyme, 
(dihydro)folic reductase. 


The early proposal by Baker (3) that greater 
protonation of the 2-amino group of the strongly 
basic aminopterin (XXVIII) (compared to  folk 
acid, XXIX) could lead to increased binding to an 
anionic site was untenable with the later studies by 
Zakrzewski (4), who proposed that stronger binding 
could be accounted for by binding of the 4-amino 
group and the N-3 nitrogen. 


That the 4-amino group does give increased bind- 
ing is demonstrated clearly by comparing the bind- 
ing of the 4-pyrimidinol (B) with the 4-amino- 
pyrimidine (XXVII) (Table I); there is a greater 
than fiftyfold increase in binding to dihydrofolic re- 
ductase by this structural change, an indication that 
the 4-amino group binds to the enzyme. That the 
2-amino group also contributes to  binding to di- 
hydrofolic reductase is seen clearly by comparing 
the 2-amioo-4-pyrimidino1 (Ib) to  the 4-pyrimidinol 
(B) (Table I). Removal of the 2-amino group led 
to a greater than eightfold loss in binding. The 
2,4-diaminopyrimidine (XIII) binds 350-fold 
stronger than the 2-amino-4-pyrimidinol (Ib), thus 
indicating that both the 2-amino and 4-amino are 
involved in binding to the enzyme, probably by 
hydrogen bonds as proposed by Zakrzewski (4). To 
this point, Zakrzewski's explanation is satisfactory 
that (a) four hydrogen bonds exist between the 2,4- 
diaminopyrimidine moiety and the enzyme (XXX) 
and (b)  the energy change necessary to  convert the 
normal 4-0x0 tautomer (XXXII) of folic acid to the 
4-hydroxy tautomer (XXXI) leads to a net decrease 
in binding compared to  XXX. 


The first discrepancy appears when one considers 
the extent of binding of the 2-aminopyrimidine (A) 
compared to the 2,4-diaminopyrimidine (XIII) and 
the 2-amino-4pyrirnidinol (Ib) (Table I). The 
2-aminopyrimidine clearly has its N-3 nitrogen 
available for binding to the enzyme without a tauto- 
meric shift. Thus, if Zakrzewski's explanation of 
N-3 and 4-amino binding (XXX) were correct, 
then the 2-aminopyrimidine (A) with its available 
N-3 should have been bound to  the enzyme con- 
siderably stronger than the 2-amino-4-pyrimidinol 
(Ib), but not so strong as the 2.4-diaminopyrimidine 
(XIII). At least a tenfold tighter binding should 
have been seen. These results indicate that the 
N-3 of the 2,4-diaminopyrimidyl moiety does not 
bind to folic reductase as previously indicated in 
XXX. There are a number of other discrepancies 
which are not completely compatible with Zakrzew- 
ski's formulation of XXX as the mode of binding of 
the 2,4-diaminopyrimidyl moiety of aminopterin 
(XXVIII) and other 2,4diaminoheterocycles. 


To make comparisons more valid between the 
compounds in Table I and the binding of amino- 
pterin to rat liver folic reductase, the 2,4-diamino- 
pyrimidine (XIII) was measured as an inhibitor of 
this enzyme system using folic acid as substrate; 
XI11 had1 Ki = 2.4 X 10". Compared to Ib, 
which has Ki  = 6.3 X 10" in this system (8),  the 
2,4-diaminopyrimidine (XIII) binds to rat liver 
folic reductase 2600-fold more tightly than Ib; in 
contrast, aminopterine (XXVIII) binds to rat liver 


1 The authors thank Dr. W. C. Werkheiser. Roswell Pack 
Memorial Institute. for this determination on rat liver folic 
reductase. 
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folic reductase in the same assay system 100.000- 
fold more tightly than folk acid (XXIX) (2). 
Thus, a discrepancy of 100,000/2600 = 3gfold re- 
mains when one compares the pair XIII-Ib with 
the pair XXVIII-XXIX. Furthermore, compari- 
son of folic acid (XXIX, K ,  = 1 X to  the 
corresponding pyrimidyl analog (Ia, Ki = 2 X 
(8) shows that the pyrimidyl portion of folk acid 
accounts for all of the binding of its pteridine moiety. 
These discrepancies can be accounted for by some 
binding of the pyrazine portion of the 2,4-arnino- 
pteridine system in XXVIII but no binding by the 
pyrazine portion o f  the 2-amino-4-hydroxypteridine 
system of folic acid (XXIX). Support for this addi- 
tional binding point of 2.4-diaminopteridines can be 
glcaned from the literature. 


2,4-Diarnino-5-methylpteridine ( K i  = 4.7 X 
1 0 - 7 )  binds sixtyfold tighter than 2,4-diamino-5,6- 
diinethylpyrimidine (K. = 2.8 X 


(b) .4minopterin (XXVIII) binds to  folw re- 
ductase 10-to 100-fold stronger than its tetrahydro- 
quinazoline analog (XXXIII) (18), whereas the 
tetrahydroquinazoline analog (XXXIV) (19) of 
folk acid binds five times stronger than folk acid 
( S X I S )  (20). 


( c )  5-(p-Chlorophenyl)-2,4-diamino-6-ethylpy- 
rimidine (A7, = 7 X 10- O ) '  binds much stronger than 
~,l-diamiiio-ti-iiiethylpyrimidine (K. = 2.6 X 
(4), an indication that the chlorophenyl group is an 
additional binding point (8). 


( d )  ~-Ainino-5-(3-anilinopropyl)-4-pyrimidinol 


(u) 


(4). 


XXXVI 
with a 6-phenyl or 6-benzyl substituent has Ki = 
1.8 X 10- and 4.0 X lo-, respectively (15), com- 
pared to the 6-methyl substituent ( Ib )  with Kr = 
6.3 X (8). These data indicate that the 6- 
phenyl or 6-benzyl group have an additional point 
of binding to folk reductase. 


I t  is probable that the extra binding point needed 
for (a)-(d) is the same, providing this binding point 
is a locus of fairly broad dimensions (21). A logical 
possibility for this locus can be surmised when one 
considers what is known about the mechanism of 
some dehydrogenases (or hydrogenases if the re- 
action is a reduction). 


In lactic dehydrogenase, where pyruvate is re- 
duced by DPNH to lactate, i t  has been reasonably 
well established that the imidazole ring of a histidine 
is present at the active site (22). The imidazole 
in its protonated form not only acts as a proton 
donor during the reduction, but also is probably a 
binding point for the ketone oxygen atom (23). 
This has been represented diagrammatically by 
XXXVII (24), and the mechanism of reduction 
proceeds through the transition state, XXXVIII, 
to the products XXXIX. If the reaction is reversi- 
ble, the electron flow shown in XXXIX will return 
the components to the transition state, XXXVIII. 
It is logical to  assume that all enzymic hydrogenases 
and dehydrogenases would have an imidazole group 
at the active site as a proton donor or acceptor, thus 
resulting in a more facile reaction than if the sub- 
strate had to pick up a proton from the solvent. 
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Therefore, it is logical to invoke the presence of an 
imidazole ring in the active site of folic reductase to 
aid in the reduction of the double bonds of the 
pyrazine ring. Molecular models show that the 
imidazole can be juxtapositioned more or less face- 
to-face with the pyrazine ring so that in one form 
(XL) the imidazole proton could easily be trans- 
ferred to the 7- or 8-position of the pteridine; in the 
other form (XLII) a proton could easily be trans- 
ferred to the 6- or 5-pOsitiOn of the pteridine, thus 
accounting for any possible structure for the inter- 
mediate dihydrofolate. The TPNH for hydride 
transfer can be juxtapositioned on the opposite 
side of the pteridine from the imidamle so that it 
can readily transfer a hydride anion to either CS or 
CT of the pteridine. 


The supposed presence of the imidazole ring at 
the active site of folic reductase juxtapositioned face- 
to-face with the pyrazine moiety will now allow 
explanation of the binding discrepancies ( a H d ;  
cited earlier. Aminopterin, which is about lo00 
times more basic than folk acid (6), could bind at 
either N-8 (XLI) or N-5 (XLIII) with the acidic 
NH group of the imidazole to  give a quasi-ionic 
bond. Even though N-5 or N-8 may not be the 
first point of protonation in free solution (6), when 
aminopterin is complexed with the enzyme the 
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juxtapositioning of the imidazole NH to N-5 or N-8 
could certainly protonate one of these two groups 
first. Hydroxylation of the pteridine, as in folk 
acid (XXVIII), decreases basicity of the ring sys- 
tem by 1000-fold, which would be sufficient to 
negate appreciable binding to the imidazole of the 
type indicated in XI, and XLIT. 


The extra point of binding of certain 6-phenyl and 
6-benzyl pyrimidines (15) can be depicted as a 
charge-transfer complex between the imidazole and 
the benzene ring where the latter is an electron donor 
(XLIV). Studies on the mode of binding of the 
6-phenyl group are so far in agreement with this 
concept (24). The binding of the phenyl group of 
the 5-phenylpyrimidines can also be depicted as a 
charge-transfer complex of either the s-type (XLV) 
or the n-type. 


Whether an imidazole is in the juxtaposition at the 
active site of folk reductase as depicted (XL-XLV) 
is being vigorously pursued in this laboratory by 
construction of the proper type of active-site- 
directed irreversible inhibitor that could label the 
imidazole (25, 26). 


The relatively tight fit of the 2,4diaminopyrimidyl 
moiety to folic reductase, as depicted by Zakrzewski 
in structure XXX (4) but modified as in structure 
XXXV, was studied by synthesis and enzymic 


H" I 


XXXIX 


R .,H 


XI,II, R = OH 
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(a) The 2-amino group apparently binds to 
both enzymes by an N-H + E bond, and binding is 
considerably decreased if the 2-amino group is con- 
verted to  a 2-dimethylamino group. 


The 4-hydroxyl group binds to dihydrofolic 
reductase by an 0 - H  + E bond but to thymidylate 
synthetase by an = 0: + H-E bond of the 4-0Xo 
tautomer. As a result, conversion of the 4-hydroxyl 
group to a 4-amino group (XIII) causes a 350-fold 
increase in binding to  dihydrofolic reductase, but 
no  increase in binding to thymidylate synthetase. 


A 6-phenyl group, instead of the 0-methyl 
group on Ib, causes a thirtyfold increase in binding 
to dihydrofolic reductase-presumably by binding 
to  an imidazole on the protein surface-but gives no 
change in binding to thymidylate synthetase (15). 


The binding of the anilino moiety to di- 
hydrofolic reductase is presumably through a charge- 
transfer complex and is readily influenced by change 
in the electronegativity of the benzene ring; this 
influence on binding to  thymidylate synthetase is 
much less pronounced (13). 


The bridge length between the pyrimidyl 
and anilino moieties of Ib is more restrictive on dihy- 
drofolic reductase than on thyrnidylate synthetase, 
ie., the locus on thymidylate synthetase binding the 
anilino group seems to have larger dimensions than 
the locus on dihydrofolic reductase (27). As a re- 
sult, compounds more selective on thymidylate 
synthetase have been obtained (27). 


Studies to obtain greater selectivity of inhibition 
of thymidylate synthetase than dihydrofolic re- 
ductase and vice versa, dependent upon the differ- 
ences cited above, are continuing. 


( b )  


( c )  


( d )  


(e) 


evaluatioii of the 2-dimethylaminopyrimidine 
(XXII)  and the 4-dimethylaminopyrimidine 
(XIXb). A greater than thirtyfold loss in binding 
occurred with the 2-dimethylamino-4-pyrimidinol 
( X X  I I ) compared to the 2-amino-4-pyrimidinol 
( I b )  (Table I). This loss in binding can be attrib- 
uted either to steric hindrance to  binding by the 
two bulky methyl groups or the loss of the necessary 
NH for hydrogen bonding or both. 


The 2-amino-4-dimethylaminopyrimidine (XIXb) 
suffered a 26-fold loss in binding compared to the 
2,4-diaminopyrimidine (XXVIl) (Table I). Ac- 
tually, one could have expected a greater loss in 
binding since X IXb still binds eightfold stronger 
than the 2-aminopyriniidine (A), which does not 
have a substituent a t  the 4-position. These results 
indicate that there is no steric hindrance to  bind- 
ing created by the two bulky methyl groups, but 
that the 4-NH group necessary for binding is no 
longer present. That the 2-amino-4-dimethyl- 
arninopyrimidine (XIXb) binds eightfold stronger 
than the 2-aminopyritnidine (A) suggests that the 
dimethylamino group causes the N-1 and G-NH to 
bind more tightly due to the increased basicity in the 
diniethylamino system. 


Although the compounds in Table I were syn- 
thesized to study the mode of binding of 2,4-di- 
aminopyrimidines to dihydrofolic reductase, the 
fact that Ib was also an inhibitor of thymidylate 
synthetase suggested that these compounds also 
be investigated as inhibitors of thymidylate syn- 
thetase for what information could be gleaned on 
the mode of binding of the 2-amino-4-pyrimidinol 
moiety to this enzyme. 


In a previous paper (9) it was observed that both 
the 2-amino group and 4-hydroxyl (or 4-0x0) group 
contributed to binding to thymidylate synthetase 
and that the 4-hydroxyl contributed to binding to the 
latter enzyme relatively more than to dihydrofolic 
reductase. The results shown in Table I are com- 
patible with the binding depicted in XLVI. The 
2,4-diaminopyrimidine (XIII) has about the same 
amount of binding as the 2-amino-4-pyrimidinol (Ib). 
This indicates that the 4-OX0 group of I6 (depicted 
in XLVI) binds equally as well as the N: -t H-E 
bond depicted in XLVII. Thus, the 3-NH of XLVI 
and the 3-N of XLVII are not likely to be binding 
points. Furthermore, the 2-amino-4-dimethyl- 
aminopyrimidine (XIXb) binds almost as well as  
the 2,4-diaminopyrimidine (XIII). Therefore, (a) 
the 4-NH of XI11 cannot be a binding point, ( b )  the 
two bulky methyl groups are tolerated, and (c) the 
mode of binding of XI11 and XIXb a t  the 4-position 
is most probably via an N: -. H-E bond, as depicted 
in XLVII. 


In contrast, the 2-dimethylamino-4-pyimidinol 
( S S I I )  shows a greater than ninefold loss in bind- 
ing compared to the 2-amino-4-pyrimidinol (Ib) .  
These results indicate that either the loss of the 
2-N-H destroys the N-H + E type of binding de- 
picted in S L Y 1  or there is no room for the two 
bulky methyl group or both. 


.4lthough 2-amino-5-(3-anilinopropyl)-6-methyl- 
4-pyrimidinol ( I h )  can .inhibit both thymidylate 
synthetase and dihydrofolic reductase, being slightly 
more effective on the former enzyme, the mode of 
binding of I h  to  the two enzymes is different; the 
differenccs and similarities are summarized as  
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in the same tablet of magnesium carbonate and 
dihydroxyaluminum glycinate with a buffer action 
at about pH 4.5 (3) do not markedly decrease 
aspirin absorption as shown in the dissolved aspirin 
test and by buffer adjustment of intragastric pH. 
Indeed, this pH of 4.5 may represent an optimum 
between high pH values which increase the rate of 
dissolution and low pH values which increase the 
rate of gastric absorption. 


A comparison of the data in this study for aspirin 
solutions to previous data for aspirin tablets (10) 
showed that plasma SAL levels are 6.5 times higher 
at 10 minutes, 4.3 times a t  20 minutes, and 3.3 
tinies at 30 minutes. The ratios are much less 
for buffered aspirin solutions-2.7 at 10 minutes, 
1.9 a t  20 minutes, and 1.6 at 30 minutes. The 
essential difference between these two solutions is 
one of acidity. Aspirin in solution a t  this concen- 
tration gives a pH of about 3.0; whereas, when 
combined with magnesium carbonate and dihydroxy- 
aluminum glycinate. the pH is 4.6. I t  was this 
difference in absorption of two aspirin solutions 
differing mainly in pH that prompted the last 
portion of the investigation with buffer adjustment 
of intragastric acidity. 


The pKa of salicylic acid is 3.0 and that of 
acetylsalicylic acid is 3.5. According to  a pH 
partition hypothesis for drug absorption (21). the 
rate of salicylate absorption from the solute state 
into the systemic circulation is dependent upon the 
concentration of unionized, lipid soluble molecules 
which increase at lower pH values. Schanker (22) 
showed that absorption of salicylates was more 
rapid from 0.1 N HCI than from bicarbonate 
solution in the rat, using ligation to  assure gastric 
absorption. The tests of this hypothesis in dogs 
and in humans in this study generally agree with 
the idea that absorption is greater at lower pH 
values. However, in the human study and in 
some of the dog patterns, a second peak of ab- 
sorption appears near neutrality. The optimum 
pH for absorption in this experiment was about 
pH 3.5 to 5.0 for dogs and 3.0 to 4.0 for humans. 
Owing to  difficulties of dissolving aspirin at low pH 
values it cannot be said that the lower pH values 
represent the true lower limit of maximal absorption 
rates. Rubin, ct al. (23). claimed that the amounts 
of antacid buffers included in buffered aspirin tablets 
were unable to alter gastric pH significantly. 
These results suggest that the environmental 
pH conferred upon aspirin particles by the presence 
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A series of eight alkylaminoethanol esters ofp-ethoxybenzoic acid were examined for 
local anesthetic activity on the rabbit cornea and frog sciatic nerve, for acute toxicity 
in  mice, for irritancy o n  the rabbit cornea and by the trypan blue test in rabbits, and 
for their spasmolytic activity on the isolated rabbit ileum. I n  general, sciatic nerve 
block was hastened, irritancy was increased, acute toxicity increased, and duration 
of topical anesthesia decreased as the alkylamino portion of the molecule was en- 


larged. 


HE SYNTHESIS and pharmacology of methyl- 
benzyl monoethanolamine paraethoxybenzo- 
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ate  hydrochloride was previously reported by 
Millikan and Feurt ( 1). Although this compound 
appeared to have adequate spasmolytic and local 
anesthetic activities, its irritant properties were 
too pronounced for its acceptance as an injectable 
drug. The present work cons.itutes a study of 
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was then placed on top of the nerves in juxtaposition 
to the first pledget to prevent the nerves from 
contacting cut muscle surfaces and to  insure contact 
of the anesthetic on their circumference. Four 
to eight observations a t  each of four concentrations 
spaced a t  0.3-logarithmic intervals were made for 
each compound. The potency of the anesthetics 
was determined from time of onset of anesthesia/log 
concentration of anesthetic curves and was reported 
as the concentration of anesthetic necessary to 
suppress reflex withdrawal in response to  a pinch 
stimulus applied to the foot in 10 minutes (AC,o). 


Irritancy.-The local tissue irritant properties of 
these compounds were estimated following the 
intradermal injection into the clipped abdominal 
skin of rabbits. The solutions were made iso- 
osmotic with sodium chloride. A minimum of three 
concentrations of each compound spaced at 0.3- 
logarithmic intervals were used and each concentra- 
tion was injected into six rabbits. The relative 
degree of irritation was estimated from the amount 
of local extravasation of intravenously administered 
trypan blue (7) and reported as the concentration 
resulting in an irritant score of four (threshold 
irritant Concentration,) (4). 


Antispasmodic Activity.-The in vitro antispas- 
modic activity was determined by the ability of the 
drugs to overcome the spasmogenic action of 
acetylcholine on the isolated rabbit ileum (8). 
Each segment of ileum was used for no more than 
six tests. A minimum of three concentrations 
(spaced a t  intervals of 0.3 log) were used for each 
compound; five to eight tests on different ilea were 
used for each concentration. 


Molar Procaine Ratios.-Molar procaine ratios 
of the results obtained in all of the above tests were 
calculated by dividing the mean response to thc 
experimental compound into the mean response to 
procaine, thus giving the ratio of activity of the 
compound to that of procaine (9). All molar con- 
centrations and procaine ratios are calculated on 
the basis of the hydrochloride of the compounds. 


Correlation Coefficients.-r Values were obtained 
on standard I.B.M. electronic data processing equip- 


structure-activity relationships of a series of 
compounds of this general type (2). 


EXPERIMENTAL 


Acute Toxicity.-Aqueous unbuffered solutions of 
each compound were administered intraperitoneally 
into randomly selected adult female albino Webster 
strain Swiss mice weighing 22 f 4 Gm. The doses 
were spaced at 0.04 logarithmic intervals, and the 
volume of solution was maintained between 0.16 and 
1.3 ml. Four to seven groups of ten mice were used 
for each LDm determination. The LDw and its 
standard error were calculated from the percentage 
of deaths occurring within 24 hours by the method 
of Miller and Tainter (3). 


Topical Anesthesia.-The surface anesthetic activ- 
ity was determined by the ability of each compound 
to cause loss of wink reflex when applied to the cor- 
nea of albino rabbits using a method similar to that 
described by Luduena and Hoppe (4). Three to 
five concentrations of each of the aqueous un- 
buffered solutions spaced at  0.3 logarithmic intervals 
were applied to the cornea of five to 11 rabbits 
each. The concentration of anesthetic necessary to 
produce corneal anesthesia for 10 minutes was 
estimated from dose-response curves according to 
the method of Luduena and Hoppe (5) and reported 
as threshold anesthetic concentrationlo (TAClo). 


Conduction Anesthesia.-The ability of these 
compounds to suppress nervous conduction through 
the frog sciatic nerve was determined on the grass 
frog Ram pipiens by a modification of the method 
of Rider (6). To avoid excessive trauma due to 
removing the viscera and to avoid the possibility of 
dilution of the anesthetic solution by blood and 
tissue fluids, the sciatic nerves were exposed by 
carefully dissecting the caudal portions of the 
urostyle. This bone needed only to be lifted to 
expose the sciatic nerves, its section from the upper 
vertebral column being unnecessary. The local 
anesthetic solution was then applied to pledgets of 
cotton carefully placed beneath both nerves. An- 
other pledget saturated with the anesthetic solution 


TABLE I.-cHEMICAL STRUCTURE AND LOCAL ANESTHETIC ACTIVITY OF ALKYLAMINO ETHANOL ESTERS OF 
PARAETHOXYBENZOATE HCI 


0 
H 


I 
R3 


Local Anesthetic Activity - 
Rabbit 
Cornea. Frog Sciatic 


Threshold Molar Nerve, Molar 


Compd. KO. RI RZ Ri Concn.io m M  Ratio Concn.io mM Ratio 
--+ubstituent Group- -  Anesthetic Procaine Anesthetic Procaine 


I CHx H H 13.87 1.3 34.32 0.6 
11 C2H6 H H 17.18 1.1 26.57 0.8 


I11 is0 CsH7 H H 18.78 I .o 21.45 1.0 
IV is0 CIHp H H 8.95 2 .0  24.04 0.9 
V CiHp H H 25.86 0 .7  7.96 2.7 


VII CHs CH, CHs 49.02 0.4 34.77 0.6 


VIII D C H - n  CHJ H 43.18 0 .4  49.76 0 . 4  


Procaine HCI 17.96 1.0 21.19 1.0 


VI QCH7 H H 36.65 0 . 5  9.65 2 .2  
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PARAETHOXYBENZOIC ACID 
TABLE I  TO TO XI CITY, IRRITANCY, AND .4NTISPASMODIC ACTIVITY OF ALKYLAMINO ETHAKOL ESTERS OF 


Irritancy (Trypan Blue Test) -1ntraperitoneal Toxicity in Mice----- -Antispasmodic Activity- 
Threshold Molar Molar Molar 


Compd. No. Concn.4 mM Ratio mg./Kg. mM/Kg. Ratio ECsomM Ratio 
Irritant Procaine LDla f S.E. LDsn Procaine Procaine 


I 38.5 4 . 9 5  319 f 20 1.229 0 . 6 0  0 . 2 0  0.54 
I1 35.1 5 . 4 3  270 f 10 0.987 0 .75  0 .39  0 .28  


111 31.6 6 . 0 3  229 f 7 0,796 0.93 0.26 0.42 
I v 29 .5  6 .46  285 f 6 0 .945  0 . 7 8  0 . 2 4  0 . 4 6  


16.6 11.48 239 f 1 0  0 .792 0.93 0.14 0.76 
. . .  272 f 11  0 .  810 0 .91  0.14 0 .79  


V 
YI 


VI I 46 .9  4 .06  354 f 8 1.231 0 . 6 0  0 .25  0 .44  
. . .  VIII  17.27 11 .M 627 f 27 1. 793 0 . 4 1  


Procaine 190.6 1 .[I 202 f 5 0.740 1 .o 0.11 1 . 0  


Compounds too insoluble to acquire data for these test?.. 


ment using the statistic Y = Sx,xz/d ( S ~ I ~ ) ( S ~ ~ ' ~ )  
with levels of significance determined using n-2 
degrees of freedom (10). 


RESULTS A N D  DISCUSSION 


The chemical structures and physical properties o f  
the compounds included in this series were rep0rtc.d 
by Millikan and Wade (3). The pharniacologicd 
activities are summarized in Tables I and 11. The 
following structural-activity relationships appear 70 
hold for the secondary amines of this series in which 
K, was varied. These compounds will subsequently 
he referred to as the homologous series. 


The degree of irritancy as measured by the tryp:m 
blue test increased as the weight of the alkylamino 
substitution increased ( Y  = 0.8921; p < 5%)). 
These data strongly suggest that  there exists :in 
inverse relationship between duration of corneal 
anesthesia and irritancy, since those compounds 
producing longer anesthetic activity on the cornea 
were least irritant ( r  = 0.8966; p < 5 % ) .  Since 
irritation of the cornea increases lacrimation, it 
is possible that  the decreased duration of action on 
the cornea is merely a reflection of the speed at which 
the anesthetic was washed out of the cornea. I t  
appears also that the irritating qualities of these 
compounds were directly proportional to the spc,ed 
of onset of action in the frog sciatic nerve (r  = 
0.92&3; p < 5%), and to their surface activity ( r  = 
0.9391; p < 5?:,). This would indicate that  
anesthetic compounds having the ability to  lower 
surface tension would have greater penetrability 
through the nerve sheath. Luduena, et al. ( I l ) ,  
found a highly significant positive correlation be- 
tween surface activity and irritancy and postulated 
that the irritancy as measured by the trypan blue 
method might be due to a mechanism related to  
surface activity or t o  molecular interaction with 
protein receptors. Menkin (12) states, howe-ier. 
that  tissue injury resulting from irritation causes 
leukotaxine to be liberated which results in increased 
capillary permeability and, in this test, increased 
estravasation of trypan blue. 


Although secondary amines are generally con- 
sidered more toxic and irritating than tertiary 
amines (13), it appears from this work that  even 
tertiary nitrogen compounds having large alkyl 
substitutions on the nitrogen are highly irrit.Int. 
.Although the conipound showing the least de::ree 
of irritancy by this test is a tertiary nitrogen com- 
pound. i t  does not approach procaine in this desire- 
able quality. 


As the lipophilic alkylamino portion of the 
secondary amines of the homologous series increased, 
the resulting compounds became more potent in 
inducing sciatic nerve blockade ( I  = 0.8463; p < 
5%) but tended t o  produce corneal anesthesia of a 
shorter duration (I = 0.7555). This finding in- 
dicates that  lipoid solubility is relatively inore 
important in the production of conduction block of 
intact sheathed nerves than i t  is in inducing blockade 
of the free nerve endings of the cornea. Ludu- 
ena, Hoppe, and others (4,  5, 9, 11)  in testing homol- 
ogous series of local anesthetic compounds have 
repeatedly shown the positive correlation that  exists 
between local anesthetic activity, toxicity, and 
irritancy with the length of the lipophilic side 
chain. Shaumann (15) concluded that  there was a 
close relationship between conduction anesthesia 
and systemic toxicity but not between the latter and 
topical anesthesia. 


Duration of anesthesia of secondary amino com- 
pounds is generally longer than the corresponding 
tertiary amines (13). These data confirm this since 
the concentration of anesthetic required to maintain 
corneal anesthesia 10 minutes in the rabbit was 
highest with the two tertiary ainines of this series. 
The branched propanol derivative appears to be 
relatively less active in anesthetic potency than the 
ethanol derivatives. Suter (13) ;tlso refers t o  this 
relationship in local anesthetic compounds. 


From the data  acquired in these tests it appears 
that  tertiary nitrogen coinpounds of this type are 
acutely less toxic than secondary amines (Table I). 
Although not statistically significant, there was a 
strong positive correlation between the systemic 
toxicity of the homologous secondary amines and 
the length of their alkylamino substituent ( I  = 
0.7567). This finding agrees with previous reports 
(4, 5, 13). 


No significant correlation appeared between 
molecular weight or other findings with the in d r o  
antispasmodic activities of these compounds. No 
compound of this series was o f  equal potency to  
procaine in this spasmolytic effect. 
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Chemical Reactivity of Models 
Proposed CO2-Biotin Enzyme 


Related to a 
Complex I1 


By HOWARD J. SCHAEFFER a n d  PARMATMA S. BHARGAVA 


In order to gain more information about the mechanism by which biotin may func- 
tion in biochemical carboxylations, a study of model compounds which are related 
to a roposed C02-biotin-enzyme complex was undertaken. The model com- 
pounis which were employed were the N-arylcarbamyl-2-imidazolidones and the 
N-alkyloxycarbonyl-24midazolidones. It has been shown that the carbonyl group 
of the model compounds is transferred to an attacking nucleophilic reagent. The 


significance of these reactions is discussed. 


IOTIN HAS BEEN the subject of numerous 
studies in which attempts were made to de- 


termine the biochemical functions of this vitamin; 
i t  has been observed that one of the actions of 
biotin is in biochemical carboxylation reactions. 
In the biosynthesis of fatty acids, i t  has been 
shown that a biotincontaining enzyme is in- 
volved in the carboxylation of acetyl CoA to 
malonyl CoA ( 1 ) .  Studies of fatty acid synthesis 
in certain cell-free extracts have demonstrated 
that carbon dioxide is activated by a biotin- 
containing enzyme and that the activated COz- 
biotin enzyme complex acts as the carboxylating 
reagent @). In addition, biotin is necessary for 
the biosynthesis of purines since i t  has been ob- 
served (3) that biotin is required in the carboxyla- 
tion of 5-aminoimidazole ribotide to 5-amino- 
imidazole-4-carboxylic acid ribotide, which after 
several further reactions is converted into 
inosinic acid. 


A theory on the mechanism of biotin action 
has been proposed by Lynen and his co-workers 
from work on 8-methylcrotonyl CoA carboxylase 
(2). These investigators found that this enzyme 
could not only carboxylate 8-methylcrotonyl 
CoA but in addition could utilize free D-biotin 
as a substrate to give an unstable carboxybiotin. 
The unstable product was not isolated but after 
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treatment with diazomethane gave the methyl 
ester of N-carbomethoxybiotin (I) (4). This 
result has led to the suggestion that the chemical 
structure of the COz-biotin enzyme complex 
may be represented by 11. 


0 0  
II 


CH,oc-N& 


k$ (CH2)4COOCH3 


I 


( $ 3  0- -N N 


LL (CH&-CONH -protein 
I1 


Recently, Wakil and Waite have presented 
evidence that for acetyl CoA carboxylase the 
uriedo carbonyl group of the enzyme-bound 
biotin is the active carbon and that it is involved 
in the carboxylation reactions ( 5 ,  6 ) .  For ex- 
ample, it was found that in the presence of adeno- 
sine triphosphate and MnZ+, acetyl CoA carboxy- 
lase incorporated C14-bicarbonate to form a 
Cl4O2-biotin enzyme complex. Hydrolysis of 
this complex gave free CL4-biotin in which the 
carbon-14 was located in the ureido carbon atom 
(5, 6). In addition, it was also shown that 
growth of Lactobacillus arabinosus on limiting 
amounts of ureido-C14-biotin resulted in the loss 
of most of the radioactivity from the biotin. 
Although this data is in conflict with that of 
Melville, Pierce, and Partridge (7), it was shown 
that the previous investigators had employed 
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contact with the plate. The colors fade consider- 
ablyif theplate is allowed to cooland absorb moisture 
from the air. The color development will be poor 
if the spraying is delayed more than 30 minutes 
after removing the plate from the solvent system, 
even though the plate is kept warm. 


mixture of 1% ceric ammonium sulfate in 85% 
phosphoric acid. If the color reagent is diluted 
with an equal volume of water, i t  is more conven- 
iently sprayed; however, more than one spraying 
may be required with the diluted reagent to obtain 
sharp and stable colored zones. Table I1 shows 
the  colors obtained, the ultraviolet characteristics, 
and the R, values of the alkaloids in the two systems REFERENCES 
dcsiccatot discussed above. 


Some precautions have been necessary to obtain 
the best results. The plates should be oven- 
dried a t  105' for a t  least 30 minutes before using 
them. The dried plates may be stored for weeks 
in a suitable desiccator without noticeable effects 
on their performance. Color development is best 
if the plates are heated to  100' immediately after 
they are removed from the chamber and are kept 
warm for at least 5 minutes before spraying them. 
As mentioned above, the diluted color reagent is 
the best for the detection purposes in spite of the 
necessity of repeated sprayings. The colors are 
quite stable overnight if the plate is kept warm 
(90-100°) and no moisture is allowed to  come into 


( 1 )  Cone. J. N., Miller, R. ,  and Neuss, N.,  THIS JOURNAL, 


(2) Gorman, M.,  Neuss, N.. Svoboda. G. H.. Barnes, 


(3) Gorman, M., Neuss, N . ,  and Svoboda, G. H.,  J .  


(4) Gorman, M., Neuss, N., and Biemann. K., ibid.. 


52. 688 (1963). 


A. J.. Jr., and Cone, N. J., ibid. ,  48. 256(1959). 


Am. Chem. Soc., 81. 4745(1969). 


84, 1066(1962). 


Vlantrs. J.. Cancer Res., 20 (7), 1016(1960). 


G.. and Beer,'C. T., J .  Am. ?he;. Soc., 81,'4754(1d59). 


N. J.. rbsd.. 64. 1509flQ62). 


(5 )  Jakovljevic, I. M.. T m s  JOURNAL, 51. 187(1962). 
(6, Johnson, I. S.. Wright. R. F., Svoboda. G. H.. and 


(7) Neuss N., Gorman M. Svoboda G. H. Maciak. 


(8),Neuss. N.. Gorman. M., Boaz. H. E.. and Cone, 


i. H., +-mannM.,Neuss, N.. and Barnes, -(9) Svoboda. G 
A. J. Jr. TEISJOUXNAL Ju 4Utl(lW(II). 


Neuss. N..  THIS JOURNAL. 51, 707 ''non' 


(Id) S;oboda, G. H., ho;dia, 24, 173(1961). 
(11) Svoboda, G. H., Johnson, I .  S . ,  Gorman. M., and 


(12) Svoboda. C. H., ibid.. 52, 4 


- Technical Articles 


New Rheometer for Determining Rheological and 
Viscoelastic Properties of Fluids 


ByDUNCAN E. McVEA" and JERE E. GOYAN$ 


A rising cylinder rheometer is described which can be used to study the flow prop- 
erties of 0uids in the low shear regions similar to those caused by a falling article. 
The rheometer ma also be used to study viscoelastic properties of flu&. The 
rheometer was useBto obtain flow curves in the low shear region of several phar- 
maceutical suspending agents. Bingham yield values were obtained by extrapolating 
methods from these 00w curves. Dpamic viscosities of these materials were 
obtained by analysis of their relaxauon behavior. The dynamic viscosities are 


compared with the plastic viscosities of the materials in the low shear range. 


HE COMMONLY used suspension vehicles 
Texhibit either pseudoplastic or plastic flow 
properties (1). Flow curves for these fluids over 
a wide range of shear rates may be obtained from 
viscometers currently in use (2). 


However, the measurement of shearing forces 
at the very low shear rates produced by  a falling 
particle is difficult to obtain with available 
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viscometers. An example of the magnitude of 
desirable shear may be obtained as follows. 
Consider a 100-c( particle with a density of 2.00 
falling in a Newtonian fluid having a density of 
1.00 and a viscosity of 10 poise. The maximum 
shear rate (at the equator of the sphere) will be 
0.16 reciprocal seconds. It was therefore de- 
cided to build a viscometer which could produce 
viscometric data at these low shear rates. An 
additional advantage to such an instrument 
would be the more precise determination of yield 
value obtainable because of the shorter extrap- 
olation to zero shear rate. 


The  development of a new viscometer seemed 
desirable because of the difficulties that  would be 
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encountered in modifying instruments now in 
use. Frictional forces encountered at low r.p.m. 
negate the use of coaxial cylinder rotational 
viscometers. Slattery (3) has shown in his study 
of the flow of non-Newtonian materials around 
a sphere that  the use of falling sphere instruments 
would yield data requiring complex computations 
in  order to extract viscometric data. Experi- 
ments involving capillary instruments are both 
time consuming and inefficient when used to 
study non-Newtonian materials. 


An instrument which seemed ideally suited for 
low shear measurements of non-Newtonian 
materials is the translated cylinder (Pochettino) 
viscometer (4). Several authors have discussed 
and used this type of instrument (5-9). Bergen 
and Patterson (10) modified the instrument 
using a closed tube with a solid cylindrical bob. 
This enabled them to obtain very low shear 
rates. Unfortunately, the flow in such a closed 
system is complex; large correction factors were 
needed with their instrument. 


Description of the Rheometer.-In general the 
instrument designed in this laboratory consists of a 
cylinder rising in a tube open at both ends; both 
tube and cylinder are immersed in the sample. A 
schematic diagram of the rheometer is presented in 
Fig. 1. The tube was selected by examining several 
lengths of tubing and choosing one which deviated 
froni being round by no more than 0.005 cm. The 
supports for the tube consist of two sets of three 
stainless steel tapered fingers. 


Since the tube is open a t  both ends, the complex 
flow patterns associated with closed-end tubes are 
avoided. The cylinder is raised at a uniform ve- 
locity through the liquid being studied. The re- 
sistance of the material to the motion of the cylinder 
through it is recorded with a strain gauge. 


Journal of Pharmaceutical Sciences 


The diameter of the sample container was large 
with respect to  the diameter of the cup to minimize 
the error due to  flow of the liquid through the 
annulus between the cup and the walls of the con- 
taitler. The water bath, tensile strength apparatus, 
and motor are all mounted on a stainless steel plate 
attached to a vibradamp.l The rates of shear were 
0.166, 0.219, 0.304, and 0.434 seconds-'. Nearly 
vibrationless stirring of the water bath was ac- 
complished with a centrifugal pump.2 Tempera- 
ture was maintained a t  30 f 0.1'. 


The equations necessary for the instrument may 
be derived as 


U 


Fig. 1.-The rising cylinder rheometer. Key: 1, 
lifting mechanism, Gardner tensile strength appa- 
ratus, Gardner Laboratory, Bethesda, Md.; 2, 
Statham transducer, G1-1.5-350, Statham Instru- 
ments, Hato Rey, Puerto Rico; 3, Coats and Clark's 
O.N.T. extra strong button and carpet cord, S. S. 
Kresge Co.; 4, 12.70 X 0.4302-cm. stainless steel 
cylindrical rod or bob; 5, 15.88 X 5.08-cm. stainless 
steel sample container; 6, 10.16 X 0.4646-cm. hol- 
low stainless steel tube or cup; 7, temperature con- 
trolled water bath; 8, motor controller, G T  21, 
G. K. Heller Co., Las Vegas, Nev.; 9, transducer 
amplifier-indicator, 311, Sanborn Co., Waltham, 
Mass. ; 10, Varian recorder, G-10, Varian Associates, 
Instrument Div., Palo Alto, Calif. 


r 
t) = d ~ / d ~  = (dyne-sec. c n c o )  (Eq. 1) 


where t) is viscosity, F is the force per unit area on 
the cylinder (shear stress), and dS/dt is the rate of 


I 
I 
I 


v) 


v) W 


I- VI 
a 


TIME 


Fig. 2.-A typical upcurve for a non-Newtonian 
fluid is shown to the left of the dotted line. Point A 
represents the point where steady-state flow begins. 
Point B to the right of the dotted line represents the 
beginning of relaxation following cessation of steady- 
state flow. The dotted line signifies several minutes 
of elapsed time. 


shear. F is computed from the following (11) 


where k = length of the cylinder, Rc = radius 
of the cylinder, RT = radius of the tube, and 
V,,, = the average velocity of the fluid flow in 
the annulus. Van, is related to the rate of rise 
of the cylinder through 


In RT 1 (Eq. 3) 4- In ( RT/Rc) 


where V is the rate of rise of the cylinder in cm. 
seconds-'. Further calculations show that the 
shear stress (dynes cm.-2) for the rising cylinder 
rheometer is 


WE F = -- 2nh& = 71.204 W (Eq. 4) 


where W is the recorded force in grams, and g is 
the gravitational acceleration with substitution of 
the dimensions of the instrument providing the 
final equality. The rate of shear strain (seconds-') 
is 


~ 


1 Fisher Scientific Co. * Model No. 1612, Gormsn-Rupp Industries, Inc., Belle- 
ville. Ohio. 
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/ a mixe+ for 1 hour. Then the solution was allowed 
t o  stand for 1 hour to  release the entrapped air. 
The ammonia was added slowly with mixing to 


2< v) 
neutralize the Carbapol 934 and to convert it  into 


xg 6 i t s  mucilagenous form. This mucilage was diluted 
to  produce mucilages of concentrations 0.10, 0.15, 
0.23, and 0.30y0 (w/v). k z  


0 2  0 4  0.6 


EXPERIMENTAL 


The cylinder was uniformly raised 15 mm. through 
a sample producing an upcurve such as shown in 
Fig. 2. It should be noted that steady-state flow 


dS d~ SEC. -‘ 
Fig. 3.-viscosity curve of tragacanth initial muci- 


lage determined by the rising cylinder rheometer 
with intercept being the Bingham yield value. 


T I L L l  


TABLE I.-YIELD VALUES (DYNES/CY.’) FOR W G A C A N T H  AND CARBOPOL 934 MUCILAGES 


Tragacanth - 
super p C a r b o p o l 9 3 4 -  


No. 1 No. 2 A Initial Initial Supreme 0.10% 0 . 1 5 %  0.23% 
23.0 14.5 16.6 42.4 156.4 123.4 1 .7  16.8 131.1 


TABLE II.-VALUES OF THE APPARENT VISCOSJTY IN POISE AT LOW RATES OF SHEAR FOR TRAGACANTH 
AND CARBOPOL 934 MUCILAGES 


c Tragacanth 
super -Carbop01 934-- 


Sec-1 No. 1 No. 2 A Initial Initid Supreme 0.10% 0.15% 0.23% 
0.166 211.4 126.5 206.6 380.1 1469.8 966.9 8 .1  73.1 660 
0.219 178.5 105.9 182.6 321,9 1232.9 785.8 7 . 8  70.9 595 
0.304 149.7 83.9 161.2 267.8 1036.2 631.6 7.2 68.1 490 
0.434 127.0 73.0 145.2 227.6 884.8 511.5 6 . 5  61.4 325 


where Rae# is the radius of the midpoint of the 
annulus between the tube and the cylinder. 


Solving Eq. 2 for 7 yields the equation for vis- 
cosity proposed by Fox and Flory (12) for a Pochet- 
tino type viscometer 


After substitution of the dimensions of the instru- 
ment, Eq. 6 becomes 


7 = 2.5761 (W/Vav#) 


vw, = 0.4449 v 


(Eq. 7) 


0%. 8) 


Likewise, Eq. 3 becomes 


Materials.-Six samples of powdered tragacan th 
gum U.S.P. were obtained from the S. B. Penick 
Co. The samples were identified as tragacanth 
No. 1, No. 2, A, Initial, Super Initial, and Supreme. 
Mucilages were prepared according to  the following 
formula: tragacanth powder, 20 Gm. ; benzoic acid, 
1 Gm.; glycerin, 60 ml.; and purified water, 
1000 ml. 


The water and glycerin were mixed, heated to  
boiling, and the benzoic acid was dissolved in them. 
This was followed by sprinkling the powdered gum 
tragacanth on the boiling solution. After boiling 
for 5 minutes, the mixtures were agitated at intervals 
during the next 48 hours. After hydrating for 68 
hours, the mucilages were homogenized.’ 


A stock solution of Carbopol 934‘ was also pre- 
pared according to the formula: ammonia (2870 
in water), 7 Gm.; Carbopol 934 powder, 10 Gm.; 
and distilled water, 983 ml. The Carbopol 934 
powder and the distilled water were mixed with 


Hand Homogenizer, catalog No. 63-102. K and L Scien- 
tific Co. Columbus. Ohio. 


4 B. F: Goodrich Chemical Co., Cleveland, Ohio. 


occurred almost immediately. The value of the 
force a t  which steady-state flow occurs is dependent 
upon the apparent viscosity of the sample and the 
particular rate of rise selected. 


To compare this instrument with another vis- 
cometer, the viscosity of Karo syrup was obtained 
using the M-2 viscometer (13); i t  was 11.218 
poise. The viscosity of the syrup determined by 
the rising cylinder instrument was 11.517 poise. 
This was considered a satisfactory agreement. 


Figure 2 also presents a representation of a 
typical downcurve or stress relaxation curve ob- 
tained from the rising cylinder rheometer after 
cessation of steady-state flow. The stress was 
allowed to relax at constant strain for 9380 seconds 
or until it  became zero. 


The resisting force upon the cylinder at each 
rate of shear was converted to  dynes cm.? with 
Eq. 4. Then these values were plotted ue~sus the 
rate of shear strain to  give a flow curve for each 
mucilage in the low shear range. Figure 3 is an 
example of one such curve. 


The plotted points appeared to be linear and did 
not pass through the origin. These points were 
therefore fitted to  a straight line by the method of 
least squares, the intercept of the line with the 
stress axis being taken as the classical Bingham 
yield value for the material. The yield values 
for each of these mucilages determined by the 
above methods are listed in Table 1. The apparent 
viscosity of the mucilages at each rate of shear 
are found in Table 11. 


Since the relaxation of stress within the sample 
a t  constant strain could easily be determined, i t  
was decided to  analyze these data to  see if ad- 
ditional information could be obtained about the 
behavior of the samples. Examination of stress 


Rochester. N. Y. 
6 “Lightnin” model L mixer, Mixer Equipment Co., Inc.. 







560 Journal of Pharmaceutical Sciences 


TABLE III.-RELAXATION OF STRESS IN THE RISING CYLINDER RHEOMETER AND THE RELAXATION SPECTRA 
FOR 2% WGACANTH SUPER INITIAL MUCILAGE 


Time, 
sec. 


0 
0.38 
0.76 
1.14 
1.52 
1.90 
2.28 
2.66 
3.04 
3.42 
3.80 
7.60 


11.40 
15.20 
19.00 
38.00 
57.00 
76.00 


234.50 
1172.50 
2345.00 
4690.00 
7035.00 
9380.00 


4 . 1 6 6  Sec. -- 
a H 


dynes dynes 
cm.* cm.2 
- __ 


223.65 
215.32 177.43 
205.21 221.89 
194.10 192.27 
183.92 155.31 
167.26 283.95 
i50.67 236.62 
137.71 177.07 
125.68 123.86 
120.12 118.10 
112.79 48.71 
83.17 24.35 
72.98 13.31 
64.72 8.86 
58.24 1.77 
52.69 1.78 
46.21 1.19 
45.29 1.10 
27.70 0.23 
9.26 0.08 
9.26 0 
0 . . .  
... ... ... 


-0.219 *.-I-- 
H a 


dynes 
cm.2 


271.56 
261.89 
247.72 
238.03 
223.87 
208.20 
193.25 
178.29 
159.71 
141.77 
133.58 
76.83 
62.66 
53.69 
46.28 
40.30 
35.82 
29.83 
22.36 
14.95 
14.95 
14.95 
14.95 
14.95 


__ C Y K S  
cm.' 


163.50 
16.39 


122.20 
203.17 
195.77 
136.05 
186.30 
203.82 
181.28 
130.46 
24.48 
12.22 
8.15 
8.96 
1.22 
0.54 
0.20 
0.19 
0.03 
0.01 
0 
... ... 


-0.304 S~C.- ' - -  
H Q 


dynes 
cm.* 


335.51 
326.54 
309.52 
287.45 
264.67 
236.18 
202.79 
175.09 
154.73 
141.70 
131.94 
88.79 
73.27 
64.37 
59.46 
44.79 
39.87 
37.45 
27.70 
24.42 
21.15 
16.31 
9.75 
8.12 


dynes 
cm.p 


1446: 09 
108.92 
241.66 
217.81 
290.22 
242.08 
165.87 
108.90 
72.62 
39.95 
14.53 
9.72 
6.34 
5.08 
0.36 
0.24 
0.90 
0.12 
0.01 
0 


_ _  


... 


... 


... 


4 . 4 3 4  sec. -1- 
H c 


dynes 
cm 2 
~. 


459.44 
347.97 
330.24 
311.87 
293.43 
271.93 
248.07 
222.73 
199.73 
169.75 
149.03 
92.14 
75.26 
69.14 
61.45 
47.64 
44.57 
44.57 
29.98 
26.92 
23.07 
22.29 
21.50 
0 


dynes 
cm.' 
- 


108.90 
108.90 
99.83 
88.49 


217.82 
181.52 
109.07 
163.47 
145.35 
87.13 
16.31 
7.26 
4.78 
3.26 
1.10 
0.36 
0.11 
0.01 
0 
0 
. . .  
. . .  
... 


relaxation is usually visualized in terms of a model 
consisting of a spring and dashpot in series (14). 
Under constant strain the force on the spring (at  
any time t )  must be equal and opposite to the force 
on the dashpot. Since the element does not change 
length during the experiment 


U U _ = - -  
G tl 


where u = stress in the spring, i = rate of change 
of stress in the spring, 7 = viscosity of dashpot 
liquid, and G = spring modulus. 


Solving with the boundary condition u = uo a t  
zero time 


0 = u&-f/r (Eq. 10) 


where T = q/G 


models in parallel leading to 
Any real liquid will appear to have many such 


u = l?Gie-f/Tf (Eq. 11) 
I 


where ~i = qi/Gi and 1 is the elongation. 
Now 011 may be defined as G(t ) .  then 


G(t)  = ZGie-Urt (Eq. 12) 
i 


Allowing i to increase without limit, 


G(t)  = G ( T ) e - ' / d +  (Eq. 13) S--- 
or 


& ( s ) e - l / r d  In T (Eq. 14) 


= rm H ( T )  e - i / + d  In T (Eq. 15) 


where H( T)=TG( T)=H is called the relaxation 
spectrum. 


When the rising cylinder is stopped abruptly dur- 
ing steady-state flow, the shear rate just prior to 
cessation of flow will be defined as (9)o. Solving 
Eq. 9 with this boundary condition 


(Eq. 16) u = q i o e - f / r  = +orGe-'/r 


The same development as above gives 


u = .io + H e - f / r d  In T (Eq. 17) 


The exponential goes from zero to  1 as T goes from 
1 to infinity. This may be approximated as a step 
function going from zero to 1 as t = T ,  (Alfrey's 
rule (18)) producing 


Lmm 


T H d l n  T (Eq. 18) 


0 
-2 0 2 4 6 8 


In t 
Fig. 4.-A graphical representation of the varia- 


tion of the average relaxation spectrum with time 
for 0.30% CarboDol 934 mucilane determined from 


J--m data obtained from the rising c4inder rheometer. 







Vol. 53, No. 5, May 1964 


Differentiation of Eq. 18 leads to (15, 16) 


561 


= TYOH (Eq. 19) do 
d l n t  


solving for H( T )  


In the analysis of the relaxation curves of the 
mucilages, the force in dynes cm.-* was plotted 
versus the natural logarithm of the experimental 
time and the curve graphically differentiated a t  
each time interval. These differentials were sub- 
stituted into Eq. 19 along with rate of shear and t 
to obtain H. 


Since no trend was apparent in the value of H 
obtained for each rate of shear from the rising cyl- 
inder data, the values of H a t  each time interval 
were averaged to obtain Hot,# for each mucilage. 
(An example of the scatter of values of H that go 
into an Ha,  is presented in Table 111.) Hovg 
was then plotted versus In t to obtaintheform of the 
relaxation spectrum. A sample plot of the function 
is found in Fig. 4. 


In Eq. 18 U/+O would have the dimensions of 
viscosity. The integral is designated the dynamic 
viscosity (17). It has been postulated that dy- 
namic viscosity should be equivalent to plastic 
viscosity (consistency) for a given shear rate (18, 
19). I t  was therefore decided to obtain dynamic 
viscosities to  compare with previously determined 
plastic viscosities. 


Ha.g was multiplied by t to  give tH,,, and t t i s  
function was plotted versus In t .  


Figure 5 is a sample plot of tHo,, uersus In t .  
Graphical integration of these plots of tH,,,, versus 
In t yielded values of dynamic viscosities for the 
different mucilages. The limits of the integration 
were from 0.38 seconds at the low end to  the time 
in seconds when the experiment was terminated. 
In no case was In t extrapolated to  lower t values 
than experimentally determined. Values for the 
dynamic viscosities and plastic viscosities are given 
in Tables IV and V. 
Discussion.-A new viscorneter capable of obtain- 


ing viscometric data at shear rates comparable 
with those produced by suspension particles has 
been developed. 


32 


2 li 8 


oL 


A 


-2 0 2 4 6 E 


In t 
Fig. 5.--A graphical representation of the function 


from which the dynamic viscosity of 0.157, Carbopol 
934 Inucilage is obtained from data from the rising 
cylinder rheometer. 


TABLE IV.-DYNAMIC VISCOSITIES OF 2y0 
TRACACANTH MUCILAGES 


Plastic Dynamic 
Viscqsi ty. Viscosity, 


Mucilages p o l s  poise 
No. 1 73.1 119.40 
No. 2 39.3 84.00 
A 107. i 184. 80 
Initial 127.7 266.80 
Super Initial 501.8 1131.00 
Supreme 232.5 719.00 


TABLE V.-DYNAMIC VISCOSITIES OF 
CARBOPOL MUCILAGES 


Plastic Dynamic 
Mucilages, Viscosity, Viscosity , 


% poise puse 
0 .10 3 . 5  1.47 
0 .15  30.2 52.56 
0.23 121.3 417.60 


The instrument was used for the determination 
of the viscosities (plastic and apparent), yield 
values, relaxation spectra, and dynamic viscosities 
of a series of pharmaceutical suspending agents. 


The plastic viscosities and yield values were ob- 
tained by fitting the observed points to a straight 
line by the method of least squares since the points 
appeared linear. The apparent viscosities Here 
obtained by dividing the shear stress obtained 
from the line by the corresponding shear rate. 


The apparent linearity of the plots is probably 
misleading. If the dynamic viscosity should be 
equal to the plastic viscosity (19), the low value 
obtained from plastic viscosities (Tables I V  and \:) 
may be explained by assuming that the flow curves 
(Fig. 3)  are actually concave downward. The 
need for more experimental work in the low shear 
region seems established. Accurate prediction of 
suspension stability must await such comprehensive 
studies. 
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Synthesis and In Vitro Evaluation of the 
Antifungal Activity 


Thiomalic Acid 
of a Series 
Derivatives 


of 


By WOODROW R. BYRUM, JOHN E. WINTTER, and JACK T. BRYAN* 


Mono and diesters of thiomalic acid with various alcohols were prepared, and the 
S-n-butyl derivatives of the diesters were prepared. These compounds were analyzed, 
various physical constants were determined, and the fungicidal and fungisfatic 
activities were measured, usin undecylenic acid as the standard for comparlson 
against Tricbo ton men& mpfyter. Several of the compounds under the conditions 


o f z e  tests ed ib i ted  fungicidal and/or fungistatic activity. 


HIOMALIC ACID (mercaptosuccinic acid, 2- 
Tmercapto-l,4-butanedioic acid) possesses 
two structural features which are present in 
the structures of some commercially available 


antifungal compounds-namely, the -C-S- 


group and the  carboxylic acid group. Barry, 
et al. (l), found that S-alkylthiomalic acids and 
their half esters strongly inhibited the  growth 
of various bacteria. This paper reports the  
preparation of a series of esters of thiomalic 
acid and S-n-butylthiomalic acid; the general 
formulas for these compounds are 


I 
I 


H-SCH-COOR H--SCH-COOH 


H-CH-COOR 
I I 


H-CH-COOR 


n-C,H&CHCOOR 


H-CHCOOR 
I 


where R is n-CxH,--, n-C.Hs--, and n-CsH11-. 
The fungistatic and fungicidal activities of these 
compounds are also reported. 


EXPERIMENTAL 
The esters listed in Table I were prepared by 


standard procedures. The following examples 
illustrate the methods and conditions used. 


Diestem-The dipropyl, dibutyl, and diamyl 
thiomalates were prepared as follows. A mixture of 
15 Gm. (0.1 mole) of thiomalic acid, 45 ml. of the 
appropriate alcohol, and 4 ml. of concentrated sul- 
furic acid was refluxed for 3 hours. The excess alco- 
hol was removed by distillation under reduced 
pressure, and the residual liquid was poured with 
stirring into 150 ml. of a saturated aqueous solu- 
tion of sodium bicarbonate. When neutraliza- 
tion of the acid was complete, the crude esters were 
recovered by ether extraction. 


Monasters.-The monopropyl, monobutyl, and 
monoamyl thiomalates were prepared as follows. 
A mixture of 15 Gm. (0.1 mole) of thiomalic acid, 0.1 
mole of the appropriate alcohol, 4 ml. of concen- 
trated sulfuric acid, and 35 ml. of dioxane was re- 
fluxed for 12 hours. The volume of the reaction 
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mixture was then reduced by distillation under 
reduced pressure. The residual liquid was poured 
with stirring into 150 ml. of a saturated aqueous 
solution of sodium bicarbonate. The alkaline 
mixture, which had assumed a wine color, was 
extracted with several portions of ether to  remove 
any diester produced by the reaction. Concen- 
trated hydrochloric acid was added until the aqueous 
mixture was acid t o  litmus. This discharged the 
color and caused the monoester to separate as an 
oil. Ether extraction of the acidified mixture re- 
sulted in the isolation of the crude monoesters. 


Sn-Butyldieeter6.-The dipropyl, dibutyl, and 
diamyl S-n-butyl thiomalates weraprepared accord- 
ing to the method of Barry, et at. (1). Clean, finely 
divided sodium metal, 0.5 Gm. (22 mmoles), was 
dissolved in 22 ml. of dry ethanol. The appropriate 
thiomalic acid diester (22 mmoles) and n-butyl 
bromide (22 mmoles) were added to the sodium 
ethylate solution and refluxed for 3 hours. The 
mixture was cooled, and the liquid layer was 
filtered from the solid sodium bromide. After 
removing the excess ethanol by distillation under 
reduced pressure, the residual liquid was poured 
into 20 ml. of water, the aqueous mixture was 
extracted with ether to remove the ester. The 
crude dialkyl S-n-butyl thiomalates were obtained 
upon evaporating the ether. 


The crude esters were all light yellow viscous 
liquids with the monoesters being most viscous and 
darkest in color. Distillation at pressures of 1-3 
mm. of mercury produced distillates that were 
colorless. If prolonged exposure to  high bath 
temperature occurred during the distillation of the 
esters, the distillate assumed a yellow color. This 
decomposition was prevented by flushing the ap- 
paratus with nitrogen before distillation and by 
furnishing nitrogen to the aspirator tube during 
the reduced pressure distillation and distilling as 
rapidly as possible. Distillation reduced the 
yield of ester materially except for dialkyl S-n- 
butyl thiomalates. The monoesters were partic- 
ularly subject to decomposition during distilla- 
tion. The pure esters were characterized (see Table 
I )  and used for the antifungal tests. 


Relative Solubilities of the Mono and Diestere.- 
The relative solubilities of the mono and diesters 
were determined in some common solvents. These 
data are recorded in Table 11. 


FUNGICIDAL AND FUNGISTATIC STUDIES 
Fungicidal Test.-The method of testing the esters 


of thiomalic acid for fungicidal activity was, with 
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TABLE ~.-DERIVATIVBS OF THIOMALIC ACID 


RFSCH-COOR~ (a) 


H-CH-COOR (8 )  
I 


R 
n-CsH7- 
n-CdHs- 
n-CnHu- 
~ - C I H ~ -  
n - C q H F  
n-c6H11- 
n-CaHT- 
n-CaH- 
n-CnHu- 


Rl 
n - C z H y  
n - C d H p  
n-CbHl1- 
H- 
H- 
H- 
nGH7-  
n-CaHc- 
nGH11- 


Ri 
H- 
H- 
H- 
H- 
H- 
H- 
n-GHs- 
n-CIHv- 
n-CdHs- 


Boiling 
'ield, Range 
% OC./mm. Hg 
60 135-139/1 
58 150-155/1 
57 165-175/1 
46 125-132/2 
44 145-152/2 
41  164-170/3 
55 124-127/1 
52 140-144/1 
50 153-158/1 


-sulfur,  70"- 
Calcd. Found 


13.69 13.59 
12.23 12.28 
11.04 10.95 
16.69 16.60 
15.55 14.89 
14.56 14.67 
11.04 11.13 
10.07 10.01 
9.26 9.40 


dig" 
1.0700 
1.0332 
1.0074 
1.2298 
1 .1857 
1.1500 
1.0285 
1.0011 
0.9811 


,Loo 
1.4579 
1.4573 
1 ,4564 
1 ,4858 
1.4811 
1 ,4799 
1 ,4602 
1 ,4590 
1 ,4585 


7 


Calcd'P"' % z d  
59.37 59.72 
68.61 69.18 
77.93 78.40 
45.43 44.84 
50.05 49.49 
54.71 54.38 
78.13 77.34 
87.37 86.95 
96.69 96.45 


Analytical method (2) 


TABLE II.-RELATIVE SOLUBILITY OF THE MONO AND DIESTERS" 


Thiornalate Methyl Tetrahydro- 
Ester Water Benzene Acetone Pet. Ether Alcohol Chloroform furan 


Monopropyl - +++ +++ - ++ +++ + + ++ +++ + 
- ++ +++ +++ Dipropyl - +++ +++ 


Monobutyl - +++ +++ + +++ +++ +++ 
- +++ +++ +++ Dibutyl - +++ +++ 


Monoamyl - +++ +++ 
Diamyl - +++ +++ +++ +++ +++ +++ 
a Insoluble in ten parts (volume) of solvent, -; soluble in three to four parts. +; soluble in equal part, + +; soluble in 


less than equal part, + + +. 


minor modifications, the procedure described by 
Burlingame and Reddish (3) and as adapted and 
modified by Golden and Oster (4) for use in testing 
alcohol soluble compounds. 


The culture medium used was Sabouraud's 
dextrose agar containing 10% horse serum and 
maintained a t  a pH of 5.6 to prevent bacterial 
contamination. Petri dishes of this medium were 
streaked with a culture of T.  nrentagrophytes (No. 
640 Emmons) and incubated at 28 f 1' for 10 to 
15 days. Cultures of this age were cut into disks 
of 1-cm. diameter with a sterile cork borer and 
transferred aseptically t o  seeding tubes containing 
10 ml. of 0.5%. LO%, and 2.0% acetone solutions 
of each compound listed in Table 111. After a 
2-minute contact with the test compound, each 
disk was placed in 10 ml. of sterile broth and shaken 
gently for 3 minutes. This was done to  free the 
culture of water soluble material. The disk was 
then removed from the broth and washed with 10 
ml. of acetone in the same manner for 5 minutes, 
thereby removing the test compound from the 
culture. Once again each disk was immersed 
separately in sterile broth for 3 minutes to remove 
the acetone and then was spread culture side down 
over the surface of a sterile slant of Sabouraud's 
agar. These slants were incubated at 28 f lo 
for 14 days and then observed for growth The 
results are outlined in Table 111. 


Undecylenic acid was used as a control in the same 
concentrations as the test compounds and exhibited 
100% fungicidal activity a t  each concentration. 
Acetone which was used as a solvent for the test 
compounds was also used as a control and, as with 
other investigators (4, 5), had no effect upon the test 
fungus. All tests were performed in triplicate. 


Fungistatic Test.--The method of testing for the 
presence of fungistatic activity was a modification of 
the procedure described by Kligman and Rosenweig 
(6) and Collins and Wiese (7). Sabouraud's dex- 


trose agar was the culture medium used and was 
maintained at a p H  of 5.6 to prevent bacterial con- 
tamination. Ten compounds, each in concentrations 
of 0.5%. 1%. and 2.0%, were tested in triplicate. 


Petri dishes of Sabouraud's medium were streaked 
with a culture of T.  mentagrophyles (No. 640 Em- 
mons). A sterile filter paper disk, 13 mm. in diam- 
eter, was placed in each acetone solution of the test 
compounds and the controls. Each disk was picked 
up with sterile forceps, the excess liquid drained off 
by touching the disk to the wall of the container, 
and then immediately dropped onto the agar surface 
of a Petri dish which had been streaked with the test 
organism. These Petri dishes were then incubated 
at 37" for 7 days, at which time the zones of inhibi- 
tion were measured. These data are recorded in 
Table I V  and represent the results from two separate 
determinations. 


DISCUSSION 
Analysis of the diesters by standard methods for 


the mercapto group (8) showed them to be between 
98-1007, pure. The monoesters were submitted 
to the same analytical procedures, but the free car- 
boxyl group interfered in these assay methods. 
Since the S-alkyl thiomalates lacked a free mercapto 
group, the sulfur contents of all of the derivatives of 
thiomalic acid prepared for this study were deter- 
mined by the Parr sodium peroxide bomb method 
described by Smith and Shriner (2). 


The structure indicated for the monoesters in 
Table I assumes that the ester linkage involves the 
8-carboxyl group, the group farthest removed 
from the carbon bearing the mercapto group. No 
experimental evidence for this structure verifies 
this assumption; however, further study of this 
problem is underway in this laboratory. Mention 
may be made that Heilbron (9) indicates 8-carboxyl 
involvement in the structure for thiamalic acid 
monamide. 
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TABLE III.-NIJMBER OF CULTURES UPON WHICH 
THIOMALIC ACID ESTERS EXERTED FUNGICIDAL 


ACTION’ 


-Concn., %--- 
Thiomalate 0 . 5  1.0 2.0  
Free acid 0 0 0 
Dipropyl 0 3 4 
Dibutyl 0 0 4 
Diamyl 0 5 6 
Monopropyl 2 6 6 
Monobutyl 0 1 3 
Monoamyl 6 6 6 
Dipropyl S-butyl 0 6 6 
Dibutyl S-butyl 0 0 3 
Diamyl 5’-butyl 6 6 6 


a Each figure represents the results from a total of six de- 
terminations. 


TABLE IV.-FUNGISTATIC ACTIVITIES OF THIOMALIC 
A m  ESTERS” 


-Concn.. %-- 
Thiomalate 0.5 1.0 2.0 
Free acid 0 0 0 
Dipropyl 0 2 5 
Dibutyl 0 0 0 
Diamyl 0 0 3 
Monopropyl 5 7 15 
Monobutyl 6 10 18 
Monoamyl 8 15 29 
Dipropyl S-butyl 3 7 40 
Dibutyl S-butyl 0 0 0 
Diamyl S-butyl 6 10 28 


a Zones of inhibition measured in millimeters. 


The method by which the monoesters were pre- 
pared yielded diesters as a side product to the extent 
of 10-15’%. An attempt to increase the yield of 
monoester and to reduce the amount of discolora- 
tion during preparation by using polyphosphoric 
acid as the catalytic agent resulted in comparable 
yields but less discoloration during the reflux period. 


An attempt has been made to prepare salts of 
the monoesters with various metal compounds. 
While some precipitates were obtained, these have 
not been properly characterized and were not 
tested for antifungal activity. The product pro- 
duced with cupric ion was dark violet and probably 
represented a mixture of compounds in which the 
copper exists in both valence states as has been 
suggested for free thiomalic acid (10). Since 
metallic ions can form mercaptides and some can 
cause the oxidation of the mercapto group, addi- 
tional study of the monoester salts will be 
undertaken. 


Oster and Golden (11) found that the fungistatic 
values obtained by using several dermatophytes, 
T. mcntagrophyks, E. anguinalc, and T. purpureum. 
ran closely parallel. We decided (as they did) 
to use one organism, T. mentagrophytes, as the 
representative test organism to save time and 
reduce the numbex of tests. Because of its known 
antifungal activity, undecylenic acid was used as the 
standard in these comparative tests. Complete 


inhibition of growth was produced by undecylenic 
acid a t  all concentrations. Triplicate tests of the 
acetone solvent showed no antifungal effect. 


The inhibition of growth around the filter paper 
disks was measured in millimeters and represents an 
average of three measurements. 


SUMMARY 


Mono and diesters of thiomalic acid with several 
alcohols and diesters of S-n-butyl thiomalic acid 
with the same alcohols were prepared. These 
compounds were analyzed for their sulfur content, 
various physical constants were determined, and 
the fungicidal and fungistatic activities were de- 
termined using T. mentagrophytes as the test or- 
ganism. Undecylenic acid was used as the standard 
for comparisons. 


In the fungicidal tests, disks of an agar culture of 
the test organism were exposed to  various con- 
centrations of the thiomalic acid derivatives. 
After washing in broth and in acetone to  remove the 
test compounds, the disks were placed culture side 
down on the surface of a sterile slant of Sabouraud’s 
agar. The slants were observed for growth after 
incubation. The absence of growth indicated that 
the compounds exerted a fungicidal action. Both 
monoamyl thiomalate and diarnyl S-butyl thiomal- 
ates were fungicidal at each concentration in all 
tests. Diamyl. monopropyl, and dipropyl S- 
butyl thiomalates exhibited fungicidal activity 
a t  1 and 2% concentrations. Thiomalic acid 
exhibited no fungicidal activity. 
In the fungistatic test method sterile filter paper 


disks impregnated with acetone solutions of the 
test compounds were placed on Petri dishes of 
Sabouraud’s agar streaked with the test organism. 
Inhibition of growth after incubation was indicative 
of fungistatic activity. Thiomalic acid was in- 
active, dipropyl and diamyl thiomalate showed 
slight activity at the highest concentration used, 
and monopropyl, monobutyl, monoamyl. dipropyl, 
and diamyl S-butyl thiomalates showed activity a t  
all concentrations. 
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Oxidation of Aldehydes Solubilized in 
Nonionic Surfactants I 


Solubility of Benzaldehyde and Methylbenzaldehyde in 
Aqueous Solutions of Polyoxyethylene Glycol Ethers 


By A. G. MITCHELL* and LUCY S. C. WAN 


T h e  solubilities of benzaldehyde and p-methylbentaldehyde in  aqueous solutions of 
polyoxyethylene glycol ethers of varying lyoxyethylene chain length have been 
measured at 2 5 ". Solubility increases wigsurfactant concentration and is greater 
for bentaldehyde than p-methylbemaldehyde. The start of the solubility curve 
neither comes onds to the critical micelle concentration (CMC) of the surfanant alone 
nor to  that o f t h e  ternary system. O n  a molar basis, solubility increases with an 
increase in  hydrophilic chain length but decreases if solubility is expressed i n  terms 
of the amount solubilized per ethylene oxide unit. The  solubility of benzaldehyde 
in  a lauryl derivative is the same as in  a cetyl derivative of the same polyoxyethylene 
chain length, whereas the solubility of methylbenzaldehyde is greater in the sur- 
faaant with the longer hydrocarbon chain. From the solubility data and an ex- 
amination of the ultraviolet absorption spectra i n  aqueous surfactant solutions and 
other solvents, it is suggested that the solubilization of benzaldehyde occurs in  the 
polyoxyethylene region of the micelle, while p-methylbenzaldehyde is distributed 


between this region and the hydrocarbon interior. 


URFACTANTS are widely used in  the prepara- S tion of emulsions and solutions; increased 
attention is being directed t o  the stability of these 
systems toward hydrolysis ( 1-6) and oxidation 
( i -13) .  For certain systems, the rate of reaction 
depends on the degree of saturation, where this 
is expressed as a ratio of the amount of reactant 
present to its solubility (5, 6, 13). This paper 
reports the solubilities of benzaldehyde and 
Fmethylbenzaldehyde in nonionic surfactants of 
the polyoxyethylene ether type and examines 
the effect on solubility of variation in chain 
length of the polyoxyethylene and hydrocarbon 
groupings as a preliminary to  oxidation studies. 


EXPERIMENTAL 


Materials.-Benzaldehyde (British Drug Houses, 
analytical reagent grade) and p-methylbenzaldehyde 
(Eastman Organic Chemicals, practical grade) were 
distilled a t  low pressure under oxygen-free nitrogen 
using a Towers fractional distillation unit fitted with 
automatic reflux ratio control. The aldehydes were 
packed in clear glass ampuls under oxygen-free 
nitrogen and stored protected from light in a re- 
frigerator. The ampuls had been cleaned previously 
in concentrated sulfuric acid, washed in water, and 
dried. The absence of impurities and decomposi- 
tion products in each aldehyde was confirmed by 
infrared spectroscopy in carbon tetrachloride and 
vapor-phase chromatography on a Celite-silicone 
column, using an argon ionization detector. 


The nonionic surfactants used were Texofors A16, 
A24. A30, AM, and B23 (Glovers Chemicals Ltd.). 
Texofors in the A series are polyoxyethylene ethers 
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of cetyl alcohol, represented by the formula CHI- 
(CH,)ls(O.CHo.CH2),.OH, where n is approximatey 
16,24,30, or 60. Texofor B23 is a polyoxyethylene 
ether of lauryl alcohol, where n is approximately 23. 
The values of n as given were used in calculating the 
molecular weight. For convenience, the cetyl 
alcohol derivatives will be designated C16, C24, 
C30, and C60; similarly, the lauryl derivative will be 
designated L23. Some physical constants of the 
surfactants are given in Table I. Concentrated 
stock solutions were prepared, stored in the dark, 
and diluted as required. Double distilled water 
from an all-glass still was used throughout. Poly- 
ethylene glycols having molecular weights corre- 
sponding to those of the polyoxyethylene chain of 
each surfactant were prepared by mixing ap- 
propriate amounts of polyethylene glycol 600 and 
polyethylene glycol 4000 (Union Carbide Co.). 


Measurement of Solubility of Aldehyde in 
Water.-A saturated solution of aldehyde in water 
at 25" was prepared. The amount of aldehyde was 
determined gravimetrically as the 2:4-dinitro- 
phenylhydrazone, according to the method of Iddles 
and Jackson (14). Assays of different known con- 
centrations of aldehyde in water gave 100% pre- 
cipitation as the 2: 4-dinitrophenylhydrazone. 


Measurement of Solubilities of Aldehydes in 
Texofor Solutions.-Varying amounts of aldehyde 
were weighed into a series of 25-mI. graduated glass- 
stoppered cylinders containing the required concen- 


TABLE I.-PHYSICAL CONSTANTS OF NONIONK 
SURF ACTANTS 


CMC'bOd 
Texofor D%?- nmoO d 5 O b  M.p.0 M X 10-8 


A16 C16 1.448 1.093 37 6-7 
A24 C24 1.444 1.123 .18 8-10 ._ ~ ~ _ _  _ -  
A ~ O  c30 1.451 1 . E  48 i&i8 
A60 C60 1.455 1.191 58 32-40 
B23 L23 1.449 1.148 41 100-160 
0 Abbe refractometer. Displacement technique in dry 


n-heptane. Micro melting Doint avparatus. From sur- 
face tension measurements using the Du Nouy tensiometer. 


1467 







1468 Journal of Pharmaceutical Sciences 


36 t 


1 2  3 4 5 6 7  8 9 1 0  
SURFACTANT, moles/L. x 101 


Fig. 1.-Solubilities of benzaldehyde and p- 
methylbenzaldehyde in aqueous solutions of poly- 
osyethylene glycol ethers of varying polyoxyethy- 
lene chain length a t  25". Open symbols, benzal- 
dehyde; closed symbols, P-methylbenzaldehyde. 
Key: A, C16; 0, C24; V, C30; 0, C60. 


tration of Texofor. The cylinders were rotated in a 
thermostatically controlled water bath at 25 f 
0.01' for 24 hours. The end point was estimated 
visually and taken as the mean between a clear and 
cloudy dispersion. 


Ultraviolet Spectra Measurements.-The ultra- 
violet spectra of benzaldehyde and p-methylbenz- 
aldehyde in various solvents were determined with a 
Bausch & Lomb spectronic 505 recording spectro- 
photometer using short-path length cells.' Absorp- 
tion by the solvent system was eliminated by using 
it in the comparison cell in all cases. Comparison 
between the various solvent systems was made on 
the basis of the relative positions of absorption 
maxima. Differences in the height of the curves are 
due to differences in solution concentration and path 
length. 


RESULTS AND DISCUSSION 


Solubilities of Aldehydes.-The water solubilities 
of benzaldehyde and p-methylbenzaldehyde at 25' 
were 6.55 Gm./L. (0.0617 M )  and 2.27 Gm./L. 
(0.0189 M ) ,  respectively. The figure for benzalde- 
hyde is considerably higher than previous literature 
values which range from 3.0 to 3.5 Gm./L. (15-18). 
The value in this report was therefore confirmed by a 
gas chromatographic technique (19). The solubili- 
ties of benzaldehyde and p-methylbenzaldehyde in 
surfactants C16, C24, C30, and C60 are shown in 
Fig. 1. Aldehyde solubilities are proportional to 
SUrfdCtant concentration and increase with the num- 
ber of polyoxyethylene units in the surfactant mole- 
cule. The solubility of p-methylbenzaldehyde is 
less than that of benzaldehyde. Since each sur- 
factant has the same hydrocarbon grouping, increase 
in aldehyde solubility on ascending the series C16 
through CGO can be attributed to the increase in the 
number of polyoxyethylene units. Figure 2 shows 
the solubilities of benzaldehyde in solutions of poly- 


1 Research and Industiial Instruments Ltd.. London. Eng- 
land. 


ethylene glycols. Solubility increases with molar 
concentration and with increase in the molecular 
weight of the polyethylene glycol but is much less 
than in solutions of their surface-active derivatives. 
Polyethylene glycols are predominantly hydro- 
philic in character, and low solubilities in their solu- 
tions compared to surfactants may be due to the 
absence of micelles. Solubility in aqueous solutions 
of polyethylene glycols is thought to involve com- 
plex formation (20) and, although Kato (21,22) has 
shown the presence of a micelle-like structure in 
aqueous solutions of a number of glycols, it would 
appear that the presence of micelles formed from 
molecules with both hydrophilic and hydrophobic 
properties is necessary for marked solubilization. 


The solubilities of benzaldehyde and p-methyl- 
benzaldehyde in low concentrations of C24 are 
shown in Fig. 3. There is a marked increase above 
the solubility in water in the region 1-10 x 10-8 M 
surfactant. This is well in excess of the CMC of 
C24 which, from surface tension measurements, was 
8-10 x lo* M. Increase in solubility usually 


1 2  3 4 5 6 7 8 9 10 
PEG, moles/L. X 1P 


Fig. 2.--Solubility of benzaldehyde in aqueous 
solutions of polyethylene glycols (PEG) of varying 
molecular weight a t  25'. In each case the number 
after PEG refers to the approximate molecular 
weight of a blend of PEG 600 and PEG 4000. 


Fig. 3.--Solubilities of aldehydes in dilute aqueous 
solutions of C24 a t  25'. Open symbols, benzalde- 
hyde; closed symbols, p-methylbenzaldehyde. Key: 
- - - , corrected for water solubility; -, 
uncorrected for water solubility. 
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Fig. 4.-Solubilities of aldehydes in aqueous solu- 
tions of polyoxyethylene glycol ethers at 25' cor- 
rected for water solubilities, where the surfactant 
concentration is expressed as ethylene oxide equiva- 
lents per liter. Open symbols, benzaldehyde; 
closed symbols, p-methylbenzaldehyde. Key: A, 
C16; 0.C24; v,C30; 0,C60. 


begins at the CMC; for this reason, the onset of 
solubilization has been used as a method to estimate 
the CMC (23). A possible explanation for the 
discrepancy between the CMC and the start of the 
solubility curve is that the presence of aldehyde has 
increased the CMC. Both increases and decreases 
in the CMC of anionic and cationic surfactants have 
been found, depending on the nature and concen- 
tration of added solubilizate. These effects have 
been reviewed by Lawrence (24) and Hyde (25). 
Little evidence is available on the effect of solubili- 
zates on the CMC of nonionic surfactants. Mulley 
and Metcalf (26) found that various solubilizates 
had little effect, even where strong interaction oc- 
curred between the solubilizate and nonionic sur- 
factant. They suggested that large shifts in the 
CMC occur only where ionic effects are important, 
as shown by the effect of electrolytes (23, 27, 28). 
The CMC of solutions of C24 saturated with benz- 
aldehyde was 32-40 X 10-6 M. This concentration 
is slightly greater than that of the surfactant alone 
but far less than the concentration of surfactant a t  
which solubilization starts. It seems likely that the 
micelles must reach a certain degree of complexity 
before solubilization of benzaldehyde and p-methyl- 
benzaldehyde can take place. 


Figure 4 shows the solubility curves plotted as 
aldehyde concentration in moles per liter (corrected 
for water solubility) against surfactant concentration 
expressed as equivalents of ethylene oxide per liter. 
It is apparent from this method of expressing solu- 
bility that the efficiency of solubilization becomes 
less as the number of ethylene oxide units in the 
Texofor chain is increased. Goodhart and Martin 
(29) have reported a similar pattern for the solu- 
bilization of benzoic acid derivatives in nonionic 
surfactants. From light scattering (30-32) and 
vapor pressure measurements (33) several workers 
have shown that the micellar weight and the number 


of surfactant molecules per micelle decreases as the 
ethylene oxide chain lengthens. I t  has been sug- 
gested that the origin of this effect lies in the increas- 
ing affinity of the monomer for water as the hydro- 
philic chain length increases, the hydrocarbon part 
of the molecule remaining constant. Furthermore, 
there appears to be little change in the radius of the 
micelle on increasing the number of ethylene oxide 
units. It appears that considerable curling of the 
monomer must occur when incorporated into the 
micelle. and this presumably takes place in the po1y.- 
oxyethylene chain. Therefore, i t  seems likely that 
the decrease in efficiency of solubilization with an 
increase in the number of ethylene oxide units is 
associated with the accompanying decrease in micel- 
lar weight and number of surfactant molecules per 
micelle. 


The effect of variation in hydrocarbon chain 
length of surfactant on solubilization was examined 
by comparing the solubilities in C24 and L23. 
From the solubility curves (Fig. 5) it is apparent 
that the solubility of benzaldehyde is not affected by 
variation in hydrocarbon chain length, while the 
solubility of p-methylbenzaldehyde is greater in C24. 
ic., the surfactantwith the longerhydrocarbon chain. 
These results, together with the effect of variation in 
polyoxyethylene chain length on solubility, suggest 
that benzaldehyde is solubilized in the hydrophilic 
polyoxyethylene region of the micelle, while 9- 
methylbenzaldehyde is distributed between both the 
hydrophilic and hydrophobic regions. Further 
evidence for these suggestions was obtained from a 
study of the ultraviolet absorption spectra of solu- 
tions of aldehydes in surfactants and other solvents. 


Ultraviolet Absorption Spectra.-Riegelman and 
co-workers (34) have suggested that the ultraviolet 
spectrum of a solubilizate affords a sensitive method 
for determining its position within the micelle. 


Spectra of benzaldehyde in various solvents are 
shown in Fig. 6. In solutions of C24 (curves 4-6) 
Amx. is at a wavelength longer than in n-heptane 


30 t 
5 25 


X 
6 20 
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1 2 3 4 5 6 7 8 9  
SURFACTANT, moles/L. X 101 


Fig. 5.-Effect of variation in hydrocarbon chain 
length of polyoxyethylene glycol ethers on the 
solubilities of benzaldehyde and fi-methylbenzal- 
dehyde at 25'. Open symbols, benzaldehyde; 
closed symbols, p-rnethylbenzaldehyde. Key: A, 
L23; 0, C24. 
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(curve 1) and is identical to that in water (curve 2) 
and solutions of polyethylene glycol (curve 3); X-. 
is not affected by the concentrations of benzaldehyde 
or surfactant (curves 4-6). Figure 7 shows the 
spectral curves of p-methylbenzaldehyde. In sur- 
factant solutions below the CMC (curve 4) and also 
greater than the CMC but below the concentration 
a t  which solubilization begins (curve 5), A,,,-. is the 
Same as in water (curve 2) and solutions of poly- 
ethylene glycols (curve 3). In the concentration 
range of surfactant a t  which solubilization starts 
(curve 6) and above this concentration (curves 7-8), 
Am=. for p-methylbenzaldehyde shows a shift of 2 
mp toward a shorter wavelength, i.e., toward hep- 
tane (curve 1). These findings, together with the 
solubility data, support the view that solubilization 
of benzaldehyde in aqueous surfactant solutions 
occurs in the polar polyoxyethylene region of the 
micelle, while p-methylbenzaldehyde is located in 
both the polyoxyethylene region and in the hydro- 
carbon interior of the micelle. I t  appears that p- 
methylbenzaldehyde is taken up in the hydrocarbon 
interior from the start of solubilization since the 
surfactant concentration at which the shift in Am=. 
first occurs (curve 6, Fig. 7) coincides with the 
beginning of the solubility curve. Furthermore, the 
shift is found even when the aldehyde concentration 
is below its water solubility (curve 7 ) ,  a demonstra- 
tion that the aldehyde is preferentially soluble in the 
micellar pseudophase. 
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Effect of Complex Formation on Drug Absorption I 
Complexes of Salicylic Acid with Absorbable and Nonabsorbable 


Compounds 


By GERHARD LEVY and RICHARD H. REUNING* 


The effect of com lex formation on drug absorption (gastric absorption by rats) 
has been studied Ey means of two model systems: (a) a rapidly absorbed drug 
(salicylic acid) complexed with a hydrophilic, surface-active, nonabsorbed, macro- 
molecular substance (polysorbate 60), and (b) a ra  idly absorbed drug (salicylic 
acid) complexed with a much more slowly absorged drug (caffeine). In both 
studies, ethanol was wed as a noncomplexed marker t o  afford recognition of possible 
changes in  permeability of the gastric mucosa. Results of these studies were cor- 
related with kinetic analyses based on the stability or binding constants of the respec- 
tive com lexes, the difference in  diffusivity between free drug and drug com lex, 
and the aisorption rate of the free drug. It is shown that the absorption rate of J u g s  
can be modified by formation of complexes which differ from the free drug mainly 


in size or in lipoid-water partition coefficient. 


OMPLEX PORMATION of drugs has been the with an absorbable and nonabsorbable compound, c subject of extensive physicochemical studies respectively, on the absorption of salicylic acid 
in recent years. These studies have demon- from the stomach of the rat. 
strated the potential utility of complexation as a 
means of increasing the solubility and stability of 
drugs. It is also appreciated now that unin- 
tended complex formation may o m  between 
drugs that are administered ~mu~taneous~,, either 


considerations warrant an investigation of the 
effect of complex formation on drug absorption. 
Moreover, it is desirable to explore the  potentiali- 
ties of intentional complex formation as an ap- 
Proah to the of absorption charm- 
teristics of chemotherapeutic agents. 


The phy&&emi& properties of &g mm- 
plexes can differ in several 


EXPERIMENTAL 
Experimental Procedure in Rats.-Female w i s b r  


rats weighing 100-150 Gm. were used. The rats 
were starved for 15-20 hours prior to the experi- 
ment, and water was removed from the animals 0.5 
hour prior to the operation. The animals were 


anesthesia for the entire course of the experiment. 
A midline incision was made in the abdominal re- 
don, and the stomach was exposed. The esophagus 
and the small intestine were then tightly ligated 
immediately adjacent to the cardiac sphincter and 
about 1 cm. from the pyloric sphincter, respectively. 
Care was taken not to occlude major blood vessels. 
Five milliliters of drug solution, previously warmed 
to 37O, was injected with a syringe and hypodermic 
needle by inserting the needle into the intestine be- 


involve electrical charge, diffusivity, size, and intestine and subsequently working the needle 
lipoid-water partition coefEcient, among others. through the pyloric valve into the lumen of the 
These have an appreciable effect stomach. A third ligature was tied around the in- 
on the rate of transfer of 8cToss bio- testine and needle to prevent leakage on injection. 


As the needle was withdrawn, this third ligature was 
logic membranes. Studies in this laboratory, tightend further to prevent any leakge of the 
to be described in this and in subsequent reports, drug solution. After completion of the procedure, 
have been concerned with the of model corn- the incision was closed with wound clips. At the 
pounds and complexes to investigate end of 1 hour, the entire stomach was excised and 


homogenized. The homogenate was then assayed aspects Of and its effect On for unabsorbed salicylic acid and ethanol. 
drug absorption, well as with the exploration Dete-ation of Temperature of Drug Solution 
of a number of potential applications of drug com- within the Rat Stomach.-The surgical procedure 
plexation in chemotherapy. This initial report was the Same as described in the above paragraph, 
deals with a study of the effect of complexation except that with the * thermistor probe was inserted through the pyloric 


Received August 3, 1984 from the Biopharmaceutics valve into the stomach. The thermistor probe Was 
left in the stomach for 1 how aft- the drug solu- 
tion, which had been preheated to 37'. was injected. 
The themistor probe was part of a thermistor type 
temperature recorder' which provided a continuous 
record of the drug solution temperature over the 
1-hour absorption period. 


1 Tri-R Tempcord-R, Tri-R Instruments, Jamaica, N. Y .  


in a sing1e Or in separate dosage forXIEL The* anesthetized with ether and were maintained under 


from those 
of the free ach differences = tween the pylo& valve and the ligature on the 
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TAflLE 1. -EFFECT OF COMPLEX FORMATION ON SALICYLIC ACID ABSORPTION FROM RAT STOMACH 
.. 


Animals, Salicylic Acid Half-Absorption Initial Complexation of 
Compn. of Solution,n Yo N O .  Absorbed,b % Time$ Hr. Salicylic Acid$ '70 


Salicylic acid, 0.1 10 50 (6)" 1 .0  0 


Salicylic acid, 0.1 10 3 i  (4) 1 . 5  84 


Salicylic acid, 0.1 11 33 (5) 1.7 62 
I'olysorbate 60, 2 


Caffeine, 2.75 
~ ~~ ~~ ~ ~ 


0 0.1 N HC1 served as the solvent in all solutions. b In 1 hour. c Assuming absorption to be a first-order process. d Based 
011 in vilro determinations. e Standard deviation in parentheses. 


Determination of Fluid Volume in the Rat Stom- 
ach.-Phenol red was used as a marker to deter- 
mine the extent of volume change of the drug solu- 
tion in the rat stoindch due to water absorption or 
fluid secretion. The procedure was the same as that 
used in the absorption experiments, except for the 
following modifications. The stomach was first 
washed with four separate portions of a phenol red 
solution (0.02';o in 0.1 N hydrochloric acid) before 
injecting the solution for the 1-hour absorption 
period. Instead of the entire stomach being homog- 
enized, the solution was withdrawn from the 
stomach, and the concentration of phenol red was 
determined. A control experiment using the same 
procedure on excised stomachs was also performed 
in order to determine the extent of binding of 
phenol red to gastric contents and to the mucosa 
during the 1-hour absorption period. Determina- 
tions were made both with a 0.02% phenol red solu- 
tion and a solution containing 0.02% phenol red 
and 0.1 yo salicylic acid. 


Phenol red was assayed by diluting the with- 
drawn solution, adding sufficient sodium hydroxide 
to yield a 0.01 N concentration of this base, filtering 
through a filter (Millipore), and determining the 
absorbance at 560 mp with a Bausch & Lamb spec- 
tronic 20 colorimeter. Any change in the volume 
of the drug solution in the stomach during the hour 
would be reflected by a corresponding change in 
phenol red concentration. 


Assay for Salicylic Acid.-A modification of the 
method of Brodie et al. (1) for determination of 
salicylic acid in plasma was used. The rat  stomach 
and its contents were homogenized with 20 ml. 
water in a Waring Blendor micro-jar. The homog- 
enate was transferred to a separator, acidified with 
5 ml. of 6 N hydrochloric acid, and extracted with 
one 30-ml. and three 20-ml. portions of ethylene 
dichloride. Each ethylene dichloride layer was 
scparated by centrifuging. Enough ethylene di- 
chloride was added to the combined extracts to ob- 
tain a total o f  100 ml. A 20-ml. aliquot of the 
ethylene dichloride extract was shaken for 5 minutes 
with 10 ml. of an aqueous solution of ferric nitrate 
(1%) in 0.07 N nitric acid. After centrifuging, the 
aqueoirs phase was aspirated and assayed colori- 
metrically for salicylic acid at 530 mp with a Bausch 
& Lomb spectronic 20 colorimeter. 


Using the tissue extraction method described 
above, tissue blanks were analyzed and were found 
to yield essentially negligible salicylate blank values 
whether or not polysorbate 60 or caffeine was present. 
Extraction etficiency was determined by adding 
known amounts of salicylic acid solution to rat 
stomachs, homogenizing, and then extracting and 
assaying as described above. Recovery was found 
to be essentially constant over the concentration 


ranges encountered, regardless of the presence or ab- 
sence of polysorbate 60 or caffeine. The average 
recovery was 91%. In the absorption experiments, 
the amount of salicylic acid remaining unabsorbed 
was calculated on the basis of the concentration of 
the assayed solution, its dilution, and the correction 
factor for recovery. 


Assay for Ethanol.-Ethanol concentration was 
determined by the enzymatic method of Biicher and 
Redetzki (2), using a small aliquot of diluted rat 
stomach homogenate. In this method, ethanol is 
reacted with alcohol dehydrogenase (yeast) and di- 
phosphopyridine nucleotide (DPN) in a buffered 
medium. The enzyme catalyzes the oxidation of 
ethanol by DPN. Ethanol concentration is re- 
flected by the concentration of reduced DPN which 
was determined spectrophotometrically at 360 mp 
with a Beckrnan model DU spectrophotometer. 
Tissue blanks were determined and, although signifi- 
cant, were quite constant. Recoveries were found to 
be essentially constant over the concentration range 
used, the average recovery being 87%. In the ab- 
sorption experiments, the amount of ethanol re- 
maining unabsorbed was calculated from the spec- 
trophotometric results appropriately corrected for 
blank value, dilution factor, and recovery. 


Determination of the Extent of Binding of Sali- 
cylic Acid by Polysorbate 6O.-This determination 
was carried out by an equilibrium dialysis method. 
Ten milliliters of a 2y0 polysorbate 60 solution in 
0.1 N hydrochloric acid was placed in a dialysis 
bag.* The bag was then placed into a 125-ml. 
conical flask which contained 110 ml. of a salicylic 
acid solution in the same solvent. The solutions 
were allowed to  equilibrate at 33' for 7 days in a 
constant temperature water bath shaker. During 
this time the solutions were constantly agitated. 
At the end of 7 days, the solutions inside and outside 
the dialysis bag were assayed for salicylic acid con- 
centration using the colorimetric procedure of 
Trinder (3). The increase in concentration of the in- 
side solution over that of the outside solution is a 
direct indication of the amount of salicylic acid 
bound to  polysorbate 60 contained in the bag. 
Similar experiments were carried out using distilled 
water and 0.005 N HCI (rather than 0.1 N HCI) as 
the solvent. 


Determination of the Extent of Binding of Ethanol 
by Polysorbate 6O.-This determination was carried 
out by an equilibrium dialysis method similar to  the 
one described in the preceding paragraph. Ten 
milliliters of a 2y0 ethanol solution in distilled water 
was placed in a dialysis bag which was suspended 
in 110 ml. of 2% ethanol and 2y0 polysorbate 60 in 
distilled water. The solutions were equilibrated 


2 Tomac Nylon Bags, American Hospital Supply Corp., 
Evanston. Ill .  
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tinuous temperature recording in the stomach of 
rats under conditions similar to  those of actual ab- 
sorption experiments indicated an average intra- 
gastric temperature of 34" initially, which de- 
creased to 32" toward the end of 1 hour. Conse- 
quently. all physicochemical measurements were 
made at 33'. 


The Salicylic Acid-Polysorbate 60 Complex.- 
The absorption of salicylic acid was decreased from 
50yo in 1 hour to 33y0 in 1 hour in the presence of 
2% polysorbate 60 (Table I). This difference was 
found to  be statistically significant ( p  < 0.01) by 
the Student t test. Absorption of salicylic acid from 
the stomach can be depicted satisfactorily as an ex- 
ponential process (6, 8, 9), provided that adequate 
corrections are made for gastric emptying or that 
gastric volume can be maintained essentially con- 
stant. In  general agreement with the observations 
of Schanker et al. ( 6 ) ,  we found (by using phenol 
red as a marker) that gastric volume in the ligated 
rat stomach had changed on the average by less 
than 70/, at the end of 1 hour, under the experimental 
conditions. This permitted calculation of first-order 
rate constants and half-absorption times, although 
the values must be looked upon as approximations 
only. 


Levy (10) has discussed various mechanisms by 
which surface-active a.qents may modify drug ab- 
sorption. He cautioned that it is necessary to con- 
sider possible effects on the absorbing membranes, 
interaction of the surface-active agent with the 
drug, and modification of dosage form properties. 
Some surface-active agents can cause damage to the 
gastrointestinal epithelium (11). and it is therefore 
possible that the over-all effect of polysorbate 60 on 
the absorption of salicylic acid, as observed in the 
present study, may represent the sum of two effects: 
modification of membrane permeability characteris- 
tics and micellar complexation of the drug. To 
investigate this possibility, the absorption of ethanol 
without as well as in the presence of polysorbate 60 
was determined. Ethanol is not bound to polysor- 
bate 60 (as evidenced by the results of equilibrium 
dialysis), and modification in membrane perme- 
ability characteristics should consequently be re- 
flected by changes in the absorption rate of ethanol. 
Two per cent polysorbate 60 had no measurable ef- 
fect on ethanol absorption (Table 11), and it may 
be concluded therefore that changes in salicylic acid 
absorption in the presence of polysorbate 60 are due 
solely (or at least predominantly) to complex forma- 
tion. 


TABLE II.-EFFECT OF SALICYLIC ACID, CAFFEINE, 
AND POLYSORBATE 60 ON ETHANOL ABSORPTION 


FROM RAT STOMACH 


Ethanol 
Compn. of Animals, Absorb4.b 


Solutions,a yo No. % S.-D. 
Ethanol, 2 5 48 8 
Salicylic acid, 0.1 
Ethanol, 2 4 46 0 
Salicylic acid, 0.1 
Polysorbate 60, 2 
Ethanol, 2 5 42 7 
Salicylic acid, 0.1 
Caffeine, 2.75 
Ethanol, 2 4 51 4 


a 0.1 N HCI served as the solvent in all solutions. b In 1 
hour. 


for up to 15 days and assayed by the method of 
Pawan and Hoult (4). Control experiments were 
carried out t o  verify the permeability of the dialysis 
membrane to ethanol, the impermeability of the 
membrane to  polysorbate 60. and the absence of 
interference of polysorbate 60 with the ethanol 
-Y. 


Determination of the Stability Constant of the 
CafTeine-Salicylic Acid Complex.-The solubility 
method described by Higuchi and Zuck (15) was 
used to determine the stability constant of the caf- 
feine-salicylic acid complex at 33". 


Determination of Partition Coefficients.-Partition 
coefficients were determined using 0.1 N hydro- 
chloric acid and isoamyl acetate as the aqueous and 
organic phase, respectively. Equilibration was car- 
ried out at room temperature for at least 12 hours 
using an automatic shaking apparatus. Salicylic 
acid concentration was determined by the method of 
Trinder (3) and caffeine concentration by the 
method of Axelrod and Reichenthal(5). 


RESULTS AND DISCUSSION 
The model drug used in these studies, salicylic 


acid, is absorbed from the stomach and intestinal 
tract mainly by passive diffusion of nonionized 
molecules (6, 7). It was chosen because it is rapidly 
absorbed, and it forms complexes with many drugs 
and other compounds of pharmaceutical interest. It 
was decided to study gastric rather than intestinal 
absorption for the following reasons: the pH de- 
pendence of salicylic acid absorption and the feasi- 
bility of maintaining a low and constant pH in the 
stomach, the more rapid absorption of one of the 
complexing agents (caffeine) from the intestine 
which resulted in lethalities during preliminary intes- 
tinal perfusion experiments, the relative constancy 
of gastric volume under the experimental conditions, 
the possibility of using relatively large volumes of 
drug solution, and the ease of isolation and manipu- 
lation of the stomach. 


The experimental procedures differed somewhat 
from the methodology used by many other investi- 
gators. In order to  prevent damage to  the delicate 
gastric mucosa, the rat stomach was not washed 
prior to  the absorption experiment; the entire 
stomach and its contents (rather than gastric con- 
tents alone) were assayed at the end of the absorp- 
tion period, so that only drug which had entered 
the Circulation was considered as having been ab- 
sorbed. 


The two complexing systems used in t h i s  investi- 
gation represent dseren t  characteristics. The 
salicylic acid-polysorbate 60 system consists of a 
well-absorbed drug and a macromolecular substance 
which is not absorbed as such. It may be assumed, 
therefore, that the micellar complex of salicylic acid 
and polysorbate 60 will not pass across biologic 
membranes. On the other hand, both components 
of the salicylic a c i d d e i n e  system are absorbed, 
but the latter at a much slower rate than the former 
(6). It may be expected that the complex itself 
would be absorbable but at a rate somewhat dif- 
ferent from that of either of the component drugs. 


Since the in viuo dects of complex formation 
were to  be correlated with in yitro binding or sta- 
bility data, the in vivo temperature of the drug solu- 
tions was determined, and in vitro measurements 
were carried out at the same temperature. Con- 
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hour-' and f = 0.38, the theoretical amount A re- 
maining unabsorbed is 3.8 mg. The actual average 
amount unabsorbed was 3.4 mg. The small dif- 
ference between the theoretical and experimental 
value may be due to normal experimental variation, 
or it may be caused by competitive binding of poly- 
sorbate 60 by mucosal proteins or gastric contents. 
Lack of stability of polysorbate 60 in acidic gastric 
fluids was not a factor, since equilibrium dialysis of 
salicylic acid against polysorbate 60 in either 0.1 N 
HCI or distilled water yielded essentially equal re- 
sults. I t  is suggested, therefore. that the effect of 
polysorbate 60 on the absorption of salicylic acid, 
under the experimental conditions, is due to a de- 
crease in activity of the drug as a result of micellar 
complexation. I t  appears that the magnitude of the 
in vivo effects may be estimated satisfactorily on the 
basis of kinetic considerations based on in vilm 
binding constants and the absorption rate constant 
for the free drug. 


The Salicylic Acid-Caffeine Complex.-The gas- 
tric absorption of salicylic acid is decreased from 


per hour to 37% per hour in the presence of 
caffeine (Table I). The difference is statistically 
significant ( p  < 0.01). Since caffeine is ulcerogenic 
in rats [daily oral administration of caffeine for 5 
days has caused superficial erosions of the glandular 
mucosa (13)], and since such breakdown of the 
mucosa: plasma barrier can result in more rapid drug 
absorption (14), ethanol was used as a noncomplexed 
marker to determine possible modification in mem- 
brane pernieability characteristics. There was no 
evidence of increased permeability (Table 11), and 
it may be concluded that acute administration of 
caffeine did not damage the gastric mucosa signifi- 
cantly during the I-hour absorption period. The 
decreased absorption of salicylic acid cannot be 
ascribed to an increased pH of the solution contain- 
ing caffeine, since the pH remained the same as 
that of the solution which did not contain caffeine. 


The stability constant of the salicylic acid-caffeine 
complex in 0.1 N hydrochloric acid at 33'. deter- 
mined by the solubility method (15), was found to 
be 40 (Fig. 2). This value compares favorably with 
that reported by Higuchi and Zuck (15) for the 
same complex at 30"-namely 44. A decrease in 
the stability constant a t  higher temperatures is to 


. o-,- 
20 .O 60 


Concemmlhn of F m  Salicylic Ac!d,mp% 


Fig. 1.-Relation between concentration of bound 
and free salicylic acid in solution of 2Yc polysorbate 
60 in 0.1 N hydrochloric acid a t  33". Each point 
represents the average of four determinations. 


The magnitude of interaction of salicylic acid 
with polysorbate IiO was determined by equilibrium 
dialysis and was found to be describable by the 
equation 


c* = KC;  (Eq. 1) 


or 


log Cb = log K + a log C, (Eq. 2) 


where CF, is the concentration of bound drug, C, is 
the concentration of free drug, and K and (I are 
constants. This relationship, which is analogous 
to the Freundlich adsorption isotherm, applies also 
to the interaction of many drugs with plasma pro- 
teins (12). Results of the binding study (Fig. 1) 
showed that in the salicylic acid concentration 
range which existed in the absorption experiment 
(O.lc% initially, decreasing to 0.067i.o/;, at the end of 
1 hour), the binding of drug with polysorbate 60 
varied from 61.5 to 63.07;. Thus, the extent of 
drug complexation was essentially constant. 


The gastric absorption of salicylic acid in the ab- 
sence of complexing agents can be described by the 
exponential expression 


(Eq. 3) 
K 


2.3 log '4 = log A" - -- t 


where A ,  is the amount of drug introduced into the 
stomach. A is the amount remaining in the stomach 
at time t ,  and h' is the first-order absorption rate 
c( jnstant. 


When a constant fraction of drug is complexed 
and when it is assumed that only free drug is ab- 
sorbed. absorption rate may be described by 


where d A / d t  is the rate of absorption and f is the 
fraction of free drug. Upon integration, evaluation 
of constant o f  integration and change to common 
logarithms, 


The amount of salicylic acid remaining unabsorbed 
a t  1 hour, upon administration of 5 ml. of a solution 
of 0.15% salicylic acid and 2% polysorbate 60. was 
calculated by Eq. 5. Using values of K = 0.69 


1, 
L----------,-,-, 9 


12 
Conantration of coffam, M/L.. 10' 


Fig. 2.-Apparent solubility of salicylic acid in 
0.1 N hydrochloric acid a t  33O as a function of caf- 
feine concentration. Each point represents the 
average of a t  least four determinations. 
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TABLE III.-PARTITION COEFFICIENTS (ISOAMYL 
ACETATE, 0.1 N HCI) OF SALICYLIC ACID A N D  
CAFFEINE ALONE A N D  PARTLY COMPLEXED 


Initial Compn. of Ratio. Organic: Partition 
Aqueous Phase, "/o Aqueous Phase Coefficient 


Salicylic Acid 
Salicylic acid, 0.1 5: 100 163 
Salicylic acid, 0.1 5: 100 28 
Caffeine, 2.75 


Caffeine, 0.2 10: 1 0.27 
Caffeine, 0.2 10: 1 0.37 
Salicylic acid, 0.275 
Caffeine, 0.2 1:l 0.46 
Salicylic acid," 3.025 
Caffeine, 0.2 1:l 0 . M  
Salicylic acid," 8.525 


Caffeine 
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a In these instances, most of the salicylic acid was dissolved 
in the organic phase prior to equilibration. 


be expected. The partition coefficient (isoamyl 
acetate:0.1 N HCI) of salicylic acid is considerably 
greater than that of caffeine. Complexation of 
salicylic acid with caffeine decreases the apparent 
partition coefficient of the former and increases the 
apparent partition coefficient of the latter (Table 
111). This suggests one possible mechanism for the 
decreased absorption of salicylic acid in the presence 
of caffeine, as found in the present study: the sali- 
cylic acid-caffeine complex may be absorbed more 
slowly than salicylic acid itself and, since salicylic 
acid was 84% complexed in the administered solu- 
tion, the over-all absorption retarding effect may be 
appreciable. 


The theoretical rate of absorption of the salicylic 
acid-caffeine complex may be calculated by use of 
an equation developed by Higuchi and Lachman for 
an analogous in d r o  system (16): 


1 1 1  
- (K.C + 1) = - f - K.C (Eq. 5) 


t 0 . 5  t 0 . U  t 0 . b  


where K. is the stability constant of the complex, C 
is the molar concentration of free caffeine, t 0 . 6  is the 
halfabsorption time of salicylic acid in the presence 
of caffeine, t 0 . 6 /  is the half-absorption time of free 
salicylic acid, and t 0 . 5 c  is the half-absorption time of 
the salicylic acid-caffeine complex. Equation 5 
applies in the strict sense only to systems where the 
complexing agent (caffeine in this case) is not ab- 
sorbed, but the equation can be used satisfactorily in 
the present case since caffeine is relatively slowly 
absorbed and is used in high concentration. 


The following information is used to solve Eq. 5: 
to.& = 1.5 hours and t0 .6,  = 1.0 hours(both from data 
in Table I), K. = 40 (from data depicted in Fig. 2). 
and C = 0.135 M or 0.101 M calculated from K, 
using 


where (C) is the concentration of free caffeine, (S) 
is the concentration of free salicylic acid, and (S - 
C) is the concentration of the salicylic acid-caffeine 
complex. According to the data of Schanker et al. 
(6), caffeine is 24% absorbed in 1 hour. Our own 
data [based on 90 minute absorption experiments 
(17)] indicate an absorption rate of 27y0 per hour. 
If caffeine were not absorbed at all (which is the 


condition actually required for use of Eq. 5). 10.6  is 
6.3 hours. Going to the other extreme by assuming 
caffeine concentration to be 27':/,! lower from the 
very beginning, L . 5  is 5.0 liours. I t  is evident that 
( a )  the equation can be used satisfactorily for esti- 
mating purposes (particularly in view of the limita- 
tions imposed by experimental variability of the in 
vivo system) and (b )  it must be assumed that the 
complex itself is absorbed since the theoretical t 0 . b  


calculated above is much greater than the experi- 
mentally obtained value. Accepting this assump- 
tion and solving for to.a (the half-absorption time of 
the complex), yields a value of 1.7 hours (this value 
is the same if based on no absorption of free caffeine 
or on immediate 27% absorption). Interestingly, 
this value is intermediate between that of free sali- 
cylic acid (1.0 hour) and free caffeine (2.2-2.5 
hours). The relative absorption rates are also con- 
sistent with the respective partition coefficients. 


Despite the attractiveness of the hypothesis pre- 
sented above, it is appropriate to consider an alterna- 
tive mechanism to explain the experimental data. 
There is some indication that the gastric absorption 
of salicylic acid by the rat is, under the experimental 
conditions, rate limited by the rate of movement of 
drug molecules from the center of the gastric lumen 
to the periphery (6, 18). Assuming this to be 
mainly a diffusion process (rather than mixing and 
flow of gastric contents) and using Thovert's equa- 
tion (19) to estimate the effect of molecular weight 
on diffusivity, it can be shown that the diffusivity 
of salicylic acid is 55% greater than that of the 
salicylic acid-caffeine complex : 


diffusivity of salicylic acid 
_ _ _ ~ .  


diffusivity of salicylic acid-caffeine comulex 
d ~ l ~ f ~  


~- = 1.55 


Correcting for the extent of salicylic acid complexa- 
tion (84yo) in the salicylic acid-caffeine system, the 
absorption rate constant of free drug should be 
about 42% greater than that in the presence of caf- 
feine. This was indeed the case. Thus, the experi- 
mental data are equally compatible with an assumed 
decreased membrane permeation rate of the complex 
(compared with free salicylic acid) and a decreased 
rate of diffusion of the complex to the absorbing 
membranes. Further studies of this problem are in 
progress. 


- - 
dmol. wt. of free acid 
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Effect of Certain Drugs on Perfused 
Human Placenta IV 


Detection of Specific Receptor Sites 


By RALPH T. MANCINI* and RONALD F. GAUTIERI 


The effects of three adrenergic blocking agents (phentolamine, tolazoline, and hy- 
dralazine) on the action of epinephrine, norepinephrine, Gepinephrine, histamine, 
and 5-hydroxyuy tamine in placental vessels were investi aced. The results indi- 
cated that phentofamine not only diminished and/or blocfed the vasoconstricting 
action of epinephrine, norepinephrine, and histamine but also caused a reversal of 
their effects. However, phentolamine could only diminish the vasopressor action 
of 5-hydroxyupptamine. From the resulrs obtained in this investigation, it appears 


that the placental vessels have both alpba and b e k  receptors. 


HE HUMAN BODY is composed of numerous 
"organs consisting of various types of tissues 
which manufacture chemicals to perform specific 
functions. Whenever certain organs exhibit a 
variance in the amount of chemical substances 
normally produced, the homeostatic processes of 
the body controlled by these chemicals will usually 
be altered. However, when the same condition 
occurs in the pregnant state, not only normal 
body functions will be altered but also possibly 
fetal nourishment and development. Therefore, 
since i t  has been shown that 5-hydroxytryptamine 
(serotonin) (l), sympathomimetics, and histamine 
(2) constrict placental vessels directly and also 
that the placental barrier is permeable to sub- 
stances below a molecular weight of 1000 (3), 
allowing their passage from maternal to fetal 
circulation, any condition which actually causes 
an increased level of these normal body chemicals 
could, via placental transfer, ultimately lead to 
teratogenic effects (4), decreased fetal oxygena- 
tion (1, 2), and even fetal death (5,6). 


Many drugs other than natural body chemicals 
have been shown to affect the placental vascula- 
ture. Such drugs include the narcotic analgesics, 
which cause constriction (morphine, meperidine, 
and codeine) (1) and certain vasodilators (iso- 
sorbide dinitrate, isoproterenol hydrochloride, 
nitroglycerin, and papaverine) (i). Because 
some of these agents cross the placental barrier 
(8, 9) and have been shown in isolated placental 
preparations to affect directly the placental 
-. - .- 
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vasculature (1, 2, 7), it is possible that when such 
drugs are administered to pregnant women they 
may disturb the homeostatic conditions of the 
placenta and exert serious effects on the fetus. 
Consequently, it is imperative to determine the 
action of all drugs on placental vasculature. 


During the past 45 years, many perfusion ex- 
periments have been performed to test the effects 
of various neurohormones [epinephrine, nor- 
epinephrine, 1-epinephrine, 5-hydroxytryptamine 
(serotonin) ] and histamine on the placental 
vasculature (1, 2, 7,  10-13). It has been gen- 
erally shown from these placental perfusion ex- 
periments that 5-hydroxytryptamine and hista- 
mine cause pronounced vasoconstriction, where- 
as the catecholamines (epinephrine, norepi- 
nephrine, and 1-epinephrine) produce relatively 
slight vasoconstriction on isolated placental 
vasculature. 


Recently, Astrom and Samelius (12) demon- 
strated that the vasoconstricting action of 5- 
hydroxytryptamine (serotonin) and adrenaline 
on the placental vasculature was blocked by the 
adrenergic blocking agent phentolamine (Regi- 
tine). This laboratory performed preliminary 
experiments to confirm these results. I t  was 
established that phentolamine not only blocked 
the action of epinephrine but also caused a 
reversal of its action on the placental vasculature. 
However, phentolamine only caused a slight 
diminution of the effects of 5-hydroxytryptamine. 


The dual &ect of epinephrine (vasoconstriction 
and vasodilatation) on the nerve-free placental 
vessels has raised the question of just how the 
catecholamines act. Is it possible to credit their 
action to the activation of specific receptor sites, 
to direct musculotropic action, or to endogenous 
release of the normal mediators? Therefore, 
the purpose of this investigation was to discern 
the effects of certain adrenergic blocking agents on 
the action of various catecholamines and attempt 
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Fig. 1.-Schematic diagram of the apparatus for perfusion of placental vasculature. Key: 1, Bronwill 
thermoregulator; 2, reservoir, perfusion fluid (Tyrode's with P.V.P.); 3, rubber tubing (injection site); 
4, Sigmamotor pump (model TS-8); 5, mercury manometer; 6, Livingston variable-speed kymograph; 7, 
RGI flowmeter; 8, outer Plexiglas chamber (water jacket); 9, inner Plexiglas chamber (perfusion chamber); 
10, arterial cannula; 11, venous cannula; 12, Bronwill thermoregulator; 13, 100-ml. graduated cylinder. 


E * I  I 


L 
Fig. 2.-Effect of phentolamine on the action of 


epinephrine hydrochloride in placental vasculature. 
Key: E, 20 mcg. epinephrine hydrochloride; P,  3 
mg. phentolamine methanesulfonate. 


t o  identify the specific mechanism of action 
whereby these agents affect the placental vascula- 
ture. 


MATERIALS AND METHODS 


The full-term human placentas utilized in this 
experiment were obtained from the delivery room of 
the hospital 5-15 minutes after normal delivery. A 
glass container of Tyrode's solution heated to 38' 
was employed to  transport the placental prepara- 
tions. 


The procedures concerned with the manipulation 
and preparation of the placentas for perfusion were 
described in a previous paper (2). A schematic 
diagram of the apparatus is shown in Fig. 1. Um- 
bilical cords of placentas measuring more than 5.5 
cm. in length were designated as long cords; those 
under 5.5 cm. were designated as short cords. 


The placental outflow was measured directly at 
the onset of the perfusion by means of a 100-ml. 
graduated cylinder and never reperfused. If the 
volume of inflow greatly exceeded the volume of out- 
flow or if the perfusion pressure could not be main- 
tained at a constant level, the placenta was &- 
carded. During this study, 51 placental prepara- 
tions were utilized on which 132 successful experi- 
ments were performed. 


The following drugs were injected into the arterial 
side of the perfusion in a volume of distilled water 
not exceeding 1.5 ml. : epinephrine hydrochloride. 
0.1%; 2-epinephrine bitartrate,' 0.1%; l-norepi- 
nephrine bitartrate(L.evophed),0.2~o(0.1~o as base); 
histamine acid phosphate, 0.055% (0.02% as base); 
5-hydroxytryptamine creatinine sulfate (serotonin), 
0.01 %; phentolamine methanesulfonate (Regitine),P 
0.2%; tolamline hydrochloride (Priscoline), 2.5%; 
and hydralazine hydrochloride (Apresoline),' 0.4%. 


1 Supplied through the courtesy of Sterling-Winthrop Re- 


* Supplied through the courtesy of Ciba Pharmaceutical 
search Inshtute, Rensselaer, N. Y. 


Products, Inc.. Summit. N. J. 


RESULTS 


The following results were obtained on full- 
term human placental vasculature perfused a t  the 
pressure range of 5C-90 mm. Hg. This range of 
perfusion pressure (50-90 mm. Hg) corresponds to 
30-70 ml. of perfusion fluid inflow per minute. 


Efiects of Pheotolamine on the Action of Certain 
Amines i n  the Placental Vasculature 


Epinephrine.-Table I shows that prior to the 
administration of 3 mg. of the adrenergic blocking 
agent, phentolamine, 20 mcg. of epinephrine ex- 
hibited a moderate vasoconstriction in placentas 
with both short and long cords. However, the 
vasoconstrictor action of epinephrine in the placentas 
with long cords seemed to be more pronounced than 
in those with short cords. 


When 20 mcg. of epinephrine was given subse- 
quent to the administration of phentolamine, not 
only was the vasoconstrictor response blocked but 
vasodilatation (reversal) effect of epinephrine 
also became apparent (Fig. 2). This reversal effect 
of epinephrine appeared to be similar in placentas 
with short and/or long cords. A subsequent injec- 
tion of epinephrine 15-20 minutes later produced a 
normal response. In one experiment, the placental 
vasculature did not exhibit a response to the action of 
epinephrine. 


Norepinephrine.-Prior to the administration of 
phentolamine, 40 mcg. of norepinephrine exhibited 
a moderate vasoconstriction in the placental vascula- 
ture, irrespective of cord length (Table I). Also, 
when norepinephrine was administered approxi- 
mately 3 minutes subsequent to the administration 
of phentolamine, a reversal of its normal vaso- 
constrictor response occurred (Fig. 3). When 40 
mcg. of norepinephrine was administered 15-20 
minutes subsequent to the administration of phentol- 
amine, its normal vasoconstrictor response appeared 
again. 


1-Epinephrine.-Table I shows that when 20 
mcg. of I-epinephrine was perfused through the 
placental vascular system before the administration 
of 3 mg. of phentolamine, moderate vasoconstriction 
occurred in the placentas with short umbilical cords. 
However, in one experiment in which a long-cord 
placenta was utilized, the vasoconstricting effect of 
&epinephrine appeared to  be more pronounced than 
its vamconstricting action on short-cord placentas. 


When I-epinephrine was perfused through the 
placental vasculature following the administration of 
phentolamine, both vasoconstriction and vasodilata- 
tion occurred. However, the vasoconstrictor effect 
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TABLE I.-EFFECTS OF PHENTOLAMINE ON THE ACTION OF CERTAIN AMINES 
IN THE PLACENTAL VASCULATURE - ._ - .  


7 Range of Pressure Changes, am. H g  --. 
Av. No. Av. No. 


Change Expt. Decrease Change Expt. 
Cord 


Drug and Dose Len@" Increase 
Before Phentolamine 


Epinephrine, 20 


After Phentolamine 
Epinephrine, 20 


Before Phentolamine 
Norepinephrine, 


After Phentolamine 
Norepinephrine, 


Before Phentolamine 
I-Epinephrine, 


After Phentolamine 
/-Epinephrine. 


Before Phentolamine 
Histamine, 20 mcg. 


After Phentolamine 
Histamine, 20 rncg. 


Before Phentolamine 
Serotonin, 50 mcg. 


After Phentolamine 
Serotonin, 50 mcg. 


mcg. 


mcg. 


40 mcg. 


40 mcg. 


20 mcg. 


20 mcg. 


S 
L 


S 
L 


S 
L 


S 
L 


S 
L 


S 
L 


S 
L 


S 
L 


S 
L 


S 
L 


+1.9 to $5.4 
+1 .2 to  +19.6 


+1.8 


+11.2 
+ 2 . o t o  +7.4 


. . .  


. . .  


+3.4 to  +22.0 
+60.0 


+ 0 . 8 t o  +1.0 


+2.0 to +64.0 
+1.8 to  +136.0 


+ 3 . 2 t o  +5.2 
+1.0 to +110.0 


+4.0 to +108.0 
+43.0 t o  +145.2 


+ 1 . 4 t o  +93.4 
+ l O . O  to +164.6 


... 


+3.3 
+7.8 


+1.8 


+11.2 
+4.3 


. . .  


. . .  


. . .  


+10.4 
+60.0 


+0.9 


+12.5 
+41.9 


$4.7 
+34.4 


+35.0 
+83.2 


+25.5 
+62.2 


. . .  


3 
5 


1 
. .  


1 
4 


. .  


. .  


4 
1 


2 
.. 
11 
16 


9 
11 


16 
15 


16 
15 


. . .  
-2.2 to -7.6 


0.0 to -5.0 


. . .  


. . .  
-2 .6  to -4.0 
-2 .8  to -6.4 


. . .  


. . .  
-2.0 to -6.0 


-3.6 


. . .  


. . .  
-2.4 to  -2 .8  
-1.6 to  -4.0 


. . .  


. . .  


. . .  


. . .  
-4.5 
-2.3 


. . .  
. . .  


-3.3 
-3.9 


. . .  


... 


-4 .0  
-3.6 


... 


. . .  
-2.6 
-2.6 


. . .  


... 


. . .  


. . .  


. .  


. .  
4 
6 


. .  
. .  


3 
7 


. .  


. .  
2 
1 


. .  


. .  


2 
5 


. .  


.. 


S, small cord; L. long cord. 


Fig. 3.-Effect of phentolamine on the action of 
norepinephrine bitartrate in placental vasculature. 
Fey: N, 40 mcg. norepinephrine bitartrate; P, 
.4 mg. phentolamine methanesulfonate. 


loo-- 80 - 
60. 


L ? L  L 
I I 1  I 


A 
Fig. 4.-Effect of phentolamine on the action of 


]-epinephrine bitartrate in placental vasculature. 
Key: L, 20 mcg. I-epinephrine bitartrate; P, 3 
mg. phentolamine methanesulfonate. 


occurring after phentolamine was markedly reduced 
compared to the vasoconstriction produced origi- 
nally. The vasodilatation or reversal effect occur- 
ring after phentolamine administration was approxi- 
mately the same in placentas with short or long 


80 
60 


Y P Y  Y 


& 
Fig. 5.-Effect of phentolamine on the action of 


histamine acid phosphate in placental vasculature. 
Key: H, 20 mcg. histamine acid phosphate; P, 3 
mg. phentolamine methanesulfonate. 


YL 


). 


Fig. 6.-Effect of phentolamine on the action of 
serotonin in placental vasculature. Key: S, 50 
mcg. serotonin; P, 3 mg. phentolamine methane- 
sulfonate . 
a vasoconstrictor action greater than epinephrine, 
norepinephrine, or l-epinephrine, irrespective of 
cord length. Table I shows that when histamine was 
given prior to  the administration of phentolamine, its 
vasconstrictor action generally appeared to  be more 
pronounced in the placentas with long cords than in 
those with short cords. 


cords (Fig. 4). 
Histamine.-When histamine (20 mcg.) was per- 


fused through the placental vasculature, it  exhibited When 20 mcg. of histamine was perfused through 
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TABLE II.-EFFECTS OF TOLAZOLINE ON THE ACTION OF CERTAIN AMINES 
IN THE PLACENTAL VASCWLATIJRE 


Range of Pressure Changes, mm. Hg 7 


Cord Av. No. Av. No. 
Drug and Dose Increase Chunge Expt. Decrease Change Expt. 


Before Tolazoline 


After Tolazoline 


Before Tolazoline 


Epinephrine, 20 mcg. S 4-3.0 to +36.0 +15.7 3 ... ... .. 
Epinephrine, 20 mcg. S +l .Oto  +4.4 $2.8 3 ... ... . .  


Norepinephrine, 40 mcg. S +1.6 to  +4.0 $2.5 3 . . .  ... . .  
After Tolazoline 


Norepinephrine, 40 mcg. S 0 . 0 t o  + l . O  +0.5 2 . . .  ... . .  ... -7.0 -7.0 1 L ... 
Before Tolazoline 


After Tolazoline 


Before Tolazoline 


After Tolazoline 


Before Tolazoline 


After Tolazoline 


I-Epinephrine. 20 mcg. S +2.8to +5.0 +3.9 3 . . .  . . .  . .  
I-Epinephrine, 20 mcg. S + 2 . 0 t o  +2.4 +2.1 3 . . .  ... . .  


Histamine, 20 mcg. S +4.6 to +52.0 +13.1 9 ... ... .. 
Histamine, 20 mcg. S +2.8 to  +15.0 4-10.2 8 -3.0 -3.0 1 


Serotonin, 50 mcg. S +26.0 to +88.0 +53.3 9 ... ... .. 
Serotonin, 50 mcg. S +24.0to 4-100.2 +57.6 9 . . .  ... . .  
0 S. Small cord; L, long cord. 


TABLE III.-EFFECTS OF HYDRALAZINE ON THE ACTION OF CERTAIN AMKNES 
IN THE PLACENTAL VASCULATURE - Range of Pressure Changes, mm. Hgb - 


N O .  Av. No. 
Expt. Decrease Change Expt. Drug and Dose 


Epinephrine, 20 mcg. 
Before Hydralazine 


After Hydralazine 


Before Hydralazine 


After Hydralazine 


Before Hydralazine 


After Hydralazine 


Before Hydralazine 


After Hydraladne 


Before Hydralazine 


After Hydralazine 


Epinephrine, 20 mcg. 


Norepinephrine, 40 mcg. 


Norepinephrine, 40 mcg. 


I-Epinephrine, 20 mcg. 


I-Epinephrine, 20 mcg. 


Histamine, 20 mcg. 


Histamine. 20 mcg. 


Serotonin, 50 mcg. 


Serotonin, 50 mcg. 


cord 
Length" 


S 
L 


S 
L 


S 


S 


S 
L 


S 
L 


S 
L 


S 
L 


S 
L 


S 
L 


Increase 


+2.8 to  +3.4 
+20.0 


+3 .0 to  +3.6 
+31.6 


+4.0 to +12.0 


+3.4 to +11.4 


+2.8 
+ 2 . 0 t o  +4.0 


+2.8 
+2.6 to  +5.0 


+3.4 to +101.0 
+40.0 


+3.4 to f110.0 
+20.0 to +30.0 


+24.0 to +118.0 
+15.6 to + S . O  


+12.0 to +109.0 
$20.0 to $60.4 


Av. 
Change 


+3.1 
+20.0 


$3.2 
+31.6 


$6.3 


+4.4 


+2.8 
+3.0 


$2.8 
+3.5 


$52.2 
+40.0 


+ S . 7  
+25.0 


+48.0 
+40.4 


+38.8 
+40.2 


2 . . .  ... . .  
1 ... ... . .  


2 ... ... . .  
1 . . .  ... . .  


3 ... ... . .  


3 ... ... . .  


1 . . .  . . .  . .  
2 . . .  . . .  . .  


1 . . .  . . .  . .  
2 . . .  . . .  . .  


2 . . .  . . .  . .  
2 . . .  . . .  . .  


2 ... . . .  . .  
2 ... ... .. 
6 . . .  . . .  
3 ... ... 
6 ... ... .. 
2 . . .  . . .  . .  


S, Small cord; L, long cord. No decrease or avuage change in any of the experiments. 


the placental vasculature subsequent to  3 mg. of 
phentolamine, its vasoconstrictor action was not 
only markedly diminished (Fig. 5), but also a re- 
versal of its normal pressor action occurred in some 
experiments (Table I). 


5-Hydroxytryptamine (Serotonin).-Of all of the 
agents used in this experiment, 5-hydroxytryptamine 
(serotonin) had the greatest vasoconstricting dect 


on the placental vasculature. Table I shows that 
the effect of 50 mcg. of 5-hydroxytryptamine on 
perfused placental vasculature before the administra- 
tion of phentolamine on the average was greater 
than the vasoconstricting action exerted when it was 
administered after phentolamine. However, the 
vasoconstrictor action of 5-hydroxytryptamine was 
never completely blocked or reversed (Fig. 6). 
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TABLE I V.-COMPOSITE RESULTS OF COMPARATIVE ANTAGONISTIC ACTION OF P H E N T O L ~ E ,  TOLAZOLINE, 
AND HYDRALAZINE ON THE ACTION OF CERTAIN AMINES IN THE PLACENTAL VASCIJLATURE -- Degree of Antagonism- 


Dose, Expt., 
meg. No. None Partial Complete Reversal 


Phentolamine 
Epinephrine 20 11 . .  1 1 9 
Norepinephrine 40 10 . .  . .  . .  10 
I-Epinephrine 20 5 . .  2 . .  3 
Histamine 20 27 7 1 2  1 7 
Serotonin 50 31 4 27 . .  . .  


Epinephrine 20 3 . .  3 . .  . .  
Sorepinephrine 40 3 . .  1 1 1 
I-Epinephrine 20 3 . .  3 . .  . .  
Histamine 20 9 5 3 . .  1 
Serotonin 50 9 6 3 . .  . .  


Tolazoline 


Hydralazine 
Epinephrine 
Norepinephrine 
LEpinephrine 
Histamine 
Serotonin 


20 3 2 
40 
20 


3 
3 


- 
2 
3 


20 4 1 
50 8 3 


1 
1 


3 
5 


, .  


. .  


. .  


Effects of Tolazoline o n  the Actioo of Certain 
Amines in the Placental Vasculature 


Epinephrine.-As shown in Table 11, the vaso- 
constrictor effect of 20 mcg. of epinephrine in the 
perfused placental vasculature exhibited the same 
moderate vasoconstriction obtained under Effects of 
Phntolamine. However, following the perfusion 
of 5 mg. of tolazoline, 20 mcg. of epinephrine pro- 
duced a vasoconstrictor response which was greatly 
diminished compared to  the response obtained prior 
to the administration of tolazoline. It was also 
observed that tolazoline did not cause reversal of 
epinephrine effects on the placental vasculature 
(Table I\'). 


Norepinephrine.-Norepinephrine (40 rncg.) ad- 
ministered to  the perfused placental vasculature prior 
to the administration of tolazoline exhibited a slight 
vasoconstrictor response. This vasoconstrictor 
effect of norepinephrine, in this part of the investiga- 
tion was not so pronounced as its vasoconstricting 
effect produced under Efects of Phentolamine. 
When norepinephrine was administered subsequent 
to  the administration of 5 mg. of tolazoline, its 
vasoconstrictor action was diminished; in one case, a 
reversal of its action occurred (Table IV). 


1-Epinephrine.-1-Epinephrine (20 mcg.), perfused 
through the placental vasculature prior to  the ad- 
ministration of tolazoline. exhibited a vasoconstrictor 
response comparable to  that elicited by norepi- 
nephrine. When 20 mcg. of I-epinephrine was admin- 
istered subsequent to the administration of 5 mg. 
of tolazoline, its vasoconstricting response was 
slightly reduced (Table 11). 


Histamine.-Histamine (20 mcg.), administered 
prior to  tolazoline, exhibited a marked vasocon- 
strictor effect on the placental vasculature (Table 
11). However, this marked vasoconstrictor effect 
of histamine was slightly diminished when it was 
given subsequent to the 5 mg. of tolazoline. In  only 
one experiment did a reversal of histamine's action 
twcur-when it was administered subsequent to  5 
ntg. o f  tolazoline (Table IV). 


5-Hydroxytryptamine (Serotonin).-Table I1 shows 
that 5-hydroxytryptamine again exhibited the great- 


est vasoconstrictor effect on the placental vascula- 
ture. When 5-hydroxytryptamine was perfused 
through the placental vasculature subsequent to  5 
mg. of tolazoline. the vasoconstricting response of 5- 
hydroxytryptamine was, on the average, just slightly 
increased. A t  no time was there a reversal of 5-hy- 
droxytryptamine's pressor action (Table IV). 


Effects of Hydralazine on the Action of Certain 
Amines in  the Placental Vasculature 


Epinephrine.-The perfusion of 20 rncg. of epi- 
nephrine through the placental vasculature (Table 
111) prior to the administration of 4 mg. of hydrala- 
zine elicited a vasoconstrictor response comparable 
to  that observed previously for epinephrine under 
Effects of Pltentolamine and Effects of Tolazoline. 
Hydralazine did not appear t o  affect the vasocon- 
strictor action of epinephrine in short-cord placentas. 
However, in one experiment utilizing a placenta with 
a long cord, hydralazine actually caused an increase 
in the constrictor action of epinephrine (Table 111). 


Norepinephrine.-When 40 rncg. of norepinephrine 
was administered prior to the administration of 4 mg. 
of hydralazine, it  produced moderate vasoconstric- 
tion on the placental vasculature (Table 111). How- 
ever, when 40 mcg. of norepinephrine was given sub- 
sequent to the administration of 4 mg. of hydral- 
azine, there was a slight diminution in its vaso- 
constrictor action. No reversal of norepinephrine 
effects was observed with hydralazine (Table IV). 


I-Epinephrine.-1-Epinephrine (20 rncg.) produced 
slight vasoconstriction in the placental vasculature 
when it was given prior to the administration of 
4 rng. of hydralazine. This vasoconstrictor action of 
I-epinephrine was not altered to  a significant degree 
by 4 mg. of hydralazine. It was also observed that no 
reversal response occurred with 2-epinephrine when 
it was administered after hydralazine (Table IV). 


Histamine.-Table I11 also shows that 20 mcg. of 
histamine had a marked vasoconstrictor effect on 
the placental vasculature when i t  was administered 
prior to the administration of 4 mg. of hydralazine. 
When 20 rncg. of histamine was administered sub- 
sequent to the administration of 4 mg. of hydralazine, 
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a diminution of its vasoconstricting effects occurred 
only in placentas with long cords. No reversal of 
histamine vasoconstrictor action was observed when 
it was administered after hydralazine (Table IV). 


5-Hydrorgtryptamine (Serotonin).-It can be 
seen from Table I11 that 5-hydroxytryptamine 
(serotonin) appeared to exhibit the greatest vaso- 
constrictor response of all of the agents used in this 
study. The vasoconstrictor action of 5-hydroxy- 
tryptamine was moderately diminished in those 
placentas with short cords when i t  was administered 
subsequent to the administration of 4 rng. of 
hydralazine. No reversal of 5-hydroxytryptarnine's 
vasoconstricting action was observed using 4 mg. of 
hydralazine (Table IV). 
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stimulation of the beta adrenergic receptor site ex- 
hibits an inhibitory or vasodilator action. 


The vasoconstricting action which is produced by 
the agonists (epinephrine, norepinephrine, L-epi- 
nephrine, histamine, and 5-hydroxytryptamine) pos- 
sibly corresponds to  the stimulation of the alpha 
adrenergic receptors in Ahlquist's classification. 
This is substantiated because the vasoconstricting 
action of these drugs can either be diminished, 
blocked, or reversed with the use of an alpha receptor 
blocking agent, such as phentolamine. Conse- 
quently, because of the blocking of the alpha 
adrenergic receptor site with phentolamine, the 
secondary effect (vasodilatation or reversal) of 
epinephrine, norepinephrine, 2-epinephrine, and 
histamine also appears. This possibly corresponds 
to beta receptor Stimulation, since according to the 
Ahlquist's theory, vasodilatation is the result of 
stimulation of beta adrenergic receptor sites. There- 
fore, it  appears a t  this time that alpha and beta 
adrenergic receptor sites are present in the placental 
vasculature. Thus, the hypothesis previously pre- 
sented by Dornhorst and Young (lo), in which they 
stated that adrenaline and noradrenaline may act on 
placental vasculature by a simple direct action, must 
now be modified to a specific action on adrenergic 
receptors. 


Astrom and Samelius (12), in a previous investi- 
gation, indicated that the vasoconstrictor action of 5- 
hydroxytryptamine and adrenaline on placental 
vessels could be blocked by 3 mg. of phentolamine. 
This laboratory found that adrenaline could not 
only be blocked, but also its action could be re- 
versed when it was administered subsequent to 3 
mg. of phentolamine. However, it  was observed 
that vasoconstrictor action of 5-hydroxytryptarnine 
could only be diminished with 3 mg. of phentolamine 
and never blocked completely. Thus, the results 
obtained previously by Astrom and Samelius could 
not be confirmed. However, the results of this ex- 
periment support other investigations (2, 13), in 
which it was observed that the catecholamines, 
epinephrine and depinephrine, produced slight to 
moderate vasoconstriction, histamine marked vaso- 
constriction, and 5-hydroxytryptamine the most 
pronounced vasoconstriction on the placental vessels. 
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DISCUSSION 


In the majority of the experiments, the agonist 
was administered before the antagonist to  establish 
a standard response. This standard response served 
as a comparison for the agonist's action when i t  was 
administered 3 minutes subsequent t o  any of the 
adrenergic blocking agents employed. When the 
agonists were administered 15-20 minutes subse- 
quent to the administration of an adrenergic block- 
ing agent, their responses began to  approach those 
initially produced. This method was utilized to rule 
out the possibility of tachyphylaxis occurring due to 
the action of the agonist (Figs. 2-6). 


The antagonists (phentolamine, tolamline. and 
hydralazine) employed in this investigation ex- 
hibited their greatest blocking effect on the action of 
the catecholamines (epinephrine, norepinephrine, 
and 1-epinephrine) and least blocking effect on 5- 
hydroxytryptamine and histamine. In  most ex- 
periments, epinephrine, norepinephrine, and l-epi- 
nephrine usually exhibited a reversal action when 
given subsequently to  phentolamine. However, the 
occurrence of the reversal action decreased markedly 
when tolamline was employed; no reversal occurred 
when hydralazine was utilized. Thus, as seen from 
Table IV, the ability of adrenergic blocking agents 
to antagonize the vasoconstricting action of the 
agonists employed in this investigation is in decreas- 
ing order of potency phentolamine, tolamline. and 
hydralazine. 


The possibility of endogenous release of normal 
mediators being the specific mechanism of action 
of the amines employed can be eliminated, since 
full-term human placentas have been shown to be 
devoid completely of nervous tissue (14-17). Also, 
since the vasoconstricting action of epinephrine. 
norepinephrine, and 1-epinephrine can be blocked 
by the alpha receptor adrenergic blocking agent 
phentolamine, as shown in this study, this would 
tend to eliminate the factor of general direct musculo- 
tropic action. Hence, the only remaining mecha- 
nism of action is the activation of specific receptor 
sites. 


In  recent years different receptor site theories have 
been postulated for the action of sympathomimetic 
amines. Of the theories advanced, the one which 
seems to  be the most popular is that postuIated 
by Ahlquist (18, 19). He suggested two receptor 
sites, classified as alpha and beta. The alpha 
adrenergic receptor site, when stimulated, exhibits 
an excitatory or vasoconstrictor action (with the 
possible exception of intestinal relaxation), and 


col.. 11,254(!955). 
(14) Schrmtt. W., Zentr. GyncRd.. 53, 1282(1929). 
(15) Schmitt. W. 2. Biol 75 19 1922). 
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McGraw-Hiil Book'Co.. lnc., New York, N. Y., 1658, p. 378: 








Cardiac Effects of Angiotensin I1 
By EUGENE E. VOGIN* and JOSEPH P. BUCKLEY 


The injection of angiotensin 11, 1.0 mcg./Kg., into pentobarbital anesthetized dogs 
produced a significant increase in systolic and diastolic blood pressures and myo- 
cardial blood flow, a slight increase in the force of right ventricular contraction, and 
no significant effects on heart rate. Cardiac output was initially decreased; but 
within 80 to  100 seconds after angiotensin I1 administration, a secondary rise was 
noted. The rise in diastolic pressure was significantly greater than that of the sys- 
tolic pressure at the 5 per cent level. The coronary flow increase appeared to be 
dependent entirely o n  the increase in diastolic blood pressure. I n  coronary per- 
fusion studies, angiotensin I1 produced myocardial vasoconstriction when injected 
either intravenously or intra-arterially. These effects were mediated by both direct 
musculotropic actions and the sympathetic nervous system since acute sympathec- 
tomy reduced, but did not abolish, the activity of angiotensin 11. The sympathetic 
component of the cardiovascular effects of angiotensin I1 appear to be via the alpha 
receptors since nethalide markedly otentiated the activity of angiotensin 11. The 
effect of pretreatment with phenoxytenzamine, atropine, or dichloroisoproterenol 


on the cardiovascular responses to angiotensin I1 was also evaluated. 


HERE HAVE BEEN several conflicting reports 
Tconcerning the effects of angiotensin I1 on 
coronary blood flow. Investigators have re- 
ported that  angiotensin decreases coronary blood 
flow ( I ) ,  produces coronary vasoconstriction (2, 
R ) ,  produces a transient reduction in  coronary 
flow followed by a transient increase in flow (4), 
increases coronary vascular resistance without 
altering coronary flow (5), produces no alteration 
in coronary flow (e), and produces an increase in 
coronary blood flow (7).  This paper reports a 
group of studies designed to facilitate a better 
understanding of certain cardiovascular actions of 
angiotensin 11. 


EXPERIMENTAL 


Mongrel dogs of  either sex, weighing between 
10.2 and 18.6 Kg., were anesthetized by an intra- 
venou5 injection of pentobarbital sodium (35 mg./ 
Kg.) and the trachea cannulated. Femoral arterial 
blood pressure was recorded with a Statham pressure 
transducer (model P23AC) following cannulation of 
the right femoral artery. Heart rate was deter- 
mined from the blood pressure tracing. 


Cardiac output flow measurements were performed 
utilizing an electromagnetic flowmeter (Medicon 
FM-6). described by Olmsted (8). The animals 
were placed on artificial respiration with a Harvard 
respirator (model 606) utilizing a mixture of 95% 0 2  


and 5% CO?. The thoracic cavity was entered a t  
the fourth intercostal space using electrocautery to  
minimize bleeding. The lungs were retracted and 
the pericardiuin incised and secured to the chest wall 
with wound clips to create a pericardial sac whereby 
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the heart and aorta were easily accessible. The 
ascending aorta was carefully isolated from the sur- 
rounding tissue, and Medicon flo-probe (12 or 15 mm. 
i.d.) was placed around the vessel. The left common 
carotid artery was cannulated and connected to the 
inflow tubing of a Shipley-Wilson rotameter; a 7- to 
10-mm. segment of the left anterior descending 
coronary artery was isolated for subsequent cannula- 
tion and the animal heparinized (1000 units/Kg. 
i.v.). The left descending coronary artery was 
perfused as described by Buckley et al. (9). 


In another series of animals, flow to the cannulated 
coronary artery was maintained constant by a 
Sigmamotor pump (TM10) and changes in coronary 
perfusion pressures measured as described by Fowler 
and Holmes (2). Changes in ventricular force were 
estimated with a Walton-Brodie strain gauge arch 
(10) sutured to  the right ventricle. 


All physiological measurements were recorded on 
an Offner dynograph or Grass polygraph. Coronary 
vascular resistance was calculated from the formula 
of Wegria et al. (11) 


Resistance = - 
mean blood pressure (mm. Hg; 


mean coronary flow (ml./minutq 


Acute cardiac denervation was performed in two 
dogs according to the method described by Morrow 
et al. (12). This consisted of bilateral cervical 
vagotomy and excision of the stellate and upper 
four sympathetic ganglia. The following com- 
pounds were administered: synthetic angiotensin 
11,' 1.0 mcg./Kg. ; phenoxybenzamine hydrochloride, 
5.0 mg./Kg.; atropine sulfate, 0.25 mg./Kg.; di- 
chloroisoproterenol hydrochloride (DCI), 5.0 mg./ 
Kg. ; and nethalide hydrochloride,2 5.0 mg./Kg. 


STATISTICAL METHODS 


Because of the wide variation in control values, 
all results were calculated as their percentage change 
from control, then analyzed statistically by the 
following methods. To compare the effects of 
angiotensin prior to surgical or drug treatment, the 
mean percentage difference was CdlCUhted and prob- 
abilities determined using the Student t test for 
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TABLE I.-EPFECTS OF ANGIOTENSIN (1 mcg./Kg.) ON CARDIAC ACTIVITY 


Coronary Right CoronaryD 
Systolic Diastolic Blood Heart Ventricular Perfusion Cardiac 
Pressure Pressure Flow Rate Force Pressure Output 


Intravenous Administration 
Mean yo change 48 70 63 6 39 27 -23 
S.E.b 4 6 8 5 4 3 3 
N= 21 21 15 21 6 5 21 
P <0.001 <0.001 <0.001 >0.05 <0.001 <0.001 <0.001 
htra-arterial Administration 
Mean '% change 40 72 . . .  3 37 33 - 23 
S.E.b 4 11 . . .  5 7 3 3 
NC 6 6 ... 6 6 6 5 
P <0.001 <0.001 . . .  >0.05 ~0.01 <0.001 <0.001 


O Flow to coronary bed was maintained constant by a Sigmamotor pump. I, * Standard error. Number of animals. 


m L c  -- ... 


Fig. 1.-The effect of intravenous injection of 
angiotensin I1 (1 mcg./Kg.) on blood pressure, 
coronary flow, and cardiac output. 


r 


Fig. 2.-The effect of intra-arterial and intra- 
venous injections of angiotensin I1 on blood pressure, 
coronary perfusion pressure, right ventricular force, 
and cardiac output. 


paired results (13). To  determine the effects of 
surgical sympathectomy or drug treatment on the 
response to angiotensin, the data were analyzed for 
homogeneity (13). All homogeneous results were 
then subjected to an analysis of variance (13); if 
significant differences existed. the means were com- 
pared using Harter's modification of Duncan's multi- 
ple-range test (14-16). 


RESULTS 


The effects of angiotensin I1 injected either intra- 
venously or intra-arterially are summarized in Table 
I (Figs. 1 and 2). These results show that there were 
significant increases in systolic pressure, diastolic 
pressure, coronary blood flow, right ventricular 
force, and coronary perfusion pressure. The 
coronary flow increase occurred concomitantly with 
the increase in diastolic pressure throughout its 
entirety. Heart rate increased in several animals 
while in others it decreased; no definite pattern of 
effect could be established in these pentobarbital 
anesthetized animals when monitoring this param- 
eter. 


During the first minute following angiotensin in- 
jections, cardiac output decreased. However, in 


several animals cardiac output increased between 
the second and third minutes after injection. 
Coronary vascular resistance calculations showed 
that in the autoperfusion studies, angiotensin neither 
increased nor decreased this value. However, the 
increase in coronary perfusion pressure indicated that 
the myocardial vessels were constricted as a result of 
angiotensin administration. The rise in diastolic 
pressure was significantly greater than that of the 
systolic pressure at the 0.1% level following intra- 
venous injections and at the 5% level following 
intra-arterial injections of angiotensin. 


Systolic and Diastolic Blood Pressure.-Tables 
I1 and 111 depict the results of surgical sympathec- 
tomy or various drug pretreatments on the blood 
pressure responses to injected angiotensin. Only in 
the surgical sympathectomized animals were 
changes in the systolic blood pressure response 
noted. The reduction in responsiveness to angio- 
tensin was significant at the 0.1% level. 


Nethalide at a dose which blocked the chrono- 
tropic effect of isoproterenol (1  ml. of 10" solution) 
potentiated the rise in diastolic blood pressure to an 
extent greater than any of the other treatments. 
This potentiation was significant a t  the 0.1% level 
following intravenous angiotensin. Neither sur- 
gical sympathectomy nor other drug pretreatments 
were able to alter significantly the diastolic blood 
pressure response to  intravenous angiotensin; nor 
did nethalide significantly alter the response to  intra- 
arterial injections of this polypeptide. As in the 
untreated animals. the increase in diastolic pressure 
was significantly greater than that of the systolic 
pressure in the sympathectomized, atropine pre- 
treated, and nethalide pretreated animals at the 1% 
level and a t  the 5% level in the DCI pretreated 
animals. Phenoxybenzamine pretreated animals 
did not show this greater increase in diastolic pres- 
sure. 


Coronary Blood Flow, Coronary Vascular Resist- 
ance, and Coronary Perfusion Pressure.-Nethalide 
potentiated the effect of angiotensin in increasing 
coronary blwd flow to an extent greater than any of 
the other treatments (Tables I1 and 111). The 
increase in coronary blood flow following this agent 
differed from the nontreated animals a t  the 0.1% 
level. None of the other agents altered the coronary 
blood flow response to angiotensin significantly. It 
should be noted that iu the surgically sympathec- 
tomized animals, the coronary blood flow response 
to angiotensin was significantly reduced (p  < 0.001) 
when compared to the nontreated animals. 
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TABLE II.-EFFECT OF SURGICAL SYMPATHECTOMY OR DRUG PRETREATMENT ON THE 
CARDIOVASCULAR RESPONSES TO ANGIOTENSIN (1 mcg./Kg. i.v.) 


Treatment 


Surgical Sympathectomy 
Mean % change 
S.E." 
Nb 
Phenorybenzamine, 5 mg./gg. 
Mean yo change 
S.E." 
Nb 
Atropine, 0.25 mg./Kg. 
Mean yo change 
S.E." 
Nb 


Coronary 
Systolic Diastolic Blood Cardiac 
Pressure Pressure Flow output 


18 
8 
2 


48 
2 
2 


46 64 
9 13 
5 5 


52 80 
4 1 
2 2 


18 
2 
2 


- 18 
6 
2 


49 - 
6 
5 


- 62 
2 
2 


.13 
8 
5 


10 
9 
2 


Dichloroisoproterenol, 5 mg./I(g. 
Mean % change 52 87 56 + 19 
S.E.O 4 8 5 2 
Nb 3 3 3 3 


'1 f. Standard error. Number of animals. 


-rABLE III.-EFFEcT O F  NETHALIDE (5 mg./Kg. i.V.) PRETREATMENT ON THE 
CARDIOVASCULAR RESPONSES TO ANGIOTENSIN (1 mcg./Kg.) 


Coronary Right Coronary 
Systolic Diastolic Blood Ventricular Perfusion Cardiac 
Pressure Pressure Flow Force Pressure Output 


Intravenous Angiotensin 
Mean yo change 
S.E." 
Nb 


50 125 103 25 21 - 20 
6 20 5 3 4 5 
7 7 2 5 4 7 


Intra-art erial Angiot ensin 
Mean yo change 53 loti . . .  27 26 -25 
S.E." 9 35 . .  6 11 7 
Nb 5 5 . . .  5 3 2 


a f Standard error. Number of animals. 


As in the untreated animals, neither surgical 
sympathectomy nor drug pretreatment significantly 
altered the effects of angiotensin on coronary vas- 
cular resistancc. Nethalide pretreatment did not 
alter significantly the increase in coronary perfusion 
pressure produced by either intravenous or intra- 
arterial injections of angiotensin. 


Heart Rate.--Similar to the results obtained in 
untreated animals, neither surgical sympathectomy 
nor drug pretreatment significantly altered the 
effects of angiotensin on heart rate. 


Right Ventricular Force.-Nethalide pretreat- 
ment attenuated the increase in intravenous or 
intra-arterial right ventricular force of contraction 
produced by angiotensin to a slight extent, but this 
antagonistic activity was not statistically significant 
( p  > 0.05). 


Cardiac Output.-The effect of surgical sym- 
pathectomy or drug pretreatment on the cardiac out- 
put response to angiotensin is summarized in 
Tables I1 and 111. Following surgery or nethalide 
pretreatment, the decrease in cardiac output to 
intravenous angiotensin was still statistically 
significant (p < 0.05). Pretreatment with phenoxy- 
benzamine or atropine, however, attenuated this 
effect. Nethalide pretreated animals showed only 
a decrease in cardiac output following andotensin 
with no secondary increase as seen in the untreated 
animals. DCI pretreatment caused subsequent 
angiotensin injections to  produce an initial highly 


significant elevation in cardiac output (p < 0.01) 
and only a negligible decrease at the end of 3 
minutes. Figures 3 and 4 illustrate the difference 
in the cardiac output response to angiotensin in the 
nethalide and DCI pretreated animals. 


DISCUSSION 


The pressor effect of angiotensin has been reported 
to depend on arteriolar constriction largely in renal 
and splanchnic beds (17). This pressor response 
was characterized by Page et al. (18) as an initial 
sharp rise, followed by a small compensatory fall, 
then by a sustained rise lasting from 4 to 6 minutes. 
In addition to  these observations, our results showed 
that the diastolic pressure rose significantly greater 
than the systolic pressure. While a slight vagal 
bradycardia has been reported to accompany the 
pressor response (19). this effect was not evident in 
our studies. A biphasic response in cardiac output 
was noted in a majority of our animals. The initial 
decrease was shown by Fowler and Holmes (2) to 
correspond to an increase in left atrial pressure and 
a decrease in left ventricular force during the initial 
impairment of cardiac function. These investiga- 
tors also have shown that, following the initial 
depression, an improvement in cardiac performance 
persisted for 30 to 120 seconds. During this inter- 
val, their results showed that cardiac output in- 
creased above control values. 
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Since the right ventricle encountered a reduced 
resistance to outflow of blood (20), the initial de- 
pression noted in the studies of Fowler and Holmes 
were not seen in these experiments. On isolated cat 
papillary muscles, these investigators consistently 
obtained increases in inotropic force of contraction 
following addition of angiotensin to the bath. 
Similar inotropic responses were observed by Bianchi 
et al. (1) and Meier el al. (21). 


Although angiotensin produced an increase in 
coronary blood flow, there was no change in coronary 
vascular resistance. Mandel and Saperstein (22) 
found no evidence of alteration in coronary flow dur- 
ing angiotensin infusion in rats. Fcrte et al. (7), 
using the nitrous oxide method, demonstrated an 
increase in coronary blood flow. Hill and Andrus 
(23) and Lorber (3) showed that angiotensin de- 
creased coronary flow in the isolated perfused cat's 
heart, and Maxwell et al. (5) found that angiotensin 
increased coronary vascular resistance but did not 
alter coronary blood flow. Since in the present 
study the increase in myocardial blood flow was 
analogous to  the increase in diastolic pressure, it  
was possible that the elevation in blood pressure and 
the increased perfusion pressure resulting therefrom 
masked the increase in coronary vascular resistance. 
In those experiments in which coronary perfusion 


pressure was controlled and not dependent on the 
cardiac performance, both intravenous and intra- 
arterial injections of angiotensin demonstrated the 
vasoconstricting property seen in other vascular 
beds. These results were in agreement with those 
reported by Fowler and Holmes (2). 


Bickerton and Buckley (24) reported that a pressor 
response to angiotensin could be mediated centrally 
Via sympathetic pathways. Zimmerman (25) fur- 
ther showed that the peripheral vasoconstrictor 
effects of angiotensin could be reduced following 
surgical sympathectomy or cervical spinal tran- 
section, in which case there was a passive vasodila- 
tion due to the loss of sympathetic tone. Recently, 
Benelli et al. (26) demonstrated the involvement of 
peripheral sympathetic nerves in the action of 
angiotensin. They advanced the hypothesis that 
angiotensin acts a t  the peripheral nerve endings by 
promoting a greater output of norepinephrine. 


~ 


1 10 .<. 
rnOnrem Ira , * .  


Fig. 3.-Effect of intravenous injection of angio- 
tensin I1 (1 mcg./Kg.) on blood pressure, coronary 
flow, and cardiac output. Upper tracing shows the 
control response; lower tracing, after nethalide, 
illustrates the prolonged decrease in cardiac output 
and the prolonged increase in coronary flow. 


Following acute surgical sympathectomy, it was 
seen that although angiotensin still increased systolic 
and diastolic blood pressure and coronary blood 
flow, these effects occurred to  a lesser extent than in 
the intact animal. Since there is some evidence (27) 
that the coronary flow is dependent to  an extent on 
the sympathetic system, then it is probable that the 
decrease in cardiac activity following destruction of 
that system would result in a decreased responsive- 
ness to angiotensin . 


Bickerton and Buckley (24) reported that ad- 
ministration of the alpha adrenergic blocking agent, 
piperoxan, to the recipient's peripheral circulation 
prevented the central pressor response in the re- 
cipient animal elicited by the injection of angio- 
tensin into the recipient's arterial inflow in the dog 
cross-Circulation experiment. However, when 
angiotensin was given peripherally to  the recipient 
animal, it  still produced the potent pressor effect. 
Page and Bumpus (17) recently stated that sym- 
pathicolytic drugs in pentobarbital anesthetized 
dogs have little or no effect on the pressor action of 
angiotensin. Although our data obtained with 
angiotensin in phenoxybenzamine-treated animals 
are in agreement with the above reports, it  should 
be noted that phenoxybenzamine pretreatment did 
prevent the decrease in cardiac output following 
angiotensin. This may be attributed to the fact 
that phenoxybenzamine possesses sympathomimetic 
activity of its own (28). 


Both DCI and nethalide have been reported to  
be beta adrenergic blocking agents (29, 30); how- 
ever, nethalide differs from DCI because it appar- 
ently lacks sympathomimetic activity (30). These 
differences were noted in the present study since 
DCI -produced positive chronotropic activity as 
reported by Furchgott (31), whereas nethalide in- 
duced bradycardia in all instances as reported by 
Black and Stephenson (30). DCI also increased 
coronary blood flow, and nethalide did not signifi- 
cantly alter myocardial flow. Thus, these results 
could explain the difference encountered by the 
administration of angiotensin to  either DCI or 
nethalide pretreated animals. Nethalide potenti- 
ated the vascular responses to  angiotensin to an 
extent greater than did DCI. In addition, DCI 


t o  R c  


Y l u  --.- l l D l " 0  


m o r E * Y *  1SC'.D 


Fig. 4.-Effect of intravenous injection of an- 
giotensin I1 (1 mcg./Kg.) on blood pressure, coro- 
nary flow, and cardiac output. Upper tracing de- 
picts the control responses; lower tracing, after 
DCI, illustrates the prolonged increase in cardiac 
output. Coronary flow tracing retouched. 







1486 


pretreatment caused an increase in cardiac output 
subsequent to  angiotensin, whereas nethalide caused 
a further reduction in this parameter. 


From these results, it  seemed apparent that, in 
addition to direct musculotropic effects, the neuro- 
genic component of the angiotensin-induced pressor 
response may be mediated in part Via the alpha 
adrenergic receptor. 


SUMMARY 


1. The injection of angiotensin into pento- 
barbital anesthetized animals resulted in an in- 
crease in systolic and diastolic pressures (with the 
latter of greater magnitude), right ventricular force, 
and coronary perfusion pressure. The increase in 
myocardial blood flow was of approximately the 
same magnitude as that of the diastolic pressure; 
however, angiotensin had no effect on coronary 
vascular resistance or heart rate. 


Angiotensin elicited a biphasic response on 
the cardiac output of the animals. There was an 
initial decrease, followed by an apparent compensa- 
tory increase. 
3. The above effects were mediated Via both 


direct musculotropic actions and the sympathetic 
nervous system since acute surgical sympathectomy 
reduced, but did not abolish, the effects of angioten- 
sin. 


4. The sympathetic component of the cardio- 
vascular effects of angiotensin appears to be Via the 
alpha receptors since nethalide greatly potentiated 
the activity of angiotensin. 


The effect of pretreatment with phenoxyben- 
zamine, atropine, DCI, or nethalide on the cardio- 
vascular responses to angiotensin are discussed in an 
effort to clarify its mechanism of action. 


2. 


5. 
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Aspirin Formulation and Absorption Rate I 
Criteria for Serum Measurements with Human Panels 


By S. V. LIEBERMAN, S. R. KRAUS, J. MURRAY, and JOHN H. WOOD 


Replication of serum salicylate level distribution in a human panel is obtained by 
rigorous adherence to properly selected protocols. The panel must be sufticiently 
large to represent all types of absorption variability after aspirin ingestion. T h e  
inherent variability of the human group can be measured. Thus, it is possible to  
calculate panel sizes required to provide the sensitivity, in  terms of least significant 
differences, needed to evaluate factors of aspirin absorption. With the panels 
studied, random crossover testing offers no advantage over sequential testing. 
During the initial absor tion period, serum salicylate levels existing at the time of 
ingestion, whether smal~ani fac ts  or real and appreciable levels, may be treated as 


deductible blanks for the study of aspirin absorption. 


N RECENT medical and pharmaceutical litera- 
ture there have been several papers related 


to some aspect of blood salicylate levels (1-10) or 
- 
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urinary recovery levels (11, 12) resulting from 
aspirin ingestion. There has been general agree- 
ment that the rate of absorption of drugs is re- 
flected in  the rate of increase of blood level and 
that in turn this level is reflected in the rate of 
urinary recovery. The results have not been in 
complete agreement, particularly on the blood 
salicylate levels resulting from different aspirin 
preparations; but not all the reasons for different 
levels have been established. The large varia- 
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pretreatment caused an increase in cardiac output 
subsequent to  angiotensin, whereas nethalide caused 
a further reduction in this parameter. 


From these results, it  seemed apparent that, in 
addition to direct musculotropic effects, the neuro- 
genic component of the angiotensin-induced pressor 
response may be mediated in part Via the alpha 
adrenergic receptor. 


SUMMARY 


1. The injection of angiotensin into pento- 
barbital anesthetized animals resulted in an in- 
crease in systolic and diastolic pressures (with the 
latter of greater magnitude), right ventricular force, 
and coronary perfusion pressure. The increase in 
myocardial blood flow was of approximately the 
same magnitude as that of the diastolic pressure; 
however, angiotensin had no effect on coronary 
vascular resistance or heart rate. 


Angiotensin elicited a biphasic response on 
the cardiac output of the animals. There was an 
initial decrease, followed by an apparent compensa- 
tory increase. 
3. The above effects were mediated Via both 


direct musculotropic actions and the sympathetic 
nervous system since acute surgical sympathectomy 
reduced, but did not abolish, the effects of angioten- 
sin. 


4. The sympathetic component of the cardio- 
vascular effects of angiotensin appears to be Via the 
alpha receptors since nethalide greatly potentiated 
the activity of angiotensin. 


The effect of pretreatment with phenoxyben- 
zamine, atropine, DCI, or nethalide on the cardio- 
vascular responses to angiotensin are discussed in an 
effort to clarify its mechanism of action. 


2. 


5. 
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Aspirin Formulation and Absorption Rate I 
Criteria for Serum Measurements with Human Panels 


By S. V. LIEBERMAN, S. R. KRAUS, J. MURRAY, and JOHN H. WOOD 


Replication of serum salicylate level distribution in a human panel is obtained by 
rigorous adherence to properly selected protocols. The panel must be sufticiently 
large to represent all types of absorption variability after aspirin ingestion. T h e  
inherent variability of the human group can be measured. Thus, it is possible to  
calculate panel sizes required to provide the sensitivity, in  terms of least significant 
differences, needed to evaluate factors of aspirin absorption. With the panels 
studied, random crossover testing offers no advantage over sequential testing. 
During the initial absor tion period, serum salicylate levels existing at the time of 
ingestion, whether smal~ani fac ts  or real and appreciable levels, may be treated as 


deductible blanks for the study of aspirin absorption. 


N RECENT medical and pharmaceutical litera- 
ture there have been several papers related 


to some aspect of blood salicylate levels (1-10) or 
- 
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urinary recovery levels (11, 12) resulting from 
aspirin ingestion. There has been general agree- 
ment that the rate of absorption of drugs is re- 
flected in  the rate of increase of blood level and 
that in turn this level is reflected in the rate of 
urinary recovery. The results have not been in 
complete agreement, particularly on the blood 
salicylate levels resulting from different aspirin 
preparations; but not all the reasons for different 
levels have been established. The large varia- 
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TABLE I.-ANALYSIS OF SALICYLATE STANDARDS BY 


THE BRODIE PROCEDURE 


Present, Found, Difference, 
mcg. mcg. mcg. 
0.5  1.0 +0.5 
1.4 1.5 +0.1 
1.5 1.8 +0.3 
2.6 2.0 -0.6 
3.6 3 . 3  -0.3 
3.9 4 .0  +o. 1 
4.7 4.3 -0.4 
8 .7  7.5 -0.8 
9.5 9 . 0  -m.5 


bility in early serum levels among individuals 
requires fuller consideration and a study of the 
factors which contribute to variability. 


Some of the factors can be defined and stand- 
ardized arbitrarily without experimental studies 
of alternative standardizations. These include a 
number of protocols for dealing with a panel of 
humans. Others can be standardized but re- 
quire experimental justification. These include 
analytical procedures, treatment of salicylate 
levels encountered in serum blanks, and the selec- 
tion from alternativesof two panel protocols, either 
random coadministration or sequential admims- 
tration of test materials and either fasted or non- 
fasted subjects. A variability associated with 
the process of measuring aspirin absorption 
still remains, due to factors beyond simple 
definition or control by standardized procedures. 
This variability is amenable to statistical pro- 
cedures, so that its magnitude and effect can be 
measured and considered. 


This investigation has dealt with these factors; 
this and succeeding papers will establish the nec- 
essary protocols and criteria, study the in viuo 
absorption process as reflected by serum levels, 
develop suitable in vitro test procedures for var- 
ious formulative changes, and provide suitable 
in viu&n vitro correlations. With this basis, 
the role of additives in accelerating absorption 
will be examined for the mechanisms involved. 
In addition, the granulating and tableting pro- 
cedures, press operation, role of excipients, dis- 
integrating and wetting agents, humidity, and 
crystal habit of the aspirin will be examined for 
their relative contributions to better absorption. 
As a consequence of the correlations obtained, a 
general review of the kinetics of over-all drug 
absorption will be developed, including the rela- 
tive contributions of in viuo dissolution, inherent 
absorptive process, hydrolysis kinetics, and clear- 


Relative to potent prescription drugs, aspirin is 
very innocuous. Therefore, it  provides an ex- 
cellent vehicle for an in viuo study of those 
factors which can affect the rate of drug uptake. 
Accordingly, much of the ensuing report should 
be considered as a general prototype of what may 
be done to study the absorptive capabilities in 
humans of any other drug with more restrictions. 


It became apparent early in this study that the 
variability of in viuo measurements was greater 
than the variability of the in vitro measurements. 
Therefore, it was necessary to establish first a 
panel protocol to minimize variability and to 
determine a minimum panel size, so that the 
differences observed between two tests would be 
of high significance statistically. This paper 


ance. 


19.5 
27.7 
48.7 


17.3 -2.2 
26.0 -1.3 
51 .O $2.3 


reviews the problems of using the human panel, 
the precision of the analytical data, and the statis- 
tical treatment to delineate panel performance, 
so that the least significant difference for various 
tests with panels of merent  sizes could be 
determined. 


EXPERIMENTAL AND RESULTS 


The blood samples were held a t  room temperature 
for a minimum of 2 hours to ensure complete hy- 
drolysis of aspirin to salicylic acid. The analysis 
was by the Brodie procedure for serum levels (13, 
14), modified slightly in transfer volumes to increase 
sensitivity. The volumes used were 2 ml. of serum 
mixed with 0.5ml. of 6 NHCl and 30 ml. of specially 
purified ethylene dichloride for the first extraction. 
From this, 25 ml. of ethylene dichloride was taken 
for mixing with 5 ml. of ferric reagent. The color 
of the aqueous layer was then read on a Bechaa DU 


TABLE II.-INTERLABORATORY COMPARISONS OF 
SERUM SALICYLATE ANALYSES 


Lab. A Lab. B Difference, A-B 
mcg./ml. mcg./ml. mcg./ml. 


7.5 8.3 -0.8 
7.5 8 .0  -0.5 
5 .0  5.5 -0.5 
4.0 4.5 -0 .5  


45.0 47.0 -2.0 
1.5 3.5 -2.0 


23.0 25.0 -2.0 
4 .0  5.3 -1.3 


55.0 54.5 
7.5 7.5 


62.5 68.0 
15.2 15.0 
36.0 32.0 
51.0 48.6 
14.0 11.8 
5 .5  3 .0  


27.5 28.0 
27.0 26.8 
7.5 8.0 
7.0 7.5 . . -  


27.0 
53.5 
28.5 


28.5 
56.0 
30.0 


18.0 18.0 
45.0 44.8 . 


18.0 
23.0 
55.5 


+0.5 
0.0 


-4.5 
+0.2 
+4.0 
+2.4 
+2.2 
+2.5 
-0.5 
+0.2 
-0.5 
-0.5 
-1.5 
-2.5 
-1.5 


0 .0  
+0.2 


21 .o -3.0 
22.0 +1 .o 
53.0 +2.5 
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T A ~ I X  I1 I .  -SALICYI.ATE SERUM LEVELS (mcg./ml.) FOR SIX SAMPLES ADMINISTERED REPETITIOUSLY TO 
THE PANEL 


- 
Aspirin Test 7- blO-Min. Levels-- 7-- -20-Min. Levels- 
Prcpn. Ctde Mo./Yr. N0.a P S.D. .c S.D. 


40 6.92 5.99 18.14 11.34 
39 7.69 6.16 1 8 . i l  9 .95  


1 I, 3/= 
I SC 3/59 


40 4.89 6.19 15.67 14.25 
39 5.39 7.30 14.78 14.52 


2 EA 3 / w  


40 9 .25  8.70 30.33 17.09 
2 ER 3/58 


12.17 27.87 17.89 
3 A4 A 3/58 
3 AR 4 /58 39 10.47 
4 BD 10/58 35 10.21 9 .26  32 64 16 81 ~- _ -  -- ~~ 


4 BF i i j 5 8  39 14.37 13.33 32.17 19.29 
5 BE 10/58 37 14.24 12.19 34.59 16.54 
5 BG 11 /58 38 14.67 13.55 35.53 16.51 
6 SA 10/58 42 4 . 6 3  5.29 16.66 12.57 
6 SR 2/59 39 8.10 9.23 20.15 15-58 ~. _ _  
6 SX 3j59 38 7.21 9.55 17 .oi 15.14 
6 SY 3/59 39 7.43 6.84 21.55 12.44 
6 SL 1 /60 39 9.19 7 . 6 i  21.10 11.36 


a Number of subjects. h P. Average level. C S.D. .  Standard deviation of individual observation. 


spectrophotometer against a reagent blank. Analy- 
sis results for a series of standards in serum carried 
through the procedure are given in Table I. Analy- 
ses were performed in two different laboratories. 
The data for interlaboratory comparisons on ran- 
dom samples run during normal routine in both 
laboratories are given in Table 11. 


The serum blank usually ranged from zero to  a 
small finite value. In all work reported the serum 
blank was subtracted from the observed readings of 
that individual. In  one test, the panel was pre- 
dosed with 10 gr. of aspirin 10-12 hours prior to the 
test to provide large finite zero time levels for all 
subjects. These large serum blanks were sub- 
tracted. The results are given in Table 111, and the 
analyses for individual paired differences with (test 
SX) and without (test SB) predosing are given in 
Table IV. 


The subjects ate normal light breakfasts at home 
about 2 to 3 hours before the test and took nothing 
in the interim. For one test (SY) of a reference lot 
of tablets, they were strictly fasted after the pre- 
vious evening meal. This result (Table 111) was 
compared (Table IV) to test SB of the same refer- 
ence lot and employed normal panel conditions. 


The panel was used over a long term, with infre- 
quent changes in personnel, for sequential testing. 
Tests of referelice and some other tablets were re- 
peated a t  intervals as checks during the course of 
the investigation. The results and comparisons are 
listed in Tables I11 and IV. Tests SA, SB, SX, SY, 
and SZ are rcpetitions of one reference lot of tablets, 


although there were special conditions with test SX 
(predosed subjects for high initial level) and test SY 
(fasted subjects). There were a number of duplicate 
tests: EA and ER, AA and AR. BD and BF, BE 
and BG, and L and SC. Some were preparations of 
aspirin alone, and some had an antacid in the tablet. 
Six formulations are involved ; these are identified 
by number to show replications in Table 111. All 
tests have involved ingestion of two tablets, each 
containing 5 gr. of aspirin. 


Because of economy of time and effort, sequential 
testing was the procedure chosen; a comparison of 
this procedure to random coadministration proce- 
dure was obtained by scheduling four of the desired 
repetitions as two pairs of random coadministration 
tests. Tests AR and ER were paired random co- 
administration repetitions of sequential test AA and 
EA, respectively. Tests BF and BG were sequential 
repetitions of BD and BE, respectively, done earlier 
as a random coadministration pair. 


To obtain a least significant difference smaller 
than that observed with other panels, our initial 
panels were 30 subjects per test, increased to 4 0  
later. The data required for computing statistical 
values are included in Table 111. 


A number of protocols were fired a t  the outset and 
have been continued with no further consideration. 
Subjects were paid volunteers selected only for their 
availability; participation by subjects was weekly, 
using a fired day and hour for each subject. There 
was infrequent rescheduling; if a subject had to be 
scheduled for a second participation within 1 week, 


TABLE IV.--STATISTICAL DATA FOR COMPARISONS OF TESTS FOR TABLE I11 BY PAIR DIFFERENCES 


Test Codes N o 9  I S .  D.b 1C a S.D. 1 
10-Min. Levels . -- 90-Min. Levels- 7 


SB-SX 37 0 .62  10.56 0.36 3.20 17.08 1.14 
SB-SY 38 0.05 8 .66  0.035 -2.06 16.26 0.78 
EA-EK 39 -0.39 7.81 0.31 1.18 13.92 0.53 
SA-SB 37 -3.44 9.80 2.13 -3.55 15.31 1.41 
SB-SZ 31 -2.22 8.50 1.46 -3.37 13.96 1.35 
AA-AR 39 - 1 . 1 7  13.29 0.55 2.56 15.77 1.01 
BD-BF 30 -3.45 17.53 1.09 2.72 25.52 0.59 
BE-BG 29 1.15 15.00 0.40 1 . i 8  21.38 0.45 
(BD-BE)-(BF-BG) 28 -4.23 23.1 0.971 2.95 30.0 0.521 
(ER-AR)-(E-4-AA) 39 -1.38 16.5 0.523 1.40 21.4 0.407 


~~ ~~ 


a Number of individuals partici ating in both tests for whom data were paired. b S.D., Standard deviation of individual 
pair differences. c 1. Student 1 vJue for the null hypothesis. 
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the minimum interval was 3 days. All were in- 
structed to avoid medications for 3 days prior and 
fatty foods for 1 day prior to preclude analytical 
difficulties caused by interference or by cloudy 
serum. They were questioned routinely on these 
points. Rescheduling for any reason entailed no 
financial penalties, and cooperation was excellent. 
The sampling time was the time of stopping blood 
circulation in the arm with a cuff, with 10-12 ml. of 
blood withdrawn promptly (usually within 30 
seconds) by venipuncture in the cubital area. Prior 
to test ingestions, a blood sample was drawn to 
provide a (zero time) Serum blank. The test tablets 
were taken with 100 ml. of room temperature water. 
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DISCUSSION 


The precision and accuracy of the slightly mcdi- 
fied analytical procedure were considered adequate 
for the measurements to  be made. The initial trial 
of recovery of known amounts added to serum, 
shown in Table I, was evaluated by regression 
analysis. For these 12 pairs, the slope of the line 
was 1.02, not significantly different from 1 ; its inter- 
cept was -0.52, not significantly different from 
zero. Two laboratories were involved in analyzing 
serum samplessimultaneously at one time and 
singularly at other times. Some blood samples, 
randomly designated, were drawn to provide suffi- 
cient serum for both laboratories at the rate of four 
per week for 7 weeks, with one analyst unaware of 
the checking, and the second analyst aware of his 
function. The 28 results are shown in chronological 
sequence in Table 11. The correlation coefficient 
was 0.995, the slope of the line 1.01, and its inter- 
cept 0.09. These do not differ significantly from 
unity and zero, respectively. For a group of such 
data containing a number of items, each with its 
slight error, the statistical treatment shows that the 
standard error of the average will be small. 


The human variability makes the major contribu- 
tion to total variability. This is so large that only 
statistical parameters can represent the data ade- 
quately. Examination of serum salicylate levels for 
individuals in repetitive tests shows ranges varying 
from small for some subjects to large for others. 
There are some people who show small variabilities 
between tests at the low, intermediate, and high 
levels. There are others whose variability is so 
great that  i t  is impossible to assign them to a level 
category. The variability within a group is great. 
The distribution of the levels with a panel for any 
one test substance is somewhat skewed from the 
normal. The skewness is less apparent with higher 
average levels, but is remarkably reproducible in 
panels of sufficient size, even though individual 
variability is high. Figure 1 shows the shape and 
reproducibility of distributions of levels for repeti- 
tions of the same preparation under codes SA, SB, 
and SZ. The reproducibility of the distributions is 
also evident in the reproducibility of the averages 
and medians (Table 111). Since the population of 
levels is a skewed distribution, there is the choice of 
a suitable measure of the panel. The average is, of 
course, the most readily determined parameter, but 
i t  is the most sensitive to a few outlying values in the 
distribution. The median is another useful param- 
eter for comparisons. Approximately two-thirds of 
the population have the average level or lower in 


w r - - ,  , 1 , , ,: , ,, 1 , 


I L I I I I I I  
I 10 10 Za H 3a 3s .o *I 


SERUM SALICYLATE LEVEL, rncg./ml. 
Fig. 1.-Cumulative per cent plots on probability 


scale for aspirin preparation 6 studied three times 
(panel essentially invariant). Key: - , SA; 


time periods reflecting the early absorption process. 
The use of distributions and medians in assessing 
test results can render an insight into affects of 
formulation and processing changes but lacks the 
utility of averages and standard deviations in sta- 
tistical comparisons. 


In comparing two tests, the Student t test can be 
applied to the difference between the two averages, 
using a standard deviation resulting from pooling 
the two variances. Another procedure is available 
if the same panel subjects were used in both tests. 
The average and its standard deviation of the indi- 
vidual differences between the two tests (pair dif- 
ferences) can be used in the t test to measure the 
significance of difference from zero of the average 
pair difference. Depending on the variances and 
correlation coefficient encountered, either procedure 
may be favored in various circumstances. In this 
paper, the method of pair differences has been chosen 
arbitrarily for all comparisons; these appear in 
Table IV. 


The magnitudes of the variations within and be- 
tween individuals for a useful differentiation during 
early absorption require a panel larger than has been 
used in previous studies. The smaller panels suf- 
fered from the disadvantage of not representing the 
categories now observed in the population. The 
ability to differentiate two test products is related 
inversely to the standard deviation of average paired 
differences and directly with the square root of the 
size of the panel. Finer differentiations require 
either reduced standard deviation or more subjects. 


, SB; . * , sz. - _ -  


k' _I 


SERUM SALICYLATE LEVEL, mCg./d. 
Fig. 2.-Cumulative per cent plots on probability 


scale resulting from subtraction of large zero levels 
(SX, -) and for complete fasting (SY, - - -). 
Vertical lines indicate range of normal repeats from 
Fig. 1. 
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Only the latter can be manipulated, and the number 
selected controls the least significant difference 
(1.s.d.) attaining statistical significance. After the 
first panels of 30, a panel of 40 was considered opti- 
mum for balancing the volume of work with the 
ability to  differentiate. This size, with individuals 
occasionally unavailable plus panel membership 
attrition, permitted a sufficient number to be avail- 
able for the method of paired differences to give the 
desired 1.s.d. Thus, in Table V are tabulated aver- 
age 1.s.d. for a 95% confidence for typical 10- and 20- 
minute levels for slowly and rapidly absorbed prod- 
ucts. These are calculated for panels of various 
sizes using representative standard deviations ob- 
served for the panels and the appropriate Student t 
value (15). The 1.s.d. for other confidence levels 
may be calculated similarly. Note that Table V 
refers to pair differences. For comparison of data 
from two different panels, a pooled standard devia- 
tion is required, and the 1.s.d. is increased further by 
the square root of 2. 


During the early absorption from tablets, the 
standard deviations for the individual runs or for the 
paired results for the several duplicates show similar 
magnitudes for corresponding averages. This simi- 
larity in magnitude is purely coincidental, and no 
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TABLE V.-LEAST SIGNIFICANT DIFFERENCE FOR 
PAIR DATA (95% CONFIDENCE) RESULTING FROM 


PANEL SIZE AT THREE TYPICAL AVERAGE 
SALICYLATE LEVELS 


7 1.s d. 
W = ?  f = 17 f - 32 


Panel, mcg./ml. mcg./ml. mcg./ml. 
No. (S.U.b = 8) (S.D. = 13) (S.D. = 18) 


3 19.9 32.3 44.7 
5 9.1 16.1 22.3 


10 5.7 9 . 3  12.9 
20 3 . 7  6 . 1  8.4 
30 3 .0  4.8 6.7 
40 “6  4.2 5 . 9  
50 2 . 3  3 . 7  5 .1  


100 1 .6  2 .6  3 .6  


“ 5 ,  Average serum salicylate level at 10 or 20 minutes. 
h. I ) . ,  Typical standard deviation of average level (taken 
fl-orn Fig. 3).  


significance should be drawn. I t  has been noticed 
that the standard deviation appears to increase with 
an increase in average blood levels during the 
absorption period. Any test shows both fast and 
slow absorbers giving high and low levels; but as the 
average level increases, the proportion of high levels 
increases at the expense of the number of slow ab- 
sorbers. The result is an increase in variance as 
average increases (Fig. 3) during early absorption. 
The time and serum level dependency of variance 
will be treated in the next paper. 


An examination of the data for tests L and SC in 
Table I11 shows the closeness of agreement in aver- 
ages. This is especially evident in Fig. 4 which 
gives the two distributions involved, an indication 
that if the group is sufficiently large, data replication 
dose not require all individuals common to both 
tests. There were only 25 subjects common to test 
L and SC. The pair comparison is omitted from 
Table IV. 


Reproducibility of results with the panel of sub- 
jects was achieved over a long period. Table IV 
shows repeat runs made 1 week and 1 year apart and 


I 


. * .  
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* O  


. .. 


d I 
0 3 10 IS l a  P a0 Y 40 


AV. SERUM LEVEL, mcg./ml. 


Fig. 3.-Variation of standard deviations with 
salicylate serum levels after absorption. Key: 0, 
10-minute average and 0, 20-minute average level; 
0. 10-minute pair difference and a, 20-minute pair 
difference plotted at the average of the pair. 


some intermediate intervals. Credit for this 
achievement must go to rigid adherence to the fixed 
protocols to limit the experimental variability and 
the use of sufficient numbers of subjects to cope with 
human variability. There are eight pair difference 
comparisons in Table IV of both 10- and 20-minute 
serum levels. The pairs are each duplicate tests, 
and only one of the 16 comparisons has a significant 
1 value. With 16 comparisons expected to be non- 
significant differences a t  95% confidence, the dis- 
covery of one contrary to expectations is not surpris- 
ing. 


Early consideration for conducting the program as 
either a series involving coadministration of multiple 
test materials with random sequence assignments, 
or a series of sequential single tests, favored the 
latter. This offers economy of time and effort with 
less repetitions of standards and, with rigid adherence 
to protocols combined with only slight changes in 
panel personnel, no loss in sensitivity of measure- 
ments. The former procedure (random crossover) 
has a wide vogue in biological testing. Rigid ad- 
herence to protocols is the only protection against 
the occasional unrecognized error by either mode. 
It was possible to schedule a number of the wanted 
repetitions, so that both procedures were utilized 
and a comparison became available. Four of the 
comparisons given in Table I V  (EA-ER, AA-AR, 
BD-BF, and BE-BG) had one test of each pair per- 
formed as a single test in the long sequential series. 


SERUM SALICYLATE, mcg./ml. 


Fig. 4.-Cumulative per cent plots on probability 
scale for aspirin preparation 1 administered as L 
( -  - -) and SC (-). (Only two-thirds of panel 
common to both tests.) 
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The four other tests of these four pairs were per- 
formed as two pairs of random crossover tests. 
None of the eight comparisons (four with 10-minute 
data and four with 20 minute data) performed as 
paired differences for individual subjects showed a 
significant difference from zero for the average pair 
di5erence. Another comparison is possible: that of 
the average individual difference between the two 
tests of the crossover period and the corresponding 
two tests of the sequential series-BD-BE of the 
crossover with BF-BG of the sequential and EA- 
AR of the crossover with EA and AA of the sequen- 
tial. Table IV shows that none of the average dif- 
ferences were signi6cantly different from zero. With 
both kinds of comparisons, the results of the care- 
fully controlled sequential procedure were not dif- 
ferent from the random crossover procedure. 


Serum blanks (zero time samples) often exhibit 
low salicylate values which may be bona fidc or 
artifacts. Occasionally, a subject showed a high 
zero time level which could be traced to recent inges- 
tion of medications containing salicylates and, in one 
case of serendipitous sleuthing, wintergreen (methyl 
sa1icylate)-flavored candy lozenges. For some time, 
all data for subjects with a high zero time level were 
rejected, and the subject was rescheduled. The 
feasibility of subtracting serum blanks was demon- 
strated in one test (SX). All subjects were given 
two tablets (10 gr. of aspirin) to take the night be- 
fore their scheduled test. As a result, everyone ap- 
peared with a high serum blank value which aver- 
aged 14.1 mcg./ml., with a range from 3.5 to 52.3. 
On correcting the data by subtracting the appro- 
priate serum blanks, the 10- and 20-minute levels 
were like the results of test SB using the same 
tablets. For test SB, however, the serum blanks 
averaged 1.7 mcg./ml., with a range from 0.5 to 3.5. 
Subtraction of serum blanks of any level is now 
routine, although the injunction against medication 
during the 3 days prior is continued, and high serum 
blanks are rare. Where the duration of the test will 
result in any natural decay of the blank level, a 
correction for the clearance rate (16) is required. 


Prior to  initiation of this work in 1957, discussions 
with clinicians indicated a consensus that higher 
blood levels and more consistent results were ex- 
pected for a fasting panel. Necessary to the 
reproducibility of the panel was the need for careful 
control and constancy of extraneous background. 
Figure 2 and Table IV, in which the panel distribu- 
tion of a truly fasted panel (SY) is compared to  the 
normal (SB), show that s t a t i s t i d y  no difference 
existed between the normal (semifasted) and fasted 
panel. A more positive assurance for this one test 
of a fasted panel is the observation that the distribu- 
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tion curves (Pig. 2) are obvious members of the 
family of curves from other tests of the same aspirin 
tablets. Thus, by waiting 2 to 3 hours after a light 
breakfast, it is possible to have the test advantage 
of the fasted panel without the personal disadvan- 
tages of periodic fasting over a long term. 


SUMMARY 


A modified Brodie serum salicylate analysis has 
been shown to have the necessary precision and 
accuracy for following serum salicylate levels in 
groups of 30 to  40 subjects. 


Human variability is of such magnitude that the 
data are represented fairly by statistical parameters 
only. 


Rigid compliance with proper protocols and large 
panels of subjects give statistically reproducible 
average blood levels. 


The least significant difference, useful in differen- 
tiating test results, is controlled primarily by the 
number of subjects. 


Carefully controlled sequential testing with ade- 
quate panels gives results indistinguishable from 
those obtained by random crossover testing. 
Panel replicability over prolonged periods is excel- 
lent and defined by statistical parameters. 


Serum blanks, or zero time serum salicylate levels, 
can be subtracted from the serum levels of subse- 
quent samples for 10- and 20-minute intervals. 


A panel of semifasted subjects is as useful in re- 
sults as a panel of fasted subjects and more arnen- 
able to a long-term testing program. 
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Aspirin Formulation and Absorption Rate I1 


Influence on Serum Levels of Tablets, Antacids, and Solutions 


By S. V. LIEBERMAN and JOHN H. WOOD 


Serum salicylate levels were measured for seven aspirin preparations alone and with 
a mixture of dihydroxyaluminum glycinate and magnesium carbonate. A twofold 
increase in serum levels at 10 and 20 minutes after ingestion was observed with the 
mixture present. With the aspirin preparations, the salicylate serum levels clearly 
rdected the technology of the aspirin granulation pre aration. An optimum level 
of antacid for rapid absorption was found. A study of%e salicylate levels resulting 
with time from ingestion of solutions and tablets showed that more rapid absorption 


was accompanied by earlier and higher serum levels. 


HE PREVIOUS paper in this series (1) has 
Testablished criteria for the sensitivity, repro- 
ducibility, and range of applicability of a human 
panel to assess serum salicylate levels accurately 
after ingestion. It is now possible to apply the 
human panel to a study of factors involved when 
aspirin is absorbed from tablets or solutions. 
Paul and Routh (2) reported that a tablet in 
which aspirin was combined with a mixture of 
dihydroqaluminum glyanate and magnesium 
carbonate gave a build-up of blood salicylate 
levels more rapid than a tablet of aspirin alone. 
Subsequently, there has been disagreement in the 
literature; some works (3-5) have shown en- 


posite result of several discrete and simultaneous 
processes. The aspirin must dissolve before any 
absorption can occur in the gastrointestinal tract. 
After absorption, distribution occurs to the 
tissues, and the elimination or clearance process 
begins. The faster the dissolution of the tablet, 
the larger the concentration gradient, and the 
faster should be the absorption. Earlier and 
higher plasma levels must result from higher con- 
centration gradients since absorption and dis- 
tribution are processes faster than elimination 
(11). 


EXPERIMENTAL AND RESULTS 
hanced early absorption, while others (6-8) have 


Table I lists the panel codes and describes the 


blood levels has not clab’ Wtablkhed the and the Corresponding two-layer tablets. with aspirin 
for the enhancement. Levy (5 )  has shown a in one layer and antacid in the other. The aspirin 
correlation between more rapid dissolution of was in each case 5.0 gr. per tablet with 0.56 gr. of 


granulation (0.16 gr.) containing 0.75 gr. of alumi- 
enhanced and has stated (’) num glycinate and 1.50 gr. of magnesium carbonate 
that the added antacid accelerated dissolution. to which 0.23 gr. of cornstarch was added prior to 
Also it has been suggested (10) that the difference, tableting. 
if real, could be ascribed to aspirin technology Two human panels, identified as panels 1 and 2. 
rather than to the antacid component of the were Aspirm Of ‘Ode was used in both panels to Serve as a link. Each subject 


received two tablets; the protocol was described formulation. 
With the sensitivity of the human panel de- previously (1). The data for 10- and 2O-minute 


fined by the preceding paper, a valuable tool levels are &en in Table I1 ; the pairs are the aspirin 
exists to measme the influence of the alone and its corresponding combination with ant- 


questioned this hding* dealing with composition of a series of diflerent aspirin tablets 


table= and early high urinary levels equated to cornstarch. The antacid layer was a gelatin 


._ 
combination and of the aspirin technology on the 
early salicylate blood levels and thus assess the 
relative roles of each. Additionally, the panel 


a c ~ ~ o  diEerent two-layer tablets were prepared 
using One asp- with two concentra- 
tions of the active antacids-1.5 m. (code AC) and _ .  


permits a determination of the optimum -level 3.0 gr. (code AB). These are onerthGd less and one- 
of antacid for salicylate absorption enhancement. 


Salicylate plasma levels represent the com- 
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third more than the 2.25 gr. antacid used in the 
previous set of tablets. Using a different aspirin 
granulation, the relative specificity of the ratio of 
antacid to aspirin was again examined using 2.25 gr. 
antacid with 5.0 gr. (code QD) and 6.25 gr. (code 
QE) of aspirin. The data for these four tablets are 
given in Table 111. 


The serum levels from three aspirin preparations- 
a commercial tablet L, aspirin of code E from the 
first series. and its corresponding antacid combina- 
tion, D-were studied as a function of time from 30 
to 150 minutes after administration. Since 10- and 
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20-minute data for D and E were available from 
panel I, L was run separately for these two times. 
In addition, values for E as EA and ER are also 
available in the previous paper (1). 


The salicylate time 
profile to 90 minutes was determined for a solution 
prepared by neutralizing salicylic acid with choline 
so that 100 ml. contained 868 mg. chohe  salicylate 
(code NA). This amount is equivalent in salicylate 
to 10 gr. of aspirin. In addition, the equivalent 
amount of sodium salicylate, 576 mg. (code NB), 
was studied for serum levels a t  10 and 20 minutes. 
The results are recorded in Table IV. 


Two solutions were used. 


DISCUSSION 


The data of the two panels in Table I are related 
through sample N which is common to both. The 
difference in 10-minute serum salicylate levels be- 
tween the two panels was small. The difference in 
20-minute serum level averages was considerable, 
although it missed being significant a t  95y0 con- 
fidence. This large dserence in average was not 
reflected in the medians which were closer. An 
examination of the cumulative per cent distribution 
curves lead to the conclusion that a small number of 
rapid absorbers in panel 1 were not matched in 
panel 2, and the use of larger panels would have 
eliminated this discrepancy. 


This slight possible mismatch between panels does 
not affect the comparison of the pairs of buffered 
and unbuffered tablets since each pair involved the 
same participants. All preparations with the ant- 
acid additive show faster acetylsalicylate absorption 
as reflected in 10- and 20-minute salicylate levels. 
Except for the comparison B-W at the 10-minute 
level, all tablet pairs a t  both 10 and 20 minutes show 
enhancement, which is statistically signscant (95% 
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confidence), for the antacid combination over the 
aspirin alone. The differences in the averages for 
the pairs of levels are so great that the ratio of the 
enhancement in level is approximately twofold. 


If one considers median salicylate levels instead 
of averages, the difference between the pairs is even 
more striking, showing about a threefold enhance- 
ment. As discussed earlier ( l) ,  this is a conse- 
quence of the asymmetric distribution of levels that 
occurs during the early absorption. Figure 1 shows 
median and average levels from early absorption 
data. The asymmetry of the distribution of level 
results in a number average appreciably greater than 
the median level, with a maximum deviation at an 
average of approximately 20 mcg./ml. of salicylate 
in the serum. During the early absorptive process, 
two-thuds of the population may have the average 
level or less. At low levels and for averages above 
40 mcg./ml., the two parameters coincide. The 
median level is possibly more characteristic than the 
average for the population and can be treated by 
nonparametric methods. The average and its 
statistical significance are the more familiar tools of 
the investigator. 


Figure 2 shows the cumulative per cent distribu- 
tions for one pair, N and K. This pair is typical of 
others in the set. It is apparent that the distribu- 
tion of salicylate levels at 10 minutes with the ant- 
acid combination is similar to that of 20 minutes 
with plaii aspirin. The agreement is closer than 
for the pairs of repeats studied in the previous paper 
(1). The presence of the antacid has shifted the 
whole population, not just a small portion of it. 
Since enhancement of salicylate serum levels was 
present in every pair, the effect of the antacid layer 
must be relatively independent of any technology 
involved in the preparation of the aspirin granula- 
tion. 


TABLE I.-ASPIRIN DRSCRIPTTONS FOR TABLETS USED I N  PANELS 1 AND 2 


Antacid 
Aspirin Combn. 
Code Code Panel Aspirin Layer Description 


B W 2 20-Mesh crystals of manufacturer A 
E D 1 Asoirin-starch manulation of suoolier A ( 1) 
N 
S 
T 
R 
P 


K 
H 
A 
2 
X 


Aspirin-starch -&nulation of supplier B (2) 
'/a (l)-*/a (2) 
'/a (l)-'/* 20-mesh crystals of manufacturer A 


(l)-'/a 20-mesh crystals of manufacturer B 
)/a (I)-*/* 20-mesh crystals of manufacturer C 


TABLE IL-SRRUM SALICYLATE LEVELS OBTAINED WITH THE TABLETS IN TABLE I 


Subjects. - 10-Min. Levels, mcg./mI. 7 I 80-Min. Levels, mcg./ml. - 
Code Designation No. Av. S.D. Median Av. S.D. Median 


B 28 2.59 1.91 2.0 5.76 5.39 3.7 
W 28 3.93 5.11 2.2 18.90 12.28 16.0 
E 27 6.13 6.88 2.5 16.76 15.65 12.8 


T 
A 
R 
Z 
P 
X 


27 3.32 3.44 1.9 9.28 7.15 7.8 - -~ 
27 9.49 7.86 6.8 25.64 14.96 23.0 
28 4.95 5.23 3.4 10.79 10.00 7.0 
28 8.69 7.56 7.0 25.91 13.68 26.0 
28 3.44 4.62 1 .8  9.05 12.15 4.0 
28 7.71 6.61 6.0 24.80 13.11 22.5 


N (Panel 2) 28 3.44 3.77 3 .0  7.57 6.83 6 . 8  
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TABLE 11 I.--SERUM SALICYLATE LEVELS RESULTING FROM VARIATIONS I N  CONCENTRATIONS OF ACTIVE 
INGREDIENTS WITH BUFFERED TABLETS= 


Code Tablet -- 10-Min. Levels, mcg./ml. -- c 20-Min. Levels. mcg./ml. - 
Designation Distinction Av. S .  D. Median Av. S.D. Median 


AC 1 . 5  gr. antacid 10.11  9 .36 6 . 0  28.24 15.03 20.0 
AB 3 . 0  gr. antacid 11.01 13.74 6 . 0  29.03 17.28 32.0 


Normal 17.3 10.5 15.0 36.5 14.1 36.8 
6 .25  gr. aspirin 19.8 12.4 17.0 42 .8  17.2 40.0 


QD 
QE 


R Thirty-eight subjects. 


TABLE IV.---SERUM SALICYLATE LEVELS AS A FUNCTION OF TIME FOR TABLET AND SOLUTION PREPARATIONS, 
incg./ml. 


Sample und Time Period - 
Measure 10 Min. 40 Min. 60 Min. 


D Av. 
No. 
S.D. 
Median 


E Av. 
No. 
S.D. 
Median 


L Av. 
No ~. 


S. D. 
Median 


NA Av. 
No. 
S.D. 
Median 


NB Av. 
No. 
S.D. 
Median 


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  
6.92  


5.99 
5 . 2  


48.01 
39 
22.37 
53.5 
54.70 
37 
20.66 
49.5 


40 


20 Min. 
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  


i 8 : i 4  
40 
11.34 
14.3 
57.41 
38 
11.87 
64.0 
63.66 
37 
14.81 
58.5 


30 Min. 
43.56 
39 
15.16 
45.0 
28.36 
39 
17.95 
29.2 
28.01 
39 
17.98 
26.0 
... 
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


54: 99 
39 
10.43 
55.0 


. . .  


. . .  


. . .  


. . .  


48.05 
39 
10.33 
48.0 
41.53 
39 
16.44 
43.7 
39.56 
39 
17.20 
40.5 
52.57 
38 
7.41 


52.0 
. . .  
. .. 
. . .  
. . .  


90 Min. 
46.44 
39 
9.64 


46.4 
46.24 
39 
13.85 
48.0 
42.52 
39 
16.19 
44 .5  
48.22 
38 
6.65 


47.0 
. . .  
. . .  
. . .  
. . .  


120 Min. 
43.68 
40 
8.99 


43.8 
45.07 
39 
11.96 
44.3 
43.72 
39 
12.40 
44.0 
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  


150 Min. 
40.33 
39 
8.56 


40.0 
43.11 
39 
9.75 


43.0 
44.34 
39 
9.85 


43.4 
. . .  
. . .  
. . .  
. . .  
. . .  
... 
. . .  
... 


This technology does, however, contribute to  the 
levels obtainable. The combination B and W, 
comprising all 20-mesh aspirin crystals, is notably 
inferior to either of the two commercial granulations. 
Indeed, the differences for this pair verge on sig- 
nificance with 95% confidence against mixtures of 
commercial granulation and crystals. Similarly, 
the differences between the tablets containing only 
commercial aspirin granulations and the tablets 
with mixtiires border on significance. Thus, the 
technology of the aspirin preparation is an important 
factor. Indeed, for the preparations studied, the 
enhancement possible for the best aspirin, E, com- 
pared to the poorest aspirin, B, is more than two- 
f o l d a b o u t  the same magnitude as the enhance- 
ment that aspirin receives in the presence of the ant- 
acid combination. 


Using urinary salicylate recovery, Levy (5). 
studying a number of commercial preparations, con- 
cluded that aspirin was absorbed more rapidly from 
the antacid combination. He found lesser differ- 
ences occurring between different aspirin prepara- 
tions without antacids. 


Table 111 shows no difference in the average levels 
between preparations AB and AC which differ in 
being, respectively, one-third more and one-third 
less antacid than used in the formulations of Table I. 
This amount of antacid gives the maximum effect 
measured by the average level, and no significant 
additional enhancement was achieved by using 
additional antacid. The shape of the distribution 
in the case of AC, the 1.5 gr. of antacid, is somewhat 
distorted, so that its median is appreciably lower 


than that of the 3.0 gr. case, AB. This suggests the 
possibility that 1.5 gr. represents the lower limit for 
optimal antacid enhancement, an example of the 
advantage of considering both distributions and 
medians as well as the statistically based average 
level in studying differences between tablets. 


The traditional aspirin dosage has been 10 gr. 
The use of additional aspirin should be expected, 
on a concentration mass action basis, to yield more 
drug in an absorbable form at any given time. This 
is confirmed by the serum levels found with the pair 
manufactured QD-QE, which differ only in the 
amount of aspirin present (10 versus 12.5 gr.) with 
the antacid layer. The difference for 20-minute 
serum levels for 12.5 gr. is so great that the method 
of individual pair difference yields a Student t of 2.6 
(99% confidence). 


An examination of Table IV and its graphical 
representation in Fig. 3 shows that, as predicted 
theoretically, earlier peaking of levels results in 
higher levels and that the earliest peaking is for the 
salicylate solutions. Hogben (12) and Smith (13) 
have shown that salicylate is absorbed faster than 
acetylsalicylate. Choline salicylate solution (14) 
has been advocated for extremely rapid absorption. 
These data give higher levels at 10 and 20 minutes 
for sodium salicylate (NB) over choline salicylate 
(NA). The difference is not significant statistically 
at the 10-minute level, but it is significant statis- 
tically with 95% confidence for 20 minutes. 


The tablet data show that tablet D, the aspirin 
with dihydroxyaluminum glycinate and magnesium 
carbonate, has significant enhancement of salicylate 
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serum levels over aspirin alone for periods up to and 
including 60 minutes. The buffered preparation 
clearly peaks in level in about 45 minutes, while the 
corresponding aspirin alone, E. reaches its peak in 
about 90 minutes. The differences in levels between 
these two a t  90, 120, and 150 minutes, although not 
significant statistically, should be real from the 
nature of the curves. The commercial aspirin, L, 
appears to give a peak at 150 minutes or even later, 
as judged from average levels. The median levels, 
however, are more in line with tablet E. The 
average levels at 90 and 120 minutes are not sta- 
tistically significantly different from those of D. 
At 150 minutes. the difference is just significant. 
The set of experimental data confirms the theo- 
retical prediction that earlier peaking leads to higher 
maximum serum salicylate levels. 


In the preceding paper (1). it  was shown for as- 
pirin absorption from tablets that the standard 
deviation of average salicylate serum levels in- 
creased almost directly with the level attained. 
This was true during the early portion of the ab- 
sorption cycle. It is apparent from Table IV that  
this does not hold as absorption continues. As the 
maximum level is approached, the standard devia- 
tion decreases markedly and continues to decrease 
even after the maximum average has been attained. 
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I I 1 I I I 


AV. LEVEL, mcg./ml. 


Fig. 1.-Variation of median and average level of 
serum salicylate during absorption. 


I '  1 


SERUM SALICYLATE, mcg./ml. 


Fig. S.-Cumulative per cent plot on probability 
scale of levels obtained with aspirin ( N )  and its 
corresponding tablet with antacids (K). Key: - - -, 
10-minute levels; -, 20-minute levels. 


TIM8 AFTER INGESTION, MIN. 


Fig. 3.-Serum salicylate levels resulting from 
solutions and tablets. Key: NA, sodium salicylate 
solution; NB, choline salicylate solution; E, 
aspirin alone; D, with buffer components; L, a 
commercial aspirin. 


This is expected since the fast absorbers have vir- 
tually completed their absorption, while the slow 
absorbers, which contribute notably to the spread 
of the distribution. begin to build up appreciable 
levels and the distribution becomes tighter. This 
is a necessary condition resulting from the fact that 
the clearance process is slower than the absorption 
and less variable (11). 


SUMMARY 


Faster absorption of asprin leads to earlier and 
higher peak salicylate serum levels. This is shown by 
tablets of aspirin with a mixture of dihydroxyalumi- 
num glycinate and magnesium carbonate relative to 
those of aspirin alone. Still earlier and higher peak 
levels are obtained by a solution. Sodium salicylate 
solution yields an early level slightly higher than 
that  of choline salicylate solution. 


The presence of the cited antacid mixture in an 
aspirin tablet leads to a twofold enhancement in the 
average serum salicylate levels attained a t  10 and 20 
minutes. The median level is increased approxi- 
mately threefold. 


There is an optimum amount of antacid for maxi- 
mum effect of salicylate serum levels. Variations 
about this optimum produce no change in levels. 


Technology of aspirin granulation can lead to 
appreciable differences in observed salicylate serum 
levels. 
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Isolation of Coumestrol and Other Phenolics from 
Alfalfa by Countercurrent Distribution 


By E. M. BICKOFF, A. L. LIVINGSTON, S. C. WITT, B. E. KNUCKLES, 
JACK GUGGOLZ, and R. R. SPENCER 


Countercurrent distribution (CCD) procedures are described for the isolation of 
coumestrol and 12 other phenolic compounds from alfalfa. Three of these were 
identified as trifoliol, tricin, and salicylic acid. Elemental analysis indicated empi- 
rical formulas for four of the other compounds. R, values o n  paper chromatograms 
and fluorescent characteristics under ultraviolet light are presented for all the com- 


pounds isolated. 


N RECENT YEARS, a tremendous interest has I developecl in the use of synthetic hormones to 
stimulate rate and efficiency of gain in animals. 
Alfalfa meal, rich in the estrogenlike compound 
coumestrol (l), has been shown to produce in- 
creased growth rates when fed to  sheep (2, 3) or 
cattle (4). This increased growth rate may be 
attributed either to  coumestrol or t o  factors pres- 
ently unidentified. Because of inadequate sup- 
plies of the pure plant estrogens, their effective- 
ness on animal growth has not yet  been ascer- 
tained. 


Work was recently undertaken to obtain enough 
coumestrol as a concentrate or in crystalline 
form t o  permit evaluation of its potential as a 
growth promoter. An earlier paper (5) reported 
the preparation from alfalfa of approximately 
2500 Gm. of a crude crystalline product consist- 
ing of about 70% coumestrol. This paper re- 
ports the procedures employed to obtain the 
cournestrol in pure crystalline form. 


It also seemed of interest to  investigate the 
accompanying compounds, many of which 
fluoresced strongly under ultraviolet light. The 
techniques employed for the isolation of a number 
of them by  countercurrent distribution are also 
presented. 


EXPERIMENTAL 
Equipment.-Two Craig countercurrent distribu- 


tion (CCD) instruments were used for the separa- 
tions. Both instruments are 100-tube models, robot- 
operated, and equipped with fraction collectors. 
The smaller (20-ml. tube capacity) was mainly used 
for exploratory development of solvent systems, 
while the larger (200-ml. tube capacity) was used 
for most of the isolation work. The single with- 
drawal procedure (6) was used. 
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Paper Chromatography.-The progress of each 
CCD run was followed by spotting solutions from se- 
lected tubes, both from the instrument and from 
the fraction collector on Whatman No. 1 paper. 
The system which gave maximum resolution of the 
compounds under investigation was isopropyl 
alcohol/ammonium hydroxide (28-30% NHz) (2/1), 
descending (solvent system 1). The various com- 
ponents could be detected on the developed chro- 
matogram as colored fluorescent spots under ultra- 
violet light. Exposure to ammonia vapor or spray- 
ing with dilute sodium carbonate solution usually 
intensified the fluorescence and often changed the 
color of the spot. A chromatogram made at the 
completion of each CCD run served as a permanent 
record of that separation (Fig. 1). The composition 
of the various fractions obtained during processing 
could be evaluated more accurately by two-dimen- 
sional paper chromatography. Solvent system 2, 
employed for the second dimension, consisted of 
acetic acid, ascending. 


Many compounds were present in minute amounts 
and were not detected by paper chromatography in 
the original crude extract or in the initial fractions. 
However, as the major components were removed 
by CCD, the minor ones became visible on the de- 
veloped chromatograms. Table I gives approximate 
R, values and fluorescent color for the compounds 
under investigation. The R, values of the com- 
pounds are averages from a number of chromato- 
grams of the various fractions. Since these com- 
pounds move a little differently when chroma- 
tographed as mixtures, these data only locate the 
relative position of each compound approximately. 


Distribution of the Crude Crystalline Roduct.- 
One thousand grams of the coumestrol preparation, 
isolated in the large-scale processing of alfalfa (5), 
was the starting material for this study. Coume- 
strol and a number of the other compounds have 
only limited solubility in most of the common sol- 


Solvan1 front 


I1 


Fig. 1.- 
Schematic rep- 
resentation of 
the paper chro- 
matogram of the 
CCD run for 
fraction 19 
through solvent 
system D. 
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TABLE  FLUORESCENCE AND RI VALUES OF PHENOLIC COMPOUNDS OF ALFALFA ON TWO-DIMENSIONAL 
PAPER CHROMATOGRAMS 


-R/ Values- 
First SCCOOd 7 U.V. Fluorescence--------. 


Compd. Dimensiona Dimensionb Untreated plus NH: vapor 
Coumestrol 0.50 0.52 Purple-white Yellow-white 
Salicylic acid 0.77 0.81 Blue-gray Deep blue 


Trifoliol 0.66 0.57 Dull blue-gray Blue-gray 
I 0.75 0.60 Blue Intense blue 
I1 0.75 0.60 Blue Intense blue 
111 0.36 0.36 Bluish-white White 
I V  0.44 0.69 Light tan Yellow-green 
V 0.17 0.55 Tan Yellow 


0.16 0.34 Purple-gray Y ellow-gray 
0.26 0.43 Violet Y,ellow-pink 


VI 
VII 
VIII 0.58 0.42 Blue Intense blue 
IX 0.64 0.53 Blue Intense blue 


Tricin 0.36 0.56 Black absorbing Yellow 


Q Solvent system 1-isopropyl alcoho1:concentrated ammonium hydroxide (2: l ) ,  descending. 0 Solvent system 2-5076 
glacial acetic acid, ascending. 


TABLE IL-SOLVENT SYSTEMS EMPLOYED IN COUNTERCURRENT DISTRIBUTION OF ALFALFA PHENOLICS 


Solveat Starting Total Solids, Solids in Each 
System Solvents and Proportions by Vol. Material Gm. Run. Gm. 


A 


B Ethyl acetate: skellysolve B: Fraction 2 860 215 
Ether:MeOH:HpO: DMF Fraction 11 56 28 


112:12:10:5:4:8) Fraction 12 96 24 


Skellysolve B : ether : MeOH : HoO : DMF" Crude coumestrol 
(2:5:3: 1:0.4) preparation 1000 40 


C 


D H20: DMF:acetone: CClr 4 and 7 200 10 
(2: 4: 3 : 5) Fraction 19 36 12 


Acetone: skellysolve B :ether: HzO 
(2: 1: 1: 1) Combined fractions 


a DMF, dimethylformamide. 


vents employed for the distributions. However, by 
using dimethylformamide as a carrier solvent, over 
200 Gm. of material could be distributed in certain 
solvent systems, and adequate separations could be 
made. 


Fifty-eight distributions employing five solvent 
systems (Table 11) were required to separate cou- 
mestrol and 12 of the other phenolic compounds. 
Figure 2 presents the sequence of these distributions. 
The Roman numeral assigned to  a p d c u l a r  com- 
pound depended upon its place in the sequence of 
purification. No number was assigned to a com- 
pound unless it was evident that it could be iso- 
lated. The first objective was to isolate the bulk 
of the coumestrol from the minor constituents in the 
mixture. This was necessary because the total 
amount of material to  be processed greatly exceeded 
the normal capacity of the equipment. 
Distribution in Solvent System A.-The material 


was iirst distributed in 40-Gm. batches (Fig. 2). 
Because of limited solubility, the material was intro- 
duced into the first 18 tubes of the instrument. 
After 260 transfers, the runs were divided into frac- 
tions 1-3, determined by a paper chromatogram of 
selected tubes of the completed distribution. Com- 
parable fractions from each of the 25 identical dis- 
tributions were combined and taken to  dryness in 
vacuo. 


To date, no further work has been done on frac- 
tion 1. which weighed about 60 Gm. and contained 
most of the dark brown waxy impurities and few 
fluorescing compounds. Fraction 2 weighed 860 
Gm. and contained most of the coumestrol. Frac- 
tion 3 contained a small amount of coumestrol and 


three other compounds which were difficult to sepa- 
rate from one another. However, they could be 
separated more readily as their acetates. Repeated 
crystallization of the acetylated mixture from ace- 
tone yielded a pure preparation of the acetate of a 
compound identified as the coumestan, trifoliol. 
The latter compound was recently isolated from 
ladino clover (7). The other two compounds (com- 
pounds I and 11) had similar solubility characteris- 
tics and were difficult to separate from one another. 
About 1 mg. of each as the acetate has been ob- 
tained by thin-layer chromatography (TLC) on 
silica gel using ether/skellysolve B (4/1) as the de- 
veloper. However, they could not be separated in 
larger quantities by CCD, column chromatography, 
or recrystallition. 
Distribation of Fraction 2.-This fraction was 


distributed in solvent system B (Table 11) in four 
215Gm. batches. For each distribution, the start- 
ing material was introduced into the first 22 tubes 
of the instrument. After 400 transfers, three frac- 
tions (4-6,) were made as determined by a paper 
chromatogram of the completed run. The corre- 
sponding fractions from each distribution were com- 
bined and concentrated in vacuo. Fraction 4 (160 
Gm.) contained most of the minor constituents and 
only a small amount of coumestrol. Fraction 6, 
which amounted to about 10 Gm. and was mostly 
compounds I, 11, and trifoliol, was acetylated and 
combined with fraction 3. 


Fraction 5 contained 80% of the weight of the 
starting material. When analyzed by a fluorometric 
method (8), this fraction contained about 90% 
coumestrol. The other compounds could not be 
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was removed, and the reaction was slowly allowed 
to come to room temperature with application of 
heat. The stirring was continued for 5 to 6 hours 
until almost complete solution had occurred. The 
mixture was filtered and added to  6 L. of ice-water. 
The pH of the yellow solution was adjusted to about 
5.5 with dilute hydrochloric acid to precipitate 
coumestrol. The heavy slurry was cooled for several 
hours; then the pH was adjusted to 2-4, and the 
coumestrol (30 Gin.) was collected. A whiter 
product could be obtained when the final pH adjust- 
ment was made just before filtering the product. 


Isolation of Tricin.-When combined fractions 
4 and 7, weighing 225 Gm., were dissolved in acetone 
and mixed with about a half volume of skellysolve 
B, a copious precipitate was formed. Recrystalliza- 
tion from methanol gave 25 Gm. of pure t r i c k  This 
flavone has been previously isolated from alfalfa by 
another process (9). 


Distribution of Combined Fractions 4 and 7.- 
The above filtrate was evaporated to dryness, then 
distributed in 10-Gm. batches in solvent system C 
(Table 11) for a total of 200 transfers. Comparable 
tubes from each of the runs were combined and 
divided into five additional fractions (fractions 10- 
14). Recrystallization of the solids obtained from 
fraction 10 gave 5 Gm. of compound IV. Fraction 
14 consisted of a mixture of compounds I, 11, and 
trifoliol and was combined with fraction 3. 


Isolntion of Salicylic Acid.-Crystals were ob- 
tained from fraction 13 by extraction with hot skelly- 
solve B. followed by recrystallization from water. 
About 5 Gm. of colorless needles, identified as sali- 
cylic acid, were obtained. 


Distribution of Fractions 11 and 12.-Fractions 
11 and 12 contained essentially the same group of 
compounds, although their relative proportions dif- 
fered greatly. Therefore, each fraction was sepa- 
rately distributed in solvent system B for a total 
of 900 transfers. Based on paper chromatograms of 
the completed runs, comparable tubes were com- 
bined to give six fractions (fractions 15-20). AI- 
though several of the fractions consisted predomi- 
nantly of one compound, small amounts of other 
compounds were also present. However, by re- 
crystallization of the solids in each fraction from 
methanol, the compound present in largest amount 
was obtained. In this way, compounds V, VI, VII 
were obtained from fractions 15, 16, and 17, re- 
spectively. 


Distribution of Fraction 19.-Fraction 19 was a 
mixture of six compounds. Distribution of this frac- 
tion in solvent system D for 365 transfers gave three 
additional fractions (fractions 21-23) (Fig. 2). 
Fraction 22 contained only compounds VIII and IX. 
Compound VIII was obtained from this mixture by 
recrystallization from ethyl acetate. 
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Fig. 2.-Flow sheet for separation procedures. 


separated from the coumestrol by recrystallization. 
However, acetylation and repeated careful re- 
crystallization from chloroform gave pure coume- 
strol acetate (fraction 9 )  and two additional frac- 
tions, 7 and 8. Fraction 7 appeared to be similar to 
fraction 4 in composition, except that it contained 
a small amount of the acetates of compounds I, 11, 
and trifoliol. Therefore, fraction 7 was deacetyl- 
ated, combined with fraction 4, and these served 
as the starting material for the next series of distri- 
butions. Fraction 8, after deacetylation, weighed 
about 55 Gm. and consisted of only two compounds 
(coumestrol and compound 111). Compound I11 
could be separated from coumestrol by paper 
chromatography employing solvent system I. To 
date, we have not succeeded in separating it by CCD 
or recrystallization. 


Isolation of Coumestro1.-Fraction 9 consisted of 
approximately 800 Gm. of pure coumestrol acetate. 
It was deacetylated to  yield 560 Gm. of coumestrol. 
For deacetylation, the coumestrol acetate was hy- 
drolyzed in 40-Gm. batches. To a cold 1/2Q/, 
potassium hydroxide solution in methanol (2 L.) 
was added 40 Gm. of the acetate. The mixture was 
stirred in an ice-bath for 1 hour; then the ice-bath 


TABLE 1 II.-ANALYTICAL AND PHYSICAL DATA OF PHENOLIC COMPOUNDS ISOLATED FROM ALFALFA 
- .. 


Anal. 
Empirical C H 


Comod. Formula Calcd.. '% Found. o/, Calcd.. % Found. 74, M.D.. T. 
Coumestrol CibHsOs 67.1- 66.8- 3 09 3.10 385' d&. 
Trifoliol CisHirOs 64.4 64.5 3.36 3 42 327' dec. 
Tricin CnHidO, 61.8 61.8 4 24 4.38 29 1-294 O 


Salicvlic acid CiHe.01 60.9 61.1 4.35 4.41 158, 
iv . 
\'I 
VII 
VIII 


c;oHloo, 70.9 70.8 3.93 3.99 3 lj3 16" 
C1sHs0e 63.4 62.8 2.84 3.20 >350° (darkens) 
ClEHlOO6 64.4 64.3 3.38 3.46 303" dec. 
C17HIIOI 65.4 65.5 3.85 3.85 306" 
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Characterization.-For all 13 compounds, two- paper chromatograms further confirmed their 
dimensional paper chromatograms were prepared, 
and the Rf values and fiuorescence of each com- 
pound were ascertained (Table I). In addition, for 
eight of the compounds, melting points (uncor- 
rected) were determined and the compounds sub- 
jected to elemental analysis. From the elemental 
analYx% the most probable f o r m l h  have 
been calculated (Table 111). 


Identifiation of coumestrol, tricin, trifoliol, and 
salicylic acid was accomplished by comparison of 
their x-ray diffraction Patterns and infrared Spectra 
with those of authentic samples. In addition, mixed 
melting point determinations and two-dimensional 


identity. 
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Synthesis of Some Hexamine Derivatives as Potential 
Antispasmodics 
By GARY OMODT 


The activity of an antispasmodic of the atropine type appears to be related to the 
rigidity of the nitrogen-containing moiety. Hexamine contains a very rigid ring 
system, and it would seem that hexamine would furnish a promising starting point 
in the synthesis of a good antispasmodic. Some bexamine derivatives were synthe- 
sued by reacting the appropriate halomethyl amide or ketone with an excess of hex- 
amine in refluxing chloroform. Preliminary pharmacological evaluation indicates 


that one of the hexamine derivatives possesses good antispasmodic activity. 


HE LITERATURE indicates that a parasympath- 
Tolytic antispasmodic containing a rigid nitro- 
gen ring system is more active than when the 
nitrogen is not held in a conformation so rigid 
(1, 2). Perhaps the reason for this is due to a 
more or less fixed nitrogen-carbonyl distance 
versus a variable distance in the nonrigid com- 
pound. The foregoing hypothesis presumes that 
the fixed distance is optimum for combination with 
the potential acetylcholine receptor. Recent 
research has been directed along the lines of in- 
corporating very rigid bridged nitrogen systems 
into synthetic antispasmodics (3-8). 


Compounds with the general structure of I 
are on the market as useful antispasmodics 
(piperidolate, pipenzolate methylbromide, mepen- 
zolate methylbromide) in which the R group is a 
small alkyl, and the R’ is a large, bulky blocking 
group. Considering only receptor combination 
and disregarding effects due to solubility and 
distribution, compounds relative to structure I1 
might possibly possess activity equal to or better 
than compounds relative to structure I. This is 
the case because of the additional nitrogen located 
in an identical position (with relation to the 
carbonyl) to the first nitrogen, and thus providing 
an additional receptor combination site; i . ~ . ,  
the chances of the compound combining with the 
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potential acetylcholine receptor would be in- 
creased. This is illustrated better by structure 
IIa. This is actually structure I1 from a “45Oside 
view,” whereas structure I1 is a view from the 


In reference to compound 111, three nitrogens 
of equal distance from the carbonyl are present, 
the distance being approximately equal to the 
nitrogen-carbonyl distance in structure I. In 
addition, structure I11 is very symmetrical with 
respect to the nitrogen ring system. Since all 
three nitrogens are of equal distance from the 
carbonyl (this distance being rigidly fixed) and the 
ring system is quite symmetrical, it  would appear 
that a compound with a structure similar to that 
of I11 would be apt to combine with the potential 
acetylcholine receptor. 


The quaternized nitrogen in compounds pos- 
sessing type 111 structure may affect the ability to 


“top.” 
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Characterization.-For all 13 compounds, two- paper chromatograms further confirmed their 
dimensional paper chromatograms were prepared, 
and the Rf values and fiuorescence of each com- 
pound were ascertained (Table I). In addition, for 
eight of the compounds, melting points (uncor- 
rected) were determined and the compounds sub- 
jected to elemental analysis. From the elemental 
analYx% the most probable f o r m l h  have 
been calculated (Table 111). 
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their x-ray diffraction Patterns and infrared Spectra 
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bind with the receptor but should not adversely 
affect the distribution in the body since quater- 
nization invariably increases antispasmodic ac- 
tivity in similar compounds; in fact, pipenzolate 
methylbromide and mepenzolate methylbromide 
are both quaternized compounds. This paper is 
concerned with the synthesis and pharmacological 
evaluation of compounds relating to structure 111. 


The compounds that were used to react with 
hexamine were phenacyl bromide, 10-bromoacetyl 
phenothiazine, 9-bromoacetyl carbazole, N- 
bromoacetyl diphenylamine, and chloromethyl 
benzohydryl ketone.’ All of the compounds 
possess large bulky groups that correspond to R’ 
in structure 111, except phenacyl bromide where 
R’ would be phenyl. Apparently only three 
of the above compounds (phenacyl bromide, 10- 
bromoacetyl phenothiazine, and 9-bromoacetyl 
carbazole) reacted with hexamine to give the ex- 
pected products. The other two (N bromoacetyl 
diphenylamine and chloromethyl benzohydryl 
ketone), when reacted with hexamine in refluxing 
chloroform, yielded crystalline material that 
analyzed for what was apparently the mono 
hydrohalide salts of hexamine. The reaction by 
which these hydrohalide salts were formed is in 
question. 


The hexamine derivatives were unstable in the 
presence of active hydrogen containing polar 
solvents. This might be expected when one 
considers thc Dele’pine (Sommelet) reaction, 
where a hexamine derivative is decomposed by 
heating with acidic alcohol or water to give an 
amine or aldehyde. It is also stated that com- 
pounds of this type are virtually impossible to 
recrystallize (9). Because of this, the com- 
pounds were purified by washing with chloro- 
form, pulverization, washing with hot benzene, 
then drying at 100’ in uacuo. 


Methods of Preparation 
The halomethyl amides were synthesized by modi- 


fying slightly the methods of Dahlbom and Ekstrand 
(10, 11). 


The halomethyl ketone was synthesized by react- 
ing diphenylacetyl chloride with diazomethane and 
treating the product with dry hydrogen chloride ac- 
cording to the method for the preparation of benzyl 
chloromethyl ketone ( 12). The diphenylacetyl 
chloride was prepared by heating diphenylacetic acid 
with thionyl chloride as in the synthesis of n-butyryl 
chloride (13). A general method was used in the 
preparation of diazomethane (14). 


The hexamine derivatives were prepared according 
to the method of Mackie and Misra (15) with some 
modification of reaction conditions and amounts of 
reactants. The general procedure consisted in dis- 
solving hexamine (7.0 Gm., 0.05 mole) in 85 ml. of 


1 This compound was never isolated in a pure form and did 
not yield the expected hexamin$ dgivgtjvq; it is possible 
that it was never obtained. 
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Fig. 1.-Pharmacological evaluation of 10-hexa- 
minoacetyl phenothiazine bromide. Key: M, 
methacholine chloride solution; A, atropine sulfate 
solution; P, 10-hexaminoacetyl phenothiazine brom- 
ide solution; P’, 10-hexaminoacetyl phenothiazine 
bromide solution after standing 30 minutes. 


refluxingchlorofonn in a three-necked, round-bottom 
flask equipped with a stirrer, dropping funnel, con- 
denser, and drying tube. The halomethyl com- 
pound (0.025 mole) was dissolved in 40 ml. of chloro- 
form and added dropwise over a period of 1.5 hours 
to the vigorously stirred, refluxing solution. After 
complete addition of the halomethyl compound, the 
mixture was stirred and refluxed for 1 hour, then 
allowed to cool to room temperature. The crystals 
were removed by suction filtration and washed two 
times with 50-ml. portions of chloroform. The 
crystals were then air-dried, pulverized, and placed 
in 100 ml. of boiling benzene for 30 minutes. The 
hot benzene was removed by suction filtration and the 
crystals air-dried. The crystals were further dried 
for 6 hours in uwuo at 100’. Different amounts of 
reactants were used at times, and these are specified 
under the separate headings with corresponding per 
cent yields 


Biological Results 
A pharmacological evaluation was run on each 


compound. Hexaminomethyl phenyl ketone bro- 
mide showed no activity, and 9-hexaminoacetyl 
carbazole bromide showed a slight decrease in 
methacholinechloride-induced spasm. Definite anti- 
spasmodic activity was evidenced by 10-hexamino- 
acetyl phenothiazine bromide; the activity com- 
pared favorably to the atropine sulfate control (see 
Fig. 1). The solutions of the test compounds were 
very unstable and upon standing at room tempera- 
ture for a few minutes became cloudy. Even after 
standing for 30 minutes at  room temperature and 
becoming quite cloudy, 10-hexaminoacetyl pheno- 
thiazine bromide exhibited considerable antispas- 
modic activity (see P’, Fig. 1). 


EXPERIMENTAL. 
All melting points recorded in this paper were 


taken with the Fisher-Johns melting point appara- 
tus. The melting points are all uncorrected. The 
halide analyses (Volhard) and the nitrogen analyses 
(semimicro Kjeldahl) were performed in these lab- 
oratories. 


10-Bromoacetyl Phenothiazine.-Phenothiaziie 
(10.0 Gm., 0.05 mole) and bromoacetyl bromide 
(10.1 Gm., 0.05 mole) were refluxed in 100 ml. of 
anhydrous benzene for 2 hours. The hot solution 
was filtered and concentrated to 50 ml. Petroleum 
ether (30-60°, 25 ml.) was carefully layered on top 


TlMt 







Vol. 53, No. 12, December 1964 


of the solution, and crystallization was allowed to  
take place at room temperature. After crystalliza- 
tion had appeared to  cease, the mixture was placed 
in the refrigerator for 2 hours. The crystals were 
then removed by suction filtration and air-dried. 
The yield was 12.3 Gm. (81.5%) of light tan crystals, 
softening up to  119', m.p. 119-121'. 


Ad.-Calcd. for C14HloBrNOS: N. 4.38. Found: 
N. 4.27. 


An additional crop of crystals was obtained by 
concentrating the filtrate to 25 ml. and repeating 
the crystallization procedure. The yield was 1.9 
Gm. ( l2.6yO) of brown crystals softening up to 98". 
m.p. 98-100'. 


9-Bromoacetyl Carbazo1e.-Carbamle (8.4 Gm., 
0.05 mole) and bromoacetyl bromide (10.1 Gm., 0.05 
mole) were refluxed in 100 ml. of anhydrous ben- 
zene for 2 hours. Upon admixture of the reactants, 
a precipitate formed. The precipitate slowly dis- 
appeared during reflux; a clear solution resulted 
after the reflux period. Crystallization was carried 
out as under 10-Bromoacelyl Phenolhiazzinc. The 
first crop of light tan crystals weighed 9.2 Gm. 
(68.1% yield), softening up to 83'. m.p. 83-85". 


Ad.-Calcd. for ClrHloBrNO: N. 4.86. Found: 
N, 4.83. 


The second crop of crystals (light tan) weighed 
3.7 Gm. (27.470 yield), softening up to 83', m.p. 
83-85". 


N-Bromoacetyl Dipheny1amine.-Diphenylamine 
(8.5 Gm., 0.05 mole) and bromoacetyl bromide 
(10.1 Gm., 0.05 mole) were refluxed in 100 ml. of 
anhydrous benzene for 2 hours. Upon admixture of 
the reactants, a precipitate formed. The precipi- 
tate slowly disappeared during reflux; a clear solu- 
tion resulted after the reflux period. Crystalliza- 
tion of the product was carried out as under 10- 
Bromoacetyl Phenothiazine. The first crop of white 
crystals slowly turned light blue on exposure to the 
atmosphere and weighed 11.5 Gm. (84.6% yield), 
softening up to 118', m.p. 118-120'. 


And.-Calcd. for Clr H1tBrNO: N, 4.83. Found: 
N, 4.60. 


The second crop of crystals slowly turned dark 
blue on exposure to the atmosphere and weighed 1.1 
Gm. (8.1% yield), softening up to 116', m.p. 116- 
118". 


Chloromethyl Benzohydryl Ketone.-Diazometh- 
ane was prepared from 21.5 Gm. (0.10 mole) of p -  
tolysulfonylmethyl nitrosamide. The total distillate 
from this preparation (assumed to  contain 2.7 Gm. 
of diazomethane based on a 64% yield) was trans- 
ferred to  a three-necked, round-bottom, 1OOO-ml. 
flask equipped with a magnetic stirrer. a dropping 
funnel, and a retlux condenser with a drying tube. 
To the stirred solution was added, over a period of 
15 minutes, a solution of 6.9 Gm. (0.03 mole) of 
diphenylacetyl chloride (b.p. 168-171'/15 mm.). 
The final ether solution, after washing with two 50- 
ml. portions of 5y0 sodium carbonate solution, was 
dried with anhydrous calcium chloride and the 
solvent removed on a rotating vacuum evaporator. 
The residue weighed 5.5 Gm. (75.3% yield). The 
residue was used without purification. 


Hexaminomethyl Phenyl Ketone Bromide.- 
Phenacyl bromide (5.0 Gm., 0.025 mole) was re- 
acted with hexamine (7.0 Gm., 0.05 mole) by follow- 
ing the general procedure. The yield of light pink 
crystals was 7.8 Gm. (92.0%), m.p. 163-166" dec. 
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Anal.-Calcd. for C14H1~BrN40: Br. 23.56; N, 
16.52. 


1o-Hexaminoacetyl Phenothiazine Br0mide.L 
10-Bromoacetyl phenothiazine (7.6 Gm., 0.025 mole) 
was reacted with hexamine (7.0 Gm.. 0.05 mole) by 
following the general procedure. The yield of white 
crystals was 8.8 Gm. (79.3y0), m.p. 195-200' dec. 


Anal.-Calcd. for GHZBrNSOS: Br, 17.46; N, 
15.21. 


9-Hexaminoacetyl Carbazole Bromide.-9-Bromo- 
acetyl Carbaz.de (6.8 Gm., 0.025 mole) was reacted 
with hexamine (7.0 Gm., 0.05 mole) by following the 
general procedure. The yield of white crystals was 
8.6 Gm. (83.5%), m.p. 165-168' dec. 


Ad.-Calcd. for C&aBrN60: Br, 18.66; N, 
16.35. 


Pharmacological Evaluation 
The pharmacological evaluation was camed out 


by utilizing a constant-temperature muscle bath and 
kymograph. Locke's solution (200 ml.) was used 
to bathe the muscle strip. When the temperature 
of the Locke's solution had reached 38", a flow of 
oxygen was bubbled through the solution; a 5-7- 
cm. section of freshly excised rabbit ileum was at- 
tached to  the muscle hooks so that the muscle sec- 
tion was completely submerged in the warm Locke's 
solution. The kymograph drum was slowly rotated, 
and 0.5 ml. of a 6.67 X lo-* M solution of metha- 
choline chloride was added to the Locke's solution. 
After the muscle strip had responded to the metha- 
choline chloride, 0.5 ml. of a 6.67 X lo-* M solu- 
tion of atropine sulfates was added. The same 
procedure was employed with each of the test com- 
pounds,' utilizing a fresh strip of ileum and 200 
ml. of fresh Locke's solution each time. All test 
solutions were prepared immediately before use by 
dissolving the compounds in cold Locke's solution to 
inhibit decomposition. The results of the evalua- 
tion are shown in Fig. 1. 


Found: Br, 23.92; N. 16.66. 


Found: Br, 17.36; N, 15.18. 


Found: Br, 18.52; N, 16.27. 
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2 IIXHexaminoacetyl phenothiazine chloride has previously 
been prepared by Mackie and Misra for use as an anthelmintic 
agent (15). 


The concentration of the atropine sulfate solution should 
have been 3.33 X 10-a to insure comparison on a molecular 
basis. 


4When preparing solutions of the test compounds, 10- 
hexnminoacetyl phenothiazine bromide and 9-hexamino- 
ucetyl carbnzole bromide would not dusolve completely. 
Therefore, 8.67 X 10-8 does not indicate the correct molar 
concentrations for these compounds. 








Chromatographic Investigation of the 
Essential Oil of AchiZZea fragrantissima 


By AHMED F. SHALABY* and GUNTHER RICHTER 


Acbillra fragrantissitna oil  was obtained by steam distillation in  a yield of 0.83 per 
cent (v/w)-& 0.9001, [a]? + 8.25", n:? 1.4640. It was light yellow and had a 
fresh aromatic odor. The  oil was free from azulene, roazulene, aldehydes, and 
acids; but it contained the following: terpene hydrocargons-u-pinene, d-myrcene, 
and sabinene; esters of  formic, acetic, and butyric acids (the alcoholic parts of the 
esters were Glinalool, a-terpineol, n-hexen(3)-ol( I) ,  and a small amount of nerol); 
ketones-ethyl n-amylketone and a short-chain unsaturated, unidentified ketone; 
phenols-eugenol and carvacrol; alcohols-Z-linalool, n-hexen (3)-01 (I), 3-non- 
anol, and the possible presence of methanol, ethanol, and n-butanol is indicated. 


LTHOUGH MANY of the Achillea species have A been investigated extensively, there have 
been no reports on the chemical constituents of 
A .  frugruntissima (Forsk.) Sch. Bip., a xerophyte 
growing in the Egyptian desert. 


The present work was carried out to determine 
the physical constants of the oil, t o  investigate 
the azulene and proazulene present, to  separate 
the other oil components, and to identify the 
terpene hydrocarbons, esters, carbonyl com- 
pounds, phenols, and alcohols. 


EXPERIMENTAL 


The plant material used in the present investiga- 
tion was collected by A. F. Shalaby from Wadi Hoff 
near Helwan. about 25 Km. South of Cairo, and was 
determined systematically (1). 


Volatile Oil 
The plant material, cut into small pieces, was sub- 


jected to  water distillation in B.P. apparatus. The 
oil yield, 7 ml., was 0 .S3~o  (v/w) on the fresh-weight 
basis. The oil was neutral to pH paper. On cool- 
ing to -23', there was no deposit from it. On 
treating the oil with EP-reagent (2). a negative re- 
sult was obtained, an indication of the absence of 
azulenes. 


The oil was pale yellow with a fresh aromatic odor. 
After drying over anhydrous sodium sulfate, the oil 
had the following physical constants: d:: 0.9001; 
nY 1.4640; [a]y  + 8.25". 


Chromatographic Separation of the Oil 
Components 


Thin-Layer Chromatogram.-The oil (1: 9 in 
benzol) was spotted on a chromatoplate covered 
with Kieselgel G (3), and the chromatograph was 
___ - 
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developed with benzol: ethyl acetate (95: 5). The 
developed plate was dried a t  room temperature, 
sprayed with antimony pentachloride, and dried at 
105". Dark spots formed with terpene hydro- 
carbons, esters, and alcohols, and a reddish spot with 
phenols (Fig. 1). The plate was then sprayed with 
2,4-dinitrophenylhydrazine (DNPH), and a yellow 
spot formed with the carbonyl compounds. 


0 
0 


0 


0 


0 
i5 
0 


O 00 
0 %  


Fig. 1.-Chromatoplate of 1, a-pinene; 2, ethyl 
n-amylketone; 3, terpinyl acetate; 4, I-linalool; 
5, n-hexen(3)-ol( 1); 6, 3-nonanol; 7, achillea oil; 
a ,  alcohols; b, ketones; c, phenols; d, ethers; e, 
terpenes. 


Column Chromatography.-The different com- 
ponents of the oil were separated on a silica gel 
column as follows: 0.5 ml. of oil was put on top of a 
silica gel1 column. The packed column was 26.5 
cm. high, with a diameter of 0.8 em. About 100 ml. 
of petroleum ether (b.p. 3@50") was added to  the 
column, and twelve 7.5-ml. fractions were collected. 
These fractions contained the terpene hydrocarbons. 
The column was then eluted with benzol-petroleum 
ether (1 : l), and 81 fractions were collected. A plate 
chromatogram was developed with each fraction, 
using the aforementioned system. For detection of 
the terpene hydrocarbons, esters, alcohols, and 
phenols, the plate was sprayed with antimony penta- 
chloride reagent. For detection of ketones, the 
plate was then sprayed with DNPH. The results 
are shown in Fig. 2 and indicated in Table I. 


1 Kieselgel Merck, 0.2-0.5 mm., activated at 150° for 3 
hours. 
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Esters 
To obtain the ester fraction free from other con- 


stituents, another column was prepared as described 
previously but using 1 ml. of oil. The prepared 
column was eluted with petroleum ether (b.p. 30- 
50") and 33 fractions of 8 ml. each were obtained. 
The first 20 fractions contained the terpene hydro- 
carbons, and fractions 21 to 33 contained the esters. 
The ester fractions were mixed, and the petroleum 
ether was distilled off. The acidic and alcoholic 
parts of the esters were identified as follows. 


Acidic Part.-The acids of the separated esters 
were identified in the form of hydroxamates by 
treating part of the ester with alcoholic hydroxyl- 
amine hydrochloride (4). The hydroxamate deriva- 
tives were then chromatographed in the presence of 
test substances on Schleicher & Schiill 2048 MG1 
paper. Development was done in the system of 
amyl alcoholacetic acid-water (4 : 1 : 5). using the 
ascendiog technique. The developed chromatogram 
was dried, then the spots were detected with alco- 
holic solution of 0.1% FeC4. Formic, acetic, and 
butyric acids were identified (see Fig. 5) .  


Alcoholic Part.-The other part of the ester frac- 
tion was saponified with 5 ml. of 5'% KOH in meth- 
anol at room temperature. After 2 hours, the mix- 
ture was diluted with 50 ml. of water, then shaken 
with ether to extract the alcohols. The ether phase 
was washed with water, then dried with anhydrous 
sodium sulfate. The ether was distilled, and the 
residual alcohols were identiiied by the following 
methods. 


Paper Chromatogram.-Ascending chromatog- 
raphy ( 5 )  utilized Ederol208/P paper, with the sys- 
tem of methyl isopropyl ketone-n-heptane (5  : 20 
v/v), and detection was made in a saturated jar 
with osmium tetroxide reagent. Three spots were 
identified as linalool, terpineol, and nerol. 


Gas Chromatography.-The operating conditions 
are summarized in Table 11. The result (Fig. 6) 
c o n h e d  the presence of l-linalool, a-terpineol, 
n-hexen(3)-ol( l ) ,  and a small amount of nerol. 


Phenols 
Two milliliters of oil in 10 ml. of petroleum ether 


(b.p. 30-50') were shaken with 5% NaOH solution. 
The sodium phenolate solution was acidified with 
sulfuric acid, the phenols were extracted with ether, 
the ether phase was dried with anhydrous sodium 
sulfate. The ether was then removed, and the 
residual phenols were investigated by the following 
methods. 


Paper Chromatogram.-The ascending procedure 
utilized Ederol208/P paper and the following two 
solvent systems: (a) n-hexane-n-heptaneacetic 


0 


.&l 


Fig. 2.-Plate chromatogram of different fractions 
from A. jragrantissima oil obtained by separation on 
kieselgel column: 1, fractions 1-12: terpenes; 2, 
fractions 13-16: esters and alcohols; 3, fractions 
17-20: esters, ketones, and alcohols; 4, fractions 
21-37: esters, ketones and alcohols; 5, fractions 
38-93: alcohols. 


Terpene Hydrocarbons 
Gas Chromatographic Analysis.-Details of the 


two columns used for identification of the terpene 
hydrocarbons fraction, liquid phase, and operating 
conditions are summarized in Table 11. The pure 
terpene fractions (from 1-12, Table I) were evapo- 
rated in vacuo at room temperature, and 10 pl. of 
the residual terpenes was injected on each of the two 
columns. Figures 3 and 4 show the results obtained 
with experiments A and B, respectively, which indi- 
cated the presence of a-pinene. d-myrcene, and 
sabinene. These results were also confirmed by 
references and by mixing them with achillea ter- 
penes. 


TABLE I.-CONTENT OF COLLECTED FRACTIONSO 


Fraction 
No. Terpenes Esters Ketones Alcohols 
1-12 +++ . . .  . . .  


21-37 ... + ++ ++ 
38-93 ... . . .  ... +++ 
13-16 . . . +'++ + 
17-20 . . .  +++ +'++ ++ 


a Amountsof the substances: +, small; ++, moderate; + + + , large. 


TABLE II.-OPERATINC CONDITIONS~ 
, 


P T e r p e n e  Hydrocarbons------- Alcohols of Esters 
Conditions Expt. A Expt. B and Free Alcohols 


Column liquid phase Reoplex ,9,p'-Oxydipropionitrile Reoplex 
400 400 


Ratio 1iquid:suppox-t (w/w) 20: 100 15: 100 20:100 
Column temperature ("C.) 75.0 65.0 145.0 
Hydrogen flow rate (ml./min.) 60.0 60.0 60.0 
Gas inlet pressure (ata) 0.25 1.5 0 . 5  
ma. 250 250 200 
Philips writer (mv.) 2 . 5  2 . 5  2 . 5  


0 The following conditions apply to all experiments: apparatus, Gasofract 300 with Katharometer; solid su port, Chromo 
sorb W; column, 3-mm. length, 4-mm. diameter, copper coil; paper speed, 0.5 cm./minute; sample size, 10 p 
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Fig. 3.--Gas chromatographic separation of the 
monoterpene hydrocarbons of achillea oil on Reo- 
plex 400. (For operating conditions see Table 11.) 


- .. 11 .. 
Fig. 4.-Gas chromatographic separation of the 


monoterpene hydrocarbons of achillea oil on @,I?'- 
oxydipropionitrile. (For operating conditions see 
Table 11.) 
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Fig. 5.-Paper chromatogram of 1, hydroxamate 
derivatives of the acidic part of the esters; 2, formyl 
hydroxamate ; 3, acetyl hydroxamate; 4, propionyl 
hydroxamate; 5, butyryl hydroxamate. 


Fig. 6 . 4 a s  chromatographic separation of the 
alcoholic part of the ester fraction of achillea oil on 
Reoplex 400. (For operating conditions see Table 
11.) 


... I 0 0  


Fig. 7.-Paper chromatogram of 1, eugnol; 2. 
achillea phenols; 3, carvacrol. Solvent in A: n- 
hexane-n-heptane-acetic acid (15: 16:2 v/v). Sol- 
vent in B: methyl isopropyl ketonm-heptane 
(5:20 v/v). 


1 2 3  4 


T T 
0 o 0  0 O 0  


1 I 
Fig. 8.-Part of a chromatoplate of 1. eugenol; 


2, carvacrol; 3, achillea phenols; 4, mixture of 
achillea phenols, eugenol. and carvaaol. 
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Plate Chromatogram.-A chromatoplate covered 
with Kieselgel G was used with chloroform as the 
developing solvent. The results are indicated in 
Fig. 8. 


Ketones 
The ketones were identified in the form of 2,4- 


DNPH-derivatives (6). The crystalline deriva- 
tives were dissolved in benzol, and the solutions were 
spotted on a plate covered with silica gel which was 
impregnated with 5% paraffin in benzene. The sol- 
vent system of dimethylformamide-methanol-water 
(4: 1 : 1) was used for development (7). Two ketonic 
hydrazones were detected (Fig. 9): a short-chain 
unsaturated ketone (+v result with OsO,) with 
higher RI value and ethyl n-amyl ketone. 


Free Alcohols 
Phthalate derivatives had been separated by 


Ruzicka (8). and Sabetay (9) separated the alcohols 
by means of 30y0 NaOH. The pure alcohols were 
identified in this work as follows. 


Paper Chromatognun.-The method described in 
the investigation of the alcohols of the esters was 
used with the free alcohols. The result is indicated 
in Fig. 10, where i t  appears that there are at least 
three alcohols, and that one of them is l-linalool. 


Gas Chromatography.--Gas chromatography. us- 
ing the operating conditions summarized in Table 
11, indicated the presence of I-linalool, n-hexen(3)- 
ol( 1). 3-nonano1, and the possible presence of methyl, 
ethyl, and butyl alcohols (Fig. 11). 


DISCUSSION 


Species other than A. mitrefoium, which does con- 
tain azulene and proazulene in its oil, have been re- 
ported to contain no azulene--vis., A. ageratum (lo), 
A. ulruta ( l l ) ,  A. claoenae (12). A. moschata (ll), 
A. miCranlha (13, 14), A.filiPendulina (15), and A .  
coronopifolicl(16). 
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Fig. 9.-Part of a chromatoplate of the ketone- 
hydrazone derivatives of 1, 3-octanone; 2, ethyl-n- 
amylketone; 3. achillea ketones; 4, 3-decanone; 5, 
3-nonanone; 6, 2-decanone; 0, unsaturated ! ke- 
tone. 
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Fig. 10.-Paper chromatogram of the alcohols 
1. 2-linalool; 2, citronellol; 3, achillea alcohols; 4, 
farnesol; 5, geraniol; 6, terpineol; 7, santalol. 


P 


- . .  m ” 
Fig. ll.--Gas chromatographic separation of the 


free alcohols in achillea oil on Reoplex 400. (For 
operating conditions see Table 11.) 


acid (15: 15:2,v/v); ( b )  methyl isopropyl ketone- 
n-heptane (5:20 v/v). The antimony pentachlo- 
ride reagent yielded a brown color with eugenol and a 
red-violet with carvacrol (Fig. 7). 
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Constitution of Mamey Wax 
By R. A. FINNEGANand E. J. EISENBRAUN* 


Mamey wax, m.p. 79.5 ", isolated from the seed oil of Mammea americana L. is shown 
t o  be a mixture of saturated, long straight-chain fatty esters with carbon contents 
ranging from CS to Csc. T h e  major constituent is the symmetrical Cds homolog, 
tetracosanyl tetracosanoate. After hydrolysis, in addition to even carbon-numbered 


species, small amounts of odd carbon-numbered acids were detected. 


CIENTIFIC INTEREST in various parts of the S mamey tree (Mammea ameruana L., family 
Guttiferae) stems, at least in part, from the 
century old report of de  Grosourdy (1) on i ts  
insecticidal activity. Several studies of this 
property of mamey seed extracts (2-5) led even- 
tually to the isolation (6) of a crystalline active 
principle. Degradative and spectroscopic (7, 8) 
as well as synthetic evidence (9) was adduced (8) 
in support of I for this substance which was 
named mamrnein (7). Subsequently, a yellow 
toxic (10) compound was isolated from the fruit 
peelings and shown (11) t o  possess 11. [Com- 
pound I1 was later named mammeisin (12).] 
Recently, a new coumarin with yet  unknown 
physiological properties, mammeigin, was iso- 
lated from the seed oil and reported (13) t o  have 
the closely related structure 111. 


to 
I, Mammein 11, Mammeisin 


-w 
111, Mammeigin 
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As part of a continuing study of the constituents 
of mamey seed oil, we have characterized the 
wax obtained by  acetone precipitation from this 
oil. The  present paper is concerned with these 
experiments. 


RESULTS and DISCUSSION 


In connection with their original isolation of 
mammein, Morris and P a g h  (6) reported that a 
"nontoxic white, powdery solid, melting sharply at 
78O," was obtained as a precipitate from an acetone 
solution of mamey oil. Although Morris and P a g h  
provide no additional details concerning this sub- 
stance, there is no doubt that this material is identi- 
cal to that which we have obtained by a similar pro- 
cedure and named mamey wax. The melting point 
of the crude wax is 74-76" but can be raised by re- 
peated recrystallition from dioxane, isopropanol, 
ethyl acetate, or chloroform t o  79.5". 


The presence in the molecule of a saturated ester 
grouping was indicated by the bands in the infra- 
red at 1733 (carbon-oxygen double bond stretching) 
and 1179 cm.-' (carbon-oxygen single bond stretch- 
ing) (14). In addition to these bands and the 
strong absorption in the 2900 cm.-l region corre- 
sponding to carbon-hydrogen stretching modes, the 
spectrum showed relatively few more bands. A 
series of small evenly spaced peaks between 1340 
and 1190 cm.-l indicative of band progression in 
longchain fatty acid esters, suggested a chain length 
of at least 22 carbons (15). A pair of bands at 730 
and 724 cm. -1 associated with skeletal vibrations of 
methylene chains was present (16) as was a band at 
1377 cm.-' arising from the carbon-hydrogen de- 
formation frequency for a terminal methyl group. 
This latter band, however, was of significantly low 
intensity when compared to the band at 1471 cm.-' 
arising From the analogous vibrations of methylene 
groups. Finally, it  was noted that absorption due to  
hydroxyl or carboncarbon double bonded groupings 
was absent. 


The conclusion that the wax was indeed saturated 
was supported by a negative tetranitromethane test 
(17) and by the absence of vinyl hydrogen absorp- 
tion in the proton magnetic resonance spectrum. 
(These observations were also consistent with the 
complete absence of absorption in the ultraviolet 
region.) Although some difficulty was encountered 
in the determination of the NMR spectrum (low 
solubility), it did serve to confirm the features 
already indicated by the infrared measurements. 
The terminal methyl absorption a t  9.13 T was quite 
weak compared to the intense signal a t  8.75 T 


caused by the methylene groups. In addition. the 
unique pair of methylene groups which flank the 
ester carboxyl function gave rise to a pair of weak 
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TABLE I.-PARENT MASS PEAKS IN MAMEY WAX 
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Molecular Formula 
Mass C H O  
564 38 76 2 
592 40 8 0 2  
620 42 a 4 2  
648 44 8 8 2  
676 46 92 2 
704 48 96 2 
732 50 100 2 
760 52 104 2 
788 54 108 2 


Peak Ht., 
Chart Divisions 


4 
11 
18 
28 
47 
69 
30 
12 
4 


TABLE II.-MAs SPECTRAL ANALYSIS OF MAMEY 
WAX SAPONIFICATION PRODUCTS 


Acids (as 
Alcohols Methyl Esters) 


Carbon No. Wt., % wi, % 
18 ~. 


19 
20 
21 
22 


. . .  0.2 


... ... 
6 11.1 


23 ... 0.7 _ _  ... 


24 -62 67.8 
25 Less than 1 1.2 
26 15 15.1 
27 . . .  0.2 
28 8 1.8 
29 . . .  0.1 
30 4 0.3 
31 ... 0.02 
32 ... 0.01 


triplets (J = 6.5 cps.) situated appropriately (18) 
at 5.95 7 ( ~ H B C H Z O - )  and 7.72 7 (-CH&Hn- 
con-). wi th  thepresence of at least two ox= 
atoms established spectroscopically, the micro- 
analytical results led to the formulation of mamey 
wax as CeH~02.  The Kuhn-Roth determination 
indicated the presence of two C-CH, groups. Al- 
though the microanalytical data might be accom- 
modated by nearby homologs of the Ce formula 
when taken in combination with the data obtained 
from the wax hydrolysis products, the formula 
indicated represents the best fit. 


Saponification of the wax could be effected by 
reaction with boiling ethanolic potassium hydroxide 
solution or, more conveniently, by reaction with 
sodium hydroxide in boiling aqueous dioxane solu- 
tion. Both the alcohol and the acid moieties were 
isolated in high yield and identified as lignoceryl 
alcohol, CHa( CH&CHzOH, and lignoceric acid, 
CH1(CH2)&O2H. These structural assignments 
were based on the microanalytical results. including 
Kuhn-Roth determinations, and on comparisons 
(melting points and infrared spectra) with authentic 
materia1s.l Furthermore, the acid was converted to 
its methyl ester and this in turn compared to  an 
authentic specimen.’ The combined chemical. 
microanalytical, and spectroscopic evidence then 


1 Lignoceric acid was obtained from the Applied Science 
Laboratories. Inc., State College. Pa. The corresponding 
alcohol was prepared from this material by lithium aluminum 
hydride reduction. The acid was stated to have a purity of 
Q9+%. 


2 Methyl lignocerate was also obtained from the Ap lied 
S c i e a ~  Laboratories (see Foolndc I )  and was stated to Eave 
a punty of 99.8+%. Our mass spectral analysis indicated 
a purity of 99.2% (b weight); the contaminants were the 
methyl esters of the xomologous Cm (0.6%) and Cxe (0.2%) 
acids. 


requires that mamey wax be represented as ligno- 
ceryl lignocerate, CHa(CH,)nCOz(CHi)prCHa. The 
central location of the ester function was verified by 
lithium aluminum hydride reduction which provided 
lignoceryl alcohol in accordance with this formula- 
tion. 


It is generally recognized that natural waxes 
usually consist of mixtures of homologous compo- 
nents whether they be esters, acids, alcohols, ketones, 
or hydrocarbons (19, 20). It seemed likely that 
mamey wax was similarly constituted; we therefore 
made use of mass spectrometric measurements to 
extend and complete the chemical definition of the 
wax. The wax itself produced a spectrum with 
parent ion peaks ranging from mass 564 ( CosH&) to 
mass 788 (CMH~O~~OZ). The relative peak heights are 
shown in Table I, where it can be seen that the most 
abundant species is the one at mass 704 correspond- 
ing to CsHolOz. The baselines show small bulges 
at the positions of the parent masses of the odd- 
carbon esters, with those at C,, and CrP being the 
most pronounced. Although these were too small 
(the order of one chart division) to  measure un- 
ambiguously, their magnitude is entirely sufficient 
to account for the presence of the odd-carbon acids 
discussed below. No information could be derived 
from the fragment region of the spectrum with re- 
spect to  the location of the ester group in the chain. 
Examination of the saponification products, how- 
ever, did provide verification of this point. The 
acid resulting from hydrolysis of the wax was ana- 
lyzed as its methyl ester. It can be seen in Table I1 
that this acid consists of all the saturated even 
numbered homologs from C I ~  to Caz. By far the 
most abundant species is the C Z ~  member, lignoceric 
acid, which is present to  the extent of nearly 687,. 
The fragmentation pattern was virtually identical 
to  that observed for authentic methyl lignOcerate.2 


A most interesting feature of this analysis was the 
detection of the odd-numbered acids from CIJ to Ca,. 
The older view that natural fats and waxes con- 
sisted exclusively of even-numbered homologs’ has 
been eroded gradually by the application of the 
sensitive analytical techniques of gas chromatog- 
raphy and mass spectrometry. The “unnatural” 
homologs since 6rst being detected in certain 
animal fats (21-24), have been observed to occur in 
such diverse materials as human hair fat (25), soil 
extracts (26). human skin wax (27), petroleum reser- 
voir waters (28), seawater (29), bituminous (mon- 
tan) wax (30-32), wool wax (33), and beeswax (34). 
The first report of the occurrence of the odd-num- 
bered (unnatural)* species in a plant wax (sugar 
cane cuticle wax) appeared in 1960 (35); it seems 
that their widespread Occurrence will depend only 
on the sensitivity of the analytical method (36, 37). 
Also listed in Table I1 is the distribution of alco- 


hols obtained by saponification of mamey wax, 
which clearly shows the major constituent (62%) 
to be lignoceryl alcohol. The analysis of the alcohol, 
however, is subject to uncertainties greater than 
that of the methyl esters. In the 6rst place, parent 
ion peaks do not appear for longchain alcohols (38). 
Peaks of high sensitivity do appear a t  masses 18 


8 Hydrocarbon waxes, of course, consist predominately of 
odd-numbered homologs, presumably arising by decarbory- 
lation of the even-numbered acids. Recent years have 
brought the detection of the rare even-numbered hydro- 
carbons, however. 
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units (loss of H20) and 20 units (additional loss of 
two hydrogens) below the parent mass number. In 
addition, a fraction of the longchain alcohol mole- 
cules simultaneously lose one or more methylene 
groups, and therefore significant contributions ap- 
pear at mass numbers corresponding to  the principal 
peaks of other members of a mixture of homologous 
alcohols-the contribution is especially large for the 
loss of two methylene groups (38). The value for 
the alcohol a t  GI is subject to the most uncertainty 
due to the large contribution resulting from the 
loss of two methylene groups from the main constit- 
uent at C#. The spectra of two pure compounds, 
lignoceryl alcohol1 and behenyl alcohol [CHj(CH2)20 
CHIOH], were used to establish contribution factors 
for the analysis of the mixture. Within the accuracy 
of these factors, the observed peaks corresponding 
to the odd-carbon alcohols (except the c 2 6  member) 
were accounted for by contributions from even- 
carbon alcohols of higher molecular weight. The 
most abundant oddcarbon alcohol is apparently the 
c p 6  homolog which, incidentally, corresponds in chain 
length to the most abundant odd-carbon acid. 
Table I11 shows the distribution of alcohols obtained 
by lithium aluminum hydride reduction of mamey 
wax. This distribution, corrected for contributions, 
reflects the superposition of the alcohol and acid dis- 
tributions shown in Table 11. None of the speci- 
mens examined showed evidence for branching in 
the hydrocarbon chains. 


In 1922, Brigl and Fuchs reported the isolation of 
lignoceryl lignocerate from beech tar wax and 
proved its structure by a combination of degradative 
and synthetic means (39). The chemical and 
physical properties which we have observed for 
mamey wax and its hydrolysis products accord well 
with those reported by Brigl and Fuchs for their 
ester. More recently, Bell and Harvey have shown 
that lignoceryl lignocerate is an important constit- 
uent of the wax from the heartwood of Phyllocludus 
hithomanoides (40). 


EXPERIMENTAL'& 


Isolation of Mamep Wax.-Thirty-four kilograms 
of dried and ground seeds of M. amcruana L. were 
extracted with a total of 12 gal. of n-hexane. The 
residue remaining after removal of the solvent by 
distillation was treated with 1 gal. of technical grade 
acetone. A yellow semisolid material precipitated 
and was collected on a filter. A single recrystalliza- 
tion from isopropanol or dioxane provided 20 Gm. 
of slightly yellow solid, m.p. 74-76". (0.06% yield 
based on the amount of dried seed). Treatment 
with charcoal, followed by several recrystallizations 
from dioxane, isopropanol, or ethyl acetate provided 
pure white material melting sharply at 79.5'. The 
literature melting point for lignoceryl lignocerate is 


Anal.-Calcd. for CaHoSG: C, 81.74; H, 13.72; 
0, 4.54; 2 C-CHa, 4.26. Found: C, 82.27, 81.78, 


4 The present work was initiated by E. J. Eisenbraun while 
in the Department of Chemistry, Wayne State University, 
and continued by R. A. Pinnegan while in the Department of 
Chemistry, The Ohio State University, Columbus. 


6 Melting points were determined on a Fisher-Johns block 
and are uncorrected. Microanalyses were performed by Dr. 
A. Bernhardt. Mulheim. Germany. The infrared spectra 
were recorded on Baird model B and Perkin-Elmer model 
137 Infracord instruments. The ultraviolet measurement 
was made on a Perkin-Elmer Spectracord. and the NMR 
spectra were determined with the Varian Associates A 80 
spectrometer. 


79' (39). 


Journal of Pharmaceutical Sciences 


TABLE III.-MAss SPECTRAL ANALYSIS OF ALCOHOLS 
DERIVED FROM MAMEY WAX BY REDUCTION 


Alcohol from Reduction, 
Carbon No. Peak Ht..  Divisions 


18 7 
20 27 
22 183 
24 252 
26 97 
28 35 
30 28 
32 1 3 


82.10, 81.98; H, 13.44, 13.40, 13.43, 13.46; 0, 4.09, 


The infrared spectrum (KBr) of mamey wax 
showed strong bands at 2933, 2841, 1733, 1471 
(doublet), 1179, 730, and 724 cm.?. The material 
was transparent in the ultraviolet (20.3 mg. in 10 
ml. CHCIa) and gave a negative tetranitromethane 
test for unsaturation (17). The NMR spectrum 
was determined in deuterochloroform solution using 
tetramethylsilane as an internal standard. Signals 
were observed at 5.95 7 (triplet, J = 6.5 cps.), 7.72 7 


(triplet, J = 6.5 cps.), 8.75 7 (singlet), and 9.13 7. 


Mass spectra were determined on two samples, m.p. 
77.5-78.5' and m.p. 79.5". with essentially identical 
results. 


Saponification of the Wax.-One gram of ester, 
m.p. 79.5'. was heated at reflux in dioxane solution 
(50 ml.) with 20 ml. of aqueous sodium hydroxide 
(20%). After 48 hours, an additional 50 ml. of 
dioxane was added, and the mixture again heated at 
reflux for 1 hour. The hot mixture was then filtered 
and the white salt washed three times with 25 ml. 
of hot dioxane. The combined dioxane solutions 
were concentrated to  about 100 ml. and cooled in an 
ice bath. The alcohol crystallized from solution and 
was collected on a filter, 380 mg., m.p. 75'. Two 
additional recrystallizations from chloroform pro- 
vided 345 mg. of product, m.p. 76". The literature 
melting point of lignoceryl alcohol is 76' (39). 
Microanalyses were performed on samples with 
m.p. 74-75' and 76'. 


Anal.-Calcd. for csJIsoO: C, 81.28; H, 14.21; 
0, 4.51; mol. wt., 354.6; C-CHs, 4.23. Found: 
C, 81.28, 81.41; H. 14.08, 13.81; mol. wt., 385; 


The infrared spectrum (KBr) showed prominent 
bands a t  3584,3106, 3040, 1484, 1064. 728. and 718 
cm.-l and was similar to that of an authentic sample 
of tetracosanol, m.p. 76.577"; literatures m.p. 
77.5' (39). No absorption was observed in the 
NMR spectrum at lower field than the triplet 
(J  = 6 cps.) at 6.36 7 indicating the absence of vinyl 
protons. The mass spectral measurements were 
carried out on two samples, one with m.p. 7575.5' 
and another (less extensively purified) with m.p. 
69-73 ' . 


The salt obtained from the saponification mixture 
described above was heated on a steam bath with 5 
ml. of 2 N hydrochloric acid. After 30 minutes, the 
mixture was diluted with 15 ml. of water. and the 
acid was collected on a filter, washed with water 
until the washings were neutral, and dried in a 


4.48; C-CHa, 2.25, 2.58, 3.09. 


C-CHJ, 3.04. 


@The melting points of the s ntbetic materials are in- 
variabl somewhat higher than t i e  corresponding naturally 
derivebmaterials. This is known to be caused by the pres- 
ence of homologs in the latter. 
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mg. of the alcohol, m.p. 73.5-74". Additional re- 
crystallizations from the same solvent did not raise 
the melting point. The infrared and NMR spectra 
of this material were virtually identical to those of 
the alcohol obtained by saponification. 


Mass Spectrometric Determinations.-The instru- 
ment used is a Consolidated Electrodynamics Corp. 
model 21-103 (modified) mass spectrometer. The 
operating conditions were as follows: ionizing volt- 
age, 70 v.; ionizing temperature, 270"; inlet tem- 
peratures, 250-275' for the alcohols and methyl 
esters, 340" for mamey wax. 
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Enzyme Inhibitors 111 
Syntheses of cis- (6-Substituted-9-purinyl) cycloalkylcarbinols 


as Adenosine Deaminase Inhibitors 


By HOWARD J. SCHAEFFER, D. D. GODSE, and GEORGIANA LIU 


The syntheses of c i s 4  (6-chloro-9-purinyl)cydohexylcarbinol (VI) and cis+ (6- 
chloro-~-purinyl)cyclopentylcarbinol (XVII) have been accomplished by the con- 
densation of 5-amino-4,6-dichloropyrimidine with the appropriate amino alcohol, 
foU?wed by ring dosure of the resultant substituted pyrimidine to give the desired 
purines. Nucleophilic displacement of the 6thloro roup in VI and XVIL gave 
the following 6-substituted derivatives: (a) hydroxy, fb) mercapto, (c) amino, (d) 
methylamino, and (e) dimethylamino. Evaluation of these substrate analogs as 
inhibitors of adenosine deaminase revealed that those compounds with an amino or 
methylamino group at the 6-position of the purine nucleus were inhibitory and that 
the hydroxymethyl group on the cydopentyl or cyclohexyl nucleus makes only a 


small contribution to binding of the inhibitor to the enzyme. 


HE UTILIZATION of chemicals for the treat- T ment of disease has been the goal of much re- 
search since ancient times. During the past 20 
years, tremendous progress has been made in our 
understanding of cellular chemistry and biochem- 
istry. For example, in the area of purine me- 
tabolism the biosyntheses and many cellular 
transformations of purines, their nucleosides, and 
nucleotides have been elucidated (1). In cancer 
chemotherapy it is apparent that one of the areas 
of fruitful investigation is the inhibition of one or 
more stages of purine biosynthesis or purine 
transformations. 


Many important enzymes utilize purine nu- 
cleosides or nucleotides as their normal sub- 
strates, but the mode of binding of these com- 
pounds to the various enzymes has not been 
studied extensively. Because of the interest in 
determining which atoms and functional groups 
of purine nucleosides and nucleotides are impor- 
tant in binding to various enzymes, the authors 
have begun a study of the inhibition of certain 
enzymes by a variety of substrate analogs. As 
the first enzyme for such an investigation, adeno- 
sine deaminase has been selected. Previous 
studies on the inhibition of adenosine deaminase 
by purine nucleoside analogs gave information 
concerning the importance to binding by the 2'- 
and the 3'-hydroxyl group of the ribose moiety 
and the types of groups which are necessary a t  
the 6-position of the purine nucleus for binding 
to the enzyme (2, 3). This paper describes the 
synthesis and enzymatic evaluation of cis-3-(6- 
substituted-9-puriny1)cyclopentylcarbinols and 
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cis - 4 - (6 - substituted - 9 - puriny1)cyclohexyl- 
carbinols as inhibitors of adenosine deaminase. 


Chemistry 
The general synthetic procedure for the synthesis 


of the desired compounds is a modification of the 
method of Montgomery and Temple (4) and involves 
the preparation of a 6-chloro-9-substituted purine, 
which can be converted into a variety of &substi- 
tuted analogs by reaction with appropriate nucleo- 
philic reagents. The synthesis of the 6-chloro-9- 
substituted purines involved the preparation of an 
appropriate hydroxymethylcycloakylamine which, 
on condensation with 5-amino-4,6-dichloropyrimi- 
dine followed by ring closure, generated the desired 
purine. For the synthesis of the hydroxymethyl- 
cyclohexylpurines (Scheme I), p-aminobenzoic acid 
(I) was reduced by catalytic hydrogenation to cis- 
4-carboxycyclohexylamine (11) by a modification of 
the literature procedure (5 ,  6). Conversion of I1 
into its ethyl ester, followed by reduction with lith- 


I II 


m Iv 


B 


V 


VI, R=CI M, R=NH, 
W, R=OH X, R=NHMe 
Wr, R=SH XI, R=NMe2 
Scheme I 
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ium aluminum hydride, gave the desired c i s4hy-  
droxymethylcyclohexylamine ( 111). Condensation 
of 111 with 5-amino-4.6-dichloropyrimidine (IV) re- 
sulted in the formation of V which, on reaction with 
triethyl orthoformate and acetic anhydride, gave 
cis-4-( 6-chloro-9-purinyl)cyclohexylcarbinol (VI ) in 
moderate yield; the 6-hydroxy analog (VII) was 
also formed during the cyclization of V. Nucleo- 
philic displacement of the 6-chloro group of VI by 
thiourea, ammonia, methylamine, and dimethyl- 
amine gave the corresponding 6-substituted com- 
pounds (VIII-XI) in good yields. 


The synthesis of the hydroxymethylcyclopentyl- 
purines is outlined in Scheme 11. 3-Oxocyclopen- 
tanecarboxylic acid (XII) (7) was converted to  its 
oxime which, on catalytic hydrogenation, gave cis- 
3carboxycyclopentylamine (8). EsteriGcation of 
the acid gave the corresponding methyl ester (XIII). 
Conversion of XI11 t o  XIV was accomplished by 
reduction with lithium aluminum hydride. Con- 
densation of cis-3-hydroxymethylcyclopentylamine 
(XIV) with XV gave in good yield the desired py- 
rimidine (XVI), which underwent ring closure with 
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spectrum of XXIV exhibited a maximum a t  291 
mp, whereas XXII and XXIII exhibited maxima at 
270 and 272 mp, respectively, in acidic solution. 
The saltlike character of the product and the shift 
in the ultraviolet maximum can be readily explained 
on the basis of the quaternary salt (XXIV). In the 
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Scheme I1 


triethyl orthoformate and acetic anhydride to  gen- 
erate the key intermediate (XVII). This inter- 
mediate was converted to  its 6-substituted deriva- 
tives by modification of known procedures; the 
details are described under Experimental. 


Concerning the stereochemistry of the hydroxy- 
methylcyclopentylpurines (XVII-XXII), i t  is be- 
lieved that the substituents on the cyclopentyl nu- 
cleus are cis. Our assignment of the cis configura- 
tion is based on the following observations. When 
the 6-dimethylamino derivative (XXII) was allowed 
to  react with methanesulfonyl chloride in pyridine 
solution, a product was obtained which possessed the 
characteristic spectral properties of the methane- 
sulfonate (XXIII). When XXIII was heated under 
reflux in an acetone or chloroform solution, a new iso- 
meric product was isolated which, in contrast to  
XXIII. was soluble in water and insoluble in ace- 
tone or chloroform. In addition, the ultraviolet 


xxm JarIv 
nucleoside area, Clark, ct al. were the first to  prepare 
cyclo-nucleosides and stated that only those ribo- 
nucleosides with a j3-configuration ( i .c . ,  the purine 
and the hydroxymethyl groups are cis) are capable 
of forming the quaternary salt (9). Later, Baker 
and Joseph prepared a similar quaternary salt using 
an appropriately blocked derivative of puromycin 
(10). Based on these results, it  is logical to assign 
a cis relationship of the hydroxymethyl group and 
the purine nucleus in the cyclopentyl analogs XVII- 
XXII. 


EXPERIMENTAL' 


cis - 4 - Hydroxymethylcydohe~lamine (III).-A 
solution of 976 mg. (4.69 mmoles) of cis4ethoxy- 
carbonylcyclohexyladne hydrochloride ( 11 ) in 3 
ml. of water was stirred at room temperature with 10 
ml. of a saturated solution of sodium bicarbonate for 
30 minutes. The mixture was extracted with 
chloroform (5  X 10 ml.); the combined extracts 
were dried over sodium sulfate and concentrated in 
vacuo. The crude cis-4-ethoxycarbonylcyclohexyl- 
amine (650 mg., 3.82 mmoles) was dissolved in 10 
ml. of ether and slowly added to a suspension of 220 
mg. (5.8 mmoles) of lithium aluminium hydride in 
20 ml. of ether a t  0". The mixture was stirred for 
1 hour at O", then heated under reflux for 1 addi- 
tional hour. The excess lithium aluminium hydride 
was destroyed with ether saturated with water (20 
ml.) and then with water (4-5 drops). The ether 
layer was decanted, and the solid inorganic residue 
was triturated with chloroform (2 X 15 ml.) and 
filtered. The combined organic extracts were dried 
over sodium sulfate, concentrated in vacuo, and gave 
on distillation 317 mg. (58%) of HI, b.p. 84-85"/ 
0.5 mm. I in an.-': 3400-3300 (OH and NH,). 


Anal.*-Calcd. for C7H16NO: C, 65.07; H, 11.70; 
N, 10.84.' Found: C, 64.83; H, 11.58; N, 10.65. 


The hydrochloride of 111, prepared in the usual 
manner, was obtained as a white crystalline com- 
pound in a 78y0 yield, m.p. 164166". 


Anal.-Calcd. for C7HlsClNO: C, 50.80; H, 
9.67; C1, 21.40; N, 8.45. Found: C, 50.55; H, 
9.81; C1, 21.27; N, 8.40. 


1 The infrared spectra were determined on a Perkin-Elmer 
model 137 spectrophotometer: the ultraviolet spectra and 
enzyme rates were determined on a Perkin-Elmer model 4000- 
A spectrophotometer. The melting points. were determined 
on a Kofler Heirbank and are corrected. 


The analyses reported in this paper were performed by 
Calbraith Microanalytical Laboratonen. Knoxville, Teno. 
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cis - 4 - (5  - Amino - 6 - chloro - 4 - pyhlidinyl- 
amino)cyclohexylcarbinol (V).-A solution of 9.03 
Gm. (70 mmoles) of 111, 10.90 Gm. (66.5 mmoles) of 
5-amino-4.6-dichloropyrimidine (IV), and 9.0 Gm. 
(89 mmoles) of triethylamine in 120 ml. of n-butanol 
was heated under reflux for 16 hours; then the vola- 
tile materials were removed in  vacuo. The residue 
on crystallization from water, gave a yellowish solid 
( V ) ;  yield, 8.36 Gin. (48.4%). One recrystalliza- 
tion of the crude product from water gave the 
analytical sample, 1n.p. 201". Amax in mp ( e  X 


pH 1, 305 (12.8); pH 7, 290 (8.83), 262 
(8.69): pH 13. 290 (9.47). 262 (9.32). i in cm.-' 
(KBr):  3420 (OH), 3290 (NHz). 


Anal.-Calcrl. for ClrHI,CIN,O: C, 51.46; H, 
6.68; C1, 13.M; N, 21.82. Found: C, 51.56; 
H, 6.69; C1, 14.01; N, 21.74. 


c i s 4 (  6-Chloro-9-puriny1)cyclohexylcarbinol (VI). 
-A solution of V (1.005 Gm., 3.91 mmoles) in 30 
ml. of triethyl orthoformate was refluxed for 48 
hours. Acetic anhydride (0.8 ml.) was then added 
to the solution, and the mixture was refluxed for an 
additional 3 hours. The volatile materials were re- 
moved in  uacuo; the residue (1.18 Gm.) was treated 
with methanolic ammonia (2075, 15 ml.) a t  0" over- 
night, after which time the volatile materials were 
removed in  uucuo a t  25". The residue was dissolved 
in chloroform (30 ml.), washed with water (3 X 5 
id . ) ,  dried with sodium sulfate, and concentrated to 
dryness. The crude product (VI. 998 mg.) was 
crystallized from chloroform-hexane; yield, 507 mg. 
(48.5%), m.p. 160". Recrystallization of the crude 
1.1 from chloroform-hexane gave the analytical 
sample, m.p. 166". AmX. in mp (E X pH 1, 
264 (9.78); pH 7, 264 (9.96); pH 13, 266 (9.78). 
5 in (KBr):  3400 (OH); 1590, 1560 (C=C 
and C=N). 


Anal.-Calcd. for CllHlsCINIO: C, 54.03; H. 
5.67; C1, 13.29; N, 21.01. Found: C, 54.25; 
H, 5.46; C1, 13.42; N, 21.17. 


The aqueous washings obtained after the metha- 
nolic ammonia treatment were concentrated to dry- 
ness. The residue (170 mg.) was dissolved in aque- 
ous sodium hydroxide (0.1 N, 10 ml.), decolorized 
with charcoal, and acidified to pH 3 with glacial 
acetic acid. On cooling, a crystalline material was 
obtained, collected by filtration, and washed with 
cold water. Hecrystallization of the crude material 
from water gave the analytical sample of VII, m.p. 
326-328". A,nax. in mp (E X 10-3): pH 1, 250 
(11.65); pH i ,  251 (10.87); pH 13, 254 (12.50). 
i in ern.-': 3400 (OH), 1680 (C=O); 1590, 1550 
(C=C and C-N). 


Anal.-Calcd. for C I ~ H I ~ N ~ O Z :  C, 58.04; H, 
6.49; N,22.56. Found: C.58.11; H,6.39; N, 22.33. 


cis - 4 - (6 - Mercapto - 9 - puriny1)cyclohexylcar- 
binol (VIII).-A solution of 153 mg. (0.576 mmoles) 
of VI and 40 mg. (0.526 mmoles) of thiourea in 4 
1111. of n-propanol was heated under reflux for 1 
hour, then cooled in an ice bath. The solid which 
precipitated was collected by filtration, washed with 
cold n-propmol (3 ml.), and dried; yield, 134 mg. 
(Y6yfi), m g .  320". Two crystallizations of the 
crude material from aqueous methyl cellosolve gave 
the analytical sample (VIII), m.p. 327-327.5' dec. 
A,,,=. in rnp (c  X lo-*): pH 1, 227 (7.98), 325 
(20.0); pH 13, 232 (13.7), 311 (22.3). P in ern.-' 
(KBr): 3370 (OH); 2800-2000 (acidic hydrogen): 
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Anal.-Calcd. for C I ~ H I ~ N ~ O S :  C, 54.50; H, 
6.10; N, 21.18; S, 12.13. Found: C, 54.23; H, 
6.18; N, 20.99; S, 12.27. 


cis+( bAmino-!Lpurinyl)cyclohexylcarbinol (IX). 
-A mixture of 286 mg. (1.08 mmoles) of VI and 3 
ml. of liquid ammonia was heated in a stainless steel 
bomb at 55" for 24 hours. The ammonia was 
allowed to evaporate, and the residual solid (IX) was 
recrystallized from aqueous ethanol; yield, 178 mg. 
(66.9%), m.p. 177'. A-. in mfi ( E  X p H  
1, 260 (14.5); pH 7, 261 (14.8); pH 13, 261 (14.8). 
i in cm.-l (RBr): 3450, 3350 (OH and NH); 
1690 (NH); 1605 and 1560 (C=C and C=N). 


Anal.-Calcd. for C I ~ H I ~ N ~ O * H S O :  C, 54.32; H ,  
7.22; N, 26.40. Found: C, 54.47; H, 7.24; N, 
26.27. 


cis - 4 - (6 - Methylamino - 9 - purhy1)cydo- 
hexylcarbinol (X).-To 204 mg. (0.76 mmole) of VI 
in 3.5 ml. of ethanol was added 10 ml. of 40% 
methylamine in water; the reaction mixture was re- 
fluxed for 3 hours. The reaction mixture was 
evaporated to  dryness in vacuo. and the residual 
solid was extracted with hot benzene (3 X 10 ml.). 
The benzene extracts, on cooling, gave a crystalline 
product which was collected by filtration. One re- 
crystallization of the crude material from benzene 
gave the pure product (X), m.p. 212"; yield, 40.5 
mg. (20.4%). i in cm.-' (KBr): 3300 (OH and 
NH): 1620 (C=C and C=N). Am=, in mp ( c  X 
lo-*): pH 1, 265 (15.9); pH 7, 267 (15.5); pH 
13, 269 (15.3). 


Anal.-Calcd. for CI,H~~NbO: C, 59.75; H, 7.33; 
N, 26.80. Found: C, 60.01; H, 7.47; N, 26.69. 
cis - 4 - (6 - Dimethylamino - 9 - puriny1)cyclo- 


hexylcarbinol (=).--A solution of 123 mg. (0.462 
mmole) of VI in 2.5 ml. of ethanol and 2.5 ml. of 
aqueous dimethylamine (25%) was heated under re- 
flux for 1 hour. The volatile materials were re- 
moved in mcuo, and the residue was recrystallized 
twice from benzene and hexane to  give the ana- 
lytical sample (XI); yield, 90 mg. (70.8%), m.p. 
144'. Am-. in mp ( c  X pH 1, 269 (18.9); 
pH 7, 277 (19.6); pH 13, 277 (19.6). i in cm.-l 
(KBr) : 3350 (OH) ; 1590, 1550 (C=C and C=N). 


Anal.-Calcd. for GrHtlNbO: C, 61.09; H, 7.68; 
N, 25.43. Found: C, 61.27; H, 7.75; N, 25.43. 
3-Methoxycarbonylcyclopentylamine (XKII).- 


Methane sulfonic acid (1.0 ml.. 11.0 mmoles) was 
slowly added to  a suspension of 1.24 Gm. (9.6 
mmoles) of 3-carboxycyclopentylamine (8) in abso- 
lute methanol (50 ml.). The mixture was refluxed 
for 12 hours, then stirred at 0" with 1.5 Gm. of solid 
sodium carbonate for 30 minutes. The solvent was 
evaporated at 25-30". The residue was triturated 
with chloroform (3 X 30 ml.); the chloroform ex- 
tract was filtered through a Celite pad, and the 
solvent was evaporated in vacuo. The residual 
crude product (XIII) was purified by distillation; 
yield, 1.06 Gm. ( 76.8y0), b.p. 73-74' /2.5 mm. P in 
cm.-l(film): 3300(NH); 1720(C=O); 1640(NH). 


Anal.--Calcd. for CiHiaNG: C, 58.73; H, 9.15; 
N, 9.78. 
3-Hydroxymethylcyclopentylamine ( XIV).-A so- 


lution of XI11 (790 mg., 5.52 mmoles) in ether (40 
ml.) was added dropwise a t  0" to a suspension of 
lithium aluminum hydride (6SO mg., 17.1 mmoles) 
in ether (40 ml.). After stirring the mixture for 1 
hour at room temperature, it was rduxed for 1 more 


Found: C, 58.69; H, 9.39; N. 9.61. 


- - .. 
1585 and 1525 (C-C and C=N). hour. The aces8 of lithium aluminum hydride was 
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decomposed with ether saturated with water, then 
with water (2.5 ml.). The ethereal layer was de- 
canted, and the insoluble residue was triturated with 
chloroform (3 X 20 ml.). The combined ethereal 
and chloroform extracts were dried with sodium sul- 
fate and concentrated in WGUO. The crude product 
(XIV) was purified by distillation; yield, 465 mg. 
(73%). b.p. 9M1°/2.5 mm. 


AnaZ.--Calcd. for CJIisNO: C, 62.43; H, 11.35; 
N, 12.14. Found: C.62.38; H, 11.50; N, 11.97. 


cis - 3 - (5 -Amino - 6 - ehloro - 4 - pyrimidinyl- 
amino)cyclopentylcarbinol (XVI).-A solution of 
4,6-dichloro-5-aminopyrimidine (149 mg., 0.908 
mmole), 3-hydroxymethylcyclopentylamine (XIV, 
105 mg., 0.913 mmole), and triethylamine 144 mg., 
1.42 mmoles) in n-butanol (5 ml.) was rduxed for 
6.5 hours. The volatile materials were removed in 
uucuo, and the residue (353 mg.) was extracted with 
benzene (5 X 10 ml.). Concentration of the ben- 
zene extract gave a gum (164 mg.) which was crystal- 
lized from benzene. The crude product (66 mg., 
3370, m.p. 154"), after recrystallization from ben- 
zene, gave the analytical sample (XVI), m.p. 162". 
Am. in mp ( a  X lo-*); pH 1, 305 (13.1); pH 7, 
290 (lO.l), 262 (9.70); pH 13,290 (10.1). 


Anal.-Calcd. for CIOHILCINIO: C, 49.38; H, 
6.13; C1, 14.61; N, 23.09. Found: C. 49.28; 
H. 6.34; Cl, 14.33; N. 22.85. 


cis - 3 - (6  - Chloro - 9 - puriny1)cydopantylcarbi- 
no1 (=).-A solution of XVI (163 mg., 0.672 
mmole) in triethyl orthoformate (10 ml.) was re- 
fluxed for 68 hours. Acetic anhydride (0.2 d.) was 
then added to  the solution, and the mixture was 
heated under reflux for an additional 3 hours. The 
volatile materials were removed in vacuo; the resi- 
due (185 mg.) was treated with methanolic ammonia 
(2075, 3 ml.) a t  0" overnight. The volatile ma- 
terials were removed i n  vucuo a t  25"; the residual 
gum was dissolved in chloroform (20 ml.) and fil- 
tered through a short alumina column. The filtrate 
was concentrated, and the residue was crystallized 
from chloroform-hexane; yield, 84 mg. (50%), m.p. 
104'. Recrystallization of the crude product from 
chloroform-hexane gave the analytical sample 
(XVII), m.p. 112". Xmx. in mp ( t  X 10-8): pH 
1, 264 (9.38); p H  7, 265 (9.28); p H  13, 266 (9.07). 
i in cm.-' (KBr): 3360 (OH); 1580, 1545 (C=C 
and C=N). 


And-Calcd. for CIIHIICINIO: C, 52.37; H, 
5.14; C1, 14.03; N, 22.69. Found: C, 52.16; H, 
5.36; C1, 14.31; N, 22.44. 


cis - 3 - (6 - Hydroq - 9 - puriny1)cyclopentyl- 
carbinol (XWII).-To a mixture of 258 mg. 
(1.02 mmoles) of XVII in 12 ml. of water was 
added 2 ml. of 1.1 N sodium hydroxide; the mix- 
ture was heated under reflux for 4 hours, after which 
time the reaction mixture was decolorized with 
charcoal, and the filtrate was acidified at 0" with 
acetic acid. The white precipitate (120 mg.) was 
collected and recrystallized from water, m.p. 274- 
276'; yield of XVIIL, 71 mg. (29.7%). i in cm.-' 
(KBr): 3440 (OH); 2800-2300 (acidic hydrogen); 
1680 (M); 1590, 1540 (C=C and C=N). 
A,-. in mp ( e  X lo-*): pH 1, 251 (12.4); pH 7, 
251 (14.7); pH 13,255 (15.5). 


Anal.-Calcd. for C11H1~N402: C, 56.40; H, 6.02; 
N, 23.92. Found: C, 56.38; H. 5.86; N, 23.i8. 


cis - 3 - (6  - Mercapto - 9 - puriny1)cyclopentylcar- 
bmol (xu[).-To a suspension of 263 mg. (1.04 
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mmoles) of XVII in 10 ml. of n-propyl alcohol was 
added 81.8 mg. (1.07 mmoles) of thiourea. The 
mixture was heated under reflux for 2 hours, then 
cooled in an ice-bath. The solid was collected by 
filtration, washed with 3 ml. of cold n-propyl alcohol, 
and dissolved in 8 ml. of 5% sodium hydroxide, 
The solution was filtered, chilled in an ice-bath, and 
acidified to  pH 5 with 1.3 ml. of glacial acetic acid. 
The white product was collected by filtration and 
dried. The crude material, after recrystallization 
from methanol, gave the pure product (XIX). m.p. 
295-300"; yield, 74.8 mg. (28.8%). i in cm.-' 
(KBr): 3500 (OH); 2700-2300 (acidic hydrogen); 
1600 (C=C and C-N).  
pH 1, 325 (18.3); pH 7, 323 (25.0); p H  13, 310 
(19.7). 


Anal.-Calcd. for CltHlrNIOS: C, 52.78; H, 
5.64; N, 22.38. Found: C, 52.54; H, 5.79; N, 
22.20. 


cis - 3 - (6  - Amino - 9 - puriny1)cyclopentylcar- 
binol (=).-To 277 mg. (1.10 mmoles) of XVII in a 
stainless steel bomb was added 10 ml. of liquid am- 
monia, and the reaction mixture was heated a t  60" 
for 17 hours. On evaporation of the ammonia, there 
was obtained a yellow semisolid mass, which was 
dissolved in ethanol. Addition of acetone caused 
the precipitation of ammonium chloride, which was 
removed by filtration. The filtrate was evaporated 
to dryness in wacuo and gave a white residue (189 
mg.). One reaystallization of the crude material 
from chloroform and hexane gave the pure product 
(XX), m.p. 129-131'; yield, 85.5 mg. (33.473. 
i in cm.-' (KBr): 3400 (OH); 3230 (NH); 1670 
(NH); 1600, 1570 (C=C and C=N). X,,,, in 
mp ( e  X lo+): pH 1,261 (8.96); pH 7,261 (9.91); 
pH 13, 261 (9.67). 


Anal.-Calcd. for CllHlsNsO: C, 56.63; H, 6.48; 
N, 30.03. Found: C, 56.37; H, 6.46; N, 30.22. 


cis - 3 - (6 - Methylamino - 9 - puriny1)cyclopen- 
tylcarbinol (=).-A mixture of 203 mg. (0.800 
mmole) of XVII, 10 ml. of 40% methylamine in 
water, and 10 ml. of ethanol was heated in a stain- 
less steel bomb a t  85" for 2.5 hours. Concentration 
of the reaction mixture gave a residue which was ex- 
tracted with a 1 : 1 mixture of benzene and chloro- 
form (3 X 3 ml.). Evaporation of the extracts gave 
a crude XXI which could not be crystallized as its 
free base. The hydrochloride of XXI was pre- 
pared by adding concentrated hydrochloric acid t o  
a methanolic solution of crude XXI and evaporating 
the mixture in uacuo. Recrystallition of the resid- 
ual solid from methanol and ether, then from meth- 
anol and ethyl acetate gave 85 mg. (37.5%) of the 
hydrochloride of XXI, m.p. 189.5-192'. 3 in cm.-I 


(KBr): 3300 (OH); 2650, 1690 (C=N-H); 1610 
(C=C and C==N). A,-. in mp (e  X p H  
1, 265 (12.9); pH 7, 269 (12.9); p H  13, 268 (11.9). 


Anal.-Calcd. for CnHuCINsO: C, 50.79; H, 
6.39; C1, 12.49; N, 24.69. Found: C, 50.54; H, 
6.26; C1, 12.45; N, 24.65. 


cis - 3 - (6 - Mmethylamho - 9 - puxiny1)cycb 
pentylcarbinol (-).-A mixture of 212 mg. (0.838 
mmole) of XVII, 11 ml. of 25% dimethylamine in 
water, and 10 ml. of ethanol was refluxed for 20 
hours, after which time the volatile materials were 
removed in vucuo. The residue was extracted with 
a 1 : 1 mixture of benzene and chloroform (3 X 30 
ml.). Evaporation of the organic extract gave the 
crude XXII which could not be crystallized as the 


X-. in mp ( E  X 


+ 
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frcc base. Thus, the crude XXII was converted t o  
its hydrochloride by adding concentrated hydro- 
chloric acid to a methanol solution of XXII, followed 
by evaporation in uacuo. The residual solid was re- 
crystallized from methanol and ethyl acetate and 
gave 144 mg. (53.30/,) of the hydrochloride of XXII. 
m.p. 195198.5". i in cm.-l (KBr): 3400 (OH); 
"550 and 16iO (C=N-H); 1590 (C=C and 
C=N). X "*-.in mp ( e  X pH 1, 270 (17.4); 
pH 7, 277 (18.1 ); pH 13, 277 (17.9). 


:lnul.-Calcd. for C13H&1N60: C, 52.43; H, 
6.77; N, 23.53. Found: C, 52.20; H. 6.64; N. 
333 .  


Conversion of XXII to Its Quaternary Salt by 
Means of Its Mesylate Ester.-To a solution of 965 
mg. (3.24 mmoles) o f  XXII in 6 ml. of pyridine 
cooled in an ice-bath was added 0.8 ml. of methane- 
sulfonyl chloride with stirring. After 18 hours at 
3", the reaction mixture was poured into 40 ml. of 
ice-water, and the mixture was extracted with 
chloroform (4 X 30 ml,). The combined organic 
extracts were washed with sodium bicarbonate solu- 
tion, water, dried with anhydrous magnesium sul- 
fate, filtered, and evaporated i n  uacuo to dryness to 
give 682 mg. (SZ.OC/,) of the crude niesylate (XXIII) 
as an oil. i in ctn.'-l (film): 1590 (C=C and 
C=N); 1340 and 1170 (sulfonate ester). X.,",: 272 
mCI. 


A solution of 309 nig. of crude XXIII in 4 ml. of 
acetone containing 5 drops of methanol was heated 
under reflux for 4 hours, then the volatile materials 
were removed in vucuo. The residue was triturated 
with 1 ml. of acetone, and the resulting crystalline 
solid was collected by filtration; yield, 200 mg. 
(63.6%). m.p. 202-203'. One recrystallization of 
the crude product from methanol and acetone gave 
the pure product (SXIV), m.p. 202-203". i in 


(KBr): 1620, 1595, and 1555 (C=C and 
C=N); 1190 (sulfonate). A,,,,. in mp ( e  X 


pH 1,2YO (15.8). 
Anal. --Calcd. for Cl4HdV5O3S: C, 49.53; H, 


6.24; N, 20.64; S, 9.42. Found: C, 49.83; H, 
6.39; N, 20.40; S, 9.15. 


Reagents and Assay Procedure 


Adenosine and adenosine deaminase were pur- 
chased from the Sigma Chemical Co. The general 
method of ass:iy employed is described in Colowick 
and Kaplan (12) and involves measuring the rate of 
disappearance of the absorption band of adenosine 
a t  265 mp. All reactions were run in 0.05 M phos- 
phate buffer a t  pH 7.6 a t  25'. The stock solutions 
of all reagents were prepared in 0.05 M phosphate 
buffer at pH i.6. For the assay, the cell contained 
a total volume of 3.1 ml., which was 0.066 m M  
with respect to adenosine. In those cases where 
inhibition was studied, varying amounts of the buf- 
fer were replaced by the appropriate volume of a 
solution of the inhibitor in buffer. A sufficient 
amount of enzyme was used, so that the initial rate 
of reaction gave a change of approximately 0.8-1.0 
absorbance units per minute. 


Results 


Enzymatic evaluation of these groups of com- 
pounds revealed that only those compounds with an 
amino or methylamino group a t  the 0-position of the 
purine nucleus (IX, X, XX, and XXI) were inhibi- 
tory a t  concentrations two to  three times that of 
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DEMIINASB BY ANALOGS OF PURINE NUCLROSIDRS 
TABLE L-PARYIAL INHIBITION OF ADENOSINE 


% 
Compd. Concn., mM' V o / V  Inhibition 
IX 
X xx 


0.12 1.25 20 
0.12 1.30 23 
0.12 1.28 22 


XXI 0.12 1.20 16 
xxv 0.12 1.54 35 
M V I  0.12 1.53 35 


a The concentration of adenosine in all experiments was 
0.000 mM. 


substrate. The percentage inhibition of adenosine 
deaminase by a 0.12 m M  solution of inhibitor is 
given in Table I. For comparison, the percentage 
inhibition of two closely related structural analogs 
has also been included in Table I. These analogs are 
trans-2- [9-( 6-aminopurinyl )] cyclopentanol ( XXV ) 
and trans - 2 - [9 - (6-aminopurinyl)]cyclohexanol 
(XXVI). 


Hb 
XXV 


Hb 
XXVI 


DISCUSSION 


Only those purine nucleoside analogs with an 
amino or methylamino group a t  the 6-position of the 
purine nucleus were inhibitory. Those compounds 
with a chloro, hydroxy. mercapto, or dimethylamino 
group a t  the 6-position were essentially noninhibi- 
tory at concentrations two to three times that ot 
adenosine. I n  previous investigations 6-amino- 
purine nucleoside analogs have been prepared which 
were substituted a t  the 9-position by cyclopentyl, cis- 
and frans-2-hydroxycyclopentyl, cis- and frans-2-hy- 
droxycyclohexyl, and cis- and trans-3-hydroxycyclo- 
hexyl groups. These studies (2) showed that the 
2'-hydroxy group of the cycloaliphatic nucleus in 
both the cyclopentyl and cyclohexyl analogs makes a 
significant contribution to binding to  the enzyme; 
the trans compounds are slightly more effective than 
the cis isomers. Furthermore, the 3'-hydroxy group 
on the cyclohexyl nucleus made little or no contribu- 
tion to binding to the enzyme since these compounds 
were no more effective in inhibiting the enzymatic re- 
action than the unsubstituted cyclopentyl analog 


The present study gives information concerning 
the contribution to  binding made by the hydroxy- 
methyl group on the substituent a t  the 9-position of 
the purine. An examination of Table I reveals that 
IX, X, XX, and XXI are inhibitory, but that they 
are less inhibitory than the corresponding com- 
pounds with a 2'-hydroxy group (XXV and XXVI). 
Therefore, the effect of the hydroxymethyl group on 
binding to the enzyme is small. Consequently, if 
it  is assumed that XX binds to the same place on 
the enzyme that adenosine does, the hydroxymethyl 
group of adenosine makes only a small contribution 
to binding. The study of the bulk tolerance at the 


(3). 
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6-position of the purine nucleus and of the steric re- 
quirements for binding to adenosine deaminase is 
continuing. 
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Sterol Metabolism in Larvae of the Confused Flour 
Beetle, Tribolium con fuszcm 


By EDWARD E. SMISSMAN, NEIL A. JENNY, and STANLEY D. BECK 


Dehydroe iandrosterone, pregnenolone, and progesterone were isolated as meta- 
bolic prosucts during normal insect metabolism of dietary sterols in the confused 
flour beetle, Tribolirrm confusurrr. Their identity was established b elemental analy- 
sis, thin-layer chromatography, as chromatography, ultraviolet .{sorption, optical 
rotation, and 2,4-dinitro henyl%ydmzone derivatives compared to authentic sam- 
ples. A proposed metaLlic pathway of dietary sterols in T. conj#snm larvae is 


outlined. 


HE INDISPENSABILITY of sterols for the growth T of insects has been amply established by 
numerous nutritional studies on a variety of 
species (1-3). Higher animals are able to syn- 
thesize sterols from simple compounds such as 
acetate, while the lack of sterol synthesis seems 
to be a metabolic defect common to all insects 


The requirement for specific sterols varies 
widely among the insecta, and most larvae ex- 
hibit only moderate specificity with respect to 
their need for dietary sterols. Several dietary 
sterols of the larvae of Tribolium confusum are 
converted to  cholesterol and 7-dehydrocholesterol 
which are the principal tissue sterols of the insect 
(5). The present and related metabolic studies 
(5-7) indicate the ability of insects to metabolize 
dietary sterols to the extent of altering the side 
chain and the degree of saturation in the B ring of 
the sterol nucleus. The objective of this study is 
to demonstrate the molecular alteration of side- 
chain substituted sterols during normal insect 
metabolism by isolation and characterization of 
the ketosteroid metabolic products. 


(4). 
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EXPERIMENTAL AND RESULTS 


Since the results obtained in a previous study in- 
dicated that dietary sterols are converted into 
cholesterol and 7-dehydrocholesterol (6), it was 
decided to grow the T. confusum larvae on a natural 
diet supplemented with a dietary sterol that could 
be converted to cholesterol. The beetle larvae were 
reared from egg to larval maturity using a basic 
diet of 4 parts white flour, 4 parts graham wheat flour, 
and 1 part yeast with the additional dietary sterol, 
ergosterol, present in the yeast. Before isolation of 
lipids, the larvae were held for 24 hours on a sterol- 
free diet to minimize interference from sterols con- 
tained in the gut contents. 


Extraction.-In previous studies of steroid isola- 
tion, many types of solvent systems have been used. 
Weakly polar solvents are used most commonly. 
Since it was difficult to determine which procedure 
would be best for this study, several extraction pro- 
cedures were used in an attempt to separate the 
steroids from the numerous other constituents of the 
insect body. In all casrs the larvae were first washed 
with diethyl ether and skellysolve B to remove any 
diet material on the surface of the insects and any 
steroids present in the insect epicuticle. 


Skellysolve B Extraction.-After washing the 
larvae, 250 Gm. of larvae in 100 ml. of skellysolve B 
was homogenized in a Waring Blendor for 5 seconds. 
This homogenate of larvae was extracted with 1.5 
L. of skellysolve B in a Soxhlet apparatus for 48 
hours. The skellysolve B extract was concentrated, 
redissolved in 100 ml. of 574 alcoholic potassium 
hydroxide solution, and refluxed for 1 hour. The 
hydrolyzate was poured into 300 ml. of distilled 
water, and the nonsaponihble material was ex- 
tracted three times with 400 ml. of skellysolve B. 
The organic layer was washed several times with 
water and dried over anhydrous magnesium sulfate. 
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Skellysolve B Extraction.-After washing the 
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This homogenate of larvae was extracted with 1.5 
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TABLE I.-ADSORPTION CHROMATOGRAPHY OF NON- 
SAPONIFIAABLE MATERIAL (1.06 Gm.) 


Frac- Amt.. 
tion ml. Eluent Product 


1 150 Skellysolve B 655 mg. white, 


2 200 Skellysolve B- 31 mg. yellow oil 
benzene, 10: 1 


3 250 Skellysolve B- Nothing 
benzene, 8: 1 


4 150 Skellysolve B- Nothing 
benzene, 6 : 1 


5 150 Skellysolve B- 120 mg. yellow 
benzene, 2: 1 semisolid 


6 150 Benzene Nothing 
7 150 Benzendiethyl 279 mg. tan solid 


waxy solid 


Skellysolve B Followed by Continuous Ether Ex- 
traction.-The skellysolve B extract of nonsaponifi- 
able material (see above) was concentrated and 
mixed with 200 ml. of aqueous 5% sodium carbon- 
ate. This mixture was extracted with 1 L. of diethyl 
ether in a liquid-liquid continuous extractor for 4 
days. The diethyl ether extract was washed several 
times with water and dried over anhydrous mag- 
nesium sulfate. 


Butyl Alcohol Extraction.-After washing the 
larvae, 100 Gm. of larvae was homogenized in a 
Waring Blendor for 5 seconds with 50 ml. of butyl 
alcohol. To a solution of 150 ml. of butyl alcohol, 
20 Gm. of sodium hydroxide, and 100 ml. of water 
was added the larval homogenate, and the mixture 
was refluxed for 2 hours. Ten grams of celite filter 
aid was added and the mixture filtered. The filter 
cake was extracted with 50 ml. of hot butyl alcohol 
and the fractions combined. The solvent was re- 
moved by distillation, and the residue was extracted 
with 250 ml. of skellysolve B. Finally, the skelly- 
solve B extract was washed several times with water 
and dried over anhydrous magnesium sulfate. 


Although these three different extraction pro- 
cedures were effective, the skellysolve B and butyl 
alcohol methods were more efficient. 


Chromatography.-Heilbron (8) has succeeded in 
separating steroidal material from nonsaponifiable 
matter by aluminum oxide chromatography. A 
modification of his procedure, using deactivated 
neutral aluminum oxide, grade 111 (9). and a similar 
solvent sequence, proved useful for chromatographic 
separation of the metabolic products. 


Adsorption Chromatography.-The residue from 
several skellysolve B extractions was placed on 
a chromatographic column (3 X 50 cm.) contain- 
ing 5 Gm. of deactivated neutral aluminum oxide, 
grade 111 (Woelm, suitable for chromatography) 
for every 50 mg. of nonsaponifiable materials (see 
Table I). Since only the ketosteroid metabolic 
products would be isolated and characterized in this 
study, infrared spectra of all the fractions were 
performed t o  determine which fractions contained 
the desired material. Fraction 7 contained most of 
the carbonyl material, although the infrared spectra 
of fractions I ,  5, and 9 also indicated their presence 
in small amounts. 


Before work was initiated on characterization of 
these carbonyl containing fractions, attempts were 
made to improve the separation of various compo- 
nents of the nonsaponifiahle material. One solu- 
tion of this problem was to reduce the tailing of 
bands during elution. This can be accomplished by 
using gradient elution technique ( 10). 


Gradient Elution Adsorption Chromatography.- 
The residue from five skellysolve B extractions was 
placed on a chromatographic column (2 X 40 cm.) 
containing 5 Gm. of acid-washed aluminum oxide 
(Merck, suitable for chromatography) for every 200 
mg. of nonsaponifiable material. The following 
eluent sequence was used: 500 ml. of skellysolve B, 
500 ml. of benzene, 1000 ml. of diethyl ether, and 
500 ml. of absolute ethanol. Ten-milliliter fractions 
were collected using an automatic fraction collector, 
and a total of 218 fractions were collected (see Table 
11). Again infrared spectra of the fractions were 
used to determine the location of the desired carbonyl 
material. Ultraviolet absorption spectra of tubes 
81 to 145 were determined to give an indication of 


ether, 1 : 1 
8 150 Diethyl ether Nothing 
9 200 Diethvl ether- 29 mg. white 


ethanol. 3 : 1 solid 
10 100 Diethyl ether- Nothing 


11 100 Ethanol Nothing 
ethanol, 1 : 1 


TABLE H ~ R A D I E N T  ELUTION ADSORPTION 
CHROMATOGRAPHY OF NONSAPONIFIABLE MATERIAL 


(3.8 Gm.) 
~ ~~ ~ 


Chromatographic 
Tubes 
1-4 
S 9  


i6 - i~  
1 9 4 4  
2 5 2 9  
30-52 
53-59 
60-80 
81-92 
93-105 


127-130 
10G126 


~ _ .  


131-145 
146-152 
153-1 54 
155-157 
15%lfi0 _ _  ~- 
161-167 
16g173 
174-2 18 


Product. mg. 


Nothing 
White, waxy solid, 100 
White crystals, 220 
Nothing 
Yellow oil, 60 
Colorless oil, 360 
Colorless oil, 230 
Colorless oil, 340 
Colorless oil, 250 
Light yellow oil, 310 
Yellow oil, 520 
Orange oil, 60 
Yellow oil, 280 
Colorless oil, 100 
Orange oil, 30 
Colorless oil, 40 
Orange oil, 20 
Colorless oil, 80 
Yellow oil, 60 
Colorless oil, 100 


the ketosteroid products present. These ultraviolet 
maxima correspond favorably to the known maxima 
of progesterone and androstenedione at 240 and 
241 p. Fractions 81 to 126 contained most of the car- 
bony1 material, although fractions 127 to 145 also 
contained a small amount. 


Thin-Layer Chromatography.-The analytical 
separation of slightly polar steroids has been realized 
by paper partition chromatography on acetylated or 
impregnated paper (1 1). These methods have some 
drawbacks, such as the long time of development. 
Van Dam (12) described a modification using adsorb- 
ent-coated glass plates which allow microadsorption 
chromatography on a flat surface. This procedure 
was used to separate further and identify partially 
the metabolic products in this study. 


The chromatoplates were prepared according to 
the general procedure in the Desaga thin-layer 
apparatus manual (13). An amount of 10-100 mcg. 
of sample was placed on the Desaga silicic acid 
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TABLE III.-APPROXIMATE R, VALUES FROM THIN-LAYER CHROMATOGRAPHY 


c Solvent 
Benzene : 2 Benzene : 3 Toluene : 8 
Ethyl Ethyl Ethyl 


Sample B-e Acetate: 1 Acetate : 2 Acetate: 1 
7-Dehydroepiandrosterone . . . 0.65 0.69 0.45 
Cholesterol 0.11 0.53 0.59 0.28 
Ergosterol 0.09 0.65 0.69 0.43 
8-Sitosterol 0.11 0.44 ... 0.33 
Testosterone 0 0.28 . . .  0.12 
Androsterone 0 0 ... 0 
Dehydroepiandrosterone 0.02 0.38 0.42 0.14 
Pregnenolone ... 0.42 0.46 0.16 
Progesterone ... 0.50 0.53 0.25 
Androstenedione ... 0.53 0.56 0.28 
Fraction 7 0.02 0.20 0.09 0.62 . . .  0.15 0.49 


0.14 0.62 0.38 0.78 0.24 0.74 
n 4~ 


Tubes 81-92 


Tubes 93-105 


Tubes 106-126 


... 


... 


-. -- 
0.29 0.52 0.24 0.42 0.06 0 .2  
0.43 0.51 0.17 
0.02 0.33 0.02 0.36 0.07 
0.19 0.41 0.18 0.51 0.14 
0.25 0.52 0.22 
0.02 0.39 0.02 0.37 0.03 0.22 
0.16 0.51 0.16 0.49 0.06 0.37 
0.24 0.21 0.57 0.14 


chromatoplates and then were developed. After 
thorough drying a t  105'. they were sprayed with 
a saturated solution of antimony trichloride in 
chloroform and heated for 5 minutes at 105'. The 
reading of the spots was aided using long-wave ultra- 
violet light. An outline of the Rj values found in 
the different experiments is given in Table 111. 
Known steroids were included in each experiment 
as internal standards. Fraction 7 had Rj values 
correspoiiding to pregnenolone and/or dehydro- 
epiandrosterone. androstenedione and/or pro- 
gesterone, and ergosterol. Tubes 81 to 92 had Rf 
values corresponding to androstenedione and/or 
progesterone and pregnenolone. Tubes 93 to 105 
and tubes 106 to 126 had R f  values Corresponding 
to pregnenolone and/or dehydroepiandrosterone 
and androstenedione and/or progesterone. 


TABLE IV.-RELATIVE RETENTION T I ~ S  FROM 
GAS CHROMATOGRAPHY 


Relative Retention Times 
Sample 50-3000' 1 ~ 0 0 ~ '  


Cholestane 1 .m 1 .ooc 
Progesterone 0.818 0.801 
Pregnenolone 0.788 0.764 
Dehydroepiandros- 


terone 0.754 0.733 
Androstenedione 0.732 0.705 
Fraction 7 0.141 0.685 ... 


0.301 0.775 
0.517 


Tubes 81-92 0.219 0.631 0.240 0.713 
0.560 0.726 0.555 0.774 


0.616 
Tubes 93-105 ... 0.555 0.780 


0.616 0.818 
0.700 


Tubes 106-126 0.685 0.772 0.700 
0.732 0.819 0.780 


O Column 6 ft. X 1/4 in O.D. 3% SE-30 on Chromomrb 
W. 80/100'mesh. pro&mma' switch. llo/min.; block 
temperature, 2 ~ 0 ' 0 .  injection port temperature 2400- 
bridge current, 160;' helium Uow, 100 ml./minute. ~derenc; 
Bow. 20 ml./minutc; and M u m  pressure, 20 p.s.l.00 the F 
and M m del 600 rogrammed temperature ~IIO chroma- 
tograph. Time, d 6  minutes. = Time, 28.2 minutea. 


Gas Chromatography.-Numerous studies on the 
separation and identification of steroids by gas 
chromatography have been performed, and a recent 
review article (14) summarizes most of the work in 
this field. Although it has been reported that ster- 
oids decompose a t  temperatures over 260' to give 
broad peaks, gas chromatography studies were per- 
formed using programmed temperatures to 300'. 
Reproducible results were obtained for a number of 
known steroids, including the suspected metabolic 
steroids; therefore, these conditions were used for 
partial identification of the isolated metabolic 
products. A summary of the relative retention 
times is given in Table IV. Fraction 7 and tubes 
81 to 92 had relative retention times comparable to 
androstenedione and pregnenolone. Tubes 93 to 
105 had relative retention times comparable to 
progesterone, pregnenolone, and androstenedione. 
Tubes 106 to 126 had relative retention times com- 
parable to progesterone, androstenedione, and de- 
h ydroephndrosterone. 
2,4Dinitrophenylhydrazones.-Along with the 


small amounts of ketosteroids, large amounts of 
hydrocarbons are present in the nonsaponifiable 
material (15). All compounds with double bond 
systems absorb strongly in the far ultraviolet region 
but this is the region of decreased sensitivity in 
laboratory spectrophotometers and where inter- 
ference from solvent occurs. To solve these prob- 
lems, a study was initiated that dealt with the forma- 
tion and isolation of steroidal 2.4-dinitrophenyl- 
hydrazones, (2,4-DNPs), as well as a determination 
of their absorption characteristics in the visible 
range. The 2,4-DNPs of the ketosteroids in the 
fractions containing ethanol-soluble components 
were prepared according to the method of Reich (16). 
The colored solid which resulted was purified by 
chromatography on an acid-washed aluminum oxide 
column (1 X 20 cm.). 


Another method of 2,4-DNP preparation was 
employed for fractions not completely soluble in 
ethanol (17). After drying, the 2,4DNP deriva- 
tive was purified by chromatography on an acid- 
washed aluminum oxide column. (See Table V.) 


(See Table V.) 
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TABLE \'.-ADSORPTION CHROMATOGRAPHY OF 2,4- 
DIN ITROPHENY LHY DRAZON ES 


- 
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of progesterone. [a]: + 191.1' in ethanol [lit. 
[a]: + 192' in ethanol (21)]. X",:",x 240 mp, 
e = 19,600 [lit. A~:H 240 mp) (21)]. 


Anal.-Calcd. for C ~ L H W O ~ :  C, 80.20; H, 9.51. 
Found: C, 80.68; H, 9.44. 


The 2,4-DNP of pregnenolone was cleaved to give 
a white solid product. Recrystallization from dilute 
ethanol gave white needles, m.p. 18s.&190° [lit. 
m.p. 189-190' (21)], which did not depress the melt- 
ing point when mixed with an authentic sample of 
pregnenolone. [a]  + 30.8' in ethanol [lit. [a] '," + 30' in ethanol (21)l. 


And-Calcd. for C21Hm02: C, 79.70; H, 10.19. 
Found: C, 79.43; H,  10.04. 


The 2.4-DNP of dehydroepiandrosterone was 
cleaved to  give a white solid product. Recrystal- 
lization from a mixture of chloroform and skellysolve 
B gave white needles, m.p. 140-142' [lit. m.p. 140- 
141' (21)], which did not depress the melting point 
when mixed with an authentic sample of dehydro- 
epiandrosterone. [a]: + 11.3' in ethanol [lit. [a]: + 10.9' in ethanol (21)]. 


And-Calcd. for C10H2801: C, 79.12; H, 9.79. 
Found: C, 79.38; H, 10.32. 


DISCUSSION 


The isolation and characterization of dehydro- 
epiandrosterone, pregnenolone, and progesterone as 
metabolic products of normal sterol metabolism in 
T. confusum larvae indicates that certain insects 
possess enzyme systems capable of altering the side 
chain of dietary sterols. As part of a study con- 
cerned with the metabolic degradation of cholesterol, 
mammalian tissue was used to cleave the side chain 


cws 


Fraction or Eluent 
Tubes 


81-92 Benzene 
81-92 Benzene-chloro- 


93-105 Benzene 


93-105 Benzene-chloro- 


form, 5 :  1 


form, 3: 1 
106-126 Benzene 


106-126 Benzene 


106-126 Benzene-chloro- 
form, 3: 1 


benzene-diethyl 
ether, 80: 10:5 


7 Skellysolve B- 


7 Benzene 
7 Benzene 


7 Benzene 


2,4-DNP Product 


Pregnenolone 
Progesterone (bis 


2,4-DNP) 
Dehydroepiandros- 


terone 
Progesterone (20- 


mono-DNP) 
Dehydroepiandros- 


terone 
Progesterone (3- 


mono-D NP) 
Progesterone (20- 


mono-DNP) 
Progesterone (bis- 


2.4-DNP) 


Pregnenolone 
Dehydroepiandros- 


terone 
Progesterone (3- 


mono-DNP) 


All of the pure 2,4-DNP products in Table V were 
identified by ultraviolet spectral studies, melting 
point, mixed melting point with authentic samples, 
and analysis. 


The bis-2,4-DNP of progesterone was recrystal- 
lized from a mixture of chloroform and absolute 
ethanol to give dark red plates, m.p. 270' dec. [lit. 
m.p. 282-283' (IS)], which did not depress the 
melting point when mixed with an authentic sample 
of bis-2.4-DNP of progesterone. A:ZC" 380 mp, 
c = 51,800 (lit. cz'* 380 mp) (16). 


Anal.-Calcd. for C33H~llNsO~: C, 58.74; H, 5.68; 
N, 16.60. 


The 2,4-DNP of pregnenolone was recrystallized 
from a mixture of chloroform and absolute ethanol 
to give bright yellow plates, m.p. 253-254' [lit. imp. 
253-254' (IS)], which did not depress the melting 
point when mixed with an authentic sample of the 
2,4-DNP of pregnenolone. A:? 369 mp, = 25.300 
[lit. A::? 368 inp (16)]. 


And-Calcd. for C I I H ~ ~ N ~ O ~ :  C, 65.29; H, 7.31; 
N, 11.28. 


The 2,4-DNP of dehydroepiandrosterone was 
recrystallized from a mixture of chloroform and 
absolute ethanol to give bright yellow plates, m.p. 
235-237' dec., which did not depress the melting 
point when mixed with an authentic sample of the 
2,4-DNP of dehydroepiandrosterone. A=? 366 
m p ,  = 25,300 I lit. A::.' 366 m p  (IS)]. 


Anal.-Calcd. for GsH8ZN406: C, 64.08; H. 6.89; 
N, 11.96. Found: C. 63.73; H, 6.90; N, 12.18. 


Several general methods for the regeneration of 
the corrcsponding carbonyl compounds have been 
reported (18-20). The Mattox-Kendal method 
(18, 19) which utiliaes pyruvic acid and hydro- 
bromic acid and the Demaeker-Martin method (20) 
which utilizes acetone, hydrochloric acid, and stan- 
nous chloride were employed to cleave the above 
isolated 2.4-DNPs. 


The bis-2,4-DNP of progesterone was cleaved to 
give a white solid product. Recrystallization from 
dilute ethanol gave white needles, m.p. 127.&128" 
[lit. m.p. 128.5" (21)], which did not depress the 
melting point wlien mixed with an authentic sample 


Found: C, 58.52; H,5.73; N, 16.60. 


Found: C, 65.37; H, 7.40; N, 11.30. 


@ BrgO.teIO1 


Hd 


Oehydrwpiandro~tdro~ Pregnmolone 


Atnlromtemd+ one Progemteronm 


Fig. 1.-Proposed biogenetic breakdown of 
dietary sterols in the larvae of the confused flour 
beetle, T. conjusum. 
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of cholesterol to yield isocaproic acid and preg- 
nenolone (22) which is further oxidized to progester- 
one (23). Thus, mammalian enzymes capable of 
cleaving the cholesterol side chain are known. The 
action of this insect’s enzyme system parallels that of 
enzyme systems in higher animals (24). and the 
proposed biogenetic breakdown of dietary sterols by 
T. confusum larvae is outlined in Fig. 1. Since it has 
been shown that many dietary sterols, including 
ergosterol, are converted to cholesterol and 7-de- 
hydrocholesterol in T. confusum larvae, the con- 
clusion may be made that alteration of the side chain 
of dietary sterols occurred after conversion to cho- 
lesterol. 


During the isolation of these metabolic products, 
a number of other products was obtained whose 
structures could not be elucidated due to the paucity 
of material. Androstenedione may be included 
among these unidentified products, since its pres- 
ence is indicated by physical methods of character- 
ization, and it would be a normal conversion product 
frnm progesterone and dehydroepiandrosterone. 
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Synthetic Polymers as Potential 
Sustained-Release Coatings 


By JOHN W. KLEBER, J. FRANK NASH, and CHENG-CHUN LEE* 


The characteristics of the absorption of prednisolone were studied both in intact 
dogs and in ligated segments of the intestinal tract. Absorption of uncoated pred- 
nisolone was essentially complete in 2 hours. Following the administration of 
copolymer-coated pellets, absorption was extended over a period of 10-12 hours. 


OLLOWING THE oral administration of a given 
drug, effective concentrations in the blood 


and target tissue are dependent on several fac 
tors-solubility, site of absorption, stability in the 
gastrointestinal tract, rate of metabolism, and 
excretion. In many instances maintenance of 
therapeutic effect requires repeated administra- 
tion at 4-6-hour intervals. Longer duration of a 
single dose is often desirable to permit uninter- 
rupted rest during the night or to diminish the 
possibility of missed dosage. 


Various coatings have been investigated to 
delay the release of drug into the intestinal tract. 
The use of a pH-dependent coating to obtain 
sustained release of prednisolone has been re- 
ported (1) ; however, the chemical nature of the 
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coating substance was not disclosed. Several 
copolymers have been discovered (2) that differ 
in their rate of solution in water at different pH 
values. An earlier report (3) on these synthetic 
copolymers described their use as enteric coatings 
on acetylsalicylic acid tablets. The current 
study also provides information about the po- 
tential of these copolymers to delay the absorp- 
tion of a drug. Prednisolone served as the model 
drug. 


EXPERIMENTAL 


Materials 
Nonpareil sugar pellets, 16-18 mesh, prednisolone 


U.S.P., prednisolone acetate U.S.P., cetyl alcohol 
N. F., magnesium stearate-talc dusting powder 
( 1 5 : s ) .  n-butyl ethylene maleic acid copolymer 
(butyl EMA), ‘/2 isopropyl polymethylvinylether/ 
maleic acid copolymer (isopropyl PVM/MA), and 
l/2 n-butyl polymethylvinylether/maleic acid co- 
polymer (butyl PVM/MA) were utilized. 








Vol. 53, No. 12, December 1964 1519 
of cholesterol to yield isocaproic acid and preg- 
nenolone (22) which is further oxidized to progester- 
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action of this insect’s enzyme system parallels that of 
enzyme systems in higher animals (24). and the 
proposed biogenetic breakdown of dietary sterols by 
T. confusum larvae is outlined in Fig. 1. Since it has 
been shown that many dietary sterols, including 
ergosterol, are converted to cholesterol and 7-de- 
hydrocholesterol in T. confusum larvae, the con- 
clusion may be made that alteration of the side chain 
of dietary sterols occurred after conversion to cho- 
lesterol. 


During the isolation of these metabolic products, 
a number of other products was obtained whose 
structures could not be elucidated due to the paucity 
of material. Androstenedione may be included 
among these unidentified products, since its pres- 
ence is indicated by physical methods of character- 
ization, and it would be a normal conversion product 
frnm progesterone and dehydroepiandrosterone. 
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Sustained-Release Coatings 
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The characteristics of the absorption of prednisolone were studied both in intact 
dogs and in ligated segments of the intestinal tract. Absorption of uncoated pred- 
nisolone was essentially complete in 2 hours. Following the administration of 
copolymer-coated pellets, absorption was extended over a period of 10-12 hours. 


OLLOWING THE oral administration of a given 
drug, effective concentrations in the blood 


and target tissue are dependent on several fac 
tors-solubility, site of absorption, stability in the 
gastrointestinal tract, rate of metabolism, and 
excretion. In many instances maintenance of 
therapeutic effect requires repeated administra- 
tion at 4-6-hour intervals. Longer duration of a 
single dose is often desirable to permit uninter- 
rupted rest during the night or to diminish the 
possibility of missed dosage. 


Various coatings have been investigated to 
delay the release of drug into the intestinal tract. 
The use of a pH-dependent coating to obtain 
sustained release of prednisolone has been re- 
ported (1) ; however, the chemical nature of the 


Received June 22, 1964, from the Lilly Research Labora- 


Accepted for publication August 17. 1964. 
The authors thank Mr. W. H. K. Seidler and Mr. R. 0. 


tories, Eli Lilly and Co., Indianapolis, Ind. 


Froman for their assistance in this project. 


City, Mo. 
* Present address: Midwest Research Institute. Kansas 


coating substance was not disclosed. Several 
copolymers have been discovered (2) that differ 
in their rate of solution in water at different pH 
values. An earlier report (3) on these synthetic 
copolymers described their use as enteric coatings 
on acetylsalicylic acid tablets. The current 
study also provides information about the po- 
tential of these copolymers to delay the absorp- 
tion of a drug. Prednisolone served as the model 
drug. 


EXPERIMENTAL 


Materials 
Nonpareil sugar pellets, 16-18 mesh, prednisolone 


U.S.P., prednisolone acetate U.S.P., cetyl alcohol 
N. F., magnesium stearate-talc dusting powder 
( 1 5 : s ) .  n-butyl ethylene maleic acid copolymer 
(butyl EMA), ‘/2 isopropyl polymethylvinylether/ 
maleic acid copolymer (isopropyl PVM/MA), and 
l/2 n-butyl polymethylvinylether/maleic acid co- 
polymer (butyl PVM/MA) were utilized. 
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TABLE I.-&LUBILITY pH VALUES FOR COATED 
FRACTIONS 


Amt. of 
coating. 


Gm./100 Gm. 
Copolymer Coating of Pellets 


Butyl EMA 5.0  
7 .5  


10.0 
12.5 


Isopropyl PVM/MA 4.1  
10.5 
17.4 
21.3 


11.3 
16.2 
21.9 


Butyl PVM/MA 5.4  


Solubility 
PH 


values 
5.6  
5 . 8  
5.8 
6.0 
5.4 
5 .6  
6 . 4  


>7.5 
6.0 
6 .4  
7 .5  


>7.5 


Procedures 
In Vitro.-Prednisolone or the acetate was applied 


to the sugar pellets using a light syrup as the ad- 
hesive. The pellets retained their spherical 
shape after the application of this material. The 
copolymer coatings were sprayed onto these pellets 
using 2 to 5% solutions of the copolymer and cetyl 
alcohol in acetone. Cetyl alcohol was used with 
each copolymer in a ratio of 1:4 and served to  pre- 
vent tackiness, thus permitting the pellets to  be 
coated evenly. In addition, when the butyl EMA 
copolymer was sprayed onto the pellets, the mag- 
nesium stearate-talc (15: 85) dusting powder was re- 
quired to  prevent the pellets from sticking to  each 
other. The ratio of dusting powder to  this copoly- 
mer was 7:5. The use of this dusting powder re- 
duced the amount of this copolymer needed to  
achieve the desired solubility pH. The coating solu- 
tions were applied to the pellets as they were being 
rotated in standard gin.  coating pans revolving a t  
60 r.p.m. using a De Vilbiss spray gun (type EGA, 
series 501) a t  a constant air pressure of 5 p.s.i. 


To standardize the preparation of the copolymer- 
coated pellets, an in vitro control method was neces- 
sary. Since the water solubility of the copolymers 
is pH dependent, an in vitro solubility test based on 
time and pH was developed. Aqueous solutions of 
pH 5.0, 5.2, 5.4, 5.6, 5.8, 6.0, 6.2, 6.4, 7.0, and 7.5, 
respectively, were prepared using a citrate buffer 
system (4). Twenty-milliliter portions of each 
buffer solution were placed in 40-ml. test tubes and 
warmed at  37" in a constant-temperature water 
bath. Two-hundred and fifty milligrams of each 
coated fraction of pellets was added to  each tube of 
the various buf€ers. The pellets in each tube were 
agitated by inverting the tube and observing the 


pellets at 7.5, 15, 30, 45, and 60-minute intervals. 
Each coated pellet fraction was then assigned a 
solubility pH value, defined as that pH a t  which 
75y0 of the pellets dissolved in 30 minutes as deter- 
mined by visual observation. The solubility pH 
values for each of the coated fractions are reported 
in Table I. 
In Vivo.-Sik of Absorptwn in Anesthetized Dogs.- 


Eight female mongrel dogs weighing between 10 and 
14 Kg. were anesthetized with phenobarbital. 
Each dog (except the two controls) was given 5 mg./ 
Kg. of prednisolone dispersed in an acacia suspen- 
sion. In two animals the drug was administered 
into the stomach, which had been ligated at both 
ends. The second pair received their dose through 
a ligated 8-in. segment of the duodenum. The 
third pair received prednisolone through an 8-in. 
ligated segment of the ileum. The fourth pair of 
dogs were subjected to a sham operation but re- 
ceived no prednisolone. Fifteen-milliliter blood 
samples were taken from each dog 1 ,2 ,  and 4 hours 
after the administration of the steroid. The plasma 
samples were assayed for free 17-hydroxycorticos- 
teroid (17-OHCS) levels as Porter-Silber chromo- 
gens using the method of Eik-Nes (5). 


Absorption Studies in Conscious D o g s . 4 m  female 
mongrel dogs weighing 10 to 20 Kg. were used. 
Food, but not water, was withheld from these dogs 
16 hours prior to  the administration of the steroid. 
Prednisolone was administered orally in a dose of 
5 mg./Kg. in the form of sugar pellets coated with 
the steroid in capsules. Hourly blood samples were 
taken from the jugular vein without anesthesia. 
Feeding of the dogs was not resumed until after the 
last blood sample was taken. Plasma free 17-OHCS 
levels were determined as previously. 


Because the results of this experiment showed that 
there were wide variations in the onset of absorp- 
tion of the prednisolone in these dogs, this study was 
modified in the following manner. 


After the animals had been fasted for 16 hours, 
each was fed about 200 Gm. of canned meat (Pard) 
1 hour prior to  the administration of the steroid. 
Blood samples, taken at hourly intervals, were 
assayed for free 17-OHCS as previously. The re- 
sults are given in Table 11. A comparison of the 
results obtained in this study to  the one without feed- 
ing meat indicates that the steroid was absorbed 
more promptly and with less variation. 


Since the ultimate objectives of this work might 
include the use of copolymercoated pellets for pro- 
longed absorption of other steroids, some of which 
might be in the ester form, it was of interest to  
compare the absorption of prednisolone acetate with 
that of the free alcohol. Prednisolone acetate, in a 


TABLE II.-AVERAGE PLASMA 17-OHCS CONCENTRATIONS (mcg./100 rnl.) AND THE STANDARD ERROR 
OF THE MEAN OBTAINED IN DOG STUDIES WITH PREDNISOLONE AND PREDNISOLONE ACETATE 


Hr. After 
Adminis- 


Prednisolone 
Dogs Pasted Only 


Prednisolone 
Dogs Fasted, 


Then Meat-Fed 


Prednisolone Acetnte 
Dogs Fasted, 


Then Meat-Fed 
tration Av. S.E. Av. S.E. Av. S.E. 


1 68 17.4 164 20.6 71 16.4 
2 92 12.1 150 5 .0  140 19.2 
3 103 13.4 98 5.4 96 9 . 8  
4 77 10.5 70 4.0 67 12.2 
5 45 5.4 41 3.1 38 6 . 7  
6 35 5.2 30 2.6 24 4 . 5  
7 . . .  . . .  22 3 .4  17 3.4 
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TABLB I I I . s I T E  OF ABSORPTION 


Plasma 17-OHCS Values 
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Site of 
Absorption 


Stomach 
Duodenum 
Ileum 
Sham operated 


(Av. of Two Dogs) 
(meg./100 ml.) 


1 Hr. 2Hr. 4 Hr. 
16 20 19 
57 60 59 
46 42 33 
9 12 11 


200 Fig. 1.-Plasma 
17-OHCS levels in 
dogs following the 
oral administration 
of prednisolone or 
prednisolone ace- 
tate. The dose was 
5 mg./Kg. Key: 
0, prednisolone to  
fasted dogs; 0, 
prednisolone t o  
fasted, meat-fed 
dogs; m. predni- 
solone acetate t o  
fasted, meat-fed 
dogs. lo  1 2 3 4 5 6 7  


HOURS 


dose of 5 mg./Kg., was given in a manner similar t o  
the same six dogs that received the free alcohol. 
Plasma 17-OHCS levels were determined as pre- 
viously described. 


Each of the six dogs used in the previous experi- 
ment was given three formulations of prednisolone, 
expected to  produce a prolonged absorption of this 
steroid. The dose of prednisolone was 5 mg./Kg. 
Each formulation consisted of a mixture of 20% 
uncoated pellets and 80% coated pellets. The 
coated pellets were composed of equal parts of each 
of the four coating levels for each copolymer listed in 
Table I. These dogs were fasted, then meat-fed as 
previously. Uncoated prednisolone was also given 
to  these dogs as a control. Plasma concentrations 
of free 17-OHCS were determined hourly for 12 
hours. 


RESULTS AND DISCUSSION 


To study the ability of any pH dependent coating 
to prolong the absorption of a medicinal agent, it is 
necessary that the model drug be well absorbed 


throughout the small intestine. That prednisolone 
is well absorbed from the entire small intestine of the 
dog was shown by the study utilizing the ligated 
segments of the gastrointestinal tract. The results 
of this experiment are given in Table 111. 


A second requirement for a model drug is that it 
can be measured in the plasma by a simple ana- 
lytical procedure. Detectable levels of this sub- 
stance should be attained by the administration of 
nontoxic doses to the test animal. Plasma prednis- 
olone levels were easily measured when a dose of 
6 mg./Kg. was administered to  the dogs. No dog 
showed symptoms of untoward effects at this dose. 


Since the protective coating used in this study is 
pH dependent, i t  was necessary to  insure that the 
stomach acidity of the dogs be controlled uniformly. 
This was achieved by stimulating the gastric secre- 
tion with meat 1 hour prior to the administration of 
the steroid dose. Meat-feeding the dogs also may 
have caused a more consistent emptying of the 
stomach to  the site where absorption of prednisolone 
takes place. 


A comparison of the absorption of prednisolone 
and prednisolone acetate in Fig. 1 shows that  they 
follow a similar pattern. The quantitative differ- 
ence in the plasma levels may be explained by the 
difference in the molecular weights of the two 
steroids. The apparent lag of the prednisolone ace- 
tate in reaching peak plasma levels 2 hours after 
dosing may be due to hydrolysis of the acetate group 
prior to absorption. Because their absorption pat- 
terns are similar, these steroid forms may be used 
interchangeably. 


The results obtained with the coated formulations 
of prednisolone plotted in Fig. 2 indicate that signifi- 
cant alterations of the absorption pattern of this 
steroid were obtained. The formulation utilizing 
the isopropyl PVM/MA appears to have the best 
utilization of the prednisolone. The steroid does 
not appear to have been so eiliciently absorbed from 
the n-butyl PVM/MA coated formulation, since 
the more heavily coated portions have a higher dis- 
solution pH. 


The in uitro testing of the coated pellets was in- 
tended as an aid to  the reproducibility of the coating 
procedure. No conclusions regarding sustained-re- 
lease of drug can be drawn from these data. 


SUMMARY 


Prednisolone is well absorbed throughout the small 
intestine of the dog. 


Fasting, then meat-feeding the dogs 1 hour prior 
to the administration of the drug formulation results 
in greater uniformity in the plasma prednisolone 
levels attained. 


A sustained-release formulation of prednisolone 
has been prepared by coating pellets containing this 
steroid with variable quantities of the copolymers 
reported in this study. 
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Drag Standards - 


Qualitative and Quantitative Tests for Metaxalone 
Provisional! unofficial monographs are develo ed by the Dru Standards Laboratory, 
in  coo eration with the manufacturers of the Lug concernef, for publication i n  the 
Jonrnafof PbawnucedcaI Sciences. The ready availability of this information aiTords 
discriminating medical and pharmaceutical practitioners with an added basis for 
confidence in  the quality of new drug products generally, and of those covered by 
the monogra hs particularly. Such monographs will appear o n  drugs representing 
new chemicafentities for which suitable identity tests and assay procedures are not 
available i n  the ublished literature. T h e  urity and assay limits re rted for the 
drugs and their A s a g e  forms are based on ogservations made on  s a m p g  representa. 
tive of commercial production and are considered to be reasonable within expected 


analytical and manufacturing variation. 


5 - (3,s - DIMETHYLPHENOXYMETHYL) - 2 - oxazolidi- 
none; C12H16NO~; mol. wt. 221.26. The 
structural formula of metaxalone may be rep- 
resented as 


CHJ 
I 


I 
CH3 


0, ,N-H 


!i 
0 


Physical Properties.-Metaxalone occurs as a 
white, odorless, bitter, crystalline powder, m.p. 121- 
125O, U.S.P. Class I. It is freely soluble in chloro- 
form, soluble in alcohol and in propylene glycol, and 
very slightly soluble in water. 


Identity Tests.-Dissolve about 10 mg. of metax- 
alone in 10 ml. of sulfuric acid solution (65 in 100). 
To 1 ml. of this solution add 2 ml. of a 1 in 1000 
solution of vanillin in sulfuric acid solution (65 in 
100): a cherry-red color develops within a b u t  10 
minutes. 


A 1 in 10,OOO solution of metaxalone in alcohol 
exhibits ultraviolet absorbance maxima a t  about 280 
[absorptivity (I%, 1 cm.) about 551 and 272 mp 
[absorptivity (lye, 1 cm.) about 521 and a minimum 
a t  about 277 mB. The spectrum is shown in Fig. 1. 


The infrared spectrum of a 0.3% dispersion of 
metaxolone in potassium bromide, in a disk of 
about 0.82 mm. thickness, is shown in Fig. 2. 
Purity Tests.-Dry about 1 Gm. of metaxalone, 


accurately weighed, under vacuum at 80" for 3 
hours: it loses not more than 0.5% of its weight. 


Char about 1 Gm. of metaxalone, accurately 
weighed, cool the residue, add 1 ml. of sulfuric 
acid, heat cautiously until evolution of sulfur tri- 
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oxide ceases, ignite, cool, and weigh: the residue 
does not exceed 0.3%. Retain the residue for the 
heavy metals test. 


Dissolve the sulfated ash obtained from 1 Gm. of 
metaxalone in a small volume of hot nitric acid and 
evaporate to  dryness on a steam bath. Dissolve 
the residue in 2 ml. of diluted acetic acid, dilute to  
25 ml. with water, and determine the heavy metals 
content of this solution by the U.S.P. XVI heavy 
metals test, method I: the heavy metals limit for 
metaxalone is 20 p.p.m. 


Determine the nitrogen content by the U.S.P. 
XVI nitrogen determination, method 11, using 
about 300 mg. of metaxalone, previously dried 
under vacuum at 80" for 3 hours and accurately 
weighed, and 0.1 N sulfuric acid for the titration. 
Each milliliter of 0.1 N sulfuric acid is equivalent to 
1.401 mg. of nitrogen (N). The amount of nitrogen 
found is not less than 6.20% and not more than 
6.46% of the weight of the sample taken. 


Assay.-Transfer about 100 mg. of metaxalone, 
previously dried under vacuum at 80" for 3 hours 
and accurately weighed, to a 100-mI. volumetric 
flask, dissolve in alcohol, dilute to volume with alco- 
hol, and mix. Transfer 10.0 ml. of this solution to a 
second 100-ml. volumetric flask, dilute to volume 
with alcohol, and mix. Prepare a solution of 
metaxalone reference standard in alcohol by dis- 
solving a suitable quantity, previously dried and 
accurately weighed, and diluting quantitatively 
and stepwise to a concentration of about 100 mcg./ 
ml. Concomitantly determine the absorbance of 
the two solutions in 1-cm. cells with a suitable 
spectrophotometer a t  the wavelength of maximum 
absorbance a t  about 280 mp, using alcohol as  the 
blank. Calculate the weight of CaH,sNOa, in 
milligrams, in the amount of metaxalone taken by 
the formula C(A. /A, ) .  where C is the exact con- 
centration, in micrograms per milliliter, of metaxa- 
lone in the solution of the reference standard, A. 
is the absorbance of the solution of the sample, and 
A. is the absorbance of the solution of the reference 
standard. The amount of metaxalone found is 
not less than 98.0% and not more than 102.0% of 
the weight of the sample taken. 
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Fig. 1.- Ultraviolet absorption spectrum of 
Beckman metaxalone in alcohol (100 mcg./ml.). 


model DK-2A spectrophotometer. 


0 1 . .  . u . .  . . . 1 .  . . I 


Fig. 2.-Infrared spectrum of metaxalone in 
potassium bromide disk (0.3%). Perkin-Elmer 
model 21 spectrophotometer; sodium chloride 
pl-lSlU. 


DOSAGE FORMS OF METAXALONE 


I 1 . , 6 ? I s 10 I )  82 I, I. I, 
UbUDIcr” oM*u 


Metaxalone Tablets 
Identity Tests.-The ultraviolet absorption spec- 


trum of the chloroform solution obtained in the 
Assay shows absorbance maxima (280 and 272 
mp) and a minimum (277 ma) at the Same wave- 
length as that of the Standard Preparation. The 
spectrum of metaxalone in chloroform is similar to 
the spectrum in alcohol (Fig. 1). 


Evaporate to dryness 1 ml. of the initial chloro- 
form solution obtained in the Assay. Dissolve the 
residue in 1 ml. of sulfuric acid solution (65 in 100) 
and add 2 ml. of a 1 in lo00 solution of vanillin in 
sulfuric acid solution (65 in 100): a cherry-red 
color develops within about 10 minutes. 


Assay.-Stundurd Preparation.-Transfer about 
100 mg. of metaxalone reference standard, previ- 
ously dried under vacuum at 80’ for 3 hours and 
accurately weighed, to a 100-ml. volumetric flask, 
dissolve in chloroform, dilute to volume with 
chloroform, and mix. Transfer 10.0 ml. of this 
solution to a second 100-ml. volumetric flask, dilute 
:o volume with chloroform, and mix. 


Procedure.-Weigh and finely powder not less 
than 20 metaxalone tablets and transfer a portion of 
the powdered tablets equivalent to  about 200 mg. of 
inetaxalone to a 60-inl. separator. Add 10 ml. of 
water, agitate to suspend the powder, and extract 
with five 25-mI. portions of chloroform. Filter 
the chloroform extracts through a pledget of chloro- 
form-washed purified cotton into a 200-ml. 
volumetric flask, dilute to volume with chloroform, 
and mix. Transfer 10.0 ml. of this solution to a 
100-ml. volumetric flask, dilute to volume with 
chloroform, and mix. Concomitantly determine the 
absorbance of this solution and that of the Standard 
Preparafion in 1-cm. cells with a suitable spectro- 
photometer at the wavelength of maximum ab- 
sorbance a t  about 280 my. using chloroform as the 
blank. Calculate the weight of CllHlbN03, in 
milligrams, in the amount of pqwdered tablets 
taken by the formula 2C(A,/A.), where C is the 
exact concentration, in micrograms per milliliter, of 
metaxalone in the Standard Preparation, A, is the 
absorbance of the solution from the tablets, and 
A. is the absorbance of the Sfandard Preparation. 
The amount of metaxalone found is not less than 
95.Oy0 and not more than 105.0% of the weight 
of the sample taken. 


DISCUSSION 


U.S.P. and N.F. terminology for solubility, melt- 
ing range, reagents, etc., have been used wherever 
possible. 


Metaxolone,‘ synthesized by Lunsford et al. (1). is 
a skeletal muscle relaxant for treatment of acute 
muscle spasm related to sprains and strains, fractures, 
dislocations, and trauma to tendons and ligaments. 


Identity Tests.-Metaxalone reacts with certain 
aldehydes in acid medium to form colored products. 
Formaldehyde and p-dimethylaminobenzaldehyde 
gave yellow colors, while vanillin gave a bright 
cherry-red. 


Alcohol is a particularly convenient solvent for the 
ultraviolet absorbance identity test and the assay 
test for bulk metaxalone. On the other hand, it is 
more convenient to use the extracting solvent, 
chloroform, directly for the absorbance measurement 
of metaxalone in the tablet assay, thereby avoiding 
the necessity of chloroform evaporation and sub- 
sequent solution in alcohol. 


Quantitative Methods.-Analysis for both the 
bulk metaxalone and metaxalone tablets is based on 
ultraviolet absorption properties. Analysis of com- 
mercial tablets (400 mg.) gave an average value of 
99.4 f 0.2%” of the labeled amount. 
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Technicul Articles 


New Preparative Technique for Effervescent Products 
By VINCENT COLETTA and LLOYD KENNON 


An air suspension coating-reacting technique has been applied to the preparation of 
effervescent products. Unlike the present method, traditional preparative processes 
employ cumbersome many-step procedures. The new technique consists essen- 
tially of suspending all or certain of the desired materials in a stream of air, then 
spraying the suspended mass with water or with a solution of theremaining com- 
ponents. Detailed examples are given to illustrate the versatility and advantages of 


the process described. 


PPERVESCENT salts, ordinarily in the form of 
powders, granules, or compressed tablets, 


constitute a well-known class of pharmaceutical 
preparations. They generally consist of medici- 
nal ingredients, tartaric and/or citric acids, and 
a gas-generating base such as sodium bicarbonate. 
Usually they are administered after being put in to 
water, where they effervesce to form a carbonated 
saline drink. Specific examples ol this type of 
preparation can be found in the official compendia 
of pharmacy, the “United States Pharmacopeia” 
and the “National Formulary.” The following 
are examples of such effervescent salts: sodium 
phosphate, compound salt of potassium bromide, 
artificial Carlsbad salt, artificial Kissingen salt, 
artificial Vichy salt, potassium citrate, salt of 
lithium dtrate, salt of magnesium sulfate, and 
compound effervescent powders (Seidlitz pow- 
ders), 


The following are examples of commercial 
effervescent products: Bromionyll and Citro- 
carbonate,’ Bromo Seltzer,* Alka Seltzer,’ Sal 
Hepat i~a ,~  and Brioschi.b 


Standard processes used to prepare efferves- 
cent products consist of mixing the salts, adding 
a small amount of water to start the effervescence 
reaction and so obtain a workable mass, quickly 
drying the mass in ovens or heated dishes to stop 
the reaction, grinding the mass under dry condi- 
tions to form powder or granules, then bottling. 
Obviously, throughout the procedure the reaction, 
which liberates carbon dioxide, can be permitted 
only to proceed minimally, lest the effervescent 
character of the final product be destroyed. 
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Control of the amount of water, which is in- 
tentionally and unintentionally added to the ma- 
terials, and hence control of the extent of the 
reaction has always been difficult to achieve. 
Techniques such as moistening the materials with 
5% water in alcohol, using the water of hydra- 
tion of citric acid by liberating it in situ by heat- 
ing the salt mix, or using bursts of steam to 
moisten the material have been used to try to 
control the extent of the reaction. These tech- 
niques have necessarily made the preparation of 
effervescent pharmaceuticals quite cumbersome. 


It is the purpose of this communication to 
describe a method of preparing effervescent prod- 
ucts to facilitate the attainment of control of the 
reaction just noted; the method also embodies 
other improvements over standard processes. 
The new technique consists essentially of sus- 
pending the dry sodium bicarbonate and citric 
acid (or other or all of the composition’s ingre- 
dients) in a stream of air and spraying the sus- 
pended material with water or with a solution of 
sodium biphosphate or fruit acids. A device 
such as the Wurster air suspension apparatus 
(1, 2) or a modified form of it is suitable for this 
purpose. A satisfactory product can be pro- 
duced because the following variables can be 
efficiently, i .e. ,  effectively and rapidly, con- 
trolled: the volume and velocity of the air 
passing through the device, the air temperature 
and humidity (hence drying capacity), and the 
liquid feed rate (hence the amount of water and/ 
or other solvent added). Such positive control 
makes possible complete regulation of the 
effervescent reaction. 


EXPERIMENTAL 


The following illustrates the basic technique de- 
scribed. The example shows how the process func- 
tions when all of the ingredients are fluidized to- 
gether, after which water is added to them. The 
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composition of the formulation made was: sodium 
biphosphate, 860 Gm.; tartaric acid, 260 Gm.; 
citric acid, 100 Gm.; flavor, 5 Gm.; sweetener, 13 
Gm.; and sodium bicarbonate, 762 Gm. 


The 2 Kg. of material was put into the 6-in. 
Wurster air suspension apparatus chamber as dry 
solids. Only distilled water was used to cause the 
ingredients to react slightly and thus form expanded 
granules. Running characteristics were: air flow 
= 30-90 c.f.m.; spray nozzle opening = 20/1000 
in.; air nozzle opening = 70/1000 in.; atomization 
pressure = 60 psig; inlet temperature = 120-140 
OF.; exhaust temperature = 1OC-11O0F.; inlet 
fluid pressure = 2-5 psig with a flow rate of f30-70 
ml./minute. 


The yield was 95%; the granules obtained were 
in the range 1030 mesh. The total time needed to 
process the 2 Kg. was 10 minutes, and the heat cost 
was about 0.05 cents/lb. of product. Steam could 
have been used instead of the distilled water to 
cause the formation of the granules. 


The following formula is an illustration of one of 
the other techniques possible: citric acid, 140 Gm. ; 
sodium bicarbonate, 860 Gm.; and sodium biphos- 
phate, lo00 Gm. 


The 6-in. chamber of the air suspension apparatus 
was charged with the citric acid and sodium bicar- 
bonate; the sodium biphosphate was sprayed as a 
4070 w/w solution. Running characteristics were: 
airfiow = 3 W  c.f.m.; spray nozzle opening = 
20/1000 in.; air nozzle opening = 70/1000 in.; 
atomization pressure = 60 psig; inlet tempera- 
ture = 140-16O0F.; exhaust temperature = 110- 
125'F.; inlet fluid pressure = 2-7 psig with a flow 
rate of 30-40 ml./minute. 


The yield was 95'3,; the granules obtained were in 
the range 1030 mesh. Heat costs would be about 
0.2 cents/lb. of product. 


A similar formula example, but one which illus- 
trates the making of a more complete formula in a 
larger chamber is: tartaric acid, 1560 Gm.; citric 
acid, 600 Gm.; sodium bicarbonate, 4572 Gm.; 
sodium cyclamate, 78 Gm. ; water-soluble flavor, 30 
Gm. ; and sodium biphosphate, 5160 Gm. 


The 12-in. diameter Wurster air suspension ap- 
paratus chamber was charged with the two acids and 
the bicarbonate; the sweetener and flavor were dis- 
solved along with the biphosphate, which was 
sprayed as a 40yo w/w solution. Running charac- 
teristics were: a idow = 180-300 c.f.m.; spray 
nozzle opening = 28/1000 in. ; air nozzle opening = 
70/1000 in.; atomization pressure = 70 psig; inlet 
temperature = 160-180°F.; exhaust tempera- 
ture = 130-140'F.; inlet fluid pressure = 10 psig 
with a flow rate of 60-80 ml./minute. 


The yield was 9670; the granules obtained were 
in the range 10-20 mesh. Heat costs would be 
about 0.2 cents/lb. of product. 
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DISCUSSION 


Examination of the processes described for making 
effervescent products with the Wurster air suspen- 
sion apparatus seems to  indicate that the technique 
has many advantages over the standard preparative 
processes usually employed for such pharmaceu- 
ticals. That the Wurster device can function as a 
granulator. mixer, fluidized bed drier, and fluid 
energy mill is central to the attainment of these 
benefits. 


The extent of the effervescent reaction can be con- 
trolled during preparation of the mass; this makes 
possible the regulation and distribution of the water 
in the mass. Also, the size of the particles can be 
controlled, and they can be made without the 
necessity of grinding a dried mass; this eliminates 
the familiar ovens and trays in addition to the 
grinders. In addition, segregation of the initial 
active ingredients is prevented, and fines can be 
eliminated or minimized. 


Since some of the components can be used as 
filtered solutions, it  is possible to  eliminate ex- 
traneous materials such as specks or fibers, which 
may contaminate raw materials, even though they 
meet U.S.P. spedfications. With regard to  the final 
product, the stability may be increased because a 
protective layer of, c.g., biphosphate can be built 
around the granules. Further, additional ingre- 
dients, such as therapeutically active substances or 
flavors, may be conveniently and uniformly added 
to  the effervescent granules either before or after 
they are formed. Naturally, the granules can be 
compressed into tablets after the addition of suitable 
lubricants. 


Advances in air suspension and other fluidized 
bed technology. such as that recently noted by Scott 
et al. (3, 4). suggest that a method like one de- 
scribed here may be made continuous. This could 
make the old space and timeconsuming batch proc- 
esses obsolete and create substantial time and cost 
savings for users of the new method. 


SUMMARY 


The Wurster air suspension apparatus has been 
used successfully to prepare effervescent pharma- 
ceutical products. Use of the apparatus for this 
purpose was illustrated with examples. The ad- 
vantages inherent to the suggested new method were 
discussed. 
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Tablet Acceptance by a Double Sampling Plan 
By R. A. GRUNDMAN and BERNARD ECANOW 


A double sampling plan for tablet acceptance is presented and analyzed. The  
answers to three fundamental questions are presented: (a) How will the plan oper- 
ate with respect to  batches of tablets which vary i n  quality from batch to batch? (b) 
What will be the quality of tablets passed into stock by the plan? (c )  How much 


inspection o n  the average will the plan require? 


N THE PRODUCTION of coated aspirin tablets 
intended t o  be used for sustained-release ac- 


tion, lot sizes of 500 tablets were produced. A 
double sampling plan was selected (nl = 50, 
n2 = 100, CI = 0, c? = 2). The  authors were 
interested in analyzing the  ability of this plan 
with respect to  the three fundamental features 
listed below. 


How will the plan operate with respect 
to batches of tablets which vary in quality from 
batch to batch? 


(b) What will be the quality of tablets passed 
into stock by the plan? 


(c) How much inspection on the average will 
the plan require? 


The first question is answered by  the operating 
characteristic (OC) curve for the plan. The 
second question is answered by  the  average out- 
going quality (AOQ) curve for the plan and the 
third question by the  average sample number 
(ASN) curve and the total amount of inspection 
(TAI) curve for the plan. 


This paper is intended to show how to con- 
struct, by approximate methods, these curves for 
our double sampling plan. 


(a)  


DISCUSSION 


Because sampling is a problem involving the laws 
of  chance, the development of good sampling accept- 
ance schemes requires consideration of the mathe- 
matics of probability. 


Three probabilities must be noted: 
( a )  The probability of the joint occurrence of 


two independent or dependent events is the product 
of their respective probabilities. Thus, if a coin 
and a die are tossed simultaneously, the probability 
of a head and an ace is 1/2 X f a  = I/I?. 


The probability that one or the other of a 
set of mutually exclusive events will occur on an 
occasion where any of them may occur is the sum 
of their respective probabilities. Thus, the prob- 
ability of a 7 or an 11 a t  one toss of two dice is ' / B  + 


(c) The Poisson exponential will be used to 
approximate the more rigorously correct probabilities 
given by the binomial formula. 


The probability (1) of finding m defects in a ran- 
(lorn sample of n pieces drawn from an infinite 
Iiuivcrsc (general output of uniform product) in 


( 6 )  


1/18 = 2/9. 
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which the fraction defective is p. is given exactly by 
the m + 1st term of the expansion of the binomial, 


When p < 0.10, a good approximation to Eq. 1 is 
given by the m + 1st term of the Poisson exponential 
distribution 


1(1 - P )  +PI", Pm.n,p = C;(I - p ) n - m p m  (Eq. 1) 


The first study concerned the tablet weight (a non- 
destructive test) for which we constructed OC, AOQ, 
ASN, and TAI curves. The second study was for 
tablet disintegration, for which only the OC and 
ASN curves are used since this is a destructive 
test. 


Operating Characteristic (OC) Curve.-(Table I. 
Fig. l).--In our plan a %-tablet sample (nl = 50) 
was taken. In testing for tablet weight on the 50- 
tablet sample, the batch was acceptable if all tablets 
passed the weight test (cl = 0). If all the tablets 
did not pass the weight test a 100-tablet sample ( n ~  
= 100) was tested, and the batch was acceptable if 
two tablets (c2 = 2) or less did not pass the weight 
test in the first and second sample of 150. In the 
second study, on running U.S.P. XVI disintegration 
tests for coated tablets on a %-tablet sample, the 
batch was acceptable if all tablets dissolved (c, = 0). 
If all the tablets did not dissolve (within the mean- 
ing of the test) a 100-tablet sample (nz = 100) was 
tested, and the batch was acceptable if two tablets 
(CZ = 2) or less remained undissolved in the first 
and second sample of 150. 


Let P.(p) = probability that a lot of quality p 
will be accepted. The lot will be accepted ( a )  if 
cI = 0 defectives appear in the first sample of nl = 
50 01 ( 6 )  if cz = 2 or less defectives appear in the 
first and second sample of 150. 


The probability of ( a )  happening is Pp(50,0), 
where we take 


The probability of (b) happening consists of (i) the 
probability of 1 in 50 and 1 or less in 100 or (ii) the 
probability of 2 in 50 and 0 in 100. 


These probabilities may be symbolized as 
1 


(i) Pp(50, 1) Pp( 100,~) ( i i )  Pp(50 ,2 )  Pp( 100,O) 
x = o  


Hence 


2 P,(lOo, x )  + P,(50, 3 )  Pp( loo ,  0) 
x = o  


A work sheet now may be arranged, entries made 
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TABLE I . ~ P E R A T I N C  CHARACTERISTIC CURVE FOR DOUBLE SAMPLING INSPECTION PLAN 


P 
,002 
.005 
,006 
. O l  
.02 
.03 
.04 
,048 
.05 
.06 
.07 
.08 
.09 
.10 


.905 


.779 
,741 


.090 
,195 
.222 


.607 .303 _ _ _  
,368 ,368 
,223 ,335 
.135 ,271 
,091 ,218 
,082 .205 
,050 ,149 
.030 ,106 
.018 .074 
,011 ,050 
.007 ,033 


. .  


.005 
,024 
,033 
,076 
,184 
,251 
,271 
.261 
,257 
,224 
,185 
.146 
.112 
,085 


. .  


,819 
,607 
,549 
,368 
.135 
.om 
.018 
. 00s 
,007 
,002 
,001 
,000 
,000 
,000 


Pa( ,002) = ,905 + .090( ,819 + ,164) + .005( ,819) = ,998 
Po( .005) = ,779 + .195( ,607 + .303) + .024( ,607) = ,971 
Po( ,006) = ,741 + .222( .549 + ,329) + .033(. 549) = ,954 
Po( .01) = .607 + .303( .368 + ,368) + .076( ,368) = ,858 
Pa( .02) = ,368 + .368(. 135 + .271) + .184(. 135) = .542 
Po( .03) = ,223 + .335( ,050 + ,149) + .251( ,050) = ,302 
Po( .04) = ,135 f .271( ,018 + .074) + .271( ,018) = .165 
Po( ,048) = ,091 -I- .218(.008 + ,040) + .261(.008) = ,103 
Pa( .05) = .082 + .205( .007 + ,034) + .257( ,007) = ,092 
Pa( .06) = .050 + .149(.002 + .015) + .224( ,002) = ,053 
Pa(.07) = ,030 + .106(.001 + ,006) + .185(.001) = ,031 
Po( .08) = ,018 + .074( .OOO + .003) + .146( ,000) = ,018 
P.(.09) = .011 + .050(.OOo + ,001) + .112(.000) = ,011 
Pa(.lO) = .007 + .033( ,000 + .OW) + .085( ,000) = ,007 


PEPCENTACE OF DEFECTIVE ITEMS I N  SUBXITIED LOTS 


Fig. 1 .-Operating characteristic curve for double 
sampling inspection plan. n1 = 50, nr = 100, 
cl = 0, GI = 2. 


from Molina's (2) tables for p = O  to p = .lo, and 
P.(p) computed. 


Key features of our plan are (a) 95% of submitted 
lots accepted at about p = .6%, (b) 10% of sub- 
mitted lots accepted a t  about p = 4.8%, and (c) 50- 
50 chance of acceptance at p = 2.1%. 


The slope of the tangent to the OC curve at and 
in a small neighborhood of p = 0 is of interest be- 
cause a slope of zero implies no rejections. Ob- 
viously, Pa(0) = 1.00 for any plan, but the slope of 
the OC curve as p 4 0 indicates the power of the 
plan to detect small deviations from perfection in 
submitted lots. As a practical matter, one would 
generally prefer an OC curve which has essentially 
a zero slope for most values of p on the interval 
0 5 p 5 AQL. A plan whose OC curve approaches 
(0,l.W) with nonzero slope would operate to reject 
some lots of superior quality. 


In the case of our double sampling plan, this 
property of slope of the OC curve near p = 0 may 
be studied as follows. 


Sublot size 500. 


P(100.1) 
,164 
,303 
,329 
,368 
,271 
,149 
.074 
,040 
.034 
,015 
,006 
,003 
. O O l  
,000 


Po'(p)  = -50(1 L'p)4g $ 50[po(1 - $)It9 
- 149 p(1 - p)Ia] + 5000[2p(l - p)'" 
- 148 p'(1 - p)"'] + 1225[2p(1 - p)'" 
- 148 p y i  - p)1471. 


If p = 0, P0'(p) = -50 + 50 = 0. 
This is an example of the case cl = 0, t$ # 0. p = 0 


gives P,'(p) = 0. This case should not be taken as 
typical for all double sampling plans where CI =O. 
There are double sampling plans for which c1 = 0 
and P,'(p) # 0 as p + 0. 


Average Outgoing Quality (AOQ) Curve.-If all 
rejected lots are detailed, cleared of defectives, and 
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all defectives replaced by good pieces, the equation 
for the AOQ curve becomes 


AOQ(p) = Pa(P)P- 0%. 2) 
Derivation: 


N = number of pieces in each lot 
k lots a t  p 
NkPa(p)  accepted 
N k [ l  - P.(p)] rejected 
NkP.,(p)p defective pieces accepted 
N k [  1 - Pa( p ) ]  p defective pieces rejected 


AoQ(P) = 
NkP4P)P + NkIl - Pa(P)l(O) 


Nk 
= Pa(P)P  


The curve may be constructed from values al- 
ready in the OC table. 


If the rejected lots are detailed, cleared of defec- 
tives, and only the good pieces passed into stock, 
then 


Derivation: 


This curve may be constructed similarly from 
values available in the OC table. 


TABLE II.--RELATIONSHIP BETWEEN INCOMING 
QUALITY, OUTGOING QUALITY, AND AOQL 


Assume all rejected lots are If rejected lots are cleared of 
cleared of defectives and re- 


stored as 1 0 0 %  lots 
defectives but not restored 


nl = 50, nz = 100,  CI = 0, ca = 2 
.40Q(.002) = .002 AOQ(.002) = .002 


(.005) = .005 (.005) = .005 
(.006) = .0057 (.ma) = .0057 
(.01) = .0086 (.01) = .0086 
(.02) = .0108 i- AOQL (.02) - .0109 -+ AOQL 


(.M) = .0066 (.04) = .0068 
(.048) = -0049 (.048) = .0051 
(.05) = .0046 (.05) = .0048 
(.06) = .0032 (.OS) = A034 
L07) = .0022 (.07) = .0024 
(.08) - A014 (.08) = A015 (.ow = .0010 (.OW - .0011 
(.lo) = . m 7  (.lo) = .oM)8 


(.03) = .0091 (.03) = .0093 


An important feature of these curves is the exist- 
ence of a unique maximum point called the average 
outgoing quality limit (AOQL) and defined as the 
poorest average quality level which can occur in the 
long run after inspection, no matter what quality 
lots are submitted for inspection. 


For our plan the curve of Eq. 2 is similar to 
the curve for Eq. 3. They are identical up to AOQL; 
a t  that point Eq. 3 exceeds Eq. 2. This relationship 
continues to  the end of the curve. AOQL for Eq. 
2 is 1.080/0 for p = 2 % ;  AOQL for Eq. 3 is 1.09yo for 
p==2%. (See Table I1 and Figs. 2 and 3.) 


Average Sample Number (ASN) Curve.-The 
expected number of pieces inspected to  reach a 
decision regarding disposition of a lot will consist of 


E 
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0 6  
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$ 8  
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PERCENTAGE OF DEFECTIVE ITEMS I N  SUBYITTED LOTS 


Fig. 2.-Relationship between incoming quality, 
outgoing quality, and AOQL. (Assume all rejected 
lots are cleared of defectives and restored as 100% 
lots.) nl = 50. nz = 100, c, = 0, cp = 2. AOQL = 
l.OS?& Sublot size 500. 


three parts. (a) The average number required to 
accept the lot on the first sample, (b) the average 
number required to reject the lot on the first sample, 
( c )  the average number required to reach a decision 
by virtue of inspecting a second sample. 


If P,,(p)  = probability of accepting a lot of qual- 
ity p on the first sample = Pp(nl,  x 5 c1) probability 
of c1 or less in first nl observations from lot at level 
P. 


If P J p )  = probability of rejecting a lot of quality 
p on first sample = 1 - P,(nl, x 5 c2) probability 
of cz +- 1 or more in iirst nl observations from lot 
at level p .  


If P.(p)  = probability of being required to take a 
second sample to reach a decision concerning dis- 
position of the lot at level p = P,(nl, x 5 c,) 
- Pp(n1, x 5 61) because 


CI CI 


C ~ ~ ( n 1 . x )  + (1  - C Pp(nl,x)I + P A P )  = 1 
x = o  x = o  


Then 


XSN(p) = nlPo,(P) + nlPr1(P) + (n1 + nz)P*(p) 
This supposition is that for each lot requiring a 


second sample, inspection of the second sample is 
carried to completion, even though an action decision 
is reached before nl + n2 pieces have been inspected. 


We shall show how this is constructed for our 
particular plan. 


ASN(P) = 5o[Pa1(P) + Pri(P)I + 15OPdP) 


PERCENTAGE OF DEFECTIVE ITEMS I N  SUBMITTED LOTS 


Fig. %.-Relationship between incoming quality, 
outgoing quality, and AOQL. (If rejected lots are 
cleared of defectives but not restored.) n1 = 50. 


size 500. 
% = 100,cl 5 O , C ~  = 2. AOQL = 1.09%. Sublot 
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TABLE III.-AVERAGE SAMPLE NUMBER CURVE FOR DOUBLE SAMPLING 


nl = 50, nz = 100, CI = 0,  cz = 2 


ASNO) = niIPal(fi) + Prl(P)l + ( m  -I- ndPdP) 


P pqw P r l W  PdP) Prl(fi)I ( m  + ndP*(P) ASN 
nrlPal(fi) + 


,002 .905 .Ooo .095 45.45 14.25 59.70 
,005 .779 .002 ,219 39.05 32.85 71.90 
,006 ,741 .004 .255 37.25 38.25 75.50 
. O l  ,607 .014 ,379 31.05 56.85 87.90 
.02 .368 .om .552 22.40 82.80 105.20 
.03 .223 .191 .586 20.70 87.90 108.60 
.04 .135 .323 .542 22.90 81.30 104.20 
.048 ,091 
.05 ,082 
.06 .om 


.430 ,479 26.05 71.85 97.90 
,456 ,462 26.90 69.30 96.20 
.577 ,373 31.35 55.95 87.30 


.07 .030 .679 .291 35.45 43.65 79.10 


.08 .018 .762 .220 39.00 33.00 72.00 


.09 ,011 .826 .163 41.85 24.45 66.30 


.10 .007 ,875 ,118 44.10 17.70 61.80 


PRRCENTAGE OF DEFECTIVE ITEMS I N  SUBMITTED LOTS 


Fig. 4.-Average sample number curve for 
double sampling inspection plan. nl = 50. np = 
100, CI = 0, c2 = 2. 


Now 


Pa,(p) = Pp(nl,x ICI) = Pp(50,O) 


Prl(p) = 1 - Pp(n~,x  5 ci) = 1 - c Pp(50.2) 
2 


x = o  
P d P )  = Pp(n1.x I cz) - Pp(n1,x 5 c1) 


2 


x - 0  
= c PP(5O,r) - Pp(50,0) 


Values of P,,(p) and P,(p)  may be approximated 
from Molina's tables for p 5 .lo. but the binomial 
is preferable for p > .lo. Values of P,,(p) are avail- 
able from the OC table. 


A plan should reach a decision early concerning 
when either material of very high quality or very 
poor quality is under inspection. Since first sample 
sizes in double sampling are always smaller than the 
corresponding fured sample size in single sampling, 
double sampling achieves the objective of less in- 
spection for both exceptionally high and exception- 
ally poor incoming quality. On the other hand, for 
material of intermediate quality the forcing of a 
second sample leads t o  more inspection than would 
be required by the corresponding single sampling 
plan. Therefore, the ASN curve as a function of 
continuously varying p must and does have a maxi- 
mum value for some unique value of p .  


We shall now show the approximate maximum 
ASN compared to the single sampling plan corre- 
sponding respectively to our plan. 


The corresponding single sampling plan means here 


the plan that would be used for comparable incom- 
ing quality range and lot sizes. Strictly speaking, 
two sampling plans correspond with respect to their 
discriminatory power only when they have essen- 
tially congruent OCcurves. Correspondence as used 
in this discussion only approximates this ideal. 


ASN is 109 at p =3y0 when n~ = 50, np = 100, CI = 
0, cz = 2. 


The ASN curves assume that all second samples 
are completely inspected, an assumption not likely 
to be realized in practice. The result of terminating 
the inspection on a second sample after a decision to  
reject is obtained will, of course, materially decrease 
the ASN values over the right half of the curve. 
(See Table I11 and Fig. 4.) 
Total Amount of Inspection (TAI) Curve.-When 


acceptance procedures involve 100% detailing of 
all rejected lots, the question of what will be the 
expected total amount of inspection at each quality 
level arises. 


The TAI figure is the sum of three components: 
( a )  expected number of pieces inspected to  accept on 
the first sample, (6) expected number of pieces in- 
spected to accept on the second sample, (c) expected 
number of pieces inspected by virtue of detailing 
rejected lots. Thus, TAI is a function of two in- 
dependent variables, p and N. If N = lot size, 
P,(p)  = probability of taking second sample, and 
Pp'(p) = probability of acceptance on second sample. 
Hence 


Single sampling plan is n = 75, c = 1. 


because 


P d P )  + P*(P)PaiP) + P4P)  = 1 


For our plan 1, = 50, nZ = 100, c1 = 0, cz = 2, and 
a lot size of 500 we have 


TAI(p.500) = 50 P a , ( P )  + 150 P*(P)Paz(P) + 500[1 - P 4 P ) P d P )  - Pa,(P)l 
Now 


P.(P)Pdp)  = Pa($) - PadP) 
so this and all other terms involved here are available 
from the OC table. 


If the receiving staff does the detailing and uses the 
plan studied in this paper, it  can expect to have 
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TABLE IV.-TOTAL AMOUNT OF INSPECTION CURVE 
-__ . _ _ _ _ _  __ 


111 = 50, n, = 100, CL = 0. cz = 2 
N = 500 


TAI(p) = nlPa,(P) 4- (%I 4- nt)PdP)P&) 4- NI1 - Pa(P)Po,(P) - Pol(P)l 
( # I  + n d -  “1 - P*(P)Ps,(P) 


P Pal(#) niPo,(P) ps(P)Pa&) Ps(P)Pa&) -Pol(P) 1 TAIO) 
,002 .905 45.25 ,093 13.95 1 .oo 60.20 
.005 ,779 38.95 ,192 28.80 14.50 82.25 
,006 ,741 37.05 ,213 31.95 23.00 92.00 
.01 607 30.35 ,251 37.65 71 .OO 139.00 
.02 ,368 18.40 ,174 26.10 229.00 273.50 
.03 223 11.15 ,079 11.85 349.00 372.00 
.04 .135 6.75 ,030 4.50 417.50 428.75 
,048 ,091 4.55 .013 1.80 448.50 454.85 
.05 ,082 4.10 ,010 1.50 454.00 459.60 
.06 ,050 2.50 ,003 .45 473.50 476.45 
. 07 ,030 1.50 ,001 .15 484.50 486.15 
.08 ,018 .90 ,000 . 00 491.00 491.90 
.09 . 01 1 .55 ,000 . 00 494.50 495.05 
.10 ,007 .35 . 000 . 00 496.50 496.85 


B 


PERCENTAGI: OF DRPECTIVB ITEMS I N  SUBMITTIID LOTS 


to inspect on the average 18% of every 500 piece lot 
that comes in a t  an AQL of .6%, and 91% of every 
500 piece lot that comes in at a p t  of 4.8y0. (See 
Table I V  and Fig. 5.) 


CONCLUSl ON S 
This paper has attempted t o  show how a given 


double sampling plan should be X-rayed to  reveal 
its performance characteristics. 
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Notes,- 


Influence of Physostigmine and Neostigmine on the Responses of 
Goldfish Intestine to Acetylcholine 


By THOMAS J. HALEY, G. COLVIN, and M. EFROS 


The use of a microbath and electronic amplitkcation of the contractions of goldksh 
intestine makes it ossible to  estimate acetylcholine in concentrations of 0.5 to 2.5 
X 10-n Gm. AdJt ion  of esterase inhibitors increases the sensitivity of the prepa- 
ration, but it is not so sensitive as the leech muscle. Physostigmine and neostig- 


mine also cause contractions of the goldfish intestine. 


ANY MAMMALIAN intestinal preparations have M been used to study the effects of biologically 
active substances, but Dreyer (1) was the first to  
describe the effects of acetylcholine and physostig- 
mine on the fish intestine. Euler and Ostlund (2) 


extended these observations to include other mate- 
rials, such as histamine, 5-hydroxytryptamine, and 
substance P. Gaddum and Szerb (3) showed that 
the intestine of the goldfish (Carussius auralus) could 
be used for such studies. Furthermore, the use of a 
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microbath greatly increased the range of concentra- 
tions which could be investigated. However, 
Gaddum and Szerb (3) did not study the effects of 
physostigmine or neostigmine on the goldfish in- 
testine. In view of the fact that such compounds 
generally increase the sensitivity of the intestine 
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Fig. 1.-Response of the goldfish intestine to 
acetylcholine in the absence of cholinesterase 
inhibitors. Mean f S.E. 


"1 IS 


N - 3 9  


0 - PHVSOSTlGYlNE 


&, - NCOSTIGYINE 


I 2 i 
DOSE (NANOGRAMS) 


Fig. 2.-Response of the goldfish intestine t o  
acetylcholine in the presence of 250 nanograms of 
either physostigmine or neostigmine. Mean f 
S.E. 


TABLE I.-sTATISTICAL COMPARISON OF 
DRUG RESPONSES 


f 
Required 


1 a t P =  
Drug b Sbta Obtained 0.05 


Acetylcholine, 


Acetylcholine 
1 10.38 1.28 ... ... 
+ physostig- 
mine, 2 10.67 2.36 0.152b 2.78 


Acetylcholine +. neostig- 
mine, 3 7.56 1.74 1.62c 2.78 


0 .yb2 = 3 \ ; - $ & X  = estimated variance of slope. 


Comparison between I and 6Comparison between 1 and 2. 
3. 


to acetylcholine and because we are investigating 
the release of this substance from brain tissue where 
low concentrations would be encountered, the de- 
cision was made that the effects of both esterase 
inhibitors should be investigated to determine not 
only their effects on intestinal contractility but also 
their influence on intestinal sensitivity to  acetyl- 
choline. 


EXPERIMENTAL 


The microbath and goldfish intestinal prepara- 
tion described by Gaddum and Szerb (3) was used 
for the quantitative estimation of acetylcholine. 
The effects of physostigmine and neostigmine on the 
acetylcholine response were also investigated. The 


intestinal contractions were recorded with a Sanborn 
linear differential transformer model FTA-1-1 and a 
Sanborn strain gauge amplifier model 140. The 
ranges of drug concentrations were : acetylcholine 
0.25 to 5 nanograms; physostigmine and neostig- 
mine 12 to 500 nanograms. (One nanogram equals 
1 X 10-O Gm.) All drug additions to  the microbath 
were accomplished with a Kensco 50-pl. micropipet. 
The results were analyzed statistically by calculating 
the regression lines and comparing the slope values 
by the t test. 


RESULTS 


Exposure of the isolated goldfish intestine to 
acetylcholine resulted in a vigorous contraction with 
a response that was essentially linear over the dosage 
range of 0.5 to 2.5 nanograms. Higher doses gave 
no greater response (Fig. 1). The amount of 
acetylcholine detected with this preparation was in- 
creased when 250 nanograms of either physostigmine 
or neostigmine were mixed with the acetylcholine 
(Fig. 2). but the over-all response of the preparation 
to acetylcholine decreased. The increase in sensi- 
tivity was probably related to  the inactivation of 
cholinesterase by the drugs and the decreased over- 
all response to  the direct contractile effects of these 
drugs on the intestine. Both esterase inhibitors 
caused slight contractions of the intestine in the 
absence of exogenous acetylcholine, but the height 
of contraction was almost identical per dose over the 
dosage range of 12 to  500 nanograms. Further- 
more, there was a tendency for the intestine to  re- 
main in a permanent contraction after exposure to 
doses above 250 nanograms. In all instances con- 
version to  log dose-response curves and comparison 
of the slope values by the t test indicated no signifi- 
cant difference in the values obtained with or with- 
out the esterase inhibitors (see Table I). 


DISCUSSION 
The results obtained with the goldfish intestine 


following exposure to  acetylcholine confirm those 
previously reported by others (1-3). The effects 
of physostigmine and neostigmine were similar to the 
observations of Dreyer (1). The authors have 
shown that this preparation gives a linear response 
over a dosage range of 0.5 to 2.5 X 10-o Gm. of 
acetylcholine which is in agreement with Gaddum 
and Szerb (3). When either physostigmine or 
neostigmine are added to the solution, the lower 
limit drops to  0.25 X 10-9 Gm. Using the same 
technique and the cholinesterase inhibitor isopropyl- 
methylphosphoryl fluoride (sarin), Szerb (4) 
showed that the leech muscle could detect 25 to 
100 X lo-]* Gm. of acetylcholine. Thus, the leech 
muscle is approximately 10 times more sensitive than 
the goldfish intestine. However, the availability of 
the latter to  most laboratories may more than com- 
pensate for the increased sensitivity of the former. 
Moreover, the addition of specific antagonists to the 
bathing fluid makes it possible to  eliminate the effects 
produced by polypeptides, catecholamines, his- 
tamine, and other naturally occumng substances (3). 


REFERENCES 
(1) Dreyer. N. B.,  Arch. I n l c m .  Pharmacodyn., 78, 63 


(2) Von Euler. U. S., and Ostlund. E.. Acfa Physiol. 


(3) bdhum. J. H., and Szerb, J. C., Brif. J .  Phormocol.. 


i4) Szcrb. J. C.. . I .  Phyriol., 158, 8P(l961). 


(1849). 


Srond. 36 364(1956). 


17 461(1961). 








Saponins and Sapogenins XVIII-Isolation of Proceric Acid, a New 
Triterpenic Acid, from Maharashtrian Albizzia procera Seeds 


By I. P. VARSHNEY and S. Y. KHAN 


A colorless saponin isolated from Maharashtrian Albizziaproccra seeds on  hydrolysis 
yields a new pentacyclic uiterpenic acid, m.p. 268-270°, acetate, m.p. 288-290', 
methyl ester, m.p. 224-225', and acetyl methyl ester, m.p. 280-281'. The com- 


pound has been named proceric acid. 


HE ALBIZZIA PROCERA, Benth. seeds, obtained T from Madhya Pradesh, were studied earlier in 
these laboratories (1, 2) for their saponin and 
sapogenin contents. They contained a saponin, 
proceranin, which on hydrolysis yields an acid genin 
identified as machaerinic acid (38, 218, dihydroxy 
A1*-18~-o1eanene-28-oic acid) (I). To carry out 
additional work on proceranin, a supply of Albizzia 
proceru seeds was obtained from the Silviculturist, 
Maharashtra, Poona. But surprisingly, when the 
genin obtained from these seeds was acetylated in 
the usual manner, the acetate obtained was quite 
different from the machaerinic acid acetate. Its 
melting point and rotation differed considerably 
from the acetates of all known triterpenic acids. 
Therefore, a detailed study of the genin from these 
seeds was instigated. 


*OH 


The well-defatted seed powder was extracted 
with alcohol, and the usual treatment gave a color- 
less product which passed all tests for saponin. 
The saponin. on hydrolysis with sulfuric acid, 
gave a colorless sapogenin which was further purified 
by potassium salt formation and crystallization, 
~11.p. 26&270". The acid genin was then trans- 
formed into a methyl ester with diazomethane, 
yielding colorless needles, m.p. 224-227". The 
genin, on acetylation with cold pyridine and acetic 
anhydride, gave an acetate, m.p. 288-290". The 
acetylation of the methyl ester with cold pyridine 
and acetic anhydride easily gave the acetyl methyl 
ester, melting a t  281-282'. But the methylation 
of the acetate with diazomethane did not yield an 
acetyl methyl ester. All these compounds gave a 
yellow color, with tetranitromethane showing the 
presence of a t  least one carbon-carbon double bond. 


Although the methyl ester and acetyl methyl ester 
have the same melting points as those of the cor- 
responding derivatives of machaerinic acid, the 
melting points of the acetate and the genin differed 
considerably (Table I). The rotations of all these 
derivatives also differed. 


The infrared spectra of the acetate showed the 
presence of ail  acetyl group a t  8.05 p and of a 7-  
lactone a t  5.68 p. which showed that the second OH 
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group is not acetylated and has formed a lactone 
with the acid group. The I.R. spectra of the methyl 
ester also differed from the spectra of the methyl 
ester of machaerinic acid. The infrared spectra 
of this acid (proceric acid), when taken in pyridine 
under the conditions described (3). showed charac- 
teristic bands in the B range at 1332, 1292, and 1249 
cm.-I. This does not fit well into the oleanolic 
acid or in the ursolic acid scheme but is similar to 
the spectra of A1*-28-acids, as other positions of the 
double bond or the carbonyl groups give rise to 
storing alterations of the mentioned triplet. The 
NMR spectra (Fig. 1) was also different. An 18a- 
structure for this acid might be possible. Since 
this acid may be new, it has been tentatively named 
proceric acid. 


The NMR spectrum has the vinylic hydrogen 
absorption at 62-65 cycles per second (c.P.s.), 
which is rather strange. Usually such an ab- 
sorption falls in the 75-79c.p.s. region. That the 
compound shows low absorption may mean that 
the double bond is conjugated. For example, if 
there is a ketone a t  C-11 in addition to  the double 
bond at C-12, such an absorption is obtained. It 
may be possible that the double bond is not at C-12 
according to the findings of NMR spectrography. 


The low absorption from 105-120 C.P.S. represents 
the alpha hydrogen of the C-3 acetate function. 
This absorption is about where it should be. 


The doublet at 127.8 and 133.9 C.P.S. probably 
represents the alpha hydrogen to the alcoholic 
oxygen of lactone. But again this absorption is too 
high, i .e . ,  upfield. For example, in dumortierigenin 
diacetate, where a five-membered lactone is present 
(4), the alpha hydrogen occurs at 104-120 C.P.S. 
The peak at 211.5 C.P.S. represents the methyl 
group of the acetate function at C-3. 


The peaks at 246.6, 250.4, 253.2, 255.7, and 259.6 
C.P.S. represent saturated methyl functions. In  
other words, there is no vinylic methyl group of the 
type C: C - CHa. The smaller peaks a t  the right- 
hand side of the spectrum 187.6, 198.7, 225.6 c.P.s., 
etc., stand for methylene or methine hydrogens. 


This shows that the present genin acetate is a 
lactone between second OH and acid group. The 
18a-structure for this acid, on the study of the 
molecular model and I.R. spectra, is not ruled out. 


EXPERIMENTAL' 
Defatting.-Well-powdered seeds (250 Gm.) were 


exhausted in a Soxhlet apparatus with light petro- 
leum ether (40-60'). Recovery of the solvent gave 
a greenish-yellow oil with the typical odor of 
Albizzia seed oils. 


1 All melting points were taken on a Kofler hot micro- 
scopical stage and are corrected. The I .R.  spectra were 
recorded on an lnfracord model 137 and a Perkin-Elmer 
model 221 spectrophotometer by I. P.  Varshney and Pro- 
fessor R.  Tsche.de respectively. The NMR spectra 
were recorded by the 'Department of Chemistry, Whitmore 
Laboratory, The Pennsylvania State University. ,The rota- 
tions are in chloroform solution. 
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TABLE 1.-MELTING POINTS 


Machaerinic Acid, Proceric Acid, 
m.p. Ialn m.P. [OlD Mixed M.p. 


Genin 256-258 +82.4 268-270 263-267 
Acetate 258-260 +88 288-290 +i6:67 260-262 
Methyl ester 224-225 +80.7 224-227 +67.16 225-22i 


Acetyl bromolactone 276-278 +80 . . .  . . .  . . .  
Acetyl methyl ester 278-280 +QO 281-282 +80.20 282-283 


Extraction.-The defatted seed powder was ex- 
hausted with 9570 alcohol in a Soxhlet apparatus, 
and the extract was concentrated to  a brown 
syrupy liquid, which was extracted successively 
with petroleum ether, ether, chloroform, carbon- 
tetrachloride, and acetone to remove the impurities 
soluble in these solvents. The residue left was 
then dissolved in ethyl alcohol and filtered. The 
solution was added dropwise to  a large amount of 
ether when a light brown precipitate was obtained. 
This operation of dissolution in alcohol and pre- 
cipitation was repeated several times; finally, the 
precipitation occurred in acetone. The final 
precipitate was taken in alcohol and treated with 
activated charcoal. It was again precipitated in 
acetone. This gave a light creamcolored hygro- 
scopic powder of saponin. This product gave all 
the tests for saponins-sneezing, abundant foam 
on shaking with water, toxicity to  fishes in low 
concentrations, strong hemolytic effect in dilute 
concentrations, and the specific color reactions 
(5). 


Isolation of Sapogenin.-The cream-colored pow- 
der of the saponin obtained by the ether/acetone 
precipitations was dissolved in a large amount of 
water and hydrolyzed with sulfuric acid (5-7%) 
by heating the solution first on a boiling water 
bath for 1 hour, then completing the hydrolysis by 
refluxing the solution for 1 more hour. After 
completion of the hydrolysis, the precipitate was 
filtered, washed with water until the washings were 
neutral, and finally dried. The genin thus ob- 
tained was dissolved in alcohol and decolorized 
with activated charcoal. 


The crude genin was converted into potassium 
salt by heating with an alcoholic solution of caustic 
potash for 1 hour and thereafter distilling off half 
of the solvent. The solution was diluted with a 
large quantity of water and extracted three times 
with ether. The ethereal extracts were combined 
and washed free of alkali. On recovery of the sol- 
vent, an appreciable quantity of the neutral sapo- 


t 
*:: 
3 
ON 


UDfield. C.D.S. . . .  
Fig. 1.-To convert to  standard T values, divide 


by 40, then add 2.75 in every case. At 40 mega- 
cycles (Varian)-C&t, solvent; CHCL, standard 
(internal). 


genin was not obtained. The alkaline solution left 
after ether extraction was acidified with hydro- 
chloric acid and left for 2 hours. The precipitate 
obtained was filtered and washed with water free of 
hydrochloric acid and crystallized from methanol, 
giving the acid genin, m.p. 268-270'. 


Acety1ation.-The acid genin was acetylated with 
acetic anhydride in the presence of pyridine by 
keeping the mixture overnight. It was poured in 
ice-water when the acetate was precipitated and 
filtered. The precipitate, after washing free of 
acid and pyridine, was crystallized as needles 
from methyl alcohol, m.p. 288-290'. I t  gave a 
positive reaction with tetranitromethane, [ a ] ~  = + 16.67'. 


Anal.-Calcd. for C&&: C, 77.37; H, 9.74. 
Found: C, 77.08 and 77.62; H, 9.36 and 9.56. 


Deacetylatiom-Three-hundred milligrams of 
the acetate, m.p. 288-290', was refluxed for 2 hours 
with methyl alcoholic potassium hydroxide (60 ml., 
5%). The solution was diluted with a large amount 
of water and left overnight at room temperature, 
but no solid potassium salt separated out. The 
solution was acidified with hydrochloric acid which 
gave the precipitate of the acid sapogenin. The 
precipitate was filtered and washed with water 
free of acid and crystallized from methatiol, m.p. 
268-270'. It produced a yellow color with tetra- 
nitromethane and a positive Liebermann-Burchard 
reaction. 


And-Calcd. for C8oHlllO4: C, i6.22; H, 10.23. 
Found: C, 76.43; H, 10.63. 


Methylation.-The acid genin (100 mg.) was 
dissolved in ether, and an excess of the ethereal 
solution of diazomethane was added to  it. The 
solution was left overnight, and the excess of 
diazomethane was then removed on a water bath. 
The residue left, after the evaporation of the ether, 
was crystallized as needles from methanol, m.p. 
224-227'. This showed unsaturation with tetra- 
nitromethane, [a] D= +67.16'. 


Annl.-Calcd. for CalH~04:  C. 76.49; H, 10.36. 
Found: C, 75.68; H, 10.38. 


Acetyl Methyl Ester.-The methyl ester (100 mg.) 
was acetylated with acetic anhydride and pyridine 
in the usual manner. It crystallized as colorless 
needles from methyl alcohol, m.p. 281-282', [ a ] ~  = + 80.20'. 


Anal.-Calcd. for C~SHUOS: C, 73.64; H, 9.53. 
Found: C, 74.00; H, 9.57. 


REFERENCES 
(1) Farooq M. O., Varshney, I. P.. and Hasan, H., 


Com 1. Rcnd.,'246 3261(1958). 
(2f Farooq MI 0. Varshney I. P., and Hasan, H. ,  


Arch. Pharm.*. 292. Sffl959,: C;rrcnf Sci. India. 27. 489 . . . ., . .  
(1958). 


(3) Snatzke. G., Lampert. F., and Tschesche, R., Tefra- 
hcdron, 18, 1417(1962). 


(4) D'erassi, C Robinson, C. H., and Thomas. B. D.. 
3. Am. &hem. S O C : : ? ~ ,  5685(1956).. 


(5) Sannie C. Exposes Ann. Biochcm. Med. 9, 175(1948)' 
Scheidegger. 'J. 'J., and Chebulier. E., Hclv: Chim. Ada:  
38, 547(1955); Paech, K.,, and Tracey. M .  V., "Modern 
Methods of Plant Analysis." Vol. 111. Springer-Verlag, 
Berlin, Germany, 1955, p. 64. 








Metal- Acid Complexes with Members of the Tetracycline Family 
11. Development of Stable Preconstituted Parenteral Formulations 


By EDWARD G. REMMERS, WILLIAM C. BARRINGER, GEORGE M. SIEGER, and 
ALBERT P. DOERSCHUK 


Stable preconstituted liquid formulations suitable for intramuscular and intravenous 
administration have been prepared using aluminum-calcium-gluconate complexes 
of tetracycline and 6-demethylchlorteuacycline. These formulations are well toler- 
ated at therapeutic levels and give adequate blood levels. The  most desirable prep- 
arations contain the antibiotic-aluminum-calcium-gluconate com lex of molar ratio 
1 :3 :I :6 in 50 t o  75 per cent propylene glycol at pH 8.5. Such formulations retain 
their initial potency at room temperature and elevated temperatures for prolonged 


periods. 


N THE FIRST publication in this series ( l ) ,  the I pharmaceutical properties of metal-acid com- 
plexes with members of the tetracycline family were 
described. These properties were considered of 
sufficient interest to develop suitable parenteral for- 
mulations of these complexes. The purpose of this 
publication is t o  describe the development of stable 
preconstituted parenteral formulations with this 
class of preparations. 


EXPERIMENTAL 
Preparation of Metal-Acid Complexes.-The 


method of preparing metal-acid complexes has been 
described (1). 


Preparation of Aqueous Propylene Glycol Formu- 
lation.-The metal-acid complex was dissolved com- 
pletely with stirring in a fraction of the total amount 
of distilled water to be used. The desired amount of 
propylene glycol was then added. Sodium form- 
aldehyde sulfoxylate was dissolved in a small 
amount of distilled water and was added to the 
formulation. The pH was elevated to  8.0-8.5 with 
monoethanolamine, and the formulation brought to  
the proper volume with distilled water. The solu- 
tion was then filtered through a fine sintered-glass 
filter and sealed in ampuls under a nitrogen at- 
mosphere. 


Blood Level Studies.-The procedure for intra- 
muscular administration has been described ( 1 ) ; 
the cephalic vein was used for intravenous ad- 
ministration. 


RESULTS A N D  DISCUSSION 
Screening Studies.-A large number of metal-acid 


complexes with varying constituents and molar 
ratios were prepared for evaluation by criteria of 
complex formation previously described (1). solubil- 
ity studies a t  neutral and slightly alkaline pH’s, alka- 
line stability studies (2), and blood level and blood 
pressure depression studies. These screening ex- 
periments indicated the existence of the following 
important relationships for these preparations: ( a )  
on intramuscular and intravenous administration, 
the aluminum-calcium-gluconate complexes of de- 
methylchlortetracycline (DMCTC) and tetracy- 
cline (TC) exhibited high blood levels; (b) for good ___ 
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complex formation, it is necessary to use a minimum 
of 3 molar parts of aluminum; (c) the solubility of 
the complex under neutral or slightly alkaline con- 
ditions is reduced as the molar ratio of calcium is 
increased; and ( d )  a minimal amount of calcium 
(approximately 1 molar part) is needed to impart 
enhanced alkaline stability to the complex and to 
prevent blood-pressure depressions after intravenous 
administration. 


Because of these relationships, most of the formu- 
lation studies were performed on the DMCTC and 
TC-aluminum-calcium-gluconate complexes having 
a molar ratioof 1:3:1:6. 


Blood Levels After Intramuscular Administration. 
-Table I presents the results of a blood level experi- 
ment designed to investigate the effect of propylene 
glycol content in a formulation containing DMCTC- 
aluminum-calcium-gluconate (molar ratio 1 : 3: 1 : 6) 
following intramuscular administration in dogs. 
The data indicate that no statistically significant dif- 
ferences in blood levels [measured by area under 
the 24-hour blood-level curve, AUC (3)] could be de- 
tected among formulations ranging from 0 to 75% 
propylene glycol. 


No gross irritation was noted a t  4 and 7 hours fol- 
lowing intramuscular administration. A t  24 hours 
after administration, one dog from each group re- 
ceiving 25, 50, and 75% propylene glycol limped 
slightly. 


A second blood level experiment was designed to 
determine the effect of pH of the aqueous propylene 
glycol formulation on the blood levels obtained with 
the DMCTC-aluminum-calcium-gluconate complex 
(molar ratio 1 : 3 : 1 : 6) when administered intramus- 
cularly to dogs. The results of this experiment are 
summarized in Table 11. The data indicate that 
the pH of the formulation exerts a statistically sig- 
nificant effect on blood levels. As the pH of the 
formulation is lowered from 8.5 to 4.0, blood levels 
tend to  increase. The major portion of the increase 
occurs between pH 5.5 and 4.0. 


In this experiment, gross irritation was noted in 
only one dog which received the formulation a t  pH 
4.0. At 4 and 7 hours following intramuscular ad- 
ministration, the dog limped but had completely re- 
covered 24 hours afterward. 


Blood Levels After Intravenous Administration.- 
Table I11 compares the results obtained with DMC 
TC-aluminum-calcium-gluconate complexes in 56% 
propylene glycol with a DMCTC.HC1-ascorbic acid 
formulation in dogs. The data indicate that the 
metal-acid complexes in the aqueous propylene gly- 
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TABLE I.-EFFECT OF PROPYLENE GLYCOL CONTENT ON BLOOD LEVELS" IN DOGS FOLLOWING 
INTRAMUSCULAR ADMINISTRATION OF A DMCTC-METAL-ACID COMPLEX 


DMCTC- Aluminum-Calcium- 
Gluconate Complex (1:3:1:6), Hr. After Injectionc-- AUC, mcg./ 95% Confidence 


Propylene glycol, 75% 6.24 3.87 2.10 0.74 50.0 38.5-65.0 
Propylene glycol, 50% 5.64 4.77 3.18 0.95 63.2 48.6-82.1 
Propylene glycol, 25% 5.40 3.28 2.03 0.73 48.2 37.1-62.7 


p H b  8.3 1 4 7 24 Hr./ml. l imits  


No propylene glycol 6.60 3.60 2.24 0.68 52.5 40.4-68.3 


Based on microbiological assays expressed a s  micrograms er milliliter tetracycline.HCI. Average of three dogs per 
Dose = 1.5 mg. group. 


DMCTC .HCl/lb. body weight. 
p H  adjusted with monoethanolamine after addition 0?0.5% sodium formaldehyde sulfoxylate. 


TABLE IL-EFFECT OF PH ON BLOOD LEVELSO IN DOGS FOLLOWING INTRAMUSCULAR ADMINISTRATION OF 
DMCTC-METAL-ACID COMPLEX 


DMCTC- Aluminum-Calcium- 
Gluconate Complex (1:3: 1%) 7- Hr. After Injectionc-- AUC. mcg./ 95% Confidence 


in 70% Propylene Glycol 1 4 7 24 Hr./ml. Limits 
pHb 4.0 11.2 7.1 7.2 1.17 112.5 83.1-152.2 
pH 5.5 8.0  4.35 3.8 0.71 71.0 52.5-96.1 
pH 7.0 6.56 4.2 3.85 0.64 69.0 51.0-93.4 
pH 8.5 4.0 5.25 3.6 0.78 60.8 44.9-82.3 


Based on microbiological assays expressed as micro rams per milliliter tetracycline' HC1. Average of three dogs per group. 
Dose = 1.5 mg. DMCTC' pH adjusted with moaoethaaolamiae after addition of0.5% sodium formaldehyde sulfoxylate. 


HCl/lb. body weight. 


TABLE III.-BLooD LEVELS~ IN Docs FOLLOWING INTRAVENOUS ADMINISTRATION OF DMCTC-METAL- 
ACID COMPLEX AND ASCORBIC ACID FORMULATION 


DMCTC- Aluminum-Calcium 
Gluconate Complex in 5 8 7  - Hr. After Injectioa-- AUC, mcg./ 95% Coafidence 
Propvlene ~ ~ v c o ~ .  p ~ b  8.50 1 4 7 24 Hr./ml. Limits 


Molar iatio 113 : 1 I6 51.7 29.7 18.2 2.67 407.4 345.5451.4 
Molar ratio 1 : 4 : 1 : 12 48.0 28.8 18.2 1.98 381.7 323.7450.0 


DMCTC . HC1-ascorbic acid 
Molar ratio 1:4:2:9 57.0 36.0 22.0 4.65 492.0 417.3-580.1 


formulat ionc 7.95 7.65 6.80 1.54 117.7 99.8-138.8 


" Based on microbiological assays expressed a s  micrograms er milliliter tetracycline.HCI. Average of three dogs per 
DMCTC .HCI, 


d Dose = 4 mg. DMCTC .HCl/lb. body weight. 
group. b p H  adjusted with monoethanolamine after addition oPO.5% sodium formaldehyde sulfoxylate. 
960 mg.; ascorbic acid. 2.40 Gm. (natural p H  in distilled water. 2.2 to 2.4). 


TABLE IV.-sTABILITY DATA FOR AQUEOUS PRUPYLENE GLYCOL FORMULATIONS 


DMCTC-Aluminum-Calcium- Gluconate TC- Aluminum-Calcium-Gluconate 
(1:3:1:8) in 80% Propylene Glycol" (1:3:1:13) in 70% Propylene 


mg. DMCTC. 
HCl/ml. 


(Microbio Assav) '3, of Initial 


Glycol' 
mg. T C  .HCl/ml. 


(Microbio Assay) % of Initial - .  .- 


Theoret. 20.0 . . .  Theoret. 35.0 . . .  
Initial 20.8 100 Initial 38.2 100 
37". 1 wk. 20.1 97 42", 2 mo. 34.3 90 
37", 2 wk. 20.0 96 23', 2 mo. 37.7 99 
37". 3 wk. 21.2 102 23". 4 mo. 35.6 93 
37". 5 wk. 19.9 96 23', 8 mo. 36.3 95 
37", 6 wk. 18.9 91 23", 12 mo. 36.5 95 
37". 7 wk. 20.4 98 23", 18 mo. 38.6 101 


a pH 8.5, adjusted with monoethanolamine after addition of 0.5% sodium formaldehyde sulfoxylate. 


col formulation resulted in significantly higher blood 
levels than those obtained with the DMCTCHCI- 
ascorbic acid formulation. Although the molar 
ratios of the DMCTC-aluminum-calcium-gluconate 
complexes varied somewhat, these daerences were 
not sufficient to  result in blood levels significantly 
different. Blood level studies after intramuscular 
administration of DMCTC complexes having the 
same molar ratios used in this study also did not 
show blood levels significantly different. Within 
the range studied, the molar ratio of the complex 
did not exert a significant effect on blood level by 


either intravenous or intramuscular routes of ad- 
ministration. 


There were no gross signs of irritation following 
intravenous administration in the four formulations 
used. 


Stability Studies.-Ampuls held at various tem- 
peratures and for various periods were submitted at 
regular intervals for microbiological assays. Table 
IV presents the results of stability studies on 
DMCTC and TC-aluminum-calcium gluconate com- 
plexes in the aqueous propylene glycol formulation. 
These data indicate that the formulations are stable 
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with respect to microbiological potency under the 
conditions studied. 


Studies on modifications of the aqueous propylene 
glycol formulation indicate that pH and propylene 
glycol content are critical factors. If the propylene 
glycol content is a t  a level of 50% or greater a t  pH 
8.0-8.5, there is little or no loss of microbiological 
potency after 9 weeks at 37'. If the pH ranges from 
8.0 to  8.5, the formulation retains i ts  potency after 5 
weeks a t  37'. Below this pH range, the formulation 
slowly loses activity, presumably through C.4 epi- 
merization, the kinetics of which have recently been 
described (4). 


SUMMARY 
Stability studies indicated that stable preconsti- 


tuted formulations suitable for parenteral adminis- 
tration can be prepared with DMCTC and TC- 
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aluminum-calcium-gluconate complexes in 50-8070 
propylene glycol at pH 8.0-8.5. Both pH and 
propylene glycol content are important factors 
affecting the stability of the formulation. The de- 
gree of blood-level enhancement is not altered sig- 
nificantly by the percentage of propylene glycol in 
the formulation or by the molar ratios of the com- 
plexes within the range studied following intrave- 
nous and intramuscular administration. By either 
route, the DMCTC complexes in the aqueous pro- 
pylene glycol formulation appeared to  be well toler- 
ated in dogs when administered a t  therapeutic levels. 
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Some Pharmacological Properties of Polymyxin B Sulfate 
By DARRELL L. WITT and J. P. LONG 


Polymyxin B sulfate produces diastolic stand- 
still followed by contracture in the isolated 
perfused rabbit heart. No increase i n  cardiac 
output was noted in  the perfused frog heart. 
Large doses inhibit splanchnic nerve innerva- 
tion to  the perfused superior mesenteric 


artery of the cat. 


YSTEMIC ADMINISTRATION of polymyxin B sulfate S has a potent. bactericidal effect on Gram-negative 
bacilli, particularly Pseudomonas aeruginosa. How- 
ever, because of nephrotoxic and central nervous 
system effects, such as vertigo and paresthesias, it  
has generally been limited to  topical application. 
Although it is generally realized that the systemic 
use of this antibiotic is hazardous, reports in the 
literature describe its use in this manner (1-4). 
Timmerman et 0.1. ( 5 )  have demonstrated the neuro- 
muscular blocking action of polymyxin in the rabbit. 


The present work describes the effect of poly- 
rnyxin B on the isolated rabbit heart, on cardiac out- 
put measured by the modified Howell and Clark (6) 
frog heart preparation, and on the vascular resistance 
of the perfused superior mesenteric artery of the 
cat. 


METHODS 


The effect of polymyxin B sulfate on the perfused 
isolated rabbit heart was studied using the prepara- 
tion described by Langendorf (7). Dutch rabbits 
weighing 2-3 Kg. were sacrificed by a blow at the 
base of the skull, and the heart was removed Via a 
midline chest incision. A glass cannula, with side 
arm tube, was placed in the aorta, and the coronary 
vessels were perfused with oxygenated Locke- 
Ringer's solution previously warmed to 37'. All 
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drugs were administered through the side arm tube 
of the glass cannula. Isotonic recordings were made 
using an ink recorder on kymograph paper. The 
action of potassium chloride, calcium chloride, and 
magnesium chloride on the isolated rabbit heart was 
evaluated before and after the administration of 
polymyxin B sulfate. The results are expressed as 
per cent changes of the systolic contraction. 


The effect of polymyxin B sulfate on cardiac out- 
put in the frog in szlu was evaluated by a rnodifica- 
tion of the Howell and Clark technique (6). Rana 
pipiens, weighing 200-250 Gm., were double pithed 
and the hearts exposed. After ligation of the right 
aortic arch cannulae were placed in the inferior 
vena cava and cardiac output measured by collecting 
the perfusate in graduated cylinders for 1-minute 
periods. The heart rate was also recorded. 


The action of polymyxin B sulfate on the perfusion 
of the cat gut was evaluated as follows. Anesthesia 
was induced by pentobarbital sodium (35 mg./Kg.). 
and a tracheotomy was performed. For intravenous 
administration of drugs, the inferior vena cava was 
cannulated below the renal vein. Heparin sodium 
(5 mg./Kg.) was administered intravenously. The 
abdominal aorta was cannulated with Tygon tubing 
and a Sigmamotor pump (model T-8) maintained 
a constant volume flow into the superior mesenteric 
artery. To measure changes in perfusion pressure, 
a pressure transducer was connected between the 
pump and the artery. The superior mesenteric 
plexus was isolated, and bipolar silver electrodes were 
placed on these nerves. Supramaximal stimulation 
with a frequency of 2O/second for 30 seconds was 
employed. Systemic blood pressure was measured 
by cannulation of the common carotid and recorded 
using an Offner dynograph (type 542). The effect 
of intra-arterial doses of polymyxin B sulfate vary- 
ing from 1 to 50 mg. (total dose) was evaluated in 
this preparation. 


The data were evaluated statistically using a 
Student 1 test (8). 
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with respect to microbiological potency under the 
conditions studied. 


Studies on modifications of the aqueous propylene 
glycol formulation indicate that pH and propylene 
glycol content are critical factors. If the propylene 
glycol content is a t  a level of 50% or greater a t  pH 
8.0-8.5, there is little or no loss of microbiological 
potency after 9 weeks at 37'. If the pH ranges from 
8.0 to  8.5, the formulation retains i ts  potency after 5 
weeks a t  37'. Below this pH range, the formulation 
slowly loses activity, presumably through C.4 epi- 
merization, the kinetics of which have recently been 
described (4). 


SUMMARY 
Stability studies indicated that stable preconsti- 


tuted formulations suitable for parenteral adminis- 
tration can be prepared with DMCTC and TC- 
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aluminum-calcium-gluconate complexes in 50-8070 
propylene glycol at pH 8.0-8.5. Both pH and 
propylene glycol content are important factors 
affecting the stability of the formulation. The de- 
gree of blood-level enhancement is not altered sig- 
nificantly by the percentage of propylene glycol in 
the formulation or by the molar ratios of the com- 
plexes within the range studied following intrave- 
nous and intramuscular administration. By either 
route, the DMCTC complexes in the aqueous pro- 
pylene glycol formulation appeared to  be well toler- 
ated in dogs when administered a t  therapeutic levels. 
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output was noted in  the perfused frog heart. 
Large doses inhibit splanchnic nerve innerva- 
tion to  the perfused superior mesenteric 
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bacilli, particularly Pseudomonas aeruginosa. How- 
ever, because of nephrotoxic and central nervous 
system effects, such as vertigo and paresthesias, it  
has generally been limited to  topical application. 
Although it is generally realized that the systemic 
use of this antibiotic is hazardous, reports in the 
literature describe its use in this manner (1-4). 
Timmerman et 0.1. ( 5 )  have demonstrated the neuro- 
muscular blocking action of polymyxin in the rabbit. 


The present work describes the effect of poly- 
rnyxin B on the isolated rabbit heart, on cardiac out- 
put measured by the modified Howell and Clark (6) 
frog heart preparation, and on the vascular resistance 
of the perfused superior mesenteric artery of the 
cat. 


METHODS 


The effect of polymyxin B sulfate on the perfused 
isolated rabbit heart was studied using the prepara- 
tion described by Langendorf (7). Dutch rabbits 
weighing 2-3 Kg. were sacrificed by a blow at the 
base of the skull, and the heart was removed Via a 
midline chest incision. A glass cannula, with side 
arm tube, was placed in the aorta, and the coronary 
vessels were perfused with oxygenated Locke- 
Ringer's solution previously warmed to 37'. All 
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drugs were administered through the side arm tube 
of the glass cannula. Isotonic recordings were made 
using an ink recorder on kymograph paper. The 
action of potassium chloride, calcium chloride, and 
magnesium chloride on the isolated rabbit heart was 
evaluated before and after the administration of 
polymyxin B sulfate. The results are expressed as 
per cent changes of the systolic contraction. 


The effect of polymyxin B sulfate on cardiac out- 
put in the frog in szlu was evaluated by a rnodifica- 
tion of the Howell and Clark technique (6). Rana 
pipiens, weighing 200-250 Gm., were double pithed 
and the hearts exposed. After ligation of the right 
aortic arch cannulae were placed in the inferior 
vena cava and cardiac output measured by collecting 
the perfusate in graduated cylinders for 1-minute 
periods. The heart rate was also recorded. 


The action of polymyxin B sulfate on the perfusion 
of the cat gut was evaluated as follows. Anesthesia 
was induced by pentobarbital sodium (35 mg./Kg.). 
and a tracheotomy was performed. For intravenous 
administration of drugs, the inferior vena cava was 
cannulated below the renal vein. Heparin sodium 
(5 mg./Kg.) was administered intravenously. The 
abdominal aorta was cannulated with Tygon tubing 
and a Sigmamotor pump (model T-8) maintained 
a constant volume flow into the superior mesenteric 
artery. To measure changes in perfusion pressure, 
a pressure transducer was connected between the 
pump and the artery. The superior mesenteric 
plexus was isolated, and bipolar silver electrodes were 
placed on these nerves. Supramaximal stimulation 
with a frequency of 2O/second for 30 seconds was 
employed. Systemic blood pressure was measured 
by cannulation of the common carotid and recorded 
using an Offner dynograph (type 542). The effect 
of intra-arterial doses of polymyxin B sulfate vary- 
ing from 1 to 50 mg. (total dose) was evaluated in 
this preparation. 


The data were evaluated statistically using a 
Student 1 test (8). 
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to 1 to 4 mcg. of norepinephrine was unaltered by 
this dose of polymyxin B sulfate. 


DISCUSSION 


The diastolic standstill and subsequent contracture 
produced by polymyxin B sulfate on the isolated 
rabbit heart may be due to  the chelation of an essen- 
tial ion by this polypeptide antibiotic. Loss of the 
ion may then account for the intracardiac block 
produced and subsequent cardiac arrest. However, 
the infusion of the calcium chloride, magnesium 
chloride, and potassium chloride failed to  produce 
recovery after diastolic standstill and contracture 
had been produced by polymyxin B sulfate. 


The possibility that polymyxin B sulfate may 
alter the permeability of the cellular membranes to 
sodium or other ions and thus prevent repolarization 
must also be considered. Finally, the contracture 
that takes place after diastolic standstill may be 
due to the direct action of polymyxin B sulfate on 
the contractile mechanism of the muscle cell. 


The observation that polymyxin B sulfate did not 
antagonize the pressor response after the injection 
of norepinephrine into the superior mesenteric 
artery, but did depress the pressor response nor- 
mally elicited by sympathetic nerve stimulation, 
suggests that polymyxin B sulfate may have an 
action a t  the presynaptic sympathetic nerve 
terminal. That the inhibition occurred within 1 
minute after arterial injection of the antibiotic 
suggests that the mechanism is other than prevention 
of synthesis. A mechanism that  prevents the re- 
lease of norepinephrine from the nerve terminals 
would be consistent with the results reported 
above. 


From the above discussion it is obvious that more 
experimental work must be done before any valid 
conclusion concerning the mechanism of action of 
polymyxin B on the isolated rabbit heart or on the 
sympathetic nerve endings to the cat vascular bed 
can be determined. However, these studies do 
illustrate that the polypeptide, polymyxin B sulfate, 
does possess various unusual cardiovascular proper- 
ties. 


SUMMARY 


This report describes the effects of polymyxin B 
sulfate on the isolated rabbit heart, the perfused frog 
heart in sztu, and the perfused superior mesenteric 
arterial bed. In the isolated rabbit heart, poly- 
myxin B sulfate produces diastolic standstill and 
subsequent contracture; this is not reversed by the 
administration of potassium, calcium, or magnesium 
ions. Depression of cardiac output is noted in situ 
using perfused frog hearts. Vascular constriction 
induced by nerve stimulation was antagonized by 
polymyxin B sulfate. 
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,------ Fig. 1.-Effect of 


polymyxin B sul- 
fate on the isolated 
rabbit heart. A, 
10 mg. polymyxin 
B sulfate injected 
into the perfusing 
solution. 


RESULTS 


The effect of polymyxin B sulfate on the isolated 
rabbit heart was observed in 20 isolated heart prep- 
arations. Cardiac responses to  polymyxin B sulfate 
are illustrated in Fig. 1. After the injection into 
the aortic cannula of 5 to 30 mg. of polymyxin B 
sulfate, a marked depression occurred within 30 
seconds. The systolic contraction was 22 f l l  
( p  < 0.01) of the control contraction. After 3 to 
8 minutes, a slowly increasing contracture occurred. 
The contracture was equal to 160 f 2 2  ( p  < 0.01) 
of the control systolic contraction. 


After the administration of potassium chloride 
(0.1-0.3 ml. of a 30% solution) in a nonpolymyxin 
B sulfate treated heart, cardiac arrest was observed, 
and the heart became flaccid. Recovery was 
spontaneous in 20 experiments. The administra- 
tion of 20 to  40 mg. of polymyxin B sulfate after 
recovery from potassium chloride produced cardiac 
arrest and contracture similar to  that illustrated in 
Fig. 1. 


At this time, repetition of the initial dose of po- 
tassium chloride produced an increase in contracture 
in 12 of 20 preparations and no change in the other 
eight. The average increase was 18%; this change 
was not significant (p  > 0.4). In 10 experi- 
ments, 1 to  5 ml. of a 1 : 200 solution of magnesium 
chloride or 1 to 5 ml. of a 1 : 200 solution of calcium 
chloride also failed to produce relaxation or addi- 
tional contraction after contracture had been pro- 
duced by polymyxin B sulfate ( p  > 0.5). 


In six isolated perfused frog hearts in  situ, ad- 
ministration of increasing doses of polymyxin B 
sulfate (0. l-l.Oo/o) produced only progressive de- 
pression, evidenced by the cardiac output. The 
average control heart rates were 52 f 6.0, and the 
average cardiac output was 2.2 i 0.5 ml./minute. 
After 5 minutes of infusion with polymyxin B sulfate 
prepared in the frog-ringer solution, the heart rates 
averaged 48 f 8.0, and the average cardiac output 
was 0.7 f 0.3 ml./minute. Difference in heart 
rate was not significant ( p  > 0.5), but the decrease in 
cardiac output was significant ( p  < 0.01). With 
continued infusion the hearts ceased to beat in 
diastole. These results suggest strongly that the 
mechanism of cardiac action is other than digitalis- 
like activity. 


In 10 experiments using cats, when the superior 
mesenteric plexus was stimulated, an increase in 
perfusion pressure resulted. After the administra- 
tion of 10 mg. of polymyxin B sulfate into the supe- 
rior mesenteric artery, there was significant antag- 
onism of the increase in vascular resistance produced 
by nerve stimulation. The increase in the mean 
blood pressure before polymyxin B was 109 f 18 
mm. Hg. After 10 mg. of the compound, nerve 
stimulation produced an elevation of 33 f 14 mm. 
Hg. This reduction in response to nerve stimulation 
was significant (p  < 0.01). The vascular response 
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Method for Sterility Testing of Oils 
By R. RUSSOMANNO and E. G. WOLLISH 


A reliable rocedure was needed for the sterility testing of oils since the present 
U.S.P. metkbd, primarily designed for aqueous solutions, did not always yield un- 
equivocal results. A membrane filtration method together with the necessary equip- 
ment was developed. The procedure, which is simpie and rapid, is useful for the de- 
tection of contaminations of oils (except those of high viscosity) with viable organ- 


isms, even at low count levels. 


HE srBRILrrY testing of oils used as a vehicle for T drugs has presented problems for the bacteriol- 
ogist for quite some time. Eisman el al. (1) have 
studied the preservation of vegetable oils by cheni- 
ical agents and determined the number of surviving 
microorganisms by plate counts. In  the present in- 
vestigation, the U.S.P. XVI method (2), designed 
chiefly for aqueous preparations, has not proved 
very satisfactory for the sterility testing of oils; 
another procedure using detergents (3) has shown 
limitations duo to poor growth conditions. In 
several publications, Gay ( 4 )  has demonstrated the 
advantages of membrane filtration for the sterility 
testing of in jectables. Membrane filtration, pro- 
posed by Holdowsky (5), has now become the official 
procedure for the testing of antibiotics (6). At a 
November 1963 meeting in London, Gay presented 
details of a recent modification of a membrane filtra- 
tion apparatus which completely eliminates manual 
transfers (7). Sokolski and Chidester (8) described 
a membrane filtration method for petrolatum-bas4 
ointments. This unique method utilizes isopropyl 
myristate as solubilizer for the ointment base. 


EXPERIMENTAL 
A simple method has been developed which per- 


mits the separation of viable microorganisms by 
membrane filtration. The filtration is followed by 
washing and removal of the oil with an aqueous solu- 
tion of Triton S 100. a detergent that was found 
nontoxic in contact with several types of micro- 
organisms. The membrane filter is punched out, 
and parts of it are incubated in both media fluid 
thioglycollate U.S. P. and fluid sabouraud U.S.P. 


The method has been applicable to a variety of 
oils (sesame. peanut, mineral, and liquid coconut oil), 
except for those of high viscosity, like castor oil. 
The procedure has been found dependable in about 
two years of usage in our laboratory. 


Equipment.-The assembled filter unit (Millipore 
or equivalent) (Fig. 1) without membrane is auto- 
claved for 30 minutes a t  121" or 10 minutes at 132". 
A Cornwall pipeting syringe (BD) (Fig. 1) is assem- 
bled as a pumping device to  transfer oil samples into 
the filter unit. The pumping apparatus is sterilized 
in a manner a s  above. The sterile units are dried 
before use. (Our laboratory utilizes a high-vacuum 
sterilizer. ) The bacteriological membrane filters 
(Millipore), 0.45-p porosity, 47-mm. diameter, are 
sterilized for 10 minutes a t  121". Before the test, 
a filter membrane is aseptically placed in the unit. 
Membrane cutting devices and forceps are prepared 
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Fig. 1.-Assembled filtration unit. 


and sterilized prior to testing. An approximate 
quantity of 100 ml. of fluid thioglycollate and 
sabouraud liquid medium (Difco or Baltimore Bio- 
logical Labs.) with 0.1% polysorbate 80 U.S.P.' 
added is dispensed into 38 X 200-mm. test tubes. 
The tubes are closed with metal closures and steri- 
lized for 20 minutes at 121'. Aqueous solutions of 
the detergent Triton X 100 (Rohm and Haas), 
0.10/;, and of peptone (Difco or BBL), O.l%, are 
prepared and sterilized for 20 minutes a t  121". 


Procedure.-A 200-ml. sample of oil is pumped 
aseptically (Cornwall syringe BD) into a filter unit 
(Fig. 1 ). A vacuum source (approximately 550 mm. 
Hg) is attached to the filter unit. The oil sample is 
then filtered through the bacteriological membrane. 
The membrane is washed by filtration with two 200- 
ml. portions of 0.174 Triton X 100 to remove residual 
oil. The Triton washings are immediately followed 
by a single wash with 200 ml. of O.lyo peptone. 
With a sterile, circular punch, the center area (ap- 
proximately 17.5 mm. diameter) is cut out, as 
described by Holdowsky (5), and transferred asepti- 
cally to a 38 X 200-mm. tube containing approxi- 
mately 100 ml. of fluid thioglycollate medium with 
0.1 YC polysorbate 80. 


The outer portion of the membrane is transferred 
aseptically into a similar tube containing approxi- 
mately 100 ml. of sabouraud liquid medium with 
0.1 %, polysorbate 80. A fluid thioglycollate medium 
tube containing the center portion of the membrane 
is incubated at 3Ck32" for 10 days. The tube con- 
taining the outer portion of the membrane in 
sabouraud liquid medium is incubated at 22-25' for 
10 days. The culture tubes are gently agitated 
and observed for growth a t  regular intervals through- 
out the incubation period. 


1 Marketed as Twcen 80 by the Atlas Chemical Industries 
Wilmington. Dd. 
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TABLE  FILTRATION RESULTS OF OIL 
CONTAMINATED WITH Low COUNT LYOPHILIZED 


CULTURES 


Days 
Microorganism 1 3 5 7 
S. aureus 00 +* +++ +++ 
E .  cola o o +  ++ 
B .  subtilis 0 + ++ +++ 
0, No growth. * +, Growth. 


DISCUSSION 


Toxicity Studies on Triton X 100.-The detergent 
Triton X 100 at 0.1% concentration was nontoxic 
when in contact with vegetative forms of bacteria for 
several hours. The surfactant may be used at room 
or temperatures of 45 f1' during the membrane 
washing phase. An additional wash with peptone 
0.1% is used to  remove the excess detergent and 
sustain viability of microorganisms that were im- 
pinged on the membrane, thereby maintaining the 
sensitivity of the method (9, 10). 


1539 


Bacteriological Validity of the Proposed Pro- 
cedure.-Law count (approximately 25-125 in num- 
ber), lyophilized cultures of StaphyZococcus aureus, 
Eschcruhia cola, and Bacillus subtilis spores were 
inoculated into 200 ml. of liquid coconut oil. The 
contaminated oils were treated as described under 
Procedure. (See Table I.) 
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Convenient Synthesis of N, N,N'-Trisubstituted Formamidines 
By JOHN L. NEUMEYER' 


The applicability of a method for preparing trisubstituted formamidines by treat- 
ing  isocyanates with an excess of formamides under neutral conditions at 150' was 
examined. This amidine-forming reaction was limited to the use of aryl isocyanates 


when treated with N,N-dimethylformamide as the solvent. 


ECBNT DISCLOSURE of the reaction of p-toluene- R sulfonyl isocyanate (1) and phenyl isocyanate 
(2) with N,N-dimethylformamide (DMF) to  form 
amidines prompted a further investigation into the 
scope of this facile method for the preparation 
of trisubstituted formamidines. The synthesis of 
amidines and formamidines by the interaction of sub- 
stituted amides with anilines in the presence of 
phosphorus pentachloride (3-5) or phosphorus 
oxychloride ( 6 )  has been reported previously. 
More recently, symmetrical N,N'diarylacetami- 
dines were prepared by heating 2 moles of an aromatic 
amine with 1 mole of ethyl orthoacetate in the 
presence of p-toluenesulfonic acid (7) or, more ef- 
fectively, acetic acid (8). 
In the present investigation, the applicability 


of a method for preparing trisubstituted form- 
amidines by treating isocyanates with an excess of 
formamides under neutral conditions at 150' was 
examined. This method was limited to the use of 
aryl isocyanates when treated with DMF as the 
solvent at 150" under neutral conditions. One mole 
of carbon dioxide was evolved per mole of isocyanate 
consumed in the reaction. By the removal of un- 
reacted DMF, the N,N-dimethyl-N'-aryl formami- 
dines could be isolated in 75-98y0 yield in a high 
state of purity. 
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The cyclic mechanism postulated by King (1) 
for the formation of the sulfonylamidine and by 
Weiner (2) for formamidine is supported by observa- 
tions that groups on the benzene ring which tend to 
increase the electrophilicity of the isocyanate in- 
crease the rate of the reaction, whereas electron- 
donating groups have a tendency to  decrease the 
rate of formation of the formamidine. 2,4,5,6- 
Tetrachlorophenylene diisocyanate readily formed 
the bis formamidine under the same reaction condi- 
tions. However, formamide failed to yield a form- 
amidine with phenyl isocyanate under the con- 
ditions of our experiment, since formanilide was the 
isolated product. 


Similarly, the treatment of alkyl isocyanates with 
N, N-dimethylformamide or aryl isocyanates with 
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TABLE I.-N,N,N'-TRIsuBsTI~TED FORMAMIDINES 


R + q - ~ = ~ - ~ (  H C H ~ ) ~  


v 
- 


M.p., or B.p., c. Yo 
R Salt "C., mm. n v  Calcd. Found Calcd.H' %Found 


N. '70 
Calcd. Found 


H 
H 


. . .  61-63 (0.01)" 
HCl 234-235* 
CHiI 143-144 


1.5936 . . .  . . .  . . .  
. . .  . . .  
. . .  . . .  H 


3-C1 
. . .  


6.38 
5.64 
4.38 
6.04 
5.33 
8.03 
6.70 
5.36 
6.05 
5.47 
6.02 


. 12010.4) 1.6041 
. . .  


1.6&9 


59.18 
49.33 
37.00 
59.18 
49.33 
67.38 
55.94 
41.26 
55.95 
47.05 
59.18 


59.11 
49.60 
36.72 
59.18 
49.48 
67.19 


6.07 15.34 15.08 
12.79 13.06 


- _. 


3-C1 
3-C1 
2-c1 


HCl 234-235 .'5 


. . , 157 (14) 
CHaI 208-209 


HC1 202-203 


5.52 
4.35 
6.01 


. . .  


. . .  


. . .  2-c1 
2-OCH3 


5.52 
7.92 


55.78 7.04 
41.30 5.35 
56.23 5.74 


5.27 
6.01 


. . .  136(0.4) 
HCI 208-209 
CHaI 140-142 
. . .  153(0.35) 


HCl 260-261 
. . .  160(14) 


1.5895 
. . .  


1.6250 


1.6024 
... 


1.61'53 
1.6218 


. . .  


. . .  


15.72 16.08 
13.05 13.16 2-OCH; 


2-OCHa 
3 - NOz 
3-N0, 


. . .  . . .  


. . .  . . .  


. . .  . . .  


. . .  . .  


. . .  . . .  


. . .  . . .  


47.05 
58.90 
49.17 5.52 
55.70 5.74 
55.78 5.74 
49.80 
42.31 
33.17 


40.28 


31.34 


4-c1 
HCl 232-233 
. . .  77-78 
. . .  152-157 (0.4) 


49.33 
55.95 
55.95 


5. lo 
5.78 
5.74 
4.77 12:91 12:52 


11.05 11.06 
7.80 7.84 


3,4-diC1 . . .  140-148 (0.55) 
3,4-diC1 HC1 164-165 
3.4-diC1 CHaI 188-189 


3-N=CH-N(CHa)z . . .  157.5158.5 


3-N=CH-N(CHa)2 HCl 218-219" 


2,4,5,6-tetra C1- 


2,4,5.6-tetra C1- 


49.79 
42.63 
33.45 


40.47 


31.00 


4.64 
4.37 
3.65 


4.72 
3.91 


4.04 


4.24 


3.96 


4.34 
~~ ~~ 


Lit. (2) b.p. 68-71° (0.05 mm.) and (4) 78-80° (0.1 mm.). 6 Lit. (6) m.p. 230-235O. c Dihydrate. 


B an indication of the rate of the reaction and as a 
determination of when the reaction had been com- 
pleted. The major portion of unreacted DMF was 
removed by distillation. The residue was then 
distilled a t  reduced pressure to provide 54 Gm. 
(89% yield) of analytically pure product, b.p. 120' 
(0.4 mm.). na$ 1.6041. 


The hydrochloride salt was prepared by treating 
an ethereal solution of the formamidine with gaseous 
hydrogen chloride for 5 minutes; filtration of the 
resulting precipitate and recrystalliiation from 
ethanol yielded a white powder, m.p. 234-235.5'. 


The methiodide was prepared by treating 10.0 
Gm. (0.055 mole) of the amine with 15.6 Gm. (0.11 
mole) of methyl iodide in 30 ml. of isopropyl alcohol 
in a 100-ml. flask equipped with a reflux condenser 
and a drying tube and heated a t  reflux for 60 hours. 
To the flask was added 200 ml. of ether, and the 
resulting precipitate was filtered and recrystallized 
from isopropyl alcohol to yield 12.0 Cm. of white 
crystals, m.p. 208-209". Concentration of the 
mother liquor yielded an additional 2.8 Gm. of 
product, m.p. 204-209'. 
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I w=c4 4- HCNH? --* 0 N-CH II 
0 II 


N,N-diethylformamide at 150' failed to yield the 
desired formamidines. 


Table I summarizes the data on the reaction 
products obtained from the aryl isocyanates. 


EXPERIMENTAL.' 
The following example is representative of the 


method employed for the preparation of the form- 
amidines and their salts. 
N,N-Dimethyl-N'-3-chlorophenylfomamidi11e.- 


A mixture of 51.5 Gm. (0.336 mole) of nz-chloro- 
phenyl isocyanate (Eastman White Label) and 161 
Gm. (2.21 moles) of redistilled DMF was refluxed 
for 4 hours hi a 250-ml. flask equipped with a con- 
denser; provision was made for the absorption of 
any evolved carbon dioxide in aqueous potassium 
hydroxide solution in a 250-1111. conical flask con- 
nected to the condenser with a short length of rubber 
tubing. The titration of the evolved CO, served as 


1 Both the melting points and the boiling points were 
uncorrected. All melting points were obtained in a Thomas- 
Hoover silicone-filled capillary melting polnt apparatus. 
The technical assistance pf  Mr. Richard C. Pharo for the 
experimental portion of thxs work and of Mr. John E. Zarembo 
and his staff in carrying out the analysm n90rted is gratefully 
acknowledged. 








Reduction of Barbiturates under Hydroboration Conditions 
By EDWARD E. SMISSMAN, ALICE JEAN MATUSZAK. and CLINTON N. CORDER 


An attempt to utilize hydroboration conditions on 5-phenyl-5-allyl barbituric acid 
dorded unexpected reduction of the barbituric acid nucleus. Further investiga- 
tion of this reaction indicated sodium borohydride-boron trifiuoride etherate will 
reduce 5 -phen y l- 5 -ethyl barbit uric acid to 5 -ghenyl- 5 -ethyl- 2,4-hexahydropyrimi- 
dinedione (V) and 5-phenyl-5-ethyl-2-hexahy opyrimidinone (VI) in  a stepwise 


manner. 


WRING THE synthesis of bridged barbiturates D of the type I as potential anticonvulsant 
agents, an attempt was made to  prepare 5phenyl-5- 
(3-hydroxypropyl) barbituric acid (111) from 5- 
phenyl-5-ally1 barbituric acid (11) by the hydro- 
boration procedure of Brown (1). 


ceeded smoothly to reduce two carbonyl groups but 
stopped with the formation of 5pheny1-5-ethyl-2- 
hexahydropyrimidinone (VI). An excess of sodium 
borohydride and boron fluoride-etherate did not 
increase the yield or result in the formation of the 
nonoxygenated product. 


IV v 


CHFCHCH: 


T T  
11 I11 


The normal hydroboration procedure failed to give 
the desired product, and an investigation of this 
reaction was undertaken. 


Phenobarbital (5-phenyl-5-ethylbarbituric acid) 
(IV) was subjected to  hydroboration conditions and 
gave 5 - phenyl - 5 - ethyl - 2,4 - hexahydropyrimi- 
dinedione (V). The extension of this reduction to 
preparation of the mono- and diketo compounds 
from the corresponding barbiturates appeared 
feasible. The reduction of phenobarbital only 
proceeded using the conditions described by Brown 
(1). Sodium borohydride in absolute alcohol, 
tetrahydrofuran, or diglyme would not reduce the 
molecule, even though the liberation of hydrogen 
was observed. Sodium borohydride with hydro- 
chloric acid in tetrahydrofuran was also ineffective 
(2). The possibility existed that diborane was the 
reducing agent; however, this agent in diglyme and 
tetrahydrofuran failed to reduce phenobarbital. 
In the normal hydroboration procedure, oxidation 


to an alcohol is accomplished using sodium hy- 
droxide and hydrogen peroxide. No reduction 
product was obtained until this procedure was 
invoked. If either sodium hydroxide or hydrogen 
peroxide was omitted, no product was obtained. 
If sodium phenobarbital rather than the acid was 
employed in the initial reaction, no reduction oc- 
curred. The application of heat to the reaction 
mixture had no effect on yield. 


The stepwise reduction of phenobarbital pro- 
Received March 11, 1964 from the Department of Phar- 


maceutical Chemistry, Uni;ersity of Kansns, Lawrence. 
Accepted for publication June 6 1964. 
The authors acknowledge the sLpport of th.s project by 


undergraduate research program grant G-21296 from the 
National Science Foundation, and grant KG9254 from the 
National Institutes of Health. U. S. Public Health Service, 
Bethesda, Md. 


VI 
Marshall (3) was  able to prepare the 2-hexahydro- 


pyrimidinone (VI) utilizing lithium aluminum 
hydride. 


The reaction was attempted on two barbiturates 
not containing a phenyl ring, 5,5-diethyl-l-methyl- 
barbituric acid, and S-ethyl-5-( 1-methylbutyl) bar- 
bituric acid. Under a variety of conditions, in- 
cluding sodium borohydride in the presence of 
aluminum chloride (4), no reaction occurred. 


The product obtained in the attempted hydro- 
boration of allylphenylbarbituric acid (5-phenyl-5- 
allylbarbituric acid) (11) contained three atoms of 
oxygen rather than the predicted four atoms. The 
infrared spectrum of this compound showed a 
band a t  7.27 p attributable to  C-methyl absorption, 
and the compound gave a positive iodoform test. 
It would be expected that side-chain hydroxylation 
and the reduction of the 6-keto function in the 
nucleus would give a compound capable of forming a 
dibenzoate. When the hydroboration product was 
treated with benzoyl chloride. a dibenzoate was 
obtained. Infrared analysis showed a band at 
5.68 p, which can be assigned to an ester carbonyl. 
and a band at 8.04 p that could be due to the group- 
ing C-0-C. This evidence leads to the conclusion 
that the product is 5-phenyl-5(2-hydroxypropyl)- 
2.4-hexah ydropyrimidinedione ( V I1 ). 


OH 
VII 
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The mechanism and unique specificity of this 
reaction will be investigated further. 


EXPERIMENTAL' 


5 - Phenyl - 5 - ethyl - 2,4 - hexahydropyrimi- 
dmedione (V).--To a stirred solution of 2.8 Gm. 
(0.073 mole) sodium borohydride in 85 ml. of diglyme 
maintained under nitrogen was added 23.2 Gm. 
(0.1 mole) of 5-phenyl-5ethyl barbituric acid. 
Immediate effervescence was observed. A solution 
of 8.0 Gm. (0.0% mole) of boron trifluoride etherate 
in 15 ml. of diglyme was then added dropwise over 
a 40-minute period. The mixture was stirred 2.5 
hours a t  room temperature and 0.5 hour at 100". 
The clear solution was cooled and 20 mI. of water 
added in 5-ml. portions. Sodium hydroxide (4.8 
Gm. in 40 ml. of water) was added to the frothing 
mixture as one portion. Hydrogen peroxide 
(30%. 40 ml.) was slowly added in a manner which 
caused gentle refluxing. The mixture was allowed 
to stand 12 hours at room temperature and crystals 
formed, m.p. 255-260". The crystals were filtered, 
dissolved in 5%, sodium hydroxide, and precipitated 
by the addition of 5% hydrochloric acid. The 
precipitate was recrystallized from ethanol to give 
6.24 Gm. (28.6qb) of a crystalline material, m.p. 
26U-269". The product was identical to a known 
sample (5) as shown by infrared spectrum and mixed 
melting point. 


Anel.-Calcd. for C12HIINSOS: C, 66.03; H, 
6.47; N, 12.84. Found: C, 65.81; H, 6.69; N, 
12.72. 


5 - Phenyl - 5 - ethyl - 2 - hexahydropyrimi- 
dinone (VI).--Using the general procedure de- 
scribed above, 6.6 Gm. (0.147 mole) of sodium boro- 
hydride and 3'2.0 Gm. (0.224 mole) of boron tri- 
fluoride etherate was allowed to react with 23.2 
Gm. (0.1 mole) of 5-phenyl-5-ethyl barbituric acid. 
The cooled reaction mixture was treated with 40 ml. 
of water, sodium hydroxide (9.16 Gm. in 80 ml. of 
water), and hydrogen peroxide (30%, 80 ml.) and 
allowed to stand 12 hours at room temperature. 
The mixture separated into two layers. The upper 
layer was decanted, diluted with water to the cloud 
point, and allowed to stand 24 hours at room tem- 
perature. The resulting precipitate was crystallized 
from ethanol-skellysolve B to give 5.6 Gm. (27.470) 
of the desired product, m.p. 195-197". 


Anal.-Calcd. for C12H16N20: C, 70.56; H, 7.89; 
N, 13.71. 


The product was identical in melting point and 
infrared spectrum to a sample prepared by the 
method of Marshall (3). 


Hydroboration of S-Phenyl-S-aIlylbarbituric Acid 
(II).-To a solution of 1.9 Gm. (0.05 mole) of 


Found: C,70.34; H.7.82; N, 13.28. 


-.. ._ -- 
I Melting points were determined on a ThomasHoover 


apparatus and were corrected. Analyses were performed 
by Weiler and Strauss Microanalytical Laboratory, Oxford, 
England. The burbituric acids were dried in UQCYO for 12 
hours. The solvents used were carefully dried and distilled 
prior to use. Sodium borohydride and boron trifluoride- 
etherate were used without treatment. 
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sodium borohydride in 50 mi. of diglyrne was 
added 2.62 Gm. (0.017 mole) of anhydrous alumi- 
num chloride in 50 ml. of cold diglyme. A solution 
of 24.4 Gm. (0.1 mole) of allylphenylbarbituric 
acid in 50 ml. of diglyme was added dropwise over a 
period of 1 hour, after nitrogen was allowed to 
sweep through the apparatus for 15 minutes. 
The reaction mixture was allowed to stir a t  room 
temperature for 1 additional hour, then heated a t  
100" for 1 hour. After the reaction cooled to room 
temperature, 10 ml. of water was added in small 
portions. A solution of 2.4 Gm. of sodium hy- 
droxide in 20 ml. of water was added, followed by 16 
Gm. of 30y0 hydrogen peroxide. After standing 
overnight, the solution was filtered and the filtrate 
acidified with 850/, phosphoric acid to pH 2. Two 
layers separated, with crystals forming a t  the 
interface. After standing, 5.31 Gm. (19%) of white 
crystalline material was obtained, m.p. 310" dec. 
Recrystallization from absolute alcohol gave crystals, 
m.p. 316-317Odec. 


And-Calcd. for CBHl6N~O3: C, 62.89; H. 
6.50; N, 11.28. Found: C, 63.35; H, 6.34; N, 
11.25. 


Principal absorbance bands in the infrared OC- 
curred a t  5.85 p (broad, single) and at 7.27 p. 


The filtrate was concentrated until i t  became 
viscous, water was added, and the mixture extracted 
with ether. The ether solution was dried over 
magnesium sulfate and distilled to leave a residue, 
which on crystallization, afforded 9.4 Gm. (0.039 
mole) of allylphenylbarbituric acid. 


Reaction of Allylphenylbarbituric Acid Hydro- 
boration Product with Benzoyl chloride.-A mix- 
ture of 0.213 Gm. (8.0 X lO-'moIe) of the allylphen- 
ylhydroboration product, 24 drops of benzoyl chlo- 
ride, and 5ml. of pyridinewas heatedat 100" for 1 hour 
and allowed to stand overnight. Distillation of the 
solvent in uacuo left an orange oil residue. Treat- 
ment of the oil with 5% sodium bicarbonate solution, 
followed by ether extraction and evaporation of 
the ether, produced an oil. Treatment of the oil 
with concentrated hydrochloric acid and extraction 
with ether, followed by distillation of the ether, 
afforded a solid. This solid, on recrystallization 
from ethanol, yielded 0.196 Gm. (54%) of crystals, 
m.p. 173.5-174.5". 


Anal.-Calcd. for G,H24N205: C, 71.04; H, 
5.30; N, 6.14. Found: C, 71.16; H, 4.85; N, 
6.03. 


Principal bands in the infrared (Nujol mull) were 
a t  5.68 p (sharp), 5.85 p (broad with a shoulder), 
and at 8.2 p. 
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Coumarins 111. Identification of the Lactone of Leptotaenia multifida 
By PREM K. GUPTA and TAITO 0. SOINE 


A lactone, m.p. 161.5", originally isolated 
from Le tokrmia nrwltcwe Nuttall by Lloyd 
and Jen&ns i n  1942 and assigned the formula 
ClrHlrOr has been identified as the cou- 


marinic aglycone, columbianetin. 


HE ISOLATION of a white crystalline compound, T m.p. 161.5', from the roots of Leptotuenia 
multijidu Nuttall was reported in 1942 by Lloyd and 
Jenkins (1). No structural assignment was made 
by these authors, although they suggested that i t  
was a hydroxylactone with an empirical formula of 
CIrHl404. These authors further suggested that 
i t  was possibly a coumarin-isomeric with, but not 
identical to, nodakenetin ( I )  the aglycone from the 
glycoside, nodakenin, which is obtained from 
Peucedunum decursivum (Miq.) ( 2 ) .  Inasmuch as 
the present authors were able to obtain a modest 
supply of the roots of this plant, the decision was 
made to examine the structure of the uncharac- 
tenzed lactone. 


In the present study, the lactone reported by 
Lloyd and Jenkins was isolated only after acid 
hydrolysis of the aqueous extract, contrasted to the 
experience of the earlier authors, who obtained the 
same compound directly from the plant material. 
The conclusion must be made that the lactone exists 
in the plant as a glycoside and not as the free 
aglycone; it appears that their isolation had been 
of an artefact resulting from hydrolysis during some 
stage of collection, storage, or extraction. The 
aglycone has been identified as columbianetin 
(11). recently described by Willette and S i n e  (31, 
by a variety of comparisons with an authentic 
sample. The D-ghcoside of columbianetin, co- 
lumbianin, also described by Willette and S i n e  
(3), has been shown to be the glycoside present in 
the roots in the present study by comparing it and 
its acetate with authentic samples. 


The acetate of the aglycone exhibited dimorphism, 
evidenced by the fact that the lower melting acetate, 
reported by the earlier authors and Willette and 
Soine. was converted to the higher melting one 
simply by melting a sample of the former. The 
plant also contained a fair amount of sucrose in 
conformity to  the findings of Lloyd and Jenkins. 
However, the sucrose present forms an interesting 
molecular complex with columbianin in the pro- 
portion of 7.5 parts sucrose to 1 part columbianin. 
This was not separable by crystallization but, on 
acetylation, both columbianin acetate and sucrose 
octaacetate were obtained. It appears that during 
the slow concentration of an extract containing 
both components, excess sucrose crystallizes out 
without columbianin but that, as a critical concen- 
tration of both sucrose and columbianin is reached, 
the molecular complex crystallizes preferentially until 
the sucrose concentration is reduced sufficiently to 
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permit the columbianin to crystallize alone. The 
character of the molecular complex was confirmed 
by comparing it to a mixture of sucrose and co- 
lumbianin in the requisite proportions which had 
been crystallized from methanol. The synthetic 
complex behaved in a manner identical to the one 
obtained from the natural source. 


It is interesting that columbianetin, the angular 
isomer of nodakenetin and marmesin. had escaped 
detection until the studies of Willette and Soine (3) 
on L m t i u m  coludianum Math. and Const. 
Now, however, i t  has been isolated in the present 
study as well as from Lomatiurn nuttallii (A. Gray) 
(4), and it appears that i t  may be a common con- 
stituent in the Lomatiurn genus. We are examining 
other Lomatiurn species to confirm this. 


/ I  CHI OH 
I1 


EXPERIMENTAL 


Plant Material.-The plant material was ob- 
tained as tuberous roots,' which were ground to a 
suitable state of subdivision in a Jacobsen labora- 
tory grinder designed to  keep frictional heat to a 
minimum. 


Extraction.-The ground plant material (600 Gm.) 
was exhaustively extracted (10 days) in a Soxhlet 
apparatus with 95% ethanol, after which the 
solvent was removed from the extract under reduced 
pressure. The dark oily residue was then ex- 
tracted several times with boiling water (4 L.). 
The aqueous extract was filtered and allowed to 
concentrate slowly on a steam bath. No crystalline 
material was obtained, in contrast to the experience 
of Lloyd and Jenkins (1). 


One-fourth of the above aqueous extract was 
extracted thoroughly with ether, and the combined 
ethereal extracts were then concentrated to a con- 
venient volume. The ethereal solution was then 
extracted with 5% aqueous sodium hydroxide 
solution, which was subsequently acidified and 
exhaustively re-extracted with ether. Although a 
small amount of fluorescent material apparently was 
present in the ethereal extract, i t  could not be 
induced to crystallize by slow evaporation and 
chilling of the solution. The remaining portion of 
the concentrated extract was combined with the 
aqueous phase from the above ether extraction and 


1 The collection of these roots was made by Dr. T. G .  Call, 
California State Polyte&pic College, San Luis Obiopo. 
Calif., on June 19, 1956, ID the neighborhood of Missoula, 
Mont. at an elevation of 3400 ft. We are indebted to Dr. 
Call f i r  the original identification and to Dr. 0. B. Ownbey. 
Botany Department, University of Minnesota, Minneapolis. 
for confirmation of the identity. It may be noted that the 
modern nomenclature for this plant is Lomafium dissccfum 
var. mullifidurn (Nutt.) Math. and Const. A specimen has 
been deposited in the herbarium of the Botany Department. 
University of Minnesota, Minneapolis. 
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diluted with water. To this solution was added 
enough concentrated hydrochloric acid to make it 
approximately 10% in HCI; it was then retluxed 
for 30 minutes and filtered immediately before 
cooling. The filtrate, on cooling, deposited fine 
brownish needles which were recrystallized several 
times from boiling water to  yield 1.6 Gm. of white 
needles, m.p. 161-163'. A mixed melting point 
with authentic columbianetin* failed to depress the 
melting point. 


The acetate of the compound was made by 
refluxing it (200 mg.) with pyridine (5  ml.) and 
acetic anhydride (5 ml.) for 6 hours, after which 
the solution was poured into ice cold water (50 
ml.). The dark crystalline product was recrystal- 
lized several times from boiling water to yield 90 
mg. of white needles, m.p. 133.5-135'. A mixed 
melting point with authentic columbianetin acetate' 
was 128-131'. On allowing the melt to cool and 
again taking the melting point, the melting point 
was 133-135'. 


The respective specific rotations, ultraviolet 
spectra, and infrared spectra of the lactone and 
columbianetin were determined and were virtually 
identical. 


Isolation of Sucrose and Glycoside-Sucrose 
Complex.-A fresh quantity (500 Gm.) of the 
powdered root was extracted successively with 
Skellysolve B, ether, chloroform, and methanol, 
respectively, in a Soxhlet apparatus; the marc was 
air-dried between each extraction. The methanol 
extract' became turbid after 2 hours of extraction, 
at which time it was replaced by fresh solvent. 
After another 8 hours, the again turbid methanol 
extract was replaced by fresh methanol which 
extracted the marc in 24 hours. On cooling. a 
white crystalline compound, m.p. 165-190" dec., 
was deposited in the first extract and a brown 
inorganic material in the second and third extracts. 
The white crystalline material was identified as 
sucrose by conversion to the octaacetate, m.p. 
84-88', which when mixed with authentic sucrose 
octaacetate (m.p. 84-88')s failed to depress the 
melting point. The filtrate from the first extract 
was diluted with methanol and allowed to concen- 
trate at room temperature. After a few days, 
a yellowish-white amorphous substance separated 
which was filtered off and washed with cold meth- 
anol. The crude material, m.p. 186-225'. gave a 
positive Molisch test and reduced Fehling's solution 
after hydrolysis with 10% hydrochloric acid. 
Recrystallization of the crude material from meth- 
anol did not improve the melting point. Chro- 
matography through silica gel and elution with water 
likewise failed to improve the melting point, 
although the color was removed. It was observed 
that an aqueous solution, when spotted on filter 


2 Previously isolated and characterized in these Iabora- 
tones (3). 


J The melting point reported by Willctte and Soine (3) 
for columbianetin acztate was 127.5-128.5" and that 
reported by Lloyd and Jenkins for the acethe of their 
lactone was 126-127O (1). An authen!ic sample of the 
former was melted and allowed to resolidify. On remelting. 
this sample showed a melting point change to 13.7-135O. 


4 Work on the other extracts is in progress. 
6 Prepared by acetylation of authentic sucrose with acetic 


anhydride and sodium acetate in the conventional manner. 
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paper and examined in the dark under ultraviolet 
light, gave a brilliant blue fluorescence. 


A portion (500 mg.) of the substance was boiled 
with 10% sulfuric acid for 20 minutes and filtered 
before cooling. On cooling, the filtrate deposited 
a crystalline material (70 mg.), which was recrystal- 
lized from boiling water to  give white crystals, 
m.p. 16Ck163'. A mixed melting point with 
authentic columbianetin failed to depress the 
melting point. 


The above glycosidic compound (1  Gm.) was 
refluxed with acetic anhydride (20 ml.) and sodium 
acetate (1 Gm.) for 3 hours. The reaction mixture 
was diluted with glacial acetic acid (10 ml.) and 
allowed to  stand in the refrigerator overnight. A 
white crystalline residue (150 mg.) was deposited 
and was recrystallized from boiling water, m.p. 
217-222'. A mixed melting point with authentic 
columbianin acetate6 showed no depression of the 
melting point. The acidic mother liquor from the 
above white crystalline residue was concentrated 
under reduced pressure until all volatile material 
had been removed; then the residue was extracted 
with benzene. The benzene extract was dried over 
anhydrous sodium sulfate and, upon removal of the 
solvent, yielded a semisolid mass. This was 
dissolved in ethanol and diluted with water to a 
slight turbidity. On standing, a finely crystalline 
material (600 mg.) separated, m.p. 84-88'. A 
mixed melting point of this material with authentic 
sucrose octaacetate showed no depression. 


A comparison of the ultraviolet spectrum of the 
original white glycosidic material (m.p. 186225") 
to that of authentic columbianin showed identical 
maxima and minima but with a greatly reduced 
intensity. The intensity of absorption was 15y0 
that of pure columbianin. 


A mixture of 15% columbianin and %yo sucrose 
showed an identical melting point and ultraviolet 
spectral behavior after crystallization from meth- 
anol. 


Isolation of the G1ycoside.-After removing in- 
organic material from the second and third meth- 
anolic extracts, they were mixed together and 
allowed to concentrate slowly at room temperature. 
After several days, an amorphous white material 
was separated which was purified by elution with 
water through a silica gel column to give a white 
crystalline material, m.p. 273-275.5'. A mixed 
melting point determination with authentic co- 
lumbianin7 showed no depression of the melting 
point. 


A small quantity of the white crystalline material, 
on hydrolysis with boiling 10% sulfuric acid, gave a 
compound identical to columbianetin in all respects. 
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Potential Antiradiation ComDounds 11. 
Extension of the Nitro-ThiolaLetate Route 


By K. VENKATRAMANA BHAT and WALTER C. MCCARTHY 


Thiolacetic acid was added to 3,4methyIenedioxy-~-nitrostyrene t o  give 1- (3’,4’- 
methylenedioxypheay1)- I-acetthio-2-niuoethane which was reduced with lithium 
aluminum h dride to produce 1-(3’,4’-methylenedioxyphenyl)-I-mercapto-2-amho- 
ethane. d e r  substituted nitrostyrenet containin$ tht 3,4+ethoxy- and 3- 
methoxy-4-acetoxy roups also reacted with thiolacetic acid to gwe the correspond- 
ing addition profucts, but 3-acetoxg-4-merhoxg-nitrostyrene underwent a n  
anomalous reaction with the formation of elemental sulfur. 1-Phenyl-2-nitro- 1- 
propene added thiolacetic acid to give l-phenyl-l-acetthio-2-nitropropane, but the 
latter compound was cleaved by lithium aluminum hydride to benzyl mercaptan and 


ethylamine. 


ONTINUED INTEREST in compounds containing a C mercapto group and an amino group on adja- 
cent carbon atoms has prompted us to investigate 
the possible extension to substituted analogs of the 
synthetic route previously reported (1) by means of 
addition of thiolacetic acid to a-nitrostyrene, fol- 
lowed by reduction with lithium aluminum hydride. 


The initial reaction of the sequenceaddition of 
thiolacetic acid across the double bond-proceeded 
smoothly with the next higher side chain homolog, 
l-phenyl-2-nitro-l-propene, to  give l-phenyl-l-acet- 
thio-2-nitropropane (IV).] Ring-substituted w-ni- 
trostyrenes were also investigated, and those with 
the 3,4-methylene-dioxy. 3.4-dimethoxy. and 3- 
rnethoxy-4acetoxy groups all gave the expected 
thiolacetate addition product. 3-Acetoxy4-me- 
thoxyw-nitrostyrene underwent an anomalous reac- 
tion with thiolacetic acid to  give a gum which could 
not be crystallized. Isolation of elemental sulfur from 
this reaction mixture indicated that an oxidation re- 
duction reaction had taken place. 


In the second reaction of the sequence, a typical 
ring-substituted member of the series, 1-(3’,4’- 
methylenedioxyphenyl) - 1 - acetthio - 2 - nitroeth- 
ane (I), was reduced with lithium aluminum hydride 
t o  the mercapto-amine, 1-( 3’,4’-methylenedioxy- 
phenyl)-l-mercapto-2-aminoethane (V). Because 
such mercaptans are readily oxidized to disulfide 
during the process of isolation, the oxidation equiva- 
lent was determined with iodine to prove that the 
isolated product was, in fact, the mercaptan. The 
yield in this reduction was low (11 yo), but this could 
undoubtedly be improved by further workup of the 
residues from the reduction. 


Reduction of the side chain homolog, l-phenyl-l- 
acetthio-2-nitropropane (IV), gave cleavage of the 
carbon chain; none of the expected mercapto-amine 
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Department of Medicinar Chemistry, Walter Reed Arm; 
Institute of Research, Washington, D. C.,*, l-phenyl-l- 
acetthio-2-nitropropane was reported to  show some activ- 
ity” in protection of mice against an LDiw dose of radiation 
at a dosage level in the range 151 ‘0 350 mg./Kg. The next 
lower homolog. l-phenyl-l-acetth~o-2-nitroethane, synthesis 
of which has been described previously (1) was reported to  
show the same level of protection. For comparison. it is of 
interest that  the mercaptoamine derived from the latter 
compound 2-mercapto-2-phenylethylamine hydrochloride 
(1) wo9 re&rted to  show no protective activity when admin- 
istered a t  a dosage level in the range 51 to  150 mg.(lCg. 
The test procedure and evaluation scale used are described 
more fully by Pidd,  L.. el a1.. J.  Mcd. Chenr.. 7, 39(1964). 
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was isolated. The reduction products actually iso- 
lated were benzyl disdiide and ethylamine hydro- 
chloride. It would appear that the initial reduction 
took place a t  the thiolacetate group to  give an inter- 
mediate salt of a mercaptan which then underwent 
reverse aldol condensation. The initial cleavage 
products, thiobenzaldehyde and the salt of nitro- 
ethane, were then reduced to the lithium aluminum 
complexes of benzyl memaptan and ethylamine. 
respectively. During the course of hydrolysis and 
isolation, the benzyl mercaptan was apparently air- 
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oxidized to the disulfide. Leonard and co-workers 
(2) observed a similar carbon-carbon cleavage of part 
of the product during the lithium aluminum hydride 
reduction of 1-anilino-2-nitro-I-phenylethane. 
Their isolation of N-benzylaniline could be ex- 
plained by a similar mechanism. 


Apparently the cleavage must occur prior to or dur- 
ing the reduction of the nitro group, as derivatives 
of structurally similar mercapto-amines do not show 
this cleavage on reduction with lithium aluminum 
hydride. For instance, 3.4-dimethyl-5-phenylthi- 
azolidine-2-thione is readily reduced in good yield 
with lithium aluminum hydride to  l-phenyl-l-mer- 
captoS-( dimethy1amino)propane (3). 


EXPERIMENTAL 
1 - (3’,4’ - Methylenedioxyphenyl) - 1 - acetthio- 


2-nitroethane (I).-Thiolacetic acid (1.6 ml., 0.02 
mole) and then 2 drops of tri-n-butylamine were 
added to  a suspension of 3.9 Gm. (0.02 mole) of 3,4- 
methylenedioxy-8-nitrostyrene (4) in 20 ml. of ben- 
zene. The mixture became warm, and the solid 
slowly dissolved. The product crystallized over- 
night, as the reaction mixture was allowed to stand 
at room temperature. After two recrystallizations 
from ethanol, the yield was 4 Gm. (i5’%), m.p. 9& 
97O. 


Analyses and data on analogous compounds are 
shown in Table I. 


Reaction of Thiolacetic Acid with 3 - A c e t o q 4  
methoxy-B-nitrostyrene.-Thiolacetic acid (0.08 ml., 
0.001 mole) and then 2 drops of tri-n-butylamine 
were added to a suspension of 0.237 Gm. (0.001 
mole) of 3-acetoxy-4-methoxy-8-nitrostyrene (4) in 
1.5 ml. of benzene. The solid went into solution 
with the evolution of heat. A brownish-red gum 
separated overnight, as the reaction mixture was 
allowed to  stand at room temperature. Addition of 
ethanol to  the gum dissolved most of it, leaving a 
small amount of yellow crystals (0.024 Gm.), m.p. 
113-114.5’. identified as elemental sulfur. The 
alcohol-soluble gum could not be crystallized. 


1 - (3‘,4’ - Methylenedioxyphenyl) - 1 - mer- 
capto-2-aminoethane (V).-A solution of 13.46 
Gm. (0.05 mole) of 1-(3’,4’-methylenedioxyphenyl)- 
1-acetthio-2-nitroethane in 750 ml. of anhydrous 
ether was added dropwise to a solution of 9.5 Gm. 
(0.25 mole) of lithium aluminum hydride in 1 L. of 
anhydrous ether. The mixture was refluxed with 
stirring for 10 days. The reaction complex was hy- 
drolyzed by the dropwise addition of 18 ml. of water, 
followed by 24.3 ml. of concentrated hydrochloric 
acid. The filtered ether solution was evaporated to 
dryness, and the white residue was recrystallized 
from alcohol to  give a yield of 1.1 Gm. ( l l%) ,  m.p. 
110.5112”. 


Anal.-Calcd. for C~Hllh’02S: C, 54.80; H. 
5.62; N, 7.10; 0, 16.22; S, 16.26; mol. wt., 19’7.3. 
Found: C. 54.78; H, 5.76; N, 7.20; 0, 16.47; S, 
16.17; neut. equiv., 194 and 196 (by semimicro non- 
aqueous titration with acetous perchloric acid); 
oxidation equivalent, 194 (by oxidation of mercap- 
tan to disulfide with excess iodine and back-titration 
with thiosulfate). 


Reduction of I-Phenpl-1-acetthio-2-nitropropane. 
-A solution of 24 Gm. (0.1 mole) of l-phenyl-l-acet- 
thio-2-nitropropane in 300 ml. of anhydrous ether 
was added dropwise to a solution of 15.2 Gm. (0.4 
mole) of lithium aluminum hydride in 300 d. of 
ether. The mixture was heated under reflux with 
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stirring for 80 hours. The reaction complex was hy- 
drolyzed by dropwise addition with vigorous stir- 
ring of 28.8 ml. of water, followed by 39.5 ml. of con- 
centrated hydrochloric acid. The ether tiltrate 
was evaporated to give 10.5 Gm. of an oily semi- 
solid. Repeated recrystallization of this residue 
from mixtures of benzene and petroleum ether gave 
2 Gm. of white crystals. m.p. 69-70'. Chemical 
analysis indicated that this compound was benzyl di- 
sulfide. Comparison to  an authentic specimen 
showed identical infrared spectrum and no depres- 
sion of melting point. 


In a subsequent identical run, during the evapora- 
tion of the ether solution to dryness, the escaping 
gases were passed through a trap containing hydro- 
chloric acid. Evaporation of the solution from this 
trap left a residue of 4.5 Gm., m.p. 95-105'. Re- 


1547 


crystallization from ethanol-ether mixtures gave 2.5 
Gm. (28%) of ethylamine hydrochloride, m.p. 108- 
109'. This is in agreement with the known melting 
point of 109" (5). Conversion to  the benzamide 
derivative gave a product which melted a t  68-69O, 
in agreement with the previously reported melting 
point for N-ethylbenzamide of 69' (ti). 
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Use of Hammett Graphs in Stability Programs 
By J. THURg CARSTENSEN, E. G. SERENSON, and J. J. VANCE 


AMMETT GRAPHS have been used for  many H years by organic and physical chemists, pri- 
marily for elucidation of reaction mechanisms. 


Research programs involving the screening of a 
host of related compounds may benefit from this 
sort of approach. By establishing a few pKa values 
and rate constants. rapid estimates of degradation 
rates of new compounds can be made simply by a 
pKa measurement. The advantage of this in 
pharmaceutical formulation i s  quite obvious. 


The condition that a linear relationship holds 
(1, 8 )  is that the entropy of reaction is either zero 
or is the same for all the hydrolyses (or whatever 
reaction is pertinent) or that A H  and AS be linearly 
related. 
In general, the substituent parameter is referred 


to  as u, and the reaction parameter as p; the latter 
in particular is useful in deducing the actual reaction 
mechanism. Substituent u values and reaction p 
values are abundantly reported in the literature (1). 


The authors have exemplified the utility of this 
sort of approach by a study of a series of allylbar- 
bituric acids. 


The materials used in this study were obtained by 
suitable extraction from commercially available 
dosage forms in the case of talbutal and secobarbital. 
5-Allyl-5(2-cyclopenten-l-yl) barbituric acid,' ito- 
barbital.' and allobarbital' were obtained from sup- 
pliers. Unsubstituted allylbarbituric acid was 
synthesized according to  the method of Arnold 
et ul. (2) and Johnson and Hill (3). 


Experimentally, samples were prepared by dis- 
solving 250 mg. of barbiturate in form of the acid 
in 50 ml. of 95% ethanol. This was then diluted 
1 : 50 with a borate buffer of the following composi- 
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tion: 0.97 Gm. of boric acid, 1.15 Gm. of potassium 
chloride, 344 ml. of 0.1 N sodium hydroxide and ad- 
justed to lo00 d. with distilled water, yielding a 
h a 1  pH of 11.8. 


Ampuls of these solutions were stored at 85' and 
assayed at six storage times. The decrease in 
barbiturate was determined by a decrease in ab- 
sorbance at the peak wavelength (240-242 mp) after 
suitable dilution with the described borate buffer. 
Pseudo first-order rate constants (hours-') are de- 
noted R in Fig. 1 and Table I. 


The pKa's of the barbiturates were determined 
spectrophotometrically. pKao and k, in the follow- 
ing refer to the unsubstituted allylbarbituric acid. 


In a more formal treatment (4. 5, 7, 9, 10). the 
reaction constant is calculated from substituent con- 
stants based on dissociation constants in water. 
The r-constants as defined here hence refer to  the 
dissociation constants relative to the dissociation of 
unsubsituted allylbarbituric acid. Statistical im- 
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conveniently be calculated for an unknown sub- 
stance with known pKa with previous knowledge of 
rate constant and pKa of compounds related to the 
substance in question. 
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stirring for 80 hours. The reaction complex was hy- 
drolyzed by dropwise addition with vigorous stir- 
ring of 28.8 ml. of water, followed by 39.5 ml. of con- 
centrated hydrochloric acid. The ether tiltrate 
was evaporated to give 10.5 Gm. of an oily semi- 
solid. Repeated recrystallization of this residue 
from mixtures of benzene and petroleum ether gave 
2 Gm. of white crystals. m.p. 69-70'. Chemical 
analysis indicated that this compound was benzyl di- 
sulfide. Comparison to  an authentic specimen 
showed identical infrared spectrum and no depres- 
sion of melting point. 


In a subsequent identical run, during the evapora- 
tion of the ether solution to dryness, the escaping 
gases were passed through a trap containing hydro- 
chloric acid. Evaporation of the solution from this 
trap left a residue of 4.5 Gm., m.p. 95-105'. Re- 
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crystallization from ethanol-ether mixtures gave 2.5 
Gm. (28%) of ethylamine hydrochloride, m.p. 108- 
109'. This is in agreement with the known melting 
point of 109" (5). Conversion to  the benzamide 
derivative gave a product which melted a t  68-69O, 
in agreement with the previously reported melting 
point for N-ethylbenzamide of 69' (ti). 
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AMMETT GRAPHS have been used for  many H years by organic and physical chemists, pri- 
marily for elucidation of reaction mechanisms. 


Research programs involving the screening of a 
host of related compounds may benefit from this 
sort of approach. By establishing a few pKa values 
and rate constants. rapid estimates of degradation 
rates of new compounds can be made simply by a 
pKa measurement. The advantage of this in 
pharmaceutical formulation i s  quite obvious. 


The condition that a linear relationship holds 
(1, 8 )  is that the entropy of reaction is either zero 
or is the same for all the hydrolyses (or whatever 
reaction is pertinent) or that A H  and AS be linearly 
related. 
In general, the substituent parameter is referred 


to  as u, and the reaction parameter as p; the latter 
in particular is useful in deducing the actual reaction 
mechanism. Substituent u values and reaction p 
values are abundantly reported in the literature (1). 


The authors have exemplified the utility of this 
sort of approach by a study of a series of allylbar- 
bituric acids. 


The materials used in this study were obtained by 
suitable extraction from commercially available 
dosage forms in the case of talbutal and secobarbital. 
5-Allyl-5(2-cyclopenten-l-yl) barbituric acid,' ito- 
barbital.' and allobarbital' were obtained from sup- 
pliers. Unsubstituted allylbarbituric acid was 
synthesized according to  the method of Arnold 
et ul. (2) and Johnson and Hill (3). 


Experimentally, samples were prepared by dis- 
solving 250 mg. of barbiturate in form of the acid 
in 50 ml. of 95% ethanol. This was then diluted 
1 : 50 with a borate buffer of the following composi- 
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tion: 0.97 Gm. of boric acid, 1.15 Gm. of potassium 
chloride, 344 ml. of 0.1 N sodium hydroxide and ad- 
justed to lo00 d. with distilled water, yielding a 
h a 1  pH of 11.8. 


Ampuls of these solutions were stored at 85' and 
assayed at six storage times. The decrease in 
barbiturate was determined by a decrease in ab- 
sorbance at the peak wavelength (240-242 mp) after 
suitable dilution with the described borate buffer. 
Pseudo first-order rate constants (hours-') are de- 
noted R in Fig. 1 and Table I. 


The pKa's of the barbiturates were determined 
spectrophotometrically. pKao and k, in the follow- 
ing refer to the unsubstituted allylbarbituric acid. 


In a more formal treatment (4. 5, 7, 9, 10). the 
reaction constant is calculated from substituent con- 
stants based on dissociation constants in water. 
The r-constants as defined here hence refer to  the 
dissociation constants relative to the dissociation of 
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TABLE  HYDROLYSIS DATA AT 85' C. 
0 


H / /  
N-C R 


/ \c/ 
O=C 


\ / \  
N-C CHI-CH=CHZ 
H " o  


- - 
Hydrolysis 


Rate Constant 
at 8 5 T .  k 


pKa pKaO - pKa R 5-Substituent Generic Name (Hr. -9 k/ko 
H 0.168 7.50 
CsH7- Cyclopentenyl None" 0.10 0.595 7.57 -0.07 
CzHsCH( CH3)- sec-Butyl Talbutal 0.0050 0.030 7.79 -0.29 
CJH,CH( CH3)- 1-Methylbutyl Secobarbital 0.0092 0.054 7.84 -0.34 
(CH3)zCH- Isopropyl Aprobarbital 0.0046 0.028 7.81 -0.31 
CHFCHCH,- Ally1 Allobarbital 0.198 1.180 7.46 +O.W 
(CHa)zCHCHz- Isobutyl Itobarbital 0.037 0.220 7.60 -0.10 


" Chemical name: 5-allyl-5(2-cyclopenten-l-yl) barbituric acid. 


0.01 i .& - .+-- .b, 
pKa' - pKa 


Fig. 2.--Semilogarithmic plot of k/k, US. pKa' -pKa. 
(See text for notation.) 


TABLE II.-SUBSTITUENT SIGMA VALUES 


Substituent U B  Ref. 
(CH3)zCH- -0.35 a+ = -0.151 (7) 


u p =  -0.280 (6) 
CsH- -0.05 
CH?=CH- 


CHz- t-0.02 
(CHakCHCHz-- -0.15 u = -0.115 (6) 
CzH,CH( CHI)-- - 0.28 
C?HsCH(CH3)-- -0.34 u = -0.123 (6) 


u = -0.983 (10) 


provement (7) over this is accomplished by the 
(confined) least-square relationship 


log k /ko  = 4.47 log KoIKo" 


derived from Fig. 2 and then obtaining individual 
u's from log k / k o  = ump = 4.47 u. Values cal- 
culated in this manner are listed as U B  in Table 11. 
Substituent values have been reported in the pre- 
vious literature for only three of the six substituents 
tested here. Previously published u values are 
predominantly for substituents in aryl (10) and 
alkyl (10, 11) compounds in a variety of reactions, 
and some values are listed in Table I1 (with refer- 
ences) for comparison purposes. 


Actual reaction mechanisms of the barbiturate 
hydrolysis have not been dealt with here; the pri- 
mary scope of this report has been stability predic- 
tion. 
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Opium Alkaloids-Separation and Identification by Gas, 
Thin-Layer, and Paper Chromatography 


By E. BROCHMANN-HANSSEN and T. FURUYA* 


A large number of opium alkaloids has been chromatographed by gas, thin-layer, 
and paper chromatography for the purpose of identification. Gas chromatography 
is particularly valuable because of its speed, sim licity, and reproducibility. The  
two other methods are useful for certain alkaloi& which either d o  not lend them- 


selves t o  gas chromatography or give unsatisfactory separation. 


EW NATURAL products have been studied so ex- F tensively as opium, and none has presented 
problems of such magnitude from chemical. bio- 
logical, and social viewpoints. The principal 
alkaloids of opium were discovered during the f i s t  
half of the 19th century. During the next 50 years, 
many minor alkaloid constituents were isolated, and 
the list has continued to  grow even during the 20th 
century. Today perhaps 20 are recognized as 
genuine alkaloids in opium and the opium poppy. 
In addition, several heterocyclic nitrogen compounds 
have been isolated which probably do not occur in 
the fresh latex but are formed as a result of oxida- 
tion, hydrolysis, or racernization. 


Most of the opium alkaloids which have been 
isolated as pure compounds are now reasonably well 
known and, except for a few, their structures have 
been established. Nevertheless, it  is not an easy 
task to  identify the minor alkaloids of opium because 
they are often diflicult to purify, and the identity 
tests which have been described are not specific. 
Thus, Fulton (1) has reported that  he has isolated 
several phenolic opium alkaloids which he has been 
unable to identify. Recently, Pfeifer and Teige 
(2) have described a new opium alkaloid whose 
structure has not yet been established. More 
alkaloids will undoubtedly be discovered as modern 
methods of isolation and characterization are de- 
veloped. In  connection with such work, i t  is essen- 
tial to be able to  identify microquantities of the 
alkaloids which have already been isolated. For 
this purpose, the chromatographic behavior of a 
large number of opium alkaloids was studied by gas, 
thin-layer, and paper chromatography. 


EXPERIMENTAL 
Gas Chromatography.-The instrument used for 


this work was a Barber-Colman model 15 gas 
chromatograph equipped with an argon ionization 
detector and U-shaped glass columns 6 ft. long and 
'/g in. in inside diameter. The solid support was 
Gas-Chrom A, washed with acid and base and 
siliconized with hexamethyldisilazane (3). It was 
inactivated further with thin coats of polyethylene 
glycol 4OOO and nonylphenoxypolyethyleneoxy- 
ethanol, each coat representive of about 0.05% of 
the weight of the support. This material was coated 
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rapidly with 2% of silicone rubber SE-30 by a filtra- 
tion method (4). The alkaloid samples were dis- 
solved in acetone and applied with a microsyringe as 
1 pl. containing 5 to 10 mcg. of each alkaloid. The 
results are given in Table I. 


Thin-Layer Chromatography.-Silica gel G was 
used as the adsorbant, and the chromatograms were 
developed with methanokhloroform (1:9) and 
ethanol-benzene (1:4), as described by Mary and 
Brochmann-Hanssen (5). After drying, the plates 
were observed under ultraviolet light and sprayed 
with potassium iodoplatinate reagent. In the case 
of porphyroxine, the plate was sprayed with hydro- 
chloric acid and dried; a characteristic red spot was 
produced. Occasionally, spraying with Gibbs' re- 
agent (2,6-dichloroquinone chlorimide) was used to 
develop the spots of laudanine, laudanidine, and 
reticdine. The R, values in thin-layer chromatog- 
raphy greatly depend on the brand of silica gel and 
the activation of the thin-layer plates. The results 
in Table I1 are average values based on a large 
number of runs. 


Paper Chromatography.-Of the many solvent 
systems used for paper chromatography of alkaloids, 
a modification of the procedure described by Miram 
and Pfeifer (7) appeared to  be most satisfactory for 
the opium alkaloids. Sheets of Whatman No. 1 
filter paper were cut in the machine direction into 
strips 46 cm. long and 20 cm. wide. With a soft 
lead pencil, lines were drawn across the papers 6.5 
cm. and 32.0 cm. from one end; the first line marked 
the starting point. The papers were sprayed with 


TABLE I.-RBLATNE RETENTION TIMES OF OPIUM 
ALKALOIDS 


Alkaloid 
Codeine 0.38 
Neopine 0.41 
Morphine 0.48 
Thebaine 0.59 
1 O-Hydroxycodeine 0.66 
Laudanosine 1 .oo 
Laudanine 1.12 
Laudanidine 1.12 
( f )-Retidine 1.18 
Papaverine 1.65 
Protopine 1.95 
Cryptopine 2.41 
Narcotine (noscapine) 4.40 
Carrier gas Argon 
Inlet pressure, ps i . ,  Ib. 19 
Column dimensions 6ft. X '/sin. 
Liquid phase 2% SE-30 
Column temp. 207" 
Injection port temp. 302" 
Cell bath temp. 230" 
Laudanosine time, min. 16.4 
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butanol or water-saturated ether, respectively. The 
results are illustrated in Fig. 1, a composite picture 
bawd on a number of chromatograms. 


DISCUSSION 


The gas chromatographic method was most gen- 
erally applicable and permitted separation of the 
largest number of alkaloids. Even when no clear- 
cut separation of mixtures could be obtained, as in 
the case of codeine and neopine or laudanine and 
reticuline, there was difference enough in the reten- 
tion times to make possible the identification of the 
pure alkaloids. The isomeric alkaloids, laudanidine 
and laudanine (dl-laudmidine), could not be sep- 
arated by the three methods. The peak shift tech- 
nique described by Anders and Mannering (8) was 
very useful for the identification of phenolic alka- 
loids. 


Thin-layer chromatography is also a good method 
for identification of many opium alkaloids, but the 
retention data are not nearly so reproducible as for 
gas chromatography. Although several alkaloids 
have Rf values too close for separation, it is often 
possible to  identify the spots by observing them 
under ultraviolet light and by using selective spray 
reagents. The relative differences in R, values for 
the two solvent systems are also useful as means of 
identification. 


The paper chromatographic method showed con- 
siderable selectivity in some instances where the 
other two methods were unsatisfactory. It was the 
only method which gave a clear separation of codeine 
and neopine. 


I t  would seem that the three methods when con- 
sidered together should permit identification of prac- 
tically all known opium alkaloids. When extracts 
of opium were subjected to these procedures, the 
alkaloids chromatographed as the pure com- 
pounds could readily be identified. It also be- 
came apparent that opium contains several alka- 
loidal substances in addition to those described in 
this paper. An investigation is being conducted to  
isolate and characterize these unknown alkaloids. 


REPERENCES 


TABLE II.-Rf VALUES OF THIN-LAYER 
CHROMATOGRAMS 


_- 


Alkaloid 
Narceine 
Morphine 
10-Hydroxycodeine 
( f )-Reticulinea 
Codeine 
Neopine 
Protopine 
Laudanine 
Laudanidine 
Cryptopine 
Thebaine 
Laudanosine 
Narcotoline 
Porphyroxineb 
Papaverine 
Narcotiiie ( noscapine) 


---- Solvent System - 
Me0H:CHClr I3tOH:CaHe 


( 1 9 )  (1:4) . .  . .  
0.09 0.03 
0.12 0.08 
0.17 0.15 
0.28 0.18 
0.35 0.15 
0.38 0.12 
0.46 0.42 
0.47 0.28 
0.47 0.28 
0.48 0.40 
0.65 0.38 
0.74 0.36 
0.88 0.71 
0.93 0.65 
0.97 0.77 
0.97 0.87 


a Isolated from opium ( 6 ) .  Isolated from opium as 
described by Pfeifer and Teige (2). 


McIlvain buffers, as illustrated in Fig. 1. The 
excess of buffer solution was removed between clean 
filter papers, and the paper strips were allowed to 
air-dry for 2 hours. Spots of the alkaloid solutions 
(in chloroform or methanol) were placed on the start- 
ing line 3 cm. apart; after a few minutes, the papers 
were placed in chromatographic jars, the atmosphere 
of which was saturated with the solvent system to 
be used. After 1 hour of equilibration, the chroma- 
tograms were developed with water-saturated n- 


f 


0 


0 2s 


0 so 


0.7s 


1.00 
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Fig. 1.-Paper chromatograms of opium alkaloids 
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Determination of Anhydrotetracycline and 
4-Epianhydrotetracycline in a Tetracycline Mixture 


By R. G. KEUY 


A method of analysis for anhydrotetracycline and 4-epianhydrotetracycline in the 
presence of large quantities of tetracycline (about 95 per cent) has been developed. 
The method involves separation of the components by column chromatography, 
followed by spectral determination of column eluates. In the presence of 50 mg. 
of tetracycline, 0.9 mg. of added anhydrotetracycline was determined with the 
analytical recovery of 100.5 per cent, and 0.9 mg. of added 4-epianhydrotetracycline 


was determined with the analytical recovery of 92.5 per cent. 


BCBNTLY, reports have appeared in the literature R describing a Fanconi-type syndrome, usually 
reversible, induced in patients who have ingested 
outdated or degraded tetracycline (1-5). The 
qualitative analyses of degraded capsular material 
by paper chromatographic methods (6) have re- 
vealed the presence of three degradation products 
(Scheme I )  typical of what might be expected if 
tetracycline hydrochloride ( I )  were exposed to con- 
ditions of high temperature and moisture (7, 8). 
These degradation products are 4-epitetracycline 
(11), anhydrotetracycline (111). and 4-epianhydro- 
tetracycline (IV).  Of these, 4epianhydrotetra- 
cycline in relatively large doses was the causative 
agent of renal tubular damage in the rat and the dog 
producing urinary findings suggestive of a Fanmni- 
type syndrome (9). 


Therefore, it  was necessary to develop an analyt- 
ical procedure capable of determining the anhydro- 
tetracyclines in the presence of large quantities of 
tetracycline. 


EXPERlMENTAL 
Materials and Methods 


Reagents.-Acid-washed diatomaceous earth,' 
0.1 M ethylenediaminetetraacetic acid (EDTA) 
disodium salt brought to pH 7.8 with ammonium 
hydroxide, reagent grade chloroform, 0.1 M EDTA 
in 0.2 M NH,OH, and 0.1 N HCI were employed. 


Procedure.-Equilibrate equal volumes of p H  
7.8 EDTA solution and chloroform. To 10 Gm. 
dry Celite, add 5 ml. of the upper phase in a small 
conical flask, and shake until the Celite is moistened 
evenly. 


Prepare a column 15 X 1.8 cm. (an ordinary 6411. 
test tube with a stopcock) of the moist Celite, using 
a small circle of filter paper (about 1 cm. diameter) 
as a plug, tightly packing about 80% of the Celite 
(10-11 cm.). Dilute an amount of the sample 
equivalent to 50 mg. of tetracycline to  1 ml. with 
0.1 N HCl, and mix, effecting as much solution as 
possible of the sample. 


Add 0.25 ml. of the solution (or fine suspension) 
to 1 Gm. of dry Celite, and mix thoroughly with a 
small glass stirring rod; add 0.25 ml. of 0.1 M 
EDTA in 0.2 M NH,OH, and mix thoroughly again. 
Pack the sample Celite mixture on the column. 
Pack an additional 1 cm. of the EDTA-moistened 
Celite on top of the sample, and cover with a layer of 
sand. 
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Elute with the lower phase of the equilibrated 
solvent mixture; more rapid elution may be ef- 
fected by applying a positive pressure to the top of 
the column after the solvent has passed the tetra- 
cycline charge. Collect 5-ml. fractions, and read 
absorbances at 430 ma. using lower phase solvent as 
a blank. Anhydrotetracycline is in the first eluted 
tube and epianhydrotetracycliie in tubes 2-7. 
(This will vary slightly, according to  the precise pH 
conditions of the column.) 


RESULTS AND DISCUSSION 


The solubility differences between the anhydro 
derivatives of tetracycline and tetracycline itself 
suggested that a method for the determination of 
these derivatives in the presence of tetracycline 


OH 0 OH 0 


Scheme I 
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absorptivity of 1.62 X lo-’ was used. The ab- 
sorptivity is defined as absorbance per microgram 
per milliliter of eluate using a 1-cm. light path. 
These absorptivities were determined by dissolving 
(or suspending) an accurately weighed amount of 
the compound under consideration in a 10-ml. 
volume of the solvent equilibrated aqueous phase 
of the pH 7.8, 0.1 M EDTA solution and extracting 
with successive small volumes of the chloroform 
phase until all of the yellow color was in the chloro- 
form extracts. These were pooled and diluted to a 
specific volume. then read in the spectrophotometer 
at 430 mp. 


In the column described by Fig. 2, anhydrotetra- 
cycline was in tube 1, and epianhydrotetracycline 
was in tubes 2-5. The slight absorption in tubes 
beyond the fifth tube was shown by reading ab- 
sorbances at 360 mp to be due to tetracycline, which 


. has an absorptivity of approximately 1.6 X lo-’ 
’ a t  430 mp.2 


Although anhydrotetracycline is in the first 
eluted fraction in spite of variations in pH over the 
range 7.5-8.0, epianhydrotetracycline and tetra- 
cycline elutions are somewhat affected by such varia- 
tions. In agreement with the curve in Fig. 1. a t  a 
pH more acid than 7.8 the epianhydrotetracycline 
will be eluted more rapidly than desirable; con- 
versely, a t  pH’s higher than that recommended, the 
elution of this compound will be slower and extend 
over a larger number of fractions. Rather than to 
impose a precise control of pH on the methodology, 
it is simpler to permit a variable elution rate. The 
fractions to be estimated as epianhydrotetracycline 
are easily selected on the basis of their yellow color. 


For the column shown in Fig. 2, the tubes 2-5 
were chosen in this manner. The recovery of added 
epianhydrotetracycline was determined as 92.5y0; 
the recovery of added anhydrotetracycline, all of 
which was in tube 1, was 100.5%. In the original 
mixture, each of these components represented less 
than 2y0 of the total tetracycline content. 


In two other experiments performed, recoveries of 
95.5 and 102y0 were obtained on added anhydro- 
tetracycline, and recoveries of 86.0 and 10l.Oyo 
were derived for epianhydrotetracycline in mixtures 
of the two compounds. These columns were run 
without added tetracycline. In  one, epianhydro- 
tetracycline was eluted in tubes 2-10 and in the 
other in tubes 2-7. 
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Fig. 1.-Percentage of anhydrotetracycline and 
4-epianhydrotetracycline extracted from water into 
chloroform a t  various pH’s. 


might be evolved from a preliminary separation of 
the various components, followed by a spectro- 
scopic analysis of the purified compounds. In the 
course of work involving the development of an 
analytical method for the determination of tetra- 
cycline in rat bone (lo), the extraction of anhydro- 
tetracycline from an aqueous medium into chloro- 
form was maximal a t  pH 4.5. Work done sub- 
sequently indicated that the same p H  maximum for 
extraction occurred with epianhydrotetracycline. 
However, in the construction of pH versus distribu- 
tion coefficient curves, at certain p H  values dif- 
ferences in the curves derived from the two anhydro 
compounds were apparent (Fig. 1). These dif- 
ferences occur in the pH ranges 1.5-2.5 and 6.5-8.5. 
On the basis of this information, column chroma- 
tography, using a pH 7.8 chloroform-water solvent 
system on an inert camer, was attempted for the 
separation of mhydrotetracycline from epianhydro- 
tetracycline. 


Figure 2 shows the results obtained on a column 
run on a mixture of 50 mg. of tetracycline hydro- 
chloride, 9 10 mcg. of anhydrotetracycline hydro- 
chloride, and 894 mcg. of 4-epianhydrotetracycline 
hydrochloride. The column eluates were read in a 
Beckman model B spectrophotometer at 430 mp. 
For the anhydrotetracycline hydrochloride, an ab- 
sorptivity of 1.755 X lo-’ was used for calculation 
of concentration ; for 4-epianhydrotetracycline, an 


Fig. 2.-CoI- 
umn chroma- 
tography of a 
mixture of tetra- 
cycline, anhy- 
drotetracycline, 
and 4-epianhy- 
drotetracycline. 


Dr. I.. Leeson, Pharmaceutical Product Development 
Department, Lederle Laboratories, has determined the opti- 
mal wavelencth for the assav orocedure to he 4% ma. A t  
this wavelenith, the absorpti;iiyfhighlyp;rifi~n ai6;d;iI 
tetracycline hydrochloride was 1.87 X lo-*. and that of 
highly purified 4-epianhydrotetracycline hydrochloride was 
1.85 X 10-2. Furthermore, the absorptivity of tetracvdine TUBE NUMBER (5  ml. PER TUBR) hydrochloride i s  lower a t  438 mp than at 430 mp. 
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Infrared Absorption Ratio Method for Determination of 
Triethanolamine Salicylate in Ointment 


By H. ORVILLE HEISEY* 


A rapid and convenient infrared method was developed for the assay of triethanol- 
amine salicylate in an ointment base. The method involves drying the ointment, 
scanning the infrared spectrum from 5.5 to 8.7 p, and calculating the ratio of the 
absorption peaks at 6.3 and 6.85 p. Advantages of the method are that no chemi- 
cal isolation or treatment of the drug is necessary and no weight or volume meas- 


urement of sample is required. 


METHOD was sought for determining trieth- A anolamine salicylate (TEAS) salt complex 
(2, 2', 2'4trilotriethanol salicylate) in ointment. 
A literature search turned up only three direct 
references to  the compound (1-3); its analytical 
determination was not mentioned. It was desirable 
to have a method specific for the TEAS complex 
and not dependent on an analytical reaction of 
any of its components. Preliminary studies on 
colorimetric and titrimetric methods did not give 
promising results. Investigation of the infrared 
spectra of the complex and of the ointment base 
revealed that absorption by the ionized carboxyl 
group along with the absorption of the methylene 
groups in the system could be used as the basis for 
an assay method. Like most ointment bases, the 
one used in this work consists largely of high 
molecular weight aliphatic compounds, so the 
strongest absorption is due to  methylene groups. 
Since the pKau" for salicylic acid is 3.00, the 
contribution to the quantity of ionized carboxyl 
from any free salicylic acid present would be 
negligible. Hence the absorption by the ionized 
carboxyl group of the salicylic acid moiety of the 
TEAS complex is taken as specific for the TEAS 
content; the absorption peak occurs at about 
6.3 p in this system. (Commercial grades of 
triethanolamine contain varying amounts of dieth- 
anolamine with traces of monoethanolamine. Any 
salicylate complexes involving these amines would 
also contribute to  this absorption band.) The 
CH2 group absorbs at about 6.85 p in this ointment 
system. The ester absorption band appears at 
about 5.8 p. Under normal conditions (k., tem- 
peratures less than about 65"), only a negligible 
amount, if any, of the ester would be present. At 
any rate, the ester would not contribute to  the 
absorption at 6.3 p by the ionized carboxyl of the 
TEAS salt; hence, this latter absorption would 
indicate correctly the content of salicylate complex. 


Since the ratio of TEAS t o  CHs groups will always 
be the same in a given ointment sample or batch 
(assuming homogeneity) regardless of the quantity 
of ointment taken, the ratio of the absorbances 
of these two chemical entities is a measure of the 
relative amount of TEAS present. This eliminates 
the need for weight, volume, or thickness measure- 
ments of sample taken. For the assaying of 
ointments, this is a very desirable feature. The 
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ratio of interest is the ratio of the absorbance at 
6.3 p to the absorbance a t  6.85 p .  


EXPERIMENTAL 


Apparatus.-An infrared recording spectropho- 
tometer with NaCl optics, two or three NaCl plates 
and holders or a demountable cell, an infrared heat- 
ing lamp, a Wig-L-Bug (or similar vibrator-mixer) 
and stainless steel capsule and pellet, and a ther- 
mometer, microspatula, ringstand, and microscope 
slide were employed. 


Preparation of Standard Curve.-A series of syn- 
thetic ointments was prepared containing these per- 
centages of TEAS in ointment base (w/w): 5, 7. 8, 
9, 9.5, 10, 10.5, 11, 12, 13, 15. Samples of these 
standards were prepared as outlined under Pro- 
cedure, and the infrared spectrum of each was ob- 
tained from 5.5 to 8.7 p on a Beckman I R  5 spec- 
trophotometer. The absorbance ratio was calcu- 
lated, and the plot of absorbance ratio versus per 
cent TEAS followed Beer's law over the region of 
interest. 


Procedure.-Attach the heating lamp t o  a ring- 
stand so that the lens is about 1 f t .  above the base of 
the stand. Arrange a thermometer horizontally, so 
that  i t  registers the temperature at the base; turn on 
the lamp and allow the temperature to reach about 
60" before drying the sample. The temperature 
should not be allowed to rise above about 70". 


Mix the ointment thoroughly; with a micro- 
spatula, spread a layer of sample about 1/18 in. or 
less in thickness on a glass slide. Place the slide 
directly under the lamp and next to  the thermometer 
bulb. Note the time and temperature at the 
beginning and end of the heating period, which 
should be 10 minutes for an ointment containing 
about 60yo water. Remove the slide from the heat 
and mix the melted sample with the spatula; when 
it has solidified after 1 minute or 2, scrape off the 
sample as much as possible into the stainless steel 
capsule with the pellet and vibrate it in the Wig-L- 
Bug for 20 seconds. This assures thorough mixing 
of the crystals of TEAS with the dehydrated oint- 
ment base, which is essential for obtaining an 
accurate assay result. 


Prepare two NaCl salt plates as windows, warming 
them slightly under the lamp. Apply a thin 6lm of 
the dried mixed ointment to  the larger plate, then 
press a smaller plate over i t  to  form a continuous 
fi of an area appropriate to  the cross section 
of the sample beam of the spectrophotometer. 
Adjust the sample thickness so that the absorbance 
a t  6.85 p is approximately 0.53 (or 3oy0 2') and 
obtain the infrared spectrum from 5.5 to 8.7 p. 
It is desirable to reduce the background absorption 
by placing a single salt plate in the reference beam. 
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Replicates of four spectra for each of 10 lots of 
ointment gave an average deviation of f0.006 in the 
absorbance ratio, which represents an error of ap- 
proximately 0.2% in TEAS content. This precisioii 
is adequate for routine control of comniercial 
samples. 


The time required for the assay is about 30 
minutes and includes drying and preparing the 
sample, running four spectra, and calculating 
results. 


SUMMARY 


A convenient, rapid, and accurate absorbance 
ratio method for the assay of triethanolamine 
salicylate in ointment base is proposed. The 
method is based on the spectrophotometric measure- 
ment of the infrared absorption of the salicylate 
ionized carboxyl and the system methylene groups. 
No measurement of amount of sample taken is 
necessary, and no standard needs to  be run after the 
standard curve has been established. 


REFERENCES 


Draw a base line joining the transmission maxima 
at 5.6 and 8.55 p. Determine the appropriate 
absorbance values and calculate the 6.3/6.85 ratio 
from 


where 


As.$'. 6,s = absorbance of peak at 6.3 or 6.85 p 


A(.Q', 0 . ~ 6  = absorbance of base line a t  6.3 or 6 . 8 5 ~  


DISCUSSION 
It is important in the sample treatment to 


ascertain that all water is driven out. There are 
water absorption bands in the region of interest, and 
the presence of water in the sample being scanned 
will give variable results for the absorbance ratio. 
On the other hand, care must be taken that the tem- 
perature does not rise high enough to cause ester 
formation, which would obviously result in a lowered 
salicylate salt content. There should be no problem 
if the procedure outlined above is followed. Other 
drying methods are available, but this was the 
method of choice in terms of convenience and 
simp1 ici t y . 
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Mannich Bases and Alcohols from Hexamethylenimine 
By W. LEWIS NOBLES and B. BLACKBURN THOMPSON* 


The  synthesis of a group of Mannich bases 
and secondary and tertiary 7-aminoalcohols 
derived from hexamethylenimine are de- 
scribed. These compounds are to  be screened 


for possible pharmacological action. 


HE MANNICH reaction has been extensively re- T viewed (1-4) and consists of the condensation 
of ammonia or a primary or secondary amine, 
usually as the hydrochloride salt, an aldehyde, and 
a compound capable of supplying one or more re- 
placeable hydrogen atoms. A typical condensation 
with acetophenone as the active hydrogen compound 
may be illustrated as 


&!--CH3 + CHzO 4- RZNH - 
n 


The mechanism of the Mannich reaction has been 
investigated by others (5-9). Hellmann and Opitz 
( 5 )  and Cummings and Shelton (6) proposed that 
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the reaction is initiated by a condensation between 
the amine and formaldehyde to yield an amino- 
methanol. The subsequent steps may be visualized 
as follows: attack of a proton on the oxygen atom 
of the aminomethanol, followed by expulsion of 
water, leads to the formation of a resonance- 
stabilized carbonium-immonium ion. This car- 
bonium ion then reacts with the carbanion, which 
results from ionization of the active hydrogen-con- 
taining compound. 


A large number of 8-aminoketones (Mannich 
bases) have been prepared and tested as antispas- 
modics, local anesthetics, analgesics, and antibac- 
terial agents (10-18). Secondary y-aminoalcohols. 
prepared from Mannich bases by reduction with 
sodium borohydride (15, 19. 20), and tertiary 7 -  
aminoalcohols, obtained by reacting Grignard re- 
agents with Mannich bases (21), have been pre- 
pared and tested for similar pharmacological ac- 
tivity (15,22,23). 


Reduction of piperidine Mannich bases to yield 
the corresponding secondary alcohols or reaction 
with Grignard reagents to yield the appropriate 
tertiary alcohols gave agents of greater antispas- 
modic activity (10, 22). Mannich bases derived 
from propiophenone appear to have enhanced 
analgesic activity (16, 21) and are better local anes- 
thetics (12, 13) and antifungal agents (16) than 
acetophenone derivatives. Certain 8-aminoketones 
with complex amine moieties have shown an un- 
expected order of antibacterial activity (24). 
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Replicates of four spectra for each of 10 lots of 
ointment gave an average deviation of f0.006 in the 
absorbance ratio, which represents an error of ap- 
proximately 0.2% in TEAS content. This precisioii 
is adequate for routine control of comniercial 
samples. 


The time required for the assay is about 30 
minutes and includes drying and preparing the 
sample, running four spectra, and calculating 
results. 


SUMMARY 


A convenient, rapid, and accurate absorbance 
ratio method for the assay of triethanolamine 
salicylate in ointment base is proposed. The 
method is based on the spectrophotometric measure- 
ment of the infrared absorption of the salicylate 
ionized carboxyl and the system methylene groups. 
No measurement of amount of sample taken is 
necessary, and no standard needs to  be run after the 
standard curve has been established. 
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Draw a base line joining the transmission maxima 
at 5.6 and 8.55 p. Determine the appropriate 
absorbance values and calculate the 6.3/6.85 ratio 
from 


where 


As.$'. 6,s = absorbance of peak at 6.3 or 6.85 p 


A(.Q', 0 . ~ 6  = absorbance of base line a t  6.3 or 6 . 8 5 ~  


DISCUSSION 
It is important in the sample treatment to 


ascertain that all water is driven out. There are 
water absorption bands in the region of interest, and 
the presence of water in the sample being scanned 
will give variable results for the absorbance ratio. 
On the other hand, care must be taken that the tem- 
perature does not rise high enough to cause ester 
formation, which would obviously result in a lowered 
salicylate salt content. There should be no problem 
if the procedure outlined above is followed. Other 
drying methods are available, but this was the 
method of choice in terms of convenience and 
simp1 ici t y . 
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Mannich Bases and Alcohols from Hexamethylenimine 
By W. LEWIS NOBLES and B. BLACKBURN THOMPSON* 


The  synthesis of a group of Mannich bases 
and secondary and tertiary 7-aminoalcohols 
derived from hexamethylenimine are de- 
scribed. These compounds are to  be screened 


for possible pharmacological action. 


HE MANNICH reaction has been extensively re- T viewed (1-4) and consists of the condensation 
of ammonia or a primary or secondary amine, 
usually as the hydrochloride salt, an aldehyde, and 
a compound capable of supplying one or more re- 
placeable hydrogen atoms. A typical condensation 
with acetophenone as the active hydrogen compound 
may be illustrated as 


&!--CH3 + CHzO 4- RZNH - 
n 


The mechanism of the Mannich reaction has been 
investigated by others (5-9). Hellmann and Opitz 
( 5 )  and Cummings and Shelton (6) proposed that 
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the reaction is initiated by a condensation between 
the amine and formaldehyde to yield an amino- 
methanol. The subsequent steps may be visualized 
as follows: attack of a proton on the oxygen atom 
of the aminomethanol, followed by expulsion of 
water, leads to the formation of a resonance- 
stabilized carbonium-immonium ion. This car- 
bonium ion then reacts with the carbanion, which 
results from ionization of the active hydrogen-con- 
taining compound. 


A large number of 8-aminoketones (Mannich 
bases) have been prepared and tested as antispas- 
modics, local anesthetics, analgesics, and antibac- 
terial agents (10-18). Secondary y-aminoalcohols. 
prepared from Mannich bases by reduction with 
sodium borohydride (15, 19. 20), and tertiary 7 -  
aminoalcohols, obtained by reacting Grignard re- 
agents with Mannich bases (21), have been pre- 
pared and tested for similar pharmacological ac- 
tivity (15,22,23). 


Reduction of piperidine Mannich bases to yield 
the corresponding secondary alcohols or reaction 
with Grignard reagents to yield the appropriate 
tertiary alcohols gave agents of greater antispas- 
modic activity (10, 22). Mannich bases derived 
from propiophenone appear to have enhanced 
analgesic activity (16, 21) and are better local anes- 
thetics (12, 13) and antifungal agents (16) than 
acetophenone derivatives. Certain 8-aminoketones 
with complex amine moieties have shown an un- 
expected order of antibacterial activity (24). 
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Luts and Kohles (25) reported anti-inflammatory 
activity, anticonvulsant activity, and analgesic 
activity in members of a series of &aminoketones 
and secondary and tertiary y-aminoalcohols derived 
from heptarnethyleniniine. /3-Aininoketones de- 
rived from hexamethylenimine were reported to 
possess CNS tranquilizing ability (26) and local 
anesthetic activity (26, 27). Most of the &amino- 
ketones were also observed to exhibit febrile activity 
(26, 27) and vasodilator activity (27). Extension 
of the series of hexamethylenimine derivatives to 
include the secondary and tertiary y-aminoalcohols 
seemed desirable. The preparation and chemical 
properties of 8-aminoketones and secondary and 
tertiary y-aminoalcohols derived from hexamethyl- 
eniniine are described in this manuscript. The 
results of the pharmacological evaluation will be 
published a t  a later date. 


EXPERIMEMAL 


Mannich Bases (&Aminoketones).-The pro- 
cedure of Mannich and Lammering (12), as applied 
by Nobles ef al. (14, 15). was employed for the 
preparation of the Mannich bases. Pertinent data 
are provided iri Table I. 


Secondary yAminoalcohols (Table 11, No. 1-3).- 
The preceding Mannich bases were reduced with 
sodium borohydride in aqueous methanol according 
to the procedure of Chaikin and Brown (19). as 
employed by Nobles (20) and by Rogers and Nobles 
(15). The data for these compounds are listed in 
Table 11. 
Tertiary +minoalcohols (Table 11, No. 4-12).- 


The procedure of Pohland and Sullivan (21) was 
employed for the preparation of these compounds. 
Relevant physical and chemical properties are given 
in Table 11. 


DISCUSSION OF RESULTS 


Hexamethylenimine (azepane), a homolog of 
piperidine, was converted to the hydrochloride salt 
and condensed with acetophenone, propiophenone, 
or p-methylacetophenone and paraformaldehyde in 
ethanol according to the procedure of Mannich and 
Lammering (12). sym-Trioxane, an acetal, failed 
to function as a source of formaldehyde in the reac- 
tion. Evidently acetals are unable to  depolymerize 
in the relatively dry ethanol employed in the reac- 
tion, while hemiacetals, such as paraformaldehyde, 
are readily converted to free aldehyde. Pertinent 
data are given in Table I. 


The Mannich bases were reduced with sodium 
borohydride according to the procedure of Chaikin 
and Brown (19), as applied by Nobles (20) and by 
Rogers and Kobles (15). The products of the re- 
duction, secondary 7-aminoalcohols, were isolated 
from dry ether as the hydrochlorides. Physical and 
chemical properties are listed in Table 11. 


In  a similar manner the procedure of Pohland and 
Sullivan (21) was employed for the preparation of 
tertiary y-aminoalcohols. Methyl-, ethyl-, and 
phenylmagncsium bromide were reacted with Man- 
nich bases of acetophenone, propiophenone, and 
p-methylacetophenone; the resultant aminoalcohols 
were isolated as the hydrochlorides. Pertinent data 
are provided in Table 11. 


In the isolation of all the secondary and tertiary 
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y-aminoalcohols it was desirable t o  chill the dry 
ethereal solution before treatment with anhydrous 
hydrogen chloride. Oil formation, and possibly side 
reactions, appear to  be retarded by this measure. 
Prolonged treatment of the solution with anhydrous 
hydrogen chloride gave some evidence of decomposi- 
tion. 


The yields of Mannich bases, secondary, and ter- 
tiary y-aminoalcchols are uniformly low for p -  
methylacetophenone and consistently high for 
propiophenone. In general, acetophenone deriva- 
tives were obtained in intermediate yields. These 
data may reflect solubilities in the recrystallization 
solvents more closely than they reflect reaction 
yields since members of the propiophenone series 
were all rapidly precipitated on recrystallization, 
while members of the p-methylacetophenone series 
were obtained in crystalline form only after refrigera- 
tion for several days at  sub-zero temperatures. 


The order of addition of Grignard reagent and 
Mannich base has been reported to  be important in 
obtaining high yields of the tertiary y-aminoalco- 
hols (28). No definite conclusions could be drawn 
from the present studies. Preliminary data, while 
not conclusive, indicated that the best order of 
addition depends inore on the nature of the reac- 
tants than on any inherent advantage of the order 
of addition per se. Further studies are planned. 
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Identification of 3',4',7-Trihydroxyflavone in Ladino Clover 
By A. L. LIVINGSTON and E. M. BICKOFF 


A yellow crystalline flavone, CIJ-IHloO~ revi- 
ously isolated from lactino clover (Tr;pOlilm. 
rcpens), has now been identified as 3',4',7- 
trihydroxyflavone. This  structure was con- 
firmed by comparing the ultraviolet and 
infrared spectra and meltin point of the 
unknown to those of an autifentic synthetic 


sample. 


HBNOLIC COMPOUNDS of forages are under investi- P gation at this laboratory. To date, the estro- 
genic compound, coumestrol ( 1) ; the related coume- 
stan, trifoliol (2); the estrogenic isoflavones, geni- 
stein, daidzein, biochanin A, and formononetin (3); 
the dicoumaryl ether, daphnoretin (4); and the 
flavone. tricin (5). have been isolated and identilied. 


Recently, the isolation of 17 phenolic compounds 
from ladino was reported (6). One of these, com- 
pound XVII. having the empirical formula Cld-IloOr, 
has now been identified. The formation of a 
triacetate indicated the presence of three phenolic 
hydroxyl groups. The similar ultraviolet spectra 
of compound XVII triacetate (Am. 299.253) and of 
the unsubstituted compound, flavone itself (Anur. 
297, 250), suggested that the unknown was also a 
h v o n e  (7). Production of orange-red color, upon 
treatment of an alcoholic solution of the parent com- 
pound with magnesium and hydrochloric acid, fur- 
ther con6rmed its flavone structure (8).  


A marked shift in the ultraviolet spectrum of the 
parent compound in the presence of boric acid- 
sodium acetate solution indicated an o-dihydroxyl 
substitution (9). A comparison of the melting 
points of the phenolic compound and its triacetate 
to those reported in the literature for known tri- 
hydroxyflavones indicated that it might be 3'.4',7- 
trihydrox yfkvone. 


This structure was unequivocally confirmed by 
comparing the spectra and mixed melting points to  
those of authentic samples. Although the synthesis 
of this compound has been described (lo), this is the 
first report (to our knowledge) of its occurrence ih a 
natural plant product. 


Recdved June 2,1964. from the Western Regional Risearch 
Laboratory, Western Utiluation Research and Development 
Division, Agricultural Research Service, U. S. Department 
of Agriculture, Albaay, Calif. 


Accepted for publication September 15, 1964. 
The authors are indebted to Leonard Jurd for synthetic 


specimens of the parent flavone and its tripcetate, to Geral- 
dine Secor and Lawrence White for elemental analyses 
and to Glen Bailey and SDima Karp for ultraviolet and 
infrared absorption spectra measurements. 


PH 


I 
EXPERIMENTAL 


A paper giving the details of the isolation of this 
yellow crystalline compound (compound XVII) by 
countercurrent distribution from an acetone extract 
of ladino clover was recently prepared (6). The 
flavone was recrystallized from methanol to  yield the 
analytical sample, m.p. 318-322" dec. ; no depression 
in melting point with a synthetic sample, m.p. 318- 
322" dec. eH 342 (log C, 4.33), 313 (sh) (log B ,  4.18). 
236.5 (log B 4.31) mp. (Spectrum identical to  that 
of synthetic 3'.4',7-trihydroxyflavone.) The infra- 
red spectra of the isolated and synthetic Aavones 
were also identical. 


Anal.--Calcd. for Cl&loOs: C. 66.7; H, 3.70. 
Found: C, 66.8; H, 3.66. 


Thirty milligrams of the parent phenol was treated 
in the usual way with acetic anhydride and fused 
sodium acetate to  form the triacetate. The tri- 
acetate was recrystallized from acetone to  give 28 
mg. of white needles, m.p. 209-210"; no depression 
in melting point with a synthetic sample, m.p. 209- 
210'. ER 299 (log e, 4.43), 253 (log e, 4.25) ma. 
The ultraviolet and the infrared spectra of the 
natural and synthetic acetates were identical. 


Anal.-Calcd. for GHlsO8: C, 63.8; H, 4.04; 
CHaCO.32.6. Found: C63.6;  H,4.414; CH3C0, 
32.8. 
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Com mzcnicdtions 


Pericyclivine, a New 
Catharanthus Alkaloid 


s i r :  


In  the course of the structure elucidation of 
perivine (I) (I), a major alkaloid of Catharanthus 
roseus and C. lanceus (2), the authors had occa- 
sion to convert I to the hitherto unknown penta- 
cyclic deoxy compound 11. The isolation of an 
alkaloid, pericyclivine, identical to substance 11 
from the leaves of C. lanceus, is now reported. 


Of the six classified Catharanthus species, only 
the two mentioned above have been phyto- 
chemically enumerated to date (3). Several 
identical alkaloids appear to be present in both 
species, i.e., perivine and leurosine (2). Perivine 
(I) is a 2-acyl indole-containing compound; as 
such, it is capable in its reduced form of readily 
forming dimeric substances through condensa- 
tion with activated aromatic rings (1). The 
alkaloid voacamine (111) is an example of such a 
condensation product (4). No natural dimer of 
this type has been found in the genus Catharanthus 
as yet. 


I , R = H , R I = O  II,R?=COOCHj, R3=H 
IV, Rz = H, RS = COOCHS 
V, Rz=COOCH,, Rs=CHzOH 


VI, &=CHaOH, R3=COOCH3 
VII, Rs=H, R B = C H ~ O H  


111, R =  CHs, Ri = 


CH300C .=”, 


Following the procedure utilized for C. roseus 
(5), the A fraction from C. lanceus leaf (100 Gm.) 
was chromatographed on alumina (partially de- 
activated, Alcoa F-20). After elution of perivine, 
leurosine, and yohimbine, crude pericyclivine 
was obtained from the chloroform-benzene(2 : 1) 
eluates. Two crystallizations from ethanol 


afforded 0.225 Gm. of pericyclivine (CsHpsNrO?), 
m.p. 232-233’, monoclinic prisms with elongation 
parallel to the b axis, pK’a 6.75 (33% DMF), 
((11: -I- 5.2 (c= 1.0, CHCls), which was shown to 
be identical to 11, prepared from perivine (I), by 
comparison of I.R. and NMR spectra and mixed 
melting points (1). An examination of the NMR 
spectrum of pericyclivine indicated that the ester 
function (CHs singlet 3.05 6 )  at C-16 was oriented 
toward the indole moiety as shown in IT. Treat- 
ment of the base with sodium methoxide in 
methanol resulted in epimerization of the ester- 
methyl (3.78 6 )  to yield the known dehydroxy- 
methyl akuammidine’ (IV) (6). 


A number of indole alkaloids containing the 
pericyclivine ring system are known (7). Of par- 
ticular interest is the occurrence of both ester- 
carbinol isomers in akuammidine (V) and poly- 
neuridine (VI) and also the 16-carbinol, norma- 
cusine-B (VII). This represents the first example 
of an alkaloid in this series containing only an 
ester function at  C-lG. The finding of this 
alkaloid, an obvious progeny of perivine, indicates 
that perivinol or its biosynthetic equivalent must 
exist in C. lanceus. It will be interesting to see 
if dimeric compounds containing perivine will 
eventually be discovered in this plant. 
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I The logical name of pericyclivine should be dehydroxy- 
methyl akuammidine since the ester function in akuammidine 
(V) is oriented as shown for the former compound (11). 
However treatment of akuammidine with potassium fnf-  
butoxide’ yields compound IV isomerized at position 16. 
Therefore. to avoid confusion we have chosen the trivial 
name “pericyclivine.” 


1558 








Evaluation of Polymeric Materials I1 
Screening of Selected Vinyls and Acrylates as 


Prolonged-Action Coatings 
By ROBERT JAY NESSEL*, H. GEORGE DEKAY, and GILBERT S. BANKER 


Acrylic and vinyl polymers, copolymers, and derivatives were evaluated as potential 
sustained-action coatings. Based o n  a screening of films of the polymeric materials 
for solubility characteristics, free him formation, and drug permeability, the n-butyl 
half ester of poly(methy1 vinyl ether)/maleic anhydride offered the most in vitro 
promise of controlling dru release. T h e  n-butyl half ester had no cumulative toxic 


effects fased on a short-term feeding study. 


N THE SELECTION of polymeric films for appli- 
cation as protective, enteric, or sustained- 


release coatings to solid pharmaceutical dosage 
forms, the solubility, film formation, drug per- 
meability, and toxicity of the coating materials 
must be considered. 


In  the past the usual method of evaluation en- 
tailed the application of the new coating agent 
directly to  tablets, pills, etc., and the testing 
of disintegration rates. However this approach 
was very time consuming, especially when many 
substances were to be tested, and the method 
provided only limited information with which t o  
interpret and analyze results. In 1953, An- 
tonides (1) developed a test procedure for screen- 
ing film-forming materials using microscope slides 
as a coating surface, Kanig and Goodman (2) 
and Munden, et al. (3), have evaluated several 
chemical and physical properties of polymers us- 
ing the free polymer films as the test samples. 
These studies of film evaluation were not directed 
toward sustained-release products. 


EXPERIMENTAL 


Preparation of Polymer Derivatives.-In addition 
to the commercially available polymers studied in 
this project, several derivatives were prepared to 
produce polymeric materials with solubility proper- 
ties more nearly approaching that desired in a pro- 
longed-action coating (insoluble or slowly soluble 
in gastric media and slowly soluble in intestinal 
media). The polymers screened in this study are 
listed in Table I and were selected for investigation 
based on their reported low toxicity and solubility 
characteristics. 


Of the polymers studied, poly(methy1 vinyl 
ether)/maleic anhydride or PVM/MA was unique 
in the number of derivatives which were available 
or could be prepared from it. The derivatives com- 
mercially available or available as experimental 
chemicals were the methyl, ethyl, and 2-ethylhexyl 
half or partial esters of PVM/MA. In addition, 
. .-. 


Received June 3,  1963, from Purdue University School of 
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Accepted for publication November 19, 1963. * Fellow of the American Foundation for Pharmaceutical 
Education and holder of the 1962-63 S. B. Penick Memorial 
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the n-butyl and isobutyl half esters of PVM/MA 
were synthesized, which provided a series of deriva- 
tives that decreased in solubility with an increase 
in the degree of esterification or with an increase in 
the length of the substituted aliphatic group. 


The n-butyl half ester was prepared by slurrying 
100 Gm. of Gantrez AN119 in 500 ml. of n-butyl 
alcohol in a three-neck standard taper round-bottom 
flask, fitted with an air mixer, thermometer, and a 
retlux column. The mixture was heated between 
107 and 115" with the aid of a heating mantle. 
After 23 hours of refluxing. the polymer was pre- 
cipitated by pouring the alcoholic solution of the 
half ester into water, and allowing it to stand until 
the alcohol was substantially removed by diffusion 
into the water. The half ester was then filtered 
off, air-dried, cut into pieces, additionally air-dried, 
recut, and finally vacuum dried at 60' and 65 mm. 
Hg. 


The isobutyl half ester was prepared by placing 
200 Gm. of Gantrez AN139 in a three-neck flask, 
as previously described, with 860 Gm. of isobutyl 
alcohol. The resulting mixture was heated between 
85 and 90' for 26 hours. Precipitation, filtration, 
and drying of the half ester were accomplished in 
the same manner described for the n-butyl ester. 


The degree of esterification of the poly(methy1 
vinyl ether)/maleic acid esters was calculated by the 
modified acid value procedure of the manufacturer 
of the anhydride. The acid value determinations 
agreed within 5% of the theoretical values supplied 
by the manufacturer for the n-butyl and isobutyl 
half ester products. The two grades of anhydride 
(Gantrez AN119 and 139) used in the half ester 
syntheses differ only in molecular weight. The 
choice of the polymer anhydride grade used in the 
synthesis of the half esters is dependent on the 
viscosity of the formed half ester in its alcoholic 
solution. The highest molecular weight grade of 
PVM/MA did not lend itself to  the synthesis method 
for the half esters defined above. 
Film Preparation and Evaluation.-Film samples 


of the polymers listed in Table I were made by pre- 
paring solutions of the polymers in appropriate 
solvent systems (Table 11), with the films then being 
cast from these solutions by the mercury substrate 
technique (3). According to  this method, the 
polymer solution was poured on a layer of mercury 
contained in a Petri dish, after which the film was 
allowed to air-dry. Film thickness was controlled 
by diluting the stock polymer solutions (Table 11) 
with acetone, as necessary, according to  solution 
viscosity, to produce dry films having a thickness of 
0.003 to 0.006 in. 
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TABLE  TABULATION OF POLYMERS SCREENED 


Commercial Name 
Gantrez AN119 & 139°,b 
PVM/MA methyl halfb ester 
PVM/MA ethyl halfb ester 
PVM/MA 2-ethylhexyr half ester 


PVM/MA isobutyl half ester 
PVM/MA n-butyl half ester 
Butvar B-9@ 
Lemac 5 4 1 - 2 0 d  
Neovac V27Ne 
Polectron 130" 
Neocryl BT-4" 
Acrysol ASE-75, 
Carboset 5110 
Pentalyn 255" 


Chemical Designation 
Poly(methy1 vinyl ether)/maleic anhydride 
Poly(methy1 vinyl ether)/maleic acid methyl half ester 
Poly(methy1 vinyl ether)/maleic acid ethyl half ester 
Poly(methy1 vinyl ether)/maleic acid 2-ethylhexyl partial 


Poly(methy1 vinyl ether)/maleic acid isobutyl half ester 
Poly(methy1 vinyl ether)/maleic acid n-butyl half ester 
Polyvinyl butyral 
Vinyl acetate copolymer-1 
Vinyl acetate copolymer-2 
Vinyl pyrrolidone/ethyl acrylate copolymer 
Acrylic copolymer 
Acryliclmethacrylic copolymer 
Acrylic resin 
Polymeric resin 


ester 


Physical 
Form 


Powder 
Powder 
Powder 
Powder 


Powder 
Powder 
Powder 
Beads 
Emulsion 
Emulsion 
Emulsion 
Emulsion 
Solution 
Solid 


a Hereafter referred to as PVM/MA. General Aniline and Film Corp. New York N. Y. Shawinigan Resins Corp. 
Springfield. Mass. 
Co.. Philadelphia, Pa. 0 B. F. Goodrich Chemical Co.. Cleveland, Ohio. 


Borden Chemical Co.. New York, N. Y. Polyvinyl Ch'emiCals Inc.: Peabody, Mass. Rohm and H a d  
b Hercules Powder Co.. Wilmington, Del. 


TABLE II.-POLYYER SOLUTIONS EMPLOYED IN PRELIMINARY SCREENING TESTS 


Polymer, Chemical Designation 
PVM/MA 
PVM/MA esters 
Polvvinvl butvral 


Polymer Ethyl Butyl Butyl 
Wt.. Acetone, Alcohol, Acetate, Alcohol, 
Gm. ml. ml. ml . ml. 
10 50 50 . .  . .  
10 50 50 . .  .. 
10 50 . .  25 25 


Vinyl acetate copolymer 1 10 50 . .  25 25 
Vinyl acetate copolymer 2O . .  . .  . .  . .  . .  
Vinyl pyrrolidone/ethyl acrylate copolymer' . .  . .  . .  
Acrylic copolyme+ 10 50 50 .. . .  
Acrylic/methacrylic copolyme$ 10 50 50 . .  . .  
Acrylic resino .. .. .. . .  . .  


~~ 


a Films were cast from the polymer solution or emulsion as commercially suoplied. Polymer solids were recovered by 
dilution of the polymer emulsion with water, followed by the addition of 1N sodium hydroxide until solution of the polymer 
occurred. Precipitation of the polymer from solution was then accomplished by the addition of 1N sulfuric acid. 


The removal of the unplasticized polymeric films 
as a complete sheet was the criterion for free film 
formation. Film strips were cut from the film disks 
using a microscope slide as a template Film solu- 
bility was evaluated by visual observation using two 
such film strips of each polymer. One sample was 
placed in 50 ml. of simulated gastric fluid a t  3 8 O  
and was agitated a t  low speed with a magnetic stirrer 
for a maximum of 2 hours or until dissolution of the 
film occurred. This procedure was repeated in in- 
testinal fluid using the other film strip. The simu- 
lated gastric and intestinal fluids were prepared ac- 
cording to the following formulas (4): 


GASTRIC FLUID 
Sodium chloride 2 . 0  
Pepsin 3 .2  
Hydrochloric acid 2 . 5  
Distilled water, Q.S. 1Ooo.o 


Pancreatin 10.0 
Ox bile extract 4.0 
Potassium biphosphate, 0.2M 250.0 
Sodium hydroxide, 0.2M 205.0 
Distilled water, q.s. 1Ooo.o 


INTESTINAL FLUID 


Film Permeability and Drug Binding Studies.- 
To determine the permeability of the films to drug, 
a small dialysis cell (5) was employed with 26-mm. 
diameter samples of the polymer films being used as 
the dialyzing membrane. Four milliliters of a stock 
solution containing 20 mg./ml. of d-amphetamine 
sulfate was pipeted into one side of the cell through 


the side arm. Buffer solutions of pH 2.4 and 6.8 
were prepared according to the U.S.P. XVI, and 
were used in addition to  the simulated gastric and 
intestinal fluids previously described. Into the 
other side of the dialysis cell 4 ml. of gastric fluid 
was pipeted through the side arm. The side arms 
were then sealed, the dialysis cell was placed in a 
rocker device in a water bath at 37 f 2' for 0.5 
hour, and the amount of drug which had permeated 
the membrane a t  that time was determined. The 
cell was then refilled on the test solution side (op- 
posite the drug solution side) with another 4 ml. of 
gastric fluid, dialyzed as previously described for 
1.5 hours, and the dialyzate determined. Following 
this determination, pH 2.4 buffer, pH 6.8 bu5er, and 
artificial intestinal fluid were placed in turn in the 
test solution side of the cell, and the dialyzate 
determined at  the time intervals indicated in Table 
IV. 


The same dialysis cell was used in the study of 
drug binding to  the polymeric materials, but in this 
study the polymer film sample used in the earlier 
study was replaced with Visking Nojax casing1 as 
the dialysis membrane. Four milliliters of water 
was placed on the fluid side or test solution side of 
the cell and 4.0 ml. of a solution of 20 mg./ml. of 
d-amphetamine sulfate plus polymer solution or 
dispersion resulting from the dissolution or disper- 
sion of a 26mm. film disk was placed on the drug 
side of the cell. The dialysis cell was rotated for 24 
hours in the water bath, the amount of drug in solu- 


1 Visking Co.. Chicago, I l l .  
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polyvinyl butyral did not appear to demonstrate 
adequate solubility and were eliminated. The 
vhyl  acetate copolymers, PVM/MA, and the 
PVM/MA methyl and ethyl half esters showed good 
promise as enteric coatings, but doubtful direct 
application as prolonged-action coatings. On the 
ba-is of solubility in simulated gastric and intestinal 
fluids, the acrylic/methacrylic copolymer film and 
the PVM/MA butyl and ethylhexyl films demon- 
strated the most promise and were further investi- 
gated. 


The solubilities of the PVM/MA half ester series 
varied considerably and ranged from the methyl and 
ethyl half esters, which were quite soluble a t  low 
pH values, to the ethyl-hesyl and butyl half esters, 
which were insoluble to slightly soluble, until the 
dissolution media became slightly alkaline. The 
heptyl half ester of PVM/MA is reported to  be 
soluble only under very alkaline conditions, and 
half esters synthesized with alcohols containing 
more than seven straight chain carbon atoms are 
reported irisoluble (7). Lappas and McKeehan (8) 
in a preliminary communication also report that 
variations in ester chain length affect the dissolution 
pH of PVM/MA esters. Film dissolution in gastric 
and intestinal media is one indicator of the potential 
of a polymer film as a sustained-release coating, but 
it is not the absolute or even necessarily an accurate 
measure of the polymer's potential in this regard 
should the polymer film prove to be permeable to 
drug molecules. 


Film Plasticization.-The ultimate objective of 
this project was to produce a highly plasticized flex- 
ible film which would remain intact about a coated 
granule after compression in a tablet matrix. A high 
degree of film plasticization was therefore important. 
The four polymers showing the most promise as a 
result of the unplasticized film solubility study 
(the two butyl and the ethylhexyl esters of PVM/MA 
and the acrylic/methacrylic copolymer) were plas- 
ticized with a number of agents and were reap- 
praised for solubility characteristics. The water 
insoluble plasticizers studied included ricinoleic and 
linoleic acids, castor oil, dibutyl and diethylphthal- 
ate, and sorbitan monooleate. Diethylphthalate 
and sorbitan monooleate were the most effective 
plasticizers of the PVM/MA ester films. The most 
flexible films, of the films which retained their in- 
tegrity, resulted from the addition of 60% w/w of 


tion on both sides of the cell was determined, and 
the amount of polymer drug binding was calculated. 


Short-Term Feeding Study of PVM/MA n-Butyl 
Half Ester.--In an effort to obtain the LDm for the 
n-butyl half ester of PVM/MA, the most promising 
polymer studied based on preliminary screening, 
dosages of 5. 10, 15, and 20 Gm./Kg. of anunal 
weight were selected for administration based on 
the reported LDw of the parent polymer in rats of 
8 Gm./Kg. (6). However, due to the low density 
of the polymer material and the large volume to  be 
fed, these doses could not be successfully admin- 
istered in any form. For this reason a short-term 
feeding study was undertaken. 


Two groups of six female Holtzman rats were used 
in this study for preliminary determination of the 
short-term toxic feeding effects, if any, of the poly- 
mer half ester based on gross changes in animal 
well being and on liver weights. One group of six 
animals was observed as the test group and the 
other as the control group. The test animals re- 
ceived daily doses of 5 Cm. of polymer per kilogram 
of body weight mixed with 15 Gm. of ground food. 
The polymer was milled to 40-mesh to insure a uni- 
form mixture. The control animals received a cor. 
responding quantity of lactose mixed with their 
food. All  animals were housed in individual cages 
and received water ad libitum. Prior to  daily 
dosing, each animal was weighed and any change in 
general animal appearance was noted. This 
procedure was followed until the tenth day when the 
animals were sacrificed and the livers removed. 
The liver weights were determined on a wet and dry 
basis and were converted to grams of liver per 100 
Gm. of rat weight. The average dry liver weight for 
each group of six animals was calculated and com- 
pared to ascertain whether any of the polymer had 
accumulated in the liver. 


RESULTS AND DISCUSSION 
Free Film Formation and Film Solubility.-Utiliz- 


ing the 10% solutions described in Table 11, unplasti- 
cized films were cast as previously described, and on 
drying were evaluated for free film formation and 
solubility. These results are shown in Table 111. 
The polymeric resin and the acrylic resin were im- 
mediately eliminated from further study since free 
films could not be obtained. The vinyl pyr- 
rolidone/ethyl acrylate, acrylic copolymer, and 


TABLE III.--SOLUBILITY A N D  FILM FORMATION OF SELECTED POLYMERS 


Free Film -- Solubility 
Polymer, Chemical Designation Formation Gastric Fluid Intestinal Fluid 


PVM/MA 119 and 139 Yes P. sol." Sol.* ( 5  min.) 
PVM/MA methyl half ester Yes P. sol. Sol. (15 rnin.) 
P\'M/MA ethyl half ester Yes P. sol. Sol. (30 min.) 
P\'M/MA Zethylhexyl half ester Yes Insol. P. sol. 
P\'M/MA isobutyl half ester Yes SI. sol.' P. sol. 
P\'M/MA n-butyl half ester Yes s1. sol. P. sol. 
Polyvinyl butyral Yes Insol. Insol. 
Vinyl acetate copolymer 1 Yes Insol. Sol (15 min.) 
Vinyl acetate copolymer 3 Yes Insol. d 
I 'inyl pyrrolidone/ethyl acrylate copolymer Yes Insol. Insol. 
Acrylic copolymer Yes Insol. d 
Acrylic/methacrylic copolymer Yes SI. sol. Sol. (1 hr.) 
Acrylic resin No . . .  . .. 
Polymeric resin NO . . .  . .  


~ _____- _ _ _ ~  
' I  Partially solubltaccording to weight loss on a dry basis, after 2 hours in gastric or intestinal media. 10 to 50% of the 


polymer dissolved. b SoIubk-50% or more of the polymer dissolved (dry weight basis). C Slightly so lub l t l e s s  than 10% 
of the polymer dissolved (dry weight basis) after 2 hours. No visible solubility. but the film fell apart on handling. 
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membrane after 24 hours was compared to the the- 
oretical concentration of drug which should have 
been present based on dialysis of the drug alone 
(about 8% of the d-amphetamine sulfate in the 
concentration studied was bound to the Nojax 
membrane). The per cent of bound drug was then 
calculated as 


Theoretical drug concn. at 


TABLE IV.-FILM PERMEABILITY AND DRUG 
BINDING AT DECREASING HYDROGEN ION 


CONCENTRATIONS 


Time, Permeable, Bound, 
hr. % 95 PH 


PVM/MA ISOBUTYL HALF ESTER 
0.5 0.00 0.00 1.2 
1.5 0.00 0.00 1.2 
2.5 0 .OO 0.00 2.4 
4.5 0.00 0.00 6.8 
6.0 Dissolved 10.8“ 7.6 


20. 
W M / M A  n-BUTYL HALF ESTER 


0.5 0.00 0.00 1.2 
1.5 0.00 0.00 1.2 
2.5 0.00 0.00 2.4 
4.5 0.00 0.00 6.8 
6.0 Dissolved 0.00” 7.6 


6.6* 
ACRYLATE/MBTHACRYLATECOPOLYMER 


0.5 0.00 0.00 1.2 
1.5 0.00 0.00 1.2 
2.5 0.00 0.00 2.4 
4.5 0.00 0.00 6.8 
6.0 0.00 0.00 7.6 


a Per cent of drug binding BS indicated by equilibrium 
dialysis. b Per cent of drug binding based on 6ltrrable drug 
in solution after dissolution of the polymer film in the pcrme- 
ability study. 


sorbitan monooleate and 30% w/w of diethylphthal- 
ate, based on polymer weight. This system neces- 
sitated a change in the solvent system, from the 
alcohol-acetone solvent previously used for the 
polymers alone, to  a system of equal parts of ace- 
tone and ethyl acetate. The alcoholic solvent 
system did not adequately carry the phthalate 
plasticizer, which came out of solution before the 
polymer to form an oily or greasy film. The ace- 
tone-ethyl acetate solvent system containing 5% 
PVM/MA butyl or ethylhexyl ester, 3y0 sorbitan 
monooleate and 1.5% diethylphthalate, produced a 
series of films which were completely clear, very 
flexible, and only slightly greasy to nongreasy. 
The general solubility characteristics of the plas- 
ticized films were identical to the unplasticized 
films (Table 111); insoluble to slightly soluble in 
gastric fluid and partially soluble in intestinal fluid. 


The acrylic/methacrylic copolymer was plas- 
ticized with 40% w/w of sorbitan monooleate and 
was dissolved in a solvent system of 3 parts of 
acetone to  1 part of alcohol U.S.P. 
Film Permeability to d-Amphetamine Sulfate.- 


Films ranging in dry thickness from 0.003 to 0.006 
in. were cast from 5% solutions of the n-butyl and 
isobutyl half esters of PVM/MA and the acrylic/ 
methacrylic copolymer in an acetone-ethanol (3: 1) 
solvent system. One per cent by volume of sorbitan 
monooleate plasticizer was added to each solution. 
The results of this study (Table IV) indicated that 
all three films were impermeable to drug at all pH 
values studied. 


Polymer-Drug Binding.-Drug binding to the 
polymers was determined by an equilibrium dialysis 
method which involved the dialysis of colloidal solu- 
tions or dispersions of polymer and drug across a 
semipermeable membrane that permitted the drug 
free passage while restricting the polymers. The 
concentration of drug which had permeated the 


equilibrium - drug concn. found 
Theoretical drug concn. yo Bound = 


According to this method only the isobutyl half 
ester bound the drug, and then at only one pH level 
and to  an extent of only l0.8Y0 (Table IV). 


Drug binding was also calculated from analysis of 
the permeability data, by assaying total drug in 
solution in the cell after “dissolution” of the polymer 
film “membranes.” According to  this method 
20.5% of drug was bound to  the isobutyl half ester 
and 6.6% of drug to the n-butyl half ester colloidal 
polymer dispersion (Table IV). 


At this point in the study, of the three polymers re- 
maining, the n-butyl half ester of PVM/MA ap- 
peared to be the most promising. Its solubility 
characteristics were superior to the acrylic/meth- 
acrylic copolymer and were equal to the isobutyl 
half ester, while the n-butyl ester produced less drug 
binding than the isobutyl derivative. The acrylic/ 
methacrylic copolymer, due to  its extremely higb 
molecular weight, produced solutions which were 
too viscous for spray application in concentrations 
aboveabout 1.5%. 


Short-Term Feeding Study of PVM/MA n-Butyl 
Half Ester.-The results of the feeding study are 
shown in Table V. From a comparison of the mean 
dry liver weight for each group of animals (variation 
in average group weights was less than 10 mg.), it 
can be concluded that the polymer did not accumu- 
late in the liver. No gross physical changes were 
observed in the animals which were fed polymer. 


SUMMARY 
Fourteen acrylic and vinyl polymers and deriva- 


tives were systematically studied for their potential 
as sustained-action coatings based on their film 
forming characteristics, film solubility, flexibility, 
permeability, and drug binding properties. With- 


TABLE V.-RAT LIVER WEIGHTS AFTER SUB-ACUTE 
DOSING WITH n B m n  HALF ESTER OF PVM/MA 


Wet Gm. Wet Dry 
Final Rat Liver, Wt./loO Liver, %)% 
Wt.,Gm. Gm. Gm.Rat Gm. Gm.Rat 


CONTROLS~ 


212 7.095 3.347 2.105 0.993 ~ ~~ 


218 7.715 3.535 2.300 i.055 
204 7.460 3.657 2.300 1.128 
226 8.616 3.812 2.565 1.135 
236 8.295 3.515 2.419 1.025 
3 7.836 3.573 2.338 1.067 


POLYMER FED ANIMALS 
232 9.115 3.929 2.666 1.149 
224 8.175 3.650 2.487 1.110 
209 7.100 3.397 2.078 0.994 
223 7.285 3.267 2.106 0.944 
210 8.150 3.889 2.415 1.150 
210 7.765 3.697 2.315 1.102 
2 7.931 3.637 2.345 1.075 


One animal died. 
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out exception, the carboxylic acid polymers (acrylic 
and maleic acids), demonstrated the most potential 
as prolonged-action coatings based on solubility 
in simulated gastric and intestinal fluids. Solubility 
of a maleic acid polymer varied in aqueous media 
at a range of pH levels with the degree of esterifica- 
tion of the polymer and with the ester chain length. 
Butyl half esters of the maleic acid polymer demon- 
strated good potential sohtbility properties for a 
prolonged-action coating. The intact films studied 
were impermeable to drug in solution. Polymer- 
drug binding was significant with only one of the 
three final polymers studied Poly(methy1 vinyl 
ether)/maleic anhydride n-butyl half ester demon- 
strated the best in oitro potential as a sustained- 
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action coating. The polymer showed no toxic effects 
in a preliminary short-term feeding study. 
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One-Phase Solvent Systems for 
Paper Chromatography 


Mixtures of tz-Butanol, Acetic Acid, and Water 


By T. J. BETTS 


Whenever possible, one-phase solvent systems, made up of the minimum number 
of constituents, should be used for paper chromatography. Two-phase systems 
should be replaced by their equivalent one-phase mixtures giving stability, accuracy, 
and simplicity. A “phase diagram” of the ty e shown is required for all commonly 
used three-com onent paper chromatograpiic solvent mixtures to facilitate the 
design of one-pfase solvents for particular problems. Mixtures of n-butanol, glacial 


acetic acid, and water were studied with this concept in mind. 


OLVENT MIXTURES used for paper chroma- S tography may consist of one or two phases. 
The two-phase mixtures have been traditionallv 
used for paper Chromatography, and may them- 
selves be divided into direct p lme mixtures (1) 
in which the phase flowing over the paper is an 
organic substance such as n-butanol or phenol 
which has been saturated with a more polar liquid 
such as water, and reversed phase mixtures (2) 
in which the mobile phase is the more polar of the 
two. Zafaroni tyfie paper chromatography is an 
example of the direct phase method in which the 
paper is impregnated with a relatively nonvolatile 
stationary phase such as formamide, the mobile 
phase being a less polar liquid such as benzene (3). 
The paper may also be impregnated for reversed- 
phase chromatography, being made hydro- 
phobic with a grease. 


With the Zaffaroni method, the results obtained 
obviously depend greatly on partition effects 
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between the two phases. The term “partition” 
has been almost automatically associated with 
paper chromatography since the original paper 
of Consden et nl. in 1944 (4), but some workers 
consider that in some cases other phenomena 
are involved such as adsorption (5,6) or ion 
exchange (7,8). Considering, for example, that 
tannins can be resolved with pure water as sol- 
vent (9), or hydroxyanthraquinones with pure 
toluene (lo), the mechanism of partition is un- 
likefy to be an explanation for all separations ob- 
tained by paper chromatography, even allowing 
for the formation of cellulose-water complexes 
(1 1). 


The preoccupation with partition, however, 
has resulted in the use of many two-phase solvent 
systems; the conception apparently was that 
this would insure that partition takes place. 
The use of a two-phase system means that the 
composition of the mobile phase is not known, 
so that it  cannot be varied in a controlled 
manner. In 1960, Smith (12) advocated the use 
of “monophasic” solvents in place of two-phase 
mixtures because “emulsions sometimes formed 
(during their preparation) and .  . . a drop in 
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rates of decline of pharmacologic activity 
described in the pharmacologic literature. For 
example, the time course of mydriatic response by 
mice to atropine is apparently zero order; this is 
particularly interesting in view of the excellent 
linearity of the response versus log dose plot 
obtained in the same study (4). The time course 
of mydriatic response to two other anticholin- 
ergic drugs has been described recently in terns 
of first-order kinetics (5 ) ,  yet the data are, in 
fact, much more representative of zero-order 
kinetics (for example, see Fig. 1). Naturally, the 
occurrence of apparent zero-order kinetics in the 
decline of pharmacologic activity, while consistent 
with the kinetic relationship developed here, 
cannot prove its existence. Moreover, none of 
these comments should be interpreted as ruling 
out the theoretical basis for the occurrence of 
first- or second-order kinetics with respect to the 
rate of decline of some types of pharmacologic 
activity. 


Perhaps the most important conclusion to be 
derived from the present discussion is this: the 
frequent reasoning (see, for instance, the refer- 
ences cited by Schaumann and Stoepel(6)) that 
the pharmacologic effect is likely to decline ex- 
ponentially because the body drug content does is 
intrinsically wrong unless the intensity of a 
pharmacologic effect is a linear function of the 
dose. The latter occurs quite infrequently, 
although we have recently reported one such case 
(7). It seems desirable, therefore, to be arcum- 
spect in depicting activity versus time data and to 
consider the possibility of a linear decline of 
activity with time. 
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Tumor Inhibitors 111. 
Monocrotaline, the Active 


Principle of Crotalaria spectabilir 
Sir: 


In the course of a continuing screening program 
for tumor inhibitors from plant sources, an 
alcoholic extract of the fruits of Crotalaria spccta- 
bilis Roth,’ was found to have reproducible 
activity against adenocarcinoma 755 in mice.l 


I Gathered in North Carolina, November, 1962. The 
authors acknowledge with thanks the receipt of the dried plant 
material from Dr. Robert E. Perdue Jr. U. S .  Dept. of 
Agriculture, Beltsville. Md., in accordP’nce h t h  the program 
developed with the U.S.D.A. by the Cancer Chemotherapy 
National Service Center. 


 assays were performed by the Wisconsin Alumni Re- 
search Foundation under contract to the Cancer Chemo- 
th-pj Nabonal . ‘ . Service Center. The procedures were 
those erribed in Cancer Chemotherapy Rcpt.. 25 ,  l(l962). 


The relationship expressed in Eq. 5 has inter- 
esting implications. I t  indicates that, despite a 
direct relation between body drug content and 
intensity of the elicited pharmacologic effect, 
rates of decline of these two quantities can follow 
different kinetics and, therefore, not be parallel. 
Since not only K but also m can vary significantly 
in a series of similar pharmacologic agents ( 8 ) ,  
the possibility presents itself, through the design 
and choice of agents with different K / m  ratios, 
of modifying the relationship between the time 
course of body drug content and the time- 
intensity course of a pharmacologic effect. This 
may be a means of reducing certain side effects 
associated with a given class of chemotherapeutic 
agents. The K/m ratio may also be a useful 
additional parameter for characterizing the 
properties of certain drugs. 
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We report herein the fractionation of the active 
extract and the isolation and characterization of 
the active principle, monocrotaline. 


Preliminary studies of the alcoholic extract 
indicated that partition between chloroform and 
water resulted in concentration of the activity 
in the water phase. Upon treatment of the 
aqueous solution with dilute aqueous alkali, the 
active principle was liberated from its salt form 
and became extractable into chloroform. The 
systematic procedure which was subsequently 
developed for isolation of the active alkaloid 
started with extraction of dried ground plant 
material in a Soxhlet extractor with 95% 
ethanol. After concentration of the extract 
under water pump pressure, a thick brown 
resinous solid was obtained. Partition between 
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Concentrated Ethanol Extract 


(90 Gm.) A 
of c. spectawis 


Partitioned between chloroform 
and 3% citric acid 


I 1 I 
4 


Chloroform solution, 
evaporated to residue (24 Gm.) B 


+ 
Citric acid solution 
( a )  Basified to litmus 
(b) Extracted with chloroform 


I 


1 
Chloroform solution, Aqueous solution, 
evaporated to residue lyophilized after evaporation 
(10.1 Gm.) D (50 Gm.) C 


I Crystallized from ethanol 


1 
Mother liquor, 


fractionated by partition 
chromatography to prepare 
monocrotahe-free mixed 
alkaloids (264 mg.) F 


r 
Monocrotaline 
(7.1 Gm.) E 


Fig. 1.-Flow sheet for the isolation of the tumor-inhibiting principle from C. spectab&. 
TABLE I.-ACTIVITY OF FRACTIONS FROM C. speGtabilis IN ADENOCARCINOMA 755 


Control Dose Animal Wt. Change Tumor Wt., mg. 
Fraction No. mg./Kg. Survivors Diff. (T-C) (Test/Control) T/C 


-1.4 393/1294 30 
-1.1 798/1294 61 
-0.4 1523/1294 117 


-0.2 8611974 
-0.6 1293/974 132 
-1.1 925/974 94 
-0.8 10011974 102 %: -1.4 12281974 126 


A 1536 500 6/6 
250 5/6 
125 5/6 


B 1552 300 6/6 
150 5/6 
75 6/6 


C 1552 lo00 6/6 
500 
2.50 


-2.7 553/974 \g  


__. 
D 1552 200 6)s -i.s -418j974 42 


-0.9 835/974 85 3: -0.1 1169/974 120 
100 
50 


E 1552 140 676 -1.8 274/974 28 
-1.8 352/974 36 
-0.1 6001974 61 
-0.2 7791907 85 
-0.5 690/907 76 
+1 .o 1033/907 113 


70 6/6 
35 6/6 


F 1574 100 616 
50 5/6 
25 6/6 


chloroform and 3% citric acid solution, followed 
by basification of the acid solution and extraction 
with chloroform effected concentration of the 
active material into a single crude alkaloidal frac- 
tion. The latter fraction was readily crystallized 
from absolute alcohol to afford a high yield of 
monocrotaline (I). 


The flow sheet for the isolation is given in 
Fig. 1; the biological data for the fractions ob- 
tained in a typical experiment are reported in 
Table I. The evaluation of assay results by 
CCNSC on a statistical basis in sequential testing 
is such that a material is considered active if it 
causes reduction of tumor weight to 42% or less.8 
The data in Table I indicate that only subfrac- 
tions D and E showed tumor-inhibitory activity. 


Paper chromatographic examination of the 
mother liquors after crystallization of mono- 
crotaline (using Whatman No. 2 paper and a 


*For farther details compare protocols described in the 
reference in Footnola 2. 


solvent system of 1 part 5% acetic acid equili- 
brated with 1 part n-butanol (1)) revealed the 
presence of two other alkaloids of lower Rf value. 
Preparative partition chromatography on What- 
man paper powder (standard) with the same 
solvent system afforded a monocrotaline-free 
alkaloid mixture (29. The absence of signifi- 
cant tumor-inhibitory activity from fraction F, 
coupled with the high yield of monocrotaline 
isolated from the active concentrate D, support 
the conclusion that monocrotdine was principally 
i f  not wlely-responsible for the tumor-in'- 
hibitory activity of the alcoholic extract of C. 


Characterization of the active prinaple as 
monocrotaline (I) was effected by comparing the 
melting points of the alkaloid and its picrate and 
methiodide derivatives with reported values (2) 
and the infrared spectrum of the alkaloid with the 
recorded spectrum (3). In addition, hydrolysis 
with barium hydroxide solution afforded retrone- 


spectabilis. 







Vol. 53, No. 3, March 1964 345 


cine (11), characterized by comparing the melting ch(2) Ad ams, R., Shafer. P. R., and Braun, B. D., J .  Am. 


N. J. ,  in Manske, R. H. F., “The Alkaloids, Vol. VI, 
Academic Press.-Inc., New York. N. Y. ,  1960. 


em. Soc.. 74,5612(1952). 
points of the base and its hydrochloride with re- 
ported values (4). 
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Organic Syntheses. Collective Vol. IV. Edited 
by NORMAN RABJOHN. John Wiley & Sons, 
Inc., 605 Third Ave., New York 16, N. Y., 1963. 
xiv 4- 1036 pp. 15 X 23 cm. Price $16.50. 
This ten-year collective volume covers the ma- 


terials in the annual volumes 30-39. This book 
provides the name of the laboratory where the pro- 
cedure was developed as the first reference for each 
procedure and also includes an author index. Illus- 
trations of several pieces of equipment or illustrated 
suggested modiiications in equipment are provided. 
Errors in the original printings of some of the pro- 
cedures have been corrected, calculations and ref- 
erences checked, and modifications or improvements 
incorporated. The volume retains the many dis- 
tinctive features of previous collective volumes 
which have made them such valuable laboratory 
tools. 


Progress in Physical Organic Chemistry. Vol. 1. 
Edited by S. G. COHEN, A. STRBITWIESER, JR., 
and R. W. TAFT. Interscience Publishers, 
605 Third Ave., New York 16, N. Y., 1963. ix + 411 pp. 15.5 X 23 cm. Price $15. 
Interscience Publishers present the first volume of 


a new series edited by Saul G. Cohen of Brandeis 
University, Andrew Streitwieser. Jr., of the Uni- 
versity of California (Berkeley), and Robert W. 
Taft of the Pennsylvania State University co\ ering 
the relatively modern field of physical organic chem- 
istry. The series is designed to  provide a forum for 
the exchange of views and for critical and authorita- 
tive reviews of topics reported in the contemporary 
outpouring of articles in the field. The authors 
of the individual sections have been given wide dis- 
cretion so that each topic discussed should show 
an individualistic treatment. Treatment of sub- 
jects will be more detailed than the conventional 
textbook style so as to be useful to  graduate and 
practicing organic chemists who may not have any 
particular expertise in physical organic chemistry. 


The topics presented in this volume are ionization 
potentials in organic chemistry, nucleophilic aro- 
matic substitution reactions, ionization and dis- 
sociation equilibria in solution in liquid sulhu di- 
oxide, secondary isotope effects, and quantitative 
comparisons of weak organic bases. 


Papers on Hunuln Genetics. Edited by S. H. BOYER, 
IV. Prentice-Hall, Inc., Englewood Cliffs, N. 
J.. 1963. x 4- 305 pp. 15 X 23 cm. Price 
$9. 
A collection of papers originally published in tech- 


nical and scientific journals providing background 
materials on human genetics is presented. One 
outstanding contribution of this work is providing an 
English translation of some of the reports which were 
originally published in German or French. Brief 
introductory annotations have been included. The 
collection is designed to  illustrate the various ways 
in which the study of human genetics has proceeded. 
The examples have been chosen primarily to  bene- 
fit the newcomers: the students of various rank and 
training who have become intrigued with human 
genetics and its problems and wish t o  have some 
firsthand knowledge of its origins. 


Identification of Organic Compounds. By N. D. 
CHERONIS and J. B. ENTRIKIN. Interscience 
Publishers, 605 Third Ave.. New York 16, N. Y., 
1963. xii + 477 pp. 15.5 X 24 cm. Price 
$8.95. 
An abridgment and revision of “Semimicro Quali- 


tative Organic Analysis” incorporating materials 
which are either essential or useful to students of 
elementary or intermediate organic chemistry is 
presented. It includes the discussions of, and pro- 
cedures for, the classification of an unknown sub- 
stance by its solubility behavior and its acid-base 
characteristics, general tests for structure and func- 
tional groups, specific tests for chemical classes, 
and an entirely new chapter on the use of paper 
chromatography and infrared spectroscopy in the 
identidcation of organic substances. The volume 












Compression of Pharmaceutical Powders I 
Theory and Instrumentation 


By STEPHEN SHLANTA, J R . t ,  and GEORGE MILOSOVICH 


Considering that compression of a powder bed involves time dependent flow, it is 
reasonable to expect that this process would exhibit viscoelastic properties. To 
test this concept, an instrument was developed to measure stress relaxation of a pow- 
der bed under constant strain. Preliminary relaxation data obtained on several 
powders indicated correlation with physical properties of the compacts. Tests of 
factors known to influence tablet capping, hardness, and friability showed that these 


factors also had marked effect on  relaxation data. 


HE RECENT DEVELOPMENT of special feeding 
devices for tableting presses has made it 


possible to compress powders directly into uni- 
form tablets without the usual granulation 
steps. The obvious savings in equipment, labor, 
and time effected by this processing shortcut, 
including better dose uniformity and smaller 
dosage size, make the ability to tablet all phar- 
maceutical powders directly highly desirable. 
However, many of these materials cannot be 
compressed into suitable tablets without prior 
treatment. At the present time the lack of basic 
knowledge of tableting mechanism has seriously 
hindered the elucidation and solution of this 
problem. 


A great majority of the published work on 
pharmaceutical tableting has been directed 
toward the evaluation of excipients such as 
binders, lubricants, and disintegrants. Only 
recently have systematic efforts been made to 
define the mechanism of compression (1-9), 
but the majority of these studies have dealt 
with the behavior of granules under pressure. 
Considerable investigation into powder com- 
pression has been conducted in other applica- 
tions, notably in the fields of powder metallurgy 
and ceramics. The types of materials studied, 
however, have few physical properties in com- 
mon with most pharmaceutical powders. 


Huffine (lo), using the methods pioneered by 
Walker and Balshin, obtained correlations be- 
tween quasi-equilibrium pressure-volume be- 
havior and principle compression mechanisms 
for a number of powders, including some of 
pharmaceutical interest. He postulated a gen- 
eral theory for powder compaction based on the 
existing literature and his results. Assuming 
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that this theory is valid, compaction may be 
visualized as a composite of several processes: 
particle diffusion into void space, fracture, elastic 
deformation, plastic deformation, and cohesion 
between particle surfaces. It is probable that 
these processes occur simultaneously, although 
not necessarily to the same degree, at any stage 
in the compression cycle. Also, in practice, 
tablets are formed by a process more closely 
related to impact loading, and the degree of air 
expulsion during initial pressure loading may have 
a pronounced effect on tablet quality. This 
effect was not considered by Huffine since it 
is not likely to be important in equilibrium 
studies, except in rare instances. 


Considering that all of these processes depend 
on flow and thus are probably time dependent, 
it  would be unrealistic to expect quantitative 
correlation between equilibrium studies and 
tablets produced under nonequilibrium condi- 
tions. Thus, the effect of one process may 
predominate in very short compression times, 
yet could be completely overshadowed when 
longer experimental times are used. In  fact, 
i t  is probable that compression data can have 
physical meaning in terms of a tableting process 
only if they are obtained in equivalent time peri- 
ods and with equivalent loading rates. 


Nonequilibrium data are necessary to in- 
vestigate these concepts. Such data on non- 
Newtonian flow systems are usually obtained 
through the measurement of stress relaxation 
under constant strain and creep under constant 


Fig. 1.-Apparatus for 
studying powder bed 


' stress relaxation under 
constant strain. Key: 
A, cylinder and piston; 


' B, compressed air; C, 
port used to raise piston; 


~ D, force transducer; E, 
tablet punch; F, tablet 
die, 0.5 in. i.d.; G, adjust- 
able platen; H, base; I, 
signal from transducer; J, 
dial micrometer. 
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stress (11). It was felt that such techniques 
could be employed advantageously for the study 
of powder compression. This communication 
reports the results obtained in the initial ex- 
ploration of these considerations. 


EXPERIMENTAL 
Instnunentation.-A Carver press formed the 


nucleus of the apparatus shown schematically in Fig. 
1. A piston driven by compressed air was used in 
place of the hydraulic loading system to obtain pres- 
sure loading rates approaching more closely those of 
high-speed rotary presses. The maximum rate ob- 
tained with this equipment using a l/p-in. punch was 
lo4 p.s.i./second, giving a maximum pressure of 
18000 p.s.i. in 1.8 seconds. Dimension was such 
that the piston was forced against the bottom of the 
cylinder when the force on the piston top exceeded 
the force on the powder bed. This insured a fixed 
movement of the upper punch so that data a t  con- 
stant strain could be obtained. Pressure on the 
powder bed as a function of time was obtained by 
installing a Daytronic model 140-5K force transducer 
between the piston ram and the upper punch. The 
demodulated signal (Daytronic model 200H) was 
recorded on a Varian G-14 recorder. Movement of 
the upper punch was measured by fastening a dial 
micrometer to the upper punch assembly. All 
studies were made using dies lubricated with stearic 
acid. 


1 
c 


I \ \  \ -6 


SEC. 


5160 t , , , , , , , , , , 
5 30 


SEC. 


Fig. 2.-Re- 
laxation curves 
for powder beds. 
Key: A. 70/100- 
mesh glass 
spheres; B, sul- 
fathiazole I ;  C, 
crystalline lac- 
tose; D, aspirin 
crystals; E, so- 
dium p-amino- 
salicylate; F, 
spray dried lac- 
tose; G, amor- 
phous lactose; 
H, sodium chlo- 
ride crystals; I, 
cornstarch; J, 
magnesium tri- 
silicate. 


Fig. 3.-Ef- 
fect of particle 
size and size dis- 
tribution on re- 
laxation curves. 
Key: A, 20/40 
salicylamide; B, 
micronized sali- 
cylamide; C, 
80/120 sodium 
chloride; D, 
<230 sodium 
chloride; E, 80/ 
120 sodium 
PAS; F, 40/200 
sodium PAS. 
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Stress Relaxation Results.-Several pharmaceu- 
tical powders were chosen on the basis of varied 
tableting properties for initial stress relaxation 
measurements. No attempt was made to control 
such known variables as particle size. size distribu- 
tion, or moisture since only qualitative information 
was sought. Consequently, these powders were 
tested directly as received from respective suppliers, 
the only modification being the incorporation of 1% 
stearic acid. Preliminary compression tests were 
used to  determine the weight of each material re- 
quired to form a tablet or compressed bed of fixed 
thickness a t  7200 p.s.i. Stress relaxation data for 
all of these materials were then obtained by suitable 
adjustment of the bottom platen to give a maximum 
recorded pressure of 7200 p.s.i. Figure 2 shows that 
the results of this series varied widely between the 
small relaxation of relatively incompressible 70/100- 
mesh glass spheres to the large relaxation of starch 
and magnesium trisilicate. In either of these two 
extremes, a suitable tablet was not formed. Except 
for aspirin, those materials forming good tablets by 
direct compression all showed medium relaxation. 
The relaxation of aspirin was in the same low range 
as that obtained for materials giving poor tablets. 
All of these materials except the glass sample were 
compressed at three pressures and three compression 
speeds on a Colton 216 rotary press equipped with a 
Colton force feed attachment. 


Since particle size and size distribution are known 
to affect the tablet forming properties of powders, 
relaxation measurements were made on 80/120 and 
<230-mesh sodium chloride, 20/40-mesh and 
micronized salicylamide, and 80/120 and 40/200- 
mesh sodium PAS. Figure 3 shows that for each 
material the degree of relaxation was dependent 
upon the size or size distribution. 


Sodium PAS samples were equilibrated a t  five 
relative humidities and relaxation data were ob- 
tained. Figure 4 shows the effect of humidity on 
relaxation for this series. Qualitative correlation 
with physical properties of the resulting compacts 
showed increasing hardness and decreasing friability 
with decrease in moisture. 


Because strain could not be applied instantane- 
ously, the effect of loading rate on relaxation was 
investigated. The equation describing the relation- 
ship between stress, P, strain, A V / V .  and time, &, 
for viscoelastic compression is 


where the subscript i refers to  the ith element relax- 
ing from an initial stress and strain. Differentiating 
with respect to  time gives 


Fig. 4.-Effect of mois- 
ture on relaxation curves 
for sodiumbPAS stored at 
various relative humidi- 
ties. Key: A, 85%; B, 
75%; C ,  33%; D. 22%; 
E, 4%. 


SEC. 
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DISCUSSION AND CONCLUSIONS 
These preliminary studies were conducted to  ascer- 


tain the feasibility of using stress relaxation data to 
investigate powder compaction. On the basis of 
the results obtained, the techniques appear to be 
valuable. Even though instrumentation was crude, 
evidence was obtained to show that factors known to 
affect tableting also had effects on stress relaxation 
data. The fact that seemingly anomalous behavior 
appears in some of these results is undoubtedly due 
to lack of experimental control or inadequate 
knowledge of the compression mechanism. 


Certainly, correlation between tablet quality and 
bonding strength, surface area and porosity of the 
tablet, elastic compressibility, relaxation, particle 
size and shape, bulk density and flow properties of 
the powder may be expected. The technique re- 
ported in this communication is useful for studying 
elastic compressibility, relaxation, and flow under 
pressure. These important properties have received 
little attention in past studies on pharmaceutical 
powders; their measurement should help in under- 
standing powder compression. 
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Mode of Action of Endomycin-Neomycin Synergism 
By W. T. SOKOLSKI and M. R. BURCH 


The  mode of action for endomycin-neomycin synergism against Candida albicans 
was postulated to  be an action of endomycin which influences permeability of the 
cell membrane and facilitates the entry of neomycin in the cell. A neomycin-re- 
sistant strain was also found to  be resistant t o  endomycin, but the combination of 
antibiotics was still synergistic. thesis of endomycin was 
strengthened by data showing that the cell membrane E r i e r  was less resistant t o  


increasing osmotic pressure in the presence of endomycin. 


The  permeability hy 


NDOMYCIN is an antifungal and antibacterial E coniples of agents first described by Gottlieb, 
d 01 .  (1). Endomycins A and B were reported to 
be synergistic with neomycin against Cundida 
ulbicuns UC1392 (2). Because endomycin lowers 
the surface tension of water and hence acts like a 
detergent, ;I cell wall permeability change has been 
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postulated to be a factor in the synergism of endo- 
mycin and neomycin; presumably endomycin 
facilitates the passage of neomycin through the 
cell membrane. A precedent for this detergent 
type of synergistic activity was reported by Sokolski, 
el al. (3), and by Karaila (4). 


One approach to show that endomycin affects the 
cell wall permeability was to use an organism which 
was resistant to neomycin. According to our 
hypothesis, the resistant organism should be sensi- 








Synthesis of Some Amides and Amines Containing the 
1,4-Benzodioxan Nucleus as Potential Adrenolytic Agents 
By MARTIN SCHREIBMAN, CLIFTON E. MILLER, WILLIAM H. SHELVER, and 


JAMES P. VACIK 


Ten substituted l,.l-benzodioran carboxamides and five substituted aminomethyl- 
1,4-benzodioxans have been synthesized for evaluation as potential adrenolytic 


agents. 


UMEROUS COMPOUNDS containing the 1.4- N benzodioxan nucleus have been synthesized 
and pharmacological evaluation of a number of these 
compounds has revealed a variety of pharmacological 
activities (1). Most of the active adrenolytic agents 
contain a mono- or disubstituted aminnmethyl group 
in the 2 position of the benzodioxan nucleus. The 
substituents on the nitrogen and position of the 
nitrogen have been shown to affect the activity of the 
benzodioxans as adrenergic blocking agents (2-4). 
Very few examples of 2-arylaminomethyl-l,4- 
benzodioxans have been reported. Therefore, the 
synthesis of some 2-arylaminomethyl-l,4-benzo- 
dioxans was undertaken to explore the effect of this 
type of substitution upon pharmacological activity. 
In addition to the variation in the substituent at- 
tached to the nitrogen, this series will produce a de- 
crease in the basicity of the compounds as compared 
t o  previously prepared aliphatic derivatives of the 
benzodioxan nucleus. Because of the potent adreno- 
lytic activity of several bis-benzodioxan derivatives 
(5, 6) some compounds of this type were also syn- 
thesized. 


The preparation of these derivatives was first at- 
tempted by the reaction of 2-chloromethyl-1,4- 
benzodioxan with the appropriate amine, a procedure 
commonly used for the synthesis of this type of 
compound. Because this route required large 
amounts of 2-chloromethyl-l,4-benzodioxan, a modi- 
fied synthesis was initially developed for the chloro 
compound. This material had been reported pre- 
viously to have been prepared from the reaction of 
2-hydroxymethyl-1,4-benzodioxan with thionyl 
chloride and an organic base in the presence of an 
inert solvent (7). A more convenient route for the 
preparation of 2-chloromethyl-l,4-benzodioxan in- 
volved the reaction of excess thionyl chloride with 
the alcohol in the absence of an acid acceptor. 
The product obtained in this manner was identical in 
all respects to the product obtained utilizing the 
older procedure. The reaction of aniline with 2- 
chloromethyl-1,4-benzodioxan produced the de- 
sired amine in moderate yield. However, when the 
latter reaction was carried out using p-phenylene- 
diamine no desirable product was isolated. A 
variety of reaction conditions and isolation pro- 
cedures was attempted with no success. 


An alternate procedure for the synthesis of sub- 
stituted aminomethyl-l,4-benzodioxans has been re- 
ported by Koo (8). In this method the appro- 
priate amine is reacted with 1,4-benzodioxan-2- 
carbonyl chloride to  produce the amide which upon 
reduction with lithium aluminum hydride produced 
the desired amine. This method proved to be more 
successful and resulted in the synthesis of the com- 
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pounds shown in Tables I and 11. Attempts to re- 
duce several of the compounds failed to  result in the 
isolation of identifiable products. Since certain 
benzodioxancarboxamides have been reported to 
show an effect on the central nervous system (9) .  
the intermediate carboxamides in this study are also 
of pharmacological interest. The compounds syn- 
thesized have been submitted for a general pharma- 
cological screening and the results obtained will be 
the subject of a subsequent communication. 


The general procedure for the synthesis is given 
below and the specific properties and analytical data 
are cited in Tables I and 11. 


Z-Chloromethyl-l,4-benzodioxan.-Twenty-five 
grams (0.15 mole) of 2-hydroxymethyl-1,4-benzo- 
dioxan (10) in a 500-ml., two-neck flask equipped 
with magnetic stirrer, dropping funnel, and reflux 
condenser was reacted with 36 Gm. (0.30 mole) of 
thionyl chloride a t  room temperature. The reac- 
tion mixture was refluxed for 30 minutes and excess 
thionyl chloride removed by distillation at atmos- 
pheric pressure. The crude product was distilled 
and the 2-chloromethyl-1,4-benzodioxan collected 
at ll(r112" (5 mm.), tzy 1.5510, yield 83% [re- 
ported b.p. 132" (14 mm.) (lo)]. The product thus 
obtained had an infrared spectrum compatible with 
its structure, was light yellow, and was pure enough 
for subsequent reactions. The yellow color may be 
removed by washing the thionyl chloride stripped 
product with water and drying prior to vacuum 
distillation. A preparation was carried out with a 
fourfold quantity of reactants and gave an over-all 
yield of 77%. 
2-Phenylaminomethyl-l,4-benzodioxan.-To a 


100-ml. three-neck flask was added 10 Gm. (0.051 
mole) of 2-chloromethyl-l.4-benzodioxan and 25 ml. 
(0.27 mole) of aniline. The mixture was refluxed 
under nitrogen for 2 hours, and the excess aniline 
removed by rendering the mixture basic with aqueous 
sodium hydroxide and steam distilling. The residue 
remaining was extracted twice with ether. The 
ethereal extracts were combined, dried over anhy- 
drous sodium sulfate, and evaporated to yield a 
brownish colored oil. Aqueous hydrochloric acid 
(5  M) was added to  the oil, producing a solid mate- 
rial. The solid material was recrystallized twice 
from propyl alcohol and was identical with the mate- 
rial formed by the alternate procedure. 


1,4-Benzodioxan-2-carbodde.-Koo's method 
(8) was used to  obtain the 1,4-benzodioxan-2car- 
bony1 chloride used in the following reaction. 1,4- 
Benzodioxan-2carbonyl chloride in 50 ml. of 
benzene was added dropwise with stirring over a 
period of 1 hour to a solution of the appropriate 
arnine in 150 ml. of boiling benzene. The mixture 
was stirred and refluxed for an additional 2 hours. 
A 2: 1 molar ratio of the appropriate amine to acid 
chloride was used when the amine had one reactive 
amino group. When the amine had two reactive 
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TABLE L-AMIDES OF 1,4-BENZODIOXAN-2-CAItBOXYLIC ACID 
c Analysisa 


M . P . . ~  Molecular Carbon Hydrogen Recrystallization 
Amine Used c. Formula Calcd. Found Calcd. Found Yield, % Solvent 


Aniline 116-118 ClsH!lNO1 70.57 70.76 5.19 5.09 78 Ligroin 
1-Phenylpiperazine 138-139 CloHzoNzOs 70.35 70.62 6.22 6.35 73 Methylcyclohexane 
2-Amino-4-methyl- 


pyridine 109 ClsHlcNZoa 66.65 66.57 5.22 5.33 67 Ethanol and Water 
p-Dimethylamino- 


aniline 127-128 CI~HIIIN~OJ 68.44 68.23 6.08 5.90 62 Methylcyclohexane 
p-Phenylenediamine 271-275 CaH?oNzOs 66.66 66.41 4.66 4.61 63 Dioxane and Water 


dec. 
truns-l,4-Amino- 


methylcyclohexane 209-2 10 CZ~HW,NIOS 66.93 67.02 6.48 6.30 63 Ethanol 
cis-l,4-Aminomethyl- 


cyclohexane 124-125 GaHaoNzos 66.93 66.80 6.48 6.36 77 Ethanol and Water 
Diphenylamine 127-128 CzIH17NOa 76.12 76.09 5.17 5.28 89 Ethanol and Water 
Phenothiazine 138-140 CZ1HllNO3S 69.91 69.91 4.18 4.29 Quant. Ethanol and Water 
p- Nitroaniline 179 C15H12N205 60.05 60.15 4.03 4.09 Quant. Benzene 


Elemental analysis was performed by Alfred Bernhardt Microanalytical Laboratories, 433 Mulheim (Ruhr). H6henweg 17, 
Germany. b Melting points reported here are uncorrected. 


TABLE II.---( 1,4-BENZODIOXAN-2-YLMETHYL) AMINES 
____ -- Analysis' -- 


M . P . ~  of Molecular Carbon Hydrogen Yield, 
Amine Used Salt, OC. Formula Calcd. Found Calcd. Found To 


Aniline 191-192 ClsHlaClNOz 65.10 64.85 5.82 5.90 60 
1-Phenylpiperazine 24G2.24 CISH~~CIZNZOZ 59.53 59.42 6.31 6.31 37 
p-Dimethylamino- 


p-Phenylenediamine 234-236 C ; ~ H Z ~ . C ~ ~ N Z O ~  60.38 60.23 5.49 5.38 64 
aniline 195199 CnH?iClNzOz 57.15 57.29 6.21 6.38 43 


Recrystallization 
Solvent 


Isopropanol 
Ether and Ethanol 


Ether and Ethanol 
Ether. Ethanol, 


and HC1 
1,4-Aminomethyl- 


cyclohexane 261-265 C?&~CIINZOI 61.05 61.37 7.10 6.97 40 Ether and Ethanol 


a Elemental analysis was performed by Alfred Bernhardt Microanalytical Laboratories, 433 Miilheim (Ruhr), H6henweg 17. 
Germany. b hlelting points reported here arc uncorrected. 


amino groups, a one to one ratio of the amine to 
acid chloride was eniployed. Here, the addition of 
the last half of the amine was delayed until the re- 
action had been refluxed for 1 hour, and it  was added 
to the reaction mixture over a period of 1.5 hours; 
the mixture was refluxed for 2 additional hours. 
In either of the above cases, after standing overnight, 
the resultant mixture was treated with cold water to 
dissolve the precipitated amine salt. The benzene 
layer was washed with loyo aqueous potassium 
hydroxide, with 2.5Naqueous hydrochloric acid, and 
finally twice with water. I t  was dried with an- 
hydrous sodium sulfate and evaporated. If the 
amine had a second nonreactive nitrogen or the 
amide formed was only slightly soluble in cold ben- 
zene, modified techniques for obtaining the product 
were employed. If the amide was only slightly 
soluble in benzene, cold water was added and the 
product removed by filtration. If the amine had a 
second nonreactive nitrogen, cool water was added 
and the benzene layer separated. The benzene was 
washed once with potassium hydroxide solution and 
twice with water. In this latter technique most of 
the amine was separated from the amide in the 
benzene layer which was dried over anhydrous 
sodium sulfate and evaporated leaving the product 
which was purified by recrystallization from the 
appropriate solvent. The solvents of recrystalliza- 
tion, analysis and physical properties are listed in 
Table I. 


Substituted Aminomethyl-l,4-benzodio~s.-2- 
Carboxamides were added in a 1:4 molar ratio to 
lithium aluminum hydride suspended in anhydrous 
ether and the reaction mixture was stirred and re- 
fluxed for a period of ? hours. Ethyl acetate (20 


ml.) was added dropwise to decompose the lithium 
aluminum hydride and 200 ml. of 20% potassium 
sodium tartrate in water was added to the reaction 
mixture. The ether layer was separated and the 
water layer extracted twice with ether. The ethereal 
extracts were combined, washed twice with water, 
and dried over anhydrous sodium sulfate. Evapora- 
tion of the ether yielded an oil or solid material which 
was dissolved in absolute ether to  which was added 
hydrogen chloride to form the appropriate amine 
salt. When the compound reduced had two car- 
boxamide groups, a 1 : 8 ratio of amide to lithium 
aluminum hydride was employed. The properties of 
the compounds prepared are listed in Table 11. 


SUMMARY 
A number of previously unreported substituted 


aminomethyl-1,4-ben~1dioxans have been syn- 
thesized. A general method for the synthesis of 2- 
aminomethyl-l,4-benzodioxans containing an aryl 
or heteroaryl substituent on the nitrogen has been 
developed. 
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4. In the presence of sequestering agent, the re- 
action rate was strongly dependent on hydroxide-ion 
concentration above pH 8 and only slightly de- 
pendent at  lower pH values. 


served rate constant would be small. It should 
be pointed out, however, that trace metals markedly 
accelerate the degradation of corticosteroids in the 
pharmaceutically important pH range. The pres- 
ence of these impurities should be a prime factor in 
steroid stability considerations. 


SUMMARY 


1. The decomposition of prednisolone in aqueous 
solution was markedly accelerated by contaminants 
present in buffer reagents. Evidence has been pre- 
sented which strongly indicates that the contami- 
nants were trace metals. However, no attempt was 
made to identify the metals or to determine the na- 
ture of their influence on the degradative reactions. 


2. Addition of a sequestering agent provided a 
method to isolate and quantitate the rate of the ap- 
parent metal-catalyzed reaction. 
3. The rate of the apparent metal-catalyzed re- 


action was pH independent above pH 7 and below 
pH 5 and exhibited a first-order dependency on 
hydroxide-ion in the intermediate range. 
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Ultraviolet Spectrophotometric Estimation 
of Arylglycolate Drugs 


By LESTER CHAFETZ* 


Oxidation of aryl lycolic acids to carbonyl compounds affords ultraviolet chromo- 
phores which m$e possible the spectrophotometric estimation of the acids with 
y l y  increased sensitivity and selectivity. Oxidative spectro hotometric methods 
or representative arylglycolic acids were studied; the proce&res were applied to 


the estimation of some arylglycolate drugs in dosage forms. 


ALTS OF mandelic acid have been employed as S urinary antiseptics, and several arylglycolate 
esters are used in medicine for antispasmodic, 
mydriatic, psychotropic, and other pharma- 
cological activities. A study of spectrophoto- 
metric procedures was carried out using mandelic 
acid, benzilic acid, a-cyclopentylphenylglycolic 
acid, and a-cyclopentyl-2-thiopheneglycolic acid. 
The application of the procedures to the assay 
of representative arylglycolate drugs is reported. 


Phenylglycolic acids and their esters have 
benzenoid ultraviolet spectra which are neither 
sufficiently intense to afTord sensitivity in deter- 
mination nor sdiciently characteristic to serve 
for identification (1). The majority of the 
analytical methods reported for arylglycolate 
drugs are based on the presence of a tertiary 
amine or quaternary ammonium function in the 
alcohol moiety, and few of the methods are 
selective for unhydrolyzed drug (2-8). 


Received January 8, 1864, from Neislcr Laboratories, Inc., 
Decatur. Ill. 


Accepted for publication April 14 1964. * Prescnt address: DN System; Research, University of 
Arkansms Medical Center, f ittle Rock. 


The author acknowledges the competent technical assist- 
ance of Measra Marvin B. Hansen and Robert s. Ywnamoto. 


A number of workers have described procedures 
for oxidation of arylglycolic acids with decar- 
boxylation to carbonyl compounds. The reagents 
used included “zinc manganite” (9-ll), sodium 
bismuthate (12), N-bromosuccinimide (13), lead 
tetraacetate (14), periodate (14-16), and ceric 
sulfate (17-19). Some of these oxidative pro- 
cedures were made the basis of titrimetic assay 
methods. 


Spectrophotometry of the carbonyl compound 
products of the oxidation of arylglycolic acids 
appeared to offer a promising means for analysis 
of arylglycolate drugs. The increase in ultra- 
violet absorption effected by thus obtaining a 
carbonyl group in conjugation with an  aromatic 
ring is evident in a comparison of the molar 
absorptivities, t, of the acids with values reported 
in the literature for the carbonyl compounds. 
Mandelic acid has em=. 212 and benzaldehyde 
emX. 14,000 (20); benzilic acid has t-, 538 
and benzophenone emsx. 19,500 (21); and a- 
cyclopentylphenylglycolic acid has tmL. 276 
compared with tmr. of 12,900 (22) for cyclopentyl 
phenyl ketone. 
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EXPERIMENTAL 


A study of the oxidation of arylglycolic acids was 
carried out using sodium metaperiodate and ceric 
sulfate solutions. The spectra of the carbonyl 
compounds were measured in hydrocarbon solvents 
to eliminate interferences from polar compounds 
and to provide the most characteristic spectra. 
The extent of formation of carbonyl compounds 
was estimated from the relation yo carbonyl prod- 
uct = 100 ZA/CC, where t~ = molar absorptivity 
calculated from the concentration of the aryl- 
glycolic acid and its absorbance after oxidation, and 
ec = molar absorptivity, literature value, of car- 
bony1 compound which results from the oxidation. 
Reagents and Supplies.-A 2y0 solution of sodium 


metaperiodate (Matheson, Coleman & Bell NO. 879) 
and a 0.2 M ceric sulfate solution in N sulfuric acid, 
prepared by dissolving 12.6 Gm. of ceric ammonium 
sulfate (Fisher C-249) in 60 ml. of distilled water and 
3 ml. of concentrated sulfuric acid and diluting to 
100.0 ml.. were used as oxidants. Hexane (Phillips 
high purity grade) and isooctane (Phillips pure 
grade 2, 2.4-trimethylpentane) were satisfactory as 
spectrophotometric solvents. Mandelic acid 
(Matheson, Coleman & Bell No. 6474). bendlic 
acid (Eastman No. 36), a-cyclopmtylphenyl- 
glycolic acid,' and acyclopentyl-2-thiopheneglycolic 
acid* were used as test compounds. Homatropine 
methylbromide U.S.P., poldine methylsulfate,* 
oxyphencyclimine hydrochloride,' and penthienate 
bromide' were used as standards for tablet analysis. 
Homatropine methylbromide tablets' and locally 
purchased tablets of cyclandelate. poldine methyl- 
sulfate, oxyphencyclimine hydrochloride, and pen- 
thienate bromide N.F. were used to test the method. 


Equipment.-A Bausch & Lomb spectronic 606 
ratio recording spectrophotometer and a Beckmal~ 
DU spectrophotometer were used in this study. 
The wavelength calibration was the same for  both 
instruments, and absorbance measurements agreed 
within 1%. All absorbance measurements were 
made using 1-an. silica cells. Other equipment 
included a Burrell model BB wrist-action me- 
chanical shaker, a Thelco model 16 oven, and 
standard laboratory glassware. 


Development of Periodate Oxidation Pracednre.- 
Reliiary trials were conducted using mandelic 
acid as the test compound. The observation of 
Courtois (16) that elevated temperature was neces- 
sary to effect measurable oxidation of the acid to 
benzaldehyde was confirmed. The acidity of the 
reaction mixture was an important variable; no 
yield of benzaldehyde could be detected when 
saturated sodium bicarbonate was added, but 
addition of 3 N hydrochloric acid resulted in 
good yields. Heating mixtures of 2.0 ml. of 6 mg./ 
100 ml. mandelic acid, 2.0 ml. of periodate. and 0.1 
ml. of 3 N acid in glass-stoppered tubes in a boiling 
water bath for varying periods of time, cooling, and 
extracting with 20.0 ml. of hexane afforded an 
apparent 94% yield of benzaldehyde in 16 minutes 
and 85% in 46 minutes. It was concluded that the 
aldehyde was further oxidized. This problem 
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Fig. 1.-Beer's law adherence of mandelic acid 
oxidized to benzaldehyde. Key: 0, by 0.1 M ceric 
sulfate; 0, by 0.078 M ceric sulfate. 


was circumvented by including 20.0 ml. of iso- 
octane in the reaction mixture to extract the product 
as it fonned. Isooctaae boils at boiling water 
temperature, and spectra in isooctane are identical 
with those in hexane. The procedure was appli- 
cable to benzilic acid, a-cyclopentylphenylglycolic 
acid, and ~-cyclopentyl-2-thiopheneglycolic acid 
and to their ester drugs after saponification. Low 
or negligible amounts of carbony1 product were 
obtained by a c t i o n  with unhydrolyzed ester drugs. 


Development of Cerk Sulfate Oxidation h e -  
dwe.-Initial trials were based on the findings of 
Mathur and Rao (19) that oxidation of mandelic 
acid is activated by light. A mixture of 2.0 ml. of 
5 mg./100 ml. mandelic acid, 2.0 ml. of 0.1 M ceric 
sulfate titrant (23). and 20.0 ml. of hexane was 
shaken 16 minutes in the light supplied by a 200-w. 
tungsten filament bulb at a distance of 20 cm. 
Benzaldehyde was evident in the spectrum of the 
filtered hexane phase in quantitative yield. The 
yield was not diminished, however, when light was 
totally excluded by wrapping the reaction flask in 
aluminum foil. Subsequent experiments were con- 
ducted in room light. 


The d e c t  of extracting the carbonyl product as it 
formed was determined by oxidizing benzilic acid 
in the presence and in the absence of hydrocarbon 
solvent. Unlike benzaldehyde, benzophenone would 
be expected to be stable under oxidizing conditions. 
The yield of benzophenone in the absence of ex- 
tractant was 77% of that obtained when extractant 
was included in the reaction mixture. 
Use of a 0.08 M ceric sulfate reagent gave 90% 


of the benzaldehyde obtained when mandelic acid 
was oxidized with 0.1 M reagent, but Beer's law 
was followed with both concentrations as shown in 
Fig. 1. Similarly, a quantitative amount of benm- 
phenone was produced when benzilic acid was 
oxidized with 0.1 M reagent, but Myo of that amount 
was evident with an 0.08 M concentration of 
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CARBONYL PRODUCTS 
TABLE I.--COMPARISON OF SPECTRAL DATA FOR OXIDIZED ACIDS WITH LITERATURE DATA FOR THE 


- .  


Oxidized Acid 
Mandelic 


Benzilic 


a-Cyclopentyl- 
phen ylgl ycolic 


a-Cyclohexyl- 
phenylgly~olic~ 


a-Cyclopentyl-2- 
thiophenegl ycolic 


A,.. .. 


Hexane 242 
248 
280 
289 


Isooctane 248 


Solvent mp 


Isooctane 239 
278 
286 


Isooctane 239 
279 
287 


Isooctane 258 
275 


f 


13,200 
11,100 


810 
610 


19,800 


15,500 
1,000 


830 
13,100 


870 
630 


9,450 
7,700 


Carbonyl Compd. 
Benzaldehyde 


Benzophenone 


Cyclopentyl phenyl 


Cyclohexyl phenyl 


Methylb 2-thienyl 


ketone 


ketone 


ketone 


Am.*., 
Solvent mp t Ref. 


Hexane 242 14,000 (20) 
248 12,500 
280 1,400 
289 1,200 


276s 2,460 


278 930 
286 760 


278 915 


Isooctane 248 19,500 (21) 


Isooctane 238 12,900 (22) 


Isooctane 239 12,000 (22) 
. ~. 


287 710 


273 7,250 
Isooctane 256.5 9,800 (24) 


Saponified oxyphencyclimine HCl was used. Data for cyclopentyl 2-thienyl ketone were not available. 


oxidant. To assure maximum sensitivity and to  
obviate standardizing the reagent, a 0.2 M ceric 
reagent was employed. 


The procedure was applicable to  all of the aryl- 
glycolic acids used in the study. Approximately 
quantitative yields were obtained. 


Selectivity of the Oxidative Spectrophotometic 
Procedure.-Because ceric sulfate is a reagent with 
a high oxidation potential, it was of some interest to 
try the oxidative spectrophotornetric procedure on 
a few aromatic compounds with low absorptivity. 
Oxidation of amphetamine provided no hydro- 
carbon-soluble chromophore. Benzaldehyde was 
identified by its characteristic spectrum after 
oxidation of phenylacetic acid in an amount equiv- 
alent to 11% of theoretical. Phenethyl alcohol 
gave 2.4%, and tropic acid about 15% of the 
calculated amount of benzaldehyde after oxidation 
and extraction. The extent of benzaldehyde 
formation from these compounds, unlike the 
arylglycolic acids, was enhanced by light; pro- 
duction of benzaldehyde was completely inhibited 
in the dark. 


RESULTS AND DISCUSSION 


Identity of Oxidation Products.-Ultraviolet 
spectra provide two criteria for identification, the 
position of the absorption maxima, and the 
intensity of absorption or absorptivity. A close 
correspondence of both criteria with literature 
values for the carbonyl compounds was found for 


TABLE I1 -SPECTRAL DATA FOR PERIODATE 
OXIDATION PRODUCTS OF ARYLCLYCOLIC ACIDS 


I N  IWOCTANE 
- 


Oxidized, A,.. .. 
Oxidized Acid Min. mr e 


Mandelic 


Benzilic 


15 242 14,080 
30 14,800 
60 15,150 
15 248 19,380 
30 19;250 
60 20.450 ~. 


a-Cyclopentylphenyl- 15 239 91940 


60 13,700 
a-Cyclopentyl-2- 15 258 8,020 
thiopheneglycolic 275 6,370 


glycolic 30 11,500 


0.5 - 


230 240 250 260 270 280 290 
mp 


Fig. 2.-Ultraviolet absorption spectra of benz- 
aldehyde from oxidation of mandelic acid, 0.5 mg./ 
100 ml. (curve on left) and benzophenone from 
oxidation of benzilic acid, 0.5 mg./100 ml. (curve 
on right). 


the ceric oxidation products of phenylglycolic acids. 
Although no spectra data for a-cyclopentyl-2- 
thienyl ketone were found in the literature, the 
absorption curve obtained on oxidation of a- 
cyclopentyl-2-thiopheneglycolic acid corresponds 
well with data for an analog, methyl 2-thienyl 
ketone. Data obtained for oxidation products of 
the arylglycolic acids are compared with the lit- 
erature values in Table I. Molar absorptivity was 
calculated from the concentration of acid oxidized 
in replicated experiments. 


The molar absorptivities derived by ceric sulfate 
oxidation showed practically quantitative con- 
version to carbonyl compounds in 15 minutes. 
The periodate procedure gave yields which varied 
with reaction time and the structure of the glycolic 
acid. 


The absorption curves for the carbonyl com- 
pounds are sufficiently characteristic to serve for 
identification of the arylglycolic acids, except for 
the a-cyclopentyl- and a-cyclohexylphenylglycolic 
acids. 


Oxidation of Arylglycolate Drugs.-Ester hy- 
drolysis is catalyzed by both acid and base; thus, 
some degree of hydrolysis might be expected under 
the acid oxidative conditions employed. However, 
the ester drugs studied were hydrolyzed only to a 


These data are presented in Table 11. 


The spectra are shown in Figs. 2-4. 
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0.5 


1195 
with 0.1 ml. of 2.5 N sodium hydroxide for 15 
minutes at 80' in a glass-stoppered 40-mI. centrifuge 
tube or 50-ml. volumetric flask. Cool to room 
temperature, and add 2.0 ml. of 0.2 M ceric sulfate 
and exactly 20.0 ml. of isooctane or hexane. Shake 
15 minutes, and filter the solvent layer through 
paper. similarly. saponify and oxidize a solution of 
reference drug of known concentration. Con- 
comitantly. determine the absorbance of the sample 
and reference solutions in 1-cm. silica cells at the 
A,-. Calculate the amount of drug per tablet 
from the equation 


230 240 250 260 270 280 290 
ma 


Fig. 3.-Ultraviolet absorption spectra of cyclo- 
hexyl phenyl ketone from oxidation of a-cyclohexyl- 
phenylglycolic acid, 1.165 mg./100 ml. (upper 
curve); and cyclopentyl phenyl ketone from oxida- 
tion of acyclopentylphenylglycolic acid, 0.505 
mg./100 ml. (lower curve). 


small extent evidenced by very low absorbances ob- 
tained when their solutions were oxidized. Heating 
2.0 ml. of approximately 10 mg./100 ml. aqueous 
phenylglycolate solution or approximately 25 mg./ 
100 ml. penthienate bromide with 0.1 ml. of 2.5 N 
sodium hydroxide at 80" for 15 minutes accom- 
plished saponification efficiently. Shaking the 
cooled mixtures 15 minutes with 2.0 ml. of 0.2 M 
ceric sulfate and 20.0 ml. isooctane provided the 
data in Table 111. 


The precision obtained using this procedure was 
excellent. Measurement of the absorptivity of 
poldine methylsulfate had a standard deviation 
(S.D.) of 0.55% in five trials. Standard deviations 
for penthienate bromide in six trials were 0.62% 
at 258 my and 0.79% at 275 ma. 


Determination of Drugs in Tablets.-The pro- 
cedure which follows was applicable to the deter- 
mination of homatropine methylbromide tablets 
U.S.P. and commercial tablets of poldine methyl- 
sulfate and oxyphencyclimine hydrochloride. 


Determine the average weight of not less than 20 
tablets, and shake weighed amounts of pulverized 
tablet equivalent to 8-10 mg. of drug with exactly 
100.0 ml. of distilled water for 15 minutes. Filter 
the mixture, and treat duplicate 2.0-ml. aliquots 


230 240 250 260 270 280 290- 
ma 


Fig. 4.-Ultraviolet absorption spectra of cyclo- 
pentyl 2-thienyl ketone from oxidation of a-cyclo- 
pentyl-2-thiopheneglycolic acid, 1 .(I mg./100 ml. 


Asample 
A.. f . drug, mg./tablet = --- x mg. std. 


av. tablet nt. 
sample wt. 


(See Table IV.) 
Cyclande1ate.-The drug, the only ester of the 


group not an amine salt, has a low water solubility, 
but it is soluble in alcohol and ether. It was ex- 
tracted from tablets with 100.0 ml. of methanol, 
shaking for 10 minutes. A 2.0-ml. aliquot of the 
filtered extract was treated with 2 ml. of water and 
5 ml. of 0.05 N sodium hydroxide. The solution 
was evaporated to about 2 ml. on the steam bath. 


TABLE 111.-SPECTROPHOTOMETRIC DATA 
CALCULATED FOR ARYLGLYCOLATE DRUGS AFTER 


SAPONIFICATION AND CERIC OXIDATION 


xm,., 
Oxidized Drug mfi a 


Homatropine methylbromide 242 13,200 
Poldine methylsulfate 248 17,700 
Oxyphencyclimine hydrochloride 239 13,100 
Penthienate bromide 258 9,890 


275 7,750 


It was then oxidized by the ceric procedure given 
above and by the periodate procedure, using 0.2 
ml. of 3 N sulfuric acid to  neutralize the excess 
alkali and insure an acid medium. Since no pure 
cyclandelate was available as a reference standard, 
an equivalent concentration of mandelic acid was 
determined concomitantly, using the same dilutions 
and conditions. The hydrocarbon extracts were 
filtered and read at 242 mp, and the amount of 
drug was calculated from the equation 


Cyclandelate, mg./tablet = * 
Am.n. 


276.36 av. tablet wt. 
152.14 mg. M.A* sample wt. 


where 276.36 is the formula weight of cyclandelate 
and 152.14 the formula weight of mandelic acid 
(M.A.). 


The periodate and ceric sulfate procedures yieIded 
results which corresponded closely. The absorb- 
a n c e  for sample and standard obtained in the 
periodate procedure, however, were goyo of the 
values obtained by ceric oxidation. (See Table IV.) 


Penthienate Bromide.-Determination of the 
drug in tablets by the general procedure for aryl- 
glycolates presented above gave an apparent 80% 
of label declaration, but direct spectrophotometry 
(2) showed 98YG was present. I t  was determined 
that penthienate bromide was incompletely ex- 
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be partly due to the extraction of alkaline substances 
from the tablet, for the extract of poldine methyl- 
sulfate tablets had pH 7.5 compared with a pH of 6.3 
for an equivalent concentration of reference drug 
in water. A comparison of the absorbances ob- 
tained in the oxidative spectrophotometric deter- 
mination on extracts from drug dosage forms 
and reference arylglycolate drugs, omiting the 
saponification step of the procedure, may provide 
useful stability information for pharmaceutical 
formulators of these compounds. 


SUMMARY 


Oxidation of arylglycolic acids to  carbonyl com- 
pounds greatly increases the sensitivity of their 
determination by ultraviolet spectrophotometry 
and affords a means for identification. Periodate 
and ceric sulfate oxidation procedures are described 
which are general for arylglycolic acids. 


The oxidative spectrophotometry procedure is 
shown to be applicable to mandelic acid, benzilic 
acid, a-cyclopentylphenylglycolic acid, and a- 
cyclopentyl-2-thiopheneglycolic acid. Assay pro- 
cedures are presented for the arylglycolate drugs, 
homatropine methylbromide, cyclandelate. poldine 
methylsulfate. oxyphencyclimine hydrochloride, and 
penthienate bromide in tablets. The possible 
application of the procedure in stability studies is 
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yo Hydro- Pro- 
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11.6 Periodate 


tracted from the tablets by shaking with 100 ml. of 
water. Direct spectrophotometry at the 239 my 
maximum showed the drug was completely ex- 
tracted with methanol. A quantity of pulverized 
tablet equivalent to 5 mg. of penthienate bromide 
was shaken 15 minutes with 100.0 ml. of methanol. 
A 2.0-ml. aliquot of methanol filtrate was treated 
with 2.0 ml. of water and 0.1 ml. of 2.5 N sodium 
hydroxide. The solution was evaporated to 2 ml. 
on the steam bath, then heated 15 minutes at 80". 
A reference solution of penthienate bromide treated 
similarly was N n  concomitantly. Only 92% of 
claim was obtained when the ceric procedure was 
used, and the isooctane layer after periodate 
oxidation was violet. Quite stable and reproducible 
absorbance values for the reference solution were 
obtained; no trace of color was seen after periodate 
oxidation of reference penthienate bromide or a- 
cyclopentyl-2-thiopheneglycolic acid. It was con- 
cluded that an excipient with strong reducing 
properties was present in the tablets. (The violet 
obtained in the periodate oxidation of the tablet 
extract may have been due to iodine, but it was not 
positively identified.) Use of 4.0 ml. of 0.2 M ceric 
reagent, instead of 2.0 ml., increased the absorbance 
obtained by oxidation of the tablet extract without, 
however, affecting the absorbance of the standard. 
(See Table IV.) 


Stability of Arylglycolate Drugs.-Although no 
stability studies were performed, a semiquantitative 
indication of the stability of the drugs to  the acid 
oxidative conditions was obtained by running the 
procedure on the tablet extracts without prior 
saponification. The results in Table V were derived 
from the ratio of the absorbance of the unsaponified 
to the saponified tablet extract after oxidation. 
Some indication was obtained that these values may 


. .  . -  . . .  
481(1953). 


(10) Ernsting, M. J. E., d al., ibid., 6, 145(1956); Em- 
sting M. J E. cf al ibid. 12 632 691(1962). 


( l i )  Bis(er, k., a;d Wok,  j .  H.: ibid.. 2, 423(1952). 
(12) Rigby, W.. J .  C h m .  SOC. 1950 1907. 
(13) Bakarat. M. 2.. and El:Wahdb, M. F. A., 1. Am. 


(14) Be;ka,'A., and Zfka, J., C h m .  Lisfy, 52, 930(1958); 


(157 Berka, A.. Cuk. Farm., 8, 561(1959); through Chem. 


(16) CourtOis, J., Ann. Pharm. Franc., 2 .  148(1944); 


(17) Verrna. M. R., and Paul, S. D.. J. Sci. R u .  India, 


(18) Krishna, B.. and Tewan, K. C:, JIChrm. SOC., i96l. 


Chcm. SOC. 75 5731(1953). 


t h o u  h Chem. Absfr., 53. 5141o(1959). 


Absh., 54. 19307c(1960). 


through Chcm. Abrlr.. 43, 73791(1949). 


12B, 178(1953); through Chem. Abslr. 47 9216d(1953) 
m o 7  """. . 


(19) Mathur. N. K.. and Rno, S. P., Currcnf Sci. India, 29, 
QZ(1960); through Chem. Absfr.. 54, 241148(1960). 


(20) Braude, E. A., and Sondheimer, F., J .  Chcm. Soc.. 
1055. 3754. - - - -, - . .- . . 


(21) Rekker, R. F.. and Nauta, W. Th., Rcc. Trow. Chim.. 
73, 959(1954); through Ungnade H. E. ed., "Or anic 
Electronic Spectral Data." Vol. 11. '1ntersci;nce Publi&ers. 
Inc. New Ybrk N. Y.. 1960 p. 348. 


(22) Mariella: R. P., and Raube. R. R.. J .  Am. Chem. SOC., 
74, 521(1952). 


(23) Kolthoff, I. M., and Sandell, E. B., "Textbook of 
Quantitative Inorganic Analysis," 3rd ed., The Mncmillnn 
Co., New York, N. Y.. 1952. p. 682. 


(24) A.P.I. Res. Project 44 I 8. 315(1949): through 
Knmlet. M. J.. ed.. "Organic Electronic Spectral Data." Vol. 
I, Interscience Publishers, Inc., New York. N. Y.. 1960, 
p. 90. 








Vol. 53, No. 2, February 1964 137 
(7) Hoppe, J. 0.. Alexander, E. B.,  and Miller, L. C.,  


(8) Luduena F. P. and Lands. A. M.. J .  Pharmacol. 
THIS JOURNAL, 39, 147(1950). 


Exbf l .  Thcrab.. i l0.  283139.54). 
-(9) Luduena F: P. Hoppe J.  0. Page, D. F.. Clinton, 


R.  0.. J .  M c d .  Pkarm. khcm.. 3,’545(1961). 
(10) Snedecor, G. W., “Statistical Methods.” Iowa State 


Colle e Press, Ames, 1957, pp. 160-193. 
(117 Luduena. F. P.. Hoppe, J. 0.. Nachod, F. C., Martini, 


C. M.,  and Silvern, G. M., Arch. Inlrrn.  Pharmacodyn., 
101, 17(1955). 


(12) Menkin, V., Sc+. 115, 382(1952). 
(1.3) Suter C. M. Medicinal Chemistry ” Vol. I .  John 


WileyandSok.  Inc..’New York. N. Y., 1951, ’pp. 298414.  
(14) Luduena F. P. Hoppe J. 0. and Borland, J. K.,  


(15) Shaumann, O., Arch. E x p l l .  Pathol. Pharmakol., 
J .  Pharmacol. E ip l l .  Thirap.,  12;. 269(\958). 


190, 30(1988). 


Chemical Reactivity of Models 
Proposed CO2-Biotin Enzyme 


Related to a 
Complex I1 


By HOWARD J. SCHAEFFER a n d  PARMATMA S. BHARGAVA 


In order to gain more information about the mechanism by which biotin may func- 
tion in biochemical carboxylations, a study of model compounds which are related 
to a roposed C02-biotin-enzyme complex was undertaken. The model com- 
pounis which were employed were the N-arylcarbamyl-2-imidazolidones and the 
N-alkyloxycarbonyl-24midazolidones. It has been shown that the carbonyl group 
of the model compounds is transferred to an attacking nucleophilic reagent. The 


significance of these reactions is discussed. 


IOTIN HAS BEEN the subject of numerous 
studies in which attempts were made to de- 


termine the biochemical functions of this vitamin; 
i t  has been observed that one of the actions of 
biotin is in biochemical carboxylation reactions. 
In the biosynthesis of fatty acids, i t  has been 
shown that a biotincontaining enzyme is in- 
volved in the carboxylation of acetyl CoA to 
malonyl CoA ( 1 ) .  Studies of fatty acid synthesis 
in certain cell-free extracts have demonstrated 
that carbon dioxide is activated by a biotin- 
containing enzyme and that the activated COz- 
biotin enzyme complex acts as the carboxylating 
reagent @). In addition, biotin is necessary for 
the biosynthesis of purines since i t  has been ob- 
served (3) that biotin is required in the carboxyla- 
tion of 5-aminoimidazole ribotide to 5-amino- 
imidazole-4-carboxylic acid ribotide, which after 
several further reactions is converted into 
inosinic acid. 


A theory on the mechanism of biotin action 
has been proposed by Lynen and his co-workers 
from work on 8-methylcrotonyl CoA carboxylase 
(2). These investigators found that this enzyme 
could not only carboxylate 8-methylcrotonyl 
CoA but in addition could utilize free D-biotin 
as a substrate to give an unstable carboxybiotin. 
The unstable product was not isolated but after 
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treatment with diazomethane gave the methyl 
ester of N-carbomethoxybiotin (I) (4). This 
result has led to the suggestion that the chemical 
structure of the COz-biotin enzyme complex 
may be represented by 11. 


0 0  
II 


CH,oc-N& 


k$ (CH2)4COOCH3 


I 


( $ 3  0- -N N 


LL (CH&-CONH -protein 
I1 


Recently, Wakil and Waite have presented 
evidence that for acetyl CoA carboxylase the 
uriedo carbonyl group of the enzyme-bound 
biotin is the active carbon and that it is involved 
in the carboxylation reactions ( 5 ,  6 ) .  For ex- 
ample, it was found that in the presence of adeno- 
sine triphosphate and MnZ+, acetyl CoA carboxy- 
lase incorporated C14-bicarbonate to form a 
Cl4O2-biotin enzyme complex. Hydrolysis of 
this complex gave free CL4-biotin in which the 
carbon-14 was located in the ureido carbon atom 
(5, 6). In addition, it was also shown that 
growth of Lactobacillus arabinosus on limiting 
amounts of ureido-C14-biotin resulted in the loss 
of most of the radioactivity from the biotin. 
Although this data is in conflict with that of 
Melville, Pierce, and Partridge (7), it was shown 
that the previous investigators had employed 
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0 
n N-C-NH-Q II 
xu - 


XI, X - CH? 
S I I ,  x = 0 


X 


0 
-OCH3 - X U N - - C + I - I 0 O C H 3  n II 


vlll \ 
\ 


XI11 XIV, X = CHz 
xv, x=o 


XVI XVII, X-CHz 
XVIII, x = 0 


Chart I 


ureido-CI4-biotin in an amount in excess needed 
for optimal growth of L. arubinosus; therefore, 
the CI4-biotin was stored within the cells (6). 
On these grounds, Wakil and Waite (5, 6) h:.ve 
suggested that the active form of the enzycie- 
biotin may be represented by either I11 or I V  


0 
HN J. NH 


(CHZ) ,CONH-lysine-protein 


111 


0 "' I I  0" 
L HN' NH---protein--_ ~ -. 


U ( C H 2 )  4 CONH-1 ysine 


IV 


0 
I1 8 


Compounds with structure (N-C-0) related 
to I1 or I V  are known to be very unstable and 
undergo decarboxylation with extreme ease. 
It is quite possible that the actual structure of 
the COz-biotin enzyme complex is not one in 
which the carboxylate anion of biotin is present 
as such but rather one in which it has heen 
partially stabilized by reaction with the a:so- 
ciated protein. Thus, it appears that the car- 
boxylation reactions may involve three steps: 
(a)  formation of a COz-biotin enzyme complex, 
( b )  partial stabilization of the complex by reac- 
tion of the carboxylate anion with a functional 
group of associated protein such as an amino 


or hydroxyl group, and (c) transfer of the 
carboxyl group to an attacking nucleophilic 
agent, e.g., acetyl CoA which would produce the 
corresponding carboxylic acid and regenerate 
the biotin-containing enzyme. 


To gain more insight into the mechanism of 
biotin action, a study of the transfer of a carbonyl 
group to an attacking nucleophilic reagent, 
using model compounds related to the proposed 
COz-biotin enzyme complex was undertaken. 
In particular, step (6) of the biochemical carboxy- 
lation reaction was studied. 


Since i t  was essential to use model compounds 
which would not undergo spontaneous decar- 
boxylation, certain model compounds containing 
an imidazolidone system were selected ; the sim- 
plest model systems for such a study are thr 
N-substituted derivatives of 2-imidazolidone (V 
and VI). 


1 s  0 0  
HN K N _' I  C-NHR HN N-C-OR 
U U 


V VI 


In biochemical reactions, one of the common 
examples of a nucleophilic agent is acetyl CoA. 
Due to the presence of thiol ester group in acetyl 
CoA, a carbanion is generated at the a-carbon which 
attacks the Con-biotin enzyme complex to gen- 
erate a carboxylic acid and the free enzyme. I n  
our model studies morpholine and piperidine were 
used as the nucleophilic reagents to represent the 
attack of acetyl CoA on the Coy-biotin enzyme 
complex. 


For those model compounds with structures re- 
lated to  v, u priori there are two pathways by which 
reaction may occur 
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0 
I I  n 


0 ( A )  0 (F)  
/l( 's I1 


HN N+C+NHR%RNH-C-N U x + 
U 


V or VII 
0 


139 


HN k NH 
U 
VIII 


IX 


For example. V could undergo reaction to give 
VII and VIII (path A )  or by displacement to  give 
I X  (path B). To determine which pathway is 
preferred, several compounds related t o  V were 
prepared. When 2-imidazolidone was allowed to  
react with different isocyanates (phenyl, p-meth- 
oxyphenyl or p-nitrophenyl), moderate yields of 
N-phenylcarbamyl, N-p-methoxyphenylcarbamyl 
and N-p-nitrophenylcarbamyl-2-imidazolidone (X. 
XIII, XVI) were obtained (see Chart I). These 
model compounds had characteristic absorption in 
the 1735 and 1685 cm.-1 region in the infrared 
spectrum indicative of carbonyl functions. When 
X, XIII ,  and XVI were allowed to  react with either 
piperidine or morpholine at reflux temperatures, 
the carbonyl group was transferred to  the attacking 
nucleophilic reagent with the formation of the cor- 
responding ureas. Authentic samples of corres- 
ponding ureas XI, XII, XIV, XV, XVII, XVIII 
(see Chart I )  were prepared by the reaction of 
different isocyanates with morpholine or piperidine. 


Thus, it has been established that compounds re- 


lated to  a proposed Ca-biotin enzyme complex are 
capable of transferring their carbonyl group. In  our 
case, however, the reactivity of the model compounds 
is low and therefore cannot represent the exact 
structure of the complex which occurs in the 
enzymatic process; nevertheless. the principle of this 
type of transfer has been established. 


In  the second phase of our study of model com- 
pounds, we examine the reaction of compounds 
related to VI with nucleophilic reagents. Again, 
one can suggest several pathways by which these 
model compounds might undergo reaction, e.g., 


VI XIX 
or 


k VIII 
Y 


0 0  A n n  
HN N-C-N X U u 


xx 
To assess the effect of stabilization of the carboxyl 


group via its ester, compounds XXI. XXV, and 
XXVIII were prepared by allowing 2-imidazolidone 
VIII to  react with an equimolar concentration of 
the corresponding alkyl or aryl chloroformates 
(Chart 11). 


It seems likely that the model compounds of this 
group would also result in a similar type of product 
XIX as obtained from V. However, these model 
compounds on reaction with the nucleophilic rea- 
gents, piperidine, or morpholine, gave a variety of 
products. The variation in product formation was 


0 0  0 0  


I 
XXII 


0 
I \ I  I1 A 


N-J-NH NH-C-N-x 
U 


XXIII, X - CH2 
XXIV, x = 0 


0 0 
II II 


X-N-C-NH NH-C-OC~H~ 
U U 


/ 
u - u  
VIII xxv 


XXVI, X = CH2 
XXVII, x = 0 


0 0 
n I1 II 


XXIX, X = CH1 xxx, x = 0 


N-C-NH NH-C-OCHa 
L-J 


XXVIII 


Chart I1 
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not dependent on the character of the nucleophilic 
reagent but rather on the ester employed. 


Thus when XXI was allowed to  react with piptri- 
dine or morpholine, opening of the ureido ring vas  
observed, giving S X I I I  and XXIV as  the major 
product. The reaction of compound XXI with 
piperidine in 1:2 molar ratio gave rise to  XXII, 
identified as N( N-piperidinocarbonyl)-2-imidazol- 
idone. When XXII was allowed to react w:th 
excess piperidine, XXIII was formed in good yields. 
However, when XXV or XXVIII was allowed to  
react with piperidine or morpholine, the products 
of reaction SXVI, XXVII. XXIX, and SXX were 
isolated in good yields. I t  was also shown that 
when XXVII was allowed to react with morpholine 
for extended times, it  was converted into XXIV. 


In general, the experiments were followed by a 
characteristic change in the infrared spectrum or 
by thin-layer chromatography and were found to 
be complete in less than 1 hour. Exceptions were 
noted in the case of reaction of XXI with piperidine 
in which i t  took 8 hours for complete reaction and 
i t i  the case of product XXIII, 42 hours were re- 
quired for its completion. 


These observations suggest that the products 
are formed by different mechanisms. The peculiar 
activity of this group of model compounds indicated 
a second possible mechanism of action of biotin 
beside the N-activated carbon dioxide-biotin- 
enzyme complex. The opening of the ureido r i ig  
of 2-imidazolidone by nucleophilic attack suggests 
the possibility of transfer of ureido-carbonyl in the 
biological systems whenever the nucleophilic agelit, 
e.g., acetyl CoA attacks the complex. 


If the following is assumed to be the mechanism 
of reaction of the formation of X S I I  and XSII I .  


O n  
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stirred solution of 2.58 Gm. (29.9 mmoles) of 2- 
imidazolidone (8) in 60 ml. of chloroform was added a 
3.26-ml. (30.0 mmoles) quantity of phenyl isocya- 
nate and 0.5 ml. of pyridine. The reaction 
mixture was heated under reflux for 24 hours; it 
was reduced to  half volume in O)UCUO and allowed to 
crystallize. A 3.10-Gm. (50.4%) quantity of the 
white crystalline material, m.p. 168", was obtained. 
Concentration of the mother liquor gave a second 
crop, 1.10 Gm. (17.9%]), m.p. 168". One recrystal- 
lization of the crude material from chloroform gave 
2.80 Gm. (45.4%) of pure white crystalline product, 
m.p. 168-169". P in C I I I . - ~  (KBr):  3345 and 3160 
(NH);  1740 and 1665 (C=O);  1625 and 1570 
( N H ) ;  1605 and 1490 (phenyl); h:~!~l"'o'm 246 nip ( e  


XXI 


0 0 


x 10-4) 1.40. 
Anal.?-Calcd. for CI,,HIINZO~: C. 58.44: H. _ _  .. . . 


5.35: N, 20.45. Found: C, 58.39; H. '5.30; 
N, 20.28. 
N - p - Methoxyphenylcarbamyl - 2 - imidazoli- 


done (=).-A mixture of 1.72 Gni. (19.9 mmoles) 
of 2-imidazolidone in 60 ml. of pyridine and 2.98 
Gm. ( 19.9 mmoles) of p-methoxyphenyl isocyanate 
was heated under reflux for 24 hours. The reaction 
mixture was concentrated to half volume in vacuo and 
allowed to crystallize. A 0.840-Gm. (17.9%) 
quantity of the white crystalline material, m.p. 
176'. was obtained. The mother liquor was evap- 
orated in zlacuo to dryness, and the residue on 
recrystallization from chloroforni gave a white 
crystalline solid, 2.30 Gm. (49.1%), m.p. 175". 
One recrystallization from chloroform gave the an- 
alytical sample, m.p. 176". i in cm.? (KBr): 
3355 and 3260 (NH) ;  1725 and 1685 (C=O); 
1605and 1560(NH); 15lO(phenyI); At.":?' 274 mp 
( e  x 10-4) 1.20. 


XXII 


XXlII 
it  is possible to suggest that XXXI is the inter 
mediate which would carry out the transfer of 
ureido carbonyl in different carboxylation reactions. 
There is a striking parallel between the result 
reported here from the studies of model compounds 
and the findings of Waite and Wakil (5,  6). 


These reactions demonstrate that the transfer of 
a carbonyl group from iriodel compounds, which 
are related to  a proposed CO?-biotin-enzynie 
complex. to  a nucleophilic reagent can occur in two 
ways as shown by the model compounds lr and V I .  
An extension of these findings is currently under 
investigation. The results of these studies will be 
the subject of a future paper. 


EXPERIMENTAL' 
N-Phenylcarbamyl-2-iidazolidone (X).-To a 


1 The infrared spectra were determined on a Perkin-Elmer 
model 137 spectrophotometer; the ultraviolet spectra were 
determined on a Perkin-Elmer model 4000A spectropho- 
tometer. The melting points were determined on a Kofler 
Heizbank and are corrected. 


r o  1 


L XXXI J 
Anal.-Calcd. for C11H13Ns03: C, 56.11; H, 


5.52; N, 17.86. Found: C, 56.46; H, 5.28; N, 
17.86. 
N - p - Nitrophenylcarbamyl - 2 - imidazolidone 


(XVI).-A 1.64-Gm. (9.99 mmoles) quantity of 
p-nitrophenyl isocyanate in 8 ml. of chloroform was 
added to a stirred solution of 0.860 Gni. (9.99 
mrnoles) of 2-imidazolidone in 7 ml. of chloroform. 
The reaction mixture was heated under reflux for 24 
hours and on concentrating to half volume in zlacuo, 
yellowish crystals appeared which were collected 
by filtration. A 1.60-Cm. (64.0%) quantity of yel- 
lowish crystalline material, m.p. 268O, was obtained. 
Concentration of the mother liquor gave a second 
crop, 0.312 Gm. (12.570), m.p. 268-269". Thr 
total yield was 76.5%. Two recrystallizations of 
the crude product from acetone gave the yellow 


2 The analyses reported in this paper were performed by 
Galbraith Microanalytical Laboratories. Knoxvllle. Tenn. 
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crystalline analytical sample, m.p. 270'. i in 
cm.-' (KBr): 3230 and 3120 (NH);  1735 and 
1685 (C=O); 1610 and 1565 (NH); 1595 and 1505 
(phenyl); A:::?' 31i mp ( c  X 


Anal.-Calcd. for CIOHION,OI; C, 48.00; H, 
4.02; N, 22.39. Found: C, 48.10; H, 4.12; N, 
22.00. 
N-p-Methoxyphenylcarbamylpiperidine ( W).- 


To 1.49 Gm. (9.99 mmoles} of p-methoxyphenyl 
isocyanate was added 0.85 Gm. (9.98 mmole) of 
piperidine with constant stirring. The reaction 
was. quite exothermic, and an immediate white 
crystalline precipitate appeared which was collected 
by filtration; 1.70 Gm. (i2.5%), m.p. 130". Ke- 
crystallization of the crude product from methanol 
and water (1 : 1) gave the analytical sample, m.p. 
130". 5 in cm.-l (KBr): 3350 and 3060 (NH) ;  
1625 (C=O); 1515 (NH);  A~~:.""' 244 mp ( B  X lo-*) 
30.0. 


Anal.-Calcd. for .ClsHlnN20?; C, 66.68; H, 
7.68; N, 11.95. Found: C, 66.79; H, 7.74; N, 
11.92. 


N-Phenylcarb-ylpiperidine (=).-This com- 
pound was prepared by the. procedure of Crosby 
and Niemann in a 6670 yield, m.p. 168'. in agree- 
ment with the literature value (9). 
N-- p - Nitrophenylcarbamylpipendine (XVII).- 


Ttns material was prepared in a 69Y0 yield by a modi- 
fication nf the procedure of Taylor, 1n.p. 166". in 
.agreement with the literature value ( 10). 


N-p-Nitrophenylcarbamylmorpholie (XVIII).- 
A solution of 1.64-Gm. (i0.0 mmoles) of p-nitro- 
phenyl isocyanate in 10 ml. of chloroform was added 
to 0..871 Gm. (10.0 mmotes) of morpholine in 5 ml. 
of chloroforrri; The reaction mixture was stirred 
for 3 hgurs, then was evaporated to dryness in 
vacuo., ' A 2:30-Gm. (91.370) quantity of yellow 
product, m.p. 216", was obtained. Two recrystal- 
lizations of the crude product from an acetone and 
methanol mixture gave the analytical sample, m.p. 
2190. vincm.-l(KBr); 3400(NH); 167O(C=O); 
1590and 1.540 (phenyl); Xzz." 326 mp ( c  X 10-a) 
58.4. 


Anal.-Calcd.. for CllH13N30,: C, 52.48; H, 
5.21; N, 16.68. Found: C, 52.81; H, 5.27; N, 
16.67. 


N-Phenylcarbamylmorpholine (XII).-This prod- 
uct was prepared in a 96% yield by the reaction of 
phenyl isocyanate with morpholine, m.p. 162". 
The reported melting point for this compound is 


N-p-Methoxyphenylcarbamylmorpholine ( XV ).- 
This material was prepared by the literature pro- 
cedure in an 81'% yield, m.p. 125". in agreement with 
the literature value (12). 


Reaction ,6f N-Phenylcarbamyl-2-imidazolidone 
and Piperidine (Excess).-Piperidine ( 10.0 ml.) 
was added to 0.410 Gm. ( 1.99 mmoles) of N-phenyl- 
carbamyl-2-imidazolidone (X). The reaction mix- 
ture was heated under reflux for 36 hours and then 
evaporated in vacuo to dryness. Recrystallization 
from a methanol and water mixture gave 0.200 Gm. 
(48.9%) of N-phenylcarb-dmylpiperidine (XI) ,  m.p 
168". The identity of this product was confirmed 
by thin-layer chromatography (silica gel) Rj 


(chloroform 92.3%: acetone 7.7y0) 0.80 and by 
mixed melting point with an authentic sample. 
Concentration of mother liquor gave an additional 


13.4. 


156-159" (11). 
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crop of crystals 0.033 Gm. (8.10%). m.p. 168". 
The total yield was 57.00/,. 


Reaction of N-p-Methoxyphenylcarbamyl-2- 
imidazolidone and Piperidine (Excess).-A mixture 
of 0.47 Gm. (1.98 mmoles) of N-p-methoxyphenyl- 
carbamyl-2-imidazolidone (XIII)  and 15 ml. of 
piperidine was heated under reflux for 48 hours. 
The reaction mixture was evaporated to  dryness 
in  vacuo, and the residue recrystallized from a 
methanol and water mixture. There was obtained 
0.190 Gm. (40.6%) of N-P-methoxyphenylcarbamyl 
piperidine (XIV) ,  m.p. 130". The identity of this 
product was confirmed by thin-layer chromatography 
(silica gel), RJ (chloroform 92.3%; acetone 7.7%) 
0.65; and by mixed melting point with an au- 
thentic sample. The mother liquor on evaporating 
to  dryness in vacuo and recrystallization from a 
methanol and water mixture gave another crop of 
0.090 Gm. (19.2%). m.p. 128". The total yield 
was 0.280 Gm. (59.8%). 


Reaction of N-p-Nitrophenylcarbayl-2-imidazol- 
idone and Piperidine (Excess).-A mixture of 
0.500 Gm. (2.00 mmoles) of N-p-nitrophenylcar- 
bamyl-2-imidazolidone (XVI) and 15 ml. of piper- 
idine was heated under reflux for 24 hours. The 
reaction mixture was evaporated to dryness in vacuo, 
and the residue after recrystallization from acetone 
gave 0.135 Gm. of unchanged starting material 
(XVI), n1.p. 224'. Evaporation to dryness of the 
mother liquor and recrystallization of the residue 
from a mixture of acetone and water gave 0.248 Gin. 
of N-p-nitrophenylcarbamylpiperidine (XVII), m.p. 
165'. The yield was 53.4% (based on unrecovered 
starting material), m.p. 165". 


Reaction of N-Phenylcarbamyl-2-iidamlidone 
and Morpholine (Excess).-To 0.205 Gm. (1.00 
mmole) of N-phenylcarbaniyl-2-imidazolidone (X) 
was added 7.7 ml. of morpholine. The reaction 
mixture was heated under reflux for i 0  hours and 
then evaporated to dryness in vacuo. Recrystal- 
lization of the residue from a methanol and water 
mixture gave $0.0 mg. (33.9%). of N-phenylcar- 
bamylmorpholine, m.p. 159". The identity of this 
product was confirmed by thin-layer chromatog- 
raphy (silica gel), Rj  (chloroform 92.3700; acetone 
7.7oJ,) 0.35 and by mixed melting point with an 
authentic sample. Concentration of mother liquor 
gave an additioiial crop of 43.0 mg. (20.8%). 
m.p. 159". The total yield of XI1 was 113 mg. 
(54.8%). 


Reaction of N-p-Methoxyphenylcarbamyl-2- 
imidazolidone and Morpholine (Excess).-To 0.11 7 
Gm. (0.490 mrnole) of N-p-methoxyphenylcarbamyl- 
2-imidazolidone (XIII)  was added a 3.85-1111. quan- 
tity of morpholine. The reaction mixture was 
heated under reflux for 22 hours. Concentration of 
the reaction mixture to half volume in vacuo gave 
white crystals which were collected by filtration; 
5G.5 mg. (47.8%), m.p. 124', of N-p-methoxy- 
phenylcarbamylmorpholine (XV) was obtained. 
Evaporation of the mother liquor to dryness and 
recrystallization from a mixture of methanol and 
water gave another crop of 10.5 mg. (8.9%). m.p. 
125'. The total yield of XV was 67.0 mg. (56.7%). 


Reaction of N-p-Nitrophenylcarbamyl-2-imida- 
zolidone and Morpholine (Excess).-To 0.125 Gm. 
(0.500 mmole) of N-p-nitrophenylcarbamyl-2-hid- 
azolidone (XVI) was added 3.85 ml. of morpholine; 
the mixture was heated under reflux for 32 hours. 
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The reaction mixture was evaporated to dryness 
in vacuo and recrystallized from a methanol and 
acetone mixture. A 0.055-Gm. (44.07,) quantity of 
N-p-nitrophenylcarbamylmorpholine (XVIII), m.p. 
216O, was obtained. The identity of the product was 
confirmed by thin-layer chromatography (sili-a 
gel), Rf (chloroform 92.30/,; acetone 7.7%) 0.23 
and by mixed melting point with an authentic 
sample. Concentration of mother liquor gave ztn 
additional crop of crystals, 0.008 Gm. (6.40%)), 
m.p. 216". The total yield was 0.063 Gm. (50.47,). 
N-Phenoxycarbonyl-2-imidazolidone (XXI).-A 


1.56-Gm. (9.96 mmoles) quantity of phenyl chlorl- 
formate was added to a stirred solution of 0.860 Gri. 
(9.99 mmoles) of 2-imidazolidone in 12 ml. o f  
chloroform. 'The reaction mixture was heatc d 
under reflux until the evolution of hydrogen chlo- 
ride ceased (45 hours). Concentration of the 
reaction mixture to half volume in wacuo gave white 
crystals which were collected by filtration. A 1.10- 
Gm. ( 53.5Y0) quantity of white crystalline material, 
m.p. 186-187", was obtained. Concentration of 
the mother liquor gave a second crop of 0.400 Gni. 
(19.5%) of the desired product, m.p. 189"; total 
yield: 73%. One recrystallization of the crude 
product from chloroform gave the analytical sarnpli:, 
m.p. 189". D in ern.-' (RBr): 3300 (NH); 1795 
and 1695 (C=O); 1595 and 1490 (phenyll; 


Anal.-Calcd. for CloHloN,Oa; C, 58.24; H:, 
4.88; N, 13.58. Found: C. 58.33; H, 5.14; h', 
13.60. 
N-Ethoxycarbonyl-2-imidazolidone (=).-To .a 


stirred solution of 1.72 Gm. (19.9 mmoles) of 2- 
imidazolidone in 25 ml. of chloroform was added 
2.17 Gm. (20 mmoles) of ethyl chloroformate. The 
reaction mixture was heated under reflux for 9lj 
hours and evaporated to  dryness in vacuo. Thi: 
residue was crystallized with water which gave tht: 
white crystalline product, 1.10 Gm. (34.9%), m.p. 
130'. Concentration of the mother liquor gave ail 
additional 0.540 Gm. (17.1%) of white crystallinc 
material, m.p. 130" total yield: 52.Oy0. Two re. 
crystallizations of the crude product from water 
gave the analytical sample, m.p. 130". i in cm.-' 
(KBr); 3255 and 3020 (NH);  1800 and 1680 


And-Calcd. for Ct.HLON2O1: C, 45.56; H 
6.32; N, 17.71. Found: C, 45.77: H, 6.37. 
X, 17.67. 
N-Methoxycarbonyl-2-imidazolidone (XXVIII).- 


A 0.945-Gm. (10 mmoles) quantity of methyl chloro- 
formate was added to a stirred solution of 0.86C 
Gm. (9.99 mmoles) of 2-imidazolidone in 10 ml. of 
chloroform. The reaction mixture was heated 
under reflux until the evolution of hydrogen chloride 
ceased (42 hours); on concentrating to half volume 
in vacuo a white crystalline material appeared which 
was collected by filtration; yield: 0.500 Gm. 
(34.8%). m.p. 180". Concentration of mother 
liquor gave a second crop of 0.400 Gm. (27.8%) 
of the desired product, m.p. 178". The total yield 
was 62.67,. One recrystallization of the crude 
product froin water gave the analytical sample. 
1n.p. 180". i in c m - l  (KBr): 3380 (NH), 1760 
a d  16iO (C-0). 


And--Calcd. for C6HsN203; C, 41.66; H. 5.56; 
N, 19.44. Found: C, 41.85, H. 5.40; N, 19.49. 


Reaction of N-Phenoxycarbonyl-2-imidazolidone 


Xelhmol -. 274 m s  ( e  X 5.80. 


(C=O). 
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and Piperidine ( 2  moles).-A mixture of 0.206 
Gm. (1.00 mmole) of N-phenoxycarbonyl-2-imid- 
azolidone (XXI) in 4 ml. of chloroform and 0.085 
Gm. (1 mmole) of piperidine in 3.7 ml. of chloroform 
was heated under reflux for 6.45 hours after which 
time 1 mmole of piperidine was added to the reac- 
tion mixture. Heating of the reaction mixture was 
continued for another 8 hours, after which time the 
peak a t  1795 cm.-' in the infrared spectrum had 
disappeared. The reaction mixture was evaporated 
to  dryness in wucuo, and the yellow solid which was 
obtained (0.170 Gm.. m.p. 156") was recrystallized 
from water; yield: 0.092 Gm. (46.5%) of N- 
piperidinocarbonyl-2-imidazolidone (XXII), m.p. 
181'. Two recrystallizations of the product from 
water gave the analytical sample. fi in ern.-' 
(KBr); 3350 (NH); 1730 and 1680 (C=O); 1655 
(NH). 


Anal.-Calcd. for CsHllN302: C, 54.90; H, 7.56; 
N, 21.65. Found: C, 54.96; H, 7.35; pu', 21.29. 


Reaction of N-Phenoxycarbonyl-2-imidazolidone 
and Piperidine (Excess).-To 1.23 Gm. (6.00 mmoles) 
of N-phenoxycarbonyl-2-imidazolidone (XXI) was 
added 45 ml. of piperidine; the mixture was heated 
under reflux for 42 hours. On keeping the reaction 
mixture overnight a t  0". white crystals appeared 
which were collected by filtration. A 0.440-Gm. 
(26.0%) quantity of N,N'-bis-( N-piperidinocar- 
bony1)ethylenediamine (XXIII), m.p. 221". was 
obtained. Evaporation of the mother liquor to  
dryness in  vatu0 and recrystallization of the residue 
from a methanol and water mixture gave 0.320 
Gm. (18.9%), m.p. 221" of the product (XXIII). 
Three recrystallizations from a methanol and water 
mixture gave the analytical sample, m.p. 224". 
i in em.-' (KBr); 3350 (NH); 1620 (C=O). 


Anal.-Calcd. for CUHZ,N,OZ; C, 59.54; H, 
9.28; N, 19.84. Found: C, 59.36; H, 9.45; N, 
20.01. 


Reaction of N-Phenoxycarbonyl-2-imidazolidone 
and Morpholine (Excess).-A mixture of 0.206 
Gm. ( 1.00 mmole) of N-phenoxycarbonyl-2-imi- 
dazolidone (XXI)  and 7.70 ml. of morpholine was 
heated under reflux for 30 minutes. after which time 
the peak a t  1795 cm.-' had disappeared. The 
reaction mixture was evaporated to dryness; the 
white residue on recrystallization from a mixture 
of chloroform and hexane gave 0.117 Gm. (41.00/0) 
of N,N' - bis - ( N  - morpholinocarbony1)ethylene- 
diamine (XXIV), m.p. 215". Concentration of the 
mother liquor gave another crop of crystals, 0.042 
Gm. (14.7%), m.p. 214". Two recrystallizations 
of the crude product from a mixture of cnloroform 
and hexane gave the analytical sample, m.p. 214". 
i in cm.-' (KBr); 3310 ( N H ) ;  1620 (C=O);  
1550 (NH). 


Anal.-Calcd. for C 1 ~ H ~ ~ N , O ~ :  C, 50.05; H, 
7.75; N, 19.60. Found: C. 50.12; H, 7.86; N, 
19.77. 


Reaction of N-Ethoxycarbonyl-2-imidmolidone 
and Piperidine (Excess).-A mixture of 0.158 Gm. 
(1.00 mmole) of N-ethoxycarbonyl-2-imidazolidone 
(XXV) and 7.70 nil. of piperidine was heated under 
reflux for 25 minutes, after which time the peak a t  
1800 cm.-1 had disappeared. The reaction mix- 
ture was evaporated to dryness in vacuo; the res- 
idue after recrystallization from a hexane and 
chloroform mixture gave the white crystalline ma- 
terial 0.180 Gm. (74.1%), m.p. 153'. identified as 
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N - ( N - piperidinocarbonyl) - N' - (ethoxycarbonyl) 
ethylenediamine (XXVI). One recrystallization 
from a mixture of methanol and water and another 
from a hexane and chloroform mixture gave the 
analytical sample, m.p. 149-150". I in ern.-' 
(KBr); 3440 and 3300 (NH);  1695 and 1620 
(C=O); 1520 (NH). 


Anal.-Calcd. for C11H21NaOz: C, 54.29; H. 
8.70; N, 17.27. Found: C. 54.35; H,  8.70; N. 
17.28. 


Reaction of N-Ethoxycarbonyl-2-imidazolidone 
and Morpholine (Excess).-A mixture of 0.158 
Gm. ( 1 .OO mmole) of N-ethoxycarbonyl-2-imidazol- 
idone (XXV) and 7.70 ml. of morpholine was heated 
under reflux for 25 minutes. after which time the 
peak a t  1800 cm.-' in infrared spectrum had dis- 
appeared. The reaction mixture was evaporated to  
dryness in vacuo; the residue after recrystallization 
from a mixture of chloroform and hexane gave 
0.1 10 Gm. (44.8%) of N-( N-morpholinocarbony1)- 
N'-(ethoxycarbonyl) ethylenediamine (XXVII), m.p 
156'. Concentration of the mother liquor gave 
another crop of crystals, 0.075 Gm. (30.3$&), m.p. 
156'. Recrystallization of the crude product from 
a mixture of methanol and water gave the analytical 
sample, m.p. 156". 5 in cm.-' (KBr); 3420 and 
3300 (NH);  1705 and 1635 (C=O). 


Anal.-Calcd. for CloHloN,O,: C, 48.96; H, 
7.80; N, 17.13. Found: C, 49.25; H,  7.62; N, 
17.15. 


Reaction of N-Methoxycarbonyl-2-imidazolidone 
and Piperidine (Excess).-A mixture of 0.144 Gm. 
( 1 .OO mmole) N-methoxycarbonyl-2-imidazolidone 
(XXVIII) and 7.70 ml. of piperidine was heated 
under reflux for 20 minutes, after which time the 
peak at 1760 em.-* had disappeared. The reaction 
mixture was evaporated to dryness in vacuo, and 
the residue on recrystallization from a mixture of 
chloroform and hexane gave 0.150 Gm. (65.7%) 
of N-( N-piperidinocarbony1)-N '-( methoxymrbony1)- 
ethylenediamine (XXIX), m.p. 134136'. One 
recrystallization from a chloroform and hexane 
mixture and another from a mixture of water and 
methanol gave the analytical sample, m.p. 136'. 
5 in cm.-' (KBr); 3450,3305, and 3100 (NH); 1710 
and 1630 (C=O); 1560 and 1540 (NH). 


Anal.-Calcd. for Cl~HloNsO~; C. 52.38; H, 
8.35; N, 18.32. Found: C, 52.46; H,  7.93; N. 
18.28. 


Reaction of N-Methoxycarbonyl-2-imidazolidone 
and Morpholine (Excess).-Morpholine (7.70 ml.) 
was added to 0.144 Gm. (1.00 mmole) N-carbo- 
methoxy-2-irnidazolidone (XXVIII), and the mix- 
ture heated under reflux for 45 minutes, after which 
time the peak at 1760 cm.-l in infrared spectrum 
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had disappeared. The reaction mixture was evap- 
orated to dryness in vacuo; the residue on recrystal- 
lization from a chloroform and hexane mixture 
gave 0.150 Gm. (64.9%) of N-(N-morpholinocar- 
bonyl) - N' - (methoxycarbonyl) - ethylenediamine 
(XXX), m.p. 149-152'. One recrystallization of 
the product gave the analytical sample, 5 in cm.-' 
(KBr): 3505,3390, and 3175 (NH);  1725 and 1650 
( ( 2 4 ) ;  1555 (NH). 


Anal.-Calcd. for CpH1~NrOc: C, 46.74; H, 7.41; 
N, 18.17. Found: C, 46.39; H,  7.56; N, 17.90. 


Reaction of N-( N-Piperidinocarbony1)-2-imidazol- 
idone (XXII) and Piperidine (Excess).-A mixture 
of 0.098 Gm. (0.50 mmole) of N-( N-piperidino- 
carbonyl-2-imidazolidone and 5.70 ml. of piperidine 
was heated under reflux for 6.5 hours, after which 
time the peak a t  1730 cm.-l in infrared spectrum 
had disappeared. 


The reaction mixture on cooling to  room tempera- 
ture gave 0.069 Gm. (42.5y0) of N,N'-bis-(N- 
piperidinocarhony1)ethylenediamine (XXIII), m.p. 
222O. Concentration of the mother liquor gave an 
additional 0.03 Gm. (21.2%). m.p. 222-223' of 
the product. The total yield was 0.09 Gm. (63.7%). 


Reaction of N - (N - Morpholinocarbonyl) - N'- 
(ethoxycarbonyl) - ethylenediamine (XXVII) and 
Morpholine (Excess).-A 7.80-ml. quantity of 
morpholine was added to 0.07 Gm. (0.28 mmole) 
of N-( N-morpholinocarbonyl )-N'-( ethoxycarbony1)- 
ethylenediamine (XXVII). The reaction mixture 
was heated under reflux for 46 hours, after which 
time the peak 1705 cm.-' in infrared spectrum had 
disappeared. Evaporation to  dryness in  wcuo of 
the reaction mixture and recrystallization from a 
mixture of chloroform and hexane gave 0.03 Gm. 
(31.2oJ,) of N.N '-bis-( N-morpholinocarbony1)ethyl- 
enediamine (XXIV), m.p. 214". 
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out exception, the carboxylic acid polymers (acrylic 
and maleic acids), demonstrated the most potential 
as prolonged-action coatings based on solubility 
in simulated gastric and intestinal fluids. Solubility 
of a maleic acid polymer varied in aqueous media 
at a range of pH levels with the degree of esterifica- 
tion of the polymer and with the ester chain length. 
Butyl half esters of the maleic acid polymer demon- 
strated good potential sohtbility properties for a 
prolonged-action coating. The intact films studied 
were impermeable to drug in solution. Polymer- 
drug binding was significant with only one of the 
three final polymers studied Poly(methy1 vinyl 
ether)/maleic anhydride n-butyl half ester demon- 
strated the best in oitro potential as a sustained- 
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action coating. The polymer showed no toxic effects 
in a preliminary short-term feeding study. 
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One-Phase Solvent Systems for 
Paper Chromatography 


Mixtures of tz-Butanol, Acetic Acid, and Water 


By T. J. BETTS 


Whenever possible, one-phase solvent systems, made up of the minimum number 
of constituents, should be used for paper chromatography. Two-phase systems 
should be replaced by their equivalent one-phase mixtures giving stability, accuracy, 
and simplicity. A “phase diagram” of the ty e shown is required for all commonly 
used three-com onent paper chromatograpiic solvent mixtures to facilitate the 
design of one-pfase solvents for particular problems. Mixtures of n-butanol, glacial 


acetic acid, and water were studied with this concept in mind. 


OLVENT MIXTURES used for paper chroma- S tography may consist of one or two phases. 
The two-phase mixtures have been traditionallv 
used for paper Chromatography, and may them- 
selves be divided into direct p lme mixtures (1) 
in which the phase flowing over the paper is an 
organic substance such as n-butanol or phenol 
which has been saturated with a more polar liquid 
such as water, and reversed phase mixtures (2) 
in which the mobile phase is the more polar of the 
two. Zafaroni tyfie paper chromatography is an 
example of the direct phase method in which the 
paper is impregnated with a relatively nonvolatile 
stationary phase such as formamide, the mobile 
phase being a less polar liquid such as benzene (3). 
The paper may also be impregnated for reversed- 
phase chromatography, being made hydro- 
phobic with a grease. 


With the Zaffaroni method, the results obtained 
obviously depend greatly on partition effects 
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between the two phases. The term “partition” 
has been almost automatically associated with 
paper chromatography since the original paper 
of Consden et nl. in 1944 (4), but some workers 
consider that in some cases other phenomena 
are involved such as adsorption (5,6) or ion 
exchange (7,8). Considering, for example, that 
tannins can be resolved with pure water as sol- 
vent (9), or hydroxyanthraquinones with pure 
toluene (lo), the mechanism of partition is un- 
likefy to be an explanation for all separations ob- 
tained by paper chromatography, even allowing 
for the formation of cellulose-water complexes 
(1 1). 


The preoccupation with partition, however, 
has resulted in the use of many two-phase solvent 
systems; the conception apparently was that 
this would insure that partition takes place. 
The use of a two-phase system means that the 
composition of the mobile phase is not known, 
so that it  cannot be varied in a controlled 
manner. In 1960, Smith (12) advocated the use 
of “monophasic” solvents in place of two-phase 
mixtures because “emulsions sometimes formed 
(during their preparation) and .  . . a drop in 
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Fig. 1.-Quantities of glacial acetic acid required 
to just form one phase with various mixtures of 
n-butanol and water. Key: a-b, volume of n- 
butanol mixed with unit volume of water; a-c, 
volume of water mixed with unit volume of n- 
butanol; a d ,  volume of glacial acetic acid required 
to form one phase of the above mixtures, in terms 
of the unit volume, n-butanol or water (whichever 
least). Temperatures of mixtures, 19-23'. Points 
marked x were calculated from experimental results. 
Points marked o represent one-phase mixtures in 
the literature. Points marked were obtained 
from analyses, and represent the composition of 
the upper (Py) and lower ( P i )  phases of the Part- 
ridge mixture, the upper (B.) and lower ( B I )  phases 
of the Baker mixture, and the upper phase of the 
Munier mixture (MI). 


temperature during the overnight run some- 
times led to the separation of water on the paper 
and resulted in unsatisfactory separations." 
This paper offers further support t o  his plea for 
simplicity. Although one-phase systems have 
been used since 1948 (13), the literature abounds 
with two-phase systems, those consisting of n- 
butanol, glacial acetic acid, and water being 
probably the most frequently used of all. Ex- 
amination of the literature revealed 15 apparently 
different two-phase mixtures of this type, and 
14 one-phase mixtures. The composition of 
some of the one-phase mixtures is shown in Fig. 1. 
This multiplicity led t o  the choice of mixtures of 
butanol, acetic acid, and water for study in 
relation to the concept of one-phase solvent 
systems. 


EXPERIMENTAL 


First, the minimum quantity of glacial acetic 
acid required to form one phase of various mixtures 
at approximately 21" of n-butanol and water was 
detefmined. From these results, the values used 
in plotting Fig. 1 were calculated. (Similarly 
shaped curves are obtained if ethanol or acetone is 
used instead of acetic acid.) Figure 1 indicates 
whether a particular mixture will form one phase. 
It might be anticipated that unstable mixtures which 
break down into two phases would form layers 
each of just stable composition. This hypothesis 
was tested by the analysis of the phases of typical 
two-phase mixtures. These were analyzed for 
their content of acetic acid and water, the butanol 
present being calculated. The acetic acid content 
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of a phase was determined by titration of 5 or 10-ml. 
portions with normal aqueous alkali to phenol- 
phthalein. The water content was determined by 
titration of 0.05 to 0.25-ml. portions (measured with 
a micrometer syringe) with Karl Fischer reagent. 


Analysis of Partridge's Solvent Mixture 
This well-known solvent mixture was first used 


by Partridge in 1948 to examine sugars (14) and has 
been used for many other substances since then. 
It is prepared by shaking together 40 ml. of n- 
butanol, 10 ml. of glacial acetic acid, and 50 ml. of 
water. The upper phase (of approximately 51 ml.) 
which separates on standing is usually used as the 
mobile phase. Analytical results: 


Upper Pha~e.-63.57~ butanol, 10.77, acetic 
acid, 25.8% water are contained. [Smith .(12) 
analyzed this upper phase as butanol-acid-water = 
62: 1 2 2 6  at 2OO.j 


Lower Phase.-16.1yo butanol, 9.470 acetic acid, 
74.5% water are contained. Converting these 
analyses to proportions corresponding to Fig. 1 gives: 


Upper Phase.-2.5 butanol:O.42 acetic acid : 1 
water. 


Lower Phase.-1 butanol:0.58 acetic acid:4.6 
water. 


From Fig. 1 it is apparent that the upper phase 
should be a stable mixture as it  contains acetic acid 
in slight excess of the amount required to form one 
phase from the proportions of butanol to water 
present. Surprisingly, the lower phase appears 
to be an unstable mixture containing insufficient 
acetic acid for stability. 


Analysis of Baker's Solvent Mixture 
This solvent mixture was first used by Baker et al. 


(15) to examine amines and has since been used for 
h ydroxyanthraquinone aglycones ( 16) and glyco- 
sides (17). If it  is prepared by shaking together 
50 ml. of n-butanol, 10 ml. of glacial acetic acid, 
and 40 ml. of water, an upper phase of approxi- 
mately 72 ml. separates on standing and is the 
mobile phase. Analysis gives: 


Upper Phase.--63.8% butanol, 11.2% acetic 
acid, 25.00/, water, or a ratio of 2.6 butanol:0.45 
acetic acid:l water. This stable mixture is very 
similar to the upper phase of the Partridge mixture, 
although it is prepared from different proportions 
of butanol and water. From the results for the 
upper phase, the following was calculated: 


Lower Phase.-1 butanol:0.46 acetic acid :5.4 
water. Like the lower phase of the Partridge mix- 
ture, a mixture of this cornposition should be un- 
stable. 


Analysis of Munier's Solvent Mixture 
This represents solvent mixtures even more rich 


in butanol. It was used by Munier and Mache- 
boeuf (18) to  examine alkaloids, but is imprecisely 
defined. n-Butanol-glacial acetic acid (100: 10) 
saturated with water may be prepared with the 
minimum quantity of water to  give two phases, 
or with-for e x a m p l e  quantity of water equal 
to  that of the organic solvent mixture. For this 
work, 50 ml. of n-butanol with 5 ml. of glacial acetic 
acid required 17 ml. of water to form two phases. 
An upper phase of approximately 69 ml. separated 
on standing. Analysis results: 


Upper Phase.-70.7% butanol, 7.3% acetic 
acid, 22.0y0 water, or a ratio of 3.2 butanol:0.33 
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MADE INTO ONE  PHASE^ 
TABLE I.-AVERAGE RI VALUES ( x 100) OBTAINED WITH VARIOUS MIXTURES OF n-BUTANOL AND WATER 


Solvent 
Mixture 


n- Butanol-glacial 
acetic acid- 
water 


(1) 1.5:0.4:1 
(2) 2.25:0.4:1 
(3) 2.5:O.4:lc 
(sj 2.8:0.4:1 
(5) 2.8:0.8:1 
(6) 2 .8:1.6:1 
(7) 3 .0:0.4:1 
(sj 4.5:0 .2:1  
(9) 5.5:nil:l 


Querce- Aloe- 
Morphine Thebaine tinb Quercitrin emodin Barbaloin Leucine Rhamnose 


59 78 70 79 90 80 66 45 
53 74 68 77 89 76 61 38 
46 71 69 78 89 74 61 33 
43 70 73 79 90 75 59 31 
54 75 65 72 87 73 67 38 
64 80 56 66 84 71 72 45 
42 70 72 78 90 73 57 32 
33 60 std std 87 71 41 27 
s t d  std std s t d  85 67 28 22 


n-Butanol+thanol- 
water 


(10) 3.0:0.6:1 45 63 67 75 86 72 47 35 
n-Bu tanolacetone- 


water 
(11) 3.0:0.6:1 46 65 81 80 91 76 42 32 


a These results were obtained at 16-20', on Whatman No. 1 paper (unwashed), using the ascending technique overnight. 
The spots of morphine and thebaine were revealed by spraying with Dragendorffs reagent (Munier's modification). The 
rhamnose spots were revealed by aniline phthalate solution and the leucine spots by ninhydrin solution, with the subsequent 
application of hot air. Only solvent mixtures 5 and 6 contain acetic acid in ex- of the amount required to form one phase. 
The other mixtures contain practically the minimum of acetic acid. or ethanol, or acetone to form one phase With n-butanol- 
water (3:l). 0.6 part of ethanol or acetone are required to form one phase, but only 0.4 part acetic acid. Rf values of uer 
cetin are di5cult to estimate as the spots are prone to tailing. c This one-phase mixture represents the u per phase 07 th; 
Partridge mixture. Using t i e  two-phase Partridge mixture (with both phases present in the tank) the foeowing Rf values 
were obtained: 45,71,68,75,89,76,61,  32 (substances in the same order as in Table). d Streaks obtained instead of spots. 


acetic acid:l water. Figure 1 suggests that this 
is hardly a stable mixture, and if kept apart from 
the lower phase, it  does deposit globules. 


Paper Chromatography with One-Phase Solvent 
Mixtures 


The changes in RI values of a selection of naturally 
occurring compounds (representative of those nor- 
mally subjected to paper chromatography in these 
laboratories) in response to change in composition 
of solvent mixtures of n-butanol, glacial acetic acid, 
and water was studied. This could be done readily 
with one-phase mixtures. Results are given in 
Table I. 


DISCUSSION 
In addition to the points against the use of two- 


phase solvent mixtures for paper chromatography 
made by Smith (see above), the following emerge 
from the above results. The preparation of two- 
phase mixtures may result in the use of a mobile 
phase readily inclined to become unstable. The 
formation of phase apparently unstable on separa- 
tion may be due to  the separated phase providing a 
vapor phase for its new container, or just due to 
partial evaporation or slight temperature change. 
The visible breakdown of separated phases may 
be just due to the formation of butyl acetate. But 
whatever the cause, this potential instability, noticed 
under the conditions in which chromatography is 
performed, is something to be avoided. Also, 
change in the formula of a two-phase three-com- 
ponent mixture may cause no (or very little) change 
in the composition of the mobile phase. In ad- 
dition, the preparation of the solvent is always 
easier and quicker than even nonemulsifying two- 
phase mixtures, possible variation in the composi- 
tion of the mobile phase of a two-phase mixture 
due to  temperature differences when it is prepared 


is prevented, and wastage of nonmobile phase is 
eliminated. The vapor of a one-phase mixture can 
fill the atmosphere of the chromatographic tank as 
well as the nonmobile phase of a two-phase mixture 
if it  is placed in the tank for a suitable period before 
running the chromatogram. 


Figure 1 represents the type of curve likely to 
be obtained with most three-component mixtures 
where two components are relatively immiscible, 
and the third is miscible with both the others. 
Such curves should be available for all commonly 
used three-component paper chromatographic sol- 
vents to facilitate selection and modification of 
solvent mixtures. Figure 1 reveals that the upper 
phase of the Partridge solvent mixture contains 
n-butanol and water in proportions representing 
one of their least miscible combinations, so that a 
relatively large amount of acetic acid is needed to 
form a stable mixture. In fact, this upper phase 
contains a slight excess of acetic acid for this 
purpose. These observations may be of value in 
designing other paper chromatographic solvent 
mixtures, a procedure which is rarely recorded by 
workers. 


Table I indicates that the upper phase of the 
Partridge mixture can be replaced with complete 
success by a one-phase mixture of n-butanol- 
glacial acetic acid-water (63 : 11 : 26), or roughly 
(25:4:10). or still more approximately but satis- 
factorily (5:1:2). The lower phases of the Part- 
ridge and Baker mixtures present a problem not 
resolved here. The analysis results indicate that 
they have a composition which is thermodynamically 
impossible in that it is unstable, yet the lower phase 
of the Partridge mixture, separated from the upper 
phase, does not break down on chilling to minus 5" 
(unlike the upper phase). Yet it is impossible to 
prepare a one-phase mixture of the composition 
indicated from the analysis by mixing the con- 
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stituents in any manner. The tendency to  form 
actually or theoretically unstable phases is a point 
against the use of two-phase mixtures, for they 
might break down during chromatography. Another 
point against their use is that superficially dissimilar 
two-phase systems (Partridge and Baker) use a 
mobile phase of practically identical composition. 
A change in formula may be meaningless. 


The function of the acetic acid in mixtures with 
butanol and water has been implied to be the regu- 
lation of the amount of water that will dissolve in 
the butanolic phase and vice versa. But substances 
with basic or acidic character may be affected by the 
acetic acid. An acidic response could be the sup- 
pression of ionization so that ion exchange does not 
take place with the paper. A basic response could 
be the formation of the acetate, this salt being the 
substance actually chromatographed. From Table 
I (mixtures 7, 10, ll), as acetic acid can be replaced 
by a suitable quantity of ethanol or acetone without 
greatly affecting the RI values of aloe-emodin, 
barbaloin, morphine, quercitrin, and rhamnose, 
these substances would appear to be unaffected by 
the acid. However, there are signs of some response 
by morphine and rhamnose and also leucine when 
the acetic acid is reduced or eliminated, as is 
possible with butanol-rich mixtures. In some cases 
this may be due to the high butanol content of the 
solvent mixture. But whatever the cause of these 
responses, the correct amount of ethanol or acetone 
may be substituted for acetic acid in some cases, 
thus avoiding the problem of esterification which 
otherwise occurs. Table I should be helpful in 
designing solvents for particular problems. 


The results in Table I agree with the observation 
of Harasawa and Danjo in 1957 (19) that “generally 
effects of variation of composition (of solvent 
mixtures) are relatively small.” With the mixtures 
examined, increase in the proportion of butanol to 
the other constituents tends to decrease R/ values. 
But increasing the proportion of acetic acid at the 
same time tends to offset this effect in some cases. 


The ideal one-phase paper chromatographic 
solvent is a pure liquid such as water or toluene. 
Two-component one-phase mixtures may cover the 
many cases where this ideal is unrealizable. Only 
if these fail should threecomponent mixtures be 
used. It is an admission of unsuccessful appli- 
cation to  invoke the use of mixtures with four 
or more components. The proportions of solvent 
mixtures should also be expressed as simply as 
possible. It is unlikely that the mixture of butanol- 
acetic acid-water “40: 12:29” (20) will produce 
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any result that 3:1:2 will not do. Chromatog- 
raphers should remember that there is no virtue 
in complexity for its own sake. 


SUMMARY 


1. A “phase diagram” in modified form was ob- 
tained for mixtures of n-butanol and water, made 
into one phase by the addition of the minimum 
quantity of glacial acetic acid when necessary. 


2. The phases of some well-known two-phase 
mixtures of n-butanol, glacial acetic acid, and water 
used as paper chromatographic solvents were 
separated and analyzed, and found to  be apparently 
unstable in some cases, by reference to  the “phase 
diagram.” 


3. Some naturally occurring compounds were 
paper chromatographed with various one-phase 
mixtures of n-butanol, glacial acetic acid, and water 
designed with reference to the “phase diagram,” 
and changes in R, values produced by changes in 
the solvent mixture studied. 


The use of one-phase mixtures as solvents 
for paper chromatography whenever possible is 
recommended and comments are made on their 
design. 


4. 
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Organic Syntheses. Collective Vol. IV. Edited 
by NORMAN RABJOHN. John Wiley & Sons, 
Inc., 605 Third Ave., New York 16, N. Y., 1963. 
xiv 4- 1036 pp. 15 X 23 cm. Price $16.50. 
This ten-year collective volume covers the ma- 


terials in the annual volumes 30-39. This book 
provides the name of the laboratory where the pro- 
cedure was developed as the first reference for each 
procedure and also includes an author index. Illus- 
trations of several pieces of equipment or illustrated 
suggested modiiications in equipment are provided. 
Errors in the original printings of some of the pro- 
cedures have been corrected, calculations and ref- 
erences checked, and modifications or improvements 
incorporated. The volume retains the many dis- 
tinctive features of previous collective volumes 
which have made them such valuable laboratory 
tools. 


Progress in Physical Organic Chemistry. Vol. 1. 
Edited by S. G. COHEN, A. STRBITWIESER, JR., 
and R. W. TAFT. Interscience Publishers, 
605 Third Ave., New York 16, N. Y., 1963. ix + 411 pp. 15.5 X 23 cm. Price $15. 
Interscience Publishers present the first volume of 


a new series edited by Saul G. Cohen of Brandeis 
University, Andrew Streitwieser. Jr., of the Uni- 
versity of California (Berkeley), and Robert W. 
Taft of the Pennsylvania State University co\ ering 
the relatively modern field of physical organic chem- 
istry. The series is designed to  provide a forum for 
the exchange of views and for critical and authorita- 
tive reviews of topics reported in the contemporary 
outpouring of articles in the field. The authors 
of the individual sections have been given wide dis- 
cretion so that each topic discussed should show 
an individualistic treatment. Treatment of sub- 
jects will be more detailed than the conventional 
textbook style so as to be useful to  graduate and 
practicing organic chemists who may not have any 
particular expertise in physical organic chemistry. 


The topics presented in this volume are ionization 
potentials in organic chemistry, nucleophilic aro- 
matic substitution reactions, ionization and dis- 
sociation equilibria in solution in liquid sulhu di- 
oxide, secondary isotope effects, and quantitative 
comparisons of weak organic bases. 


Papers on Hunuln Genetics. Edited by S. H. BOYER, 
IV. Prentice-Hall, Inc., Englewood Cliffs, N. 
J.. 1963. x 4- 305 pp. 15 X 23 cm. Price 
$9. 
A collection of papers originally published in tech- 


nical and scientific journals providing background 
materials on human genetics is presented. One 
outstanding contribution of this work is providing an 
English translation of some of the reports which were 
originally published in German or French. Brief 
introductory annotations have been included. The 
collection is designed to  illustrate the various ways 
in which the study of human genetics has proceeded. 
The examples have been chosen primarily to  bene- 
fit the newcomers: the students of various rank and 
training who have become intrigued with human 
genetics and its problems and wish t o  have some 
firsthand knowledge of its origins. 


Identification of Organic Compounds. By N. D. 
CHERONIS and J. B. ENTRIKIN. Interscience 
Publishers, 605 Third Ave.. New York 16, N. Y., 
1963. xii + 477 pp. 15.5 X 24 cm. Price 
$8.95. 
An abridgment and revision of “Semimicro Quali- 


tative Organic Analysis” incorporating materials 
which are either essential or useful to students of 
elementary or intermediate organic chemistry is 
presented. It includes the discussions of, and pro- 
cedures for, the classification of an unknown sub- 
stance by its solubility behavior and its acid-base 
characteristics, general tests for structure and func- 
tional groups, specific tests for chemical classes, 
and an entirely new chapter on the use of paper 
chromatography and infrared spectroscopy in the 
identidcation of organic substances. The volume 
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DISCUSSION AND CONCLUSIONS 
These preliminary studies were conducted to  ascer- 


tain the feasibility of using stress relaxation data to 
investigate powder compaction. On the basis of 
the results obtained, the techniques appear to be 
valuable. Even though instrumentation was crude, 
evidence was obtained to show that factors known to 
affect tableting also had effects on stress relaxation 
data. The fact that seemingly anomalous behavior 
appears in some of these results is undoubtedly due 
to lack of experimental control or inadequate 
knowledge of the compression mechanism. 


Certainly, correlation between tablet quality and 
bonding strength, surface area and porosity of the 
tablet, elastic compressibility, relaxation, particle 
size and shape, bulk density and flow properties of 
the powder may be expected. The technique re- 
ported in this communication is useful for studying 
elastic compressibility, relaxation, and flow under 
pressure. These important properties have received 
little attention in past studies on pharmaceutical 
powders; their measurement should help in under- 
standing powder compression. 
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for the case A V / V  constant. 
period, u ,  the expanentials are constant and 


For a specific time 


Equation 3 reduces to 


for all elements relaxing from an initial pressure P a t  
fixed t h e .  Accordingly, relaxation data for sodium 
chloride samples compressed at  several pressures 
(weight and platen adjusted to keep A V /  V constant) 
were obtained at  two loading rates. Figure 5 is a 
plot of initial -dp/d l  against maximum pressure 
obtained a t  1.8 seconds for 1.8-second loading time 
and 3.4 seconds for 3.4-second loading time. 
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Mode of Action of Endomycin-Neomycin Synergism 
By W. T. SOKOLSKI and M. R. BURCH 


The  mode of action for endomycin-neomycin synergism against Candida albicans 
was postulated to  be an action of endomycin which influences permeability of the 
cell membrane and facilitates the entry of neomycin in the cell. A neomycin-re- 
sistant strain was also found to  be resistant t o  endomycin, but the combination of 
antibiotics was still synergistic. thesis of endomycin was 
strengthened by data showing that the cell membrane E r i e r  was less resistant t o  


increasing osmotic pressure in the presence of endomycin. 


The  permeability hy 


NDOMYCIN is an antifungal and antibacterial E coniples of agents first described by Gottlieb, 
d 01 .  (1). Endomycins A and B were reported to 
be synergistic with neomycin against Cundida 
ulbicuns UC1392 (2). Because endomycin lowers 
the surface tension of water and hence acts like a 
detergent, ;I cell wall permeability change has been 
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postulated to be a factor in the synergism of endo- 
mycin and neomycin; presumably endomycin 
facilitates the passage of neomycin through the 
cell membrane. A precedent for this detergent 
type of synergistic activity was reported by Sokolski, 
el al. (3), and by Karaila (4). 


One approach to show that endomycin affects the 
cell wall permeability was to use an organism which 
was resistant to neomycin. According to our 
hypothesis, the resistant organism should be sensi- 
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TABLE I.-GROWTH OF C. albuans PARENTAL AND RESISTANT CULTURES IN THE PRESENCE OF NEOMYCIN, 


ENDOMYCIN, AND COMBINATIONS 


-Antibioti- Absorbance, 650 m& 
Neomycin. Endomycin. ---------Incubation, hrs.- 


C. albicans Strain mcg./ml. u./ml. 20 44 120 


Sensitive-parent 200 . . .  0.05 0.05 0.05 


5 . . .  0.42 0.47 0.71 


50-100 . . .  0.05-0.06 0.05 0.25-0.33 
10-20 . . .  0.144.27 0.38-0.40 0.48-0.59 


. . .  8-10 0.04 0.14-0.23 0.374.39 


. . .  1 4  0.234.34 0.37-0.39 0.384.45 
10 2 0.04 0.04 0.04 
5 2 0.04 0.04 0.27 
0 0 0.42 0.45 0.59 


Neomycin-resistant 200 ... 0.14 0.33 0.43 
0.52-0.61 50-100 ... 0.23-0.34 0.47-0.51 


10-20 . . .  0.45 0.53-0.54 0.634.66 


. . .  8-10 0.36-0.41 0.42-0.46 0.45-0.48 


. . .  1 4  0.42-0.43 0.484.51 0.52-0.54 


5 . . .  0.50 0.53 0.63 


10 2 0.06 0.06 0.06 
5 2 0.06 0.06 0.06 
0 0 0.44 0.48 0.58 


Endomycin-resistant 50-200 . . .  0.05 
10-20 . . .  0.05 
5 . . .  0.37 


0.05 0.05-0.17 
0.04-0.40 0.394.60 
0.50 0.60 


. . .  10-20 0.13-0.39 0.25-0.41 0.29-0.60 


. . .  1-8 0.4143). 48 0.48 0.48-0.52 
5 2 0.03 0.03 0.04 
0 0 0.46 0.51 0.55 


tive to neomycin in the presence of subinhibitory 
concentrations of endomycin. A second and possibly 
more convincing approach was to  show that C. albi- 
cans was less resistant to increasing osmotic pressure 
in the presence of endomycin. 


METHODS 


The preparation of neomycin used in these studies 
was a commercial grade neomycin sulfate (Res. 
9291) which was estimated (5) to  contain 90% 
neomycin B and 10% neomycin C. Antibiotic 
potency was determined to  be 650 mcg. neomycin 
B base equivalent per milligram. All concentra- 
tions used in these experiments were expressed in 
terms of neomycin B base equivalent. 


The endomycin preparation was an amorphous 
sodium salt that was arbitrarily assigned a potency 
of lo00 units per milligram. The preparation was 
found to  contain endomycins A and B, both of 
which were reported (2) as being synergistic with 
neomycin. 


Neomycin-resistant and endomycin-resistant 
strains of C. albicans UC 1392 were developed by 
stepwise transfers to increasing concentrations of 
antibiotic in broth medium (yeast assay broth) 
consisting of 1% cerelose (glucose), 0.25% yeast 
extract, and 0.1% monopotassium phosphate. 
The neomycin-resistant strain was maintained in 
yeast assay broth containing 100 mcg. neomycin 
per milliliter. the endomycin-resistant strain in 
broth with 10 units endomycin per milliliter. and 
the parent strain in broth with no antibiotic. 


The test organisms for inoculum in the determina- 
tion for minimum inhibitory concentrations (MIC) 
were grown in shaken flasks with yeast assay broth 
and antibiotic for 24 hours a t  37". The cells from 
each culture were recovered by centrifugation, 
washed twice, and resuspended with the medium. 
The suspension was adjusted to an absorbance of 
0.5 at 650 mp. 


The MIC tests were conducted in 18 X 150-mm. 
tubes which were optically matched for a Lumetron 
colorimeter. Sterile filtered antibiotic solutions 
were added to duplicate tubes which, when diluted 
to  10 ml., gave the concentrations indicated in 
Table I. The volumes in all tubes were brought 
to 2 ml. with sterile water. For each culture, 
0.15 ml. of the inoculum suspension was added to  
500 ml. of 10/8th strength yeast assay broth, after 
which 8 ml. of seeded broth were pipeted to  each 
tube in the respective series. All tubes were 
momentarily agitated and then incubated in a 37" 
water bath. 


Commercially available detergents were also 
tested for synergism with neomycin as was the com- 
bination of endomycin and detergents with potas- 
sium chloride. These tests were conducted against 
the parent C. albicans in the Same manner as  de- 
scribed above. Two anionic detergents, sodium 
lauryl sulfate and sodium heptadecyl sulfate, were 
also tested for synergism with neomycin. The 
concentrations used are indicated in Table 11. 


TABLE II.-SYNERGISM BETWEEN NEOMYCIN AND 
ANIONIC DETERGENTS AGAINST C. albicans 


PARENTAL 


Absorbance, 650 mha 
Without With 


neo- neo- 
Detergent Concn., % mycin mycinb 


Sodium lauryl sulfate 
(sodium dodecyl sul- 
fate) 0.01 0.42 0.05 


0.005 0.40 0.05 
Sodium heptadecyl sul- 


fate 0.02 0.38 0.05 
0.01 0.41 0.05 


None . . .  0.45 0.48 


a After 24 hours incubation a1 32°C. b Ten micrograms 
ncomycin B base equivalent. 
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RESULTS A N D  DISCUSSION 


The results of the effect of endomycin, neomycin. 
and the combination against the parent and two 
antibiotic-resistant strains of C. albicans are shown 
in Table I. Absorbance a t  650 mp was used as an 
indication of the amount of growth. Microscopic 
wet-mount examinations were made of all tubes 
containing growth for the detection of bacterial 
contamination. No contaminated cultures were 
observed. 


The response of the parent strain confirmed the 
synergistic activity with endomycin and neornycin 
previously reported (2). The results after 120 
hours incubation show that 10 rncg. neomycin plus 2 
units endomycin per milliliter inhibited growth and 
gave the same result as 200 rncg. neomycin per 
milliliter or >10 units endomycin per milliliter. 
Individually, 100 mcg. neornycin or 10 units endo- 
mycin per milliliter allowed some growth to oc- 
cur. 


The endomycin-resistant strain was more sensi- 
tive to neomycin than was the parent strain, as 
indicated by the lesser growth with neomycin alone 
at all reading periods. Synergism with the com- 
bination of antibiotics was apparent since no growth 
occurred with as little as 5 mcg. neomycin plus 
2 units endomycin per milliliter, whereas growth 
was observed with 50 rncg. or units per milliliter, 
respectively. 


The neomycin-resistant strain acquired resistance 
to  endomycin since there was good growth with 10 
units endomycin per milliliter after 20 hours. In  
the presence of the combination, however, synergism 
still existed. Five niicrograms of neomycin plus 2 
units per milliliter of endomycin was more effective 
in preventing growth than 500 units of neomycin 
or 10 units per milliliter of endomycin alone. 


The fact that the neomycin-resistant strain was 
also resistant to endomycin may mean that the cell 
wall or membrane was altered during the develop- 
ment of resistance so that less antibiotic was ab- 
sorbed and/or penetrated. The combination of 
the two agents was still synergistic, indicating that 
the action of endomycin was still effective in allowing 
more neomycin to enter the cell. 


Table I1 shows that other anionic detergents were 
also synergistic with neomycin. These data are 
consistent with the concept that a chemical which 
can alter the permeability of the cell wall may be 
synergistic with antibiotics which are active in the 
cell. This detergent-antibiotic type of synergism 
has been shown to occur against the protozoa 
Ochromonas danica (3). A correlation between the 
surface tension-reducing activity on water and 
synergism with neomycin apparently was not pres- 
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TABLE III.-INFLUENCE OF ENDOMYCIN ON THE 
GROWTH OF C. albicans IN VARYING CONCENTRA- 


TIONS OF POTASSIUM CHLORIDE 


--Agents, Concn.? 
Endomycin. -Absorbance, 650 mL-- 


KCI. Yo u./ml. 24 hr. 48 hr. 
10 . . .  0.06 0.18 
8 . . .  0.10 0.20 
6 . . .  0.17 0.27 


0 . 4 - 4 . 0  . . .  0.24-0.28 0.28 
. . .  8 0.01 0.02 
. . .  3-6 0.01-0.08 0.26-0.31 
. . .  0.4-2 0.24-0.28 0.32 


8 1 0 0.18 
4-6 1 0.05-0.08 0.20-0.29 


0.2 - 2 1 0 .23 -0 .27  0.27-0.30 
8 2 0 0 
6 2 n n 14 - 
4 2 0.02 0.15 


0.2 - 2 2 0.17-0.25 0.25-0.30 
0 0 0.28 0.31 


ent, but this is not surprising since the detergent 
action occurs between the cell and the surrounding 
liquid while the surface tension-depressing action 
is between the liquid and air. 


The possibility of a salt formation between neo- 
niycin and anionic detergents cannot be excluded. 
However, we previously could not show a third 
component with solutions containing neomycin and 
endomycin (3). 


If the mode of action for endomycin-neomycin 
synergism is the action on the cell permeability 
by endomycin, then the cells should be less resistant 
to osmotic shock in the presence of endomycin; 
this was shown to be the case. Table 111 indicates 
that growth was inhibited with lower concentrations 
of potassium chloride in the presence of endomycin 
than without endomycin. Similar results were 
obtained with potassium chloride and sodium lauryl 
sulfate or sodiuni heptadecyl sulfate. However, 
detergents which were not synergistic with neomy- 
cin, polysorbate 80, and oxyethylene-oxypropylene 
polymer, did not affect the osmotic pressure re- 
sistance. Increased cell wall permeability in the 
presence of endomycin is believed to be a factor 
in endomycin-neomycin synergism. 
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“Aggregation” Phenomenon and Some Ephedrine Isomers 
By HAROLD H. WOLF, MARTIN A. SCHUSTER*, and GEORGE LANCIAULT 


Ex eriments have shown that three ephedrine isomers, D(-) ephedrine, L(+) 
eppedrine, and D(-) pseudoephedrine, are significantly more lethal to grouped 
versus isolated mice. The  magnitude of this effect is considerably less than that ob- 
served with racemic amphetamine. A fourth isomer, L(+) pseudoephedrine, did 


not demonstrate this phenomenon. 


UR INTEREST in the pharmacology of a series of 0 ephedrine isomers was first stimulated by the 
findings of LaPidus, et al. (l) ,  who reported that 
D( - ) pseudoephedrine blocked the pressor activity 
of D( - )  ephedrine. It appeared worthwhile to  
initiate a study into the central nervous system 
activity of these compounds and to compare criti- 
cally their activity with that of racemic amphet- 
amine as well as with that of two additional 
ephedrine isomers which were available+ +) 
ephedrine and L( +) pseudoephedrine. 


As a starting point for these studies, a series of 
experiments was designed to evaluate the incidence 
of lethality to  these agents observed in an isolated 
versus aggregated environment; the object of this 
work was to establish the presence or absence of the 
well-known “aggregation” phenomenon (2-7) with 
these isomers. The results obtained constitute the 
basis for this note. 


EXPERIMENTAL 


Novice, adult, male, albino mice of a random bred 
Swiss strain (Maxfield Animal Supply, Cincinnati. 
Ohio) were used as experimental animals. These 
mice, which ranged in weight from 17 to 23 Gm., 
were housed in groups of 16 to 22 animals each in 
metal cages 24 X 23 X 18 cm. They were main- 
tained on Purina laboratory chow and had free access 
to food and water except during the experimental 
test periods. 


All experiments were conducted in both an aggre- 
gated and isolated environment. Aggregation was 
defined as placing three mice in a metal cage 7 X 
7 X 7.5 cm. with a wire mesh bottom; isolation 
consisted of placing a solitary mouse in a similar 
cage. The room temperature was maintained a t  
approximately 25’ throughout the study. 


Aqueous solutions of all drugs were administered 
intraperitoneally in a constant volume of 1 ml. per 
100 Gm. body weight. With the exception of L( +) 
ephedrine, which was obtained as the hydrochloride 
salt, the free base of the ephedrine isomers was dis- 
solved in a few drops of 1 : 20 hydrochloric acid and 
the volume of the resulting solution adjusted with 
distilled water. Amphetamine] was administered 
as the sulfate salt. The pH of the drug solutions 
was approximately 5. In all instances drug dosage 
was calculated as free base. 


To determine the dose lethal to 50% of animals 
(LDW) for each drug, groups of nine animals were 
randomly selected, injected with various doses of 
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the agent under investigation, and placed in either 
an aggregated or isolated environment. The 
incidence of lethality and general behavior of the 
animals were recorded every 15 minutes for a 
period of 3 hours. Dead animals in the group situa- 
tion were replaced with noninjected animals to 
maintain a constant degree of aggregation. This 
procedure was repeated until a minimum of three 
points were established in the range between 0 and 
100% lethality in both environmental situations. 
The results obtained were then plotted on log- 
arithmic probability paper, and a regression line 
was fitted to the plotted points by eye. From this 
plot of the data, the LDm. 95% fiducial limits, and 
the lethality potency ratio, (LPR = LDw isolation/ 
LDw aggregation) were calculated by the method of 
Litchfield and Wilcoxon (8). 


RESULTS AM) DISCUSSION 
The LDu’s and LPR’s obtained for the agents 


under investigation are shown in Table I. It is 
evident from these results that, except for L(+)  
pseudoephedrine, all drugs were significantly more 
lethal to  grouped versus isolated mice. Thus an 
“aggregation” phenomenon was demonstrated with 
D(-) ephedrine, L(+) ephedrine, D(-) pseudo- 
ephedrine, and racemic amphetamine. The findings 
pertaining to D( - ) ephedrine are in agreement with 
those reported by Chance (3), who also found this 
agent to  be considerably more lethal in animals sub- 
jected to aggregation. To our knowledge, the cen- 
tral nervous system activity of the remaining ephed- 
rine isomers has never been critically investigated. 


Although three of the four ephedrine isomers 
tested demonstrated the “aggregation” phenomenon, 
an examination of the LPR’s reveals that the 
magnitude of these responses was significantly less 
than that observed with amphetamine. Further- 
more, no statistical difference was apparent among 
the LPR’s of those ephedrine isomers which were 
shown to be more lethal in an aggregated environ- 
ment. 


In  addition to the quantitative differences in 


TABLE  LETHALITY OF SELECTED STIMULANTS IN 
AGGREGATED AND ISOLATED MICE“ 


-- L D ~ ~ -  
Drug Aggregated Isolated LPRC 


D( -) Ephedrine 177 270 1.53 


L(+) Ephedrine 255 323 1.31  


D( -) Pseudo- 248 312 1.28 


L(+) Pseudo- 220 224 1.02 


104 8 .5  (*)Amphetamine 12.2 


(138-208) (229-319) (1.13-2.06) 


(234-278) (299-349) (1.19-1.43) 


ephedrine (214-288) (292-324) (1.07-1.48) 


ephedrine (194-248) (193-260) (0.76-1.38) 


(9.5-15.5) (97.1-110) (6.6-11.1) 


0 Three-hour observation period. * mg./Kg. Values in 
parentheses are 95% fiducial limits. Lethality potency 
ratio LDr  isolation/LDm aggregation. Values in paren- 
theaa are 95% fiducial limits. 
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experienced progressive respiratory difficulty until 
apnea occurred and death ensued. 


In contrast to the above, the pattern of toxicity 
observed in mice treated with L( +) ephedrine, D( - ) 
pseudoephedrine, or L( +) pseudoephedrine was es- 
sentially the same for both environmental situations. 
Death was caused by acute respiratory failure pre- 
ceded by clonic or tonic convulsions, and always oc- 
curred within 1 hour after drug administration. 


An explanation for the failure of L( +) pseudoephe- 
drine to demonstrate an "aggregation" phenomenon 
is not readily available. However, a number of pre- 
liminary experiments conducted in our laboratory, 
e.g., determination of the behavioral changes ac- 
companying drug administration, low frequency 
electroshock seizure threshold studies, and examina- 
tion of drug-induced alterations in levels of central 
nervous system activity measured by chemoshock 
techniques .indicate that several major quantitative 
and qualitative differences exist among these four 
ephedrine isomers. It is anticipated that further 
investigation into the exact nature of central 
stimulation induced by these agents will help elu- 
cidate the findings reported herein. 
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lethality described above, the agents investigated 
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their righting reflex, appeared comatose, and 
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Colorimetric Microdetermination of Plasma Free Fatty Acids 
By DONALD C. KVAM, J. G. SCHMIDT, D. A. RIGGILO, and D. G. GALLO 


The application of a colorimetric method to 
the determination of free fatty acids in  plasma 
is described. The  method is simple, sensitive, 
and yields results comparable to those ob- 


tained with the tiuimetric procedure. 


HE MEASUREMENT of unesterified fatty acid levels T in biological samples is usually accomplished by 
microtitration of the acidity present in suitably 
prepared extracts (1). Such microtitration tech- 
niques require special equipment and even with care 
and experience may give variable results. Ayers 
reported a colorimetric method for the estimation of 
fatty acids based upon the finding that copper or 
cobalt salts of monocarboxylic acids dissolve in 
chloroform to give colored solutions (2). Iwayama 
subsequently developed an essentially new pro- 
cedure, also based upon the solubility of the copper 
salts of Clo-Ca monocarboxylic acids in chloroform, 
but its sensitivity was not great enough to be useful 
for the determination of plasma free fatty acids (3). 
___- 
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The sensitivity of the latter procedure was greatly 
increased by Duncombe, who measured the con- 
centration of copper in the chloroform solution with 
diethyldithiocarbamate (4). We have adapted this 
colorimetric method to the determination of plasma 
free fatty acids following their extraction by the 
technique of Dole and Meinertz (1). The resulting 
procedure is simple, very sensitive and reproducible, 
and uses commonly available laboratory equipment. 


EXPERIMENTAL. 
Reagents.-The following reagents were used. 
Extraction Solution.-Mix 1 N H&Od, hexane, and 


isopropyl alcohol in the volume ratio 20 : 200 : 780. 
Cupru Nitrate Reagent.-Mix 450 ml. of 1 M 


triethanolamine, 50 ml. 1 N acetic acid, and 500ml. 
5% cupric nitrate solution. 


Sodium Diethyldithwcarbamale, 0.1 O/o.-Dissolve 
100 mg. ( C ~ H ~ ) ~ N C E & N ~ . ~ H I O  in 100 ml. normal 
butanol (prepare fresh daily). 


Stock Standard Fatty Acid Solution.-Dissolve 56.8 
mg. stearic acid in 100 ml. of hexane. 


Working Standard Fatty Acid Solution.-Dilute 
10 ml. of stock standard to 100 ml. with hexane. 
This solution contains 0.2 pmoles/ml. 








Stress-Relaxation Studies on Hydrated Callus Strips I1 
Effects of Some Electrolytes and Nonelectrolytes in Aqueous Solutions 


By WILLIAM J. TILLMAN* and TAKERU HIGUCHI 


Mechanical responses of stretched, hydrated callus strips to several electrolytes and 
nonelectrolytes in dilute aqueous solutions have been determined. At equal con- 
centrations of cations (of the order of 0.1 M), sodium chloride, potassium chloride, 
lithium chloride, and sodium sulfate produced marked decreases in tension essenti- 
ally indistinguishable from each other. Magnesium chloride elicited a similar re- 
sponse but at much lower concentrations. The limiting values at higher concentra- 
tion were, however, mughly the same as those produced by the monovalent cations. 
The astringency of aluminum ion was clearly reflected in the behavior of the corni- 
fied strip to its salts. Responses to urea and dextrose solutions have also been 


studied. 


ESULTS OF further investigations 011 the 
mechanoelastic behavior of cornified epi- 


thelium elicited by changing solution environ- 
ments are presented. In an earlier publication 
(1) the solvating and softening dects of several 
hydroxylic solvents were reported. The present 
communication is concerned with the results of 
similar experiments designed to determine the 
iduence of certain nonelectrolytes and electro- 
lytes on the tendency of stretched callus strips in 
aqueous media to shrink or relax. Information of 
this nature is presumed to be of value in the 
rational formulation of preparations applied to 
the skin for either cosmetic or medicinal purposes. 
The degree of solvation and hydration of the 
cornified layer, the primary factor in these 
measurements, is becoming increasingly recog- 
nized as a major concern in maintenance of the 
health and appearance of the outer e p i d d  
layer. 
This report is concerned specifically with 


results obtained on hydrated callus strips when 
exposed to aqueous solutions of sodium chloride, 
potassium chloride, lithium chloride, magnesium 
chloride, aluminum chloride, several sulfates, 
dextrose, and urea. 


EXPERIMENTAL 


The technique and strain-gauge apparatus em- 
ployed in this study have been previously 
described by Tillman and Higuchi (1). The 
only significant modification for this study was an 
insertion of a preamplifier in the circuit before the 
recorder to increase the sensitivity of the method. 


Materials.-The chemicals used in this study were 
reagent grade unless otherwise noted. The callus 
strips used in this study were prepared as previously 
described (1). 
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General Procedure for Obtaining Stress Relaxa- 
tion and Modulus Data.-Six to 12 hours prior to a 
run a dehydrated callus strip was removed from a 
desiccator. The strip was extracted twice for 30- 
minute periods in fresh anhydrous ether and stored 
in distilled water at  5’. Just prior to use, the strip 
was wiped dry, measured, and quickly weighed. 
The strip was then clamped between the two 
stainless steel clips of the apparatus (with the ridges 
and grooves of the callus running parallel to the 
applied force) and immersed in distilled water a t  
24 * lo. 


The continuity of the strip was tested by applying 
a tension of approximately 20 Gm. (10 X l@ 
dynes/cm*). If no breaks, tears, or holes appeared, 
the strip was considered suitable for further ex- 
perimentation. A load of approximately 2.5 Gm. 
(12.5 X l(r dynes/cm.a) as indicated by the recorder 
next was applied sharply to the strip by extending it. 
and the relaxation of this force at  constant extension 
was followed on the recorder. After equilibration 
(about 45 minutes), the additional force required to 
extend the fiber 1 % of its length (the 1 % index) was 
determined; the length of the strip between the two 
clips was measured with a cathetometer. The 
fiber was stretched and immediately returned to its 
original length, the force response being auto- 
matically followed on the recorder chart. 


After allowing a short time for the reattainment 
of equilibrium, the distilled water in the chamber 
was replaced by the solution under study, the force 
reading being recorded continuously. After a 15 
minute exposure to this solution, the above readings 
were repeated. In most cases the strip was then 
removed from the solution and again immersed in 
distilled water to observe whether the effect was 
reversible. Each callus strip was used once. 


RESULTS AND DISCUSSION 


EfTects of Extraction on Callus Strips.-When 
stress-relaxation studies were carried out in aqueous 
solutions on several unextracted hydrated callus 
strips, responses were variable. However, successive 
extraction with ether and water yielded specimens 
which behaved reproducibly. This phenomenon 
may be explicable at least in part on the basis of a 
study by Blank (2). who reported that the extrac- 
tion of strips of cornsed epithelium with lipid 
solvents, e.g, ether, was necessary for the sub- 
sequent extraction with distilled water of hydro- 
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ative reproducibility of such systems is discussed in 
greater detail under Effect of Sodium and Magnesium 
Chloride. 
As can be seen in the plot, the switch from dis- 


tilled water to dextrose solution resulted in a 
slight increase in tension, followed by a relaxation 
of equal magnitude. The sharp initial rise in 
stress can probably be ascribed to a change in the 
degree of hydration of the strip (osmotic effect); 
the subsequent relaxation may be the result of either 
a minor molecular reorientation or, more probably, 
a diffusion of dextrose into the interior of the hy- 
drated strip thereby restoring the system to its 
initial osmotic state. 


The reversibility of the observed phenomenon was 
demonstrated by reimmersing the callus strip in 
distilled water. As can be seen in Fig. 3, a slight 
decrease in tension, followed by a shrinkage of 
equal magnitude, was recorded. The callus strip 
apparently had returned to its original state. 
These observations were further substantiated by 1% 
index measurements which showed no apparent 
change in magnitude both before and 15 minutes 
after immersion of the strip in the dextrose solution 
and distilled water. 


Effect of Urea.-Small decreases in tension and a 
small decrease in the 1% index were observed when 
a stretched callus strip was immersed in an isotonic 
(0.30 molal) solution of urea. These responses were 
reversed by replacing the strip in distilled water. 
No significant change in the appearance of the strip 
was noticeable. 


With a more concentrated 6 M urea solution, a 
very large relaxation was recorded, even though the 
strip became completely translucent upon immersion 
in the solution. There was also a very large decrease, 
amounting to approximately 60%. in the 1% index 
measurements. The loss in opacity of the strip 
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Fig. 1 .-Typical stress-relaxation phenomenon 
observed when a hydrated, extracted callus strip 
was placed under an initial load while immersed in 
distilled water. 


philic material normally present in the strips. 
Varying concentrations of this component in the 
unextracted callus strips may be responsible for 
the differences observed. 


Before ether extraction, a dehydrated strip 
appeared translucent and straw-yellow in color. 
After ether extraction, the strip became opaque- 
white, similar in appearance to  a hydrated un- 
extracted strip. The ether-extracted strip was less 
flexible than the unextracted strip and appeared to 
imbibe significantly less water on rehydration. 
Extraction with water, followed by dehydration, 
.left the strip translucent and off-white in color. 
Upon hydration, the ether-water extracted sample 
appeared opaque along the groove areas and trans- 
lucent t o  slightly cloudy in the ridge areas. The 
unextracted strips, on the other hand, became 
completely opaque-white following hydration. 
Stress-Relaxation Behavior of Extracted Callus 


Strips ia Distilled Water.-Figure 1 depicts a typical 
stress-relaxation phenomenon observed when a 
hydrated callus strip, subjected to  ether-water ex- 
traction as described, was immersed in distilled 
water and placed sharply under a 2.5Gm. load. 
The relaxation under constant extension appeared 
to  involve two parallel processes. The relatively 
fast exponential decrease in tension observed during 
the early phase may be attributed to  changes in the 
amount of water held by the protein structure. 
This initial rapid decrease, which seemed to be 
completed within about 10 minutes, appeared to  
be followed by a very slow continuing decrease in 
tension as indicated in the figure. A similar relaxa- 
tion effect noted with wool fibers has been ascribed 
to  the slipping of polypeptide chains over one 
another, a result of scission of side-chain bonds (3). 


A typical chart recording obtained during the 
course of these studies is presented in Fig. 2. This 
particular record depicts the response elicited by a 
0.1 M magnesium chloride solution. The modulus 
(1% index) measurements are recorded as per- 
pendicular lines and are labeled 1%. All subsequent 
figures depicting load versus time curves are tracings 
of the actual recordings. 


Effect of Dextrose.-The response of extracted 
callus strips, initially equilibrated with distilled 
water and under load, to an isotonic solution of dex- 
trose (0.30 mom) is shown in Fig. 3. The behavior 
depicted ia the recorded plot and those given in the 
succeeding sections for other systems were a t  least 
qualitatively reproducible even when using strips 
from various sources. Quantitative reproducibility 
was unusually good in experiments in which the 
strips used were from a single callus source and 
best when the strips were from a single layer. Rel- 


Fig. 2.-Photograph of actual chart recording 
obtained during the study of the effect of 0.1 d l  
magnesium chloride on a hydrated, extracted callus 
strip. 1% = 1% index (in chart units). 
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Fig. 3.-Change in load maintaining hydrated, 
extracted callus strips at a fixed extension upon the 
immersion of the strips into isotonic dextrose and 
isotonic sodium chloride solutions. Response ob- 
tained upon reimmersion of the treated strip into 
distilled water is also presented. 
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Fig. 4.-Same as Fig. 3, but for isotonic mag- 
nesium chloride and isotonic aluminum chloride. 


was most probably due to  the dehydration of the 
strip caused by the osmotic properties of the highly 
concentrated urea solution. This effect, if it were 
the dnly thing happening in the system, would have 
caused a significant increase in tension. But this 
response was probably obscured by the &ect of the 
urea on the protein, resulting in relaxation of the 
forces maintaining this s*p at constant length. 


I t  is obvious from these results that urea does 
not behave as a simple nonelectrolyte (like dextrose) 
but does, in some manner, affect the structural 
components of the system. Possibly, the reported 
ability of urea in high concentrations to  alter 
protein hydrogen bonding may be involved. Con- 
trary to  these observations were those reported by 
Matoltsy and Balsam0 (4), who reported that 
epidermal keratin was not visibly affected by 
neutral solutions of urea (10 to 50%). whereas it was 
readily dissociated in alkaline urea, such as 50% 
urea in 0.02 N sodium hydroxide. Their conclusions 
were based on double refraction data. 


Effect of Sodium and Magnesium Chloride.- 
Immersion of a hydrated extracted callus strip, 
under load, into either an isotonic solution of sodium 
chloride (0.163 molal) or magnesium chloride (0.113 
mold) usually produced an immediate and lasting 
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decrease in tension as shown in Figs. 3 and 4;  the 
extent of relaxation was always somewhat greater 
for magnesium chloride. In some instances a very 
slight initial increase in tension was noted before 
the relaxation occurred; this was thought to  be an 
osmotic effect. This effect was small and usually 
obscured by the tension decrease caused by the salt. 
The effect of the salt ions on the ionic linkages 
existing between the protein chains of the callus 
may be responsible for the relaxation effect. The 
forces between the ionized parts of the protein sys- 
tem would be expected to be substantially reduced 
by any increase in the ionic strength of the environ- 
ment. One per cent index measurements made 
before and after immersion of the strip in the salt 
solution also decreased in magnitude. 


Reimmersion of the treated strips in distilled 
water did not appear to  reverse the effect of sodium 
or magnesium chloride completely. This failure to 
return, within 15 minutes, to  the initial equilibium 
tension was reflected in the 1% index measurements. 
They, too, did not return to their original values. 
It is possible, however, that a more extended soaking 
period might have reversed completely the effect of 
these salts. 


Additional experiments performed with sodium 
and magnesium chloride indicated that the absolute 
change in force was dependent upon thickness of the 
strip and the concentrations of the salt solution 
employed. As is evident in Fig. 5 a curious sort of a 
straight-line relationship seems to exist between the 
change in the residual tension and the thickness of 
the specimens. The initial load applied to each 
strip in these measurements was approximately 2 
Gm. Because of the variation in the thickness 
of the strips (ranging from 40 to 100 p ) ,  force per 
unit area (tension) varied from about 10 to 25 X 105 
dynes/cm.'. 
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Fig. 5.-Dependency of the relaxation response 
elicited by isotonic sodium chloride solution on the 
thickness of the hydrated, extracted callus strips. 


TABLE I.-AvE~uCE REDUCTION IN FORCE PER UNIT 
AREA PRODUCED BY SODIUM CHLORIDE SOLUTION ON 


SPECIMENS 
HYDRATED CALLUS STRIPS CUT PROM VARIOUS 


1 13 1.99 
2 10 1.91 
3 4 1.34 


0.06 
0.08 
0.31 


4 4 1.65 0.11 
5 2 1.96 0.15 


Av.0 = 1.77 0 :  14 


a N = Number of runs per sample. Z = C x / N ,  where x 
equals the reduction in tension for each run per sample. 
C Av. - E / 5 .  d S.E. = Standard error - standard devia- 
tion/t/-N. 
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isotonic aluminum chloride solution had a pH of 
3.17, while isotonic concentrations of sodium and 
magnesium chlorides did not alter the pH of distilled 
water significantly. A more detailed study of the 
effect of pH on the effect of the various salt ions will 
be described in a subsequent report. 


The binding of aluminum ion to powdesed callus 
has been reported by Lyon and Klotz (5). Their 
investigation also included studies of Al*+ binding 
by human skim (surface scrapings) and hair. They 
found that aluminum ion was bound by each and in 
the following decreasing order : callus > skin > hair 
cuticle. It was suggested that the primary sites of 
Al*+ [and Al(OH)*+ and Al(OH),+] sorption were 
the carboxylate groups of the protein. The extent 
of binding was found to be dependent upon pH. 


The reason for the initial increase in tension 
observed with aluminum chloride, as opposed to  
the decrease noted with sodium and magnesium 
chlorides, is probably the ability of the tripositive 
aluminum ion to react with more than one carboxyl- 
ate group. The Ala+ could possibly bind with 
carboxylate groups from more than one chain 
causing a tightening of the structure. 


Effect of Other Inorganic Ions.-Studies per- 
formed with lithium chloride and potassium chloride 
indicated that the lithium and potassium ions pro- 
duced effects essentially the same as those of the 
sodium ion. No differences could be detected within 
the sensitivity of the method employed. 


Runs were also made in which the sulfate salts of 
sodium, magnesium, and aluminum were employed. 
In unbuffered aqueous solutions the concentration of 
the cation was the important variable. Equivalent 
relaxation factors were obtained with solutions 
containing 0.1 M sodium chloride and 0.05 M sodium 
sulfate and similarly with 0.1 M magnesium chloride 
and 0.1 M magnesium sulfate. In the case of 
aluminum chloride and aluminum sulfate no 
quantitative data were collected because of the 
type of response elicited by these salts, but qualita- 
tively these substances yielded similar responses. 
The major difference between the two salts was that 
the rather pronounced relaxation following the 
initial increase in tension obtained with aluminum 
chloride yas almost completely missing in 
the aluminum sulfate response. I t  was noted also 
that in the case of aluminum sulfate the change in the 
1% index reading was greater than 1 0 0 ~ o  of the 
original value. 


GENERAL DISCUSSION AND CONCLUSIONS 


Data presented in the preceding section suggest 
that stress-relaxation measurements of this type 
can yield information of significant interest to those 
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Fig. 6.- Dependency of the relaxation response 
on the concentrations of sodium chloride and mag- 
nesium chloride. Key: Upper curve MgCl,; lower 
curve NaCl. 


The reduction in tension at constant extension 
produced by the salt solutions was quite reproducible 
when expressed as changes in force per unit area 
(see Table I). An average decrease in tension of 
1.77 X 1W dynes/cm.* was elicited by the sodium 
chloride solution on 33 individual strips from five 
different callus sources (the mean of the average 
values from each source). The average decrease in 
tension obtained for isotonic magnesium chloride 
was of the order of 2.8 X 1P dynes/cm.', which 
appears to be significantly larger than the value 
obtained for sodium chloride. The changes in 
modulus ( 1 % index measurements) produced by the 
salt solutions appeared to parallel the reduction in 
tension. 


The relationship observed between the concentra- 
tion of salt present and the decrease in tension 
elicited is evident in the results presented in Fig. 6. 
It can be seen from the plot that for both the sodium 
and magnesium chloride systems the response was 
fairly proportional to  concentration in the low 
concentration range; but at higher concentrations it 
appears to level off, suggesting a limiting effect. 
An equation representing such a situation is: 
l/response = (l/klC) + (kt/kl). Plots of the 
reciprocal response uersus reciprocal concentration 
as shown in Fig. 7 appear to yield straight lines for 
both salt systems. The near identity of the inter- 
cept values strongly suggest that the limiting effects 
of the two cationic species are the same. It would 
appear that the response is produced by a process 
similar to an ion exchange process and that the full 
effect is produced when the system is saturated, 
irrespective of the nature of the particular cation. 


Effect of Aluminum Chloride.-Transfer of a 
hydrated extracted strip from distilled water to  iso- 
tonic (0.098 mow) aluminum chloride solution re- 
sulted in a rather large initial increase in tension 
(astringency) which reached a maximum within 
approximately 1 minute. This increase was 
followed by a momentary relaxation, then by a 
very gradual increase in tension. At the end of 15 
minutes, a very slight decrease in the 1 % index was 
recorded. The reimmersion of the strip in distilled 
water resulted in a large relaxation as shown in 
Fig. 4. This large change was considered to  be due 
to the alteration in protein structure caused by both 
the dect of the aluminum ion and the acidic p H  
of its solution. 


A sigdicant factor in the &ect of aluminum 
chloride solution was the pH of the solution. An 
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Fig. 7.-Reciprocal plot of information presented in 
Fig. 6 on solution molarity 
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concerned with influences of various solutes and 
vehicles on the physical states of cornified epithelial 
tissues. The presence of a natural hydrating factor 
which can be removed by the ether-water treatment 
appears to be clearly established by these studies. 
It is further evident that very dilute aqueous 
solutions of various salts and nonelectrolytes have 
pronounced ef€ects on the configuration of the 
protein structure. 


Some of these observations may be pertinent in 
formulation of skin preparations. Although the 
astringency of aluminum ion is well known, observa- 
tion of the effect of sodium, potassium, lithium, 
and magnesium ion in producing relaxation of 
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stressed tissue, even in dilute solutions, appears to 
be new. This behavior seems to be in opposition to 
the dehydrating dect normally produced by 
the presence of solutes in water. 


REFERENCES 


(1) Tillman. W. J., and Higuchi, T., 1. Inocrf. Damafd.,  
-31. w ( i a ~ i >  -. , -. \_ ”  --,. 


(a) Blank. I. H.. ibid. ,  21. 269(1953). 
(3) Meredith R. “The Mshu~ica l  Properties of Textile 


Fibas.” Int&en& Publirhas. I=.. New Yak.  N. Y.. . .  
1966 p. 13. 


ckm.  I,’XN(IQM). 
(1968). 


(4j Matoltsy A. G., and Bnlsamo, C. A., J .  Bophys. Bio- 


(5) Lyon: I.. and Klotr. I. M., Tlus JOURNAL, 47. 509 


Procedure for Assay and Stability 
Determination of Idoxuridine 


By CHARLES A. SIMPSON and ALFRED P. ZAPPALA 


In acid solution, idoxuridine (s-iodo-2’.deoxyuridine) is dccom osed by light 
to form Z’-deoxyuridine and material whose U.V. absorption has &n destroyed. 
Idoxuridine is hydrolyzed by heat to form 5-iodourad and 2-deoxyribose in nearly 
quantitative yield; a small amount of 2’-deoxyuridine is also formed. A procedure 
for assay of these mixtures is given. The method involves 8 chromatographic sepa- 
ration on a partition column with 8 standing phase of 0.1 N HC1 and a moving phase 
of chloroform plus n-butanol 5 : 1 by volume). That portion of the eluate contain- 
ing the idoxuridine is analyz e6 by its U.V. absorption. Data are presented to show 


the accuracy and precision of the method. 


DOXURIDINE (5-iodo-2’-deoxyuridine) was first I synthesized in 1959 by Prusoff (1). Follow- 
ing its synthesis, several papers were published 
in connection with its effect on transplantable 
neoplasms (1-3). In addition, it was studied in 
its role as a bacterial inhibitor (1, 4). More 
recently, Kaufman has shown that it is an agent 
of proven value in treatment of herpetic keratitis 
in man (5). This has been hailed as the 6rst 
chemotherapeutic agent effective against a speci- 
fic virus. Because of this growing biochemical 
and medical interest in idoxuridine, we under- 
took to study its decomposition and find a method 
for stability determination. This report de- 
scribes the results of that effort. 


EXPERIMENTAL 


Study of Light-Initiated Decompdtion.-Un- 
bu5ered aqueous solutions of idoxuridine (1 mg./ml., 
pH = 5-6) were placed in quartz containers and 
irradiated with a mercury vapor arc lamp. Figure 
1 shows that the U.V. absorption spectra of these 
solutions decrease in intensity with an increase in 
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time of exposure. The nature of this decomposition 
product was not studied, since it appeared to offer 
no interference with an ultraviolet method of deter- 
mination. Moreover, the photolytic decomposition 
of related compounds such as uridine and uracil 
has been studied by Sinsheimer and Hastings and 
many others (6). These studies showed that the 
product formed is the 4hydroxyhydro derivative. 


Another considerably less severe irradiation ex- 
periment was conducted with a Sylvania type RS 
sunlamp, where the spectrum includes portions of 
the I.R. and visible as well as the U.V. ranges. As 
previously, the solutions irradiated were unbuffered 
and aqueous (1 mg./ml., pH = 5-6). After 3 
months of exposure, the solution was spotted on 
paper along with a known solution of some sus- 
pected decomposition products, and a chromato- 
gram was developed in a butanol-3 N ammonia 
system. The results of this study arc shown in 
Table I. 


UCLlUlnW 


Pi. 1.-U.V. absorption spectra of aqueous idoxuri- 
dine exposed to U.V. light. 








Investigation of the Stereochemistry 
of Cycloheximide 


By HOWARD J. SCHAEFFER and VIJAY K. JAIN 


Cycloheximide has been converted by a series of reactions into a dideoxycyclo- 
heximide which was found to be optically active. This observation establishes that 
the methyl groups in dideoxycyclohrximide are oriented in a trans manner. The 
significance of this result and an interpretation of the stereochemistry of certain other 


products are presented. 


YCLOHESIM[DE, a ghtarimide antibiotic whkh C was isolated from Streptomyces griseus, EX- 


hibits antifungal and antitumor activity. Since 
the initial discovery of cycloheximide (l), several 
reports have appeared which describe the isola- 
tion of certain stereoisomers of this antibiotic. 
Okuda and co-workers have isolated naramycin 
A, naramycin B, and a-epi-isocycloheximide frcm 
Streptomyces naraenses notlo; it  has been estab- 
lished that naramycin A is identical with cyclo- 
heximide and that naramycin B and a-epi-iso- 
cycloheximide are stereoisomers of cycloheximide 
(2-4). Later, Lemin and Ford described the 
isolation of isocycloheximide from S. griseus and 
showed that isocycloheximide could be formed by 
the isomerizatjon of cycloheximide with acid- 
deactivated alumina (5). Thus, there are four 
known antibiotics which are stereoisomeric to 
each other. 


We became interested in determining the stereo- 
chemistry of cycloheximide and have reported 
certain preliminary results of our study (see 
footnote) ; this paper gives the complete details 
of this work and discusses the stereochemistry 
of certain degradation products of cycloheximide. 


The method which we selected for the deter- 
mination of the stereochemistry of the methyl 
groups involved the removal of the keto arid 
hydroxyl groups of cycloheximide to form a 
dideoxy compound. Since the dideoxy corn- 
pound would have methyl groups a t  the 1,3-po:.i- 
tions and the glutarimide side chain at the 3- 
position, it could exist in a D (or L) form or in a 
meso-configuration. Therefore, the determin:i- 
tion of the optical activity of the dideoxy com- 
pound would determine the relative configuratirm 
of the methyl groups because the compound with 
&methyl groups has a plane of symmetry 
. ~~ 
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and must be optically inactive, whereas the com- 
pound with trans-methyl groups does not possess 
a plane of symmetry and would be optically 
active. T o  prepare dideoxycycloheximide (VIII) , 
cycloheximide (I) was dehydrated with phos- 
phorus pentoxide in benzene solution and gave 
anhydrocycloheximide (I I) (6). Hydrogenation 
of anhydrocycloheximide (11) with a palladium- 
on-charcoal catalyst gave deoxycycloheximide 
(111, m.p. 114-115°) in a 75% yield. Further 
hydrogenation of I11 with a platinum catalyst 
gave in good yield dihydrodeoxycycloheximide 
(VI) which upon treatment with thionyl chloride 
gave the corresponding chloro derivative (VII). 
When VII was allowed to react with zinc and 
acetic acid, the chlorine atom was removed, and 
the desired dideoxycycloheximide (VIII) was ob- 
tained. The structure of VIII was established by 
elemental analysis and by its infrared spectrum. 
Furthermore, the N.M.R. spectrum' of VIII 
revealed that it was free of absorption in the ole- 
finic hydrogen region, thereby eliminating the 
possibility of contamination bv the dehydro- 
halogenation product. Determination of the 
optical rotation of VIII gave [a]; - 1 9 . 0 O . 2  
For the reasons previously discussed, this observa- 
tion establishes that the methyl groups of "111 
are trans. This result leads to the conclusion 
that the methyl groups in cyclohexirnide are also 
trans. An identical stereochemical assignment 
for cycloheximide has been made by Lawes, who 
showed that pyrolysis of I gave (+)-trans-2,4- 
dimethylcyclohexanone (7) .  


Since i t  has been established t h a t  the  methyl 
groups in VIII are trans, it is logical to assign a trans 
configuration to  the methyl groups in 111, VI, and 
VII. To prove that an isomerization had not oc- 
curred during the  preparation of VI by catalytic 
hydrogenation of I I I ,  dihydrodeoxycycloheximide 
( V I )  was oxidized with chromium trioxide in acetic 
acid, and a good yield of I11 was obtained. In addi- 
tion, an attempt was made to  isoinerize I11 with p -  
toluenesulfonic acid, bu t  only unchanged starting 
material was recovered. Because it is difficult to 


I The authors are indebted to  Professor E. Wenkert who 


2 This value was erroneously reported in the communica- 
determined and interpreted the N.M.R.  spectra. 


tion as [m]DP' -9.07'. 
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visualize an isomerization occurring in the subse- 
quent steps, we believe the assignment of trans 
methyl groups in 111, VI. and VII is most probably 
justified. 


It was also found that  VI could be prepared 
directly by hydrogenation of anhydrocycloheximide 
with a platinum catalyst. However, in this re- 
action, two dihydrodeoxycycloheximides (V and VI) 
were obtained. The new dihydrodeoxycyclohex- 
imide (V) on oxidation with chromium trioxide in 
acetic acid gave a new deoxycycloheximide (IV). 
Okuda has made a similar observation concerning 
the hydrogenation of I11 but has reported that  on 
oxidation V gave 111 and VI gave IV. In addition, 
on the basis of optical rotatory dispersion studies on 
111. he has assigned the cis configuration t o  the 
methyl groups in 111 and V (8). These results are 
in direct contrast to  our findings. 


Several comments concerning the stereochemistry 
of anhydrocycloheximide (11) are necessary. It is 
now apparent that anhydrocycloheximide, whether 
obtained by synthesis (9) or by dehydration of 
cycloheximide (6), naramycin B (3) or isocyclo- 
heximide (5) must be a mixture of stereoisomers. 


VII 


For example, in the synthesis of anhydrocyclo- 
heximide (9), the 2,4-dimethylcyclohexanone which 
was employed was a mixture of cis and trans com- 
pounds in the ratio of 9 : l .  The initial product 
which was obtained in an analytically pure form hadl. 
a m.p. of 130-133" and [slag - 12.7". These data, 
are in excellent agreement for I1 which is obtained 
from the antibiotics. Lawes further states (9) that 
exhaustive recrystallizations of the synthetic 
anhydrocycloheximide or that prepared by dehydra- 
tion of cycloheximide afforded a single isomer of 
cycloheximide with a m.p. 139-141" and laly- 
33.2'. This pure isomer of anhydrocyclohexirnide 
may have either cis or trans methyl groups. 


A number of attempts were made t o  convert di- 
hydrodeoxycycloheximide (V) into a dideoxycyclo- 
heximide so that information could be obtained 
concerning the stereochemistry of this series of 
products. When an attempt was made to replace 
the hydroxyl function of V by a bromo or chloro 
group, the reaction proceeded with dehydration and 
the desired product was not obtained. Therefore, 
a t  the present time, we prefer to  leave the stereo 
chemistry of IV and V unassigned. 
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EXPERIMENTALa 
Preparation of Deoxycycloheximide (III).-A 


solution of anhydrocycloheximide (6) (7.52 Gm, 
28.6 mmoles) in 200 ml. of absolute ethanol was 
added to 750 mg. of 5% palladium-on-charcoal 
catalyst. The mixture was hydrogenated a t  room 
temperature and a t  an initial pressure of 48.8 p s i .  
Reduction was completed after 24.8 mmoles of 
hydrogen had been absorbed. After filtration, the 
solvent was removed in vucuo, and the semisolid 
residue on crystdlization from methanol and water 
gave 5.76 Gni. (75.9%) of deoxycycloheximide (III) ,  
m.p. 114-115", 8 in cm.-l (KBr); 3200 and 3100 
(NH);  1710 and 1700 (C=O). 


AnaZ.'-Calcd. for ClbH23N03: C, 67.89; H,  8.74. 
Found: C, 67.90; H,  9.03. 


Hydrogenation of Anhydrocycloheximide with a 
Platinum Catalyst.-A solution of 7.50 Gm. (28.4 
mmoles) of anhydrocycloheximide (6) in 200 ml. of 
glacial acetic acid was added to a pre-reduced 
platinum oxide catalyst (1.50 Gm.). The mixture 
was hydrogenatcd at room temperature at an initial 
pressure of 59.0 p.s.i. Reduction was complete 
after 54.2 mmoles of hydrogen had been absorbed. 
The catalyst was removed by filtration; the filtrate 
was concentrated in vacuo to  a semisolid residue. 
The fractional crystallization of the residue from 
benzene and hexane gave two products: dihydro- 
cycloheximide (VI),  1.82 Gm. (24.1%), m.p. 124- 
126', and isodihydrodeoxycycloheximide (V),  yield, 
2.44 Gm. (32.2%), m.p. 112'. One recrystalliza. 
tion of VI from ethanol and water gave the pun 
product 129-131". i in cm.-' (KBr); 3500 (OH) ,  
3200 and 3100 (NH);  1710 and 1690 (C=O). Re.. 
crystallization of V from benzene and hexane gavr. 
the pure sample, n1.p. 115-116'. 8 cm.-' (KBr);  
3500 (OH); 3200 and 3100 (NH); 1710 and 169(l 
(C=O). The reported melting point for VI is 130- 
131' and for V 117-118" (8). 


Hydrogenation of Deoxycyc1oheximide.-A solu- 
tion of 4.78 Gm. (18.0 mmoles) of deoxycyclo- 
heximide (111) in 200 ml. of glacial acetic acid was 
added to  500 mg. of pre-reduced platinum oxide 
catalyst. The mixture was hydrogenated a t  room 
temperature until the absorption of hydrogen stop- 
ped. After filtration, the solvent was removed i:? 
vacuo; the semisolid residue on crystallization frori 
ethanol and water gave 3.60 Gm. (75.0%) of di- 
hydrodeoxycycloheximide (VI) .  m.p. 123-125". 
One recrystallization of the crude product from 
ethanol and water gave the pure sample, m.p. 128- 
131', mixed m.p. 130-132' with an authentic sample 
of dihydrodeoxycycloheximide; i in cm.-' (KBr I ;  
3500 (OH); 3200 and 3100 ( K H ) ;  1710 and 1690 


Preparation of Dihydrocycloheximide Chloride 
(VII).-A solution of thionyl chloride (6 ml.) in 
p-dioxane (30 ml.) was cooled in an ice bath for 
15 minutes; a solution of dihydrodeoxycyclo- 
heximide (VI), (1.58 Gm., 5.87 mmoles) in 30 rr l .  
of p-dioxane was added. The reaction mixture was 
allowed to  stand overnight at room temperature, 
concentrated in vacua and the semisolid residue on 
crystallization from methanol and water gave 1.05 


a The infrared spectra were determined on a Perkin-Eluer 
model 137 spectrophotometer; the ultraviolet spectra wc're 
determined on a Perkin-Elmer model 4000A spectrophotom- 
eter. The melting points were determined on a Kofer 
Heizbank and are corrected. 


4 The analyses reported in this paper were performed by 
Galbraith Microanalytical Laboratones, Knoxville, Tenn. 


(C=O). 
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Gm. (62.5%) of dihydrodeoxycycloheximide chloride 
(VII), m.p. 131-132". Three recrystallizations of 
the crude product from methanol and water gave 
the analytical sample, m.p. 136-138'. [ c Y ] ~ =  


-6.38 (4.23%) in methanol; Fin cm.-l (KBr); 
3300 and 3200 (NH) ; 1750 and 1700 (C=O). 


Anal.-Calcd. for C16H2,N02C1: C. 63.03; H, 
8.46; N, 4.90; CI. 12.40. Found: C, 63.29; H, 
8.29; N, 5.05; CI, 12.14. 


Preparation of Dideoxycycloheximide (WII).- 
Zinc dust (0.6 Gm.) was added to a solution of 
dihydrodeoxycycloheximide chloride (0.362 Gm., 
1.26 mmoles) in 6 ml. of glacial acetic acid, water 
(1.8 ml.), and the reaction mixture was stirred for 
1.5 hours at 80'. After filtration, water was added 
to  the filtrate which caused crystallization of the 
crude product; yield, 0.251 Gm. (79.4%) of dideoxy- 
cycloheximide (VIII), m.p. 135-137". Two re- 
crystallizations from acetic acid and water gave the 
analytical sample, m.p. 135137'; i in em.-' 
(KBr); 3290and 3180( NH); 1740and 1690(C=O). 
[a lp= -19.0 (c=0.63 methanol). 


Anal.-Calcd. for CI~H~SNOZ: C. 71.67; H. 10.02; 
N. 5.57. Found: C, 71.90; H, 9.84; N, 5.76. 


Oxidation of Dihydrodeoxycycloheximide (VI).- 
To a solution of 96 mg. (0.36 mmoles) of dihydro- 
deoxycycloheximide (VI) ,  in 2.5 ml. of glacial acetic 
acid was added a solution of chromium trioxide 
(32 mg.) in 0.4 nil. of water. The reaction solution 
was heated on steam bath for 10 minutes and then 
was allowed to  stand for 3.5 hours a t  room tempera- 
ture. After dilution with water (10 ml.), the solu- 
tion was extracted with chloroform (4 X 15 ml.); 
the organic extract was washed with a saturated 
solution of sodium bicarbonate (3  X 20 ml.), water 
(25 ml.), dried with anhydrous magnesium sulfate, 
and then filtered. The volatile materials were re- 
moved in vacuo from the filtrate, and the residue on 
crystallization from methanol and water gave 66 mg. 
(70%) of deoxycycloheximide (111), m.p. 114.5 to  
115.5", mixed m.p. 112.5 to  115'. with the authentic 
sample of deoxycycloheximide (111); iJ in em.-' 
(KBr); 3200 and 3100 (XH); 1730, 1700, and 1680 
(C=O). The deoxycycloheximide was further iden- 
tified by thin-layer chromatography on silica gel 
when compared with the authentic sample of deoxy- 
cycloheximide (R ,  0.17 chloroform containing 1 % 
methanol). 


Oxidation of Isodihydrodeoxycycloheximide (V). 
-A solution of chromium trioxide (140 mg.) in 
2 ml. of water was added to a solution of 314 mg. 
( 1.17 mmoles) of isodihydrodeoxycycloheximide (V) 
in 7.5 ml. of glacial acetic acid. The reaction 
mixture was heated on steam bath for 10 minutes, 
then was allowed to  stand a t  room temperature for 
3 hours. After dilution with water (40 ml.), 
the solution was extracted with chloroform (4 X 3 
ml.); the organic extract was washed with a sat- 
urated solution of sodium bicarbonate (3 X 30 ml.), 
water (30 ml.), dried with anhydrous magnesium 
sulfate, then filtered. The volatile materials were 
removed in  vucuo from the filtrate, and the semi- 
solid residue on crystallization from methanol and 
water gave 150 mg. (48.40J0) of isodeoxycyclohexi- 
mide (IV), m.p. 120-122'. Two recrystallizations of 
the crude product from methanol and water gave 
the analytical sample, m.p. 125 to  126.5'; iJ in cm. 
(KBr); 3200 and 3100 (NH);  1730, 1700, and 1680 
( C==O) . 
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And-Calcd. for C15HHPNOI: C, 67.89; H, 8.74; 
N, 5.27. Found: C, 68.09; H, 8.92; N, 5.62. 


Attempted Isomerization of Deoxycycloheximide 
(III).-A solution 0.10 Gm. (0.38 mmoles) of 
deoxycycloheximide (111) and 80 mg. (0.41 mmoles) 
of p-toluenesulfonic acid was rduxed for 18 hours. 
The reaction mixture was allowed to cool to room 
temperature, then poured onto ice. After the ice 
had melted, the mixture was filtered, and the filtrate 
was extracted with chloroform (4 X 30 ml.). The 
organic layer was washed with saturated solution of 
sodium bicarbonate (2 X 25 ml.), water (25 ml.), 
and dried with anhydrous magnesium sulfate. After 
filtration the volatile materials were removed in 
vucuo; the semisolid residue on crystallization from 
methanol and water gave 0.05 Gm. (500/o) of deoxy- 
cycloheximide, m.p. 110-112°; i in cm.? (KBr), 


3200 and 3100 (NH); 1730, 1700, and 1680 (C=O). 
One recrystallization of the crude material from 
methanol and water gave a pure sample of deoxy- 
cycloheximide, m.p. 114-115", mixed m.p. 112-114", 
with an authentic sample of deoxycycloheximide. 
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Segregation Kinetics of Particulate Solids Systems I 
Influence of Particle Size and Particle Size Distribution 


By JAMES L. OLSENt and  EDWARD G. RIPPIE 


Rates of segregation of initially randomly distributed mixtures of steel s heres of 
various sizes have been studied. Wen t  of segregation was determineiby sam- 
pling the entire system and expressed as the standard deviation of the sam le com- 
positions from the mean composition of the system. The several ideahexsystems 
smdied showed apparent kst-order kinetics, and rate constants were determined 
as a function of article size and particle size distribution. Se regation in these 
studies proceedex to an equilibrium stare in which mixing and unmixing effects 


were balanced. 


ZXTURES OF SOLIDS are involved in many 
processes of industrial and technical im- 


portance. The glass, ceramic, paint, powder 
metallurgy, cement, and pharmaceutical indus- 
tries are among those in which control of systems 
of solid particles is essential for the production of 
an acceptable end product. Such general charac- 
teristics as particle size distribution, "average 
shape," pore size, tendency to flow, and uniform- 
ity of composition are of prime importance (1). 


Since the manufacture of tablets is generally 
accomplished by the compression of granulated 
or powdered solids, uniformity of dosage depends 
to a large extent on the uniformity of mixing of 
the granulation. The problem of maintaining a 
uniform mixture is particularly acute where many 
powdered ingredients having different size dis- 
tributions, densities, and shapes are to be com- 
bined in a single tablet. 


Solids mixing as a unit operation has received 
most attention in the literature in connection with 
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specific types of mixers. Rate equations allow- 
ing approximate calculations of the time of mix- 
ing necessary to achieve a complete mix have been 
derived by several workers (2-5). Again, these 
studies primarily rellect the character of a specific 
mixer rather than the nature of the mechanisms 
of mixing and unmixing in general. It is thought, 
however, that mixing proceeds to a state wherein 
processes (convection, shear, and diffusion) lead- 
ing to a random mix balance the tendency to 
segregate (5). Mixers are adjusted so that this 
segregation effect is minimized; however, subse- 
quent handling of the mix may render it unsatis- 


Fig. 1.-Plot of 
the standard devia- 
tion of a binary 
system us. time of 
agitation. Solid 
points are at a 1: 1 
weight ratio of 8/32 
vs. 3/32 in. steel 
balls. Open points 
are at a 1 : 1 weight 
ratio of 6/32 us. 
3/32 in. steel balls. 


MIN. 








Factors Influencing the Release of a Drug 
Prolonged-Action Matrix 


from a 


By JACK LAZARUS, MIRIAM PAGLIERY, and LEON LACHMAN 


The influence of drug particle size, drug concentration, and granule size on the in 
vitro release rate of the water-soluble drug tripelennamine from a compressed waxy 
granular matrix was studied. The  rate of release is affected to a greater degree by 
drug concentration and crystal size than by the size of the matrix granules. At a 
given drug concentration, a faster release rate was observed as the crystal size 


increased. 


HE DESIRED duration of continuous and T uniform release from an oral sustained- 
action dosage form is generally about 8 to 12 
hours. The various methods and processes 
which are employed to accomplish such pro- 
longed release, and the in vitro test procedures 
used, have been the subject of many reports, 
patents, and reviews (1-8). 


In  the early development stages of these 
dosage forms, their in d r o  release rates of the  
active substances serve as a guide for further 
formulation work. Although many of the studies 
reported on in the literature mention the factors 
which influence the release of the drug from the 
dosage form, there are few published investiga- 
tions describing the effect of the different vari- 
ables on the release rate, both in tivo and in 
vitro. 


Sjogren and Fryklof (9) studied the effect of 
water solubility and concentration of a drug on its 
release rate from a tablet which was prepared by 
compressing a granulate containing the active 
substance and an insoluble plastic material. 
The plastic formed a coherent and porous matrix 
in which the active substance was dispersed. 
They found that the rate of release was directly 
dependent upon the solubility, as well as the 
concentration, of the drug. The release of 
sparingly soluble substances from the matrix 
was low, and was found to  be increased by the 
addition of physiologically inert but  readily 
soluble material such as sodium chloride, man- 
nitol, urea, and polyethylene glycol 6000. A 
recent United States patent also recommends 
the use of water soluble substances to  increase 
the release of a drug dispersed in a compressed 
plastic tablet (10). Simoons ( 1  1) also employed 
a soluble substance to aid the release of a small 
quantity of a sparinglv soluble drug from a 
tablet matrix. 


From the aforesaid references and infor- 
mation obtained in our laboratory, i t  seems 
__ ~ _ _  
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necessary to  have substances present in the 
matrix which are soluble in the test fluid in 
order to facilitate the release of the drug. How- 
ever, in certain instances when the drug itself is 
soluble and is present in sufficient concentration, 
soluble additives are generally not required. 


The present investigation was designed to  
determine the influence of the following three 
major factors on the in uitro release of a freely 
soluble drug: (a)  particle size of the drug, ( b )  
granule size prior t o  compression, and (c) con- 
centration of active substances. 


EXPERIMENTAL 


Sizing of Material.-The drug substance employed 
was tripelennamine HCI U.S.P. having a solubility 
of more than 1 Gm. in 1 ml. of water. 


The crystals were sized on 8-inch diameter U. S. 
sieve series screens set on a Rotap testing sieve 
shaker and shaken until two successive weighings 
did not show a variation of more than 0.2% be- 
tween weighings. 


The crystals taken for study were designated as 
40-, 80-, and 120-mesh size since they were re- 
tained on these screens. The 40-mesh material 
passed through a 30-mesh screen. the 80-mesh 
through a 70-mesh screen, and the 120 mesh through 
a 100-mesh screen. 


Fig. 1.-Various fractions of tripelennamine 
HCl. The linear distance between each white 
scale line is 100 microns. 
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Fig. 2.-Particle size distribution of screened 
tripelennamine HCl. 


A small sample of the sieved crystals was further 
analyzed on 3-inch diam. stainless steel screens 
on the vibratory shaker. Photomicrographs of the 
different crystal fractions were taken to demonstrate 
the magnitude of the range of particle sizes (Fig. 1). 
The linear distance between each white scale line 
is 100 microns. The di5erences in size should be 
of value in establishing a mental picture of the pore 
sizes created in the matrix when the crystals 
dissolve. Examination of the crystals obtained 
from each fraction revealed that many fine frag- 
ments of crystalline matter clung to  the larger 
particles and further shaking of the screens on the 
Rotap failed to completely remove these crystals. 
The data presented in Fig. 2 shows the size distribu- 
tion of the above crystal fractions. 


Core Material.-Equal parts of hydrogenated 
castor oil (castorwax) and stearyl alcohol were used 
as the matrix material, since it was considered best 
in terms of future studies to have a core that was 
essentially unaffected by pH changes. When stearic 
acid was used in place of stearyl alcohol, dissolution 
of the matrix material occurred in simulated intesti- 
nal fluid as illustrated in the photograph shown in 
Fig. 3. The term core is used instead of tablet 


Fig. 3.-Effect on wax cores of 7-hour immersion in 
simulated intestinal fluid U.S.P. XVI. 


because, in the commercial tripelennamine HCI 
prolonged action tablets,' it is the core of the com- 
pressed coated tablet which provides the prolonged 
release, while the initial dose is contained in the 
coating. The coating does not contain any waxy 
material. The same batch of raw materials was 
used throughout the tests performed in this study. 


The stearyl alcohol and castorwax were melted 
at W85", and the screened tripelennamine HCl 
was dispersed in the melt. The liquid dispersion 
was solidified into flake form by congealing on a 
chilled stainless steel drum. The flakes were stored 
at 6" for 16 hours and then passed through a No. 12 
mesh screen of the Fitzpatrick comminutor mill. 
One-third of the granules was mixed with 0.5% 
magnesium stearate and compressed. The other 
2/a of the granulation was divided in half and 
passed through a No. 20 and No. 30-mesh screen on 
the Fitzpatrick Homoloid mill, respectively. After 
lubrication of these fractions with magnesium 
stearate, the granules were compressed. The 12-, 


Fig. 4.-The 
Stoll-Gershberg 
apparatus modi- 
fied to decrease 
moisture loss by 
evaporation. 


20-, and 30-mesh granules were each prepared to 
contain 15,25, and 35% drug. 


The cores were compressed on a Stokes F 
machine, using flat-faced lP/n-inch punches to  a 
thickness of 4.5 to 4.6 mm. and a hardness of 4 to 5 
as measured on the Strong-Cobb hardness tester. 


For this investigation. the core thickness and 
hardness were maintained constant while the weight 
varied somewhat. The surface area was the same 
for all the tablets. 


In Vitro Release Rate.-The release rate of the 
tablets was determined in a modified U.S.P. tablet 
disintegration apparatus consisting of baskets fitted 
with a 30-mesh screen, a glass immersion tube with 
a coarse fritted glass filter for removing samples of 
the liquid and a snug-fitting plastic cover to prevent 
moisture loss as illustrated by Fig. 4. 


Purified water (600 ml.) was used as the eluting 
liquid, since preliminary studies in our laboratories 
indicated that the release of tripelennamine from a 
similar core material was the same whether the 
eluant was water or simulated gastrointestinal 
fluids. Six cores were used in each test. The 
disintegration apparatus was maintained at 37 f 1 
in a constant temperature water bath. The test 


1 Marketed as Lontabs by Ciba Pharmaceutical Co. 
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fluid was sampled a t  prescribed time intervals over 
an &hour period. Four milliliters of solution was 
removed a t  each sampling time and replaced with 4 
ml. of purified water. A t  the end of the tests, 
the amount of water remaining in the beaker was 
measured and was found, generally, to  exhibit a 
5% loss of water over the 8-hour period. Without 
the plastic covering, a 20-25y0 loss in water was 
experienced. 


The amount of water lost by evaporation from 
the beaker was prorated on an hourly basis, and 
from the amount of eluant in the beaker at sampling 
time, the total amount of drug present in the solution 
was calculated. The tripelennamine content of 
the sample was determined by diluting 1 ml. of 
solution with methanol and measuring its absorb- 
ance in if Beckinan model DU spectrophotometer 
a t  246 mw. 


THEORETlCAL CONSIDERATIONS 


Factors which control the amount of drug 
released from the matrix are as follows: (a) solu- 
bility and dissolution rate of drug; (b )  porosity of 
tablet, (c)  hardness of tablet, ( d )  geometry of 
matrix, (e )  granule size, (f) drug concentration, 
(g) particle size of drug, and (h) matrix substances. 


Higuchi (12) has indicated that the Eq. 1 relation- 
ship holds when the release mechanism from a 
granular matrix occurs by diffusional movement 
through porous or intergranular openings. 
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Q = d E ( 2 A  - cC,)C. (Eq. 1 )  


where Q = the amount of drug released per unit 
exposed area after time t ,  I) = the diffusivity of the 
drug in the permeating fluid, T = the tortuosity 
factor of the capillary system % 3, A = the amount 
of drug present in the matrix per unit volume, 
C, = the solubility of the drug in the permeating 
fluid, and e = the porosity of the matrix. 


l " " l -  


2 0 - z  0 1  3 4 5 6 ;  1, 
TIME IN HOURS 


Fig. 5.-Effect of varying tripelennamine HCI 
concentration. 
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Fig. 6.-Zn vdro release rates of 25% tripelennamine 
HCI cores. 
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Fig. 7.-In oitro release rate of 25% tripelennamine 
HCI cores. 


According to Eq. 1, a reduction of the release rate 
of a drug from a granular matrix can best be achieved 
by decreasing those factors which are proportional 
to the amount released, such as: (a) decreasing the 
solubility and the dissolution rate of the drug 
results in a decrease of C.; (b)  reducing the value of 
A will tend to decrease the release rate; ( c )  al- 
though hardness and porosity of a compressed 
tablet are related, in the present study, i t  was 
necessary to amve at a predetermined hardness for 
the tablets since the granules containing the smaller 
size drug crystals yielded a softer tablet under the 
application of maximum pressure than the granules 
with the larger size crystals; and (d) the geometry 
of the tablets will affect the tortuosity factor which 
has an inverse influence on the release rate. 
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RESULTS AND DISCUSSION 


The logarithm of the per cent drug retained in the 
cores was plotted against time in evaluating the 
influence of drug size. granule size, and drug con- 
centration on the release of tripelennamine HCI. 
The straight lines obtained indicate that the in 
d r o  release, for the system under consideration, 
follows an apparent first-order rate pattern. The 
in d r o  release rates were based on the average 
release from six tablets. 


The effect of varying the drug concentration while 
the granule and the crystal size were maintained 
constant can be seen from the representative plots 
in Fig. 5. In each case the release rate increased as 
the concentration increased. It can be seen from 
the graph that there was a greater rate increase as 
the concentration changed from 25 to 35% than for 
the corresponding increasing from 15 to  25%. 


The graphs in Fig. 6 indicate that release ob- 
tained when the crystal size was varied while the 
granule size and concentration were maintained 
constant. Increasing theays ta l  size yielded faster 
release rates for each particular granule size. 


When the drug concentration and crystal size 
are maintained constant, the release rate increases 
as the granules of the drug dispersion in the wax 
become smaller as illustrated in Fig. 7. This 
effect is expected since the grinding action to which 
the granules are subjected fractures the wax cover- 
ing exposing more crystal surfaces. No significant 
effect on the release rate was noted when the size of 
the granules containing the 120-mesh crystals was 
varied. 


The plots in Figs. 5-7 can be represented by log C 
= -Kt/2.303 + log C., where the release rate is 
equal to  the slope k and C the per cent residual drug 
concentration at time t. 


Table I summarizes the release rate constants in 
hours-' for the core formulations containing 
different crystal size, granule size, and drug 
concentration. The relationships between the 
three variables can be seen from the table. For 
the system studied, the drug size and concentration 
in the core are approximately equivalent in their 
influence on the rate of release and the granule 
size showing a lesser over-all effect. 


The effect that a droplet of water has on the 
surface of a placebo wax core and a core containing 
the drug substance can be seen in Figs. 8-11. 
The wax cores are hydrophobic in nature, and a 
droplet of water on them assumes the characteristic 
shape. The core containing the tripelennamine HCI 
is readily wetted as seen by the difference in the 
contact angle of the water droplet to  the core 


TABLE I.-In d f 0  RELEASE U T E S  I N  HOURS-' OF 
TRDELENNAMINNB HC1 CORES 


Crystal -Drug Concn. in Cor- 
Granule Size 15% 25% 35% 


4 / 1 2  0.062 0.153 0.290 


m/12 0.062 0.094 0.110 


80/30 0.106 0.184 0.260 


4 / 2 0  0.104 0.167 0.311 
4 / 3 0  0.157 0.252 0.289 


m/20 0.085 0.107 0.269 


120/12 0.049 0.094 0.083 
120/20 0.051 0.101 0.156 
120/30 0.057 0.101 0.152 
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Fig. 8.-Wetting effect of a drop of water on ( A )  
placebo compressed granular matrix and (B) a 
compressed granular matrix containing tripelen- 
namine HCl. 


Fig. 9.-Left, surface of a placebo core before 
treatment with water; and right, same surface after 
treatment with one drop of water. 


surface as illustrated in Fig. 8. The photomicro- 
graphs in Fig. 9 show the surface of a placebo core 
before and after treatment with one drop of water 
for 1 minute. The droplet was removed from the 
core by absorption onto filter paper and the core 
was then air dried. No surface changes were ob- 
served and the intergranular spaces or cracks do 
not appear to  be altered. 


The surface appearance of the drug core is 
approximately the same as the placebo as evidenced 
by the photomicrograph shown in Fig. 10. Ob- 
lique lighting was used to illuminate the tablet 
and to  emphasize the surface defects. When the tri- 
pelennamine HCl core is treated with water, porous 
areas and pitting develop on the surface due to the 
dissolution of the drug crystals as demonstrated in 
Fig. 10 (right side). It is obvious from the photo- 
micrographs in Fig. 10 that the test fluid will more 
readily penetrate the core containing the drug 
than the placebo. Faster penetration would be 
due to  dissolution of the drug at the exposed surface 
of the tablet causing pitting and permitting further 
penetration of fluid more readily. Penetration 
into the placebo core is by the more limited pathway 


The observation of more rapid penetration of 
fluid into the core containing the drug than into the 
placebo was substantiated by the use of an indi- 
cator, an aqueous solution of sodium fluorescein. 
The cores were immersed into the solution and were 
removed periodically, then broken in half for 
examination under visual and ultraviolet light. 
With longer immersion the drug cores showed an 
increasing degree of penetration of the solution 


of capillarity. 
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Fig. 10.-Left, surface of corc containing tripelen- 
namine HCI before treatment with water; and 
right, same surface after treatment with one drop 
of water. 


into the cores together with a gradual increase in 
the depth of color on the surface of the cores. 
The placebos. on the other hand, only showed a 
slight penetration of the solution into the matrix 
and an insignificant increase in surface color in- 
tensity with time. 


A possible explanation for the release of a freely 
soluble drug from the compressed granular wax 
matrix may now be suggested. As the surface 
crystals dissolve on contact with the fluid, cavities 
develop which permit further attack by the fluid. 
The bonding strength of the granules of the matrix 
weakens as the pores increase in size and even- 
tually the outer layer of granules slough off and 
exhibit an eroded appearance. 


The effect of an 8-hour imrnersioii in the bathing 
fluid on the cores is shown in Fig. 11. The matrix 
with the larger crystals (40 mesh) shows more 
disintegration than the smaller sized crystals. 
The small crystals, which are quantitatively more 
numerous a t  equivalent concentrations, create 
small cavities upon dissolution, which appear to be 
structurally less deleterious to the matrix. As the 
drug concentration is increased, the proportion of 
wax to drug decreases, resulting in less protection 
of the crystals against attack by the fluid and greater 
erosion occurs. 


The data presented in this report represent our 
initial findings from the investigation that is 
presently under way to determine the critical 
physical chemical parameters needed for formulating 
prolonged action dosage forms with predictable 
release rates. From this information, it appears 
that the critical factors which affect the release 


Fig. 11.-Tripelcnnamine HCI cores after im- 
mersion in water. 


rate of a drug in a compressed granular matrix of 
uniform physical properties are drug concentration, 
drug particle size, and granular size of the matrix. 


SUMMARY 


In the case studied, the crystal size and drug 
concentration exerted the greatest influence on 
the release rate, while the size of the granule as 
measured prior to  compression plays a lesser role. 


A t  the same concentration, the larger crystals 
gave a more rapid release. 


Penetration of the fluid into the matrix appears to  
be primarily due to the dissolution on the surface of 
the matrix of water soluble material. 


A modification of the in vitro U.S.P. tablet 
disintegration apparatus is described which has 
resulted in a reduction of the amount of fluid lost 
from the beaker by evaporation during the test run. 
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Books 
REVIEWS 


Organic Syntheses. Collective Vol. IV. Edited 
by NORMAN RABJOHN. John Wiley & Sons, 
Inc., 605 Third Ave., New York 16, N. Y., 1963. 
xiv 4- 1036 pp. 15 X 23 cm. Price $16.50. 
This ten-year collective volume covers the ma- 


terials in the annual volumes 30-39. This book 
provides the name of the laboratory where the pro- 
cedure was developed as the first reference for each 
procedure and also includes an author index. Illus- 
trations of several pieces of equipment or illustrated 
suggested modiiications in equipment are provided. 
Errors in the original printings of some of the pro- 
cedures have been corrected, calculations and ref- 
erences checked, and modifications or improvements 
incorporated. The volume retains the many dis- 
tinctive features of previous collective volumes 
which have made them such valuable laboratory 
tools. 


Progress in Physical Organic Chemistry. Vol. 1. 
Edited by S. G. COHEN, A. STRBITWIESER, JR., 
and R. W. TAFT. Interscience Publishers, 
605 Third Ave., New York 16, N. Y., 1963. ix + 411 pp. 15.5 X 23 cm. Price $15. 
Interscience Publishers present the first volume of 


a new series edited by Saul G. Cohen of Brandeis 
University, Andrew Streitwieser. Jr., of the Uni- 
versity of California (Berkeley), and Robert W. 
Taft of the Pennsylvania State University co\ ering 
the relatively modern field of physical organic chem- 
istry. The series is designed to  provide a forum for 
the exchange of views and for critical and authorita- 
tive reviews of topics reported in the contemporary 
outpouring of articles in the field. The authors 
of the individual sections have been given wide dis- 
cretion so that each topic discussed should show 
an individualistic treatment. Treatment of sub- 
jects will be more detailed than the conventional 
textbook style so as to be useful to  graduate and 
practicing organic chemists who may not have any 
particular expertise in physical organic chemistry. 


The topics presented in this volume are ionization 
potentials in organic chemistry, nucleophilic aro- 
matic substitution reactions, ionization and dis- 
sociation equilibria in solution in liquid sulhu di- 
oxide, secondary isotope effects, and quantitative 
comparisons of weak organic bases. 


Papers on Hunuln Genetics. Edited by S. H. BOYER, 
IV. Prentice-Hall, Inc., Englewood Cliffs, N. 
J.. 1963. x 4- 305 pp. 15 X 23 cm. Price 
$9. 
A collection of papers originally published in tech- 


nical and scientific journals providing background 
materials on human genetics is presented. One 
outstanding contribution of this work is providing an 
English translation of some of the reports which were 
originally published in German or French. Brief 
introductory annotations have been included. The 
collection is designed to  illustrate the various ways 
in which the study of human genetics has proceeded. 
The examples have been chosen primarily to  bene- 
fit the newcomers: the students of various rank and 
training who have become intrigued with human 
genetics and its problems and wish t o  have some 
firsthand knowledge of its origins. 


Identification of Organic Compounds. By N. D. 
CHERONIS and J. B. ENTRIKIN. Interscience 
Publishers, 605 Third Ave.. New York 16, N. Y., 
1963. xii + 477 pp. 15.5 X 24 cm. Price 
$8.95. 
An abridgment and revision of “Semimicro Quali- 


tative Organic Analysis” incorporating materials 
which are either essential or useful to students of 
elementary or intermediate organic chemistry is 
presented. It includes the discussions of, and pro- 
cedures for, the classification of an unknown sub- 
stance by its solubility behavior and its acid-base 
characteristics, general tests for structure and func- 
tional groups, specific tests for chemical classes, 
and an entirely new chapter on the use of paper 
chromatography and infrared spectroscopy in the 
identidcation of organic substances. The volume 
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And-Calcd. for C15HHPNOI: C, 67.89; H, 8.74; 
N, 5.27. Found: C, 68.09; H, 8.92; N, 5.62. 


Attempted Isomerization of Deoxycycloheximide 
(III).-A solution 0.10 Gm. (0.38 mmoles) of 
deoxycycloheximide (111) and 80 mg. (0.41 mmoles) 
of p-toluenesulfonic acid was rduxed for 18 hours. 
The reaction mixture was allowed to cool to room 
temperature, then poured onto ice. After the ice 
had melted, the mixture was filtered, and the filtrate 
was extracted with chloroform (4 X 30 ml.). The 
organic layer was washed with saturated solution of 
sodium bicarbonate (2 X 25 ml.), water (25 ml.), 
and dried with anhydrous magnesium sulfate. After 
filtration the volatile materials were removed in 
vucuo; the semisolid residue on crystallization from 
methanol and water gave 0.05 Gm. (500/o) of deoxy- 
cycloheximide, m.p. 110-112°; i in cm.? (KBr), 


3200 and 3100 (NH); 1730, 1700, and 1680 (C=O). 
One recrystallization of the crude material from 
methanol and water gave a pure sample of deoxy- 
cycloheximide, m.p. 114-115", mixed m.p. 112-114", 
with an authentic sample of deoxycycloheximide. 
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Segregation Kinetics of Particulate Solids Systems I 
Influence of Particle Size and Particle Size Distribution 


By JAMES L. OLSENt and  EDWARD G. RIPPIE 


Rates of segregation of initially randomly distributed mixtures of steel s heres of 
various sizes have been studied. Wen t  of segregation was determineiby sam- 
pling the entire system and expressed as the standard deviation of the sam le com- 
positions from the mean composition of the system. The several ideahexsystems 
smdied showed apparent kst-order kinetics, and rate constants were determined 
as a function of article size and particle size distribution. Se regation in these 
studies proceedex to an equilibrium stare in which mixing and unmixing effects 


were balanced. 


ZXTURES OF SOLIDS are involved in many 
processes of industrial and technical im- 


portance. The glass, ceramic, paint, powder 
metallurgy, cement, and pharmaceutical indus- 
tries are among those in which control of systems 
of solid particles is essential for the production of 
an acceptable end product. Such general charac- 
teristics as particle size distribution, "average 
shape," pore size, tendency to flow, and uniform- 
ity of composition are of prime importance (1). 


Since the manufacture of tablets is generally 
accomplished by the compression of granulated 
or powdered solids, uniformity of dosage depends 
to a large extent on the uniformity of mixing of 
the granulation. The problem of maintaining a 
uniform mixture is particularly acute where many 
powdered ingredients having different size dis- 
tributions, densities, and shapes are to be com- 
bined in a single tablet. 


Solids mixing as a unit operation has received 
most attention in the literature in connection with 
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specific types of mixers. Rate equations allow- 
ing approximate calculations of the time of mix- 
ing necessary to achieve a complete mix have been 
derived by several workers (2-5). Again, these 
studies primarily rellect the character of a specific 
mixer rather than the nature of the mechanisms 
of mixing and unmixing in general. It is thought, 
however, that mixing proceeds to a state wherein 
processes (convection, shear, and diffusion) lead- 
ing to a random mix balance the tendency to 
segregate (5). Mixers are adjusted so that this 
segregation effect is minimized; however, subse- 
quent handling of the mix may render it unsatis- 


Fig. 1.-Plot of 
the standard devia- 
tion of a binary 
system us. time of 
agitation. Solid 
points are at a 1: 1 
weight ratio of 8/32 
vs. 3/32 in. steel 
balls. Open points 
are at a 1 : 1 weight 
ratio of 6/32 us. 
3/32 in. steel balls. 


MIN. 
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factory for the next step in the process, due to 
induced unmixing. 


Since, to  our knowledge, no fundamental studies 
have been undertaken to  determine the mecha- 
nisms of segregation or the factors which in- 
fluence it, we have carried out  preliminary work 
in this area. Results indicate t h a t  valuable in- 
formation can be obtained on batch unmixing 
as well as on the nature of interparticulate inter- 
actions in a solids system. 


THEORY 


I t  is necessary in a study of this kind to determine 
the extent to which segregation has occurred so that 
a meaningful determination of unmixing rate can 
be made. Several methods of quantitatively as- 
signing a “degree of mixing” to a particulate solids 
system have been used (6). While no single system 
is exclusively employed, we have found the standard 
deviation, as used by Weidenbauin (3), to be most 
satisfactory, since it is directly related to  the 
relative numbers of particles which can be con- 
sidered mixed or unmixed. 


Consider a system consisting of two types of 
particles differing from each other only in size. 
The same treatment applies to  particles differing 
by any other variable or combination of variables, 
such as density and shape. The standard deviation 
of the system equals 
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where f i  is the weight of the i sample, u is the weight 
fraction in the system of the size particle being 
followed, X i  is the weight fraction in the z sample 
of the size particle being followed, and n = 2f; 
which is the total weight of the system. For com- 
putational purposes this may be converted to 


c Fig. 2.-.Semilog 
plot of equilibrium 
standard deviation 
minus standard de- 
viation at  time t us. 
time of agitation, in- 
dicating apparent 
first-order approach 
to equi l ibr ium. 
Solid points are at 
a 1: 1 weight ratio 
of 8/32 US. 3/32 in. 
steel balls. Open 
points are at a 1 : 1 


G weight ratio of 6/32 
0 4 a US. 3/32 in. steel 


balls. MIN. 


Fig. 3.-First-order rate 
constant k us. the ratio of the 
particulate volumes of the 
spheres in the binary system. 
3/32 in. steel balls were used 
in all runs a t  a 1:l weight 
ratio with 5/32, 6/32, 7/32, 
and 8/32 in. steel balls, re- 


spectively. 


In such binary systems, either component may 
be analyzed for without changing the calculated 
standard deviation. However, with systems con- 
taining more than two components, the standard 
deviation obtained will depend on the component 
followed and will reflect the degree of segregation 
of that component relative to the remainder of the 
system. Standard deviation has been selected as 
an index since it depends only on the extent to 
which the system deviates from a perfectly random 
state and on the size of the samples into which the 
system is divided. If proper selection is made of 
the sample size, the standard deviation is a reliable 
measure of the relative number of “mixed” and 
“unmixed” particles in the system and can serve 
as a basis for the study undertaken here. 


EXPERIMENTAL. 


General Considerations.-Steel spheres of various 
sizes have been used as model systems in these 
studies so that the factors contributing to segrega- 
tion can be determined without the complicating 
shape effects expected with rionspherical particles. 
The studies were carried out by a general pro- 
cedure developed in the course of preliminary work. 


The particulate systems under investigation were 
loaded into a cylindrical container s/, in. in diameter 
and 6 in. in length. Loading was carried out by 
alternately adding the components in small incre- 
ments to insure a random mixing initially. Samples 
taken at zero time showed standard deviations not 
significantly different from zero, indicating random 
mixing initially. The spheres contained in the 
cylinder were then subjected to a vertical sine wave 
motion a t  a frequency of 1025 c.p.in. and an ampli- 
tude of 0.100 in. for a predetermined time. 


Vertical agitation was used since it was found to 
minimize segregation effects due to contact of the 
spheres with the cylinder walls. The shaking ap- 
paratus used was constructed to  allow precise ad- 
justment of both the rate and amplitude. Direct 
rate measurements were made with a Pioneer 
Photo-Tach model 12 tachometer to an accuracy 
of 5 c.p.m. In all cases the total weight of the 
systems was 171 Gm. which allowed sufficient space 
within the cylinder for expansion during shaking. 


Sampling was accomplished by pushing the con- 
tents out of the cylinder with a plunger located in 
the bottom of the cylinder. This was done to 
divide the particles into six samples of approxi- 
mately equal volume, allowing analysis of particle 
size distribution as a function of depth in the tube. 
Particle size analysis of the samples in these model 
systems was carried out by screening and weighing. 


Fig. 4.-First-order rate 
constant k us. the ratio of the 
particulate volumes of the 
spheres in the binary system. 
8/32 in. steel balls were used 
in all runs a t  a 1 : l  weight 
ratio with 6/32, 5/32, 4/32, 
and 3/32 in. steel balls, re- 


spectively. 
VOLUME RATIO 
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TABLE I.-sEGRkATIOli  RATE CONSTANTS IN 
BINARY SYSTEMS 


Size Particulate 
Wt. Ratio Ratio, Volume 
in System 32nd in. Ratio h, min.-1 


1:l 5:3 4.63 0.036 f 0.003 
1 : l  6:3 8.00 0.161 f 0.017 
1:l 7:3 12.18 0.183 f 0.025 
1:l 8:3 18.96 0.314 f 0.023 
1:l 8:6 2.37 No 
1:l 8:5 4.10 0.033 f 0.005 
1:l 8:4 8.00 0.107 f 0.007 
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1 . 2 : l  7:3 12.18 0.136 f 0.037 
1 . 4 : l  7:3 12.18 0.112 f 0.016 
1 .6 : l  7:3 12.18 0.103 f 0 . 0 1 6  


These data were used in calculating the standard 
deviation of the composition of the sample from the 
mean. 


As previously mentioned, measurements of the 
standard deviation of particle size distributions 
made in this way are dependent on the size of the 
samples relative to  the size of the particles. In the 
extremes, a sample consisting of the entire system 
will show no deviation from the mean composition, 
whereas samples containing one particle only will 
show complete segregation independent of the true 
state of the system. In the present work, samples 
of approximately one-sixth the weight of the total 
system were found to give a satisfactory estimate of 
the standard deviation. 


Since the particulate system is disrupted by the 
sampling, it is necessary to  carry out several ex- 
periments with each system. Repeated runs on a 
given system differing in duration of agitation are 
made so that the standard deviation is determined 
as a function of time of shaking. 


RESULTS AND DISCUSSION 


Time Dependence.-The results of two typical 
runs on systems containing equal weights of different 
size balls are shown in Fig. 1. When runs of 
extended duration are made it is found that  segre- 
gation does not proceed to completion, which would 
correspond to  a standard deviation of 0.500 in this 
case. Further, the same standard deviation .is 
obtained from an initially unmixed system upon 
prolonged agitation as one which is initially ran- 
domly mixed, substantiating the existence of an 
equilibrium between mixing and unmixing. A 
typical system, 8/la in. versus a/31 in., was loaded with 
the large balls on top and the small balls at the 
bottom. Several standard deviations of this system 
after prolonged shaking were found not to  differ 
significantly (using the “t” test) for those obtained 
from an initially randomly mixed system. 


Figure 2 is a plot of log (Sm - S )  versus time for 
the same runs as Fig. 1. S m  is the equilibrium 


Fig. 5.-First-order rate 
constant R vs. the ratio by 
weight of 7/32 to 3/32 in. 
steel balls in the entire sys- 


tem. 


TABLE ~ - - S E G R I ~ G A T I O N  RATE CONSTANTS IN 
TERNARY SYSTEMS 


Wt. Ratio in System 
a / a l  in.:’/n ia:’/az in. 


h (min.? for Segregation 
of 1 , ~  in. Balls 


0.183 f 0.025 50 : 0 ‘:50 
37.5:12.5:50 0.108 f 0.028 


0.061 f 0.013 25 :25 :50 
12.5:37.5:50 0.034 f 0.008 
n -.M :so 0.015 f 0.004 


45 :10 :45 o.iii f 0.038 
40.5:19 :40.5 0.066 f 0.009 
30.5:39 :30.5 0.066 f 0.038 


0.061 f 0.111 20.5:59 :20.5 


standard deviation and S is the standard deviation 
at time t. The equilibrium standard deviation 
was taken as the average of three runs for times 
in txeess of seven “half-lives.” An initial estimate 
of half-life was obtained by treating the data by 
the method of Guggenheim (7) so that subsequent 
measurements of S m  could be made. It can be 
seen that the approach to  equilibrium, of segregation 
in these systems, is an apparent first-order process. 


In these and subsequent determinations of segre- 
gation rate, rate constants were determined by the 
method of least squares from the kinetic data. 
Accuracy of the rate constants is expressed as a 
95% confidence interval based on the student’s 
“t” distribution. In these calculations. n-2 degrees 
of freedom were assumed, where n is the number of 
points on the curve. It was further assumed that 
the points were normally distributed, with constant 
variance about the regression line. 


Particle Size Dependence.-Determinations of 
the effect of particle size on the segregation rate in 
binary systems indicate an apparent linear de- 
pendence on the volume ratio of the individual 
particles when the size of one component is held 
constant. Figure 3 represents determinations of 
rate constants of systems in which the size of the 
small spheres was held constant while that of the 
large spheres was varied. Values are for systems 
where ‘ / ~ 2  in. steel balls are mixed at a 1 : 1 weight 
ratio with b / n ,  8/16, ’/32# and I/, in. steel balls, re- 
spectively. Figure 4 shows the relationship of 
rate t o  size when the size of the smaller component 
is varied. The slopes of the lines in Figs. 3 and 4 
are similar, indicating a consistent correlation of 


Fig. 6.-First-order rate 
constant k us. weight per cent 
of 5/32 in. steel balls in a 
ternary system. The sepa- 
ration of the 7/32 in. steel 
balls was followed where the 
proportion of 7/32 in. steel 
balls was held at 50% by 
weight, and the proportion of 
5/32 to  3/32 in. steel balls 


WT. RATIO, LARGE/ was varied within the balance 


Fig. 7.-First-order rate 
constant k vs. weight per cent 
of 5/32 in. steel balls in a 
ternary system composed of 
a 1: 1 weight ratio of 7/32 and 
3/32 in. steel balls. Varying 
amounts of intermediate 5/32 


& 


iN 
0 2 0 4 0  


SMALL of the system. 


VOLUME RATIO 


-i-l 
WT., yo ‘/at IN. 


in. steel balls were added, kd! 
segregation of the 7/32 in. 


steel balls was followed. 
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separate from each other as well as from the large 
particles. 


The effect of the introduction of 5/32 in. interme- 
diate particles to a 1 : l  mixture by weight of 7/3? 


and a/a2 in. on the segregation rate of the 4/11 in. 
balls was also investigated. I n  this work, as before, 
the total weight of steel balls was held a t  171 Gin. 
Results, shown in Fig. 7, indicate a marked reduc- 
tion in unmixing tendencies with a relatively low 
proportion of 5 / 3 2  in. balls. Increasing this beyond 
a 33% mixture, in this case, resulted in little further 
change. 


SUMMARY 
It would appear, as in many preliminary studies 


of this type, that many more questions have been 
raised than answered. Several conclusions may 
be drawn from these studies: 


The standard deviation of a system from its mean 
composition, as used previously, serves as a useful 
index to the state of mixedness of particulate 
systems. 


Segregation of binary mixtures of spheres meas- 
ured by the standard deviation from the mean 
composition follows apparent first-order approach 
to equilibrium for over two half-lives. 


Segregation approaches a true equilibrium since 
both mixed and unmixed systems reach the same 
state after prolonged shaking. 


The rate of segregation of particles in a binary 
system is apparently in direct proportion to the 
ratio of the particulate volumes of the spheres. 


The overall weight ratio of the components in a 
binary system markedly affects the rate of segre- 
gation. 


The presence of particles of intermediate size 
greatly reduces the rate of segregation in the 
system. 


REFERENCES 
(1) Train, D., THIS JOURNAL., 49, 265(1980). 
(2) Coulson, J. M., and Maitra. N.  K. .  Inn.  Chcmirf, 26 ,  


55(1960). 
( 3 )  Weidenbaum. 5 .  S., and Bonilla, C. F., Chcm. Eng. 


Progr., 51, 27J(1955). 
(4) Visman. J., and Van Krevelen, D. W., Zngcnicur 


Montreal 63 49(1951). 
(5) L&ey,’P. M. C., J .  A p p l .  Chcm.,London, 4,257(1954). 
(6) Weidenbaum, S. S., “Advances in Chemical Engiceer- 


inn.” Vol. 2. 1st ed.. Academic Press. Inc.. New York. N. Y.. 


segregation rate wersus particulate volume ratio. 
Values for ‘ / a  in. steel balls mixed a t  a 1 : 1 weight 
ratio with 3/ls, 5/31, ‘/g, and 3/32 in. steel balls, re- 
spectively, are given. These results, summarized 
in Table I, suggest that segregation effcvts may in 
part be due to competition by the particles for 
void space created during agitation. In this case, 
sinall particles would be favored and would tend to  
displace those which are larger, at the time of up- 
ward acceleration in each shaking cycle. 


From lines 2 and 7 of Table I, a reduction in seg- 
regation rate with an increase in absolute particle 
size is apparent in systems where the particles have 
the same volume ratio. This effect may be because 
a greater percentage of the total number of particles 
contact the cylinder walls in systems of larger 
particles. 


Weight Fraction Dependence.-Results shown 
in Fig. 5 illustrate the effect of variations in the 
relative quantities of the components in a binary 
system. Determinations were made in which the 
relative quantities of ’/a- and ‘/a2 in. steel balls were 
varied while maintaining a total weight of 171 Gm. 
The resulting rate constants, presented in Table I, 
have been plotted against the proportion of large 
to small spheres. I t  is interesting that the rate of 
segregation decreases with a decreasing proportion 
of small particles throughout the range studied. 
In addition, it was found that in systems where the 
particle size difference was small, this effect was 
much less. 


Effect of Third Component.-In these studies the 
effect of intermediate size particles on segregation 
rate was investigated, and data are given in Table 
11. Figure 6 shows the results of experiments in 
which the system (171 Gm. total) is made up of 
50% by weight of l / a ?  in. spheres, and the remaining 
50% consists of various ratios of 6/12 and in. 
spheres. The rate of segregation of the ’/pt in. 
spheres has been plotted and is not a linear function 
of the composition of the remainder of the system. 
These data, when plotted as a function of the ratio 
of the particulate volume of ‘/82 in. spheres to  the 
weight average particulate volume of the mixture 
of 5 /s2  and a / 3 ~  in. spheres, deviated somewhat from 
results such as those shown in Figs. 3 and 4. This . .  


19’;;s pp. 24b-258. . 
can be expected, since the two small sized particles (7j Guagenheim. E. A,,  Phil. Mag., 2,53s(i926). 








Evaluation of Caffeine and Ouabain as Permissive Agents in the 
Production of Myocardial Necrosis 


By DUANE G. WENZEL, JOHN D. MACCARTHY, and CHARLES 0. RUTLEDGE 


Twelve groups of s i r  rabbits per group were treated with nicotine, cde ine ,  ouabain, 
hypercholesterolemic diet, and various combinations of these for 24 weeks. Sys- 
tolic blood pressures and coagulation times were obtained at 4-week intervals, and a 
histopathological examination of the hearts was made at death or sacrifice. Treat- 
ments including either nicotine or cholesterol significantly reduced the coagulation 
times. Most nicotine-treated groups demonstrated increases i n  systolic pressures. 
While myocarditis was observed in  several of the animals receiving multiple treat- 
ments, such treatments did not increase the incidence or severity of coronary athero- 


sclerosis. 


HE CHRONIC oral ingestion of nicotine by hyper- T cholesterolemic rabbits receiving periodic in- 
jections of ergonovine has been demonstrated to 
induce myocardial necrosis (1). Treatment with 
nicotine alone increases the systolic blood pressure 
and the rate of blood coagulation (2). Although it 
is generally accepted that hypertension and hyper- 
coagulability of the blood may be related to  myo- 
cardial infarction in the human, there has been no 
correlation between such nicotine-induced changes 
and myocardial necrosis in the experimental animal. 
The role of ergonovine in this cardiac-damaging 
regimen is still speculative. In contrast to  other 
ergot alkaloids, ergonovine is not sympatholytic 
but actually enhances cardiovascular actions of the 
catecholamines (3). One might expect that it 
would similarly affect the catecholamine-mediated 
actions of nicotine. In fact, the combination of 
nicotine and ergonovine has been demonstrated to  
induce thickening and fibrosis of the small coronary 
branches (1). Such an effect suggests that a dam- 
aged vascular bed with the resultant alteration in 
tissue circulation may predispose the myocardium to 
pathological changes induced by atherosclerosis. 
The postulated requirement of pre- or concomitantly 
existent damage for the production of hypercholes- 
terolemia-induced pathological changes has been 
suggested by others (4) and is consistent with the 
usual absence of coronary thrombosis or infarcts 
in animals receiving a hypercholesterolemic diet as 
their sole treatment. 


In the present problem it was hypothesized that 
infarcts and/or myocardial necrosis may result 
when hypercholesterolemia is superimposed upon 
underlying conditions which damage the myo- 
cardium or its circulatory system. To test this 
hypothesis, caffeine and a cardiac glycoside were 
employed in an attempt to  induce such an under- 
lying condition. It has been demonstrated that 
the injection of several doses of caffeine to  either 
guinea pigs or rats will induce degenerative changes 
of the myocardium (5) .  Similar responses in the 
rabbit have been reported to  result from a single 
combined dose of caffeine and epinephrine (6). 
while strophanthin in conjunction with epinephrine 
has also induced this reaction (7). It  was antici- 
pated that the catecholamine-releasing action of 
nicotine could replace the administration of epineph- 
rine per sc. 
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EXPERIMENTAL. 


Seventy-two female, albino, New Zealand strain 
rabbits were divided a t  6 weeks of age into 12 groups 
of six per group. Each group received one of the 
following treatments: control, nicotine (N); hy- 
percholesterolemic diet (HCD), N + HCD; caf- 
feine (C), C + N, C + HCD, C + HCD + N; 
ouabain (0). 0 4- N, 0 + HCD, 0 + HCD f N. 
Control treatment consisted of Purina rabbit chow 
and water ad libilum. Nicotine dosage was the 
equivalent of one pack of cigarettes daily on the 
basis of body weight, or 1.14 mg./Kg./day in the 
drinking water (8 ) .  The hypercholesterolemic 
treatment consisted of the basal diet to  which 5y0 
cottonseed oil and 1% cholesterol were added. 
Caffeine, in a dose of 5 mg./Kg. of the alkaloid, was 
injected intravenously as the sodium benzoate salt 
once each week; ouabain, 0.025 mg./Kg., was 
similarly administered. Each of these were given 
in one-half milliliter of isotonic saline. 


Systolic pressures were determined with a Grant 
ear capsule a t  the initiation of treatment and a t  
4-week intervals thereafter. Coagulation times 
were obtained by the capillary tube method with 
blood from a stab wound in the tail. All measure- 
ments were performed on the same days that the 
caffeine and ouabain were administered and always 
preceded these injections. By this procedure the 
acute response to the administration of the drugs 
did not affect the blood pressure and coagulation 


TABLE I .-EFFECTS OF NICOTINE, CAFFEINE, 
OUABAIN. AND HYPERCHOLESTEROLEMIA ON BLOOD 


PRESSURE AND COAGULATION TIME 


Difference from Initial Values 
at 16 Wks. 


Pressure, Coagulation 
Systolic 


Treatment mm. Hg Time, Sec. 
Control 
Nicotine 
Cholesterol 
Nicotine + cholesterol 
Caffeine 
Caffeine + nicotine 
Caffeine + cholesterol 
Caffeine + nicotine + 
Oubain 
Ouabain + nicotine 
Ouabain + cholesterol 
Ouabain + nicotine f 


cholesterol 


cholesterol 


2 -1 .8  
32" - 7 . 9  
0 -4 .9  


21 -13.2 
11 -10.4 
31" -9 .6  
2 -10.6 


9 -12.4b 
6 -6 .2  
8 -8 .9  


-5  -10.5 


19b - 1 2 . P  


(1 P < 0.01. b Statistically diRerent from control (P < 
0.05). 
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tion. Examination of the myocardium disclosed 
the presence of minimal focal areas of myocarditis 
in six of the treated animals. Two of these had 
received ouabain, nicotine, and cholesterol, while 
two were from the caffeine-nicotine-cholesterol 
group. One animal had received ouabain and 
another caffeine and nicotine. While the lack of 
more severe and consistent lesions does not allow 
any clear cut conclusions, i t  is apparent that those 
animals receiving the multiple treatment accounted 
for more than their anticipated share of the myo- 
carditie. As there was no evidence of necrosis in 
the hearts, it is also apparent that the original hy- 
pothesis stating that myocarditis predisposes to 
atherosclerotic damage was not substantiated. I t  
should be recognized that there was no real evidence 
that the injections of ouabain or caffeine even pro- 
duced myocarditis. It is suggested that eithcr 
the caffeine or ouabain treatments were not suffi- 
ciently effective to induce myocarditis or after re- 
peated injections that the tissue reaction was rc- 
duced. 
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time determinations. Because of the loss of as 
many as four out of six animals in some groups after 
l(i weeks, blood pressure and coagulation time de- 
terminations were discontinued a t  this time. Treat- 
ments were continued for 24 weeks. The hearts 
of those animals which died during this period and 
the survivors which were sacrificed a t  24 weeks 
were examined for microscopic evidence of path- 
ological damage. Cross sections were made per- 
pendicular to the basal apical axis at the level of 
the aortic ring valve and midway between thc 
aortic ring and apex. 


RESULTS A N D  DISCUSSION 


Mean systolic blood pressures and blood coagula- 
tion times are presented in Table I. The Dunnett 
"t" test (9) was performed to determine the 
significance of differences between the control and 
test values a t  16 weeks. -4s indicated in Table I ,  
all nicotine-treated groups, except nicotine combined 
with ouabain or with caffeine and the hypercholes- 
terolemic diet, induced significant ( p  < 0.05 and 
p < 0.01) increases in systolic pressure. There 
are n o  obvious reasons for the lack of a significant 
increase by these two groups. Coagulation times 
were consistently reduced by all treatments, al- 
though only nicotine or the cholesterol treatment- 
with or without caffeine or ouabain-caused a 
significant ( p  < 0.05) lowering. 


Histopathological examination revealed minimal 
to advanced suhintimal lipid deposition in the 
sniall to medium coronary arteries of all animals 
treated with the cholesterol diet. There was no 
indication that any of the treatments increased 
either the severity or the extent of the lipid deposi- 


Antispasmodic Effects of 9-[ (N-Methyl-+piperidyl) methyl] 
Thioxanthene Hydrochloride 


By H. LAUENER* and R. C. POGGE 


A new compound, 9-[(N-methyl-3-piperidyl)methyl] thioxanthene hydrochloride 
(methixene hydrochloride)' has shown parasympatholytic properties, strong inhibi- 
tion of gastrointestinal motility in rats, mice, and guinea pigs and less active in- 


hibition of salivation and pupil dilation. Its oral toxicity is low. 


AVIEZEL, ET AL.,  have described the synthesis C (1) and pharmacology (2) of a large series of 
thioxanthene derivatives. During early studies, 
interest was concentrated on the antitremorine prop- 
erties which resulted in trial of one of these com- 
pounds-subsequently identified as methixene hy- 
drochloride-in the symptomatic treatment of 
paralysis agitans for which relatively high dosage 
is required. The early work included mention of 
inhibition of gastrointestinal motility even by low 
doses of 9- [( AT-methyl-3-piperidyl)methyl] thio- 
xanthene hydrochloride. Later, clinical investiga- 
tors explored the possibility that this compound 
might he useful in the symptomatic treatment of 
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manifestations of gastrointestinal hypermotility 
and spasm. The clinical findings will be published 
elsewhere (3-5). The present study represents 
an expansion of the preliminary work to include 
motility studies in three species of experimental 
animals. 


The chemical structure of methixene hydrochlo- 
ride may be represented 0 \ 


dH;? . HCI 


EXPERIMENTAL 
Inhibition of Intestinal Passage of Charcoal. 


' l l c  ; d i m  of methixenc hydrochloridc upon t h c  
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experienced progressive respiratory difficulty until 
apnea occurred and death ensued. 


In contrast to the above, the pattern of toxicity 
observed in mice treated with L( +) ephedrine, D( - ) 
pseudoephedrine, or L( +) pseudoephedrine was es- 
sentially the same for both environmental situations. 
Death was caused by acute respiratory failure pre- 
ceded by clonic or tonic convulsions, and always oc- 
curred within 1 hour after drug administration. 


An explanation for the failure of L( +) pseudoephe- 
drine to demonstrate an "aggregation" phenomenon 
is not readily available. However, a number of pre- 
liminary experiments conducted in our laboratory, 
e.g., determination of the behavioral changes ac- 
companying drug administration, low frequency 
electroshock seizure threshold studies, and examina- 
tion of drug-induced alterations in levels of central 
nervous system activity measured by chemoshock 
techniques .indicate that several major quantitative 
and qualitative differences exist among these four 
ephedrine isomers. It is anticipated that further 
investigation into the exact nature of central 
stimulation induced by these agents will help elu- 
cidate the findings reported herein. 
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Colorimetric Microdetermination of Plasma Free Fatty Acids 
By DONALD C. KVAM, J. G. SCHMIDT, D. A. RIGGILO, and D. G. GALLO 


The application of a colorimetric method to 
the determination of free fatty acids in  plasma 
is described. The  method is simple, sensitive, 
and yields results comparable to those ob- 


tained with the tiuimetric procedure. 


HE MEASUREMENT of unesterified fatty acid levels T in biological samples is usually accomplished by 
microtitration of the acidity present in suitably 
prepared extracts (1). Such microtitration tech- 
niques require special equipment and even with care 
and experience may give variable results. Ayers 
reported a colorimetric method for the estimation of 
fatty acids based upon the finding that copper or 
cobalt salts of monocarboxylic acids dissolve in 
chloroform to give colored solutions (2). Iwayama 
subsequently developed an essentially new pro- 
cedure, also based upon the solubility of the copper 
salts of Clo-Ca monocarboxylic acids in chloroform, 
but its sensitivity was not great enough to be useful 
for the determination of plasma free fatty acids (3). 
___- 
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The sensitivity of the latter procedure was greatly 
increased by Duncombe, who measured the con- 
centration of copper in the chloroform solution with 
diethyldithiocarbamate (4). We have adapted this 
colorimetric method to the determination of plasma 
free fatty acids following their extraction by the 
technique of Dole and Meinertz (1). The resulting 
procedure is simple, very sensitive and reproducible, 
and uses commonly available laboratory equipment. 


EXPERIMENTAL. 
Reagents.-The following reagents were used. 
Extraction Solution.-Mix 1 N H&Od, hexane, and 


isopropyl alcohol in the volume ratio 20 : 200 : 780. 
Cupru Nitrate Reagent.-Mix 450 ml. of 1 M 


triethanolamine, 50 ml. 1 N acetic acid, and 500ml. 
5% cupric nitrate solution. 


Sodium Diethyldithwcarbamale, 0.1 O/o.-Dissolve 
100 mg. ( C ~ H ~ ) ~ N C E & N ~ . ~ H I O  in 100 ml. normal 
butanol (prepare fresh daily). 


Stock Standard Fatty Acid Solution.-Dissolve 56.8 
mg. stearic acid in 100 ml. of hexane. 


Working Standard Fatty Acid Solution.-Dilute 
10 ml. of stock standard to 100 ml. with hexane. 
This solution contains 0.2 pmoles/ml. 
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tricarboxylic acids are not soluble in chloroform and 
do not interfere with the procedure. The copper 
salts of phospholipids are somewhat soluble and will 
interfere when present in large amounts. Synthetic 
I-dipalmitoyl lecithin and cephalin, obtained from 
California Corporation for Biochemical Research, 
were found to  have, respectively, approximately 25 
and 50% of the molar absorption of stearic acid. 
For this reason an extraction technique which dis- 
criminates against the phospholipids is required. 
When excessive amounts of phospholipids are present 
in the sample, the double extraction procedure of 
Dole and Meinertz (1) may be necessary. 


TABLE I.-THE EFFECT OF EPINEPHRINE INJECTION 
ON PLASMA FREE FATTY ACIDS IN RATS 


Dose,O No. Fatty Acids, ?& 


Control 25 0.43 *0.03* 
0.02 10 0.57 f 0.05 33 
0.10 15 0.74 f 0.05 72 
0.50 10 0.92 f 0.10 114 


Epinephrine Plasma Free 


mg./Kg./i.p. Rats #moles/ml. Increase 


d 
$5 0.2 
z t0.4 
2 0.3 


m 0.1 * 
0.1 0.2 0.3 0.4 0.5 0.6 


pMOLES STRARIC ACID 


Fig. 1.-Typical standard curve. 


Procedure.-The extraction of the plasma free 
fatty acids is accomplished as described by Dole and 
Meinertz (1). except that hexane rather than hep- 
tane is used as the hydrocarbon solvent due to its 
lower boiling point.' Transfer 0.25 ml. plasma to a 
20 X 150 mm. screwcap culture tube. Screw caps 
having Teflon liners should be used throughout. 
Add 0.75 ml. of distilled water and 5.0 ml. of the 
extraction solution. Shake the mixture well and 
allow to stand 5 minutes. Add 2.0 ml. of distilled 
water and 3.0 ml. of hexane, shake well, and allow 
the two phases to separate.* Transfer 4.0 ml. of the 
upper layer to  a clean 20 X 150 mm. screw-cap 
culture tube and evaporate the solvent using gentle 
heat and a stream of nitrogen. Dissolve the residue 
in 5.0 ml. of chloroform and add 2.5 ml. of the cupric 
nitrate reagent. Shake well and centrifuge for 5 
minutes at 2000 r.p.m. Carefully remove the upper 
aqueous layer by suction and transfer 2.0 ml. of the 
chloroform phase to a clean 10 X 75 mm. cell. Care 
must be taken at this point to avoid carrying over 
any of the aqueous phase, which contains a large 
amount of copper. Add 0.1 ml. of 0.1% sodium 
diethyldithiocarbamate, mix well, and determine the 
absorption of the solution a t  435 mp using a reagent 
blank which has been carried through the entire 
procedure. Maximum color develops immediately 
and is stable for over 2 hours. Deviations in the 
plasma and reagent volumes described are permis- 
sible, providing the ratios between reagents are not 
altered. 


Standard Curve.-Transfer 0.5, 1.0, 2.0, and 3.0 
ml. aliquots (equivalent to 0.4, 0.8, 1.6, and 2.4 
pmoles free fatty acid per ml. plasma) of the working 
standard fatty acid solution to  clean 20 X 150 mm. 
screw-cap culture tubes. Add hexane to a total 
volume of 3.0 ml., 3.0 ml. of distilled water, and 5.0 
ml. of extraction solution. Shake well and allow to 
stand 5 minutes. Transfer 4.0 ml. of the upper layer 
to clean 20 X 150 mm. screw-cap culture tubes and 
carry through the remaining procedures as de- 
scribed above. 


RESULTS AND DISCUSSION 


Figure 1 illustrates a typical standard curve 
obtained by absorbance versus pmoles stearic 
acid. Although we have observed only small 
variations in extinction, the standard curve should 
be checked daily for best results. 
As reported by Ayers (2), the copper salts of 


monocarboxylic acids shorter than C-8 and of di- or 


1 When five samples of a pooled rat plasma were extracted 
with heptane as the hydrocarbon solvent and the fatty adds 
determined by the above rocedure a value of 0.31 f 0.016 
pmoles/ml. was obtaine3 This ioompares favorably with 
the value of 0.32 3 z  0.007 rmolas/ml. obtained with the 9ame 
plasma when hexane was utilized in the extraction mixture. 


2 To aid in transferring the hexane phase, an additional 0.5 
to 1.0 ml. of heurne may be added carefully after the phases 
have separated following shaking. This has no effect on the 
final result, prpviQJ tbs %me volume is added to all tubes. 


a Expressed as the base. * Standard error of the mean. 


The results obtained with the colorimetric pro- 
cedure are comparable to  those obtained by the titri- 
metric method. I n  one study the free fatty acid con- 
centration of five different samples of rat plasma was 
determined by both methods. The group mean was 
0.61 pmoles/ml., with a standard deviation of 0.11 
as determined calorimetrically, while the results of 
the titrimetric analysis gave values of 0.63 f 0.06 
fimoles. 


Due to the extreme insolubility of fatty acids in 
aqueous media, i t  has been difficult to carry out re- 
covery studies. However, the addition of stearic 
acid dissolved in a small amount of isopropanol to 
plasma has yielded recovery values averaging 95%. 


The colorimetric method as described has been 
applied to  the determination of plasma free fatty 
acids in both dogs and rats. It reflects accurately 
the changes produced by manipulations known to 
decrease or increase the level of plasma free fatty 
acids. For example, it is well accepted that epi- 
nephrine has the ability to cause large increases in 
these levels (5). Table I presents the results obtained 
15 minutes following the intraperitoneal injection of 
various quantities of 1-epinephrine bitartrate in 
saline into rats of the Sprague-Dawley strain. The 
control free fatty acid level as well as the increases in 
plasma free fatty acids in response to graded doses 
of I-epinephrine are similar to the results obtained 
by Maickel et al. in the same strain using the micro- 
titration procedure (6). Similar results have been 
obtained with dogs and cats. The convenience and 
high sensitivity of this colorimetric procedure make 
it an extremely useful technique for the study of 
changes in plasma free fatty acids under a variety 
of experimental conditions. 
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concerned with influences of various solutes and 
vehicles on the physical states of cornified epithelial 
tissues. The presence of a natural hydrating factor 
which can be removed by the ether-water treatment 
appears to be clearly established by these studies. 
It is further evident that very dilute aqueous 
solutions of various salts and nonelectrolytes have 
pronounced ef€ects on the configuration of the 
protein structure. 


Some of these observations may be pertinent in 
formulation of skin preparations. Although the 
astringency of aluminum ion is well known, observa- 
tion of the effect of sodium, potassium, lithium, 
and magnesium ion in producing relaxation of 
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stressed tissue, even in dilute solutions, appears to 
be new. This behavior seems to be in opposition to 
the dehydrating dect normally produced by 
the presence of solutes in water. 
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Procedure for Assay and Stability 
Determination of Idoxuridine 


By CHARLES A. SIMPSON and ALFRED P. ZAPPALA 


In acid solution, idoxuridine (s-iodo-2’.deoxyuridine) is dccom osed by light 
to form Z’-deoxyuridine and material whose U.V. absorption has &n destroyed. 
Idoxuridine is hydrolyzed by heat to form 5-iodourad and 2-deoxyribose in nearly 
quantitative yield; a small amount of 2’-deoxyuridine is also formed. A procedure 
for assay of these mixtures is given. The method involves 8 chromatographic sepa- 
ration on a partition column with 8 standing phase of 0.1 N HC1 and a moving phase 
of chloroform plus n-butanol 5 : 1 by volume). That portion of the eluate contain- 
ing the idoxuridine is analyz e6 by its U.V. absorption. Data are presented to show 


the accuracy and precision of the method. 


DOXURIDINE (5-iodo-2’-deoxyuridine) was first I synthesized in 1959 by Prusoff (1). Follow- 
ing its synthesis, several papers were published 
in connection with its effect on transplantable 
neoplasms (1-3). In addition, it was studied in 
its role as a bacterial inhibitor (1, 4). More 
recently, Kaufman has shown that it is an agent 
of proven value in treatment of herpetic keratitis 
in man (5). This has been hailed as the 6rst 
chemotherapeutic agent effective against a speci- 
fic virus. Because of this growing biochemical 
and medical interest in idoxuridine, we under- 
took to study its decomposition and find a method 
for stability determination. This report de- 
scribes the results of that effort. 


EXPERIMENTAL 


Study of Light-Initiated Decompdtion.-Un- 
bu5ered aqueous solutions of idoxuridine (1 mg./ml., 
pH = 5-6) were placed in quartz containers and 
irradiated with a mercury vapor arc lamp. Figure 
1 shows that the U.V. absorption spectra of these 
solutions decrease in intensity with an increase in 
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time of exposure. The nature of this decomposition 
product was not studied, since it appeared to offer 
no interference with an ultraviolet method of deter- 
mination. Moreover, the photolytic decomposition 
of related compounds such as uridine and uracil 
has been studied by Sinsheimer and Hastings and 
many others (6). These studies showed that the 
product formed is the 4hydroxyhydro derivative. 


Another considerably less severe irradiation ex- 
periment was conducted with a Sylvania type RS 
sunlamp, where the spectrum includes portions of 
the I.R. and visible as well as the U.V. ranges. As 
previously, the solutions irradiated were unbuffered 
and aqueous (1 mg./ml., pH = 5-6). After 3 
months of exposure, the solution was spotted on 
paper along with a known solution of some sus- 
pected decomposition products, and a chromato- 
gram was developed in a butanol-3 N ammonia 
system. The results of this study arc shown in 
Table I. 


UCLlUlnW 


Pi. 1.-U.V. absorption spectra of aqueous idoxuri- 
dine exposed to U.V. light. 
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Since uracil is not well separated in the paper 
system described above, those same solutions were 
also chromatographed in a 2-methyl-3-butyn-2-01, 
pH 8 buffer system. No uracil was found in these 
samples. Subsequent studies have shown that 
uracil can only be found in badly decomposed solu- 
tions (50% or more degraded). In fact, uracil was 
the only pyrimidine compound still present after 
treatment of an aqueous unbuffered solution for 17 
hours at 100'. 


Some decomposition studies were also conducted 
a t  pH's as high as 10. This aspect was not in- 
vestigated to a great degree, except to observe that 
the ionized form of idoxuridine (pKa N 8) is con- 
siderably less stable than the acid form. 


Method Development.-The determination of 
idoxuridine can be accomplished in a number 
of ways. Its deoxyribose moiety will react with 
cysteine in 75% v/v H?SOI to form a pink color 
(8, 9). A direct method of assay for the pyrimidine 
base is based upon its ability to absorb four equiv- 
alents of iodine from basic solution (10, 11). There 
is a colorimetric method which uses the ability of 
the base to reduce arsenotungstic acid (12). Finally, 
idoxuridine can be determined from its 1J.V. absorp- 
tion spectrum ( emX. = 7763). 


Unfortunately, in each of these methods one or 
more of the breakdown products interferes. The 
complex nature of this interference is illustrated 
by the U.V. absorption spectra in Fig. 2. Con- 
sequently, it was desirable to  devise a relatively 
simple but versatile system of separation, one which 
would be capable of the stability determination of 
idoxuridine in research systems where i t  would be 
mixed with a variety of drug substances or where 
the pH would be varied through a considerable 
part of the aqueous range. After separation, any 
suitable property could be selected for measure- 
ment. The separation technique chosen was 
liquid-liquid partition chromatography on a Celite 
545 support; the property chosen for measurement 
was U.V. absorption. 
Partition Column.-Because the great majority 


of situations under study involved aqueous solutions, 


TABLE ~.-COMPAR~SON OF Rf VALUES OBTAINED 
FOR SOME POSSIBLE DECOMPOSITION PRODUCTS AND 
.4 SUNLAMP-DECOMPOSED AQUEOUS SOLUTION OF 


IDOXURIDINE - 
-------RI Values 


Sunlamp 
Known Decomposed 


M aterial Soh. Soln. 
Unknown . . . 0.00 (Significant) 
'L'-Deoxyuridine 0.23 0.22 (Significant) 
Idoxuridine 0.31 0 .31  (Large) 
2-Deoxyribose 0.37 0.37 (Small) 
5-Iodouracil 0.50 0.47 (Small) 


The formation of a small amount of deoxyribose 
and iodouracil was expected, since the writers 
showed in an earlier note that these are the prin- 
cipal thermal decomposition products (7). The 
major breakdown is to deoxyuridine and material 
giving no absorbance or fluorescence in U.V. light, 
yet still giving the characteristic deoxyribose pink 
color with cysteine and sulfuric acid. As before, 
this may indicate the hydration of the 4.5 double 
bond or the destruction of the ring. 


Study of Heat-Initiated Decomposition.-In the 
solid state, idoxuridine shows considerable stability 
toward heat. After storage for 9 months a t  60°, its 
paper chromatograin and U.V. assay were unchanged 
from the original. This is not the case with aqueous 
solutions, however. Unbuffered aqueous solutions 
of idoxuridine (1 mg./ml., pH = 5-6) were stored 
for il few months at temperatures ranging from 
room temperature to 45". They were then spotted 
on paper along with a solution of suspected break- 
down products, and chromatograms were developed 
in a butanol-3 .V ammonia system. The results 
of this study are shown in Table 11, which shows 
that the initial breakdown is to deoxyuridine. 
However, its rate of formation is relatively low; 
the main decomposition results in the nearly 
quantitative formation of iodouracil and fleoxy- 
ribose. This rise in iodouracil content, coincidental 
with the decline in idoxuridine, was determined 
using the chromatographic procedure to be.  de- 
scribed later. These data are shown in Table 111. 


TABLE 11.- COMPARISON OF R/ VALUES OBTAXNED FOR SOME POSSIBLE DECOMPOSITION PRODUCTS AND 
HEAT-DECOMPOSED AQUEOUS SOLUTIONS OF IDOXURIDINE 


c RI Values 


2'-Deoxyridine 0.23 0.24 (Trace) 0.23 (Trace) 
Uracil 0.28 
Idoxuridine 0.31 0.32 (Large) 0.31 (Large) 
2-Deoxyribose 0.37 . . .  0.39 (Significant) 
5-Iodouracil 0.50 . . .  0.48 (Significant) 
Idoxuridine assay, % of original 98 69 


Material Known Soh. 3 Mo. at Room Temp. 3 Mo. at 4S0 


TABLE 111.- MATERIAL BALANCE OF IDOXURIDINE AND 
5-IODOURAClL IN THERMAL DEGRADATION 


- Mole of Original----- 
Sample Storage Condition Idoxuridine 5-Iodourdl Total 


Aqueous, 1 wk. at 60° 79 21 100 
1 rng./ml., 
pH 5.0, buffered 


Aqueous, 1 wk. at 60" 76 22 98 
1 mg./ml.. 
pH 6.2, buffered 


Aaueous. 3 mo. at 45" 74 28 102 
1 mg./nil., 
fl5-6, unbuffered 
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Fig. 2.-The U.V. absorption spectra of A, 
idoxuridine (0.06 mg./ml.); B. 5-iodouracil (0.06 
mg./ml.); C, 2’deoxyuridine (0.025 mg./ml.); 
D. uracil (0.025 mg./ml.) in 0.1 N hydrochloric 
acid, 1-cm. cells. 


on 4 Gm. of Celite 545. Figure 4 shows typical 
chromatograms obtained with this setup for a 
synthetic mixture and for a partly decomposed 
sample. It is apparent from Curve A that the 
separation from uracil may not always be complete. 
However, idoxuridine can still be determined by 
U.V. absorption, provided a properly selected two- 
point calculation method is used. The U.V. absorp- 
tion spectra of the eluted species are shown in 
Fig. 5. The method reported in detail below is 
the one that was used in many assays. 


PROPOSED METHOD 


Reagents.-Hydrochloric acid, 0.1 N; chloro- 
form, Merck reagent; n-butanol, Merck reagent: 
and Celite 545, acid-washed, Johns-Manville Co., 
were used. Eluting solvent: mix 5 vol. of chloro- 
form with 1 vol. of n-butanol. 


Apparatus.-A Cary model 11 M recording spec- 
trophotometer was used. The chromatographic 
column was approximately 19 mm. in diameter X 
30 cm. high with a stopcock for controlling the flow 
rate. 


Idoxuridine Standard.-Idoxuridine (California 
Corp. for Biochemical Research) was recrystallized 
twice from an aqueous methanol system. This 
material was shown to be 99.370 pure by nonaqueous 
titration, 99.6% by iodine determination, and 99.6T0 
by phase solubility analysis. In addition, its 


ML ELUTLD 


Fig. 3.-Partition column chromatogram of a 
mixture approximately 0.003 M in A, 5iodouracil; 
B, idoxuridine; C, uracil; D, 2’deoxyuridme. 
Column diameter = 26 mm. 


L 
0.. : 


only aqueous standing phases were considered. 
Idoxuridine is not ionized appreciably in acid solu- 
tion and therefore is more readily extracted by or- 
ganic solvents. This fact and its decreased stability 
in basic solutions led to the choice of 0.1 N HC1 as 
the standing phase. 


For use as the moving phase, carbon tetrachloride, 
chloroform, n-butylacetate, isooctane, and n-butanol 
were tried. None of these served well alone. Of 
the mixtures tried, the best separation for the lowest 
elution volume was given by a solvent consisting 
of 5 vol. of chloroform and 1 vol. of n-butmol. 


For convenience and ease of handling, a 30-cm.- 
long column packed with a bed of Celite about 10 
cm. long was chosen. One such column which gave 
a complete separation from all decomposition had 
a diameter of 26 mm. and a chromatographic pack- 
ing of 8 ml. of 0.1 N HCI adsorbed on 8 Gm. of 
Celite 545. A typical chromatogram of an ap- 
proximately equimolar synthetic mixture is shown 
in Fig. 3. It will be seen that these constituents 
are well separated and that determination of each 
one is accomplished readily by simple U.V. absorp- 
tion spectrophotometric measurements. 


The above method suffers from requiring a high 
elution volume (and time) and a relatively large 
amount of Celite. A satisfactory compromise be- 
tween these factors and the degree of separation was 
obtained by employing a smaller column (19-mm. 
diameter) packed with 4 ml. of 0.1 N HC1 adsorbed 


YL. CLUTCD 


Fig. 4.-Partition column chromatograms with 
column diameter = 19 mm. Curve A, a heat- 
decomposed solution of idoxuridine; curve B, 
a synthetic mixture approximately 0.003 M. Key: 
a. 5iodouracil; b. idoxuridine; c, uracil; d .  2’- 
deoxyuridine. 
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Fig. 5.-The U.V. absorption spectra of A, 
idoxuridine; B, 5-iodouracil; C, 2’-deoxyuridine; 
D, uracil, all 0.6 X lo-‘ M in chloroform+- 
butanol(5: 1 by volume), 2cm. cells, 
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was 95.2 mg. idoxuridine (99.9% recovery). S i i -  
larly, deoxyuridine was shown to cause no inter- 
ference. 


TABLE IV.-CHROMATOGRAPHIC RESULTS FOR A 
0.1% AQUEOUS SOLUTION OF IDOXURIDINE 


Analyst Assay, yo of Theory 
A 100.4, ' 97.6 
B 98.2, 100.1 
C 99.4. 99.8 
D 100.5, 99.7 


specific rotation [a):, was +28.6" (C = 1, N 
NaOH). Its U.V. absorption spectrum exhibited 
a maximum at 288 mp (c = 7763) and a minimum 
a t  247 mp ( c  = 2093). 


Assay Procedure.-Add 4 ml. of 0.1 N HC1 to 4 
Gm. of Celite in a 4-02. mortar and mix well using a 
small plastic rod or spatula. The mixture has been 
worked sufficiently when i t  appears light, fluffy, 
and uniform. Transfer this mixture to a chromato- 
graphic tube which contains a small pledget of glass 
wool, and tamp down with a rod of slightly smaller 
diameter using only sufficient force to  give the 
packing a uniform appearance. Add a 2.00-ml. 
aliquot of an aqueous sample (pH < 7, concentra- 
tion 0.5-1 mg. idoxuridine/ml.) to 2 Gm. of Celite 
in a 4-02. mortar, mix as before, and transfer t o  
the same tube; do not tamp i t  down yet. Add 
2 ml. of 0.1 N HC1 to 2 Gm. of Celite in the same 
mortar used for the sample and mix well. Trans- 
fer about half of this to  the same tube and tamp 
as before until the packing appears to be uniform. 
Then transfer the remaining portion to the tube, 
pack it in place, and top with a small pledget of 
glass wool. 
Pass chloroform-butanol eluting solvent through 


the column at a flow rate of approximately 1 ml. 
per minute. Since the exact nature of the elution 
profile may vary slightly from lot to  lot of Celite, 
it  will be necessary to  run a known idoxuridine solu- 
tion (0.5-1.0 mg./ml.) through the procedure to 
determine exactly what part of the eluate contains 
idoxuridine. Collect and save for spectrophotometric 
examination that portion of the eluate containing 
all of the idoxuridine. For most lots of Celite, 
collect a fore-run of 15-20 ml. and discard. Then 
place a 100-ml. volumetric flask under the column 
and collect the next 80 ml. Dilute to volume with 
the same solvent. Record the U.V. absorption 
spectrum versus this solvent in 2-cm. cells from 
320 to 260 mp. 


Idoxuridine, mg./original sample, ml. = 


@2daEk%?!?& X concn. of std. (mg./ml.) 


RESULTS 


(A.3, - 1.ao)Std. 


Some typical results obtained with the chromato- 
graphic method are shown in Table IV. The stand- 
ard deviation for these values is I.O%, although 
experience has shown that a more realistic value is 
1.3%. 


That this method is a stability method of assay 
is amply demonstrated by all of the chromato- 
graphic evidence and the results given in Table 
111. This can also be demonstrated by assaying 
known solutions of idoxuridine where the break- 
down products have been added; e.g., a mixture 
of 95.3 mg. idoxuridine, 14.8 mg. uracil, and 13.5 
mg. iodouracil was assayed, and the average result 


DISCUSSION 


The method presented above appears to have no 
especially critical steps. No care is taken to store 
Celite protected from the atmosphere; acid-washing 
will remove a small background absorbance, but 
this is usually unnecessary. The absorptivity for 
idoxuridine dissolved directly in chloroform-butanol 
eluting solvent is identical with that obtained by 
putting a known aqueous solution through the 
chromatographic procedure; this indicates that 
there is no retention or destruction on the column. 
However, if the mixing of Celite with standing 
phase is accomplished with vigorous grinding, E 


material of pastelike consistency is obtained. This 
results in considerably lower recoveries. 


With minor modScation, the chromatographic 
method has been applied to  other pharmaceutical 
forms and mixtures containing other drug sub- 
stances. For example, in the presence of hydro- 
cortisone, prednisolone, or dimethisoquin. which 
would normally interfere. the loaded column is 
given a prewash of chloroform prior to normal 
chromatographic development. Some materials 
such as neornycin sulfate are so soluble in the 
standing phase that they normally do not interfm. 


All of the data indicate that this procedure is 
sufficiently accurate and precise for assaying freshly 
prepared, aged. or decomposed solutions, or mix- 
tures of idoxuridine in a wide variety of situations. 


SUMMARY 


Ultraviolet light reacts with aqueous solutions 
of idoxuridine in a way which destroys its character- 
istic U.V. absorption spectrum. This suggests that 
the pyrimidine ring has been hydrated or opened. 


Light from a sunlamp reacts with aqueous 
idoxuridine solutions to produce two major products: 
2'deoxyuridine and material whose pyrimidine 
ring has been altered. 


The thermally induced hydrolysis products of 
idoxuridine are principally 5-iodouracil and 2- 
deoxyribose, with a trace to S'deoxyuridine. In 
time these will lead to  the formation of uracil. 


A column partition chromatographic procedure 
has been developed for the assay of idoxuridine in 
the presence of its decomposition products. 
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Absorption and Retention of Fluoride from 
Iniested Stannous Fluoride Dentifrice 


By SHARAD S. DESHPANDE and JOHN F. BESTER 
Absorption, excretion, and skeletal retention of fluoride were studied in rats fed 
daily 1.0 mg. of fluoride from stannous fluoride and from a dentifrice containing 
stannous fluoride. Inhibitin effect of calcium ion accompanying ingested dentifrice 
upon absorption of fluoride tkrom the intestinal tract was observed. Approximately 
50.0 per cent of the ingested fluoride from stannous fluoride and 30.0 per cent of 
that from the dentifrice were absorbed. There was a steady increase in urinary ex- 
cretion of fluoride as time progressed. The major onion of absorbed fluoride 
appeared to be retained in the skeleton. Femurs orrats receivin fluoride from 
stannous fluoride stored more fluoride than those receiving fluoride t o m  dentifrice. 
The rats showed a diminishing ability to accumulate fluoride in their skeletons with 


increase in age. 


HE DISCOVERY of the role of fluoride in the 
Tprevention of dental caries has initiated 
considerable research on this element and its 
metabolism. Stannous fluoride received its first 
attention when Muhler and Day (1) observed the 
superiority of this substance over sodium fluoride 
in protecting rats fed a cariogenic diet. Radike 
and Muhler (2) showed that a concentration of 10 
p.p.m. of stannous fluoride fed to hamsters was 
roughly twice as effective in preventing caries as 
the same concentration of sodium fluoride. 


Since these early observations there has ac- 
cumulated incontrovertible evidence that fluori- 
dation of drinking water decreases the incidence 
of caries. There has also been the introduction 
of a number of fluoride-containing dentifrices. 
Neither development has been without contro- 
versy; among the areas of dispute have been 
concern over the quantity of fluoride most desir- 
able and its method of administration. AS early 
as 1956, Hillenbrand (3), speaking for the Amer- 
ican Dental Association, pointed to the evidence 
supporting fluoridation of drinking water as the 
most effective procedure. A summary of addi- 
tional evidence was provided in a monograph by 
Elwell and Easlick (4). 


The use of fluoride as an anticariogenic agent is 
primarily a long term procedure; hence, its pos- 
sible deleterious effects upon particular patients 
must be considered. Hillenbrand (3), in refer- 
ring to a fluoride-containing dentifrice, stated, “It 
is expected that nearly all of this fluoride will be 
discharged by rinsing the residual dentifrice from 
the mouth. Small children, however, might 
swallow an appreciable portion of the dentifrice, 
thus contributing to the possibility of dental 
fluorosis, especially where adequate or excessive 
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levels of fluoride are present in the drinking 
water.” It has been recognized for years that 
impairment of growth, mottled tooth enamel, and 
defective bone structure are the chief toxic effects 
of fluoride in greatly excessive quantities (5).  


Very few studies have been made on the reten- 
tion of fluoride following ingestion of stannous 
fluoride at  high levels. In most of the feeding 
experiments in rats, sodium fluoride has been used 
(6-9). The data in all these studies confirm that 
growth of the skeleton has great influence upon 
the storage of fluoride in the bones, as young rats 
retain more fluoride than do old. A retarding 
effect on growth was observed by Muhler and 
Day (1) when fluoride was administered to rats 
at  a concentration of 159 p.p.m. Weddle and 
Muhler (10) gave 2.0 mg. fluoride (as stannous 
fluoride) to rats by stomach tube daily, for 14 
days, and found that 46.0% of the total ingested 
fluoride was stored in the skeleton. Mitchell 
(11) reported that from 95.6 to 96.2% of ingested 
fluoride could be stored in bone, and, in a later 
report (12) found that continuous feeding of 
fluoride resulted in a greater retention of the ele- 
ment in bone than did intermittent feeding of the 
same amount of fluoride. Zipkin (13) found that 
the concentration of fluoride in bone increased in 
an essentially linear fashion with increasing con- 
centration of fluoride in drinking water up to 4.0 
p.p.m. Largent (14) expressed the opinion that 
an approximate balance between the intake and 
output of fluoride is achieved following the estab- 
lishment of an approximate equilibrium in which 
the tissues-primarily the skeleton-reach and 
maintain a certain level of concentration. 


Along with skeletal storage, absorbability of 
fluoride from the gastrointestinal tract must be 
considered. Among various ions influencing the 
absorption of fluoride from the tract, calcium 
would appear to be the most important. An 
inhibiting effect upon absorption by calcium was 
observed by Muhler and Weddle (15), by Wagner 
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and Muhler (I@, and by Krylova and Gnoevaya 
( l i ) .  The form of inorganic salt accompanying 
ingested fluoride, its concentration, and its solu- 
bility, exert an effect upon absorption of fluoride 
and upon its storage in the skeleton (18). 


All the previous studies of absorption and 
retention of fluoride from stannous fluoride were 
conducted on animals receiving the chemical in 
relatively low concentrations. Because of the 
possibility of ingestion of dentifrice indicated by 
Hillenbrand (3) and the apparent lack of knowl- 
edge of absorption and retention of fluoride from 
this source, this study was undertaken. Uptake, 
excretion, and skeletal retention of fluoride from 
dentifrice were compared to  that of fluoride from 
stannous fluoride and comparisons made with 
control rats on a normal diet. 


Journal of Pharmaceutical Sciences 


TABLE I.-PER CENT ABSORPTION OF INGESTED 
FLUORIDE" 


-Absorbed From- 
Stannous 


Wk. Sex Dentifrice Fluoride 
1 M 32.9 51.5 


F 30.0 44.5 
2 M 31.5 47.2 


F 28.6 45.8 
3 M 33.0 48.6 


F 25.8 45.6 
4 M 29.0 48.6 


F 28.6 42.9 


EXPERIMENTAL 


A total of 90 rats, Wistar strain, aged 8 weeks 
was used. The deviation in weight was not more 
than 5.0 Gm. from the mean. The animals were 
divided into three groups. Each group contained 
an equal number of males and females. They 
were housed in steel cages in groups of five. Feeding 
cones were used, permitting the animals free access 
to food. A dentifrice containing stannous fluoride 
was chosen for the experimental study. As the 
dentifrice was insoluble in water, it  was decided 
to administer it in food instead of in drinking water. 
The special food was prepared as follows: 16 Gm. 
of dentifrice, containing 1.0 mg. fluoride per Gm. 
made into a thin suspension with distilled water, 
was evenly mixed with 225.0 Gm. of rat pellet ration. 
The feed was dried and reweighed to determine the 
exact amount of dentifrice incorporated. This 
served as a 3-day supply for each five rats, each 
rat receiving approximately 1.0 mg. fluoride per 
15.0 Gm. of diet. After each 3-day period, any 
food remaining in the feeding cones was weighed 
and discarded. In order that the fluoride intake 
for each five rats remain constant, the amount 
of fluoride in fresh ration was then increased to 
compensate for the quantity that was not con- 


1 t 
1 2  3 4 5 6 7 8 9 10 
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Fig. 1.-Twenty-four-hour fecal excretion of 
fluoride. (Control animals, A; animals receiving 
stannous fluoride, B; animals receiving dentifrice, 
C; solid line, males; broken line, females.) 


5 M 
F 


6 M 
F 


7 M 
F 


8 M 
F 


9 M 
F 


10 M 
F 


Mean M 


F 


34.3 
30.0 
30.0 
29.0 
31.5 
31.5 
33.0 
27.5 
30.0 
27.5 
33.0 
30.0 
31.6 f 


0.55 
28.9 f 


0.52 


51.5 
42.8 
47.3 
44.6 
51.5 
42.9 
48.6 
44.6 
48.6 
41.6 
51.5 
40.0 
49.5 f 


0.57 
43.5 f 


0.58 


Total administered less that excreted in feces, expressed 
as percentage. 


sumed from the preceding ration. This procedure 
allowed each rat to receive 1.0 mg. fluoride per day. 
For the group of rats receiving fluoride supplement 
in the form of stannous fluoride,' 61.9 mg. stannous 
fluoride (15.0 mg. fluoride) was accurately weighed 
and dissolved in 25.0 ml. distilled water. The 
solution was evenly sprayed over 225.0 Gm. of 
ration and dried. This also was a 3-day supply 
for five animals. The same procedure for correcting 
the fluoride intake after each 3-day period was 
employed. Both of the food supplies were freshly 
prepared each 3 days because of the instability of 
stannous fluoride in water. Drinking water for the 
animals was not restricted. Thus one group of 
animals, consisting of 15 males and 15 females, 
each received 1.0 mg. fluoride daily from dentifrice, 
and a second group of the same number of animals 
of each sex received a like amount of fluoride daily 
from stannous fluoride. A third similar group was 
fed the same diet without fluoride addition. 


Analyses of the diets showed that untreated 
ration had an average fluoride content of 25.0 
p.p.m.; that treated with dentifrice had 91.0 
p.p.m. ; that treated with stannous fluoride had 
93.0 p.p.m. 


A metabolism study, similar to that of Weddle 
and Muhler (19), was carried out on the animals 
weekly for 10 weeks. Two rats of each sex from 
each group were taken for each weekly study. 
Urine and feces, collected over 24 hours, were 
analyzed for fluoride content. 


Skeletal deposition of fluoride was studied by 
determining fluoride content of the femurs of the 
rats. The femurs were chosen because they have 
been shown to have an adequate fluoride content 
(18). Two rats of each sex from each group were 
sacrificed every 2 weeks by a blow on the head. 
The femurs were removed from both legs, cleaned 


1 Obtained from City Chemical Corp., New York. N. Y. 







Vol. 53, No. 7, July 1964 


TABLE II.-PER CENT RETENTION OF ABSORBED 
 FLUORIDE^ 


-Absorbed from- 
Stannous 


Wk. Sex Dentif rice Fluoride 


805 


of fluoride absorbed by male and female rats ( t  = 
3.66). The same significant difference obtains in 
capacity to  retain fluoride (Table 11). In the present 
studies, the dentifrice fed to the rats contained 
42.0% calcium orthophosphate. Each milligram, 
therefore, of ingested fluoride from the dentifrice 
was accompanied by 0.42 Gm. calcium orthophos- 
phate, yielding approximately 0.1 Gm. of calcium 
ion. This level of calcium was probably responsible 
for the interference with the absorption of fluoride 
from the intestinal tract (15-17). 


It is interesting to note from Table I1 that ap- 
proximately 81.0% of the absorbed fluoride from the 
dentifrice and 78.0 to 80.0% of the absorbed fluoride 
from the solution of stannous fluoride were retained 
by the animals. Hence, in spite of lower absorp- 
tion rates of fluoride from the dentifrice, a major 
portion of that which was absorbed must have 
been retained. 


Numerous reports (14, 22,23) on urinary fluoride 
excretion show that, at a given level of fluoride 
ingestion over a sufficient period of time, a steady 
state of equilibrium is established, so that urinary 
excretion of fluoride essentially equals absorption. 
The data in Table I1 show that such a state of 
equilibrium had not been reached after 10 weeks 
as fluoride excreted was still only a relatively small 
percentage of that absorbed. Figure 2 indicates a 
small, but steady, increase in urinary excretion of 
fluoride over the study period, indicating that grow- 
ing rats have a diminishing ability to  retain fluoride. 
This is in agreement with earlier reports (7, 9). 


Fluoride balances in the two experimental groups 
at each weekly interval appear in Table 111. High 
fluoride balance from ingestion of fluoride from 
solution of stannous fluoride, compared to that  
from dentifrice, is clearly evident. These positive 


1 M 82.9 81 .O 
F 84.8 79.4 


2 M 81.4 82.0 
F 83.5 79.7 


3 M 82.0 79.7 -~ 
F 81.9 79.5 


4 M 79.0 79.4 
F 82.5 78.0 


5 M 82.0 80.5 
F 73.4 74.9 


6 M 79.6 88.5 
F 83.4 78.8 


7 M 80.0 80.2 
F 83.7 77.4 


8 M 80.9 78.9 
F 80.6 78.1 


3 M 77.7 78.9 
F 80.6 76.5 


10 M 79.6 80.0 
F 81.1 75.4 


Mean M 80.5 f 79.9 f 
0.51 0.97 


F 81.6 f 77.8 f 
1.00 0.54 


a Total absorbed less that excreted in urine, expressed as 
percentage. 


of all extraneous tissue, weighed, and analyzed for 
fluoride content. The method used for distillation 
of the fluoride from the samples was that of Willard 
and Winter (20), with the acceptable m d i c a t i o n  
(19) that calcium oxide was used as fluoride fixative 
in the preliminary ashing procedure instead of 
calcium hydroxide. Fluoride in the distillate was 
determined colorirnetrically using a Bausch & 
Lomb spectronic 20 colorimeter and the method of 
Revinson and Harley (21). The method depends 
upon quantitative decolorization of thorium- 
chrome Azurol S dye complex by fluorine. 


RESULTS AND DISCUSSION 


The absorption of fluoride from ingested stannous 
fluoride or from dentifrice was found by comparing 
the urinary and fecal excretion of fluoride in the 
appropriate groups of rats. The total excretion of 
fluoride in feces by the two experimental groups 
and the control group is shown in Fig. 1. The fecal 
excretion of fluoride from each of the sources was 
relatively constant over the 10-week study period. 
However, the fact that fecal excretion of fluoride 
between the groups differed indicates a difference 
in amount and degree of absorption of fluoride 
from the two sources. 


On the basis of knowledge of weekly excretion of 
fluoride in urine and feces of the two experimental 
groups, the percentage absorption of ingested 
fluoride (Table I )  and the percentage retention of 
absorbed fluoride (Table 11) were calculated. Table 
I shows that an average of 68.4% of the ingested 
fluoride from dentifrice was excreted in the feces 
of the male rats, while the females excreted 71.1%. 
This amount of fluoride in the feces may be con- 
sidered as the unabsorbed part of that ingested. 
Statistical evaluation of the data in Table I shows 
that there is a significant difference in the amount 
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0.90 
0.85. 
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Fig. 2.-Twenty-four-hour urinary excretion of 
fluoride. (Control animals, A; animals receiving 
stannous fluoride, B; animals receiving dentifrice, 
C; solid line, males; broken line, females.) 
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TABLE III.-FLUORIDE BALANCE IN RATSO 


Fluoride from Fluoride lrom 
Interval, Stannous Fluoride Dentifrice 


Wk. Male Female Male Female 
1 41.7 35.1 27.3 25.4 
2 43.1 36.4 25.5 23.8 
3 38.7 36.3 27.5 2 i . 5  
4 38.5 35.0 22.6 23.7 
5 41.4 32.0 28.1 25.1 
6 37.0 35.0 24.0 23.5 
7 41.2 33.2 25.1 24.8 
8 38.3 34.7 26.4 23.2 
9 41.1 31.1 23.4 23.2 


10 38.3 30.1 26.1 24.5 
Mean 39.9 f 34.0 f 24.6 f 2 3 . 8 f  


0.64 0.70 0.67 0.37 
~~~~ ~ 


a All percentages obtained by the following formula: 


Amount of Buoriiie - Amount of fluoride excreted 
ingested per week 


Amount of fluoride 
ingested per week 


x 100 
in feces and urine 


fluoride balances in both groups of rats confirm 
previous reports (24,25). 


I t  is known that retention of absorbed fluoride 
occurs primarily in the skeleton (10, 11). The re- 
tention of this fluoride, represented by accumu- 
lation of the element in the femurs. is shown in 
Table IV and Fig. 3. The amount of fluoride re- 
tained in the femurs of the rats receiving a solution 
of fluoride was definitely a t  a higher level than that 
found in rats given fluoride in dentifrice. Although 
females from both experimental groups retained 
less fluoride than did males, when these absolute 
amounts of femur fluoride were converted to parts 
per million of ashed weight, it  became apparent 
that females retain a higher proportionate amount 
of fluoride. This is in accord with the findings of 
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Weddle and Muhler (19). It is also evident that 
the skeleton was still able to accumulate more 
fluoride, as there is no indication of the femurs 
having reached saturation levels a t  the end of 10 
weeks 


In conclusion, it would appear that the fluoride in 
stannous fluoride-containing dentifrices is appre- 
ciably absorbed from the gastrointestinal tract 
when the dentifrice is ingested. Accumulation of 
the element in bone can and does occur and that 
accumulation continues for weeks if the quantity 
ingested is sufficient. 


0.2 Iv. . 
2 4 6 8 1 0  


WKS. 


Fig. 3.-Amount of fluoride in both femurs. 
(Control animals, A ;  animals receiving stannous 
fluoride, B; animals receiving dentifrice, C; solid 
line, males; broken line, females.) 
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TABLE IV.-DEPOSITION OF FLUORIDE IN FEMURS OF RATS 


Ashed Wt. Fluoride 
of Femurs, of Femurs, Content, 


Dry Wt 


Wk. Group Sex Gm. Cm. mg. 
2 Control M 0.482 0.243 0.190 


F 0.369 0.185 0.150 
Starinous M 0.476 0.247 0.475 


fluoride F 0.354 0.184 0.400 
Dentifrice M 0.481 0.243 0.375 


F 0.383 0.202 0.320 
Control M 0.719 0.368 0.370 


F 0.523 0.209 0.310 
Stannous M 0.726 0.362 0.040 


fluoride F 0.510 0.250 0. .xi0 


F 0.512 0.262 0.500 
Control M 0.849 0.437 0.500 


F 0.603 0.317 0.490 
Stannous M 0.863 0.447 0.830 


fluoride F 0.634 0.326 0.760 
Dentifrice M 0.852 0.430 0 . 7 i 0  


Dentifrice M 0.792 0.363 0,550 


F 0.623 0.310 0 .  720 
Control M 0.977 n .494 0.710 


Dentifrice M 0.952 0.482 0.970 


F 0.765 0.397 0.620 
Stannous M 1 .O23 0,513 0,960 


fluoride F 0.776 n. 397 0.940 


F 0.732 0.357 0,900 
Control M 1.438 0.720 0.920 


F 0.978 0.491 0.800 
Stannous M 1.369 0.713 1. I60 


fluoride F 0.935 0,480 1.060 
Dentifrice M 1.423 0.708 1.140 


F 0.912 0.454 1.020 


Fluoride, 
mg./Cm.. 
Ashed Wt. 


0.79 
0.83 
1.90 
2.20 
1.54 
1.60 
1.02 
1.10 
1.80 
2.20 
1.50 
1.90 
1.10 
1.50 
1.80 
2.30 
1.70 
2.30 
1.40 
1.60 
1 .80 
2.40 
2.02 
2.50 
1.29 
2.20 
1.60 
2.20 
1.50 
2.20 
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NHALATION THERAPY, e.g., vaporizers, mist, and I aerosols, for the treatment  of respiratory 
disturbances has  been accepted as a reasonable 
procedure (1). This is particularly evident in 
the  legendary use of volatile oils for the relief of 
coughs. The basis for this type of treatment 
has been mainly empirical. It appeared per- 
tinent at this time to undertake an investigation 
of the antitussive effectiveness of certain of these 
volatile substances, given as aerosols,’ with 
controlled conditions such as the ammonia- 
induced cough assay in guinea pigs (2) and the 
citric acid-induced cough assay in humans (3). 
This report is a summary of our findings which 
offers t o  the reader animal and human data 
obtained through t h e  efforts of the same  in- 
vestigators. 


E X P E R I M E N T A L  


Antitussive Assays in  Guinea Pigs 
Method.-The method employed is a modification 


of that described by Winters and Flataker (2).  
Test animals (350 t o  450 Gm. body weight) were 
individually placed for 1 minute in a 1-L. exposure 
chamber-a plastic cylinder-into which ammonia 
vapors were introduced. Vapors were delivered at 
10 p.s.i. from an  Ohio nebulizer, which contained 200 
ml. of 0.5y0 ammonia water (Merck 28% stock) in 
___ 
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the reservoir. The concentration of ammonia in the 
exposure chamber was relatively constant under the 
experimental conditions used. 


Ammonia-induced coughs were recorded on a paper 
oscillograph (Grass model 5) via a pressure trans- 
ducer (PT 5-A) which was connected to  the exposure 
chamber and the oscillograph. The transducer was 
capable of recording respiratory rate as well as body 
movements and by proper manipulation of the sensi- 
tivity gain of the preamplifier, the gross body move- 
ment measurements could be made less apparent. 
Prior to  the antitussive evaluation, the animals were 
screened to determine their susceptibility to am- 
monia vapors. Animals that  coughed at a fre- 
quency of between 10-40 coughs per minute were 
selected for the drug study which was gencrally pcr- 
formed at least 2 hours aftcnvards. In any par- 
ticular group. the test animals were selected in a 
manner such that  their cough frequency response did 
not vary more than 10 per minute. This arbitrary 
selection helpcd to diminish wide variability within 
any test group. For the most part, the variations in 
mean cough frequency response among the test 
groups were within the range of 10 coughs per 
minute. 


To facilitate the statistical processing of the data, 
the changes in cough frequency responses between 
pretreatment and treatment measurements were 
converted to percentiles of pretreatment values. 
Generally, five animals per test level sufficed but in 
some instances, i t  was necessary to increase this 
number. Throughout the animal study a control 
nontreated group of animals was always evaluated 
simultaneously with treated animals. This monitor- 
ing was performed in order t o  eliminate any variable 
within the laboratory which might influence the 
assay and could not otherwise be detected. 
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points of the base and its hydrochloride with re- 
ported values (4). 
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REVIEWS 


Organic Syntheses. Collective Vol. IV. Edited 
by NORMAN RABJOHN. John Wiley & Sons, 
Inc., 605 Third Ave., New York 16, N. Y., 1963. 
xiv 4- 1036 pp. 15 X 23 cm. Price $16.50. 
This ten-year collective volume covers the ma- 


terials in the annual volumes 30-39. This book 
provides the name of the laboratory where the pro- 
cedure was developed as the first reference for each 
procedure and also includes an author index. Illus- 
trations of several pieces of equipment or illustrated 
suggested modiiications in equipment are provided. 
Errors in the original printings of some of the pro- 
cedures have been corrected, calculations and ref- 
erences checked, and modifications or improvements 
incorporated. The volume retains the many dis- 
tinctive features of previous collective volumes 
which have made them such valuable laboratory 
tools. 


Progress in Physical Organic Chemistry. Vol. 1. 
Edited by S. G. COHEN, A. STRBITWIESER, JR., 
and R. W. TAFT. Interscience Publishers, 
605 Third Ave., New York 16, N. Y., 1963. ix + 411 pp. 15.5 X 23 cm. Price $15. 
Interscience Publishers present the first volume of 


a new series edited by Saul G. Cohen of Brandeis 
University, Andrew Streitwieser. Jr., of the Uni- 
versity of California (Berkeley), and Robert W. 
Taft of the Pennsylvania State University co\ ering 
the relatively modern field of physical organic chem- 
istry. The series is designed to  provide a forum for 
the exchange of views and for critical and authorita- 
tive reviews of topics reported in the contemporary 
outpouring of articles in the field. The authors 
of the individual sections have been given wide dis- 
cretion so that each topic discussed should show 
an individualistic treatment. Treatment of sub- 
jects will be more detailed than the conventional 
textbook style so as to be useful to  graduate and 
practicing organic chemists who may not have any 
particular expertise in physical organic chemistry. 


The topics presented in this volume are ionization 
potentials in organic chemistry, nucleophilic aro- 
matic substitution reactions, ionization and dis- 
sociation equilibria in solution in liquid sulhu di- 
oxide, secondary isotope effects, and quantitative 
comparisons of weak organic bases. 


Papers on Hunuln Genetics. Edited by S. H. BOYER, 
IV. Prentice-Hall, Inc., Englewood Cliffs, N. 
J.. 1963. x 4- 305 pp. 15 X 23 cm. Price 
$9. 
A collection of papers originally published in tech- 


nical and scientific journals providing background 
materials on human genetics is presented. One 
outstanding contribution of this work is providing an 
English translation of some of the reports which were 
originally published in German or French. Brief 
introductory annotations have been included. The 
collection is designed to  illustrate the various ways 
in which the study of human genetics has proceeded. 
The examples have been chosen primarily to  bene- 
fit the newcomers: the students of various rank and 
training who have become intrigued with human 
genetics and its problems and wish t o  have some 
firsthand knowledge of its origins. 


Identification of Organic Compounds. By N. D. 
CHERONIS and J. B. ENTRIKIN. Interscience 
Publishers, 605 Third Ave.. New York 16, N. Y., 
1963. xii + 477 pp. 15.5 X 24 cm. Price 
$8.95. 
An abridgment and revision of “Semimicro Quali- 


tative Organic Analysis” incorporating materials 
which are either essential or useful to students of 
elementary or intermediate organic chemistry is 
presented. It includes the discussions of, and pro- 
cedures for, the classification of an unknown sub- 
stance by its solubility behavior and its acid-base 
characteristics, general tests for structure and func- 
tional groups, specific tests for chemical classes, 
and an entirely new chapter on the use of paper 
chromatography and infrared spectroscopy in the 
identidcation of organic substances. The volume 








Production of Pyridoxine and Niacin by 
Chlorella udguris and C. pyrenozdosu 


By ROBERTSON PRATT and EVELYN JOHNSON 


Two species of Chlorella were compared with respect to their content of niacin and 
of the pyridoxine-pyridoxal-pyridoxamine complex (BE) after different periods of 
incubation. Despite decreasing concentration of the vitamins (mmcg./mg. dry 
weight of cell material) in both s cies during the +week culture period, the total 
yield of each vitamin (mmcg./mrof harvested culture) increased due to the sub- 
stantial gain in total cell mass. The two species are rou hly comparable in their 
ability to produce niacin but differ with respect to Bs. T f e  niacin and B, content 
of both species compares favorably with that of conventional foods from the vege- 


table kingdom. 


ERIOUS DOUBTS have been expressed that pres- S ent agricultural methods and conventional 
sources can provide adequate food to support 
the world population in three or four generations 
if the present rate of human reproduction con- 
tinues unabated. In several countries, including 
the United States, responsible scientists have 
considered mass culture of unicellular green algae 
as a means of coping with this problem, and exper- 
iments-both laboratory and pilot plant scale- 
have been conducted, generally with species of 
Chlorella (1). 


The basal composition of Chlorelh cells with 
respect to the ratio of protein/lipid/+rbohydrate 
changes with the age of the culture, but not all 
species change equally. Comparison of C. 
vulgaris and of C. pyrenoidosa in a standard me- 
dium and in one reputed to favor production of 
lipid revealed that ( a )  both species grow poorly 
in the modified medium; ( b )  therefore, higher 
absolute yields of both protein and lipid are pro- 
duced in the standard medium, despite the lower 
percentage yield; (c) the protein content (as per 
cent of dry weight) of both species decreases with 
age, although there is an increase in the absolute 
amount of protein, i.e., mg./ml. of culture; 
and (d) at all ages and in both media C. wmi- 
dosa excels C. uulgaris as a source of lipid, whether 
results are expressed in terms of percentage of 
dry weight or of absolute yield (2). 


The present report deals with the content of 
two vitamins and their associated vitamers in 
cells of two species of Chlorelh cultured in the 
standard medium. The vitamins studied were 
niacin and BB (pytidoxine-pyridoxal-pyridox- 
amine). 


A few studies of the vitamin content of algae 
have been reported (3-6), and the view has been 
expressed that Chlorelh and some other algae 
contain vitamins sufficient to give those plants 
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“premium value. . .as human or animal food” 
although insufficient to render the plants suitable 
for recovery of vitamin concentrates (7). Mori- 
rnura (6) studied variations in vitamin content at 
different times during the division and reproduc- 
tion cycle of C. ellipsoidea grown in synchronous 
culture for short periods. However, no sys- 
tematic evaluation of Chlorelh growing non- 
synchronously and normally over a period of 
several days or weeks has been published, especi- 
ally with respect to changes in vitamin content 
that may occur with age of the culture. It 
should be emphasized that the data that follow 
deal exclusively with the vitamin content of the 
cells at  the times of harvest and do not indicate 
total production of the vitamins by Chlorella. 
Designations of mmcg. of Be or of niaan per 
milliliter of culture refer to the amounts of the 
vitamins found in the e l l s  harvested per milli- 
liter of culture and do not include vitamins pres- 
ent extracellularly in the supernatant. In most 
harvests the niacin content of the supernatant 
was 4.5 to 6.5% of the amount found in the cells. 
The corresponding figures for Bs were 18.5 to 
25%. 


EXPERIMENTAL. 


Organisms and Culture Conditions 
The pedigree of the strains of C. vulgaris and of C. 


pyrenoidosu used in this study; the method of main- 
taining stock cultures; the composition, preparation, 
and inoculation of stock and experimental culture 
solutions, and the details of cultivation, illumination, 
and harvesting of experimental cultures have been 
described previously (2). 


Microbiologic Assays 
Vitamin BE Activity.-The method of Atkin, 


et al. (8), using Saccharomyces carlsbergensis ATCC 
4228 as the test organism, was found to yield 
satisfactorily reproducible results. The coefficients 
of variability (standard deviation expressed as a 
percentage of the mean) calculated for multiple 
cultures harvested a t  five different times during the 
culture period and assayed separately ranged from 
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TAI~LE L-VITAMIN Be AND NIACIN CONTENT IN C. vulgaris AND C. pyrenoidosa 
-~ 


A Content Expressed as mmcg./mg. Dry W t .  
--C. vulgaris- C .  oyrenoidosa- 


fi-8 days 13-15 days 20-22 days 6-8 days 13-15 days 20-22 days 
Vitamin I 2 3 4 5 6 
Bs 16.05 13.51 11.51 25.28 20.55 12.80 
Niacin 258.00 225.00 189.00 240.00 183.50 128.00 


16.23 40.47 54.30 22.50 73.06 72.40 
B Content Expressed as mmcg./ml. of Culture 


253.00 645.. 98 850.69 213.60 652.41 723.97 


0.5 to 7.7%. The actual values were: 8 days, 0.5%; 
11 days, 4.6%; 15 days, 2.6%; 18 days, 7.6%; 
and 22 days, 7.7%. 


Niacin.-Kiacin was extracted from the cells 
according to  the procedure recommended by Snell 
(9), and assays were performed with Lactobacillus 
planturunz ATCC 801-1 in Difco niacin assay 
irtediutn. Greater reproducibility was achieved in 
niacin assays than in those for BS activity, possibly 
because of the greater stability and greater ease of 
extraction of niacin. The inaximum coefficient of 
variability calcuhted from the data for niacin con- 
tent was 3%. Another factor contributing t o  
greater uniformity of assays for niacin content of 
Chlorellu cells undoubtedly was the greater retention 
of niacin than of pyridoxine by the cells during the 
culture period. 


RESULTS 


Table I presents averages of the results from experi- 
ments conducted under conditions that  have been 
adopted as standard in this laboratory1 in the 
columnar culture vessels described previously (2). 
Tables IILIV are derived from Table I .  


I t  has been pointed out, with reference t o  the re- 
porting of protein and lipid contents of C. rulgaris 
and C. pyrenoidosa (2),  that  values expressed in 
terms of percentage of dry weight sometimes provide 
only a partial picture and are, therefore, misleading 
with respect to the total or absolute yields that  can be 
obtained from the two species at different times. 
Cultures with the highest percentage yields are not 
necessarily those with the largest cell population or 
cell mass. Frequently, therefore, the highest yields, 
in terms of absolute amount of protein or lipid re- 
coverable, are obtained under conditions that  pro- 
duce abundant growth of organisms bu t  a lower per- 
centage content. The same principle applies with 
respect t o  vitamin content and yield. 


In both species of Chlorellu, Bg and niacin content 
(expressed as mnicg./nig. dry weight, which may be 
considered analogous to  percentage content referred 
to  ahovc) progressively decrease during the second 
and third weeks of growth (Table I A ) .  However, 
despite the decline in coriceritration relative to  dry 
weight, there is :i cotttinuous and substantial in- 
crease in the absolute amount of each of them 
because of the large increment in total mass of the 
cultures, especially during the second week of 


1 lnoculum: 100 cells/mm.a (100.000/ml.) from 4-day 
cultures in liquid medium. Light: BOO f:c. (Mazda source). 
Aeration: 5%: CO, -t 9 5 7  air continuously passed through 
culture in finely dis1,ersed huhbles. Temperature: 20.5 f 
0 . 5 O  C. Culture medium: KNOa, 0.025 M ;  MgS01.7Hz0, 
0.02 M: K H ~ P O I ,  0.018 A4; FeS01.7HzO. 5 X lo-' M ;  
potassium citrate, 5 X 10-5 M .  Zn (as %nS01.7HzO), 
0.4 p.p .m.;  Cu (as CuSOI.5H,Oj. 0.004 p.m.; Mn (as 
h l n S O t . 4 H B )  0.4 p p .m.;  B (as HaBOd, 8.02 p.p.m. See 
Rcfrrrnce  2 for details. 


__-__ 


TABLE II.-PER CENT CHANGE IN PROTEIN AND 
\:ITAMIN CONTENT IN C. vulgaris AND C.  pyrenoidosa 


-C. rdgaris- --C. fiyrenoidosa- 
2nd wk.  3rd wk. 2nd wk. 3rd wk. 


1 2 3 4 


A % Change in Concn. 
Protein (';.'c 


drv wt . )  - 12.7 - 7.7  - 7 . 8  -36.3 
B~ (mmcg'./ 


w. 1 - 15.8 -14.8 - 18.7 -37.7 


mcg./mg.) - 12.8 -16.0 - 23.5 -30.0 
Kiacin (m- 


B yo Change in Absolute Amount 
Protein 


Bo (mmcg.; 


Niacin (ni- 


(mg./ml.) +247.4 1-41.3 +226.5 + 1 .3  


ml.) +149.3 +34.2 1-224.0 - 0.9 


mcg./ml.) +155.3 +31.6 4-205.0 +11.0 


TABLE III.--\'ALuE OF C. vulgaris RELATIVE TO 
C .  pyrenoidosn AS A SOURCE OF VITAMIN Bs AND 


NIACIN AT DIFFERENT HARVEST TIMES 
- 


-Dry Wt .  ,-- 
mmcg./ml. mywg./ml. Culture 


2 wks. 3 wkr. 2 wks. 3 wks .  
Vitamin I 7 3 4 
B6 0.66 0.90 0.57 0.75 
Niacin 1.06 1.18 0.93 1.07 


growth (Table I B) .  The magnitude of these 
changes can be more readily visualized when ex- 
pressed as percentage increment or decrement, as in 
Table 11. 


The numbers in Table I1 indicate the percentage 
loss or gain in vitamin content during the second 
week with respect t o  the levels existing at the end of 
the first week (columns 1 and 3 )  and during the third 
week relative t o  the values at the end of the second 
week (columns 2 and 4 ) .  Figures for protein are 
included for comparison. The upper and lower 
parts of the table deal, respectively, with changes 
in the  concentration of different components relative 
to dry weight and with changes in the absolute 
amounts of the components in the cells recovered 
frotrl the cultures. ( I t  is important to bear in mind 
that  the numbers in Table I1 A indicate per cent 
change in values that,  for protein, already are ex- 
pressed in percentages and, for the vitamins, are 
essentially the equivalent of percentages). 


The relative values of the two species of Chlorelln 
a5 sources of the two vitamins at 2 and 3-week 
harvest times are shown in Table 111. At both 
harvest times, C. pyrenozdosn excels C. vulgaris with 
respect t o  Bs content, whether results are expressed 
relative to  dry weight (columns 1 and 2 )  or in terms 
of total yield per milliliter of culture (columns 3 and 
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TABLE IV.-INTERDEPBNDENCE OF CONCENTRATIONS OF NIACIN, PYRIDOXINE, AND PROTEIN IN Chlorellaa 


C. oulgorir . -___C_ pyrenoidosa 
1 wk. 2 wks. 3 wks. 1 wk. 2 wks. 3 wks. 


I z 3 4 5 6 
A Niacin/Be 16.07 16.67 16.42 9.49 8.93 10.00 
B Protein/niacin 2,341 2,342 2,571 2,650 3,192 2,914 
C Protein/Bs 37,632 39,008 42,224 25,158 28,515 29,140 


- 
Calculated in terms of dry weight, i . r . ,  mmcg. niacin/mg. dry weight o f  cells divided by mmcg. pyridoxine/mg.. etc. 


TABLE V.-VITAMIN Bs AND NIACIN CONTENT OF 
Chlorella AND OF SELECTED CONVENTIONAL FOODS 


(MCG. V ~ T A M I N / ~ ~ ~  GM. OF EDIBLE PORTION)” 


Fond Item 
C. vulgaris (dried 6-8 


day harvest) 
C .  vulgaris (dried 


13-15 day har- 
vest) 


C. vulgaris (dried 20- 
22 day harvest) 


C. pyrenoidosa (dried 
6-8 day harvest) 


C. pyrenoidosa (dried 
13-15 day harvest) 


C. pyrenoidosa (dried 
20-22 day harvest) 


Apple 
Banana 
Barley 
Beef 
Beet greens 
Cabbage 
Eggs, fresh 
Lamb 
Liver, beef 
Liver, calves 
Milk, whole 
Peas, dried 
Potato 
Rice, whole 
Rice, white 
Salmon, fresh 
Soybeans, dried 
Tomatoes. canned 


Be Niacin 


1,605 25,800 


1,351 22,500 


1,151 18,900 


2,528 24,000 


2,055 18,300 


1,280 12,800 
26 200 


320 700 
320-560 3.100 
230-320 2,900-5 ; 500 


37 400 
120-290 300 


2 2 4 8  100 
25G370 4,300-5,600 
6W710 13,700 


300 16,100 
51-110 100 


160-330 3.100 
160-250 1,200-1 1400 


1,030 4 , 6 W  
340-450 1,600 


590 7,200 
710-1.200 2,300 


710 700 
Tuna, canned 440 12,800 
Spinach 60 300-600 
Wheat bran 1,380-1,570 8,700” 
Wheat, germ 850-1,600 4,600 
Yeast, bakers’ 620-700 28,200 
Yeast, brewers’ 


(dried) 4,000-5,700 36,200 


a Values for foods abstracted from Sebrell. W. H. .  and 
Harris, R .  S . .  “The Vitamins,’’ Vol. 111, Academic PTess, 
New York, N .  Y . ,  1954, and from “Nutritionnl Data 5th 
ed..  H. J. Heinz, Pittsburgh. Pa., 1962. * Brown’ rice. 


Rrnn flakes breakfast cereal. 


4) .  However, the disparity between the two species 
diminishes during the third week. This is not sur- 
prising, since growth is more rapid in cultures of C. 
pyrenoidom than in those of C. vulgaris during the 
first 2 weeks after inoculation, while the reverse is 
true during the third week. Despite the different 
growth patterns of the two species and contrary to 
the findings regarding Be, there appears to be little 
difference between the two species with respect ta 
niacin content. 


It has been pointed out that  in both species of 
algae the content of Be and of niacin, relative to  dry 
weight, decreases continuously throughout the 3- 
week culture period (Table I A )  The da ta  in Table 
IV indicate that  the decreases in concentration of the 
two entities are not independent and that  each of 


the two organisms tends to maintain a different but  
characteristic ratio of niacin t o  Be (line A ) .  The 
niacin/Bs ratio characteristic for C. vulgaris under 
the standard culture conditions mentioned above is 
approximately 16; for C. pyrenoidosn i t  is about 9 or 
10. 


Despite the potential sources of variability in the 
raw data, the values calculated from them relative 
to  C. vulgaris and recorded in line B (colunins 1-3) 
of Table IV are remarkably uniform. A similai 
approach to uniformity is seen in the results for C. 
pyrenoidosa (columns 4-6 of the Same line). The 
numbers (representing mmcg. protein/mg. dry 
weight t mmcg. niacin/mg. dry weight) can be 
interpreted as indicating tha t  the protein/niacin 
ratio tends t o  remain uniform during the 3-week 
growth period-approximately 2,400: 1 in C. vulgaris 
and perhaps slightly higher (about 2,’iOO:l) in C. 
pyrenoidosa. However, the difference recorded is 
too small t o  be considered significant at this time. 


Protein/pyridoxine ratios calculated in the same 
way (Table IV, line C) appear t o  be less uniform than 
the protein/niacin ratios (line 9) and do  not seem 
to show random variation but  instead t o  show 
increase with the age of the cultures. However, if 
there is a constant and uniform relation between 
the concentration of niacin and of Be and between 
protein and niacin in  Chlorella, there should also be a 
constant relationship between protein and Be. 
Stated another way, when the niacin/Be and pro- 
tein/niacin relationships just mentioned obtain, 
one can write the formulation 


niacin protein protein - X T 7 = -  
Be niacin Be 


Therefore, we consider the seeming progressive in- 
crease in protein/Be ratios an  artifact of coincidence 
that  arises despite the random variations in lines A 
and B. We propose that  under the conditions of 
these experiments C. vulgaris tends to maintain a 
protein/Ba ratio of about 39,000 or 40,000: 1 during 
the active growth period and tha t  C .  pyrenoidosa is 
characterized by a somewhat lower ratio-the order 
of approxiniately 29,000 or 28,000: 1. 


Table V shows the Bg and the niacin content of C. 
vulgaris and of C. pyrenoidosn harvested at different 
times and of representative conventional items o f  
diet. In  examining the data in the table, allowance 
must be made for the fact that  figures for Chlorella 
are for dried cells, whereas values for most of the 
other items (except rice, wheat, brewers’ yeast, peas, 
and soybeans) are for fresh material. The water con- 
tent of Chlorella is about 90%. Thus va1,ues expressed 
in terms of the fresh weight of Chlorella would be 
about 10% of those recorded in the table. It is 
apparent that  Chlorella compares favorably with con- 
ventional dietary vegetable sources of the two 
vitamins. 


Experiments were also performed with Chlorella 
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cultured in a nitrogen-deficient medium-conditions 
under which the organisms grow very poorly but 
produce a higher percentage (but not absolute 
aniount) of lipid (2).  Yields were so low in this 
medium that neither niacin nor Be activity could be 
satisfactorily determined with the procedures ern- 
ployed. 
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cultures. The two species are approximately equiv- 
alent with respect to niacin content. 


The niacin/& ratio remains constant in both 
species during the culture period, but the ratio 
maintained by C. vulgaris is higher than that main- 
tained by C. pyrenoidosa. Similarly, C. vulgaris 
contains more protein relative to Be than does C. 
pyrenoidosa. 


As a source of Bs and niacin, both species of Chlor- 
ella compare favorably with dietary vegetable 
sources. 
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SUMMARY 


In C. vulgaris and C. pyrenoidosa there is a con- 
tinuous decrease in the concentration of niacin and 
of vitamin Bg (mmcg./mg. dry weight of cells) 
during the second and third weeks of a 3-week 
culture period. However, despite the decrease in 
concentration of the two vitamins in the cells, there 
is a substantial increase in the absolute amount 
present in the cultures because of the large increase 
in total mass of cells during the same period. 


c. pyrenoidosa excels c. vulgaris as a source of Be 
activity whether results are expressed in terms of 
concentration in the cells or of total yield from the 
harvested cells, although the superiority of the 
fornier species diminishes with increasing age of the 
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Scope of Acetonitrile as a Solvent in the 
Nonaqueous Titration of Organic Medicinals 


By C. A. MAINVILLE* and L. G. CHATTEN 


Acetonitrile has been shown to be a useful solvent for the assay of a variety of salts 
of organic bases. Its scope as a solvent must be investigated for each individual 
compound, since solubility cannot be predicted on the basis of chemical similarity. 
This solvent has also been demonstrated to be particularly valuable in the assay of 


tablets and capsules because so few excipients cause interference in it. 


CETONITRILE has been shown to be a satis- A factory solvent medium for the titration of a 
limited number of organic compounds (1-3). 
However, its use as a primary solvent for salts of 
medicinals had been previously applied on a 
small scale by Mizukami and Hirai (4). I n  
other investigations the role of acetonitrile in the 
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titration of organic medicinal agents has been 
restricted to that  of a stabilizing solvent (5-7). 


From the results of a recent publication (8), 
which dealt with the titratability of tablet 
excipients in a variety of organic solvents, i t  was 
decided to  select those solvents in which minimal 
interference by excipients occurred and to 
determine the scope of each as a titration medium 
for the analysis of medicinals and their pharma- 
ceutical forms. Acetonitrile was one of those 
solvents chosen for this investigation. 


EXPERIMENTAL 


Apparatus 
An A. C. titrometer, Precision Scientific Co., 


equipped with a glass-calomel electrode combina- 
tion, 5-ml. microburets graduated to  0.01 ml., and 
electromagnetic stirrers were employed. 


Reagents 
Acetone A.C.S., acetonitrile A.C.S., chloroform 


A.C.S., glacial acetic acid A.C.S.. anhydrous 
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tion. Examination of the myocardium disclosed 
the presence of minimal focal areas of myocarditis 
in six of the treated animals. Two of these had 
received ouabain, nicotine, and cholesterol, while 
two were from the caffeine-nicotine-cholesterol 
group. One animal had received ouabain and 
another caffeine and nicotine. While the lack of 
more severe and consistent lesions does not allow 
any clear cut conclusions, i t  is apparent that those 
animals receiving the multiple treatment accounted 
for more than their anticipated share of the myo- 
carditie. As there was no evidence of necrosis in 
the hearts, it is also apparent that the original hy- 
pothesis stating that myocarditis predisposes to 
atherosclerotic damage was not substantiated. I t  
should be recognized that there was no real evidence 
that the injections of ouabain or caffeine even pro- 
duced myocarditis. It is suggested that eithcr 
the caffeine or ouabain treatments were not suffi- 
ciently effective to induce myocarditis or after re- 
peated injections that the tissue reaction was rc- 
duced. 
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time determinations. Because of the loss of as 
many as four out of six animals in some groups after 
l(i weeks, blood pressure and coagulation time de- 
terminations were discontinued a t  this time. Treat- 
ments were continued for 24 weeks. The hearts 
of those animals which died during this period and 
the survivors which were sacrificed a t  24 weeks 
were examined for microscopic evidence of path- 
ological damage. Cross sections were made per- 
pendicular to the basal apical axis at the level of 
the aortic ring valve and midway between thc 
aortic ring and apex. 


RESULTS A N D  DISCUSSION 


Mean systolic blood pressures and blood coagula- 
tion times are presented in Table I. The Dunnett 
"t" test (9) was performed to determine the 
significance of differences between the control and 
test values a t  16 weeks. -4s indicated in Table I ,  
all nicotine-treated groups, except nicotine combined 
with ouabain or with caffeine and the hypercholes- 
terolemic diet, induced significant ( p  < 0.05 and 
p < 0.01) increases in systolic pressure. There 
are n o  obvious reasons for the lack of a significant 
increase by these two groups. Coagulation times 
were consistently reduced by all treatments, al- 
though only nicotine or the cholesterol treatment- 
with or without caffeine or ouabain-caused a 
significant ( p  < 0.05) lowering. 


Histopathological examination revealed minimal 
to advanced suhintimal lipid deposition in the 
sniall to medium coronary arteries of all animals 
treated with the cholesterol diet. There was no 
indication that any of the treatments increased 
either the severity or the extent of the lipid deposi- 


Antispasmodic Effects of 9-[ (N-Methyl-+piperidyl) methyl] 
Thioxanthene Hydrochloride 


By H. LAUENER* and R. C. POGGE 


A new compound, 9-[(N-methyl-3-piperidyl)methyl] thioxanthene hydrochloride 
(methixene hydrochloride)' has shown parasympatholytic properties, strong inhibi- 
tion of gastrointestinal motility in rats, mice, and guinea pigs and less active in- 


hibition of salivation and pupil dilation. Its oral toxicity is low. 


AVIEZEL, ET AL.,  have described the synthesis C (1) and pharmacology (2) of a large series of 
thioxanthene derivatives. During early studies, 
interest was concentrated on the antitremorine prop- 
erties which resulted in trial of one of these com- 
pounds-subsequently identified as methixene hy- 
drochloride-in the symptomatic treatment of 
paralysis agitans for which relatively high dosage 
is required. The early work included mention of 
inhibition of gastrointestinal motility even by low 
doses of 9- [( AT-methyl-3-piperidyl)methyl] thio- 
xanthene hydrochloride. Later, clinical investiga- 
tors explored the possibility that this compound 
might he useful in the symptomatic treatment of 
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manifestations of gastrointestinal hypermotility 
and spasm. The clinical findings will be published 
elsewhere (3-5). The present study represents 
an expansion of the preliminary work to include 
motility studies in three species of experimental 
animals. 


The chemical structure of methixene hydrochlo- 
ride may be represented 0 \ 


dH;? . HCI 


EXPERIMENTAL 
Inhibition of Intestinal Passage of Charcoal. 


' l l c  ; d i m  of methixenc hydrochloridc upon t h c  
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Action on Reflex Peristalsis in the Anesthetized 
Guinea Pig.-Guinea pigs (weighing 30C-400 Gm.) 
which had been fasted for 24 hours were anesthetized 
with 1.2 Gm./Kg. of urethane administered subcu- 
taneously. The intestine was ligated about 10 cm. 
from the cecal end of the ileum and a cannula tied 
about 6 cm. craniad. The cannula was connected 
to  a pressure-recording instrument (pneumatic pres- 
sure-intensifier) and a water storage vessel which 
made possible a continuous raising of the pressure in 
the separated ileum segment. The peristaltic 
pressure-waves beginning with a constant pres- 
sure for each animal were measured. I t  has been 
found in our experiments that following injection 
of parasympatholytic agents, the critical pressure 
threshold does not rise, but the intensity and dura- 
tion of the peristaltic waves decrease. 


The peristaltic reflex was induced at intervals of 
10 minutes by increasing the pressure for 3 minutes, 
then lowering it to  normal. Thirty minutes after 
the operation, it was generally possible to  reproduce 
the number and intensity of the pressure waves. 
To evaluate the action of the preparations, the 
wavelike increases of pressure for every 10 minutes 
of experimental period were added. The mean of 
three or four values before injection of the prepara- 
tions was calculated; the values just after intra- 
venous injection of the preparations were expressed 
in percentage of the control mean. 


It was possible to read off the EDw, i.e., the dose 
with which reflex peristalsis would be inhibited by 
Myo, from the dose-effect curve. The preparations 
were injected intravenously in doses increasing 
threefold, the next higher dose being injected only 
when the peristaltic reflex could be induced in re- 
peated experiments to the same extent. 


Inhibition of Salivation in the Mouse and 
Rat.-Salivation was induced by intraperitoneal 
injection of 1 mg./Kg. of pilocarpine. At the 
same time the test preparation was injected intra- 
venously (five rats or ten mice per dose). Saliva- 
tion was observed 15 and 30 minutes after injection 
by wiping the mouth of the animal on a blotting 
paper. Only the presence or absence of saliva was 
noted. It was possible to draw a dose-effect curve 
with the number of animals without saliva in per- 
centage of the number per group and to determine 
the EDm from it. 


Inhibition of Salivation in the Guinea Pig.- 
Salivation was induced by intraperitoneal injection 
of 3 mg./Kg. of pilocarpine. The test preparation 


rate of intestinal passage of charcoal in mice and rats 
was studied at the Wander Research Institute, 
Berne. Switzerland. The method employed was a 
modification of that reported originally by Macht, 
el al. (6). Specifically, the time during which a 
standard dose of atropine shows an optimum inhibi- 
tory effect was selected as the interval to be observed 
between administration of charcoal and sacrificing 
of the animals. 


The 
animals were deprived of food on the previous 
evening. Five minutes after intravenous injection 
of either methixene hydrochloride or atropine, a 
charcoal suspension containing 1 Gm. of active 
charcoal (Norit A) and approximately 100 mg. of 
gum arabic in 7 ml. of distilled water were admin- 
istered by stomach tube. Mice and rats were 
sacrificed by concussion 10 and 30 minutes later, 
respectively; the entire small intestine was quickly 
extirpated. 


The distance traveled by the charcoal suspension 
and the total length of small intestine were meas- 
ured with the intestine hanging freely. 


In all animals, the distance traveled by the char- 
coal suspension was calculated in per cent of bowel 
length. Mean values of the treated groups were 
expressed in percentage of the control group. From 
the dose-effect straight line graphs, it  was possible 
to read off the EDw, i.e.. the dose with which the 
transport of charcoal would be delayed by 50%. 
Important data on the method are shown in Table 
I. 


Male rats and mice of each sex were used. 


TABLE I.-METHOD USED I N  DETERMINING THE 
ACTION OF METHIXENE HYDROCHLORIDE ON MICE 


AND RATS 


Mice Rats 
Animal weight 18-21 Gm. 140-180 Gm. 
Animals per dose 10 6 
Interval between ad- 


ministration of char- 
coal and sacrificing 10 min. 30 min. 


Volume of charcoal 
suspension 0.05 ml. 0.2 ml. 


Mean length of small 
intestine 45 cm. 100 cm. 


Distance traveled by 
charcoal in per cent 
of bowel length in 
control animals 4&60’34 55-75’34 


TABLE II.-~ARMACOLOCIC RESULTS OF MBTHIXENE HYDROCHLORIDE AND ATROPINE 


Ratio Methixene 
Methixene Hydrochloride/ 


Hydrochloride Atropine Atropine 
Effect on Gastrointestinal Motility 


Mouse: EDm, mg./Kg. i.v. for inhibition of charcoal 


Rat: EDw, mg./Kg. i.v. for inhibition of charcoal pas- 
p-ge 6.8 2.9 2.2:l 


saze 1.4 0.33 4.2:l 
Guinea Pig: ED6~,  mg./Kg. i.v. for inhibition of peris- 


taltic reflex 0.15 0.009 16.7:l 
Effect on Salivation 


Mouse: EDw, mg./Kg. i.v. (50yo inhibition) 3.2 


Guinea pig: EDw, mg./Kg. i.v. (50% inhibition) 4 .0  
Rat: EDM, mg./Kg. i.v. (50% inhibition) 3.5 


0.1 32: 1 
0.04 87: 1 
0.062 64.5:l 


Mydriatic Effect 
1.3 O . U B 5  20: 1 


.- 
MCJUSC: EDm, rng./Kg. S.C.  - . - - . -__ ____.____-___ . 
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as the controls. Weight gain in the treated animals 
and controls, hematological findings, and macro- 
scopic and histologic examination of the organs 
gave no indication of toxic action of methixene 
hydrochloride in this dosage (2). Studies in rats 
for 18 months and in dogs for 12 months and suitable 
progeny studies are in progress and will be reported 
when completed. 


CONCLUSION 


It is evident that methixene hydrochloride is 
somewhat less active than atropine in the intestinal 
passage test and also with regard to inhibition of the 
peristaltic reflex. However, if the characteristic 
secondary actions of parasympatholytic agents, 
inhibition of salivation, and mydriatic action are 
considered, far higher doses of methixene hydro- 
chloride are required to produce these effects than 
those of atropine. 


In the three animal species studied, the thera- 
peutic ratio of methixene hydrochloride (range 
between gastrointestinal effect and undesired side 
effects) is from four to 21 times higher than that 
of atropine. 


Studies in experimental animals justify the thera- 
peutic evaluation of methixene hydrochloride in 
the symptomatic management of conditions as- 
sociated with gastrointestinal hypermotility or 
spasm. 


Long term toxicity studies and progeny studies 
should be completed before methixene hydrochlo- 
ride is released for general use. 
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was injected simultaneously and also intraperitone- 
ally (eight animals per dose). Salivation was ob- 
served 30 minutes after injection by wiping the 
mouth of the animal on a blotting paper; the EDso 
was determined by the Same procedure employed in 
the experiment on mice and rats. 


Action on Pupillary Width.-The pupillary width 
in unanesthetized mice was measured with a binocu- 
lar lens with a magnification of 15 times 30 minutes 
after subcutaneous administration of the drugs 
(Pulewka, P., Arch. Exptl .  Pathol. Pharmakol.. 168, 
307(1932)). The EDaw (dose which increases the 
pupil size to 300% of the control value) was deter- 
mined. 


RESULTS 


Pharmacologic results of methixene hydrochlo- 
ride and atropine are shown in Table 11. 


I n  three species tested, the relative potency of 
methixene hydrochloride to atropine reveals that 
with respect to inhibition of gastrointestinal mo- 
tility, atropine is 2.2 to 16.7 times as potent, but 
with reference to inhibition of salivation, atropine 
is 32 to 87 times as potent. In the mouse, atropine 
is 20 times as potent as methixene hydrochloride 
with respect to mydriatic effect. 


ACUTE TOXICITY 


The values of the LDm and their confidence limits 
have been calculated according to the Litchfield- 
Wilcoxon method (7). The intravenous LDw 
for methixene hydrochloride is 18.0 (15.8 to 20.5) 
mg./Kg. in mice and 24.0 (21.0 to  27.4) mg./Kg. 
in rats. Orally, the LDS is 430 (3-530) mg./Kg. 
in mice and over 1,500 mg./Kg. in rats. 


CHRONIC TOXICITY 


Initial studies on the tolerance of methixene hy- 
drochloride during long term administration were 
carried out in rats. Three groups of ten animals 
each received 1, 4, and 15 mg./Kg. of the drug with 
the food for 9 months. An untreated group served 


Analysis of Dosage Forms Containing Ephedrine 
and Barbiturate Combinations 


By MARTIN I. BLAKE and DANIEL A. NONA 


Procedures are presented for the determination of ephedrine salts in  combination 
with barbiturates in  tablets and capsules. An aliquot repared from the dosa e form 
is passed through a strong anion exchange resin. Tge  ephedrine, containe3 in  the 
eluate, is determined by titration with standard hydrochloric acid. The  barbiturate 
is eluted from the column with acetic acid in ethanol and determined by nonaqueous 
titration. A modification of this procedure is proposed for formulations containing 
the sodium salt of the barbiturate. The methods are simple, accurate, and less time 


consuming than the official assay. 


HE OFFICIAL ASSAY (1) for ephedrine sulfate and T phenobarbital capsules involves ether extraction 
of the phenobarbital and a Kjeldahl distillation 
procedure for the estimation of the ephedrine con- 
tent. The assay procedure has remained essentially 
unchanged since N.F. VIII when this dosage form 
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first became official. The distillation technique was 
originally proposed by Hilty (2). The ephedrine 
sulfate solution is refluxed with hydrochloric acid 
and distilled in the presence of zinc dust and sodium 
hydroxide into a solution of standard acid. The 
ephedrine is determined by residual titration of the 
distillate. The method is tedious and time consum- 
ing. 


Hilty and Wilson (3) analyzed tablets containing a 
combination of ephedrine sulfate and a barbiturate 








Communications 


Structure of Lomatin, 
A New Coumarin 


Sir: 


Exa rr... iation c the coumarin content of the 
petroleum ether extract of Lomatium rrutbllii 
(A. Gray) has revealed that the principal com- 
ponent is a compound, m.p. 187-188O, [a]gO + 
74.8' (EtOH), corresponding to the formula 
ClaH:r04. We have named this substance 
lomutin, and our structural studies indicate 
that it is (+)-3'-hydroxy-3',4'-dihydroseselin 
(I). Infrared spectral (Nujol mull) show prin- 
cipal absorption frequencies a t  3500 (free OH), 
1700 (C=O), 1600 and 1487 (aromatic C=C), 
1281 and 10'75 em.-' (OH deformation and C-0 
stretching). Ultraviolet spectra show 
246 mp (loge 3.78), 257 (3.56), and 329 (4.11); 
Xz2H 242 mp (loge 3.49), 252 (3.55), and 264.5 
(3.30). 


The nuclear magnetic resonance (NMR) 
spectrum of I showed absorption at 1.37 and 
1.41 p.p.m. (gern-dimethyl) and at  2.6 p.p.m. 
(hydroxyl). Absorptions were observed a t  2.93 
and 3.11 p . p m  (Jab = 5 cps.) for the 4'-protons 
and at  3.89 p.p.m. ( l a b  = 5 cps.) for the 3'-pro- 
ton. Peaks at  6.16 and 7.60 p . p n  (Isb = 10 
cps) are assigned to protons at  positions 3 and 4, 
respectively, whereas protons a t  positions 6 and 
5 are found to absorb a t  6.77 and 7.22 p p.m. (Jab 


= 8 cps.), respectively. The hydroxyl proton 
absorption at  2.6 p.p.m. (concentration and 
temperature dependent) was eliminated by ex- 
change with DzO, confirming the infrared OH 
stretching at  3500 ern.-'. Formation of an ace- 
tate, m.p. 14Io, combined with negative tests 
for phenol, conclusively showed the presence 
of an alcoholic hydroxyl group. Acid cata- 
lyzed dehydration yielded dihydrooroselone 
(II), confirming the suspected coumarin character 
of the nucleus. Furthermore, it revealed the 
presence of a ring system attached through an 
ethereal oxygen at position 7 to position 8. 


Possible structures of the furanocoumarin 
type, based on 11 as a dehydration product, would 
be 111, IV, and V. Of these, 111 is the structure of 
~- 


I The authors have previously but erroneously (3) reported 
that the absorption frequencies of (*)-I  were 3636 (free OH), 
1720 (C=O) .  1295 and I090 cm.-' (OH deformation and 
C-0 stretching). The corrected values, identical with those 
of ( + ) - I ,  are given in this communication and were ob- 
tained with a Perkin-Elmer 521 grating infrared spectropho- 
torn e t er . 


columbianetin, unequivocally established pre- 
viously (1). Structure I V  would be a hemiketal 
ruled out by the insensitivity of lomatin to acid 
and by nonconformity to the NMR spectrum. 
Structure V likewise does not conform to the 
NMR spectrum but, in addition, is eliminated 
on the basis of the alkaline hydrolytic data on the 
acetate of I because esters derived from coumarins 
having a hydroxyl group on the benzylic carbon 
a t  position 8 of the coumarin nucleus are un- 
usually sensitive to alkali, having half-lives of 
only a few minutes a t  best. Such esters are 
subject to a rapid S N ~  type of acyloxyl expulsion 
triggered by the neighboring phenoxide anion 
when the coumarin lactone ring is opened ini- 
tially by base (2, 3). No such rapid hydrolysis 
was observed in the case of the acetate of I, 
inasmuch as the hydrolytic data showed a 
half-life of 28 minutes for this ester. The re- 
maining structural possibilities were VI and I ,  
assuming that a ring contraction could occur 
under the conditions of dehydration to yield 11. 
Structure V I  is eliminated by the hydrolytic 
arguments against V, although the NMR con- 
ceivably could be applicable. Thus, I was the 
most likely candidate, and this assignment was 
confirmed in two ways. The first was by mar- 
shaling the hydrolytic data for comparable com- 
pounds. A comparison with hydrolytic data 
reported by Willette and Soine (3) on 3'-acetoxy- 
4'-methoxy-3',4'-dihydroseselin (VII) with that of 
the acetate of I shows that the data are com- 
patible with I. Compound VII has been shown 
to have a half-life of 8.5 minutes under similar 
conditions of alkaline hydrolysis which showed 
a half-life of 28 minutes for the acetate of I. 
Rabinovitch and Schrarnm (4) have shown that 
the relative rates of basic hydrolysis of 2-ethoxy- 
ethanol-l-acetate to ethyl acetate a t  25' is 
2.41. Portoghese and Malspeis (5) have, like- 
wise, shown similar relative rates of basic hy- 
drolysis for 2-methoxyethyl and ethyl esters of 
(+) - a - (2 - piperidyl) - phenylacetic acid. The 
ratio of rates of hydrolysis of the acetate of I 
and VII (3.29) is in fair agreement with the above 
authors. Further evidence for a secondary 
alcohol function in I was obtained by comparing 
the NMR spectra of I and its acetate. It is 
well known (6) that a methine proton attached 
to a carbon bearing a secondary hydroxyl group 
usually exhibits absorption in the NMR at a 
frequency about 60 to 70 cps. higher than when 
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I1 OH 
I 


VI 


bOC- CH3 
VII 


the hydroxyl is acetylated. The frequency 
shift in the case of I and its acetate was 70 cps., in 
excellent agreement with its assigned character. 


Finally, direct comparison of the NMR spectra 
of racemic I and its acetate* with their natural 
counterparts revealed that they were superim- 
posable. 


This represents the first report to our knowl- 
edge of the natural existence of I, although it  
may be pointed out that the structurally undefined 
hydroxy-containing coumarin recently reported 
by Hata el ul. (7) from the roots of Angelicu 
formosum Boiss., m.p. 187-18S0, with the same 
empirical formula may well be identical with 
lomatin. The reported data, however, are not 
sufficient to make a firm identification. Finally, 
it should be noted that racemic I also has been 
reported by Mustafa et ul. (8), in 1961, through 
controlled hydrolysis of visnadin with alcoholic 


1 Previously prepared in these laboratories (3). It may be 
noted that the preaent work actudly validates the well- 
accepted, but not nmssarilyproven, structure of race& I. 


sulfuric acid, followed by aluminum isopropoxide 
reduction. 
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Analysis of Drug Mixtures Containing 
Antihistamines by Quantitative 


Thin-Layer Chromatography 
By J. C. MORRISON and L. G. CHATTEN 


A method is described which utilizes the application of thin-layer chromatographic 
techniques to the analysis of antihistamines in mdticomponent pharmaceuticals. 
The procedure is relatively rapid and convenient and requires no expensive equip- 
ment. Tablet and ca sule ercipients do not interfere. Quantitative measure- 
ments are accomplishes by spraying the developed plate and measuring the area of 


the spot. 


HE WIDE-SPREAD USE of antihistaminic 
Tpreparations has resulted in the develop- 
ment of several analytical techniques for the 
assay of these compounds in pharmaceutical 
preparations. The “United States Pharma- 
copeia“ (1) utilizes nonaqueous titrimetry for 
the quantitative determination of the crystalline 
antihistamines, but prefers analyses by ultra- 
violet spectrophotometry for the commercial 
products. The 1963 edition of “The British 
Pharmacopoeia” (2) also employs nonaqueous 
techniques for the crystalline materials, but 
methods for the products vary widely from 
spectrophotometry to the rather obsolete Kjeldahl 
procedure. None of the procedures in either 
compendium are of value in the analysis of 
multicomponent pharmaceuticals. 


A report by Clair and Chatten (3) presented a 
nonaqueous technique which is an accurate and 
convenient means of assaying single-component 
antihistaminic products, but is of no value where 
the antihistamines are combined with other 
nitrogenous bases. 


Since its introduction by Stahl (4), thin- 
layer chromatography has found an increasing 
number of applications in the separation and 
estimation of inorganic, organic, and biological 
mixtures. Within the past few years, several 
papers have been published which describe 
quantitative thin-layer techniques (5-7). Usu- 
ally these have involved either the elution of the 
substance from the adsorbant and its sub- 
sequent estimation by chemical analyses (8) or 
the careful measure of the area of the spot from 
which the concentration of the substance can 
be calculated. By this latter technique Purdy 


tography that the square root of the area of the 
spot is directly proportional to the logarithm 
of the weight of the material present. These 
workers developed a procedure which separated 
and quantitatively determined mixtures of 
organic compounds and inorganic cations. 


Since antihistamines are combined with a 
wide variety of other medicinal agents in multi- 
component products, their isolation and estima- 
tion from such mixtures frequently is time con- 
suming; the results leave much to be desired. 
One of the great advantages of thin-layer 
chromatography is its rapidity. Hence, the 
purpose of this present investigation was to 
determine whether this technique could be 
utilized in the analysis of multicomponent 
antihistaminks. 


EXPERIMENTAL 


Materials and Apparatus.-Glass plates (200 X 
200 mm.) and glass developing tanks (12-in. diame- 
ter, 12 in. deep) lined with solvent saturated filter 
paper were used. 


Adsorbant.-The adsorbant was silica gel G 
(Cave & (20.). 


Solvent.-Glacial acetic acid, A.C.S. : distilled 
water (20:80) served as the solvent. 


Spray Reagent.-Five grams of ceric sulfate was 
dissolved in 10 ml. of concentrated sulfuric acid. 
Distilled water was added to 100 ml. 


Preparation of Plates.-The plates were coated 
with a layer of adsorbant 260 mp thick according 
to the method of Stahl (4). The slurry was pre- 
pared by mixing 25 Gm. of silica gel G with 50 ml. 
of 20% 1.2 dimethoxyethane in distilled water. 
This gave a smooth, even dispersion of silica gel 
which was not liible to flake or crack. 


Standards.-One-hundred milligrams of the drug 
was dissolved in 25 ml. of water. All standards 


and Truter (9) have shown in thin-layer chroma- were freshly prepared. Compounds used were 
Recdved Februarv 11. 1064. from the F d t w  of Phnr- 


following manufacturas-for supplies of reference atandards 
and pharmaceutiul products: Abbott Laborcrtories Ltd. 
Hoffmann-La Roche Ltd.. Poulenc Ltd.. Schering Corp,, ad 
of Montreal. Eli Lill & Co., Toronto. Parke-Daws h 
Co.. Ltd., Bkkville. Ltario;  Pitman-kme,  Don Mills, 
Ontario; Wmthrop Laboratories. Aurora. Ontario. 


methapyrilene hydrochloride (I), chlorpheniramine 
m&r; univer4ty  of ~ m o n t o n , M ~ b ~ - - c ~ ~ a ~ ~  maleate (11), diphenhydramine hydrochloride (111). 


Accepted for publlcotion March 6.1964. promethazine hydrochloride (IV), pyrilamine The authors acknowledge the technical adatance of MI- 
M. J. c o ~ t s ~ ~ r t h .  Thw  SO acknowledge with thanks the maleate (v), and I-phenylephrine hydrochloride 


(VI). All drugs were supplied by manufactmets 
and used without further purifications. 


Application of Drugs.-Three solutions of each 
drug were prepared: a standard solution, a dilution 
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TABLE ~.-CHROMATOCRAPHIC DATA ON SELECTED DRUGS 


Min. 
Detect- Rf in 


ahle 20% 
Spot. spot. Quantity. Acctic 


Drug SP-Y Color Shape mcg. Acid 
Methapyrilene hydrochloride Ceric sulfate Grey Elliptical 15 0.38 
Chlorpheniramine maleate Ceric sulfate White Elliptical 25 0.27 
Diphenhydramine hydro- 


chloride Ceric sulfate Yellow Circular 15 0.55 
Promethazine hydrochloride Ceric sulfate Pink Circular 10 0.51 


Ephedrine hydrochloride Nmhydrin Pink Circular 15 0.59 
Phenindamine tartrate Ceric sulfate Grey Elliptical 15 0.35 


Pyrilamine maleate Ceric sulfate Purple Elliptical 15 0.35 
I-Phenylephrine hydrochloride Ceric sulfate Brown Circular 15 0.83 


TABLE II.-QUANTITATIVE RESULTS ON SINGLE DRUGS AND BINARY MIXTURES 


Individual Drugs 
Thenylene HCI 


Chlorpheniramine maleate 


Diphenhydramine HCI 


Promethazine HCI 


Pyrilamine maleate 


I-Phenylephrine HCI 


Binary Mixtures 
Thenylene HCl 
I-Phenylephrine H CI 
Chlorpheniramine maleate 
Z-Phenylephrine HCI 
Diphenhydramine HCI 
l-Phenylephrine HC1 
Promethazine HC1 
I-Phenylephrine HCI 
Mepyramine maleate 
I-Phenylephrine HCl 


Amount 
Added, 


mcg. Recovered, f 


~~ ~ 


Recovered, 
% 


~- 
Determi- 
nations. 


No. 


25 ~. 


50 
25 
50 
25 
50 
25 
50 
25 
50 
25 
50 


25 
25 ~. 


25 
25 
25 
25 
2 5 ~- 
25 
25 
25 


25.18 f 2.17 
48.86 f 3.57 
24.93 f 2.27 
50.13 f 3.57 
25.78 f 1.76 
52.46 i 2.47 
25.20 f 1.60 
50.29 f 4.01 
25.43 f 1.69 
51.71 f 4.61 
25.48 f 1.34 
50.76 f 4.59 


24.99 f 1 
25.61 f 1 
2 5 0 4 f 1  
25.46 f 1 
24.61 f 1 
25.51 f 1 
25.32 f 1 
25.89 f 1 
24.94 f 1 
25.54 f 1 


.44 


.59 


.58 


.41 


.60 


.81 


.83 .a 
. .50 
.71 


100.72 
97.72 
99.72 
100.26 
103.12 
104.92 
100.80 
loo. 58 
101.72 
103.42 
101.92 
101.52 


99.96 
102.44 
100.16 
101.84 
98.44 
102.04 
lot. 28 
103.56 
99.76 
102.16 


23 
23 
35 
26 
23 
29 
29 
24 
25 
21 
28 
27 


25 
25 
26 
26 
28 
28 ~~ - 
25 
25 
29 
29 


Area. 
mm.1 


164 
247 
136 
271 
170 
179 
160 
175 
184 -~ 
216 
161 
180 


164 
161 
136 
161 
170 
isi 
160 
161 
184 
161 


prepared from the standard, and the unknown. 
Fifteen microliters (3 mcg./ml.) of the diluted 
standard, 20 pl. (4 mcg./ml.) of the standard, and 
25 pl. (5 mcg./ml.) of the unknown were applied 
to the plates from self-filling lambda pipets cali- 
brated to deliver accurately known volumes. The 
size of the spot of application of these solutions 
was about 10 mm. or less. The spots were applied 
20 mm. from the edge of the plates and were allowed 
to develop over 150 mm. from the starting line 
after the tanks had equilibrated overnight. 


Detection of Spot Area.-When the solvent 
reached the finishing line, the plates were removed, 
dried for 30 minutes at room temperature, and 
sprayed with ceric sulfate solution. They were 
developed at 120' for 2 hours. 


Measurement of Spot Area.-The area of the 
spot was outlined carefully with a dissecting needle. 
A sheet of transparent paper was superimposed on 
the spot and the area traced. Sheets of acetate 
viewfoil, on which circles and ellipses of known area 
had been imprinted, were superimposed on the 
paper and the area calculated. Areas could be 
added or subtracted from the circles or ellipses 
by placing a sheet of millimeter graph paper under 
the viewfoil and calculating the specific area to  
be determined. 


RESULTS AND DISCUSSION 


The investigation fell into three parts: (a) to 
ascertain whether the concentration of single 
drugs could be related directly to their spot area 
and to determine the maximum and minimum 
quantities of the drugs that could be employed; 
( b )  to separate and estimate the concentration of 
individual drugs in synthetic binary mixtures; and 
( c )  to apply this technique to the analysis of anti- 
histamines in various pharmaceutical preparations. 


When the developed plates were sprayed with 
the ceric sulfate solution, each drug gave a char- 
acteristic color on a faint yellow background. The 
lower limits of detection, in micrograms, varied 
with each drug. The values quoted in Table I 
are the minimum quantities necessary for quantita- 
tive area measurement. All areas were marked 
out following the removal of the plate from the 
oven because the spots faded slightly with time. 
In general, the smaller the initial area of applica- 
tion of the solutions, the more uniform the area of 
the developed spot. In practice, the area of applica- 
tion should not exceed 10 mm. It was also ad- 
vantageous to  insure that the unknown solution 
had a slightly higher concentration than the ref- 
erence standard. 
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Table I1 shows that most of the drugs when ap- 
plied in concentrations of 25 or 50 mcg. can be 
estimated with an accuracy of approximately 3%. 
Diphenhydramine hydrochloride appears to be an 
exception to this when applied alone. However, 
when this antihistamine was applied in combma- 
tion with I-phenylephrine, the percentage recovery 
was improved considerably. In binary mixtures, 
the recoveries of all other antihistamines were 
highly satisfactory. Figure 1 depicts a classical 
plate which has been developed and sprayed in the 
manner described in this paper. 


The formula employed to calculate the areas was 
as follows (9): 


log w = log w + ( Sd 1 7;) log d 


where W = weight of the unknown, W, = weight of 
the drug in the standard solution, d = the factor 
involved in diluting the standard to the weaker 
standard solution, A = area, in mm.l, of the “un- 
known’’ spot, A, = area, in mm.*, of the “standard” 
spot. and A d  = area, in mm.l, of the “diluted 
standard” spot. 


The pharmaceutical preparations were assayed 
conveniently by the proposed technique, and the 
results are reported in Table 111. The recoveries 
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are within the limits of experimental error for thin- 
layer chromatography. However, it  was essential 
to vary the concentration of the solution applied to 
the plates from one drug to another in a way such 
that the solution of a particular drug being es- 
timated contained at least the minimum detectable 
quantity. A classical example would be Histadria  
capsules which contain 8 mg. of ephedrine hydro- 
chloride and 25 mg. of methapyrilene hydrochloride. 
In determining the methapyrilene content, five 
capsules were dissolved in water, filtered, and made 
up to 25 ml. Five microliters of this solution and 
5 pl. of a 3-5 times dilution of it were applied to  the 
plate. Twenty micrograms in 5 PI. of methapyrilene 
hydrochloride was applied as the standard. Similar 
adjustments were made to  estimate the ephedrine 
content. 


Attempts were made to obtain comparative 
analysis of the commercial samples by the procedure 
reported by Clair and Chatten (3). In every in- 
stance, no satisfactory visual or potentiometric 
end point was observed; undoubtedly, the com- 
plexity of the products was the major contributing 
cause. The nonaqueous technique can only be 
considered to be satisfactory for certain single- 
component products, as previously reported (3). 
The present method has the advantage of being 
applicable to single or multicomponent products. 


Fig. 1.-Developed chromatoplate with acetate viewfoil used in area measurement. Spots 1-6. 
1-phenylephrine hydrochloride; spots 7-9, thenylene hydrochloride; spots 10-12, pyrilamine maleate. 


TABLE I I I . 4 U A h T I T A T I V E  ANALYSIS OF PHARMACEUTICALS BY TE~N-L.+Y~R CHROaaATOCRAPHY 


Amount 
per 


Tablet Determina- 
Lnbelled Amount per Tablet Recovered, tions, 


Trade Prepn. mg. Recovered. f % No. 
Histadrim (capsules) 
Ephedrine HCI 8.00 . . .  7.79 f 0.46 97.42 30 
Methapyrilene HCI 25.00 26.12 f 2.75 104.48 30 
Romilar CF (capsules) 
Phenindamine tartrate 6.50 6.64 f 0.73 102.15 30 
E-Phenylephrine HC1 5.00. 4.90 f 0.37 98.96 30 
T k e n y h e  A.P.C. (capsules) 
Methapyrilene HCI 25.00 25.05 f 2.87 100.20 30 
Chlor-tripolon (tablets) 
Chlorpheniramine maleate 4.00 3.86 f 0.30 96.42 29 
Histdyl  (capsules) 


Romilar CF full strength (capsules) 
Chlorpheniramine maleate 1 .oo 0.94 f 0.09 94.32 30 
1-Phenylephrine HCI 5.00’ 5.09 f 0.36 101.73 30 


Methapyrilene hydroxybenzoyl benzoate 25.00 23.63 f 2.48 94.52 29 
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provided the respective components separate suf- to pharmaceutical preparations. For example, 
ficiently sharp to pennit measurement on the plate. tablet excipients and diluents do not interfere with 


Determining a satisfactory solvent system can be the separation of the active constituents or their 
done qualitatively by finding the Rj values of each delineation. In addition. several assays can be 
component on a silica gel coated glass microscope performed on multicomponent dosage forms in 
slide. A 250-ml. beaker covered with aluminum a normal &hour day. 
foil makes a satisfactory developing chamber. 
Development takes about 20 minutes and, in this REFERENCES 
way, a large number of solvents can be examined 
rapidly. 
In their report. Purdy and Truter (9) estimated 


all area measurements by using millimeter graph 
paper. This method is tedious and can result in 
eye strain. Using viewfoil on which circles and 
ellipses of known areas are imprinted is much more 
rapid and convenient. When standard areas were 
checked by both methods, the resulting Werences 
were 3% or less. 


The proposed method is conveniently applicable 
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Novel Decarboxylative N-Alkylation Reaction 
Resulting from Controlled Pyrolysis of Procaine 


By NATHANIEL GRIER 


2-Diethyluninoerhyl p-aminobenzoate is un- 
stable at elevated tern ratures and evolves 
carbon dioxide, 2-di~yllminoethanol. and 
N,N-diethyl-N’-phenylethylenediamine. The 
pharmacological properties of the diamine 
correlate with some of the actions of systemic 


procame. 


N INCREASED interest has been evidenced in A the pharmacological properties of systemic 
procaine. One active pursuit has been the 
resolution of conflicting clinical observations 
reported by various investigators in studies of its 
long-term administration to humans. Another 
aspect centers upon the inability of correlating 
useful clinical effects with the drug’s rapid in 
Vivo metabolism by hydrolysis to paminobenzoic 
acid and 2-diethylaminoethanol. Intravenous 
procaine has been found dective for the relief of 
herpetic pain and postherpetic neuralgia (1). 
Efforts to solve some of the uncertainties include 
searches for active metabolites and the identifica- 
tion of significant impurities which may be 
present initially in commercial drug preparations. 


With this in mind, a novel decarboxylative N- 
alkylation reaction of procaine which yields 
carbon dioxide and N,N-diethyl- W-phenyl- 
ethylenediamine is reported. The process was 
first encountered upon subjecting the ester to 


Received M u c h  25, 1964. from the Chemical Research 
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moderately elevated temperatures in a study of 
its manufacture. At temperatures above 20O0, 
preferably in the range 225-235O and under 
pressures of 20-25 mm., the compound evolves 
carbon dioxide and easily condensable vapors 
consisting of a mixture of the diamine and 2- 
diethylaminoethanol. The aminoalcohol is 
formed by intermolecular amine-ester self- 
condensation and is separated readily from the 
diamine by fractional distillation. 


Production of the diamine appears to be 
initiated intramolecularly by attack of the nucleo- 
philic ternary ester nitrogen atom upon the 
procaine acyl carbonium ion (I). After loss of 
carbon dioxide, the aniline anion (11), the result 
of a proton shift to the ring, and the diethyl- 
aminomethylcarbonium ion (111) combine to give 
N, N-diethyl-N‘-phenylethylenediamine (IV) . 


0- 
I 


p-NH*GH,c+ 0 I Heat 
(jX-Iz-Co?+ 


(GHskN-CH2 
I 


1-NH-b -!- (CZH~ZNCHZCHI+~ 
111 


I1 1 
(GHr)oNCHtCHJVHCaHb 


I V  
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NHALATION THERAPY, e.g., vaporizers, mist, and I aerosols, for the treatment  of respiratory 
disturbances has  been accepted as a reasonable 
procedure (1). This is particularly evident in 
the  legendary use of volatile oils for the relief of 
coughs. The basis for this type of treatment 
has been mainly empirical. It appeared per- 
tinent at this time to undertake an investigation 
of the antitussive effectiveness of certain of these 
volatile substances, given as aerosols,’ with 
controlled conditions such as the ammonia- 
induced cough assay in guinea pigs (2) and the 
citric acid-induced cough assay in humans (3). 
This report is a summary of our findings which 
offers t o  the reader animal and human data 
obtained through t h e  efforts of the same  in- 
vestigators. 


E X P E R I M E N T A L  


Antitussive Assays in  Guinea Pigs 
Method.-The method employed is a modification 


of that described by Winters and Flataker (2).  
Test animals (350 t o  450 Gm. body weight) were 
individually placed for 1 minute in a 1-L. exposure 
chamber-a plastic cylinder-into which ammonia 
vapors were introduced. Vapors were delivered at 
10 p.s.i. from an  Ohio nebulizer, which contained 200 
ml. of 0.5y0 ammonia water (Merck 28% stock) in 
___ 
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the reservoir. The concentration of ammonia in the 
exposure chamber was relatively constant under the 
experimental conditions used. 


Ammonia-induced coughs were recorded on a paper 
oscillograph (Grass model 5) via a pressure trans- 
ducer (PT 5-A) which was connected to  the exposure 
chamber and the oscillograph. The transducer was 
capable of recording respiratory rate as well as body 
movements and by proper manipulation of the sensi- 
tivity gain of the preamplifier, the gross body move- 
ment measurements could be made less apparent. 
Prior to  the antitussive evaluation, the animals were 
screened to determine their susceptibility to am- 
monia vapors. Animals that  coughed at a fre- 
quency of between 10-40 coughs per minute were 
selected for the drug study which was gencrally pcr- 
formed at least 2 hours aftcnvards. In any par- 
ticular group. the test animals were selected in a 
manner such that  their cough frequency response did 
not vary more than 10 per minute. This arbitrary 
selection helpcd to diminish wide variability within 
any test group. For the most part, the variations in 
mean cough frequency response among the test 
groups were within the range of 10 coughs per 
minute. 


To facilitate the statistical processing of the data, 
the changes in cough frequency responses between 
pretreatment and treatment measurements were 
converted to percentiles of pretreatment values. 
Generally, five animals per test level sufficed but in 
some instances, i t  was necessary to increase this 
number. Throughout the animal study a control 
nontreated group of animals was always evaluated 
simultaneously with treated animals. This monitor- 
ing was performed in order t o  eliminate any variable 
within the laboratory which might influence the 
assay and could not otherwise be detected. 
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TABLE  CONSTITUENTS OF AEROSOLIZED TER- 
PENES ( CONGESTAID)-FREON FORMULATION 


Menthol Dipropylene glycol 
Thymol Triethylene glycol 


Eucalyptol Propellant 11 
Medicated odor Propellant 12 


Camphor Alcohol SDA-40 


Journal of Pharmaceutical Sciences 


The results as shown in Table I1 illustrate that the 
antitussive activity occurs immediately and gener- 
ally persists for about 1 to  2 hours. The concentra- 
tion effect of the different chamber volumes was 
noted in the duration of antitussive activity. In 
the chamber volume of 1 liter, the treated animals 
retained their protection for as much as 4 hours 
whereas those treated in the large volume chambers 
had a correspondingly shorter duration of protection 


Bronchospasms 
Fifty guinea pigs were employed in this study and 


the bronchospasms were induced by either exposing 
the animals to  aerosolized o.5yO histamine dihydro- 
chloride or 1.0% acetylcholine hydrochloride in a 
10-L. chamber. The respiratory responses of the 
animals were recorded as described for the antitus- 
sive study and in addition an observer with a stop 
watch also noted the onset time for bronchospasm 
to occur. The bronchospasm was witnessed by the 
observer as a spasm of the diaphragm which cor- 
related with the oscillographic recording (Fig. 2). 


In  these studies it was technically impossible to 
use the same animal as its own control or for more 
than one test level evaluation. Therefore, separate 
groups of control nontreated animals were employed 
for each study. It was determined, that aerosolized 
histamine dihydrochloride produced bronchospasms 
in 45.2 seconds and SOY0 of the animals died and 
for the survivors their respirations were severely 
embarrassed. Animals exposed to a 10-second spray 
of aerosolized terpenes for 3 minutes in a 10-L. 
chamber were able to tolerate the histamine chal- 
lenge; and the bronchospasm did not occur until 57 
seconds of exposure (Fig. 2) and only 20% of the 
animals died with the survivors manifesting only 
mild to moderate respiratory distress. 


Acetylcholine-induced bronchospasm occurred in 
control animals after 48 seconds and the animals were 
severely affected. Exposure to a 10-second spray of 
aerosolized terpenes did not alter or influence the 
acetylcholine-induced bronchospasm. 


Antitussive Studies in Humans 
Method.-The method used is an adaptation of 


that described by Bickerman (3). Essentially. it 
involves for each subject the determination of the 
supraminimal exposure time to citric acid aerosol 


Control animal data have therefore been accumu- 
lated for over lo00 animals. From this collection, 
i t  was established on the basis of a distribution pat- 
tern that the mean is skewed to the left and that 
there are two peaks for the frequency responses. In  
this study, the peak with the range of 1040 coughs 
per minute was selected. The determination of 
statistical significance of the antitussive data is 
based upon the assumption that the cough frequency 
response of each group of animals may be treated as 
a binomial effect and as such analyzed by the 
method of Mainland and Murray (4). 


Effects of Freon Propelled Formulation of Mix- 
tures of Terpenes, Glycols, and Alcohol.-The anti- 
tussive effects of a freon-propelled formulation of 
terpenes, glycols, and alcohol, as shown in Table I, 
were evaluated in guinea pigs. The formulations 
were prepared to be delivered by a metered valve 
system. A 10-L. rectangular plastic exposure 
chamber was first sprayed either for 1 second or 10 
seconds with the test formulation and then the 
animal was placed within for 3 minutes and then 
removed to  be placed in the challenging chamber. 
The results are illustrated by the example in Fig. 1. 
The aerosolized terpenes formulation significantly 
reduced the induced ammonia coughs by 33 and 
410/, a t  the 60 to 120 minute intervals, respectively. 
Not only was there a reduction in cough paroxysmals 
but the general character of the respiratory pattern 
of the animals was improved (Fig. 1). Respiration 
was more even, deeper, and unrestrained. 


Concentration in Exposure Chambers.-The 
effects of chamber concentration of aerosolized ter- 
penes was determined by placing guinea pigs for 3 
minutes in chambers of different volumes (see Table 
11) in which a 1-second spray (2 Gm. of total spray) 
was dispersed and evaluating the antitussive effects 
over a period of 4 hours. In the case of the maximum 
chamber volume, a 10-second spray (27 Gm. of 
total spray) was used. 


I t 
0 I MINUTES 2 1 


Fig. 1.-Oscillographic recording of respiratory rate and depth of guinea pigs exposed to ammonia vapors 
before treatment (top) and effects of aerosolized terpenes treatment on respiration of ammonia vapor- 
treated animals (bottom). The respiration is irregular and the depth shallow during ammonia vapor 
exposure and the animal exhibited cough paroxysmals. Following aerosolized terpenes treatment, this 
animal only exhibited one cough and the respiration was regular and deep as compared with 84 coughs 
prior to treatment. 
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TABLE II.--INFLUENCB OF EXPOSURE CHAMBER VOLIJME ON THE ANTITUSIVE EFFECTS OF AEROSOLIZED 


TERPBNBS (CONGESTAID) IN GUINEA PIGS TREATED WITH NEBULIZED AMMONIA VAPORS 
.. . ~ 


c ~- 
-Per Cent Inhibition of Cough 


Exposure Chamber Minutes after Treatment- ~~ 


Volume (liter) NO 0 30 60 120 240 
I* 40 . . .  51 88 53 48 
lob 50 47 76 73 226 17d 
235b 70 95 62 55 39 42 
25,000’ 20 44 28d . . .  . . .  . . .  


.. ~ 


N - Number of animds evaluated. b 1-second spray of aerosolized terpener c 10-second spray of aerosolized terpenes. 
3 Nonsignificant e f f e c t ;  all other ef fec ts  were significant at the 95T0 confidence level. 


Fig. 2 .4c i l lographic  recording of histamine- 
induced bronchospasms in guinea pigs and the 
delaying effects of aerosolized terpenes toward the 
bronchospasms. The control record (top) shows a t  A 
the initiation of histamine exposure and a t  B the 
Occurrence of bronchospasm after 45.2 seconds. 
Following aerosolized terpenes treatment (bottom), 
the respiration was more regular and the occur- 
renceof bronchospasm after 57 seconds was delayed. 
Bronchospasm was always characterized by a reduc- 
tion in the inspiratory volume followed by an 
explosive expiration. This featurecontrasts broncho- 
spasm activity (B) from gross body movements (M). 


(25’j10 aqueous solution) for the production of a 
cough response. The exposure time is regulated 
by a solenoid valve (Hoke valve) which can be 
manually activated through a timer (Eagle signal, 
1-5 seconds) so that the volume of irritant delivered 
is fixed and reaches the subject a t  the onset of 
inspiration. The amount of aerosolized citric acid 
delivered for each exposure time employed has been 
determined and this relationship is curvilinear as 
illustrated in Fig. 3. 


In this study, a panel of 12 male college students 
(21-25 years) was selected. They represented a 
group of trained subjects who had been used for a t  
least 15 other determinations and were capable of 
reliably distinguishing between the antitussive 
effects of placebo and codeine phosphate (15 and 30 
mg. per 0s). The subjects were seated in a codor t -  
able position and a face mask (Willson mono mask) 
was securely fastened over the nose and mouth. 
During the pretreatment test periods, each subject 
was exposed to various amounts of citric acid until 


the supraminimal threshold amount was determined. 
Once the supraminimal threshold, as expressed as 
exposure time, was established, the subject was then 
given five challenges at  intervals of 30 seconds per 
period of testing. The cough responses were re- 
corded oscillographically by means of a pressure 
transducer (PT5) and a Grass model 5 recorder. 


After each period of citric acid challenging, the 
subject was  asked to rinse his mouth with the tap 
water. A 10-second spray of aerosolized terpenes 
was applied to a 4 X 4-in. gauze pad and the subject 
inhaled deeply the vapors for 6 minutes. The anti- 
tussive effects of the aerosolized terpenes were then 
determined 30 and 60 minutes afterwards. The 
assay was repeated twice within 24 hours and the 
results are shown in Tables IIIa and IIIb. 


I t  was observed that the best effects occurred 60 
minutes after treatment although at 30 minutes 
about half of the subjects exhibited antitussivc 
benefits. The most obvious changes were in the 
cough frequency and cough numbers. Cough fre- 
quency refers to the subject’s response to a challenge 
of citric acid. For example, each subject was given 
five exposures of aerosolized citric acid per test 
intervals. If, after treatment with aerosolized ter- 
penes. the subject responded with a coughing episode 
to  only three challenges, his cough frequency response 
was reduced by 40 per cent. Cough numbers refers 
to the total coughs recorded for all five citric acid 
challenges. Thus if a subject responded twice to 
each challenge of citric acid he would exhibit 10 
coughs per test; if after aerosolized terpenes the 
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Fig. 3.--Kelationship of delivered aerosolized 
citric acid and exposure intervals used in inducing 
coughs in humans. 
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TABLE 111.4.-FIRST TEST-MEAN PER CENT CHANGE FROM CONTROL" 


30 Minutes . -0Minute- 
Subject No. Frequency Coughs Velocity Onset Frequency Coughs Velocity 
N. P. 1 0 10 0 0 0 - 10 -8 
J. H. 2 0 0 0 0 -20 0 0 
W. A. 3 0 - 30 - 34 11 0 - 20 - 34 
E. W. 4 -20 - 58 0 +33 -20 -50 0 
R. C. 5 0 17 0 -13 0 - 17 0 
R. M. 6 0 0 0 0 0 0 0 s. s. 7 -20 - 50 - 23 -7 -4 -50 6 


P 


Onset 
8 
0 


33 
27 


- 13 
0 


2.1 -~ -_ 
M. W. 8 -40 - 75 13 23 -80 -90 15 62 _ -  I_ -- -- _ _  
J. K. 9 0 25 0 0 -20 - 38 0 0 
A. H. 10 -80 - 33 -33 -27 -60 - 67 -36 -13 
B. K. 11 -20 -6 -6 9 -40 - 13 5 14 
P. E. 12 -80 - 29 -29 -18 -80 - 82 -29 -18 


a A positive result indicates per cent increase over the control reading; a negative result indicates per cent decrease from the 
The above data were determined by taking the average of five challenges, one every 30 seconds. at each time control reading. 


interval. 


TABLE IIIB.-SECOND TEST-PER CENT CHANGE FROM THE CONTROL 


30 Minute - -0 Minutes 
Subject No. Frequency Coughs Gelocity Onset Frequency Coughs Velocity Onset' 
N. P. 1 0 0 0 11 0 9 0 0 
J. H. 2 0 17 0 0 20 - 17 80 7 
W. A. 3 0 -33 - 20 0 0 - 33 - 20 0 


9 -25 -60 - 67 0 -25 E. W. 4 -20 - 56 
R. c .  5 20 0 67 0 0 - 13 67 0 
R. M. 6 0 0 0 0 0 25 0 7 s. s. 7 20 - 34 - 39 0 -40 - 70 - 22 0 
M. W. 8 0 - 39 0 0 0 - 28 0 0 
1. K. 9 0 25 0 0 -20 - 37 n 0 ~. 


-6 
B. K. 11 -20 -11 56 46 0 0 
P. E. 12 -47 -56 -22 -41 -60 - 63 -22 -41 


-I6 82 15 
A. H. 10 -20 ' - 25 24 -13 -50 -50 


total cough number was only five his cough was 
reduced by 50%. As shown in the Tables I I Ia  and 
IIIb, a t  the 60-minute period, the cough frequency 
was reduced in 8 out of 12 and 5 out of 12 subjects, 
not affected in 4 out of 12 and 6 out of 12 subjects, 
and in one instance increased. Similarly, it  was 
found that the cough number was reduced in 10 out 
of 12 and in 9 out of 12 subjects. Therefore, aeroso- 
lized terpenes were capable of suppressing both the 
subject's cough response in terms of cough frequency 
and cough number. 


The effects of aerosolized terpenes on cough 
velocity and onset time were not clearly established. 
In almost 50% of the subjects, the cough velocity 
was decreased whereas in several instances it was 
appreciably elevated in spite of obvious reductions 
in cough frequency and in cough numbers. The 
onset time to cough was not appreciably altered by 
aerosolized terpenes, although there was some delay. 


DISCUSSION 
The results of this investigation have demon- 


strated that the introduction of aerosolized terpenes, 
alcohol, and glycols in an atmosphere into which 
animals are exposed will afford a significant anti- 
tussive action capable of suppressing ammonia- 
induced coughs. Moreover, the dispersement of a 
combination of these materials in a freon-propelled 
system is equally antitussive and antihistaminic in 
animals exhibiting bronchospasm following exposure 
to histamine dihydrochloride aerosols. Similarly, it  
was found that inhalation of aerosolized terpenes 
vapors by human volunteers also reduced the fre- 
quency and severity of citric acid-induced coughs. 
These findings agree with those observed by Sadove 
(5) and Calesnick (6). By way of comparison, we 


have observed that the effects of aerosolized ter- 
penes were greater than those obtained with 15 and 
30 mg. per 0s of codeine phosphate. 


It has been taught that the volatile oils were ca- 
pableof stimulatingthe production of much secretion 
by the goblet cells in the epithelium of the bronchi 
and that this action produced a protective layer over 
the sensitive bronchial surfaces. However, in 
addition to this it may be deduced from our animal 
data that this is not the only action of the volatile 
oils. Since it was demonstrated (Fig. l), that 
following an exposure to  aerosolized terpenes, the 
respiratory rate and depth and ease of breathing 
were facilitated, it must be concluded that some other 
pharmacological effects are also elicited. Among 
the possibilities is that of producing a relaxation of 
the smooth muscle of the bronchi and bronchioles. 
Justiiication for this may be inferred by the demon- 
stration of an antihistaminic action following the 
use of aerosolized terpenes. The data do not permit 
us to make any strong claim for assuming that there 
is generalized smooth muscle relaxation since aeroso- 
lized terpenes did not antagonize the effects of aeroso- 
lized acetylcholine hydrochloride. Nonetheless, it  
can be stated that following the aerosolized terpenes 
treatment, the flow of air in the respiratory passages 
is enhanced as is evident in the animal data and in 
the human data obtained by us and Sadove (5). 
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by NORMAN RABJOHN. John Wiley & Sons, 
Inc., 605 Third Ave., New York 16, N. Y., 1963. 
xiv 4- 1036 pp. 15 X 23 cm. Price $16.50. 
This ten-year collective volume covers the ma- 


terials in the annual volumes 30-39. This book 
provides the name of the laboratory where the pro- 
cedure was developed as the first reference for each 
procedure and also includes an author index. Illus- 
trations of several pieces of equipment or illustrated 
suggested modiiications in equipment are provided. 
Errors in the original printings of some of the pro- 
cedures have been corrected, calculations and ref- 
erences checked, and modifications or improvements 
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tinctive features of previous collective volumes 
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comparisons of weak organic bases. 
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IV. Prentice-Hall, Inc., Englewood Cliffs, N. 
J.. 1963. x 4- 305 pp. 15 X 23 cm. Price 
$9. 
A collection of papers originally published in tech- 


nical and scientific journals providing background 
materials on human genetics is presented. One 
outstanding contribution of this work is providing an 
English translation of some of the reports which were 
originally published in German or French. Brief 
introductory annotations have been included. The 
collection is designed to  illustrate the various ways 
in which the study of human genetics has proceeded. 
The examples have been chosen primarily to  bene- 
fit the newcomers: the students of various rank and 
training who have become intrigued with human 
genetics and its problems and wish t o  have some 
firsthand knowledge of its origins. 
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1963. xii + 477 pp. 15.5 X 24 cm. Price 
$8.95. 
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which are either essential or useful to students of 
elementary or intermediate organic chemistry is 
presented. It includes the discussions of, and pro- 
cedures for, the classification of an unknown sub- 
stance by its solubility behavior and its acid-base 
characteristics, general tests for structure and func- 
tional groups, specific tests for chemical classes, 
and an entirely new chapter on the use of paper 
chromatography and infrared spectroscopy in the 
identidcation of organic substances. The volume 
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also includes an item easily overlooked in a student 
text: procedures for laboratory accidents and first 
aid which is prominently placed on the inside front 
cover and adjoining page. 


Scientific Research in British Universities and Colleges 
1962-63. Dept. of Scientific and Industrial Re- 
search and The British Council, 1963. Agents 
for Her Majesty’s Stationery Office: Sales Sec- 
tion, British Information Services, 845 Third 
.4ve., New York 22, N. Y. 13 
X 21 cm. Price $6.50. Paperbound. 
Brief notes on scientific research in progress in 


British universities and associated institutions de- 
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to indicate the scope of the research done by the 
various science departments and individual teams 
of investigators. Entries are arranged alphabeti- 
cally by university and subjects covered under a 
university listing are also alphabetized. A name 
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tional materials and apparatus, automatic d e v i c e s  
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cultured in a nitrogen-deficient medium-conditions 
under which the organisms grow very poorly but 
produce a higher percentage (but not absolute 
aniount) of lipid (2).  Yields were so low in this 
medium that neither niacin nor Be activity could be 
satisfactorily determined with the procedures ern- 
ployed. 
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cultures. The two species are approximately equiv- 
alent with respect to niacin content. 


The niacin/& ratio remains constant in both 
species during the culture period, but the ratio 
maintained by C. vulgaris is higher than that main- 
tained by C. pyrenoidosa. Similarly, C. vulgaris 
contains more protein relative to Be than does C. 
pyrenoidosa. 


As a source of Bs and niacin, both species of Chlor- 
ella compare favorably with dietary vegetable 
sources. 
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SUMMARY 


In C. vulgaris and C. pyrenoidosa there is a con- 
tinuous decrease in the concentration of niacin and 
of vitamin Bg (mmcg./mg. dry weight of cells) 
during the second and third weeks of a 3-week 
culture period. However, despite the decrease in 
concentration of the two vitamins in the cells, there 
is a substantial increase in the absolute amount 
present in the cultures because of the large increase 
in total mass of cells during the same period. 


c. pyrenoidosa excels c. vulgaris as a source of Be 
activity whether results are expressed in terms of 
concentration in the cells or of total yield from the 
harvested cells, although the superiority of the 
fornier species diminishes with increasing age of the 
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Scope of Acetonitrile as a Solvent in the 
Nonaqueous Titration of Organic Medicinals 


By C. A. MAINVILLE* and L. G. CHATTEN 


Acetonitrile has been shown to be a useful solvent for the assay of a variety of salts 
of organic bases. Its scope as a solvent must be investigated for each individual 
compound, since solubility cannot be predicted on the basis of chemical similarity. 
This solvent has also been demonstrated to be particularly valuable in the assay of 


tablets and capsules because so few excipients cause interference in it. 


CETONITRILE has been shown to be a satis- A factory solvent medium for the titration of a 
limited number of organic compounds (1-3). 
However, its use as a primary solvent for salts of 
medicinals had been previously applied on a 
small scale by Mizukami and Hirai (4). I n  
other investigations the role of acetonitrile in the 
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titration of organic medicinal agents has been 
restricted to that  of a stabilizing solvent (5-7). 


From the results of a recent publication (8), 
which dealt with the titratability of tablet 
excipients in a variety of organic solvents, i t  was 
decided to  select those solvents in which minimal 
interference by excipients occurred and to 
determine the scope of each as a titration medium 
for the analysis of medicinals and their pharma- 
ceutical forms. Acetonitrile was one of those 
solvents chosen for this investigation. 


EXPERIMENTAL 


Apparatus 
An A. C. titrometer, Precision Scientific Co., 


equipped with a glass-calomel electrode combina- 
tion, 5-ml. microburets graduated to  0.01 ml., and 
electromagnetic stirrers were employed. 


Reagents 
Acetone A.C.S., acetonitrile A.C.S., chloroform 


A.C.S., glacial acetic acid A.C.S.. anhydrous 
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TABLE  TITRAT RAT ABILITY OF DRUGS IN ACBTONITFULE 


Drug 


Local Anaesthetics 
Diperodon HCl 


Piperocaine HCl 


Pramoxine HCl 


Procaine HCl 


Sympathomimetics 
Ephedrine HCI 


Methamphetamine HC1 


Methoxamine (base) 


Methoxyphenamine HCl 


A ntihistamines 
Chlorcyclizine HCl 


Diphenhydramine HCl 


Doxylamine succinate 


Isothipendyl HCl 


Tripelennamine HCI 


Phenothiaeines 
Chlorpromazine HCl 


Mepazine HCl 


Prochlorperazine 
dimaleate 


Promazine HCI 


Promethazine HCl 


Pyrathiazine HCl 


Thiopropazate HCl 


Thioridazine HCI 


Triflupromazine HCI 


Mol. Wt. 


433.93 


297.83 


329.88 


272.77 


201.70 


185.69 


211.24 


215.72 


337.30 


291.8 


388.45 


321.88 


291.83 


355.53 


364.92 


303.04 


320.88 


320.88 


332.89 


518.94 


407.11 


388.90 


% Purity" 


99.1 ( a )  
99.4 


100.6 ( a )  
100.2 


101.1 ( a )  


100.0 ( a )  
99.5 


100.7 


100.4 ( b )  
100.4 
99.7 ( b )  
100.4 


99.8 ( b )  
99.1 


100.1 ( b )  
99.9 


99.2 (e) 
99.5 


100.5 ( b )  
100.2 


98.9 ( c )  
99.6 


100.7 ( d )  
100.8 


100.3 ( b )  
100.4 


100.4 (f) 


100.6 (f) 
100.2 


100.9 


99.9 ( c )  
99.3 
99.8 (f) 
99.2 


99.9 
99.7 


100.7 
100.5 


100.1 ( b )  
99.4 
100.0 (f) 
100.9 


100.7 (f) 
100.4 


% Purity 


99.9 
99.3 
100. 5" 
100.5 
100. 1 
100. 7c 
100.9 
100.8 
101.0' 
100.6 
100.2 
100.4' 


Insoluble 


100.6 
100.4 
100.2c 
98.6 
98.2 
99.5" 
100. 1 
99.9 
99. 8c 


99.4 
99.4 
100. 1= 
100.3 
100.0 
100.3" 
98.8 
98.8 
98.6c 
100.3 
99.8 
100.3' 
100.4c 
100. 2" 
100. 5 c  


100.2 
100.0 
100.8 
100. 1 
100.4 
100.4' 


Insoluble 


100. 1 
100.5 
101. 6c 
99.7 
99.7 
100.6" 
99.7 
99.5 
100.1c 


Insoluble 


100.5 
100.4 
loo. 9" 
99.4 
99.4 
100.4c 


in Acetomtrileb 


a (a), (b) ,  (c) ,  ( d ) ,  ( I ) ,  and u) indicate the procedure employed to establish purity of the drug. b V was 0.01 ml. c Deter- 
mined potentiometrically. 
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methanol A.C.S., 6% mercuric acetate in glacial 
acetic acid, and 0.1 N perchloric acid in dioxane. 
The following indicators were utilized: ( a )  0.5% 
crystal violet in glacial acetic acid, ( b )  0.1% methyl 
red in glacial acetic acid, (c )  0.1% methyl red in 
anhydrous methanol, ( d )  0.25% methyl red in 
phenol-chloroform, and (e) 0.5% thymol blue in an- 
hydrous methanol. 


Procedures 
Determination of Drug Purity.-An accurately 


weighed quantity of the crystalline salt was dissolved 
in -50 nil. of solvent by stirring electromagnetically 
for 15 minutes. A suitable indicator was added, 
and the scrlutioi~ was titrated with 0.1 N perchloric 
acid in cliosiaire. h blnnk was determined on the 
sdvent. XI1 assays were perfirrmed in duplicate by 
otie o f  the following techniques. ( a )  Dissolve sample 
in 25 nil. o f  phenol-chloroform ( 5 2 5 )  and 25 ml. 
(if acetonitrile; add 2 ml. of mercuric acetiate solu- 
tion an? 2 drops of methyl red in phenol-chloro- 
f(rrin. ( b )  Dissolve sample in  50 ml. of glacizd 
arctic acid; add 2 i d .  of mercuric acetate solution 
and 1 drop of crystal violet in glacial acetic acid (9). 
(c )  The same as ( b ) ,  escept mercuric acetate solution 
was not added. ( d )  Dissolve sample in chloroform- 
acetonitrile (1:1), add 2 ml. of mercuric acetate 
solution and 2 drops of methyl red in glacial acetic 
acid (7) .  (4) IXssolve sample in 50 ml. of chloroform- 
glacial acetic acid ( 1 : l ) ;  add 1 drop of crystal violet 
in glacial acetic acid ( 7 ) .  (f) Dissolve sample in 50 
inl. of acetone; add 2 ml. of mercuric acetate solu- 
tion arid 2 drops trf methyl red in glacial acetic acid 
(10). 


Methods of Assay of Crystalline Salts in Aceto- 
nitrile.-A sample of the salt was accurately weighed 
and dissolved in 50 ml. of acetonitrile by stirring 
electromagnetically for 15 minutes. A suitable indi- 
cator was used, and the solution was titrated with 
0.1 N perchloric acid in dioxane. 


All assays were performed in duplicate by this 
technique; the results were compared with that of a 
potentiometric titration. A blank was determined 
on the solvent s).stern. 


( a )  Dissolve sample in 50 ml. of acetonitrile; add 
2 ml. of tnercuric acetate solution and 3 to 4 drops 
of methyl red indicator in glacial acetic acid. 
Titrate to red end point. ( b )  Dissolve sample in 50 
ml. of acetonitrile; add 1 drop of crystal violet indi- 
cator in glacial acetic acid. Titrate to blue end 
point. 


Method of Assay of Pharmaceuticals Using Aceto- 
nitrile as Solvent.-Weigh and powder 20 tablets or 
empty the contents of 20 capsules. Accurately 
weigh a sample of the powder which is equivalent to 
5 0  trig. of the active ingredient. Add 50 ml. of 
acetonitrile and stir electromagnetically for 30 
minutes; suction filter through a sintered-glass 
funnel of mediuni porosity, and wash beaker and 
funnel with 10 1111. acetonitrile. Add 4 drops of 
0.5'7; methyl red indicator in glacial acetic acid and 
2 nil. of 6% mercuric acetate solution if salt is a 
halide. The filtrate is titrated to a deep red with 
0.1 N perchloric acid in diosane. 


RESULTS AND DISCUSSION 


Because a number of chemically different com- 
pounds were investigitted, it was necessary to use a 
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Fig. 1.-Titra- 
tion of diphen- 
hydramine HCI 
in acetonitrile. 


TITRANT, ml. 


variety of established nonaqueous prdcedures to 
determine the purity of each substance. The dupli- 
cate results of such assays appear in Table I, to- 
gether with the appropriate letter which indicates 
the method employed. 


Where solubility was adequate, triplicate deter- 
minations were performed on each drug in aceto- 
nitrile, and the results are reported in Table I. To 
check the validity of the visual end points, one of 
the triplicate assays was performed potentiometri- 
cally on the Precision-Shell titrometer, and the re- 
sult appears in footnote c of Table I. An excellent 
titration curve was obtained in each instance; to 
demonstrate the magnitude of potential change at 
the end point, the AE is included in Table I for each 
drug. The A V,  in the vicinity of the end point, was 
0.01 ml. Figure 1 illustrates the titration curve for 
diphenhydramine hydrochloride in acetonitrile and 
is typical of the behavior of the stronger bases in 
this solvent. 


Examination of the data in Table I shows that 
there is satisfactory agreement between the assay 
results obtained by standard or previously reported 
methods and the proposed procedure employing 
acetonitrile as primary solvent. Ephedrine was in- 
cluded in Table I because of its chemical similarity 
to methamphetamine. Although the latter com- 
pound is readily soluble, the former is not. For a 
similar reason, prochlorperazine and thiopropazate 
are included with those phenothiazine derivatives 
which are soluble. Such evidence indicates that 
chemical similarity is insufficient to predict solu- 
bility in this solvent. Each compound must be 
checked for solubility on an individual basis. 


In addition to  those compounds which are re- 
ported, the solubility of several sodium salts of 
barbiturates, some alkaloidal salts, and sodium p -  
aminosalicylate were investigated in acetonitrile. 
All had a solubility which was too low for practical 
value; hence no data are reported for them. 


Several pharmaceutical preparations were assayed 
by the described procedure, and comparative 
analysis were obtained either by the official method 
(9) or by the control technique exercised by the 
manufacturer of the product. In the majority of 
instances, satisfactory agreement occurred as shown 
in Table 11. The pharmacopeial method could not 
be applied to Abbott's chlorcyclizine hydrochloride 
because the orange color of the tablets appeared to  
interfere with the result and caused serious over- 
estimation. No method of comparison was availa- 
ble from the manufacturer for the promazine 
tablets. 


For the analyses of commercial preparations, a 30- 
minute stirring time is generally recommended. It1 
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TABLE I1 .-ASSAY OF PHARMACEUTICALS IN ACETONITRILE 


Drug 
Chlorcyclizine HCI U.S.P. 


Chlorcyclizine HCI U.S.P. 


Chlorpromazine HCI U.S.P. 


Diphenhydramine HCI U.S.P. 


Doxylamine succinate U.S.P. 


Isothipendyl HCI 


Methoxyphenamine HCI 


Promazine HCI 


Promethazine HCI U.S.P. 


Triflupromazine HCI 


Thioridazine HCI 


Tripelennamine HCI U.S.P. 


Mfr. 
Burroughs Wellcome 


Abbott 


Poulenc 


Parke Davis 


Merrell 


Ayerst 


Upjohn 


Empire 


Poulenc 


Squibb 


Sandoz 


Ciba 


Official or Mfg. 
?& Recovery 


97.9 
99.0 


. . .  


98.8 
97.5 


105.1 
106.2 


98:O 
98.2 


102.5 
103.2 


97.3 
98.2 


No method 


99.8 
98.8 


99.9 
100.0 


102.5 
102.5 


96.6 
97.6 


?& Recovery, 
in Acetonitrile 


97.8 
98.3 
98.4 


103.0 
103.4 
101.3 
98.1 
97.4 
97.8 


101.9 
101.5 
102.5 
97.3 
97.4 
97.3 
98.5 
99.0 
98.2 


100.3 
99.8 
99.6 


105.6 
105.6 
104.7 
88.0 
88.0 
87.2 
97.1 
97.1 
96.8 
97.8 
97.3 
97.2 
88.5 
87.1 
88.0 


certain instances, it was necessary to  increase this 
to  1 hour to  extract the maximum amount of active 
constituent. This was particularly true of isothi- 
pendyl HCI tablets and triflupromazine HCI cap- 
sules, where the ratio of drug was small compared 
to that of the excipients. For these products, a 1- 
hour stirring time is recommended. The results ob- 
tained for tripelennamine tablets and those for pro- 
methazine were low. No significant difference was 
obtained between a 30-minute stirring time and 1 
hour. Since the crystalline salt of tripelennamine is 
quite soluble in acetonitrile, no satisfactory explana- 
tion can be offered for the values which are markedly 
below those obtained by the official procedure. For 
promethazine, it is obvious that the proportion of 
active constituent to  that of tablet excipients is too 
small to permit complete extraction. 


The present report should not be construed as 
representing the complete scope of acetonitrile as a 
solvent for the salts of organic medicinals. It does, 
however, give an indication of the utility of the 
solvent. Undoubtedly further investigation might 


reveal many more organic salts that could be 
titrated in acetonitrile 


A previous report (8) revealed that both isopro- 
panol and n-hexane might be useful solvents for 
pharmaceutical analysis because of the small num- 
ber of excipients that are titratable in them. Pre- 
liminary investigation shows that both of these sol- 
vents could also be useful in extending the applica- 
bility of nonaqueous titrimetry to the analysis of 
pharmaceuticals. Work is being continued in this 
direction. 
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as the controls. Weight gain in the treated animals 
and controls, hematological findings, and macro- 
scopic and histologic examination of the organs 
gave no indication of toxic action of methixene 
hydrochloride in this dosage (2). Studies in rats 
for 18 months and in dogs for 12 months and suitable 
progeny studies are in progress and will be reported 
when completed. 


CONCLUSION 


It is evident that methixene hydrochloride is 
somewhat less active than atropine in the intestinal 
passage test and also with regard to inhibition of the 
peristaltic reflex. However, if the characteristic 
secondary actions of parasympatholytic agents, 
inhibition of salivation, and mydriatic action are 
considered, far higher doses of methixene hydro- 
chloride are required to produce these effects than 
those of atropine. 


In the three animal species studied, the thera- 
peutic ratio of methixene hydrochloride (range 
between gastrointestinal effect and undesired side 
effects) is from four to 21 times higher than that 
of atropine. 


Studies in experimental animals justify the thera- 
peutic evaluation of methixene hydrochloride in 
the symptomatic management of conditions as- 
sociated with gastrointestinal hypermotility or 
spasm. 


Long term toxicity studies and progeny studies 
should be completed before methixene hydrochlo- 
ride is released for general use. 
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was injected simultaneously and also intraperitone- 
ally (eight animals per dose). Salivation was ob- 
served 30 minutes after injection by wiping the 
mouth of the animal on a blotting paper; the EDso 
was determined by the Same procedure employed in 
the experiment on mice and rats. 


Action on Pupillary Width.-The pupillary width 
in unanesthetized mice was measured with a binocu- 
lar lens with a magnification of 15 times 30 minutes 
after subcutaneous administration of the drugs 
(Pulewka, P., Arch. Exptl .  Pathol. Pharmakol.. 168, 
307(1932)). The EDaw (dose which increases the 
pupil size to 300% of the control value) was deter- 
mined. 


RESULTS 


Pharmacologic results of methixene hydrochlo- 
ride and atropine are shown in Table 11. 


I n  three species tested, the relative potency of 
methixene hydrochloride to atropine reveals that 
with respect to inhibition of gastrointestinal mo- 
tility, atropine is 2.2 to 16.7 times as potent, but 
with reference to inhibition of salivation, atropine 
is 32 to 87 times as potent. In the mouse, atropine 
is 20 times as potent as methixene hydrochloride 
with respect to mydriatic effect. 


ACUTE TOXICITY 


The values of the LDm and their confidence limits 
have been calculated according to the Litchfield- 
Wilcoxon method (7). The intravenous LDw 
for methixene hydrochloride is 18.0 (15.8 to 20.5) 
mg./Kg. in mice and 24.0 (21.0 to  27.4) mg./Kg. 
in rats. Orally, the LDS is 430 (3-530) mg./Kg. 
in mice and over 1,500 mg./Kg. in rats. 


CHRONIC TOXICITY 


Initial studies on the tolerance of methixene hy- 
drochloride during long term administration were 
carried out in rats. Three groups of ten animals 
each received 1, 4, and 15 mg./Kg. of the drug with 
the food for 9 months. An untreated group served 


Analysis of Dosage Forms Containing Ephedrine 
and Barbiturate Combinations 


By MARTIN I. BLAKE and DANIEL A. NONA 


Procedures are presented for the determination of ephedrine salts in  combination 
with barbiturates in  tablets and capsules. An aliquot repared from the dosa e form 
is passed through a strong anion exchange resin. Tge  ephedrine, containe3 in  the 
eluate, is determined by titration with standard hydrochloric acid. The  barbiturate 
is eluted from the column with acetic acid in ethanol and determined by nonaqueous 
titration. A modification of this procedure is proposed for formulations containing 
the sodium salt of the barbiturate. The methods are simple, accurate, and less time 


consuming than the official assay. 


HE OFFICIAL ASSAY (1) for ephedrine sulfate and T phenobarbital capsules involves ether extraction 
of the phenobarbital and a Kjeldahl distillation 
procedure for the estimation of the ephedrine con- 
tent. The assay procedure has remained essentially 
unchanged since N.F. VIII when this dosage form 
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first became official. The distillation technique was 
originally proposed by Hilty (2). The ephedrine 
sulfate solution is refluxed with hydrochloric acid 
and distilled in the presence of zinc dust and sodium 
hydroxide into a solution of standard acid. The 
ephedrine is determined by residual titration of the 
distillate. The method is tedious and time consum- 
ing. 


Hilty and Wilson (3) analyzed tablets containing a 
combination of ephedrine sulfate and a barbiturate 
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by ether extraction of the ephedrine and chloroform 
extraction of the barbiturate. Mattson (4) de- 
veloped an ultraviolet spectrophotometric procedure 
for phenobarbital when in the presence of ephedrine 
sulfate. Comer and Bourne (5) analyzed capsules 
containing a combination of aminophylline, amo- 
barbital, and ephedrine hydrochloride. The bar- 
biturate and ephedrine were separated by solvent 
extraction and determined by infrared spectro- 
photometry. 


Methods of analysis of ephedrine salts and bar- 
biturates as individual components in various dos- 
age forms were reviewed in earlier papers (6-8), 
and procedures based on ion exchange and nonaque- 
ous titration were proposed for their determination. 


In this paper procedures are presented for the 
analysis of capsules and tablets which contain com- 
binations of ephedrine salts with barbiturates or 
barbiturate salts. The components are separated 
by passage through ion exchange resins and esti- 
mated by an aqueous or nonaqueous titration pro- 
cedure. 


EXPERIMENTAL 
Preparation of Columns.-Two ion-exchange 


resins were employed in this study. The strongly 
basic anionic exchange resin Dowex 2-X8, 50-100 
mesh, was prepared for use by adding about 10 Gm. 
of the resin in the form of an aqueous suspension to  a 
chromatographic column, 1 X 30 cm. The resin 
column was washed with 100 ml. of distilled water, 
100 ml. of 5y0 sodium hydroxide, and 200 ml. of 
distilled water. The strongly acidic cation exchange 
resin Dowex 50-X8, 200400 mesh, was prepared by 
adding about 10 Gm. of resin to a column, 1 X 30 
cm. When the resin settled, the column was washed 
with 200 ml. of distilled water, 100 ml. of 2 N hydro- 


PHENOBARBITAL MIXTWS 
TABLE I.-ANALYSIS OF EPHEDRINE SALTS AND 


Weighed 
Mixture Amount, mg. Recovery, %, 


Ephedrine sulfate 100.0 99.50f1.14a 
Phenobarbital 100.0 99.78f0.26 
Ephedrine HCl 100.0 99.48i0.98 
Phenobarbital 100.0 100.90 f 0.09 


a Average of at least six determinations =t standard 
deviation. 
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chloric acid, and finally with distilled water until 
the eluate was neutral. A solvent layer was always 
maintained above the resin column. 


Analysis of Ephedrine and Phenobarbital Mix- 
tures.-A sample containing 100 mg. of ephedrine 
sulfate or ephedrine hydrochloride and 100 mg. of 
phenobarbital, accurately weighed, was dissolved in 
25 ml. of 50y0 ethanol. The solution was added to 
the column containing the strongly basic anion 
exchange resin. Additional 50% ethanol was 
passed through the column until 75 ml. of eluate 
was collected. The ephedrine, as free base, passed 
through the column and appeared in the eluate. 
The ephedrine was determined by visual titration 
with 0.1 N hydrochloric acid, using 2 drops of 
methyl red T.S. as the indicator. 


The phenobarbital, retained by the column, was 
eluted with 50yo acetic acid in %yo ethanol at a 
flow rate of 1 ml. per minute. Sixty milliliters 
of eluate was collected, and the solution was evapo- 
rated to  dryness on a steam plate. Five milliliters of 
water was added, and the solution was  again evapo- 
rated to dryness. This procedure was repeated once. 
The residue was dissolved in 20 ml. of dimethyl 
formarnide. and the solution, magnetically stirred, 
was titrated with 0.1 N sodium methoxide in ben- 
zene-methanol, prepared and standardized as de- 
scribed previously (9). Titration was effected po- 
tentiometrically with a Fisher titrimeter equipped 
with a calomel and glass electrode system. The 
end point was determined from the break in the 
curve obtained by plotting millivolts versus volume 
of titrant. 


The analysis of ephedrine and phenobarbital in 
synthetic mixtures is reported in Table I. 


Analysis of Dosage Forms.-The proposed 
procedure was applied to solid dosage forms contain- 
ing ephedrine salts combined with barbiturates. 


Ephedrine sulfate and phenobarbital capsules 
N.F. XI and commercially available capsules of 
ephedrine sulfate and amobarbital were analyzed by 
transferring the contents of 20 capsules to a beaker. 
Forty milliliters of 50yo ethanol was added, and the 
solution was mixed thoroughly. The solution was 
filtered into a 100-ml. volumetric flask, using wash- 
ings of 50% ethanol to  effect the transfer. Sufficient 
diluted alcohol was passed through the filter to  fill 


TABLE 11.-ANALYSIS OF DOSAGE FORMS CONTAINING EPHEDRINE SALT AND BARBITURATE MIXTURES 


Dosaae Form 


Labeled Amount 
Per Dosage Unit, 


Commnents ma. Recovery, % 
Ephedrine sulfate and pheno- Ephedrine sulfate 5070 98.90 f-0.46" 


98.85f0.65 barbital capsules N.F. Phenobarbital 50.0 
Ephedrine and Amytal pulvules Ephedrine sulfate 25.0 99.50 f 1.01 


Amobarbital 50.0 99.59f0.34 
Ephedrine and Amytal tablets Ephedrine sulfate 


Amobarbital 
8.0 
16.0 


101.50 f 1.68 
98.88 f 1.02 


Ephedrine and phenobarbital Ephedrine 25.0 98.74f0.98 
sodium capsules 99.51 f 0.9lb 


Sodium phenobarbital 50.0 99.42f0.62 
Ephedrine and Seconal sodium Ephedrine sulfate 


capsules 
Sodium secobarbital 


25.0 98.94f1.46 
99.11 f 0.32b 


50.0 99.22f1.96 
Ephedrine and Nembutal cap- Ephedrine HCI 25.0 


Sodium pentobarbital 25.0 
sules 


99.73 f 1.37 
99.42 f 0.86b 
99.46f0.41 


a Average of at least six determinations * standard deviation. b By nonaqueous titration method. 
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the analysis of combinations of ephedrine salts and 
barbiturates. They are less cumbersome and less 
time consuming than the official assay. Four or 
five assays may be conveniently conducted simul- 
taneously. 


When a solution of ephedrine sulfate or ephedrine 
hydrochloride and a barbiturate is passed through a 
strongly basic anion exchange resin, quaternary 
base type, the resin quantitatively splits the ephed- 
rine salt; the free base appears in the eluate, and 
the acid component remains on the column. The 
barbiturate is also retained by the column. The 
ephedrine content of the eluate is readily determined 
by titration with standard acid. As reported in an 
earlier paper (7), 507, acetic acid in ethanol ef- 
fectively removes the barbiturate from the column, 
but does not displace the hydrochloride or sulfate. 
The barbiturate content is determined by non- 
aqueous titration. Data are reported in Table I for 
the analysis of synthetic mixtures of ephedrine salts 
and phenobarbital. Appliration of the proposed 
procedure to the analysis of the official capsules and 
several commercially available capsules and tablets 
is reported in Table 11. 


A modification of the proposed method is re- 
quired where the ephedrine salt is combined with a 
sodium barbiturate. When such a mixture is 
passed through a strong anionic exchange resin, 
sodium and ephedrine appear in the eluate. Poten- 
tiometric titration does not dserentiate these bases. 
In the modified procedure the solution is first passed 
through the strong cation exchanger Dowex 50-X8. 
The ephedrine and sodium ion are retained by the 
column, and the barbiturate and hydrochloric acid 
or sulfuric acid appear in the eluate which is then 
passed through the strong anion exchanger Dowex 
2-XS. By displacement elution with acetic acid, 
the barbiturate is removed from the column while 
the hydrochloride or sulfate remains on the column. 
The barbiturate is determined by nonaqueous 
titration. The strong cation exchanger which has 
retained the ephedrine and sodium is eluted with 
5% ammonium hydroxide in alcohol. The am- 
monia displaces the weaker base ephedrine from the 
column; the sodium remains on the column. The 
ammonia is expelled from the eluate by gentle 
aeration, and the ephedrine content is determined by 
titration with standard hydrochloric acid and then 
by nonaqueous titration with perchloric acid in 
dioxane. This modification has been applied to 
three capsule dosage forms containing combinations 
of ephedrine an barbiturate salts. The data are re- 
corded in Table 11. 


The modified procedure is applicable where 
sodium chloride and similar salts are present. 
Insoluble fillers, lubricants and diluents, and non- 
ionic components in general, will not interfere with 
the assays. However, acids comparable in strength 
to the barbiturates and bases similar to  ephedrine 
and their salts will interfere. 
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the flask to the mark. An aliquot of this solution, 
containing 50 to  100 mg. of both ephedrine sulfate 
and barbiturate. was transferred by pipet to the 
column containing the strongly basic anion ex- 
changer. The column was then eluted with 50% 
ethanol and 507, acetic acid in ethanol as described 
for ephedrine and phenobarbital mixtures. The 
data for these analyses are reported in Table 11. 


Ephedrine sulfate and amobarbital tablets were 
assayed by triturating 20 tablets in a mortar with 
approximately 25 ml. of 507, ethanol. The mixture 
was filtered into a 100-ml. volumetric flask with the 
aid of diluted alcohol rinsings. Sufficient diluted 
alcohol was passed through the filter to bring the 
volume to the mark. An aliquot containing 60 to 
100 ing. o f  both ephedrine sulfate and amobarbital 
was treated as described in the previous paragraph 
for the capsule dosage forms. Results are reported 
in Table 11. 
X modified procedure was used for the analysis of 


ephedrine sulfate and phenobarbital sodium, ephec- 
rine sulfate and secobarhital sodium, and ephedrine 
hydrochloride and pentobarbital sodium. A solu- 
tion was prepared as described for the capsules, 
and an aliquot containing between 50 and 100 nig. 
of each active component was added to the column 
of the strongly acidic cation exchange resin. The 
column was eluted with 507, ethanol until 75 ml. of 
eluate was collected. This solution containing both 
the barbituric acid derivative and hydrochloric or 
sulfuric acid was passed through the column of 
strongly basic anionic exchange resin. The column 
was washed with water. and the barbiturate was 
eluted from the column with 50’7, acetic acid in 
ethanol. Sixty milliliters of eluate was collected, 
and the solution was evaporated to dryness on a 
steam plate and assayed nonaqueously as described 
earlier. 


The strongly acidic exchange column which re- 
tained the ephedrine and sodium ion was eluted with 
a solution of 5% ammonia in 95’7, ethanol. A total 
of 60 nil. of eluate was collected in a 100-ml. beaker. 
The solution was gently aeratrd by passing a stream 
of air over the beaker until the ammonia was com- 
pletely expelled. A t  least 3 hours was required for 
this step. During the aeration the liquid level in 
the beaker was maintained constant by frequent 
addition of alcohol. The solution was titrated 
visually with 0.1 N hydrochloric acid using 2 drops 
of methyl red T.S. as indicator. This solution con- 
taining ephedrine hydrochloride was evaporated to  
dryness on a steam plate, and the residue was 
analyzed for ephedrine content by nonaqueous 
titration. Ten milliliters of glacial acetic acid, 20 
ml. dioxane, and 10 ml. of 6yo mercuric acetate in 
glacial acetic acid were added to  the beaker. The 
solution, magnetically stirred, was titrated potentio- 
metrically using a Fisher titrimeter equipped with 
a calomel and glass electrode system. The titrant 
was 0.1 N perchloric acid in dioxane. Titration 
was also effected visually by adding 2 drops of 
methyl violet T.S. to the solution. The indicator 
color change was noted by using indicator 
solution in conjunction with a potentiometric 
titration. The color change corresponding to the 
graphic end point was from violet to an intense blue 
coloration. 


DISCUSSION 


Siniple and accurate procedures are proposed for 








Correlation of In Vivo Metabolism 
Rate and Physical Properties of 


Sulfonamides 
Sir: 


I t  has been shown (1-3) that the post-equilibra- 
tion phases of the disposition of several sulfon- 
amides can be described mathematically in terms 
of two competitive first-order processes: one is 
excretion of apparent unchanged drug, and the 
other is metabolism. By measuring the appear- 
ance of apparent unchanged drug and metabolite 
in the urine, apparent first-order rate constants 
can be assigned to these two processes (1-3). 
In a series of antibacterial sulfonamides, for which 
the major metabolic fate is acetylation, attempts 
were made to correlate the rate constant for the 
metabolic process (k,) with the lipid/water 
partition ratio, assuming the rate limiting step 


nonionized, and (c) sufficiently lipophilic. If 
the lipophilicity of the nonionized molecule is of 
sufficient magnitude, however, it  is conceivable 
that this property is no longer rate limiting in the 
diffusion process; this rate is limited instead by 
the proportion of the molecule in plasma which is 
both free of protein binding and in the non- 
ionized form. 


The data presented in Table I were subjected 
to statistical analysis (7) to obtain the rank order 
correlation coefficients for the relationship be- 
tween k, and “per cent free,” “per cent non- 
ionized,” and “per cent free and nonionized,” 
respectively. A significant correlation existed 
between k, and per cent free (correlation co- 
efficient 0.73; p < 0.01) and between k m  and 
per cent nonionized (correlation coefficient 0.63; p 
< 0.05). Most strikingly, a highly significant cor- 
relation was found between km and “per cent free 
and nonionized” (correlation coefficient 0.85; p < 


TABLE I.-PHYSICAL PROPERTIES AND RATE CONSTANTS FOR METABOLISM OF SULPONAMIDES 


ComDd. 


% % % Free and 


D K ~  Bindin@ Free at DH 7.4 at DH 7.4 Hr. -1 
Plasma % Nonionized Nonionized kn . 


87 99.92 86.93 0.043 
19 0.79 0.64 0.016 


2.45 0.03 0.0012 


Sulfanilamide 10.5 
Sulfacetamide 5.3 
Sulfaphenylpyrazole 5.8 99 1 
Sulfamethoxyp yridazine 7.0 92 8 28.47 2.28 0.0078 
2-Sulfapyrimidine 6.4 47 53 9.09 4.82 0.013 
2-Sulfa-5-methoxypyrimidine 6.5 90 10 11.19 1.12 0.0053 
2-Sulfadimethylpyrimidine 7.4 81 9 50.0 9.50 0.08 
4-Sulfadimethoxypyrimidine 5.9 99 1 3.07 0.03 0.0017 
Sulfaethylthiadiazole 5.1 97 3 0.50 0.02 0.0020 
Sulfathiazole 7.0 78 22 28.47 6.26 0.0302 
Sulfisomidine 7.4 90 10 50.00 5.00 0.0097 


l3 81 


0 The source of binding data (6) gave extent of binding at three plasma concentrations; the average of the values quoted 
for the two lower concentrations was used. 


to be diffusion to the site of acetylation (3). 
However, such correlation apparently did not 
exist. 


In addition to the sulfonamides already 
referred to (3), rate constants for in  Viuo acetyla- 
tion (k,) have been calculated for six additional 
sulfonamides using data available in the literature 
(5). The partition ratios of these sulfonamides 
in the system chloroform/pH 7.4 phosphate 
buffer range from 0.03 to 3.13 (6). To minimize 
possible variations in experimental technique, 
single literature sources were used for ionization 
constants (5) and extent of plasma protein bind- 
ing (6). Assuming plasma to be at pH 7.4, 
the proportion of the sulfonamide which is both 
free from protein binding and nonionized may be 
calculated (Table I). 


Considering the current theories of drug 
diffusion across cell membranes (4), it  appears 
that for a molecule to cross such a membrane it 
must be (a) free of plasma protein binding, (b) 


0.001). Therefore, i t  appears that in the series of 
sulfonamides studied, rate of metabolism in Yiwo 
can be correlated with ionization constant and 
extent of plasma protein binding. 
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provided the respective components separate suf- to pharmaceutical preparations. For example, 
ficiently sharp to pennit measurement on the plate. tablet excipients and diluents do not interfere with 


Determining a satisfactory solvent system can be the separation of the active constituents or their 
done qualitatively by finding the Rj values of each delineation. In addition. several assays can be 
component on a silica gel coated glass microscope performed on multicomponent dosage forms in 
slide. A 250-ml. beaker covered with aluminum a normal &hour day. 
foil makes a satisfactory developing chamber. 
Development takes about 20 minutes and, in this REFERENCES 
way, a large number of solvents can be examined 
rapidly. 
In their report. Purdy and Truter (9) estimated 


all area measurements by using millimeter graph 
paper. This method is tedious and can result in 
eye strain. Using viewfoil on which circles and 
ellipses of known areas are imprinted is much more 
rapid and convenient. When standard areas were 
checked by both methods, the resulting Werences 
were 3% or less. 


The proposed method is conveniently applicable 
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Novel Decarboxylative N-Alkylation Reaction 
Resulting from Controlled Pyrolysis of Procaine 


By NATHANIEL GRIER 


2-Diethyluninoerhyl p-aminobenzoate is un- 
stable at elevated tern ratures and evolves 
carbon dioxide, 2-di~yllminoethanol. and 
N,N-diethyl-N’-phenylethylenediamine. The 
pharmacological properties of the diamine 
correlate with some of the actions of systemic 


procame. 


N INCREASED interest has been evidenced in A the pharmacological properties of systemic 
procaine. One active pursuit has been the 
resolution of conflicting clinical observations 
reported by various investigators in studies of its 
long-term administration to humans. Another 
aspect centers upon the inability of correlating 
useful clinical effects with the drug’s rapid in 
Vivo metabolism by hydrolysis to paminobenzoic 
acid and 2-diethylaminoethanol. Intravenous 
procaine has been found dective for the relief of 
herpetic pain and postherpetic neuralgia (1). 
Efforts to solve some of the uncertainties include 
searches for active metabolites and the identifica- 
tion of significant impurities which may be 
present initially in commercial drug preparations. 


With this in mind, a novel decarboxylative N- 
alkylation reaction of procaine which yields 
carbon dioxide and N,N-diethyl- W-phenyl- 
ethylenediamine is reported. The process was 
first encountered upon subjecting the ester to 


Received M u c h  25, 1964. from the Chemical Research 


Accepted for publication Aprd 6, 1964. 
Laboratory. Metalsalts Corp., Hawthorne, N. J.  


moderately elevated temperatures in a study of 
its manufacture. At temperatures above 20O0, 
preferably in the range 225-235O and under 
pressures of 20-25 mm., the compound evolves 
carbon dioxide and easily condensable vapors 
consisting of a mixture of the diamine and 2- 
diethylaminoethanol. The aminoalcohol is 
formed by intermolecular amine-ester self- 
condensation and is separated readily from the 
diamine by fractional distillation. 


Production of the diamine appears to be 
initiated intramolecularly by attack of the nucleo- 
philic ternary ester nitrogen atom upon the 
procaine acyl carbonium ion (I). After loss of 
carbon dioxide, the aniline anion (11), the result 
of a proton shift to the ring, and the diethyl- 
aminomethylcarbonium ion (111) combine to give 
N, N-diethyl-N‘-phenylethylenediamine (IV) . 


0- 
I 


p-NH*GH,c+ 0 I Heat 
(jX-Iz-Co?+ 


(GHskN-CH2 
I 


1-NH-b -!- (CZH~ZNCHZCHI+~ 
111 


I1 1 
(GHr)oNCHtCHJVHCaHb 


I V  
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The kinetics of hydrolysis were studied in detail 
by Kalow (10). It is apparent that neither the 
short-lived ester nor its hydrolytic end products 
can be the agents responsible for the useful effects; 
the concentration of nonhydrolyzed drug capable 
of being achieved in extracellular fluid is too low for 
peripheral nerve block, and the hydrolysis products 
are without anaesthetic action. The analgesic 
properties of the diamine indicate it may be a 
significant metabolite of procaine, a possible 
enzymatic decarboxylation product formed in 
varying amount. A series of potent synthetic 
analgesics has been described in which the basic 
structure included N, N-dialkyl-N'-phemylethylene- 
diamines (11). 


In another area. some of the clinical properties 
ascribed to procaine parallel those of compounds 
classified as monoamine oxidase inhibitors (12). 
One of the significant dects, i.e., increased psycho- 
motor activity (13), is of particular interest because 
it is associated in part with tryptamines, compounds 
formed in  duo by the enzymatic decarboxylation of 
tryptophanes. These amines may be considered 
cyclic vinylogs of the N-alkylated aniline; a most 
important member of the group is serotonin or 5 
hydroxytryptamine. 


N,N-Diethyl- N'-phenylethylenediamine is an 
effective inhibitor of monoamine oxidase in mice 
measured by the accumulation of serotonin in the 
brain.' A single dose of 50 mg./Kg. body weight 
was injected intraperitoneally for bioassay, and a 
second dose was given 16 hours later. The animals 
were sacrificed 1 hour after and the brain serotonin 
content determined by the usual analytical fluo- 
rescent procedure. The serotonin content of treated 
animals was compared to that of control animals 
receiving no compound. In two separate deter- 
minations using five animals in each test, brain 
serotonin ratios of 1.79 and 1.69 compared to 
controls were obtained, a potency equal to iproniazida 
in this method. Intact procaine, on the other hand, 
appears to be a direct antagonist of serotonin (14). 


The behavioral stimulant capacity of the diamine 
was tested in rats and squirrel monkeys at  oral 
dosages up to 90 mg./Kg. body weight. In a 
conflict schedule involving trained rats, who pressed 
a lever for food and simultaneously received electric 
shocks, no significant effects were noted. Similarly, 
using an avoidance schedule wherein squirrel 
monkeys had to operate a lever to avoid receiving 
electric shock, the compound was without promise. 


EXPERIMENTAL 


Melting points in capillary tubes were determined 
using an oil bath with Anschiitz thermometers. 
Elemental analyses were performed by Schwarzkopf 
Laboratories, New York. N. Y. Infrared spectra 
were obtained with a 0.0025 in. thickness of com- 
pound versus air in a Perkin-Elmer model 21 
spectrophotometer. 


Procaine Pyrolysis.-Pure procaine base was pre- 
pared.by precipitation from an aqueous solution of 
its hydrochloride using dilute ammonium hydroxide 
solution. After drying a t  40" for 16 hours, it was 


2 Animal bioossays and tests were obtained through the m 
g e t i o n  of Dr. J. M. Sprpgue and his asso+tes, Merck 


p and Dohme Research Laboratones, Division of Merck 
and Co.. Inc.. West Point, Pa. . 


SMarketed as Marsilid by Hoffmann-LaRoche, Inc. 
Nutley, N. J. 


+ , l , . l , l . ' b o Y .  ' L I I M  8-1 


Fig. 1.-Infrared absorption spectra of (top) 
N, N-diethyl- N'-phenylethylepediamine, synthetic ; 
(bottom) procaine pyrolysis =late. 


A possible ring alkylate, pamho N,N-&ethyl- 
phenethylamine, pNH&d%CHKH~N(C3Ed~, 
which could form by interaction of the carbonium 
ion (111) and paminophenyl anion, was not 
detected. 


An authentic sample of the aniline N-alkylate was 
prepared by reacting aniline with 2-diethyhduo- 
ethyl chloride (2). It was identical to the pyrolysis 
isolate in boiling point, 131-133O (6 mm.); melting 
point as the monohydrochloride, 136' (3); melting 
point as the salicylic aad  salt of the N-benzoyl 
derivative (4), 112.113'; and by comparison of 
chromatograms and infrared spectra (Fig. 1). 


Ethyl p-aminobenzoate (bemwam * e) was un- 
altered when heated at 235" over a 4-hour period. 
Cruickshank and Sheehan noted the essential role of 
intramolecular interactions between functional 
groups to facilitate decarboxylative acylation of 
y- or 6 dialkylamino acids with anhydrides (5). 


The pyrolysis of benzoic esters a t  temperatures 
above 400" yields benzoic acid and olefins cor- 
responding to the alcohol moiety; as a secondary 
process the a a d  decomposes losing carbon dioxide. 
No recombination of the pyrolytic fragments was 
reported. Esters which contained at least one 
B-hydrogen atom were thought to pyrolyze Via 
a cyclic transition state in which some carbonium ion 
character is attributed to the a-wbon atom (6). 
Dialkylaminopropyl and dialkylaminoisopropyl 
benmates decompose at temperat- of 440-450°, 
forming benzoic acid and the olefmic amines, 
allydimethylamine and 2-dimethylamino-1- 
propene ; no reference was made to carbon dioxide as 
a secondary product (7). 


A consideration of the pharmacological properties 
of systemic procaine with those of N,N-diethyl-N'- 
phenylethylenediamine reveals areas of similar 
actions. One of the puzzling effects of intravenous 
procaine is systemic analgesia.' Administration of 
its water-soluble salts leads to liberation of the active 
ester base, which in turn is destroyed rapidly by the 
liver and plasma in humans (8). Essentially. the 
mechanism is enzymatic hydrolysis; procaine in 
human plasma completely disappears within 2 
minutes in the absence of esterase inhibitors (9). 


1 This property of systemic procaine has ban questioned 
in Keats, A. S.. D'Alcssandro. G. L., and -her. H. K., 
J .  Am. Mcd.  Assoc.. 147,1761(1051). 
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twice recrystallized from petroleum ether, b.p. 30- 
80'; m.p. 61-62'. 


In a 100-ml. Claisen flask set for vacuum distilla- 
tion 59 Gm. (0.25 mole) procaine base was held at  
an internal temperature range of 225-235', while a 
pressure of 19 mm. was maintained using a con- 
trolled air leak a t  the vacuum pump. Within a 1- 
hour period under these conditions 17.8 Gm. of 
practically colorless liquid was collected in a brine- 
cooled receiver; the residue in the distillation flask 
was a gummy yellow solid. Evolution of carbon 
dioxide throughout the distillation was observed by 
passing the noncondensed vapor through a Drierite 
U-tube to a soda-lime trap (indicator type, 4-8 
mesh, Fisher Scientific Co.). 


Fractionation of the distillate through a 10-cm. 
Vigreux column a t  5 mm. pressure yielded two 
liquids in nearly equal amounts; the first was 
collected until an upper vapor temperature of 80' 
and the second at 133-135'. The lower boiling 
fraction was identified as 2-diethylaminoethanol and 
converted to its hydrochloride, m.p. 133-135' 
(15). 


The second liquid was submitted to a more 
detailed study. Treatment of the residue, a 
resinous polyamide, with boiling aqueous 574, sodium 
hydroxide led to the recovery of p-aminobenzoic acid 
on adjustment of pH to 4.0-4.5. 


hoof  of Structure of Pyrolysate II as N,N-Di- 
ethyl-N'-phenylethy1enediamine.-The second py- 
rolysis fraction was converted to a monohydro- 
chloride salt by treatment with dry hydrogen chlo- 
ride in ether or 99% isopropyl alcohol. The salt 
so obtained was recrystallized from 99% isopropyl 
alcohol, m.p. 133-135'. 


Aml.-Calcd. for CIZH2,C1N*: C, 63.02; H, 9.18; 
C1, 15.53; N, 12.25. Found: C,63.15; H,9.02; 
Cl, 15.25; N, 11.98. 


For comparison, the free base was synthesized 
by the alkylation of aniline with 2-diethylamino- 
ethyl chloride in absolute alcohol containing excess 
sodium carbonate (2). On reaction with dry hy- 
drogen chloride it formed a monohydrochloride salt 
which melted at 133-135' (3). A mixed melting 
point with the hydrochloride salt of pyrolysate I1 
showed no depression. 


The second pyrolysis fraction was characterized 
further by benzoylation and isolation as a crystalline 
salicylate. 


Pyrolysate 11 was heated with the calculated 
quantity of benzoyl chloride at 100" for 24 hours (4). 


One equivalent of salicylic acid was added to a 
30y0 solution of the liquid benzoyl derivative in 
warm benzene. Addition of 0.5 vol. of petroleum 
ether (b.p. 30-60') and gradual cooling deposited the 
colorless crystalline salicylate, which was re- 
crystallized from the same solvent system, m.p. 


Anal.-Calcd. for C,sHsaNtOl: C, 71.85; H, 6.95; 
5, 6.45. Found: C, 72.11; H ,  6.88; N, 6.50. 


N,N - Diethyl - N' - benzoyl - N' - phenylethyl- 
enediamine salicylate was prepared similarly from 
the synthesized base. This salt melted at 112-113'. 
a mixed melting point of the two salicylates showed 
no depression. 
phino-N,N-diethylphenethy1amine.-Catalytic 


hydrogenation of p-aminobenzyl cyanide in the 
presence of diethylamine using 10% palladium on 
barium sulphate yielded the product after removal 


112-113'. 
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of the catalyst and fractional distillation, b.p. 115- 
116" (0.5 mm.) (16). 


Chromatographic Comparisons.-Chromatograms 
were obtained using strips of Whatman No. 1 filter 
paper in an ascending system. Development in- 
cluded the use of a mixed solvent prepared from 2 
vol. n-butanol and 1 vol. each glacial acetic acid and 
water; the time required was 16 hours at 20". For 
location of compounds the paper was airdried, 
sprayed with a 0.2% ninhydrin in acetone solution, 
then heated at 110' for 10 minutes. 


The synthetically prepared N,N-diethyl-N'- 
phenylethylenediainine and p-amino-N,N-diethyl- 
phenethylamine were compared to the second 
fraction of the pyrolysate. The p-substituted aniline, 
a colorless liquid stored under nitrogen, gave an 
immediate yellow color on contact with the paper. 
The other two products remained colorless. Identical 
R, values were obtained4.80-for  the ethylene- 
diamine and the pyrolysate, with bluish-green spots 
on reaction with ninhydrin. An R/ of 0.69 was noted 
for the p-substituted aniline and a yellowish-brown 
color with ninhydrin. Repeated chromatography 
trials failed to show its presence in the pyrolysate. 
The closeness in boiling point of the diamine, 154- 
158' (17 mm.) (17), and the p-alkylated aniline, 
154-157' (13 mm.) (16). prevented seperation by 
distillation. 


Ethyl pAminobenzoate Pyrolysis Attempt.-The 
ester was twice recrystallized from ethyl alcohol, 
m.p. 87.5-88.8'. It was heated a t  the same internal 
temperature range (225235') as procaine, but a 
pressure of 65 mm. was selected to maintain reflux 
of the ester in the Claisen flask without condensation 
of any formed aniline or N-ethylaniline. There was 
no detectable carbon dioxide evolution over a 4- 
hour period of heating; the pressure was reduced to 
0.8 mm., and the ester recovered quantitatively a t  a 
boiling point of 141-143O. The distillate rapidly 
solidified on cooling and showed no change in 
melting point. 
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Technical Articles- 


Quantitative Photochemical 
of Drugs I 


Design and Calibration of an 


By JAMES C .  PRICE and GEORGE 


Decomposition 


Instrument 


E. OSBORNE 


An instrument for facilitating photochemical decomposition studies has been de-  
signed, constructed, and calibrated. T h e  instrument supplies light of narrow band- 
width, which can be varied with respect t o  wavelength and to some extent with re- 
spect to intensity; the instrument provides for monitoring, recording, and integra- 
t ion of  the incident and exit beams t o  and from the reaction mixture; it provides for 
keeping the reaction mixture at a constant and predetermined temperature and for 
stirring the mixture. Stoppered reaction cells exclude air when desirable. Short and 
long term stability of the instrument appear to be good,  and response t o  light of any 


one  wavelength with r e s p e a  to intensity is practically linear. 


H E  PROBLEM of the decomposition of drugs as 
Ta result of the absorption of radiant energy 
in the form of light has  become more acute as the 
number a n d  coniplexity of pharmaceuticals have 
increased. T h e  quantitative study of the  in- 
fluence of light upon drug stability is un- 
fortunately difficult. Not only are many of the 
drug entities very complex, bu t  also the pres- 
ence of adjuncts  in a finished, marketable, and 
acceptable preparation may tend to confound the 
study of such systems. Add to these problems 
the complicated task of measuring and  controlling 
the light energy absorbed by the system and  of 
separating the effects produced by  the light from 
other unknown and uncontrollable factors, a n d  i t  
becomes little wonder that investigations in this  
area in the discipline of pharmacy have, until 
recently, been more or less qualitative. It is  t o  
the problem of the measurement and  control of 
the quali ty and quant i ty  of light that the efforts 
of this work have been primarily directed. 


INSTRUMENT DESIGN 


The design of an instrument for photochemical 
studies must include the following considerations. 


The instrument should supply radiant energy of 
proper wavelength range, of suitahlv narrow band- 
width. and of sufficient intensity to make deconi- 
position studies practicable. 
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The instrunlent should measure thc quantity of 
energy absorbed by the drug sample by accounting 
for (a )  the intensitv and quantity of the light 
energy entering the drug system and ( b )  for the 
intensity and quantity of energy leaving the sys- 
tem 


Ideally, the instrument should provide for concur- 
rent and constant analysis of the effects of the 
radiant energy on the drug system. 


The components of such an instrument then should 
include: ( a )  a light source, ( b )  a monochromator or 
other means of isolating a narrow portion of spec- 
trum, (c )  radiant energy detection devices and asso- 
ciated equipment for the measurement of light 
entering and leaving the sample, and ( d )  a means of 
keeping the reaction system in a constant and con- 
trolled environment. 


When the components of this system are to be se- 
lected. it is helpful in some instances to postulate 
properties of ideal components, considering both the 
behavior of radiant energ). and the requirements for 
the study of photochemical decomposition reactions. 
Available components of design which most closely 
approximate those of the ideal can then be selected 
within budgetary limits. 


Design and Selection of Components 


Light Source.-The ideal light source for photo- 
chemical studies should produce line spectra, the 
intensity of which could be vaned a t  will by ch:ing- 
ing the input energy. The source should be stable, 
have a long life, be economical of space and energy 
requirements, be readily obtainable and inexpensive. 
The lamps which most nearly approach these require- 
ments are the mercury vapor medium pressure arcs. 


The lamp selected for the subject instruincnt was 
250-watt mercury vapor Uviarc, manufactured by 
the Cencral Electric Co.  The lamp was rated for 
loo0 hours useful life, and it supplied useful mercury 
spcctral lines a t  2%. 26.5, 281. 297, 303, 313, 365, 
405, 436, 5446, and 578 mp wavelengths. The lamp 
was readily obtainable and had a low first cost In 
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millimeter. The grating was blazed for 3000 A. 
wavelength. 


The optical layout for the monochromator was 
based on the Czerny-Turner modification of the 
system described by Ebert, as reported by 
Fastie (1, 2). The Czerny-Turner modification dif-  
fers from the Ebert system only in that two small, 
off-axis, spherical mirrors are used instead of one 
large one. 


The optical arrangement of the parts of the mono- 
chromator are shown in Fig. 1, which shows also 
the reaction cell, the optical blank, the detectors, 
and the light path taken in the instrument. Light 
from the source is collimated by a large, first sur- 
face. spherical, concave mirror and is focused at the 
entrance slit with the aid of a small plane mirror. 
Light from the entrance slit is deflected by a second 
plane mirror to a spherical concave mirror which 
renders the beam parallel and sends it to  the dif- 
fraction grating. The diffracted light is then fo- 
cused by a second spherical concave mirror on the 
reaction cell exit slit. However, a portion of the 
light is focused on the optical blank exit slit with 
the quartz plate beam splitter. Light from the exit 
slits goes through the reaction cell and the optical 
blank, respectively; the photocell detectors monitor 
the light exiting from the reaction cell and the optical 
blank cell. The rectangular objects on either side 
of the silica cells are water jackets and holders for the 


812 


addition, it could be operated from the regular 
alternating current lines through a current-limiting 
transformer. The addition of a variable transformer 
ahead of the current-limiting transformer made it 
possible to  vary the output intensity of the lamp 
through a limited range. 
The Monochromator.-Quantitative photochem- 


ical studies almost always require that the light 
used to irradiate a chemical substance or a drug be 
of narrow bandwidth, i .e.,  as nearly monochromatic 
as possible. Ideally, one should be able to select any 
bandwidth for a given experiment, and the device 
used for limiting the bandwidth should not cause 
any light loss in the process. 


Although filters can be used to isolate a narrow 
portion of spectrum, they do not offer the versatility 
and ease of preselection of wavelength that is pos- 
sible with a prism or diffraction grating monochrom- 
ator. For these reasons, a diffraction grating 
monochromator was designed as a part of the instru- 
ment. A diffraction grating was chosen as the dis- 
persing element in the monochromator, rather than 
a prism, primarily because its linear spectral disper- 
sion facilitated wavelength calibration; in addition, 
good quality replica gratings were available at a 
reasonable cost. 


The grating selected was a Bausch & Lomb 
Certified-Precision replica, plane reflection type, 
with 5'2 X 52-mm. ruled area, and 1200 lines per 


Fig. 1.-Light path dia- 
gram of the instrument 
showing the light source, 
the monochromator, the 
cells and cell holders, and 
the photocell light detec- 
tors. 
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Fig. 2.-A, Photocell and photocell amplifier circuit for the optical blank channel. B, Photocell circuit 
All resistance values are in ohms: k = for the  reaction cell channel (amplifier circuit is identical to A ) .  


1000, meg = 1,OOO,O00. Capacitance values are in microfarads. 


cells. Not shown on the diagram is a small electric 
motor with a magnet attached to its shaft, which 
serves to  stir the reaction mixture (aia a small mag- 
netic stirrer). 


The collimating mirror for the light source is a 
concave mirror, 6.6 in. in diameter, 3.8-in. focal 
length; the two concave mirrors in the monochrom- 
ator proper are identical 4.2541. diameter, 9-in. 
focal length, aluminized mirrors. The quartz plate 
beam splitter is a 1-in. by 2-in. silica microscope 
slide. The slits are fixed at 2.1-mm. width and 18- 
mm. length. The diffraction grating, described pre- 
viously, is rotated with a gearbox from a surplus 
type A-10 sextant. The degree indicator on the 
sextant gearbox Serves as a means of selecting wave- 
length. 


The reaction cells are ordinary, l-cm. light path, 
silica spectrophotometer cells with Teflon stoppers. 
They are held in place against the slits by the water 
jacket assembly. 


Electronic Components 


Light Detectors.-The ideal detector should give 
a linear response with respect to  intensity, should 
respond only to  the spectral range of interest, and 
should show the same response for the same intensity 
for any wavelength withii the range of interest. 
Thermopiles are classically the detectors of choice 
for photochemical studies (chiefly because of their 
linear response which does not change with wave- 
length) ; they have the disadvantages of low output, 
slow response, and sensitivity to temperature 
changes and heat radiation. In addition, a display of 
their output requires either very sensitive galvanom- 
eters or elaborate amplifiers. Vacuum type photo- 
cells, though having a varying response with wave- 
length, are insensitive to heat radiation and tem- 


perature changes; when a modulated signal is used, 
their output is easily amplified. Their response time 
is rapid, and for a given wavelength, their output is 
linear with respect to  intensity. For these reasons, 
photocells were selected as detectors in this instru- 
ment. They were type 935 vacuum phototubes hav- 
ing an S 5  spectral response. 


The output signals from the photocells were ap- 
proximately electrically balanced by using different 
values of cathode resistors in each phototube. A 
voltage divider potentiometer in the cathode re- 
sistance of the photocell monitoring the light from 
the reaction cell permitted balancing the two signals 
exactly (Fig. 2) .  


Photocell AmpUers.-The primary requirement 
of the amplifier is t o  give stable, linear amplification. 
Alternating current amplifiers with negative feed- 
back to  compensate for nonlinearity fulfill these re- 
quirements. Since the signal from the photocells 
was modulated at a 120 cycle rate (the light output 
from the mercury vapor lamp was modulated at 
this rate because of the alternating current opera- 
tion), an alternating current amplifier could be used, 
and the difficulties of direct current amplification 
were avoided. The amplifier constructed for the 
photocells consisted of a dual-triode tube and a full- 
wave bridge rectifier to provide a rectified output 
signal. Negative feedback through the rectifier to  
the cathode of the first stage helped to  correct for 
nonlinearity in the amplifier and the rectifiers. In 
the circuit shown in Fig. 2, a type 12BH7 tube gave 
very nearly linear response over the tidl range of 
output from the phototubes. A type 12AX7 tube 
gave slightly more linear response over a shorter 
range. 


The rectified output from each photocell amplifier 
goes to  an attenuator circuit, which allows the selec- 
tion of one-half or full output to  go to the recorder. 
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Fig. 3.-Block diagram 
showing the relationship 
of the components of the 
instrument. 


Recorder and Integrator Systems.-The recorder 
and integrator systems were based on a light inte- 
grator described by Miller (3). Two servo-motor- 
amplifier systems were used to record and integrate 
the signal from each photocell amplifier. A com- 
plete description of the recorder and integrator sys- 
tems is included in the thesis (4) from which this 
report is derived. 
Summary of Instrument Design 


The relationship of the individual components in 
the instrument is shown in Fig. 3. Light from the 
Uviarc source is rendered monochromatic by the 
monochromator; the monochromatic beam is split; 
the main portion of the beam is directed to the reac- 
tion cell, and the other portion of the beam is di- 
rected to the optical blank. Output from each 
photocell detector is amplified, and the signal in- 
tensity is recorded. The signal is then integrated or 
summed over the time period of exposure of the reac- 
tion cell to light. Figure 4 (A and B )  shows the 
instrument. 


CALIBRATION OF THE INSTRUMENT 
Monochromator Calibration.-The monochrom- 


ator was calibrated with the mercury arc source, 


Fig. 4.--A, Over- 
all view. The re- 
corder and inte- 


A grators and their 
associated controls 
are on the left. 
The housing on the 
right contains the 
light source, mono- 
chromator, reac- 
tion and optical 
blank cells, and 
the photocell de- 
tectors. B, Top 
view of light 
source, monochro- 


B mator, and cell 
housing assembly. 
Cell compartment 
is shown open. 


using known lines of the mercury spectrum as refer- 
ences. A plot of wavelength versus dial indication 
was linear. 


Recorder Calibration.-The recorder was cali- 
brated to determine its linearity by using known 
fractions of the voltage required to drive the recorder 
to full scale indication. The response was linear 
within the readability of the chart indication. This 
result was expected since the recorder linearity is 
primarily dependent upon the linearity of the bal- 
ancing potentiometer, and this unit is specified by 
the manufacturer to  be linear within 0.570. 


Integrator Linearity Calibration.-The integrator 
assemblies were calibrated for linearity in terms of 
recorder chart indication versus revolutions per min- 
ute of the integrator rotors. The results confirmed 
those of Miller (3) that the linearity and accuracy of 
the integrators were better than 1% of the full 
registration rate. 


Calibration for Linearity of Over-AU Response.- 
The over-all response linearity (excluding the inte- 
grators) was determined by utilizing Beer’s rela- 
tionship. Dilutions of dyes were made up, and the 
transmittance of several dilutions were determined 
for each channel of the instrument. This procedure 
was repeated for the most useCul spectral lines of the 
mercury lamp from 254 mp wavelength to 436 mp 
wavelength. The results showed that the instru- 
ment was practically linear down to about 15% 
transmittance for all wavelengths tested. The re- 
sponses of both channels were very closely parallel. 


Calibration of Integrators in Terms of Quanta Per 
Revolution of Integrator Rotor.-This calibration 
was performed using the uranyl oxalate actinometer 
system first studied in detail by Leighton and Forbes 
(5). The quantum yields for this reaction have been 
carefully worked out by these and other workers 
(6, 7) for several wavelengths of the mercury spec- 
trum. 


The actinometer solution was exposed to  a given 
wavelength of light for a sufficient length of time to 
give a titratable difference between the exposed and 
unexposed solutions; the number of molecuIes of 
oxalate decomposed was calculated; then from the 
known quantum yield of the reaction, the number 
of quanta absorbed by the solution was calculated. 
The number of integrator rotor revolutions of the 
channel monitoring the reaction cell exit was sub- 
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tracted from the number of rotations of the optical 
blank integrator, and the result was divided by the 
number of quanta absorbed by the solution to ob- 
tain the number of quanta per revolution of the 
integrator rotor. 


Because of the difference in phototube response at  
different wavelengths, the calibration procedure was 
carried out for the most useful wavelengths of the 
mercury spectrum, i.c., 254, 265, 281, 303, 313, 365, 
and 405 mp. 


STABILITY OF THE INSTRUMENT 


Short term stability of the instrument has been 
observed to be excellent with no noticeable drift 
after a 30-minute warm-up period. Long term sta- 
bility has been checked at  one wavelength (254 
mp) using the potassium ferrioxalate chemical ac- 
tinometer system described by Parker (8) and later 
tested by Baxendale (9); the calculated values for 
quanta per revolution of the integrator rotor were 
within 1% of the original calculated values. 


SUMMARY AND CONCLUSIONS 


An instrument for facilitating photochemical de- 
composition studies has been designed, constructed, 
and calibrated. The instrument supplies light of 
narrow bandwidth, which can be varied with re- 
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spect to wavelength and to some extent with re- 
spect to intensity; the instrument provides for 
monitoring, recording, and integration of the inci- 
dent and exit beams to and from the reaction mix- 
ture; it provides for keeping the reaction mixture at 
a constant and predetermined temperature and for 
stirring the mixture. Stoppered reaction cells ex- 
clude air when desirable. Short and long term 
stability of the instrument appear to be good, and 
response to light of any one wavelength with re- 
spect to intensity is practically linear. 


Considering that the cost of the parts and ma- 
terials to build the instrument was minimal, this 
instrument or a modification of it would be a useful 
tool for pharmacy laboratories doing photochemical 
decomposition studies. 
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Use of Models in Determining Chemical 
Pharmaceutical Stability 


By LLOYD KENNON 


The area of chemical kinetics as it has been ap lied to the prediction of the stability 
of drugs in pharmaceutical formulations has k n  quite extensively discussed and 
reviewed during the past few years. In spite of this, a method has been developed 
which will, it is hoped, be especially useful in pharmaceutical roduct development 
work as distinguished from academic research studies in w h i x  the goals are to de- 
termine reaction rates or orders or to elucidate reaction mechanisms. The present 
method is based upon the construction of reference reaction paths which result 
lo ically when one considers the usual values of rtinent heats of reaction and con- 
sifers normal shelf-life goals. Two results whicrhave emerged from consideration 
of these paths are rules of thumb havin a sound theoretical basis and a naturally 
arising logical assay schedule. The sctedule arises because of the temperatures 
chosen for sample storage (RT, 37O, 4S0, 60°, and 8 S 0 )  and would change if another 


set of storage conditions was employed. 


ORE FREQUENT USE of chemical kinetics is 
now being made in the course of product 


development work in the pharmaceutical industry. 
The intrinsic value of such approaches is now 
considered to be significant-as the many 
academic and industrial publications in the 
scientific literature bear witness. 


The pharmaceutical literature is replete with 
examples of stability data which are presented 
much in the same manner as product develop- 
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ment laboratory reports. Many papers present 
tables which show stability assay results obtained 
after formulations were stored under the usual 
accelerated conditions or tables which indicate 
composition changes induced or prevented when 
modifications are made in the formulation under 
study. Although useful, such information must 
be considered qualitative or semiquantitative 
when compared to the results of more rigorous 
studies made since 1950 wherein parameters 
such as reaction rate constants and heats of 
activation were determined. It may be noted, 
however, that concepts such as kinetic studies and 
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also includes an item easily overlooked in a student 
text: procedures for laboratory accidents and first 
aid which is prominently placed on the inside front 
cover and adjoining page. 
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for Her Majesty’s Stationery Office: Sales Sec- 
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.4ve., New York 22, N. Y. 13 
X 21 cm. Price $6.50. Paperbound. 
Brief notes on scientific research in progress in 
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Spectrophotometric Determination of Poldine 
Methylsulfate and Application to 


Pharmaceutical Preparations 
By JOHN W. POOLE and ALEXANDER A. MONTE 


A spectrophotometric method for the determination of poldine methylsulfate is pre- 
sented. The ultraviolet absorbance of methanol solutions of the compound is the 
analytical measurement utilized in the procedure. The quantitative separation of 
the drug from interfering substances and degradation products is accomplished 
through the formation of a reineckate derivative with the subsequent regeneration of 
the conjugate base by ion-exchange chromatography. The method is shown to be 
applicable to various pharmaceutical reparations and is useful for studying the 


hydrolytic degrasation of the molecule. 


REVIOUSLY PUBLISHED METHODS for the 
determination of poldine methylsulfatel 


have employed infrared spectroscopy and colori- 
metric procedures. The infrared procedure of 
Rapson, et al. (I) ,  was designed primarily for 
the examination of samples taken from bulk 
supplies of the pure material. Langley and his 
co-workers (2) employed a methyl orange tech- 
nique for the determination of poldine methyl- 
sulfate in biological fluids; Singleton and Wells 
( 3 )  utilized the ammonium cobaltothiocyanate 
complex for the colorimetric determination of 
this compound in pharmaceutical dosage forms. 
However, the colorimetric procedures cannot 
be applied to pharmaceutical formulations in 
many instances because of the presence of 
interfering substances. 


The spectrophotometric assay described here 
might be expected to offer an advantage in that 
the absorption bands utilized correspond to the 
drug molecule being analyzed. The assay has 
been developed for the determination of the drug 
molecule in various pharmaceutical formulations 
alone and in combination with other compounds. 
In addition, it has been employed to follow the 
hydrolysis of this compound in aqueous systems 
under varying conditions of pH and temperature. 


Poldine methylsulfate (2-benziloyloxymethyl- 
1,l-dimethylpyrrolidinium methylsulfate) (I) 
can hydrolyze to benzilic acid (11) and 2(a- 
hydroxymethyl) - 1 , l  - dirnethylpyrrolidinium 
methylsulfate (111). The ultraviolet absorption 
spectrum of poldine methylsulfate, shown in 
Fig. 1, is due almost entirely to the benzilic 
acid moiety. The development of a spectro- 
photometric a s a y  for this compound resolved 
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itself to the quantitative separation of the drug 
from interfering substances and its degradation 
product, benzilic acid. 


Many organic bases react with ammonium 
reineckate to form derivatives which are useful 
in their identification and determination. Rei- 
neckate derivatives have been quantitatively 
determined gravimetrically, colorimetrically, and 
by titration procedures (4-8). However, in 
many instances, these methods suffer from a lack 
of specificity which may be overcome by regenera- 
tion of the base with the subsequent analysis 
of the pure material. Kapfhammer and Eck 
(9) utilized the treatment of acetone solutions 
of the reineckate derivative with silver sulfate, 
then with barium chloride as a means of regenera- 
tion of the basic compounds. More recently, 
Kum-Tatt (10) accomplished this regeneration 
by the use of a strong anion-exchange resin with 
acetone solutions of the reineckate derivatives. 


In the present study, the formation of a rei- 
neckate derivative of  the drug with the subse- 
quent regeneration of the conjugate hase hy 
means of ion-exchange chromatography was the 
method used to accomplish the necessary yuan- 
titative separations. The ultraviolet absorption 
at  257 mp of methanol solutions of the regenerated 
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compound was the analytical measurement 
employed in this procedure. 


The  purpose of this study was to develop an 
assay procedure for poldine methylsulfate useful 
for the determination of this drug in pharma- 
ceutical preparations and in the presence of i ts  
hydrolysis products. 


EXPERIMENTAL 
A number of cationic and anionic ion-exchange 


resins were investigated as a means of regeneration 
of the conjugate base from the reineckate derivative 
of poldine methylsulfate. The only system studied 
which was found to give quantitative recovery of 
the basic compound with methanol solutions of the 
reineckate derivative was a weak anionic exchange 
resin. In the case of the strong cationic exchange 
resins, complete elution of the drug from the resin 
was  not possible, while the intermediate and weak 
cationic exchange resins did not retain the drug 
quantitatively. The strong anionic exchange resins 
were efficient in removing the reineckate ion from 
the methanol solutions but also retained a consider- 
able quantity of the drug molecule. 


The use of varying amounts of reagents and filtra- 
tion of the insoluble reineckate derivative over a 
wide range of time showed that critical control of 
conditions was not necessary to obtain reliable and 
accurate results with this procedure. The requue- 
rnents for quantitative formation of the reineckate 
derivative were found to  be sufficiently acidic 
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sample solutions and an excess of reineckate reagent. 
No variance in results was noted when the samples 
were stored at 5' for 24 hours or in an ice bath for 2 
hours. The details of the procedure are stated 
below. 


Reagents.-Ammonium Reineckate So1utwn.- 
Approximately a 1% solution is prepared by dis- 
solving 1 Gm. of ammonium reineckate in 100 ml. 
of distilled water. Shake for 10 minutes and filter 
through filter paper. 


Ammonium Reineckate Wash Solution.-Add 2 ml. 
of ammonium reineckate solution to  1 L. of distilled 
water. 


MeLhano1.-Analytical reagent grade is utilized. 
AmberliLe IR-4B Anionic Resin.-The resin is 


allowed to stand overnight in a 5% aqueous sodium 
hydroxide solution, then washed with distilled water 
until the effluent is neutral. 


Procedure.-Add 10 ml. of ammonium reineckate 
solution to  20 ml. of a 5y0 sulfuric acid solution con- 
taining 10 to 50 mg. of poldine methylsulfate, and 
place this mixture in an ice bath for 2 hours. Filter 
the precipitate formed through a sintered-glass 
crucible, wash with 30 ml. of ammonium reineckate 
wash solution. Dry the precipitate in a vacuum 
oven for 1 hour a t  50", then dissolve the reineckate 
derivative in 30 ml. of absolute methanol. Prepare 
an ion-exchange column with a pledget of glass wool 
and 2 to 3 Gm. of Amberlite IR-4B anionic resin, 
previously treated as described above, and wash with 
50 to 75 ml. of methanol. The methanol solution 
of the reineckate derivative is passed through the 
column at a rate of about 1 ml. per minute and col- 
lected in a 50-ml. volumetric flask. If color is 
present in the effluent, it  is returned to  the column or 
passed through a second column of the same type. 
The resin column is washed with sufficient methanol 


TABLE I.-ASSAY OF POLDINE METHYLSULFATE IN 
AQUEOUS SOLUTIONS CORRESPONDING TO A 10% 


HYDROLYTIC DEGRADATION OF THE DRUG 


2 (a-Hy- 
droxy- 


methyl)- 
1,l-di- 


methvl- 


0.6 0"1 I 
0.5 


5 0.4 . 
1 
z 
4 


5: 0.3 - 
m 
4 


0.2 


0.1 


sorption curve 
for poldine 
methylsulfate in 
methanol. 


0 
230 240 260 260 270 280 


WAVELENGTH, mp 


Fig. 2.-Cali- 
bration curve for 
the spectropho- 


tometric mination of deter- pol- 
dine methylsul- 


."" s 0.2 
0.1 fate. 


0 
5 10 15 20 25 


. ~~ 


pproi- Poldine 
Poldine idinium Methyl- 
Methyl- Benzilic Iodide, sulfate 


Sample sulfate. mg. Acid, mg. mg. Found, mg. 
1 45.0 2 . 5  2 . 5  45.7 
2 45 .0  2 . 5  2 . 5  45.5 
3 45.0 2 . 5  2 . 5  44.3 
4 45.0 2 . 5  2 . 5  45.6 


TABLE II.-DETERMINATION OF POLDINE METHYL- 
SULFATE IN TABLETS CONTAINING A COMBINATION 
OF POLDINE METHYLSULFATE AND BUTABARBITAL 


SODIUM 


Poldine Methylsulfate, 
-mg./tablet- 


Batch No. Age, Mo. Declared Found 
271 : 43 3 4.0  4.10 


6 4 . 0  4.11 
7 4 . 0  4.01 


278:31 3 4 . 0  4.00 
278 : 35 2 4 .0  3.81 


4 4 . 0  3.94 
R1013 0 4.0 4.06 


2 4.0 3.96 
R1017 2 4.0 4.05 


3 4 . 0  4.04 
POLDINE METHYLSULFATE, MG. 
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t o  bring the final volume to  50 ml. The absorbance 
of the methanol solution is measured at 257 mfi in a 
1-cm. cell with a suitable spectrophotometer. The  
methanol wash from 2 to 3 Gm. of the Amberlite 
IR-4B anionic resin is used as a blank and the poldine 
methylsulfate content is determined from a standard 
curve. A Cary model 14 spectrophotometer was 
used for all absorbance measurements in this study. 


Various preliminary manipulations were em- 
ployed for the determination of poldine methylsul- 
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sults obtained on several batches of syrups contain- 
ing the drug alone and in combination with the 
barbiturate are givcn in Table I l l .  None of the 
ingredients normally used in the formulation of such 
products showed interference in the assay procedure. 


The stahility of aqueous solutions of poldine 
methylsulfate under varying conditions of pH and 
temperature were studied employing the assay 
procedure described. Standard solutions containing 
2.0 mg./ml. of the drug were prepared utilizing 0.2 AT 
biphthdate or 0.2 M phosphate buffers, and the pH 
adjusted between 3.0 and 8.0 with hydrochloric acid 
or sodium hydroxide. These solutions were main- 
tained a t  a constant temperature of 40°, 80'. or 80' 
and aliquots removed and assayed at various times. 
Some typical apparent first-order plots for the hy- 
drolysis of poldine methylsulfate are shown in Fig. 8. 
The temperature dependency of the hydrolysis reac- 
tion, under the conditions of the study, is illustrated 


O C  


TABLE III.-DETERMINATION OF POLDINE 
METHVLSULFATE I N  SVRUPS - - -~ 


Poldine Methylsulfate, 
---mg 15  ml.- --- 


Sample 1 kclared Found 
' A  4 . 0  4.22 


B 4 . 0 4.25 
C" 4 . 0  3.91 
D" 4.0 3 .84  


These samples contained butabarbital sodium, 15 mg . / j  
ml . 


2 


Fig. 3.-Typ- 
ical first-order 
rate plots for the 
hydrolysis of 
poldine rnethyl- 
sulfate at pH 
6.0 0 and a t  
pH 7.0 0. 


0 15 130 45 60 75 90 105 
TIME, HR. 


fate in the several pharmaceutical dosage forms 
investigated. Solutions such as parenterals and 
syrups were appropriately diluted with sulfuric acid 
and analyzed as described. For the analysis of 
tablets, 20 tablets were accurately weighed and re- 
duced to a powder in a mortar and pestle. A suit- 
able weight of powder equivalent to 50 mg. of poldine 
methylsulfate is extracted with 50 nil. of a 5% sul- 
furic acid solution, filtered, and a 20-1111. aliquot of 
the filtrate used for the assay. 


RESULTS AND DISCUSSION 


Figure 2 illustrates a standard curve obtained 
with a series of aqueous poldine methylsulfate solu- 
tions carried through the complete analytical proce- 
dure. The precision of the analytical method was 
tested on a number of simple aqueous solutions of the 
drug, and the standard deviation in a series of 2 i  
assays was found to be 1.84'/L. 


Aqueous solutions o f  benzilic acid and 2(a-l1y- 
drc~symethyl)-l.l-dinlcthylpyrrolidinium iodide 
alone and in con~bination showed no absorbance at 
25T nip when carried through the entire analytical 
procedure. T o  determine the reliability of the 
nietliod for poldine ~nethylsulfate in the presence of 
these products, synthetic mistures. corresponding 
to a 109;) hydrolytic hreakdown of the drug, were 
prepared and analyzed. The results of this study 
are shown in Table I. 


Table I1  shows the results of assays on com- 
pressed tablets containing a combination of poldine 
inethylsulfate and butaharbital sodium.? The re- 


2 Marketed as Nactisol by McNeil 1.aboratories. Inc., Fort 
Washington, Pa. 


Fig. 4.-Ar- 
rhenius plots for 
the hydrolysis of 
poldine methyl- 
sulfate at pH 
7.0 0 and at pH 
6.0 0 .  


-2 .5  L 
2.8 3.0 3.2 


I / T  x 103 


TABLE IV.-APPARENT FIRST-ORDER RATE CON- 
STANTS FOR THE HYDROLYSIS OF POLDINE METHYL- 
SULFATE UNDER VARIOUS CONDITIONS OF PH A N D  


TEMPERATURE 
- 


Apparent First-Order 
Kate Constant (KI) 


PH Temp., OC. ( h r . 3  X 102) 
4.0 40 0.01 
4 . 5  40 0 . 0 2  
5 . 0  40 0.04 


60 0.33 
80 3 .00  


6 . 0  40 0.21 
60 2.80 
80 15.00 


5.0 40 2.20 
60 9.20 
80 46.00 


8.0 40 14.00 


by the Arrhenius plots of Fig. 4. The heat of 
activation was determined from this data  to be 20 
Kcal./niole. Table I\: summarizes the apparent 
first-order rate constants observed in this study. 
No hydrolytic degradation was detected in solutions 
buffered at pH 3.0 or 3.5 after 80 days at 40'. 


In  the course of this investigation, i t  was noted 
that  the amine formed by the hydrolysis of poldine 
methylsulfate forms a reineckate derivative which is 
insoluble in methanol. This suggests the possibility 
of the separation of amines by selective solution o f  
derivatives of this type. 


The disadvantages of the analytical method re- 
ported here are that it is rather time consuming and 
relatively large quantities of drug are required for 
the assay. However, it is applicable to a wide 
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variety of complex samples and unusual techniques 
or critical control of the conditions are not necessary 
to  obtain reliable and accurate results. 
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bility of the compound in buffered aqueous systems 
under various conditions of pH and temperature was 
investigated utilizing the spectrophotometric proce- 
dure presented. 
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SUMMARY 


A spectrophotometric method is described for the 
determination of the quaternary ammonium com- 
pound, poldine methylsulfate. The method is 
based on the ultraviolet absorbance of methanol 
solutions of the drug after separation of interfering 
substances by a reineckate derivative and regenera- 
tion of the conjugate base through ion-exchange 
chromatography. The method has been shown to 
be applicable to the determination of the compound 
in pharmaceutical preparations and in the presence 
of its hydrolytic degradation products. The sta- 


Me thandros tenolone 


Mechanism of Hydrochloric Acid Induced Fluorescence 


By F. TISHLER and S. M. BRODY 


The main products formed when methandrostenolone ( 1 7 ~ m e t h y l -  17p-hydroxy- 
androsta- 1,4-dien-3-one) is heated with methanolic hydrochloric acid have been 
isolated by preparative thin-layer chromatography and identified by application of 
infrared, ultraviolet, and nuclear magnetic resonance spectra. A mechanism for 


the hydrochloric acid induced fluorescence is postulated. . 


N A PREVIOUS PAPER by Tishler, et al. (I), a I fluorometric procedure was described for the 
determination cf methandrostenolone‘ (Com- 
pound I, Fig. 1) based on the fluorogen formed 
when the steroid was heated with a methanolic 
solution of hydrochloric acid at 100°. A number 
of related steroids were studied to  determine the 
selectivity of the reaction. Under the condi- 
tions employed, the reaction app-ared to be 
selective for Al4-dien-3-one or A’.3.6(10)-trien-3- 
ol steroids which had both a l7g-hydroxy and a 
l7a-alkyl or alkyne substitution. 


With the aid of preparative thin-layer chroma- 
tography i t  has been possible to isolate the main 
products formed during the reaction. Based 
upon the identification of these products, a 
mechanism for hydrochloric acid-induced fluores- 
cence with methnadrostenolone and structurally 
related steroids is postulated. 


DISCUSSION 
A preparative thin-layer technique as described 
Received May 8, 1903, from the Research Department, 
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by Korzun, et al. ( 2 ) ,  was used to isolate the desired 
compounds. Figure 2 shows a typical separation 
after the entire plate has been sprayed with a 
modified LeRosen reagent (3). A summary of the 
isolated fractions is given in Table I. 


The total recovery was approximately 80%. 
Material was lost due t o  the development of a guide 
strip on the plates and due to  strongly adsorbed 
material which was not eluted. The three major 
components, Compounds IV, V, and VIII (Fig. I), 
were further purified by chromatographing them 
separately on a small alumina column. Figure 3 
shows the purified steroids as chromaotgraphed on 
a standard thin-layer plate together with the reac- 
tion mixture. 


I t  was evident from the ultraviolet spectrum 
(Fig. 4) of the reaction mixture that methandro- 
stenolone had undergone a change in its structure. 
Since the reaction was selective for those steroids 
which had the structure previously described 
above, one could predict that the changes had 
occurred solely in ring A or D or in both rings. 


Infrared and nuclear magnetic resonance ( N.M.R.) 
data of Compounds IV,  V, and VIII showed the loss 
of the hydroxyl group originally present in ring D 
of methandrostenolone. The N.M.R. spectra for 
the above compounds showed one or two bands 
between 55 and 61 cycles per second, a region 
characteristic of the CI,,~,’ dimethyls (4). The 
integrated area of the bands indicated the presence 
of six hydrogens which is consistant for two methyl 
groups. I t  was apparent that the loss of the 17- 
hydroxyl group was followed by the migration of 








Com mzcnicutions 
Interfacial Properties of 


Phenothiazine Derivatives 


Sir: 


Recent publications have indicated that chlor- 
promazine and other phenothiazine derivatives 
accumulate at biological membranes (1-3), and 
that these membranes might be the site of 
pharmacological activity. This view is strength- 
ened by recent work, which has demonstrated 
the active role of mitochondria1 phospholipid 
membranes during oxidative phosphorylation 
(4), and by the fact that chlorpromazine has been 
shown to interfere with electron transport by 
uncoupling oxidative phosphorylation (5, 6). 
Since the accumulation of a drug at a membrane 
depends on its ability to be adsorbed at inter- 
faces, we have initiated a study of the interfaaal 
properties of various phenothiazine derivatives at 
the air-water interface and a t  interfaces covered 
with insoluble monomolecular films, which simu- 
late the oriented structure of biological mem- 
branes. 


We have measured the surface tension of chlor- 
promazinel (CPZ), chlorpromazine sulfoxide 
(CPZ-0), and trifluoperazine' (TFP) at 25', 
using the Wilhelmy plate method (7). The solu- 
tions were prepared in a Sorenson buffer a t  pH 
6.9 and at an ionic strength of 0.04. A plot of 
surface tension versus the logarithm of molar 
concentration is shown in Fig. 1. The differences 
in surface activity are quite large and the order 
appears to parallel that of accumulation a t  bio- 
logical membranes (2). Since an increased frac- 
tion of undissociated molecules generally in- 
creases the surface activity of acidic and basic 
substances at liquid interfaces, the differences 
between TFP and the other substances may be 
attributed, in part, to differences in the degree of 
dissociation; the two pKa values for TFP are 
about 2.7 and 7.2 (8) while those of CPZ and 
CPZ-0 are about 8.2 (8) and 8.5 (9), respectively. 
The importance of the undissociated species was 
observed at a pH of 2.3 where the drugs are dis- 
sociated to a great extent. Here, there is no sur- 
face activity below a concentration of 1.0 X 
10+ M. The almost completPlack of adsorption 
of CPZ-0 is probably due to the sulfoxide group 
which is too polar to be oriented toward air at 


1 Marketed M Thorazine Hydrochloride by Smith Kline & 


1 Marketed as Stelazine Dihydrochloride by Smith Kline & 
French Laboratories. 


French Laboratories. 
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Fig. 1.-Surface tension us. log molar concentra- 
tion for: 1, chlorpromazine sulfoxide; 2, chlor- 
promazine, 3. trifluoperazine in Sorenson buffer, pH 
6.9 and ionic strength 0.04, at 25°C. 
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Fig. 2.-Surface pressure us. area per molecule for 


stearic acid spread on: Sorensen buffer, pH 6.9 and 
ionic strength 0.04 (0); buffer plus M chlor- 
promazine (0); buffer plus lo-' M chlorpromazine 
sulfoxide (A); buffer plus M trifluoperazine 
(0). at 25OC. 
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film, the concentration of dissolved compound, 
the pH and ionic strength of the underlying solu- 
tion, and the stereochemical configuration of the 
two molecular species in both polar and nonpolar 
groups. They concluded that in order to form a 
strong mixed film two strong points of contact 
must be made between polar and nonpolar por- 
tions of the molecules involved 


As can be seen in Figs. 2 and 3, penetration 
occurs to a great extent at higher areas per mole- 
cule but as the film is compressed to lower areas 
the drugs are ejected from the film. The relative 
surface pressure developed at the same area per 
molecule, and the ability to resist ejection, there- 
fore, are measures of the interfacial activity of 
these drugs a t  a particular membrane under a 
given set of conditions. In view of this, it is in- 
teresting to note the differences between the three 
compounds studied and the correlation with 
earlier studies (2, 3). 


Thus, it is apparent that at concentrations 
where biological activity is observed, a drug may 
be quite surface active at an insoluble mono- 
molecular film, and yet, exhibit no activity at the 
air-water interface. It is also apparent that 
modification in the structure of the hydrophobic 
and hydrophilic portions of the drug can greatly 
alter its ability to accumulate a t  a particular 
interface. 


Further studies, utilizing other films and drugs 
are being conducted. In addition, the effects of 
pH, ionic strength, and drug concentration are 
being considered. 
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the interface. This lack of adsorption was also 
noted for trifluoperazine sdfoxide. 


We have also measured the interfacial activity 
of these compounds in the presence of insoluble 
monomolecular films which were spread on a 
Langmuir-type balance (10). Figures 2 and 3 
show the relationship between surface pressure 
(surface tension of solvent-surface tension of the 
film) and the area per molecule for stearic acid 
and L-0-dipalmitoyl lecithin spread on the same 
buffer solution as used previously, with and with- 
out dissolved drug. A concentration of 1.0 X 
10-5 If was chosen since little, if any, surface 
activity was previously noted at  the air-water 


AREA PER MOLECULE - i' 
Pig. 3.--Surface pressure us. area per molecule 


for L-a-dipalmitoyl lecithin spread on: Sorenson 
buffer, pH 6.9 and ionic strength 0.04 (0); buffer 
plus 10-5 Mchlorpromazine (0 ) ;  buffer plus 10-6 M 
chlorpromazine sulfoxide (A);  buffer plus lo-& d l  
trifluoperazine (e), at 25°C. 


interface, whereas adsorption at membranes (2) 
and biological activity (5) have been reported. 


The marked development of surface pressure 
at areas per molecule where stearic acid and leci- 
thin exhibit none indicates penetration of the film 
by the dissolved drugs. Cockbain and Schulman 
(1 1) have studied the penetration of soluble sur- 
factants into insoluble films and have indicated 
that the extent of the penetration and the 
strength of the resulting mixed film depends on 
such factors as, the chemical nature and the 
number of polar groups in the two molecular 
species, the van der Waals forces between non- 
nolar eroum. the surface Dressure of the insoluble 
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Some Possible Applications of 
Aqueous Thermometric Titration 


to Pharmaceutical Analysis 


Sir: 


Recent work in thermometric titration has indi- 
cated that there is a wide range of systems to 
which this powerful analytical method should be 
applicable (1). The enthalpy change of a reac- 
tion, in addition to having a free energy com- 
ponent, has a contribution from the entropy 
change, I&., AH = A F  + TAS. Thus, thermo- 
metric titration (being an enthalpy method) will 
often work where free energy methods, such as 
potentiometric titration, fail. Since almost every 
reaction has associated with it a measurable en- 
thalpy change, thermometric titration may prove 
extremely useful for pharmaceutical analysis. 


Bridy, a thermometric titration involves 
adding a concentrated titrant to a dilute titrate 
in an "adiabatic" titration cell and measuring the 
temperature change as a function of the volume 
of titrant added. A quantitative measure of the 
amount of titrate is obtained either from the 
volume of titrant necessary to reach the end 
point (a change in slope in the temperature 
volume plot) or from the amount of heat ab- 
sorbed or evolved during the reaction (1). (See 
Curve A in Fig. 1.) 


Well-defined thermograms for titrations in 
aqueous wlution can be obtained with several 
substances whose official or other assay procedures 
require nonaqueous titration with perchloric 
acid in glacial acetic acid. While such non- 
aqueous titrations are quite useful, the authors 
feel that, in general, aqueous thermometric titra- 
tion is more convenient. The main disadvantage 
of thermometric titration is that while it can be 
performed without electronic instrumentation, 
such a procedure is tedious and time-consuming. 
On the other hand, the rapid instrumental pro- 
cedure requires only simple equipment. 


The thermograms shown in Figs. 1 and 2 were 
obtained by adding titrant a t  a rate of 0.6 ml./ 
minute from a Menisco-matic buret (American 
Instrument Co., Silver Spring, Md.) into 100 ml. 
of titrate contained in a Dewar flask equipped 
with a stirrer. The temperature was measured 
with a 2000-ohm bead-in-glass-probe thermistor 
in a bridge circuit similar to that described by 
Jordan (2). The output of the bridge was re- 
corded with a 1.25 or 5-mv. recorder. For these 
exploratory titrations, no particular precautions 
were taken to assure that the titrant and titrate 
were initially at  the same temperature. 


Figure 1 shows three thermograms for systems 
which exhibit at best poorly defined aqueous 
potentiometric titration curves. Curves A and C 
in Fig. 1 have reasonably well-defined end points. 
The official assay procedures (3) for both chlor- 
pheniramine maleate and nicotinamide require 
acetous titration with perchloric acid and visual 
end point detection. In aqueous solution, neither 
titration gives a discernible potentiometric end 
point. An advantage of the thermometric meth- 
od over the U.S.P. method for chlorpheniramine 
maleate assay is that while in the latter both the 
pyridine nitrogen of the chlorpheniramine and the 
bimaleate ion are titrated together, in the thermo- 
metric method the one end point observed reflects 
only the chlorpheniramine concentration. While 
the curvature in the thermogram for the titra- 
tion of the theophylline in aminophylline with 
NaOH (Curve B) makes the detection of the end 
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Fig. 1.-Thennograms for titrations in aqueous 
solution. Key: A, 100 ml. 0.01 M chlorphenir- 
amine maleate us. 2 M HCI; B, 100 ml. 0.01 M 
aminophylline us. 2 M NaOH; C, 100 ml. 0.01 M 
nicotinamide us. 2 M HCl. All concentrations are 
approximate. 
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Fig. 2.-Thennograms for titrations in aqueous 
solution. Key: A, 100 ml. 0.005 M aminophylline 
us. 1 M AgNOI; B, 100 ml. 0.01 M chlorphenir- 
amine maleate us. 2 M NaOH; C,  100 ml. 0.01 M 
chlorprornazine hydrochloride us. 2 M NaOH. 
All concentrations are approximate. 
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point diflicult, the measurement of the tempera- 
ture rise is quite easy. The corresponding aque- 
ous potentiometric titration curve exhibits a 
1)oorly defined end point (4) . '  Medwick and 
Schiesswohl ( 5 )  have described a nonaqueous 
potentiometric assay of ethylenediamine and 
theophylline in aminophylline using acetous per- 
chloric acid and an acetic acid-acetic anhydride 
solvent. No theophylline end point was ob- 
served in aqueous thermometric titration with 
acid. 


Figure 2 shows thermograms for three titra- 
tions which give fair-to-good potentiometric end 
points in aqueous solution. In  each case, how- 
ever, the thermometric end point is a t  least as  
easy to identify as the potentiometric end point. 
Curve A represcnts the titration of theophylline 
in aminophylline with silver ions. In  compari- 
son with the titration of chlorpheniramine male- 
a te  with acid (Fig. 1, Curve A), the titration 
with alkali (Curve B) exhibits two true end points, 
the first corresponding to the neutralization of 
the bimaleate ion and the second to  the neu- 
tralization of the chlorpheniramine ion. The 
false "end point" indicated by the asterisk is 
due to the delay of the precipitation of the chlor- 
pheniramine base alter the start of the second 
neutralization. The U.S.P. procedure (6) for 
chlorpromazine hydrochloride assay calls for ace- 
tous potentiometric titration with perchloric acid 
in the presence ol mercuric acetate. No end point 
is apparent in the direct aqueous thermometric 
titration of chlorpromazine hydrochloride with 
acid since neither the phenothiazine nitrogen 
nor the chloride ion is sufficiently basic. The 
aqueous titration with base shown in Fig 2 
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(Curve C) represents the neutralization of the 
protonated quaternary nitrogen of the ehlor- 
promazine ion. 


The precision obtainable cven from titrations 
without rigid titrant-titrate temperature control 
is indicated by the following data. End point 
determinations of five replicate titrations of a 
solution of chlorpheniramine maleate with 2 M 
HC1 gave an average value of 0.01073 M with 
an average deviation of ~t0.00005 iM. The tem- 
perature rise was constant to  f l.lyo. For nine 
replicate titrations of -0.005 M aminophylline 
with 1 M AgNOa, the end-point-determination re- 
sult was a theophylline concentration of 0.00951 
f 0.00006 M with the temperature rise constant 
to =t0.7%. 


In  cases where the end points are fairly sharp, 
we have been able to  run titrations with an auto- 
matic end-point-determination device ( 7 ) .  'The 
details of thermometric assay procedures of the 
type reported here for pure materials and for sub- 
stances in various dosage forms are now being 
investigated 
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Hepatic Secretion and Urinary Excretion of 
Three S”-Labeled Phenothiazines in the Dog 


By EDWARD J. VAN LOON, THOMAS L. PLANAGAN, WILLIAM J. NOVICK, 
and ALFRED R. MAASS 


The present studies indicate that in  the dog chlorpromazine, prochlorperazine, and 
trifluoperazine are rapidly absorbed from the intestine and that there is a rapid 
hepatic clearance of the phenothiazines. excretions of 
these com unds are greatly d e c t e d  by the side chain of the phenodiazine nucleus. 
T h e  “ m ~ l p i p e r a z i n  ylpropyl” side chain (prochlorperazine and trifluoperazine) 
markedly increases the rate of biliary excretion and reduces the urinary excretion 
of the parent compounds and/or their metabolites compared with the excretion of 
chlorpromazine and/or its metabolites (dimethylaminopropyl side chain). More- 
over, chlorpromazine and/or its metabolites excreted in  bile are reabsorbed from 


the intestine, resulting in  an entero-hepatic recirculation. 


T h e  biliary and urinar 


YODOROV REPORTED (1-3) a high degree of 
radioactivity in  the bile of dogs and rabbits 


following the administration of chlorpromazine- 
S36 1 and stated that, following oral administra- 
tion (2), a large part of the chlorpromazine-Ss6 
does not enter into the general blood stream but  
circulates in a closed circuit-intestine, portal 
vein, liver, bile, and back t o  the intestine, grad- 
ually being eliminated in the feces. Flanagan 
et al. (4) have reported on the biliary and urinary 
excretion patterns of chlorpromazine in the dog 
following intraduodenal administration. In ex- 
cretion studies in rats using five Sss-labeled 
phenothiazines ( 5 ) ,  the effect of change in struc- 
ture of the side chain upon the mode of Sa6 excre- 
tion has been reported. The urinary Ss6 excre- 
tion decreased, and the fecal Sw excretion corre- 
spondingly increased as the side chain was 
changed from 


,CHI 


CHa 
-CH*-CH2- CHz-N, to 


3-Dimethylaminopropyl 


,CHs 
-CHz-CH- CH2-N to 


CHs 
I 


h H 8  
3-Dimethylamino-2-meth ylpropyl 


-CH2-C&-CH2-NuN-CHs 


3 4  4-Methyl-1-piperaziny1)propyl 


n 


Three S36-labeled phenothiazines were used in 
the present studies t o  show: (a) that pheno- 
thiazine drugs are readily absorbed from the 
intestinal tract, (b) that the side chain structure 
attached to the phenothiazine nucleus has a 
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1 Aminazine-Su. 


definite effect upon the route of excretion, and 
(c) that there is a rapid biliary recirculation of 
chlorpromazine and/or its metabolites. 


EXPERIMENTAL 
Preparation of S‘ Phenothiazines.-The three 


phenothiazine-S” compounds used in the present 
studies were prepared by Dr. D. W. Blackburn (6). 
The structures of these compounds are shown in 
Table I. 


Operative Procedure.-Mongrel female dogs, 
weighing 10 f 0.2 Rg., which had been fasted for 16 
hours were used in these studies. The operative 
procedure to insure collection of hepatic bile only 
was described previously (4). Urine specimens were 
obtained by catheterization. 


Each drug was administered at a dosage level 
known to produce in dogs pharmacological responses, 
such as depression, sedation, and antiemetic activity. 


In the chlorpromazine-S’ experiments, three dogs 
received only the operative intraduodenal dose- 
200 mg. of the labeled drug contained in 20 ml. of 
isotonic saline. To  discover if priming had an 
effect upon excretion, a fourth dog was treated daily 
for 9 days preoperatively with 100 mg. of unlabeled 
chlorpromazine administered orally. On the tenth 
day, this dog received 200 mg. of labeled drug at the 
the time of operation. Bile and urine specimens 
were collected a t  2-hour intervals for 10 hours 
throughout the course of each experiment. 


Venous blood samples were withdrawn period- 
ically from two unprimed dogs throughout each 
experiment. In the third study with an unprimed 
dog, periodic samples of blood were obtained from 
the portal, hepatic, and jugular veins in an attempt 
to show absorption (portal), liver clearance (hepatic), 
and circulation (jugular) of chlorpromazine. Can- 
nulae were inserted into the three veins, and si- 
multaneous blood samples were withdrawn a t  desig- 
nated time periods. Blood specimens were not ob- 
tained from the primed dog. All bile, urine, and 
blood samples were analyzed for total S” activity. 


In another experiment, the bile collected from two 
of the operated dogs which had received 200 mg. of 
chlorpromazine-S” intraduodenally was combined 
and made to 25.ml. volume with saline. An aliquot 
was assayed for Ss content. The remainder (20 
ml.) was instilled into the duodenum of a third dog 
which had received no previous phenothiazine but 
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TABLE I.-STRUCTWS OF THE THREE COMPOUNDS 
__ 


Compd. Name structure 


2- Chloro- lo-( 3-dimethylaminopro- Chlorpromazine 
pyl)phenothiazine-Si hydrochloride 


-HCI 


I ,CHS 
CHCHrCHaN, 


CHI 


\ .2HOOC--CH--CH--COOH 
2-Chloro-10- azinyl)propyl] [3-(4methyl- phenothiazine-S' l-piper- Prochlorperazine U D C *  


dimaleate C H , C H , C H ~ ~ - C H .  I 


10- [3-( 4-Methyl- 1-piperaziny1)pro- Trifluoperazine 
pyl] -2-trifluoromethylphenothi- 
azine-Ss dihydrochloride 


TABLE II.-BILIARY AND URINARY EXCRETION OF CHLORPROMAZINES~ EXPRESSED AS PER CENT OF AD- 
MINISTERED DRUG (OPERATIVE DOSE, 200 mg.) 


Collection 
Periods, -Dog la- -Dog 2"- -Dog 3"- -Dog qb- 
Hr. Bile Urine Bile Urine Bile Urine Bile Urine 
0-2 3.9 2.0 2.1 1.1 10.1 2.3 1.8 1.7 
2-4 6.1 3.7 3.0 3 .4  7.7 5.7 5.9 4.3 
4-6 3.8 4.6 3 .2  5.0 6.0 4.5 5.7 4.9 
6-8 3.2 4 . 5  3.3 4 .8  3.7 2.6 5.0 3 .8  
8-10 3 .1  3.4 2.9 2.7 3 .6  2 .0  4.9 4.4 
Total 20.1 18.2 14.5 17.0 31.1 17.1 23.3 19.1 


0 Single operative dose. bPrimed for 9 days with "cold" chlorpromazine (100 mg./day) prior to receiving operative dose. 


which had been prepared for quantitative collection 
of hepatic bile and urine. Bile and urine were then 
collected from this animal for a 10-hour period and 
assayed for S" activity. Any S' appearing in the 
collected bile or urine would necessarily arise from 
the intestinal reabsorption of the administered 
labeled chlorpromazine and/or its metabolites. 
In the experiments with prochlorperazine-S5, 100 


mg. of the labeled drug dissolved in saline was ad- 
ministered intraduodenally to three dogs. Bile 
and urine specimens were obtained from each animal. 
Portal, hepatic, and venous blood specimens were 
obtained simultaneously from one dog. Blood speci- 
mens were not taken from the other animals. 
TABLE III.-HEPATIC RECIRCULATION OF CHLOR- 
PROMAZINE-S". PER CENT OF RECOVERY OF SN 
BILE COLLECTED FROM A CHLORPROMAZINE-SG- 


TREATED Doc 


Time, Hr. Bile Urine 
0-2 4.1 0.9 
2-4 8.8 4.1 
4-6 6.6 3.6 
6-8 6.5 2.9 
8-10 3.4 2.7 
Total 29.9 14.2 


In the studies with trifluoperazine-S', 25 mg. of 
the labeled drug dissolved in saline was administered 
to a single dog. Only bile and urine specimens were 
collected from this animal. 
Oxidation and Counting Procedures.-In the 


chlorpromazine-9 studies, each specimen was sub- 
ject to a nitric acid and a nitric-perchloric acid oxida- 
tion to convert any Su material to PO;. The 
SNO; was then precipitated as BaS'O,, filtered, 
dried, weighed, and counted on a gas flow counter 
having a micromil window (Nuclear-Chicago 192). 
The samples were corrected to infinite thinness. A 
known amount of the original chlorpromazine-Su 
was oxidized and counted in a similar manner tc 
obtain the specific activity of the administered drug. 


In the prochlorperazine-S' and trifluoperazine-Sas 
studies, the bile and urine specimens were made to 
volume; suitable aliquots were counted in a Pack- 
ard Tricarb liquid scintillation spectrometer, model 
314-X, using a phosphor system which contained 80 
Gm. of naphthalene and 5 Gm. of 2,Hiphenyl- 
oxazole dissolved in a mixture of toluene, 1,4dioxane, 
and absolute alcohol (1: 1 : 0.6). 


The blood samples from the prochlorperazine-Ss 
dogs were oxidized and counted in the same manner 
as the specimens from the chlorpromazine-S' dogs. 


TABLE 1v.- BILIARY AND URINARY EXCRETION OF PROCHLoRPERA7ZNE-S'6 AND TRIFLUOPERAZINE-SO 
EXPRESSED A S  PER CENT OF ADMINISTERED DRUG 


Trifluoperazine-Sx 


Periods, Hr. Bile Urine Bile Urine Bile Urine Bile Urine 
0-2 16.7 1.4 18.7 1.4 15.6 1.9 24.5 0 .4  
2-4 17.8 1.9 22.3 1 .8  18.3 2 .5  19.4 0.8 


Prochlorperazinc-Sn Operative Dose, 100 mg. . Operative Dose, 25 mg. 
Collection -Dog 5- --Dog 6- --Dog 7-- -Dog 8- 


_ .  .~ 


4-6 i i . S  1.6 13.6 1 .6  12.2 1 .9  io.4 0 .5  
6-8 7.8 1 .1  7.6 1.1 7.8 1 .3  13.3 0 .5  
8-10 6 .1  1 .o 5.7 0.9 7 . 3  0 . 8  3.9 0 .1  


Total 60.2 7.0 67.9 6 .8  61.2 8 . 4  71.5 2 .3  
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?\, ----- PORTAL BLOOD 


\----. .. 
I z s 4 3 e 7 e s l o l l l 2  


TIME (HOURS) 


Fig. 1.-Blood 
levels ?f chlor- 
promazine fol- 
lowing intraduo- 
denal adminis- 
t r a t i o n  ( 2 0 0  
w.1 .  


Fig. 2.-Blood 
levels of pro- 
ch lorperaz ine  
following intra- 
duodenal ad- 
minis t r a t i o n  
(100 mg.). 


RESULTS AND DISCUSSION 


The Ss concentrations of the bile and urine speci- 
mens, expressed as per cent of the administered dose 
for the chlorpromazine-Sa6-treated dogs are shown in 
Table 11. 


The 10-hour recovery of S36 in the urine of all four 
animals was remarkably constant: 18.2, 17.0, 17.1. 
and 19.1%. Priming of a dog for 9 days with cold 
chlorpromazine did not appear to  alter the urinary 
excretion of the labeled drug on the tenth day. 


The 10-hour biliary excretion of chlorpromazine- 
s * b  was also fairly consistent for all animals: 20.1. 
14.5, 31.1, and 23.3%. The average total biliary 
excretion for the unprimed animals was 21.9%. 
The primed animal (Dog 4) excreted %3.3?& in 10 
hours, again suggesting that the 9 days' priming with 
cold chlorpromazine did not alter the rate at which 
the dose on the tenth day was excreted in the bile. 


The collection of bile and urine from Dog 3 was 
continued for 24 hours. During the 22-24 hour col- 
lection period, 1.4% of the dose was recovered in 
the bile, while 0.7% was recovered from the urine. 
The total excretion during the %-hour collection was 
40.7% in bile and 24.3% in urine, amounting to a 
i l% total recovery of the administered dose in bile 
and in urine. 


In the experiment where bile labeled with chlor- 
promazine and/or its metabolites was instilled in 
the duodenum, 30% of the radioactivity appeared in 
the bile during the 10-hour collection period, while 
14% appeared in the urine (Table 111). This com- 
pares with 22% for bile and 17% for urine when only 
chlorpromazine-Sa6 was administered. These data 
support the theory of the entero-hepatic circulation 
of chlorpromazine and/or its metabolites following 
its secretion into bile as postulated by Fyodorov (2). 


The data obtained from bile and urine specimens 
following the intraduodenal adminiitration of pro- 
chlorperazine to three dogs and trifluoperazine to 
one dog are shown in Table IV. The results are 
expressed as per cent of administered dose of drug. 
The biliary and urinary excretions of S* in all three 
animals following prochlorperazine administration 
were consistent: 60.2, 07.9, and 61.270 for bile and 
7.0, 6.8, and 8.4% for urine. The biliary excretion 
exceeded the urinary excretion eightfold ; the average 
biliary excretion was 63.1%, compared with an aver- 


age of 7.4% recovery from urine. The initial rate 
of biliary excretion of proch1orperazine-S and me- 
tabolites was high, and Sm activity was detected in 
bile within 5 minutes after intraduodenal administra- 
tion of this compound. 


Because of a limited supply of the radiochemical, 
only one animal was tested with trifluoperazine. 
As was observed with prdorperazine-S", trifluo- 
perazine-SS was excreted predominantly by the 
biliary route. The 10-hour biliary excretion of SU 
was 71.5% of the dose, while the urinary S" excre- 
tion amounted to only 2.3%; thus, the biliary excre- 
tion was thirtyfold greater than the urinary excre- 
tion. 


It would appear from these studies that prochlor- 
perazine and frifluoperazine are excreted predom- 
inantly by the biliary route in the dog. The biliary 
to urinary excretion ratio was 30/1 for trifluopera- 
zine, 8/1 for prochlorperazine, and about 1/1 for 
chlorpromazine. These data, together with pre- 
vious excretion data in rats (5). indicate that the 3- 
(4methyl-1-piperazinyl)propyl side chain affects 
the excretion of the phenothiazine nucleus, resulting 
in an increased biliary and decreased urinary excre- 
tion of the parent compound and/or its metabolites. 


Systemic venous blood levels of the three chlor- 
promazine-SS-treated dogs ranged from 3 to 7 mcg. 
of chlorpromazine per milliliter of whole blood. 
based upon S' activity, with the peak concentration 
occurring at 4 to  6 hours post drug administration. 
To determine the hepatic clearance of pheno- 


thiazines in the dog, the Sm content was determined 
on blood samples obtained simultaneously from 
the portal, hepatic, and jugular veins following in- 
traduodenal administration of 200 mg. of chlor- 
promazine-S*S (Fig. 1). There was a marked M e r -  
ence between the concentration of Ss in the portal 
blood and that of the hepatic and jugular blood. 
At 2 hours, this difference was fourfold, but by 
10 hours all three blood samples contained essentially 
the same concentration of SU. This study demon- 
strates the rapid absorption of chlorpromazine from 
the intestine and its equally rapid clearance from the 
blood by the liver. 


A similar study using 100 mg. of prochlorperazine- 
S" administered intraduodenally again demonstrated 
rapid absorption, as there was a rapid increase in 
the portal concentration of S" which reached its peak 
about 1 hour post drug administration. Hepatic 
clearance of prochlorperazine was again demon- 
strated by the marked difference between portal and 
hepatic blood concentrations of S" (Fig. 2). The 
rapid peak of portal S" concentration is in good 
agreement with the high level of S" obtained in the 
bile during the first few hours after prochlor- 
pera2ine-P administration. 


It is fully realized that an intact entero-hepatic 
circulation would alter the results obtained in this 
study for blood levels and urinary excretion. How- 
ever, it  is felt that the general pattern would be the 
same and only the absolute values altered. 
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tracted from the number of rotations of the optical 
blank integrator, and the result was divided by the 
number of quanta absorbed by the solution to ob- 
tain the number of quanta per revolution of the 
integrator rotor. 


Because of the difference in phototube response at  
different wavelengths, the calibration procedure was 
carried out for the most useful wavelengths of the 
mercury spectrum, i.c., 254, 265, 281, 303, 313, 365, 
and 405 mp. 


STABILITY OF THE INSTRUMENT 


Short term stability of the instrument has been 
observed to be excellent with no noticeable drift 
after a 30-minute warm-up period. Long term sta- 
bility has been checked at  one wavelength (254 
mp) using the potassium ferrioxalate chemical ac- 
tinometer system described by Parker (8) and later 
tested by Baxendale (9); the calculated values for 
quanta per revolution of the integrator rotor were 
within 1% of the original calculated values. 


SUMMARY AND CONCLUSIONS 


An instrument for facilitating photochemical de- 
composition studies has been designed, constructed, 
and calibrated. The instrument supplies light of 
narrow bandwidth, which can be varied with re- 
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spect to wavelength and to some extent with re- 
spect to intensity; the instrument provides for 
monitoring, recording, and integration of the inci- 
dent and exit beams to and from the reaction mix- 
ture; it provides for keeping the reaction mixture at 
a constant and predetermined temperature and for 
stirring the mixture. Stoppered reaction cells ex- 
clude air when desirable. Short and long term 
stability of the instrument appear to be good, and 
response to light of any one wavelength with re- 
spect to intensity is practically linear. 


Considering that the cost of the parts and ma- 
terials to build the instrument was minimal, this 
instrument or a modification of it would be a useful 
tool for pharmacy laboratories doing photochemical 
decomposition studies. 
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Use of Models in Determining Chemical 
Pharmaceutical Stability 


By LLOYD KENNON 


The area of chemical kinetics as it has been ap lied to the prediction of the stability 
of drugs in pharmaceutical formulations has k n  quite extensively discussed and 
reviewed during the past few years. In spite of this, a method has been developed 
which will, it is hoped, be especially useful in pharmaceutical roduct development 
work as distinguished from academic research studies in w h i x  the goals are to de- 
termine reaction rates or orders or to elucidate reaction mechanisms. The present 
method is based upon the construction of reference reaction paths which result 
lo ically when one considers the usual values of rtinent heats of reaction and con- 
sifers normal shelf-life goals. Two results whicrhave emerged from consideration 
of these paths are rules of thumb havin a sound theoretical basis and a naturally 
arising logical assay schedule. The sctedule arises because of the temperatures 
chosen for sample storage (RT, 37O, 4S0, 60°, and 8 S 0 )  and would change if another 


set of storage conditions was employed. 


ORE FREQUENT USE of chemical kinetics is 
now being made in the course of product 


development work in the pharmaceutical industry. 
The intrinsic value of such approaches is now 
considered to be significant-as the many 
academic and industrial publications in the 
scientific literature bear witness. 


The pharmaceutical literature is replete with 
examples of stability data which are presented 
much in the same manner as product develop- 
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ment laboratory reports. Many papers present 
tables which show stability assay results obtained 
after formulations were stored under the usual 
accelerated conditions or tables which indicate 
composition changes induced or prevented when 
modifications are made in the formulation under 
study. Although useful, such information must 
be considered qualitative or semiquantitative 
when compared to the results of more rigorous 
studies made since 1950 wherein parameters 
such as reaction rate constants and heats of 
activation were determined. It may be noted, 
however, that concepts such as kinetic studies and 
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half-lives, as they relate to consumer products, 
were known and used before 1950 in other indus- 
tries, especially in  the  food industry; as an 
example we may cite the  two initial papers of 
Oswin (l), who studied the kinetics of package 
life. Also noteworthy is the fine, well-referenced 
review article concerning the prediction of drug 
and pharmaceutical formulation stability pub- 
lished by  Garrett (2). 


The  use of kinetics as described in recent works 
is, however, not as straightforward as i t  might be; 
from the  standpoint of the formulating pharma- 
cist. The reason appears t o  be tha t  most of the 
emphasis and effort have been placed on determin- 
ing the exact kinetic paths followed by  degrading 
drug compounds, rather than on correlating data  
to  discover where the  many roads led. However, 
as  will be  described, it is possible t o  correlate t h e  
da ta  and construct certain kinetic paths which can 
be used for purposes of comparison during for- 
mulation development work. Such illustrative 
paths might be termed “reference decomposi- 
tions” and serve then as models useful for making 
product stability evaluations. 


It should be stressed that the niethod to  be 
described here is aimed toward being especially 
useful in pharmaceutical development work as 
distinguished from academic research studies 
in which the goal is t o  determine precise reaction 
rates and reaction orders or t o  elucidate reaction 
mechanisms. Such studies require somewhat 
modified and more extensive experimental design. 
Studies of the latter type are  still necessary and 
should be employed in cases where application of 
this shorter method indicates borderline or 
subminimal stability. The present approach, 
we also realize, may not be avidly embraced or 
endorsed by  the purists; however, there is no 
intention io deprecaie fundamental studies, but  
rather the  intent is t o  use them t o  evaluate old 
empirical conclusions and methods and revise 
the latter so that intuition and empirically based 
relationships will be no longer necessary. 


RATIONALE AND CONSTRUCTION OF 
THE REFERENCE REACTION PATH 


Initially it may be appropriate to make some 
comments on heats of activation and on the role they 
play in the present method. Heats of activation are 
related to reaction rate constants (through the well- 
known Arrhenius equation) such t h a t  a rate con- 
stant’s rate of change with temperature is affected 
by the heat of activation. Thus the course of deg- 
radation, that is, the amount of breakdown as a 
function of time and temperature, followed by a 
compound depends only on the value of the heat of 
activation-not on the order of the reaction or on 
any other factors. To make the rate of degradation 
of a reference decomposition proceed as unfavorably 
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as possible, that is, to allow the formulation to be 
stable at the higher temperatures for the maximum 
possible periods of time, one need only assign a very 
low value to the heat of activation. It may be use- 
ful to amplify the concept of the unfavorable reaction 
just mentioned. By “unfavorable” it is meant 
tha t  the reaction course (ie., the stability assay 
results) would tend to  be misleading because the 
assay results obtained on samples stored at the higher 
temperatures would stay high for longer periods of 
time. Normally, a formulator wants weak formula- 
tions to manifest their weaknesses after s b t  periods 
of storage a t  elevated temperatures. 


To construct the unfavorable reference reaction 
path under discussion, a suitably low value for the 
heat of activation, such as 10 Kcal./mole, must be 
chosen. Almost no measurable reactions (and in 
pharmaceutics we deal with reactions that are much 
slower than the instantaneous and hence barely 
measurable) have activation energies this low. 
Most activation energies are in the 1MO Kcal./ 
mole range and are virtually sure to be found within 
TABLE L-HEATS OF ACTIVATION OF DEGRADATIVE 


REACTIONS OF SELECTED DRUG COMPOUNDS~ 


Compound 
Actinospectacin 
APAP 
Ascorbic acid 
Aspirin 
Atropine 
BAL 
Barbital 
Benzocaine 
N-Butylformamide 
Chloramphenicol 


Chlorobutanol 
Dye-FD&C Blue No. 2 
Dye-FD&C Red No. 1 
Dyes-Mixture of 


FD&C Yellow No. 6 
and D&C Red No. 33 


Epinephrine 
Filipin 
Folic acid 
Fumagillin 
Glucose 
Homatropine 
Hydrocortisone 
Isoamyl nitrite 
Methylphenidate 
Meth ylprednisolone 
Morphine 
Naphazoline 


Pantothenyl alcohol 
Phenethicillin 
Prednisolone 
Procainamide 
Procaine 
Riboflavin 
Salicyl alcohol 
Streptozotocin 
Thiamine 


Vitamin A 
\’itamin Blr 


2-PAM 


AHa 
20 
18 
16, 23, 23 
13, 15, 18 
13, 14, 25 
16,24 
11, 15, 16 
19 
20 
20, 20, 21, 21, 


19 
23, 24, 24, 35 


22,23 
22,47 


20 
23 
9 
17,27 
9, 17 
31, 31, 32 
11, 12. 13 
7, 17, 20 
20 
15,25 
14 
23 
5, 16 
17, 17. 29 
20,21 
18 
11 
13, 13 
12, 17 
20 
24 
21, 21, 27 
13, 21, 24, 25, 


26, 26, 29 
15,23 
23, 26 


Kefer- 
ence 


3 
4 
5 
6, 7 
8, 9 
10.11 
12 
13 
14 
15-18 


19 
20 
20 


21 
22 
23 
5 
24 
2 5 2 6  
9, 27 
28, 29 
30 
31 
32 
33 
34 
35 
5, 36 
37 
32 
13, 38 
13, 39 
40 
41 
42 
5, 36, 


43 
5 
5, 36 


Note: The listing of two or more values for the heat of 
activation indicates that dilerent degradative pathways may 
be possible, that the reaction is composed of multiple steps 
that more than one determination was made, or that different‘ 
salts or reaction conditions were employed in the kinetic 
study. 
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the 10-100 Kcal./mole range. Table I, in addition 
to serving as a set of references to many quantitative 
kinetic studies, lists the heats of activation of deg- 
radative reactions of a number of drug compounds 
reported since 1950; the average value found was 
19.8 Kcal./mole. Of course, it  might be noted that 
these heats of activation necessarily fall in a range 
which made study of the reactions convenient. 
Many drug compounds’ degradation reactions must 
have heats of activation higher than those listed in 
the table. 


In addition to what has been said about the 10 
Kcal./mole value, it  should be pointed out that, 
of course, values lower than this exist (as shown in 
Table I), but reactions with such low heats of activa- 
tion take place so readily that generally stable, 
salable products cannot be formulated, at least not 
without heroic measures being taken. This point 
is illustrated by the work of Tmgstad and Garrett 
(23). In a study of filipin degradation a heat of 
activation of 9 Kcal./mole was found. The com- 
pound’s stability picture was this: crystalline filipin 
had a half-life of 43 hours in air. The authors hasten 
to  add that their study may have been too severe, 
because filipin stored at 25’ exhibited “only” a loss 
of 25% after one year in a closed amber bottle. 


One last concept that should be discussed con- 
cerns the fact that a specious relationship is not be- 
ing drawn between thermodynamics and kinetics. 
Situations are possible wherein thermodynamic 
characteristics mirror kinetic behavior. Meloche 
and Laidler (44) studied substituent effects on the 
acid and base hydrolyses of various benzamides (un- 
substituted, nitro, chloro, two different methyls). 
These workers found that changes in the hydrolysis 
rates were influenced mainly by changes in activation 
energy such that the rates of both alkaline and acid 
hydrolysis decreased as the activation energies in- 
creased. Values of 22.0 to 27.1 Kcal./mole were 
found for the acid hydrolysis reactions, 16.1 to 23.1 
Kcal./mole for the alkaline. Furthermore, it is 
possible in a sense to change the heat of activation of 
a degradative reaction by changing the vehicle so 
that a different mechanism of decomposition is 
brought about. The work of Stem et al. (34) 
illustrates this concept effectively. These authors 
point out that naphamline in acidic or neutral solu- 
tion is “relatively stable,” in basic solution it is 
“readily prone to  hydrolysis”; the heat of activa- 
tion of the hydrolytic reaction in acid is 16.4 Kcal./ 
mole, in base 4.9 Kcal./mole. 


30 


Fig. 1.-Two- 
year shelf-life 
goal reference a 
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e decomposition. 
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TEMPERATURE I I IABMLUTE 1) 


TABLE 11.-MAXIMUM AND MINIMUM TIMES AT 
WHICH POTENCY MUST BE AT LEAST 90% OF LABEL 
CLAIM WHEN STORED AT INDICATED TEMPERATURE 
TO OBTAIN A SHELF-LIFE OF Two YEARS AT ROOM 


TEMPERATURE 


Maximum Minimum 
37 ’ 12 months 6 .4  months 
45O 8.3 months 2 . 9  months 
6oo 4.1  months 3 weeks 
85’ 6 weeks 2 . 5  days 


TABLE III.-AssAY SCHEDIJLE 


Times at which samples are to be assayed, 
-.-----months--.-- 


Temp.,”C. 1 3 4 6 8 12 18 24 
60 x x x  
45 x x x x  
37 x x x  
R T  x x x x  


The remaining parameter which must be specified 
before the reference reaction path can be con- 
structed is the degree of stability desired. General 
consideration of pharmaceutical industrial practice 
indicates that a reasonable standard is that potency 
should fall no more than 10% from its original or its 
labeled concentration (if an overage is used) in two 
years when the product is stored at room tempera- 
ture. 


Thus, standard kinetic equations were used tc 
calculate the paths which reactions would follow if a 
10% potency loss (or a drop to 90% of label claim) in 
two years at room temperature is permitted. By 
choosing activation energies of 10 and 20 Kcal./mole, 
both of which are conservatively low, and plotting 
the time in months which a formulation would take 
to drop to  90% potency versus 1/T, the graph (Fig. 
1) illustrated results. Table I1 presents essentially 
the same data as the graph. 


USE OF THE GRAPH OR TABLE 
From what has been stated so far and upon con- 


sideration of the picture presented by the graph 
and Table 11, it can be seen that a logical course of 
action is presenting itself. 


It is necessary only to see if the potency of a 
formulation is above 90% of its original or of its 
labeled concentration after storage at various 
temperatures for certain periods of time as compared 
to the model. If it is, the formulation is meeting 
the requirement of a two-year shelf-life, as far as 
kinetics will indicate, and apparently, formulation 
efforts were successful. Thus the formulation 
in question is assayed according to  the schedule 
shown in Table 111. If the assays are over 
90% of label claim at the minimum times shown (in- 
dicated by the 20 Kcal./mole line on the graph) at 
the respective temperatures, the assays will be over 
90% after two years at RT, in all probability; if the 
assays are still over 90% at the maximum times 
shown (indicated by the 10 Kcal./mole line on the 
graph), it  is a certainty (kinetically speaking) that 
a potency of over 90% will be maintained after two 
years at RT. Naturally, values greater than 90% 
or values of 90% after longer times than those shown 
by the model indicate a shelf-life of more than two 
years. Studies at 86’ are optional; this temperature 
may be too high for general use in stability predic- 
tion studies. Also, with regard to  storage condi- 
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REFERENCES tions, the times and temperatures suggested in 
Tables I1 and I11 may be changed a t  will by choos- 
ing different points on the lines of the graph; e.g., 
taking 70' as a storage temperature, the maximum 
and minimum times would be, respectively, 2.6 
months and 9 days. 


As implied, overages make no difference in the use 
of this method of evaluating stability characteristics. 
Overages are merely one means of assuring that 
potency will not be less than 90% of label claim after 
two years when greater stability cannot be built 
into the formulation in other ways. When using 
data from assays on formulas which contain overages, 
it is the per cent of label claim that should be used 
just as in the case of formulas in which there are no 
overages. 


NOTE ON POSSIBLE MISUSE OF THE 
GRAPH 


As stated previously, this method is not in- 
tended to help in the determination of exact kinetic 
paths. Thus if, e.g., the following two points were 
obtained: SOo, 1 month, and 45'. 4 months (to drop 
to 90%, etc.), i t  would appear that a line drawn 
through these points would cross the 25' line a t  
about 10 months to indicate an unsuitable product. 
This is not a true piclure. No line should be drawn 
through these points because the only aim in using 
this method is to  see if the two points are above the 
20 Kcal./mole line, which they are. Incidentally, 
in this example, two such points (if valid) would 
indicate an activation energy of about 8.8 Kcal./ 
molesomething which is ruled out for reasons pre- 
viously discussed as being an unreasonable possi- 
bility. The seeming paradox would have to be con- 
sidered as due to experimental errors either in assay, 
timing, or temperature or due to the presence of 
additional degradative reactions. Naturally, two 
or more points which form a line with a greater slope 
than either of the two lines shown on the graph would 
tend to indicate a higher activation energy and 
longer than two-year shelf-life and would cause no 
concern. 
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Dioctyl Sodium Sulfosuccinate Tablet Coating 
By WILLIAM L. SCHALKER and MURIEL C. VINCENT 


A tablet film coating process usin dioctyl sodium sulfosuccinate was easily per- 
formed on tablets i n  a relatively ston period of time usin conventional coating 
eqmpment. T h e  coating showed exceptional resistance to  feat, light, and trauma. 
An inherent weakness to environmental moisture could be prevented. The  coating 
has the advantage of being noncaloric in  composition and does not hinder disinte- 


gration of the tablets. 


HE PHARMACEUTICAL industry has long been i t  affords the tablet ingredients which are ad- 
Tinterested in tablet coating for the protection versely affected by  environmental conditions, 


North Dakota State University, Fargo. taste, and for the elegant appearance i t  provides 


Parke Davis and 80.. The Upjohn Co.. Eli Lilly and Co., and The  numerous disadvantages of the usual 
Used. sugar coating have lead to  recent investigations 


for newer materials and methods of coating. In 
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Accepted for publication August 8. 1963. 
The authors gratefully acknowledge the American Cyanamid 


Co. for supplyin the dioctyl sodium sulfosuccinate and 


Abbott Laboratories for supplying several of the tablets 


Presented to the Sdenti6c Section. A.Pa.A., Chicago 
meeting, April 1961. 


through a mnfectionary finish. 
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also includes an item easily overlooked in a student 
text: procedures for laboratory accidents and first 
aid which is prominently placed on the inside front 
cover and adjoining page. 


Scientific Research in British Universities and Colleges 
1962-63. Dept. of Scientific and Industrial Re- 
search and The British Council, 1963. Agents 
for Her Majesty’s Stationery Office: Sales Sec- 
tion, British Information Services, 845 Third 
.4ve., New York 22, N. Y. 13 
X 21 cm. Price $6.50. Paperbound. 
Brief notes on scientific research in progress in 


British universities and associated institutions de- 
scribe the nature of the projects in sufficient detail 
to indicate the scope of the research done by the 
various science departments and individual teams 
of investigators. Entries are arranged alphabeti- 
cally by university and subjects covered under a 
university listing are also alphabetized. A name 
index permits rapid reference to work of a given in- 
dividual and a subject index gives a convenient means 
to locating projects of particular interest in any of 
the several institutions covered. Both indexes are 
quite extensive and are complete. 


Handbook of Laboratory Distillation. By ERICH 
KRELL. Elsevier Publishing Company, Inc., 52 
Vanderbilt Ave., New York 17. N. Y., 1963. x + 561 pp. 15 X 23 cm. Price $18. 
A comprehensive account of laboratory distillation 


from the earliest known applications of this funda- 
mental separation method to the more recent de- 
velopment and trends is presented in this one vol- 
ume work. Units of measurement are defined, con- 
cepts clarified, physical theory of separation and the 
properties of mixtures receive ample treatment; 
a detailed consideration of the general and selec- 
tive processes utilized in modern distillation lab- 
oratories. Chapters are also devoted to construc- 
tional materials and apparatus, automatic d e v i c e s  
measuring and control equipment, and arrangement 
of a distillation laboratory and the starting up of 
distillation. Appendixes provide the Cox chart 
families and their focal points data for text mixtures, 
and examples on the calculation of distillation condi- 
tions. A pocket-part series of nomograms provide 
concentration calculations, ideal equilibrium curves, 
minimum plate number for ideal mixtures, barom- 
eter and thermometer corrections, among others. 
I n  a word it is truly comprehensive. 


xxv + 669 pp. 


Journal of Pharmaceutical Sciences 


Libraires de L’Academie de Medecine, 120, 
Boulevard Saint-Germain, Paris VIe, 1963. 
313 pp. 15.5 X 24 cm. Paperbound. Price 
65F. 


NOTICES 


Clinical Toxicology of Commercial Products. By 
M. N. GLEASON, R. E. GOSSELIN, and H. C. 
HODGE. The Williams & Wilkins Company, 
Baltimore 2, Md.. 1963. XV + 1219 pp. 18 X 
26 cm. Price $22. 


Sera. By D. PETROVIC. NOLIT Publishing 
House, Terazije 27/11, Belgrade, Yugoslavia, 
1962. Available from the office of Technical 
Services, U. S. Dept. of Commerce, Washington 
25, D. C. 201 pp. 16.5 X 23.5 cm. Paper- 
bound. Price S2. 


Actualities Pkarmacologiques. By RENE HAZARI) 
Masson & Cia, Editeurs, and JEAN CHEYmoL. 


Travaux &s Laboratoires de Matiere Medicale el de 
Pharmaae Galenique de La Faculte de Pharmacie 
Be Parib. By M. M. JANOT and R.  PARIS. 
Vigot Freres, Editeurs, 23, Place de L’Ekole- 
de-Medecine, 1962. 15 X 23.5 cm. Paper- 
bound. 


Beziehungen mischen den physikalisc6-cl~mischen 
Eigenschafkn und der W,irkung von Lokalanas- 
thetica. By JAKOB BUCHI and XAVIER PERLIA. 
Editio Cantor Aulendorfi. Wurtt, W. Crermany, 
1962. 284 pp. 11.5 X 21 cm. 


Chemolrcxonomie der Pflnnzen, I .  By R. HEGNAUER. 
Birkhauser Verlag, Basel 10, Switzerland, 1962. 
517 pp. 17 X 24 cm. 


Cahiers de Synthese Organique. Vol. X. By J. 
MATHIEU. A. ALLAIS. and J. VALLS. Masson 
et Cie, Editeurs, Libraires de 1’Academie de 
Medecine. 120, Boulevard Saint-Germain, Paris 
VI‘, 1962. 560pp. 15.5 X 22.5cm. Price 180F. 


Dunnschichl-Chromatographie. Ein Laboratoriums- 
handbuch. By EGON STAHL. Springer-Verlag, 
Berlin, 1962. xv + 534 pp. 16 X 23.5 cm. 
Price DM 56. 


Funktionelle und Morphologische Organisation der 
Zelle. Wissenschiftliche Konferenz der Gesell- 
schaft Deutscher Naturforscher und Arzte in 
Rottach-Egern 1962. Springer-Verlag, 1 Berlin 
31 (Wilmersdorf) Heidelberger Platz 3 (Berlin- 
West), Germany, 1963. 253 pp. 15 X 23 cm. 
Paperbound. Price DM 36. 


lnycctables Y Su Control. By CAROLOS MARTIN 
P. y WIRTH LINDEMANN. Compania Editorial 
Continental, S. A,, Calzada de Tlalpan No. 
4620, Mexico 22, D. F.. 1962. 613 pp. 15.5 X 
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Antibiotiques. By G. Hagemann. (Die Rohstoffe 
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Lieferung). Verlag Von J. Cramer, Weinheim/ 
Bergstr., Germany, 1963. 272 pp. 16 X 24 cm. 
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Tritium Markierung. By MARTIN WENZEL and 
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variety of complex samples and unusual techniques 
or critical control of the conditions are not necessary 
to  obtain reliable and accurate results. 
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bility of the compound in buffered aqueous systems 
under various conditions of pH and temperature was 
investigated utilizing the spectrophotometric proce- 
dure presented. 
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SUMMARY 


A spectrophotometric method is described for the 
determination of the quaternary ammonium com- 
pound, poldine methylsulfate. The method is 
based on the ultraviolet absorbance of methanol 
solutions of the drug after separation of interfering 
substances by a reineckate derivative and regenera- 
tion of the conjugate base through ion-exchange 
chromatography. The method has been shown to 
be applicable to the determination of the compound 
in pharmaceutical preparations and in the presence 
of its hydrolytic degradation products. The sta- 


Me thandros tenolone 


Mechanism of Hydrochloric Acid Induced Fluorescence 


By F. TISHLER and S. M. BRODY 


The main products formed when methandrostenolone ( 1 7 ~ m e t h y l -  17p-hydroxy- 
androsta- 1,4-dien-3-one) is heated with methanolic hydrochloric acid have been 
isolated by preparative thin-layer chromatography and identified by application of 
infrared, ultraviolet, and nuclear magnetic resonance spectra. A mechanism for 


the hydrochloric acid induced fluorescence is postulated. . 


N A PREVIOUS PAPER by Tishler, et al. (I), a I fluorometric procedure was described for the 
determination cf methandrostenolone‘ (Com- 
pound I, Fig. 1) based on the fluorogen formed 
when the steroid was heated with a methanolic 
solution of hydrochloric acid at 100°. A number 
of related steroids were studied to  determine the 
selectivity of the reaction. Under the condi- 
tions employed, the reaction app-ared to be 
selective for Al4-dien-3-one or A’.3.6(10)-trien-3- 
ol steroids which had both a l7g-hydroxy and a 
l7a-alkyl or alkyne substitution. 


With the aid of preparative thin-layer chroma- 
tography i t  has been possible to isolate the main 
products formed during the reaction. Based 
upon the identification of these products, a 
mechanism for hydrochloric acid-induced fluores- 
cence with methnadrostenolone and structurally 
related steroids is postulated. 


DISCUSSION 
A preparative thin-layer technique as described 
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by Korzun, et al. ( 2 ) ,  was used to isolate the desired 
compounds. Figure 2 shows a typical separation 
after the entire plate has been sprayed with a 
modified LeRosen reagent (3). A summary of the 
isolated fractions is given in Table I. 


The total recovery was approximately 80%. 
Material was lost due t o  the development of a guide 
strip on the plates and due to  strongly adsorbed 
material which was not eluted. The three major 
components, Compounds IV, V, and VIII (Fig. I), 
were further purified by chromatographing them 
separately on a small alumina column. Figure 3 
shows the purified steroids as chromaotgraphed on 
a standard thin-layer plate together with the reac- 
tion mixture. 


I t  was evident from the ultraviolet spectrum 
(Fig. 4) of the reaction mixture that methandro- 
stenolone had undergone a change in its structure. 
Since the reaction was selective for those steroids 
which had the structure previously described 
above, one could predict that the changes had 
occurred solely in ring A or D or in both rings. 


Infrared and nuclear magnetic resonance ( N.M.R.) 
data of Compounds IV,  V, and VIII showed the loss 
of the hydroxyl group originally present in ring D 
of methandrostenolone. The N.M.R. spectra for 
the above compounds showed one or two bands 
between 55 and 61 cycles per second, a region 
characteristic of the CI,,~,’ dimethyls (4). The 
integrated area of the bands indicated the presence 
of six hydrogens which is consistant for two methyl 
groups. I t  was apparent that the loss of the 17- 
hydroxyl group was followed by the migration of 
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/ \? 
@.CH3 / CH3 \ @”’ 
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I 


CH3 Cli? 


the Cl* methyl group from position 13 to  17 giving 
Species 111 (Fig. 3). 


One pathway that Species I11 could follow is the 


Fig. 2.-Preparative thin-layer plate of the reaction 
mixture after spraying with LeRosen reagent. 


Fig. 1.-Postulated 
mechanism for hydro- 
chloric acid-induced fluor- 
escence of methandro- 
stenolone. 


loss of a proton at position 12 or 14 with the sub- 
sequent formation of a double bond either at posi- 
tion 13-14(A)or 12-13(B) 


$‘C& @--CH8 H CH, 


A B 
N. M. R. data for Conipounds V and V I I I  


showed that no olefinic hydrogens were present, 
while data for Compound IV showed no additional 
olefinic hydrogens were present besides those due 
to  ring A which appear further down field in the 
spectrum, thus ruling out structure B (4,5). 


I t  was shown by spectral data that  Compound 
I V  was unchanged in ring A, ie., the Ah4-dien-3-one 
system was still present. I n  addition, the N.M.R. 
indicated that the CIS methyl group, which appears 
a t  about 75 cycles per second in structures of this 
type, was still a t  position 10 (5). From the above 
reasoning it can be inferred that Compound I V  
lids the structure assigned in Fig. 1. 


The data obtained for Compounds V and V I I I  


TABLE I.-SUMMARY OF ISOLATED FRACTIONS 


Description Wt. .  Gm. R P  % Recovery 
Origin 0.52 0.00 6.0 
Mixture 0.21 0 .00 ,0 .10  2 . 8  
Compound I V  2.31 0.10 26.5 
Unknown fraction 0.59 0.20 6 . 8  
Compound V 1.97 0 .35  22.6 
Compound V I I I  1 16 0 85 13.3 
Unknown fraction 0.25a 0.90 2.9 


-_ 
This weight includes unknown compound and Compound V I I I .  “These Rf values are those obtained from standard thin 


layer results. 
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Fig. 3.--Stan- 
dard thin-layer 
plate. Key: A, 
Compound IV; B, 
Compound V; C, 
Compound VIII; 
D, reaction mixture. 


I . 5  


c 
2 1.0  
z 


8 ' 0 . 5  


225 250 275 300 325 350 
WAVELENGTH, mp 


Fig. 4.-Ultraviolet absorption spectra of meth- 
androstenolone A,  0.015 mg. per ml., and the reac- 
tion mixture B, 0.03 mg. per ml., in methanol. 


indicated that there was no longer a ketone group, 
conjugated or unconjugated, present in the molecule. 
The N.M.R. spectra for these compounds in the 
aromatic region showed the splitting of the hydrogens 
t o  be 8.5 cycles per second which is indicative of 
ortho splitting (6). Since the N.M.R. indicated the 
loss of the 75 cycles per second band and I.R. and 
N.M.R. data indicated the presence of a hydroxyl 
group (phenolic) in Compound V. it was evident 
that  Compound IV had undergone a dienone-phenol 
rearrangement (7-11) with the resulting structure 
assigned in Fig. 1. 


Elemental analysis of Compound VIII showed 
that chlorine (Cl-) had added to the steroid, thereby 
indicating that  Species 111 could follow a second 
pathway as seen in Fig. 3. Although no chemical 
evdience is available to fix the location and con- 
figuration of the chlorine, a 13a-chloro is a most 
likely assignment (12). From I.R. and N.M.R. data 
it was shown that  Compound VIII was a l-methoxy- 
4-methyl steroid instead of a 1-hydroxy-4-methyl 
steroid. Elks and his co-workers (13) have re- 
ported the direct preparation of phenolic ethers by a 
dienone-phenol rearrangement in alcohol. This 
same mechanism can be applied to Compound VII 
with the subsequent formation of Compound V I l I .  


Further heating of Compounds IV, V, and VIII 
with methanoic hydrochloric acid showed by thin- 
layer chromatography that  Compounds V and VIII 
were not changed, while Compound IV was con- 
verted. in large part, to Compounds V and VIII. 
Compounds V and VIII (10 mcg./25ml. of methanol) 
possess native fluorescence a t  325 mp when activated 
at 280 mp which is typical of estrogenic steroids; 
Compound IV exhibited no native fluorescence. 


When Compounds V and VIII (10 mcg./25 ml.) 
were treated according to  Tishler, el al. (I) ,  for the 
fluorescent determination of methandrostenolone, 
the fluorescent readings a t  345 mp were increased 
10-lbfold when the solution was activated at 


60 


50 


40 


5 30 
t: 


v) 
t: 


$. 


5 20 


10 


200 260 300 3m 400 450 500 
WAVELENGTH, Mp 


Fig. 5.-Excitation and fluorescent spectra of 
methandrostenolone, Compounds IV, V, and VIII 
Key: A, excitation scan-fluorescence held at 345 
mp; B, fluorescent scan-excitation held a t  280 
mp. 


280 mp. Compound IV under the same conditions 
gave a fluorescent reading of the same increased 
intensity. The activation and fluorescent spectra 
which were obtained with Compounds IV, V, and 
VIII after heating with methanolic hydrochloric 
acid are the same as that  obtained with methandro- 
stenolone and appear in Fig. 5. 


Based upon the above results, it  is suggested that 
Species D and F are present in the methanolic hydro- 
chloric acid solution after heating and are responsible 
for the fluorescent characteristic of methandrosteno- 
lone. 


CH3 


No explanation is available a t  present regarding 
why Compounds V and VIII rather than VI and IX 
are the predominant products formed. Further 
work is being carried out on structurally related 
steroids to  learn more of hydrochloric acid-induced 
fluorescence. 


EXPERIMENTAL 


Apparatus 
N.M.R. spectra were obtained in CDCla on a 


Varian A-60 using tetramethylsilane as an internal 
reference standard. U.V. curves were made on a 
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crystallization; AEz" 243 mp, log E 4.12; 
A:::' 6.04 p (ring ketone with a&a'@' conjugation. 


Anal.-Based on the 2,4-dinitrophenylhydrazone 
of Compound IV. Calcd. for CBH~&O,: C, 67.53; 
H, 6.49; N, 12.12. Found: C, 67.49; H, 6.43; N, 
11.88. 


Compound V.-This material was recrystallized 
from aqueous methanol and yielded fine white 
needles; m.p. 106-108'; A z F  279 mp, log 6 


3.35; A:::' 2.86 p (-OH); 12.44 p (para-type). 
Anal.-Calcd. for CyoH?sO: C, 85.10; H, 9.22. 


Found: C, 84.96; H 9.22. 
Compound VIII-This material was recrystal- 


lized from methanol and yielded fine white needles; 
m.p. 53 t o  54.5'; ciy 278 mp, log e 3.35 and 
A,,,.=. 284, log 3.32; A:::' 8.00 and 9.56 p 
(aromatic ether); 12.26 fi  (para-type). 


Anal.-Calcd. for C2~HyUCIO: C, 75.79; H, 8.52; CI, 
10.68. Found: C, 75.43; H, 8 .7 i ;  C1, 10.50. 


MeOH 
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Cary recording spectrophotometer, I .K.  spectra 
were obtained with a Beckman I.R.-5. Excitation 
and fluorescent spectra were recorded on an Electro 
model 101 XI' recorder in conjunction with an 
Aminco-Bowman spectrophotofluoronieter. 


Procedure 
Metharidrostenolone (1 .O Gm.) was dissolved in 


15 ml. of methanol in a 50-ml. volumetric flask. 
Ten milliliters of concentrated hvdrochloric acid 
was added and the misture was placed in a 100" oven 
for 40 minutes. hfter cooling. the viscous oil (0.95 
Gin.) formed during the reaction was separated 
froin the remainder of the mixture by  decantation. 


Approximately 1.0 Gin. of the reacted material, 
dissolved in a mininiuni amount of chloroform- 
methanol ( 1 : l ) ,  was applied with a pipet as a narrow 
band 8 in. long and a t  a point 1 in. from the end of 
the plate to eight glass plates (10 X 15 in.) coated t o  
a thickness of 1 mm. with Silica Gel G (E. Merck, 
Darmstadt, Germany). The plates were placed at 
an angle in 12 X 1% X 24-in. rectangular chroma- 
tographic chambers and the solvent (benzene-chloro- 
forin [8O:'LO]) was allowed to ascend to about 1 in. 
ftoni the top of the plates. To obtain a satisfactory 
resolution o f  the mixture, the plates were removed, 
air dried, and then redeveloped once again by the 
above procedure. The two developments took 
from 6 to  8 hours. A guide strip 1 in. wide located 
along one edge of the plate was sprayed with a 
modified LeRosen reagent. The bands thus re- 
vealed were marked, scraped off the glass plates with 
a porcelain spatula, and eluted from the adsorbent 
with a 1 : 1 mixture of chloroform-methanol. Evap- 
oration of the solvent afforded oils in all cases. The 
compounds were further purified by chromato- 
graphing them separately on a small alumina column. 


Compound 1V.-Isolation of this compound 
afforded a colorless nil which was resistant to 
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New Opium Alkaloid 


Sir: 


Recent chromatographic studies have shown 
that opium may contain several alkaloids which 
have not been previously described (1, 2). Some 
of these are phenolic in nature and are of par- 
ticular interest because of possible interference 
in the quantitative determination of morphine 
and because of the role they may play in the 
biogenetic pathways of the various opium 
alkaloids. One such phenolic alkaloid has now 
been isolated from crude opium and from the 
mother liquor produced during purification of 
morphine.‘ It was separated from morphine 
by extraction with chloroform in the presence of 
dichloroacetic acid (3). Further purification 
was achieved by extracting a strongly alkaline 
solution (about pH 13) with chloroform. This 
removed laudanine, laudanidine, and other 
monophenolic alkaloids, leaving the unknown 
compound in the aqueous phase. After ad- 
justment of pH to about 8.5, the new alkaloid was 
extracted with chloroform and purified by crystal- 
lization from a mixture of ether and petroleum 
ether. Its purity was demonstrated by thin-layer 
and gas chromatography. Column acetylation 
(4) resulted in displacement of the gas chromato- 
graphic peak and eliminated tailing, indicating 
esterification of a phenol. This was confirmed 
by methylation with diazomethane which pro- 
duced (&)-laudanosine, thus identifying the 
alkaloid as a benzyltetrahydroisoquinoline deriva- 
tive. It became evident from its N.M.R. spec- 
trum that the new compound must contain two 
phenolic hydroxyl groups and two methoxy 
groups. The positions of these groups were 
located by comparing the N.M.R. spectrum 
with those of laudanidine, pseudolaudanine, 
armepavine, and laudanosine. The stereo- 
chemistry of the new alkaloid was established by 
its relationship to ( *)-laudanosine, thus mak- 
ing it possible to assign it the structure in formula 
I. The dextrorotatory isomer of this alkaloid was 
isolated from Cocculus laurijolius (Menisperm- 
aceae) by Kusuda (5), who named it  coclano- 
line. Later Gopinath, et al. (6), found this 
isomer in Anona retuulata (Anomceae) and 
called it reticuline. (f)-Reticuline [( f)-coclano- 
line] has been synthesized (7, 8), but has not 
previously been isolated from a natural source. 


Consideration of the structure of (*)-reticu- 
line indicates that it is very unlikeIy that race- 
mization would occur during the isolation pro- 


1 We are indebted to M~llinckrodt Chemical Works for 
supplying ua with thts matcnal. 


(*) Reticuline (I) Laudanidine (11) 


cedure. This has been confirmed by Spath and 
Burger (Q), who were unable to affect racerniza- 
tion of levorotatory laudanidine (11), a closely 
related alkaloid. They, therefore, concluded 
that laudanidine and laudanine [ (*)-laudan- 
idine], both of which have been isolated from 
opium, exist as separate, genuine alkaloids. 
Since laudanine is (=t)-7-methylreticuline, it is 
reasonable to assume that the two alkaloids 
are closely related biogenetically. It is in- 
teresting to note that both have been postulated 
as biogenetic precursors for the morphine group 
of alkaloids (10-13). Recently, Battersby, 
et al. (14), and Barton, et al. (15), using radio- 
actively labeled reticuline, have shown that this 
alkaloid is very efficiently converted to morphine 
in the opium poppy. 


Details of the methods for isolation and char- 
acterization of (*)-retidine will be published 
at a later date. 
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Relationship of Surfactant Properties of Some - ~ 


Synthetic Steroids to Bactericidal Action 


By RODNEY F. SMITH, DONALD E. SHAY, and NORMAN J. DOORENBOS 


Properties of seven azasteroids and a steroidal acid, which have been found to 
possess antibacterial activity, were compared with benzalkonium chloride (BAC). 
Bactericidal action against Gaffkya tetragena, lecithin inactivation, hemolysis of 
sheep erythrocytes, and the lowering of surface tension were studied. The  ositive 
relationship between surface-active pro erties and antibacterial activity ogserved 
with many surfactants, such as BAC, was found with only two of these steroids. Cer- 
tain of the bactericidal steroids may be mechanistically similar to BAC, but the 


properties of the steroids studied suggest different modes of action. 


EVERAL STEROIDS have been found to possess S high antimicrobial activity (1, 2). Most of 
these steroids were nitrogen-containing bases or 
their quaternary salts (quats). A recent study 
(3) demonstrated that the activity of these 
steroidal bases and quaternary salts was de- 
creased by  serum, blood, lecithin, tweens, soaps, 
and bile salts. Similar observations have been 
made on the quaternary salt antiseptics (4). 
The lethal action of the quaternary salt anti- 
septics has been attributed t o  their surface 
activity and t o  their ability to adsorb to negatively 
charged sites (5). This study was undertaken to  
determine whether a relationship could be estab- 
lished between the surface-active properties of 
these steroids and their antimicrobial activity. 
This report includes a comparison of benzal- 
konium chloride' (BAC) with eight steroids 
previously shown to possess antibacterial activity. 
The antibacterial activity of ND-15 and ND-307 
has been reported (1). 


EXPERIMENTAL 


Test Compounds.-The structures and names of 
the steroids used in this study are illustrated in 
Fig. 1 . 2  


A 100-mg. quantity of each steroid was placed 
into a 150-ml. bottle. Steroids 307 and 497 were 
dissolved by adding 5 ml. of distilled water to form a 
slurry. To this was added 0.1 ml. of concentrated 
HCI. The bottles were heated gently in a boiling 
water bath, with shaking, until the two compounds 
were completely dissolved. The total volume was 
then brought to  100 ml. with distilled water. 
Solutions of 498, 495, 436, 477, and 2 i l  were pre- 


Received March 20. 1984, from the Department of Micro- 
biology, Schools of Dentistry and Pharmacy. and Department 
of Pharmaceutical Chemistry, School of Pharmacy. Umver- 
sity of Maryland Baltimore. 


Accepted for plblication April 13 1964. 
This study was supported in part' by Research Grant CY- 


4132 from the National Cancer Institute and by Training 
Grant DT-88 (R-1) from the National Institute of Dental 
Research, U. S. Public Health Service, Bethesda. Md. 


1 Marketed as Zephiran chloride by Winthrop Laboratories. 
Inc . New York, N. Y. 


2 The steroids represent eight of a group prepared by Nor- 
man J. Doorenbos, Department of Pharmaceutical Chemistry, 
School of Pharmacy. University of Maryland. In previous 
publications the steroid code numbers have been prefixed 
with ND. 
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pared by dissolving 100-mg. samples in 5 ml. of 
95% ethanol and diluting to 100 ml. with distilled 
water. Compound 15 was dissolved in distilled 
water made slightly basic with 1 N NaOH. A 1-  
ing./ml. stock solution of BAC was prepared with 
distilled water. 


Test Culture.-The Gram-positive bacterium, 
Gafkyu  tetragena ATCC 10875,a was used for the 
bactericidal experiments. The microorganism was 
maintained in C.T.A. medium,' and grown and 
tested in brain heart infusion broth.' 


Antibacterial Test Conditions.-The minimal in- 
hibitory concentrations (M.I.C.) for the steroids and 
BAC were determined by the conventional twofold 
serial dilution method. The test systems were 
incubated in a 3i" water bath for 48 hours. The 
lethal studies involved the inoculation of a 24-hour 
culture of G. tetrugenu into 50-ml. flasks. Each 
flask contained broth with the test compound in a 
concentration of 100 mcg./ml. A second series of 
flasks was inoculated. They contained the test 
compounds in broth, to which had been added 0.057, 
lecithin.5 The flasks, equilibrated at 37", were 
shaken in a Dubnoff metabolic shaking water bath 
at 50 c.p.m. At the termination of the experiment, 
the flasks were transferred to an ice bath at 4'. 
Aliquots of the reaction broths were removed, and 
total plate counts were made using brain heart 
infusion agar.4 Plates were incubated a t  37" 
for 48 hours in a water-jacketed incubator and 
counted. 


Hemdysis.-Suspensions of unhemolyzed 10% 
sheep erythrocytes (R.B.C.'s) were diluted with 
sterile saline. Test compounds and R.B.C.'s were 
mixed to  give final concentrations of 100 mcg./ml. 
of each compound in 1% R.B.C.'s. The tubes and 
controls were incubated at 37' and observed for 
hemolysis for up to 16 hours. 


Surface Tension Measurements.-Surface tension 
measurements of the test compounds were deter- 
mined with the DuNouy tensimeter. All measure- 
ments were made a t  25" with triplicate readings. 


RESULTS 
The minimal inhibitory concentration measure- 


ments (M.I.C.) shown in Table I revealed that the 
five aza-cholestanes, 307, 49i, 498, 495, and 271, 
were active. The aza-pregnane derivative 477 was 
active also, while the aza-androstenol compound 
436 and the keto acid 15 were not inhibitory. 


8 American Type Culture Collection, Washington. D. C .  
4 Baltimore Biological Laboratories. Inc., Baltimore, Md. 
5 Nutritional Biochemical Corp., Cleveland, Ohio. 
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495 c5+.p C i p  ow, 1- 19 & 
Fig. 1.-Structures of the eight steroids evaluated. 


307, 3xi,4-Dimethyl-4-aza-5a-cholestane (6: 
497, 4-Ethyl-4-aza-5-acholestane (6). 
498, 4-Ethyl-4-aza-5-cholestene (6). 
495, 4-Ethyl-4-aza-5acholestane methiodide (6). 
477, 3xi,4-Dirnethyl-4-aza-5olrpregnan-20~-01(6). 
271, 1',4',5',6'.-Tetrahydfop~~io[a-4.3]-4- 


436, 2'-Imidazolino[a-4,3] ,~.~ala-methyl-4-'4-aza-5- 


15, 3,5-Seco-4-nor-5-cholestanbn-3-oic acid (8). 


aza-5-cholestene (7). ' ' 


androsten-178-01 (7). ' I 


The lethal action of the steroids and BAC is 
shown in Table 11. GenGally, there was agree- 
ment between the M.I.C. F lues  (Table I) and the 
relative killing action of the active steroids. 


The reversal effectsof thelecithin (0.05%) on the 
lethal action of the steroids suggest the formation of 
lecithin-steroid complexq. BAC, which is known to 
be inactivated by phospholipids (5), presumably was 
used in a concentration too high to be totally inacti- 
vated by 0 05% le'cithin. The appearance of turbid: 
ity in the lecithiir flasks, which were incubated f$r 48 
hours, revealed that 307,477, and 271 were compleiely 
inactivated. The absence of turbidity in the flasks 
containing '497, 498, and 495 showed that these 
compounds were o ~ I y  partially inactivated, demon- 
strating that a substantial concentration . %''free 
steroid inhibited or killed the remaining viable ' ~ 1 1  
population. 


The relationship of lethal action to other prop- 
erties regarded as important in the action of the 
quats is shown in Table 111. None of the active 
steroids caused complete disruption of sheep 
R.B.C.'s. The 2+ reaction demonstrated marked 
extrusion of hemoglobin ; but approximately 50% 
of the cells were still intact after 16 hours. This 
was observed by measuring the volume of 
packed cells that settled out of suspension. The 
weakest of the lethal steroids, 477, produced only a 
trace of hemolysis. The compound 436 was not 


hemolytic, while 15 caused complete hemolysis 
spontaneously, as  was previously reported (3). 
Neither 436 nor 15 was inhibitory or lethal to  the 
organism. 


I t  should be noted that all surface tension values 
for steroids were higher in broth than in distilled 
water. Perhaps materials in the broth removed 
portions of the steroids from solution by complex 
formation. The results given in Table 111 indicate 
no consistency among lethal action, hemolysis, and 
lowering of surface tension by the steroids. 


A summary of the results obtained in this study 
can be Seen in Table IV. BAC, 307, and 497, 
representing Type 1, are positive in all categories 
studied. Compounds 498, 495, and 271 (Type 2) 
resemble the BAC group but deviate in surface 


TABLE I.-MINIMAL CONCENTRATION OF TEST 
COMPOUNDS INHIBITORY TO G. ktragena 


Test Compd. mcg./ml. 
Steroids 307 0.0185 


497 3.10 
498 0.185 
495 0.185 
271 0.75 
477 25.00 
436 . . .  
15 . . .  


BAC 0.01 


TABLE II.-COBSPARATIVE BACTERICIDAL ACTION OF 


G. tetragemin 
TEST COMPOUNDS WITH GROWING CELLS O F  


--Viable Cell Count/ml.- 
With Growth 


Test Plain 0.05% Aftere 
Compd. Broth Lecitiun 48Hr. 


Steroids* 307 600 246,000 + 
497 100 101,000 
498 10 115,000 
495 10 186.000 - 


- 
- 


477 10,Ooo 575;Ooo + 
271 100 920,000 + 


BAC 10 100 - 
a Cdls were exposed to compounds (100 mcg./ml.) for 3 


hours at 3 7 O  C. Initial viable cell concentration was 810,000/ 
ml. b 436 and 15 had ho inhibitory or lethal effects. c Leci- 
thin Basks were incubated 48 hours to observe for recovery 
of viable cells. 


TABLE III.-COMPARISON OF LETHAL STEROID 
ACTION TO HEMOLYTIC AND SURFACE TENSION 


REDUCTION ' 


Test Surface Tension 


mcg./ml.) Action Hr. Hrs. Water Broth 


HemolysisO (dynes/cm.) * 
compd'. (100 Lethal 1 16 Distilled 


Steroids 307 + 2+ 2+ 39 44 
497 + I +  2+ 38 44 
498 + 2+ 2+ 51 52 
495 + 2+ 2+ 44 46 
477 + 0 1 58 01 
271 + 2+ 2+ 44 61 
436 - 0 0 62 70 
15 - 4+ 4+ 37 42 


BAC + 2+ 2+ 38 38 


Results are given as relative values compared to control 
systems. Hemolysis: 4 + .  complete;. 3+ and 2+. partial; 
1 -I-, trace; 0. negative: no hemolysls detected. Distilled 
water control, 70 dynes/cm.; broth medium control, 60 
dynes/cm. 
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such as the steroids studied here and an exogenous 
inactivator (lecithin), may be quite nonspecific and 
misleading. 


While some surface-membrane action might 
appear to be the most obvious mechanism, each 
steroid-bacterial cell union is highly specific. Not 
all of the steroids active against G. letrugmu 
will inhibit or destroy other related Gram-positive 
bacteria (17). Moreover, somi quaternary am- 
monium steroids have been completely inactive 
against bacteria in screening tests (18). 


More detailed studies on steroids will be required 
to delineate a physiochemical-biochemical mech- 
anism of action. 


SUMMARY 


Eight synthetic steroids were compared with BAC 
for their bactericidal action against G. letrugmu. 
The hemolysis of sheep erythrocytes, lowering of 
surface tension, and inactivation by lecithin were 
studied. The properties of two aza-cholestanes were 
similar to those of BAC. The remaining steroids 
were classified into four types, depending upon their 
properties. A positive relationship between anti- 
microbial activity and surface or hemolytic activities 
was not found. Since the lethal action of the quats 
is attributed to these properties, it  is doubtful that 
these steroids and quats act by an identical mecha- 
nism. Nevertheless. since these steroids are surface- 
active agents, their lethal effects may be assisted 
by this property. 
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TABLE IV. - -SumuY OF EXPERIMENTAL DATA 


Sur- Lecithin 
Lethal Hemol- faec Inactiva- 


TvDe Comud. Action YOIS Action tion _ .  
1 BAC + -+ + f a  


307 + + + + 
497 + + + + 


2 498 + + f + 
495 + + f + 
271 + + f + 3 1 5 - + +  - + 4 477 + - - 


5 436 - - - - 
._ 


(I f, Weakly positive. 


action. Further dissimilarities to BAC can be 
noted in the categories of lethal action and lecithin 
inactivation, as exhibited by 15 (Type 3), and in 
hemolytic and surface action, demonstrated by 477 
(Type 4). In none of the categories does 436 
(Type 5 )  compare with the qualities of BAC. 


DISCUSSION 


Both naturally occurring and synthetic steroids 
liave been known to exert inhibitory effects on 
microorganisms. Arnaudi (9) suggested that lower- 
ing of surface tension by cholesterol might 
induce antibacterial action. It is generally assumed 
that the inhibitory effects of fatty acids are due to  
their surface activity, which causes nonspecific al- 
terations in cell permeability (10). The relation- 
ship of surface action and permeability damage to 
the lethal action of the quats has been recognized by 
Hotchkiss (11). 


Hemolytic action on erythrocytes is considered to  
be indicative of permeability damage (12). and 
lowering of surface tension usually suggests the 
probability that hemolysis will occur (13). The 
complex physiochemical changes that surround 
membrane alterations have been studied with many 
detergent substances. 


The steroids described in this report exhibited one 
or more properties characteristic of most surfactant- 
type compounds, suggesting that they may be 
mechanistically related to lethal compounds that 
act by altering membranes. 


Partial or complete nullification of lethal action by 
lecithin is indicative of cationic quats (5) and is 
shared by all of the lethal steroids studied here. 
Evidence points to  phospholipids as the membranous 
binding sites for quats (14). The inactivation of 
lethal agents by exogenous substances may be 
looked upon as a complex formation which mimics 
the true cell receptor sites for the lethal agent. 
This concept has held true for nystatin-ergosterol 
interactions (15, 16). Other systems of lethal agents, 
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potency will not be less than 90% of label claim after 
two years when greater stability cannot be built 
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NOTE ON POSSIBLE MISUSE OF THE 
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As stated previously, this method is not in- 
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concern. 
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Dioctyl Sodium Sulfosuccinate Tablet Coating 
By WILLIAM L. SCHALKER and MURIEL C. VINCENT 


A tablet film coating process usin dioctyl sodium sulfosuccinate was easily per- 
formed on tablets i n  a relatively ston period of time usin conventional coating 
eqmpment. T h e  coating showed exceptional resistance to  feat, light, and trauma. 
An inherent weakness to environmental moisture could be prevented. The  coating 
has the advantage of being noncaloric in  composition and does not hinder disinte- 


gration of the tablets. 


HE PHARMACEUTICAL industry has long been i t  affords the tablet ingredients which are ad- 
Tinterested in tablet coating for the protection versely affected by  environmental conditions, 


North Dakota State University, Fargo. taste, and for the elegant appearance i t  provides 


Parke Davis and 80.. The Upjohn Co.. Eli Lilly and Co., and The  numerous disadvantages of the usual 
Used. sugar coating have lead to  recent investigations 


for newer materials and methods of coating. In 
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the search for a substitute for the sucrose in  
tablet coating formulas, many natural and syn- 
thetic materials have been studied, and a number 
of them have been found to be satisfactory as 
film coating agents-polyethylene glycol 6000 
in ethanol (l),  polyethylene glycol 6000 and car- 
boxymethylcellulose in hydroisopropanol (2), 
sodium carboxymethylcellulose and hydroxy- 
ethylcellulose applied over a shellac prime coat 
( 3 ) ,  zein in isopropanol (4), polyvinylpyrrolidone 
and acetylated monoglycerides (5) ,  and poly- 
ethylene oxide water soluble resins (6). 


EXPERIMENTAL. 
This investigation was concerned with the evalua- 


tion of dioctyl sodium sulfosuccinate (DSS)' as a 
film coating for sugar coated and noncoated com- 
pressed tablets with regard to methods of film 
application and the testing of several environmental 
effects. The tablets which were used in the experi- 
mental work are listed in Table I. 


Coating.-The method of application of DSS 
coating solutions was similar to  that for conventional 
sugar coating solutions; a model 29 Stokes polishing 
and coating machine equipped with a 10-in. copper 
coating pan was used. 


Solutions containing between 15 and 25% DSS in 
alcohol produced relatively satisfactory results, al- 
though the fdm coat was somewhat soft and slightly 
tacky regardless of the thickness applied. drying 
time, or drying temperature. The surface tackiness 
became more pronounced with time, probably due 
to the slight hygroscopic nature of DSS. 


This condition of coating softness was remedied 
by the addition of sodium benzoate to produce a 
comparatively hard surface. Propylene glycol was 
included in the formula to improve the glossy ap- 
pearance and enhance the plasticity of the film coat. 


A typical coating formula had the following per- 
centage composition: DSS, 20; sodium benzoate, 
2-15; propylene glycol. 0.5; alcohol 70% w/w, t o  
make 100. 


The best results were obtained by applying three 
to five coats a t  15-minute intervals with sufficient of 
the coating solution to moisten the tablets com- 
pletely. Cooled air for drying gave more desirable 
results than hot air since the tablet coating had a 
tendency to  become uneven and flake off if dried too 
rapidly. Uneven coatings could be easily smoothed 
by the application of 70% w/w alcohol. 


Application of Color.-The addition of varying 
concentrations of certified dyes (FD&C Blue No. 1. 
FD&C Red No. 3, FD&C Yellow No. 5) to  the DSS 
coating solution failed to  give uniformity of color 
to the tablets. However, if a dye concentration of 
0.570 in diluted alcohol was included in the tablet 
granulation and the tablets coated in the usual man- 
ner with 0.25% dye added to the coating solution, 
satisfactorily colored tablets resulted. 


Uniform coloring of tablets was also accomplished 
by the addition of 0.25 to  o.5y0 dye solution in 
diluted alcohol to the uncoated tablets just prior to 
applying a shellac prime coat or DSS coat. The 
normal coating process would follow, using 0.25% 
dye in the coating solution. 


Co. ,  Pearl River, N. Y. 
'Marketed as Aerosol OT by the American Cyanamid 


819 


TABLE I.-TABLETS AND COATINGS USED IN THE 
TESTS 


Code Tablet Size and Type Maku 
1 Sodium chloride 10 gr., stand- A 


ard punch a/8 


2 Placebo 
3 Ferrous sulfate 
1 Ferrous sulfate 
5 Effervescent 


aspirin and 
sodium phos- 
phate 


6 Methenamine 
7 Lactose-starch 


8 Lactose-starch 


in. 
250 mg., oval B 
5 gr., coated C 
5 gr., coated D 
7l/2 gr.. stand- A 


F d  punch a/8 
In. 


5 gr. E 
4 gr., standard A 


7 gr., standard A 


punch l l /n 
in. 


punch a/8 in., 
colored 


OT ... DSS coated .. 
OT-B . . .  DSSlS%sod- . .  


ium b'bnzoate 
OT-W . . .  DSS coated and . . 
P-OT ... Shellac prime . . 


polished 


coated and 
coated with 
DSS 


All prime coats were composed of freshly prepared 
solutions of 20 Gm. white arsenic-free shellac to  40 
ml. alcohol (7). 


Taste.-A bitter aftertaste was noted with the 
DSS coatings. The addition of 2% saccharin 
sodium to the coating solution would almost com- 
pletely mask this taste, although some aftertaste 
was noted from rhe'saccharin itself. Sodium cycla- 
mate in a concentration of 5y0 proved more desirable, 
and a mixture of 2.570 sodium cyclamate and 0.25% 
saccharin was e b l l y  successful. A polish coat 
would also eliminate most of the bitter taste. 


Weight of Coating.-The DSS coating increased 
the weight of commercial sugar coated tablets 
approximately 5 to 12mg. per tablet and of noncoated 
compressed tablets about 20 to 45 mg. per tablet. 
The surface texture and the difference of tablet size 
were the main factors influencing the variance in 
weight. 


Polish Coat-The polishing procedure was ac- 
complished in a 20-in. galvanized iron, canvas-lined 
polish pan. The tablets were sprayed with a warm 
solution of a 2% wax mixture (eight parts white 
beeswax, five parts carnauba wax) in chloroform (8). 
This polish coat slightly improved the glossy appear- 
ance of the film coat, lessened the effect of humidity, 
and partially masked the taste of DSS. 


Durability Test.-This test was designed to com- 
pare the effect of physical trauma on coated and 
noncoated tablets. Samples of 100 tablets of ea,& 
type were placed in clear 4-02. dry prescription 
squares, filling the containers from one-half to  one- 
third their capacity. The bottles were shaken 
lengthwise through a total distance of about 3 in. 
200 times per minute in a size 2 bottle shaker (Inter- 
national Equipment &., Boston, Mass.). 


The tablets were inspected at 15-minute intervals 
during a 2-hour shaking period and were screened 
after each time interval to remove any powder that 
resulted from tablet deterioration. At each inspec- 
tion there was a progressively greater wear on the 
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TABLE II.-TABLET DURABILITY TEST - - Time, Min.-- -. 
80 76 90 105 120 Tablet Formula 


1 9  
OT 
P-OT 
OT- W 


2 HA 
OT 
P-OT 
OT-W 


3 Mf 
OT 
OT-W 


4 M  
OT 
OT- W 


5s 
OT 
P-OT 
OT-W 


OT 
6 s  


P-OT 
OT-W 


7 H  
OT 
P-OT 
OT- W 


15 
CBd 
Ah 
A 
A 
0” 
0 
0 
0 
A 
0 
0 
A 
0 
0 
CB 
0 
0 
0 
CB 
BWC 
BW 
A 
BW 
0 
0 
0 


30 45 
CB D 
BBC BB 
BB BB 
A BB 
A A 
0 0 
0 0 
0 0 
BW BW 
0 A 
0 A 
A BW 
0 A 
0 0 
CB D 
A A 
0 A 
0 A 
D’ D 
BW CB 
BW BW 
BW CW 
BW CWd 
A A 
0 A 
0 A 


D 
CB 
BB 
BB 
BB 
0 
0 
0 
BW 
A 
A 
BW 
A 
0 
D 
A 
A 
A 
D 
CB 
BW cw cw 
A 
A 
A 


D 
CB 
CB 
BB 
BB 
A 
0 
0 
BW 
A 
A cw 
A 
0 
D 
BW 
A 
A 
D 
CB 
BW 
CB 
D 
A 
A 
A 


D 
CB 
CB 
BB 
CB 
A 
0 
0 cw 
A 
A cw 
A 
0 
D 
cw 
BW 
BW 
D 
CB 
BW 
CB 
D 
A 
A 
A 


D 
CB 
CB 
CB 
CB 
A 
A 
A 
cw 
A 
A cw 
A 
A 
D 
cw 
BW cw 
D 
CB cw 
CB 
D 
A 
A 
A 


D 
CB 
CB 
CB 
CB 
A 
A 
A cw 
BW 
A 
cw 
A 
A 
D 
D 
cw 
cw 
D 
D 
CB 
CB 
D 
BW 
A 
A 


0, No effect. b A, Very slight powdering or chipping of coat. c BW, BB, Wearing of edges or breaking of tablet. a CW. 
f M ,  


h H, Hard punched, as indicated by 
CB, Coating completely worn off or tablets in small chips and powdering. 
Manufacturer’s mating. 
Monsanto hardness tester. 


s D, Tablet completely disintegrated. 
@ S. Soft punched, as indicated by Monsanto hardness tester. 


nontreated tablets compared to that of the DSS prescription squares for 6 months a t  temperatures 
coated tablets. The coated soft punched tablets fluctuating between 15 and 37”. The tablets were 
were particularly susceptible to  disintegration, which exposed to indirect sunlight over this period, and the 
might be attributed to  the fact that the coating did bottles were handled at intervals that would simulate 
not provide enough protection against the prolonged drugstore treatment. Upon examination there were 
shaking period. no visual changes to  the tablet coatings. There was 


Table I1 gives the complete results of these tests. some apparent, though slight, adhesion of the 
Shelf-Life Studies.--Samples of film coated tablets tablets due to moisture entering the bottles at times 


were stored in clear tightly stoppered 2-ounce dry of relatively high humidity. This condition was 
TABLE III.-TABLET HUMIDITY TEST 


Tablet Formula 
1 s o  


OT 
P-OT 
OT-W 


OT 
P-OT 


2H 


OT- W 
3 Mf 


OT 
OT-W 


4M 


5 s  


OT 
OT-W 


OT 
P-OT 
OT- W 


6 s  
OT 


OT-W 
8 H h  


OT 
P-OT 


P-OT 


OT-W 


7-- 


1 3 6 
Ab A A 
A A A 
A A A 
0” A A 
0 A A 
A A A 
A A A 
0 0 A 
0 A A 
A A A 
0 A A 
A A A 
A A A 
0 A A 
A B= B 
0 A B 
0 A A 
0 0 A 
A A A 
A A A 
A A A 
0 A A 
0 0 A 
0 A A 
0 A A 
0 0 A 


-Time, Hr. .---. 
9 24 36 48 60 
A B B C C 
B B B C C 
B B B B B ~ - - 
A B B B B 
A B B B B 
A B B B B 
A A B B B 
A B A A A 
B B B C D 
B B B C D 
A B B B C 
B B B C D 
B B B C D 
A B B C C 
B Cd C D* D 
B C C D D 
A B C C D 
A A B C C 
B B C D D 
B B c D D 
B B C C D 
A B B C C 
A A A B B 
A A A B B 
A A A B B 
A A A B B 


0, No effect. 
D, Complete deterioration of tablet. 


b A, Slight softening of tablet surface. c B. Surface coat or surface deteriorated. 
I S. Soft punched. 


d C, Tablet breaking. 
f M. Manufacturer’s coating. h H, Hard punched. 
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TABLE IV.-TABLET DISINTEGRATION TEST 


------Time Variation for CoatedTablets - 
Min. : Sec. 


1 5:51 -0:18 f2: 16 +l:18 
2 83:20 -25:06 -2:40 -23:05 
3 81 : 45 -2l:OS ... -18:31 
4 96:56 -2Q:m -15:48 


Tablet Control OT P-OT OT-W 
Formula Mia. : Sec. Min. : Sec. Min. : Sec. 


5 3:30 -0:04 +‘i :‘MI +0: 17 
6 2:59 -0:05 +1:03 +O : 47 
7 18:40 -1:07 -0:56 -1:05 


corrected by the addition of a desiccant packet to  
each container. 


Humidity Test.-A glass desiccator equipped with 
a porcelain crucible holder and crucibles and filled 
with approximately 2 in. of water acted as a humidity 
control chamber. The sealed desiccator was allowed 
to stand 48 hours at 25” before it was used. One 
tablet was placed in each of the seven crucibles and 
examined frequently over a period of 60 hours. 
Duplicate series were performed with each tablet 
variety. 


Table I11 shows these humidity effects. The 
tablets coated with DSS and wax polish proved to be 
most durable in this respect, with the prime coated- 
DSS coated tablets and the DSScoated tablets fol- 
lowing in that order. 
U.S.P. Disintegration Tests.-These tests were 


performed using procedures and equipment pre- 
scribed in the U.S.P. XV (9). The temperature of 
the inner bath of the disintegration unit (ScientSc 
Glass Apparatus Co., Bloomfield, N. J.) was main- 
tained at 37 f 2’. Distilled water was used as the 
tablet solvent in the inner bath and was changed 
with each batch of tablets. 


Table IV gives the average results obtained from 
duplicate tests on six tablets of each type. This 
table shows that the disintegration rates were not 
impeded by the DSS coatings. The shortened dis- 
integration time was particularly noticeable with 
tablets coated only with DSS. This was to  be ex- 
pected as  a result of Cooper and Brecht’s (10) work 
with 21 surface-active agents which indicated that 
DSS was an effective additive to  tablet granulations 
to reduce disintegration time. 


SUMMARY AND CONCLUSIONS 


Upon examination of the shortcomings of sugar 
coatings and the many tests required of these coat- 
ings, it  can quickly be surmised what constitutes the 
desirable features of an ideal tablet coating. Once a 
list of these factors is relatively complete. it  can be 
used as a means of measuring the coating results. 
An ideal coating must be physically stable, thera- 
peutically compatible, chemically inert, economically 
feasible and, finally, have a patient product accepta- 
bility. 


The DSS coating has shown exceptional resistance 
to heat, light, and trauma; on the other hand, an 
inherent weakness toward environmental moisture 
is prevalent. This hygroscopic nature of the com- 
pound is a condition that can be counteracted, but 
still remains a disadvantage as f a r  as this coating is 
concerned. DSS can serve as a final protective 
coating for either sugar or uncoated tablets. 


The materials in the basic coating formula are 
quite safe in regard to toxicity. DSS exhibits a 


very low order of toxicity. The acute oral LDm for 
mice has been determined to be approximately 1 
Gm./Kg. of body weight (11). 


The coating is almost completely noncaloric in 
composition, even when sweetened and flavored. 
The coating will not hinder disintegration of the 
tablets; thus, it  will not slow therapeutic absorption 
of the coated drugs. 


No incompatibility has been encountered while 
applying the coating to  the various tablets. DSS is 
compatible with all medications normally dispensed 
in tablet form. 


The chief advantage of iilm coating is the reduc- 
tion of operational costs. DSS coatings are easily 
applied to tablets using conventional coating equip- 
ment; therefore, no conversion of equipment now in 
use is necessary. There is a drastic reduction in the 
application time of this film coating, with about 1 t o  
3 hours required to coat a batch of tablets completely. 
This is far less time than is necessary for the sugar 
coating operation and, in turn, results in a lowered 
labor cost. The thinner film coating and resultant 
small change in tablet weight or size provide a sub- 
stantial reduction in bottle size, shipping, and 
storage space needed. Less skill and experience are 
necessary t o  employ this coating procedure success- 
fully compared to those required for the sugar 
coating process. 


Probably the most important single factor in the 
use of medicinal agents today is patient acceptance. 
The thin coating provides tablets of smaller size so 
that swallowing is facilitated. Although the DSS 
coating is odorless, it  produces an undesirable bitter 
aftertaste which can be masked with flavoring agents 
or limited by a wax polish coating. Since the DSS 
basic coating is colorless, a wide variety of colors may 
be employed. This formula gives a uniform, elegant, 
glossy appearance necessary for favorable accept- 
ance. 
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also includes an item easily overlooked in a student 
text: procedures for laboratory accidents and first 
aid which is prominently placed on the inside front 
cover and adjoining page. 


Scientific Research in British Universities and Colleges 
1962-63. Dept. of Scientific and Industrial Re- 
search and The British Council, 1963. Agents 
for Her Majesty’s Stationery Office: Sales Sec- 
tion, British Information Services, 845 Third 
.4ve., New York 22, N. Y. 13 
X 21 cm. Price $6.50. Paperbound. 
Brief notes on scientific research in progress in 


British universities and associated institutions de- 
scribe the nature of the projects in sufficient detail 
to indicate the scope of the research done by the 
various science departments and individual teams 
of investigators. Entries are arranged alphabeti- 
cally by university and subjects covered under a 
university listing are also alphabetized. A name 
index permits rapid reference to work of a given in- 
dividual and a subject index gives a convenient means 
to locating projects of particular interest in any of 
the several institutions covered. Both indexes are 
quite extensive and are complete. 


Handbook of Laboratory Distillation. By ERICH 
KRELL. Elsevier Publishing Company, Inc., 52 
Vanderbilt Ave., New York 17. N. Y., 1963. x + 561 pp. 15 X 23 cm. Price $18. 
A comprehensive account of laboratory distillation 


from the earliest known applications of this funda- 
mental separation method to the more recent de- 
velopment and trends is presented in this one vol- 
ume work. Units of measurement are defined, con- 
cepts clarified, physical theory of separation and the 
properties of mixtures receive ample treatment; 
a detailed consideration of the general and selec- 
tive processes utilized in modern distillation lab- 
oratories. Chapters are also devoted to construc- 
tional materials and apparatus, automatic d e v i c e s  
measuring and control equipment, and arrangement 
of a distillation laboratory and the starting up of 
distillation. Appendixes provide the Cox chart 
families and their focal points data for text mixtures, 
and examples on the calculation of distillation condi- 
tions. A pocket-part series of nomograms provide 
concentration calculations, ideal equilibrium curves, 
minimum plate number for ideal mixtures, barom- 
eter and thermometer corrections, among others. 
I n  a word it is truly comprehensive. 


xxv + 669 pp. 
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Synthesis and Pharmacology of Some Basic Esters 
of 3,4,5 -Trimethoxy benzoic Acid 
By A. J. VAZAKAS* and JAMES T. DOLUISIO$ 


A series of basic esters of 3,4,5-trimethoxybenzoic acid has been synthesized and 
the compounds evaluated for antihypertensive and local anesthetic activity. One 
of  the compounds, a diamine esterfgrepared from N-methyl-N-phenyl-N’-propyl- 
ethyleaediamine via a three-step syn esis, exhibited hypotensive activity following 
intravenous administration to aormotensive dogs. No hypotensive activity was 
demonstrated following intraperitoneal administration to renal hypertensive rats. 
All but one of the compounds tested exhibited some degree of local anesthetic 


activity. 


HE ISOLATION of reserpine (I) in crystalline 
Tform (1) and the subsequent developments 
which led to the elucidation of the structure ( 2 4 )  
and total synthesis (5) of this alkaloid have 
stimulated many workers to prepare simple ana- 
logs of this molecule in search of compounds with 
reserpine-like activity (6-20). 


In our laboratories, a similar objective was 
approached with the preparation of (a) a series of 
4 - dialkylaminobutyl 3,4,5 - trimethoxybenzoates 
(11), all members of the series possessing portions 
of rings C, D, and E of the reserpine molecule; 
( b )  two 4-(4-substituted piperazin0)butyl 3,4,5- 


clusion of a second nitrogen atom in a position 
approximating that of the indole nitrogen of 
reserpine, might also be considered to possess a 
portion of ring B ; (6) N-methyl-N-phenyl-”-pro- 
pyl-N‘- [4 - (3,4,5 - trimethoxybenzoy1oxy)butyl)- 
ethylenediamine (IV) which possesses all of ring 
A and portions of rings B-E. 


The compounds of structures I1 and I11 were 
prepared by alkylation of the appropriate second- 
ary amines with the previously unreported 4- 
chlorobutyl 3,4,S-trimethoxybenzoate (V). For 
the preparation of IV, N-propylchloroacetamide 
(VI) was converted by use of N-methylaniline to 


OCH3 


I 
P i  


R-N N H I  


111 
IIIa, R = CH3 
IIIb, R =  HOCH2CH. 


trimethoxybenzoates (111) which not only possess 
portions of rings C, D, and E but, with the in- 
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110, R = CHa 
IIb, R = CzH5 
IIc, R = n-C3H, 


2-( N-met hylani1ino)-N-propylacetamide (VII )  
which was then reduced with lithium aluminum 
hydride to N-methyl-N-phenyl-N’-propylethyl- 
enediamine (VIII) .  Acylation of V I I I  with 8- 
carbethoxypropionyl chloride ( IX)  afforded the 
amide ester (X) which, on reduction with lithium 
aluminum hydride, yielded N-methyl-N-phenyl- 
N’-propyl- N’- (4 - hydroxybuty1)ethylenediamine 
(XI). The latter was then esterifi‘e‘d .with 3,4,5- 
trimethoxybenzoyl chloride in ether and in the 
presence of triethylamine to produce IV. 


While this work was in progress, a publication 
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appeared (7) describing the preparation of the 
compounds of structure I1 by use of a different 
synthetic procedure. The compounds were re- 
ported to  be "devoid of any reserpine-like activity 
as was indicated by their failure to prolong the 
hexoharhital sleeping time in mice and their 
failure to  affect the fall-off time of rats from a 
rotating rod." In our evaluation, the com- 
pounds of both structures I1 and 111 did not  
significantly affect the blood pressure of anesthe- 
tized normotensive dogs. 


Because of the nature of the structures of I1 and 
111, it was of interest to examine these compounds 
also for local anesthetic action. The procedure 
used consisted of the topical application of 3 drops 
of a 1 % solution of the compound in the rabbit eye 
and measurement of the duration of anesthesia in 
minutes. It was found that all of these compounds 
except IIIa were quite active in this evaluation 
procedure. The anesthesia produced was ac- 
companied by lacrimation and pitting with each 
cornpound except IIIb, which was found to be 
completely free of these side effects. Structure 
IIIb also proved to be the most active of the com- 
pounds tested. The 87-minute average duration 
of anesthesia found with IIIb compared favorably 
with the average durations of action observed for 
cocaine and procaine of like concentration, these 
being 54 and 36 minutes, respectively. Another 
standard, dibucaine, had an average duration of 
action of 94 minutes a t  a concentration of 0.5%. 


CHJO 
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unanesthetized renal hypertensive rats, the com- 
pound had no activity when blood pressures were 
recorded at 1,  2, and 4 hours post treatment a t  
doses of 10 and 20 mg./Kg.. i.p. Lack of activity 
in this experiment may have been due to the 
short duration of action demonstrated in the dog 
experiments. 


EXPERIMEN TALI 
3,4,5-Trimethoxybenzoyl Chloride.-This com- 


pound, prepared according to the method of Lasslo 
and Jordan (21), was further purified by distil- 
lation .in vacuo, b.p. 112-115"/0.8 mm. It crystal- 
lized in the receiver, m.p. 79.5 to 81'; reported 
(22) m.p. 79 -82". 


4-Chlorobutyl 3,4,5-Trimethoxybenzoate (V).- 
A mixture of 50.5 Gm. (0.22 mole) of 3,4,5-tri- 
methoxybenzoyl chloride and 29.3 Gm. (0.27 mole) 
of 4-chloro-1-butanol in 270 ml. of anhydrous ben- 
zene was refluxed for 8 hours, hydrogen chloride 
being evolved. After removal of the solvent, the 
residue was distilled under reduced pressure. A 
42.1-Gm. quantity (63.5%) of pale yellow oil, b.p. 
18.5189°/1.1 mm. was obtained; n y  1.5315. 


And-Calcd. for C1dHleClOs: C, 55.54; H, 
6.33; CI, 11.71. Found: C, 55.32; H, 6.33; C1, 
11.71. 


4 - [4 - (2 - Hydroxyethyl)piperazino]butyl 
3,4,5-Trimethorybenzoate Dihydrochloride (IIIb).- 
A mixture of 5.0 Gm. (0.016 mole) of 4-chlorobutyl 
3,4,5-trimetlioxybenzoate, 2.1 Gm. (0.016 mole) of 
N-(2-hydroxyethyl)piperazine, 1.7 Gm. of anhydrous 
sodium carbonate, and 3 Gm. of powdered potassium 
iodide in 200 nil. of methyl ethyl ketone was stirred 


HN' ._. . 


CH30+ COO(CH2),C1 A 'I 


Compound IV, which was evaluated only with 
regard to its effect on blood pressure, had hypo- 
tensive activity when administered to  anesthetized 
normotensive dogs a t  a dose of 8 mg./Kg., i.v. 
This dose caused an immediate fall in blood pressure 
ranging from 41 to  68 mm. of mercury in three dogs. 
The average duration of activity was approximately 
17 minutes, the range being from 5 to 30 minutes. 
The immediate decrease in blood pressure observed 
with this compound is not typical of reserpine 
activity. The compound did not appear to  possess 
adrenergic or ganglionic blocking activity. In 


and refluxed for 16 hours. The solvent was removed 
a t  reduced pressure, the residue treated with a 
concentrated solution of sodium carbonate, and the 
alkaline mixture extracted with ether. The di- 
hydrochloride precipitated upon the addition of 
anhydrous hydrogen chloride to  the dried ether 
solution. The white solid was collected, washed 
with ether, and recrystallized from ethanol to 


* Melting points were determined by the open capillary 
tube method and are uncorrected. The microanalyses were 
done by Dr. Alfred Bernhardt, Miilbeim (Rubr). Germany. 
Spectra of the oils were obtained on a Perkin-Elmer model 
21A double beam infrared spectrophotometer on samples 
between salt disks. 
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yield 4.2 Gm. (56%) of white crystalline product, 
m.p. 190' dec. 


And-Calcd. for CmH3?N&2HCI: CI, 15.1 1 ; 
N, 5.97. 


The compounds listed in Table I were prepared 
essentially as above, the only variations in the 
procedure being ( a )  the use of excess amine, rather 
than sodium carbonate, as the acid acceptor in the 
preparation of Nos. 1-3, and (b )  the preparation of 
No. 1 in a pressure bottle, rather than under reflux, 
at a temperature of 60' for 30 hours. 


N-Propylchloroacetde (VI).-This compound, 
prepared by the method reported for the synthesis 
of the N-ethyl homolog (23). was obtained as a 
colorless oil in 75% yield, b.p. 91-94'/4.5 mm.; 
reported (24) b.p. 90-91'/4 mm. 
2-( N-Methy1aniliao)-N-propylacetamide (VII).- 


A mixture of 102 Gm. (0.75 mole) of N-propyl- 
chloroacetamide and 181 Gm. (1.7 moles) of N- 
methylaniline in 700 ml. of toluene was stirred and 
refluxed for 8 hours. The mixture, after having 
been allowed to stand overnight, was filtered to  
remove the precipitated N-methylaniline hydro- 
chloride, the cake was washed with benzene, and 
the benzene-toluene filtrate was evaporated to 
dryness under vacuum with the aid of steam bath 
heat. The dark oily residue was dissolved in 
chloroform, the chloroform solution was washed 
with water, then dried over sodium sulfate. The 
mixture was filtered, the chloroform removed, and 
the residual oil distilled in uacuo. After a small 
forerun of N-methylaniline, 131 Gm. of oily product 
was obtained, b.p. 135-138"/0.4 to  0.5 mm., which 
gradually solidified in the receiver, forming rosettes 
of glistening pale-yellow needles. The product was 
further purified by recrystallization from 2 L. of 
skelly B. It crystallized in large shiny white plates. 
The yield was 118 Gm. (76y0), m.p. 52-53". 


Anal.-Calcd. for CL~H18N*O: N, 13.58. Found: 
N, 13.64. 


N-Methyl- N -phenyl- N'-propylethylenediamine 
(VIII).-A 20.0 Gm. (0.526 mole) quantity of lithium 
aluminum hydride was added, portionwise and with 
stirring, to 500 ml. of tetrahydrofuran under 
nitrogen. After addition was complete, the mixture 
was stirred for 30 minutes. A solution of 36.0 
Gm. (0.175 mole) of 2-( N-methylani1ino)-N-propyl- 
acetamide in 150 rnl. of tetrahydrofuran was then 
added, dropwise, to the stirred mixture, the addition 
requiring approximately 30 minutes for completion. 
The reaction mixture became warm but did not 
reflux. The mixture was stirred for 30 minutes, 
then heat was applied; it was refluxed with stirring 
for 38 hours.? A 100-ml. quantity of a 20% solution 
of potassium sodium tartrate was then added, 
dropwise and with stimng, to  the cold (ice bath) 
mixture. The resulting white precipitate was 
removed by suction filtration, the cake was washed 
with 200 ml. of hot tetrahydrofuran, and the 


Found: CI, 14.90; N,5.92. 


Q 
4 


CI 


m 


3 


* This 3&hour period of reflux was selected arbitrarily and 
should not be considered a minimum re uirement for this 
reaction. It  has been observed (25) that t%e reduction of N- 
monosubstituted amides re ukes not only a considerable 
excess of hydride but also a ?airly long period of reflux after 
the addition of the amide has been completed if good yields 
are to be obtained. We repeated thts preparation with 
reactants. solvent, and procedure remaining the same, 
but with the reflux period limited to 2.5 hours, a reflux period 
which we have found adequate for the reduction of N- 
unsubstituted amides in good yield. In these experiments 
although the mole ratio of hydride:amide was varied be! 
tween 2: 1 and 4: 1. a 2.5 hour reflux period gave, in all cases, 
yields between 18 and 20% of VIII. 
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Infrared spectrum: &-H stretch, 3330 ern.-'; 
primary alcohol, 1 O i O  cm.-l; ester and amide, 
absent. 


Anal.-Calcd. for ClsH2&O: C, 72.68; H, 
10.67; N, 10.60. Found: C, 72.57; H, 10.42; 
N, 10.52. 
N - Methyl - N - phenyl - N' - propyl - N' - 


(4 - (3,4,5 - trimethoxybenzoyloxy)butyl]ethyl- 
enediamine (IV).-To a solution of 8.53 Gm. 
(0.024 mole) of 3,4,5-trimethoxybenzoyl chloride in 
100 ml. of anhydrous ether, a solution of 6.0 Gm. 
(0.06 mole) of triethylamine in 20 ml. of anhydrous 
ether was added dropwise and with stirring. To 
the white silky suspension of the complex which 
had formed, a solution of 5.28 Gm. (0.020 mole) 
of N-methyl-N-phenyl-N'-propyl-N'-(4-hydroxy- 
buty1)ethylenediamine (XI)  in 50 ml. of anhydrous 
ether was added, dropwise and with stirring. 
The mixture was stirred at  room temperature for 2 
hours, then stirred and refluxed for 3 hours. The 
copious white crystalline precipitate of triethylamine 
hydrochloride which had formed was removed by 
suction filtration, the cake washed with ether, 
and the ether and excess triethylamine removed 
from the combined filtrates by vacuum distillation 
to  leave a pale-yellow oily residue. The oily 
product was dissolved in ether and extracted with 
dilute hydrochloric acid. The acidic aqueous 
solution was washed twice with ether, then made 
basic with a concentrated solution of sodium car- 
bonate. The insoluble oily product was taken up 
in ether, the ether solution dried (sodium sulfate), 
filtered, the solvent removed to dryness, and traces 
of moisture remaining removed by co-distillation 
with benzene. The product, which began to  
decompose on attempted distillation in vacuo, was 
distilled successfully by use of an Asco "50" 
rota-film molecular still at a jacket temperature of 
240-242"/27-30~~ to  yield 5.28 Gm. (57.6%) of 
very viscous pale-yellow oil; ny 1.5495. 


Infrared spectrum: ester, 1717 cm.-', 1222 cm.-'; 
ether, 1123cm.-* 


Anal.-Calcd. for C26HmN206: C, 68.09; H, 
8.35; N, 6.11. Found: C, 67.72; H, 8.16; N, 
6.03. 


Attempts to prepare the crystalline hydrochloride, 
maleate, and &tartrate of this compound all proved 
unsuccessful. 
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combined pale-yellow filtrates were dried ovet 
sodium sulfate and filtered. The solvent was 
removed at reduced pressure and, after the last 
traces of moisture had been removed by co-dis- 
tillation with benzene, the residue was fractionated 
through a short Vigreux column to yield 24.4 Gm. 
(72.6%) of very fluid, pale greenish-yellow oil, 
b.p. 107-109"/1.0 mm.; tzy 1.5331. 


Anal.-Calcd. for CI2H2aN2: C, 74.95; H, 
10.48; N, 14.57. Found: C, 74.87; H, 10.63; 
N, 14.51. 


8-Carbethoxypropionyl Chloride (IX).---This com- 
pound was prepared from 8-carbethoxypropionic 
acid by the procedure of Riegel and Lilienfeld (26) 
in 78% yield, b.p. 10%110"/28 mm.; reported 
(26) b.p. 110-115"/30 mm. The 8-carbethoxy- 
propionic acid, prepared from succinic anhydride 
and ethanol as reported (26) and further purified by 
distillation, was obtained in 47y0 yield, b.p. 118- 
120°/3 mm.; reported (27) b.p. 119"/3 mm. 
N - (2 - N - Methylanilinoethyl) - N - propyl - 


B-carbethoxypropionamide (X).-A solution of 9.87 
Gm. (0.060 mole) of pcarbethoxypropionyl chloride 
in 50 ml. of benzene was added, dropwise and with 
stirring, to a well cooled solution of 23.8 Gm. 
(0.124 mole) of N-methyl-N-phenyl-N'-propyl- 
ethylenediamine in 100 ml. of benzene. When 
addition was complete, the reaction mixture was 
stirred a t  room temperature for 1 hour, then 
refluxed for 2 hours. The mixture was cooled, 
water was added with stirring to dissolve the 
copious white crystalline precipitate which had 
formed, and, while being stirred vigorously, the 
two-phase system was acidified with dilute hydro- 
chloric acid. The aqueous phase was separated, 
washed well with ether, then made basic with a 
saturated solution of sodium carbonate. The 
basic mixture was extracted with ether, the ether 
solution was dried (sodium sulfate), filtered, and the 
ether removed by distillation under vacuum. The 
residual oil, after the last traces of moisture had 
been removed by co-distillation with benzene, was 
fractionated through a short Vigreux column. 
After removal of 11.8 Gm. of the starting diamine, 
which had also served as acid acceptor, in the fore- 
run, 11.6 Gm. (60%) of viscous, pale-yellow oil 
was obtained, b.p. 166-168°/0.1 mm.; n y  1.5240. 


Infrared spectrum: ester, 1740 cm.-l, 1200 cm.-' 
(broad); amide, 1640 cm. --I 


Anal.-Calcd. for CI8H~N203: C, 67.47; H, 
8.81; N, 8.74. Found: C, 67.22; H, 8.69; N, 
8.89. 
N - Methyl - N - phenyl - N' - propyl - N' - 


(4-hydroxybuty1)ethylenediamine (XI).-This com- 
pound was prepared by the lithium aluminum 
hydride reduction of N-(2-N-methylanilinoethyl)- 
N-propyl-p-carbethoxypropionamide (X) by the 
same method used for the preparation of N-methyl- 
N-phenyl-N'-propylethylenediamine (VIII) .  I n  
this reduction, a solution of 10.0 Gm. (0.031 mole) 
of the amide-ester (X) in 40 ml. of tetrahydrofuran 
was added to a mixture of 4.72 Gm. (0.124 mole) of 
lithium aluminum hydride in 100 ml. of tetrahydro- 
furan under nitrogen. The duration of reflux was 
11 hours, and 35 ml. of 20% potassium sodium 
tartrate was used for the subsequent hydrolysis of 
complex and of excess hydride. Fractionation gave 
7.13 Gm. (86%) of pale-yellow oil, b.p. 132-133"/ 
0.1 mm. ; tzy 1.5301. 
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Hemolysis of Erythrocytes by 
Antibacterial Preservatives 


By H. C. ANSEL and D. E. CADWALLADER 


A study has been made of the hemolytic activity of antibacterial preservatives on 
human and rabbit erythrocytes in the presence of 0.9 per cent sodium chloride. The 
hemolytic potency of phenol increased with methyl and/or chlorine substitution. 
The order of activity was: -chloro-nr-cresol ) p-chlorophenol ) tricresol and m- 
cresol ) phenol. Chlorinatefalcohols were similarly more hemolytic than the non- 
halogenated ones: p-chloro-&phenylethyl alcohol ) chlorobutanol ) phenylethyl 
alcohol ) benzyl alcohol. Erythrocytes were highly sensitive to benzalkonium 
chloride, benzethonium chloride, and henylmercuric nitrate. Thimerosal, butyl- 
paraben, and sodium formaldehyde suf;oxylate also induced hemolysis. The data 
indicate that the hemolytic and antimicrobial mechanisms of action may be identi- 


cal for many compounds. 


HE U.S.P. XVI (1) states that suitable sub- 
Tstances may be added to preparations in- 
tended for parenteral administration to increase 
the stability of the product, provided they are 
harmless in the amounts administered and do 
not interfere with the therapeutic efficacy or the 
assay procedures. Limited amounts of various 
antibacterial preservatives are recommended for 
multiple-dose parented products regardless of 
the method of sterilization. A personal survey 
of currently marketed parenteral products in- 
dicated that a variety of antibacterial agents are 
used in preparations intended for each route of 
administration, including intravenous administra- 
tion. 


It has been shown, in uitro and in uiuo, that 
certain chemicals in amounts calculated to be iso- 
osmotic to the red blood cell according to physico- 
chemical data may pass through the erythrocytic 
membrane and fail to prevent osmotic hemolysis 
(2-9). In addition, certain substances may be 
cytotoxic to the erythrocyte, thus altering the 
integrity of the membrane and resulting in the 
escape and/or denaturation of the cell contents. 


It was the purpose of this investigation to study 
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the hemolytic activity of various antibacterial 
preservatives on human and rabbit erythrocytes 
in the presence of isotonic media. By preparing 
the preservative solutions in 0.9% sodium chloride 
it was felt that any alteration in the integrity of 
the erythrocytes could be directly attributed to 
the action of the preservative and not to the 
original osmotic pressure of the external solu- 
tion. 


EXPERIMENTAL 


Collection of Blood.-The rabbit and human 
(Caucasian) blood samples employed in this investi- 
gation were obtained in the manner described by 
Grosicki and Husa (9). Caucasian blood was con- 
sistently employed to avoid the osmotic differences 
found in blood samples from Negro donors (8). 
Fresh blood samples from healthy donors were 
used throughout the study. 


Materials.-The following chemicals used in this 
study were supplied gratuitously by their respective 
manufacturers: chlorobutanol U.S.P. and benzyl 
alcohol N.F., Benzol Products Co.; methylparaben 
U.S.P., propylparaben U.S.P., ethylparaben, and 
butylparaben, Heyden Newport Chemical Corp.; 
phenylrnercuric nitrate, Metalsalts Corp. ; p-chloro- 
phenol, Dow Chemical Co. ; p-chloro-m-cresol, 
Burroughs Wellcome and Co.; thimerosal N.F., Eli 
Lilly and Co. ; sodium formaldehyde sulfoxylate, 
Rohm and Haas; and p-chloro+-phenylethyl 
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Rheology of Emulsions. Edited by P. Sherman. 
The Macmillan Co. (Pergamon Press), New York, 
N. Y., 1963. vii + 146 pp. 15 X 23 cm. 
Price $7.50. 
The book is a compilation of the papers presented 


a t  a symposium held by the British Society of Rheol- 
ogy at Harrogate in October, 1962. The papers re- 
port the most recent work at the time on the flow 
properties of emulsions. The topics considered in 
the papers include the formation of emulsions. the ef- 
fect of concentration, flocculation, and particle ag- 
gregation on the rheology of disperse systems, the 
behavior of liquid drops under laminar flow. sta- 
bilization of emulsions, and dielectric behavior of 
emulsions. Since the discussions involving the rela- 
tionship of particle aggregation to  rheological proper- 
ties stress the “secondary minimum” in flocculation, 
one paper was devoted exclusively to a study of the 
diffuse double layer following the Derjaguin-Landau 
and the Venvey-Overbeek theories for the stability 
of colloidal systems. The editor apologized for the 
omission of a promised contribution on the rheologi- 
cal properties of the emulsifier film at the interface. 
I t  is unfortunate that a paper on this subject could 
not be included, because of the often cited impor- 
tance by various authors of resiliency and toughness 
of an emulsifier film in contributing to emulsion sta- 
bility. 


The earlier symposium on the rheology of suspen- 
sions, entitled “Rheology of Disperse Systems” 
(Pergamon Press, 1959), together with the present 
book, make a valuable contribution to the rheology 
of suspensions and emulsions. Anyone teaching or 
doing research which involves the consideration of 
dispersed solids and liquids will want to have these 
companion works in his library. 


Reviewed by Alfred N. Martin 
Professor of Physical Pharmacy 
Purdue University 
School of Pharmacy and Pharmacal Sciences 


Organic Reactions. Vol. 13. Edited by A. C. COPE. 
John Wiley & Sons, Inc., 605 Third Ave., New 
York 16, N. Y., 1963. vii + 382 pp. 15 X 23 cm. 
Each chapter of this latest volume treats an 


important synthetic reaction. The discussions are 
authoritative and critical covering the reaction and 
the methodsof preparation and utilization of reagents. 
The organic reactions presented are covered com- 
pletely and representative experimental procedures 
are given. Subjects covered in this volume are 
hydration of olefins, dienes, and acetylenes v i a  
hydroboration, halocyclopropanes from halo- 
carbenes, free radical additions to olefins to form 
carbon-carbon bonds, and formation of carbon- 
hetero atom bonds by free radical chain additions to  
carbon-carbon multiple bonds. 


Quantum Biochemistry. By BERNARD PULLMAN and 
ALBERTE PULLMAN. Interscience Publishers, 
605 Third Ave., New York 16, N. Y., 1963. 
xvi + 867 pp. 15.5 X 23 cm. Price $27.50. 
The two main objectives of this book are to  show 


biochemists how quantum mechanics can yield 
answers to the problems of the structure and mode of 
action of the constituents of living matter and to 
provide the quantum chemists with a general outline 
of the aspects of biochemistry in which their con- 
tribution may be useful. The authors note that 
topics of the same apparent importance are often 
given unequal treatment in their presentation but 
explain that the very early stage of development 
of quantum biochemistry is responsible. The work 
is divided into three major sections dealing with 
molecular orbitals for biochemists. electronic 
structure of fundamental biochemical substances, 
and electronic aspects of enzymic reactions. 


NOTICES 


Pharmucologie des Hormones Neurohypophysaires 
et de Leurs Analogues Synthetiques. By B. BBRDE. 
Masson & Cie, Editeurs, Libraires de L’Academie 
de Medecine, 120, Boulevard Saint-Germain, 
Paris VI“, 1963. 105 pp. 16 X 24 cm. Paper- 
bound. Price 10F. 


XXIO Congress0 di Scienze Farmaceutuhz. Con- 
ferenze e Comunicazioni, Pisa. 1961. Feder- 
azione Ordini Farmacisti Italiani, Rome, 1962. 
vii f 943 pp. 17 X 24 cm. Paperbound. 


Outline of Pharmacology and Therapeutics. By 
SISTER M. MARIEL, C.S.A. Charles C Thomas, 
301-327 E. Lawrence Ave., Springfield, Ill., 
1963. xvi + 297 pp. 16 X 23.5 cm. Price 
$12.50. 


Advances i n  Pharmacology. Vol. 2.  Edited by 
SILVIO GARATTINI and PARKHURST A. SHORE. 
Academic Press, Inc., 111 Fifth Ave., New York 3, 
N. Y., 1963. 15.5 X 23.5 cm. 
Price $12. 


vii + 392 pp. 


Advances in  Analytical Chemistry and Instrumenta- 
tion. Vol. 2. Edited by CHARLES N. RBILLEY. 
John Wiley & Sons, Inc., 605 Third Ave., New 
York 16, N. Y., 1963. 15.5 X 
23.5 cm. Price $15. 


vi $- 408 pp. 


Das Krebsprobhm. By KARL-HEINRICH BAUER. 
Springer-Verlag, 1 Berlin 31 (Wilmersdorf), 
Heidelberger Platz 3, (Berlin-West), Germany 
1963. xvi + 1099 pp. 17 X 25 cm. Price 
DM 98. 


Moderne Methoden der Pjhnzenanalyse (Modem 
Methods of Plant Analysis). Vols. 5 and 6. 
By K. PAECH and M. V. TRACEY. Springer- 
Verlag, 1 Berlin- Wilmersdorf, Heidelberger Platz 
3, West Berlin, Germany, 1963. xxiii f 512 pp. 
17 X 25 cm. Price DM 98 each. 


Prescription Pharmacy. Edited by J. B. SPROWLS, 
JR. J. B. Lippincott Co., East Washington 
Square, Philadelphia 5, Pa., 1963. x + 579 pp. 
18 X 25.5 cm. Price $12. 
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Review Article 


Oximes Antagonistic to Inhibitors of Cholinesterase 


Part I 


By ROBERT I. ELLIN 


ORGANOPHOSPHORUS INHIBITORS OF 
CHOLINESTER ASE 


IISOPROPYL phosphorofluoridate (DFP) and 
isopropyl methylphosphonofluoridate (sa- 


rin) are common prototypes of compounds pos- 
sessing the general formula RlR*P(O)X, where 
R1 and Rn are either alcoholic, phenolic, mercap- 
tic, amidic, alkyl, or aryl groups and X may be 
fluoride, chloride, cyanide, carboxyl, phosphate, 
pyrophosphate, phenoxy, thiol, or thiophenoxy 
radicals. These compounds are powerful in- 
hibitors of enzymes which possess carboxylic 
esterase activity, i.e., true cl-olinesterase, pseu- 
docholinesterase, ali-esterase, chymotrypsin, t r y p  
sin, thrombin, and acetylesterase. However, 
one should not assume that all esterases are 
inhibited by organophosphorus compounds; for 
example, diethyl-fi-nitrophen ylphosphate inhibits 
only one of the two enzymes in serum capable of 
hydrolyzing various pnitrophenylesters (1, 2). 


CHOLINESTERASES 


The existence of an enzyme or enzymes capable 
of hydrolyzing acetylcholine is well established 
(3, 4). The true cholinesterase of Mendel and 
Rudney (5) is found predominantly in nervous 
tissue and erythrocytes of most species, whereas 
pseudocholinesterase predominates in the blood 
plasma (6, 7). Ali-esterase, also present in blood, 
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EDITOR’S NMB: Additions1 considerations of oximes 
antagonistic to inhibitors of cholinesterase will be discussed 
in the concluding portion of this review, Part 11, which will 
appear in the October issue of T H ~ S  JOURNAL. 
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does not hydrolyze choline esters. The pseudo 
form does not play a significant part in the 
neurohumoral transmission of cholinergic im- 
pulses, although it can hydrolyze acetylcholine in 
addition to other esters. If acetylcholine, as 
suggested by Bum (8), is involved in the spon- 
taneous rhythmic activity of such tissues as 
heart muscle and alia, pseudocholinesterase may 
play an important nonsynaptic role in these 
tissues or may supplement the action of true 
cholinesterase wherever high concentrations of 
acetylcholine occur. Dixon and Webb (9) pre- 
fer to use the terms “acetylcholinesterase” and 
“cholinesterase” for true and pseudocholinester- 
ase. As these names are used interchangeably in 
the literature, we shall not in this report adhere 
to a single nomenclature but shall attempt to 
be as lucid as possible when referring to the 
individual enzymes. 


How biochemical catalysts work is a question 
germane to the understanding of all biochemical 
processes. In applying this statement to acetyl- 
cholinesterase, one would hope to establish a 
mechanism for its catalytic action. Many 
enzymes have been highly purified; in fact, the 
sequence of amino acids in ribonuclease has been 
worked out by Hirs et al. (10). However, one 
must modify this optimistic attitude by stating 
that the stereo-structure of enzymes is presently 
unknown and that no enzymatic process is com- 
pletely understood. Considerable progress had 
beet1 achieved with the esterase enzymes in ex- 
periments designed to identify the active site or 
sites responsible for the catalytic action and en- 
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enzyme was then saturated with excess unlabeled 
DFP. Excess DFP and the reversibly combined 
butyrylcholine were then removed by dialysis. 
The activity of the resultant enzyme was de- 
termined and found to be 100% of the original 
activity. The preparation was then treated 
with radioactive DFP; the reaction product was 
dialyzed. The amount of radioactive phosphorus 
bound to the inactivated enzyme was then de- 
termined (24) and was used to  calculate that there 
can be only one active center per equivalent of the 
enzyme. 


MECHANISMS OF ACTION OF 
CHOLINESTER ASES 


We would do well to examine the fine struc- 
tures of the active surfaces of cholinesterases be- 
fore examining the mechanism of ester hydrolysis. 
Since Adams and Whittaker (25) suggested the 
presence of an anionic site on the surface of the 
enzyme, a number of reports on this general 
subject have been published by Wilson and by 
Bergmann (26-34). Their conclusions indicate 
that acetylcholinesterase contains two principal 
subsites: (a)  an anionic site which binds and 
orients the cationic portion of the substrate and 
( b )  an esteratic site, HG:, containing an acidic 
hydrogen atom and a basic group represented by 
a pair of electrons (Fig. la ) .  The anionic site is 
largely concerned with specificity, while the ester- 
atic site is supposedly responsible for the cata- 
lytic activity. A theory has been proposed that 
pseudocholinesterase has one anionic site for 
each esteratic site, while acetylcholinesterase has 


ANIONIC SIlf  ESrfRATIC SITE 


zyme specificity (11). In many instances, the 
so-called catalytic entities consist of nonprotein- 
oid cofactors, such as pyridoxal phosphate, di- 
phosphopyridine nucleotide (DPN), metal ions, 
etc. Enzymatic processes are known to be cen- 
tered around these cofactors, which are relatively 
simple molecules when compared with the en- 
zyme. One may logically initiate studies by 
noting the influence of these cofactors on enzy- 
matic reactions. Unfortunately, the problem 
of elucidating the mechanism of esterase action is 
much more difficult because the esterases are 
completely protein in nature and there is no co- 
factor. 


Acetylcholinesterase has not yet been isolated 
in a completely pure state. Purified enzyme from 
the electric eel has an activity corresponding to 
7 X lo3 pmoles of acetylcholine hydrolyzed per 
minute per milligram of protein a t  25O and pH 
7.0 (12). The equivalent weight of the purified 
form has been estimated to be from 2 X loe to 
1.2 X lo7 (13,  14). Much of the work on the 
mechanism of esterase inhibition has been carried 
out with pure compounds of lower molecular 
weight, such as crystalline chymotrypsin and 
trypsin. Classical experiments have shown that, 
when chymotrypsin is inhibited with DFP, 
TEPP, or paraoxon, 1 mole of inhibitor reacts 
with 1 mole of protein and liberates 1 mole of 
acid. One molecule of phosphorus, with its at- 
tached alkyl or alkoxy groups and oxygen atom, 
is bound to one molecule of enzyme (15-22). 
A similar conclusion was reached for acetyl- 
cholinesterase by calculating the equivalent 
weight from the amount of phosphorus bound to 
an enzyme preparatio? after complete inactiva- 
tion with DFP and comparing this value with 
independently derived equivalent weights (17). 
The inhibition results from a stoichiometric, 
nonreversible, covalertt reaction. The bimolecu- 
lar rate constant for the reaction of sarin with eel 
cholinesterase was shown to be as high as 6.3 X 
lo7 L. mole-' minute-' a t  25' at pH 7.4 (10). 
Kinetic data showed also that reactions with the 
various inhibitors occur at different rates. The 
phosphorus was so tightly bound to both chymo- 
trypsin and pseudocholinesterase that it could not 
be removed by treatment with trichloroacetic 
acid. 


A mole-for-mole reaction of esterase with in- 
hibitor indicates that there is one active site per 
mole of enzyme. A rather ingenious method for 
determining the concentration of active centers 
in enzyme preparations was presented by Cohen 
and Wamnga (23). They treated crude ox red 
cell cholinesterase with butyrylcholine, a strong 
competitive inhibitor of the active center. The 
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Fig, l.-(u) Diagram of the active sites on the 
cholinesterase molecule; ( b )  diagram of the inter- 
action between cholinesterase and acetylcholine; 
(c) diagram of acetylated cholinesterase; and ( d )  
diagram of phosphorylated cholinesterase (70). 
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Fig. 2.-Mechanism of acetylcholine hydrolysis 
(R .= CHs; R' = [(CHI)JN-CHI-CH,]+) by 
cholinesterase (: G H )  (33). 
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ated enzyme (Fig. 3a). The reaction of the latter 
with water is now rate determining. Reactiva- 
tion of cholinesterase now occurs rather slowly 
(Fig. 3b). The rate of hydrolysis would de- 
pend also on the nature of the allcyl group or 
groups within the phosphorylating agent. 


Studies carried out with DFP-inhibited chymo- 
trypsin, trypsin, acetylcholinesterase, and ali- 
esterase (24, 38, 39) indicate that in each enzyme 
the phosphoryl group is attached to a hydroxy 
group of serine. Examination of the pH profile 
of acetylcholine hydrolysis, catalyzed by cholin- 
esterase, indicates the existence of a basic group 
at an esteratic site which has a pKa value of 
about 6.5 (40, 41). Wagner-Jauregg and Hack- 
ley (42) pointed out that histidine is the only 
naturally occurring amino acid which (a) has a 
pKa value within this region and (b)  can react 
with DFP in aqueous solution a t  neutral pH. 
Photochemical oxidation (43) of chyrnotrypsin in 
the presence of methylene blue led to the loss of 
one histidine residue and a corresponding loss of 
enzyme activity. There are, however, two amino 
groups in cystidyl diglycine which have pKa's of 
6.36 and 6.96. Porter et ul. (44) suggest that 
the serine molecule a t  the esteratic site is present 
in the form of a cyclic anhydride, a A2-oxamline. 
The structure of the latter would be basic enough 
to react with DFP at a pKa value of 5. Berg- 
mann (40) also does not believe that the serine 
molecule is representative of the esteratic site 
because it does not contain a group responsible 
for the measured pKa value and does not provide 
an explanation for the spontaneous hydrolysis of 
the intermediate acyl enzymes. Evidence, how- 
ever, does favor the roles of the imidamle group 
of histidine and the hydroxyl group of serine as 
coparticipants in the active center. 


Many researchers believe that acylation of the 
imidazole ring of histidine occurs first; they hold 
that a secondary reaction takes place during 
subsequent hydrolysis to produce phosphorylated 
serine. Peptides thus far  isolated from inhibited 
enzyme indicate that histidine is a good distance 
from the serine in the peptide chain. However, it  
is reasonable to suppose that the peptide chains 
are flexible and that these two amino acids can 
approach one another. The hypothesis concern- 
ing migration of a phosphoryl group fits the re- 
sults of work on the "aging" phenomenon, in 
which resistance to reactivation develops follow- 
ing initial inactivation of the enzyme (17, 45) .  
A group in Holland (46) feels, however, that aging 
is not caused by transfer of the phosphoryl group, 
but rather by changes in structure of that group 
on the inhibited enzyme. They were able to 
show with CX4- and Ps2-labeled DFP that in- 
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Fig. 3.-(a) Reaction of DFP (R = isopropyl) 
with cholinesterase; (a) regeneration of inhibited 
enzyme by water; and (c) regeneration of inhibited 
enzyme by hydroxylamine (48). 
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two anionic sites (35) .  Papers by Friess (36, 
37) tend to coniirm the two-site theory and in 
addition suggest that the esteratic site binds to a 
negative group of the ester rather than to the 
positive carbonyl carbon. The last concept is 
not widely accepted. 


A diagram representing the interaction of 
acetylcholine with cholinesterase is shown in 
Fig. lb .  The combination of acetylcholine with 
the subsite of the enzyme is the rate-controlling 
step of the reaction. Both groups of the esteratic 
site are required for catalytic activity, but only 
the basic group is required for binding. Hydroly- 
sis then occurs a t  the esteratic site, resulting in the 
unstable acetylated enzyme shown in Fig. 1c after 
diffusion away of the choline liberated in the re- 
action. Acetic acid promptly splits from this site, 
restoring the enzyme toitsoriginal state (Fig. la). 
As illustrated in Fig. 2, an incipient hydrogen 
bond sets off an electronic cycle which results in 
the splitting off of c h o k e  (if acetylcholine is the 
substrate), with the subsequent formation of an 
acyl enzyme. The acyl enzyme complex reacts 
with water within a few microseconds to pro- 
duce regenerated enzyme and acid. The reac- 
tion with water apparently involves exchange of 
oxygen between carboxylate ions and water (30) .  


MECHANISMS OF ACTION OF 
CHOLINESTERASE INHIBITORS 


Organophosphorus compounds also phosphoryl- 
ate the enzyme at the esteratic site (Fig. Id). 
The mechanism of inhibition of acetylcholinester- 
ase parallels the reaction of the enzyme with its 
normal substrate. When DFP reacts with 
acetylcholinesterase, a reversible enzyme-in- 
hibitor complex involving a covalent bond be- 
tween the basic group of the esteratic site and the 
electrophylic phosphorus atom of DFP  is formed. 
A transfer of a proton from the acid group to the 
halide atom follows, resulting in the splitting out 
of a halogen acid and the formation of phosphoryl- 
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hibited pseudocholinesterase is spontaneously 
converted from a reactivatable diisopropyl phos- 
phorylated enzyme into a nonreactivatable mono- 
isopropyl enzyme. In both cases, the phosphorus 
was bound to a hydroxyl group in serine. 


Journal of Pkarmceutual Sciences 


DEVELOPMENT OF OXIMES AS ANTIDOTES 
T O  ORGANOPHOSPHATES 


The value of oximes for treating organophos- 
phate poisoning was suggested initially by ex- 
periments involving hydroxylamine. Hestrin 
(47) in 1949 found that acetylcholinesterase 
catalyzed the formation of acetohydroxamic acid 
when the enzyme was incubated with hydroxyl- 
amine and acetate. An analysis of this reaction 
suggests that the latter is bound to the enzyme, 
the resulting product then being attacked by 
hydroxylamine to release intact enzyme and hy- 
droxamate. Wilson and his collaborators (27, 
33, 48) subsequently demonstrated that cholin- 
esterase inhibited by tetraethyl pyrophosphate 
(TEPP) can be reactivated rapidly by hydroxyl- 
amine and more slowly by choline. Reactivation 
with hydroxylamine is similar in mechanism to 
the reaction of the acetylated enzyme with water. 
The nitrogen atom reacts with the electrophylic 
center of the inhibited enzyme to produce a phos- 
phorylated hydroxamate and reactivation of the 
enzyme (Fig. 3c). 


Jandorf (49) showed that hydroxylamine re- 
acts with sarin in a stoichiornetric manner a t  
neutral pH and room temperature. The mecha- 
nism indicated a mole-for-mole reaction between 
the two, followed, in excess hydroxylamine, by 
additional decomposition. Mole ratios between 
sarin and hydroxylamine greater than three 
increase markedly the rate of destruction of 
sarin above that by hydrolysis. This reaction is 
not the same as the reaction with acyl esters. 
Instead of the ester linkage's splitting, the P-F 
bond splits and 1 mole each of nitrogen and of 
ammonia are liberated (Fig. 4). Choline is, a t  
best, a weak nucleophilic agent. I ts  activity is 
attributed to the electrostatic attraction of its 
quaternary ammonium center to the anionic 
site of the enzyme. Yet choline is almost com- 
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Fig. 4.-Reaction of hydroxylamine with sarin 
(R = isopropyl) (49). 
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Fig. 5.-Diagrammatic illustration of the reactiva- 
tion of DFP-inhibited enzyme by isonicotinic acid 
methiodide (52). 


pletely inactive toward DFP-inhibited enzyme. 
It then appears that the anionic site is functional 
in TEPP-inhibited enzyme but not in that in- 
hibited by DFP. Similarly, hydroxylamine 
partially reactivates diethyl phosphorylated 
chymotrypsin (50) but reactivates DFP-inhibited 
acetylcholinesterase somewhat less. A rational 
explanation for these differences in molecular 
behavior may be found in steric shielding of the 
anionic site by the large isopropyl radicals of 
DFP. 


In  a search for a more potent nucleophylic 
compound than hydroxylamine, nicotinehydrox- 
amic acid (51) and the corresponding methiodide 
(the latter containing both a reacting nucleus and 
a suitably positioned cationic center) were pre- 
pared. Subsequent tests showed that these com- 
pounds were better reactivators than hydroxyl- 
amine. Isonicotinehydroxamic acid, picoline- 
hydroxamic acid, and their corresponding meth- 
iodides were also prepared. Kinetic studies were 
consistent with the idea that the hydroxamate 
ions were the reactivating species (52). Reacti- 
vation of cholinesterase by picolinehydroxamic 
acid methiodide probably takes place uia a 
nucleophilic attack on the phosphorus atom 
of the inhibited enzyme, followed by subsequent 
regeneration of the enzyme in a bimolecular dis- 
placement. Here, the hydroxamate may be 
phosphorylated by the mechanism proposed in 
Fig. 5. In all but one instance (53), quaternary 
hydroxamic acids were better than their tertiary 
analogs as reactivators of TEPP-inhibited enzyme 
and poorer for DFP-inhibited enzyme. Picoline- 
hydroxamic acid was the exception in that it was 
more active than its quaternary derivative in 
reactivating cholinesterase inhibited by either 
TEPP or DFP. Wilson (53) explains this 
phenomenon as due, in part, to the low basicity 
of the zwitterion, which decreases the affinity of 
the hydroxamate for the phosphorus atom in the 
inhibited enzyme. 


At the same time, Wagner-Jauregg (54), seek- 
ing compounds of low toxicity which would react 
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rapidly with sarin, synthesized a number of 
hydroxamates. A study of the chemical reaction 
between a hydroxamic acid and sarin showed that 
the first step is a reaction between the organo- 
phosphorus compound and the hydroxamate in 
which a phosphorylated hydroxamate and HF 
are formed. The phosphorylated hydroxamate 
undergoes a rearrangement in which hydrolyzed 
organophosphorus compound and isocyanate are 
formed. The isocyanate then reacts with another 
molecule of the hydroxamic acid to form N- 
phenylcarbamyl benzhydroxamate. Hurd and 
Bauer (55) had reported a similar mechanism 
when they reacted benzhydroxamic acid with 
benzenedfonylchloride. 


Wilson and Meislich (51) showed that DFP- 
inhibited cholinesterase could be reactivated in 
dtro by hydroxamates; however, there was a 
question whether hydroxamates would be effec- 
tive on sarin-inhibited enzyme; although there 
are many similarities between the in Vitro re- 
actions of DFP and sarin, there are significant 
differences between their biochemical reactivities. 
Nicotinehydroxamic acid methiodide proved 
to be effective on sarin-inhibited enzyme also. 


Hydroxamic acids having pKa values of 7.5 and 
higher accelerated the decomposition of DFP and 
sarin. Hackley et d. (56) determined the pKa's 
of 15 hydroxamic acids and reported that those 
with values between 7.8 and 9.3 reacted rapidly 
with sarin. Stolberg and Mosher (57) studied 
the effects of substituents in the ortlw position of 
hydroxamates, using the rationale that the reac- 
tion rates of certain ortho-substituted phenyl 
derivatives were more than 100 times greater than 
would normally be expected. They found, how- 
ever, that a vicinal hydroxamic group did not 
produce a marked increase in the rate of reaction 
of benzhydroxamic acids with sarin. Cis- 
hexahydrophthalohydroxamic acid, with a pKa of 
9.75, was the most active of the series. Their 
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Fig. 6.-Reaction of MINA (R = CH,; R' = €3) 
with sarin (60). 


measurements also indicated that the reactive 
form was the hydroxamate species, and that the 
increased activity was dependent only on the 
ionization constant of the hydroxamic acid. 
The reaction of sarin with hydroxamic acids 
followed a linear free energy Bronsted type of 
relationship when the reaction rates were plotted 
against the ionization constants. Steinberg 
et d.  (58) indicated that in a series of hydroxa- 
mates an optimal ionization constant can be pre- 
dicted for reactivation of inhibited enzyme. 


With modified concepts of nucleophilicity and 
acidity in mind, a series of isonitroso compounds 
were prepared and tested (59) for their ability 
to reactivate inhibited cholinesterase ; diisoni- 
trosoacetone (DINA), monoisonitrosoacetone 
(MINA), isonitrosoacetophenone (INAP), iso- 
nitrosoacetylacetone (INAA), and diacetylmon- 
oxime (DAM) were a few of the compounds in- 
vestigated. The extents to which several of these 
isonitroso compounds reactivate acetylcholines- 
terase inhibited by TEPP, DFP, or sarin during 
a 10-minute reactivation period are given in 
Table I. 


MECHANISMS OF ACTION OF OXIMES 


TABLE  REACTIVATION OF INHIBITED CHOLIN- 
ESTERASE BY VARIOUS ISONITROSO COMPOUNDS (59) 


Reactivation (yo) ?f 
Cholinesternae Inhibited 


by-- 
Agent Concn. TEPPo Sarinb DFPc 


Diisonitrosoacetone 
(DINA) 0.01 78 100 32 


Monoisonitrosoace- 


Isonitrosoacetophe- 


Isonitrosoacetylace- 


tone (MINA) 0.01 97 100 15 


none (INAP) 0.01 83 65 45 


tone (INAA) 0.01 24 33 4 
Diacetylmonoximc 


(DAM) 0.01 11 5 0  
(I Inhibitor, 10-8 M for 10 minutes at 2 5 O .  


10-7 M for 10 minutes at 2 5 O .  
minutes at 25'. 


b Inhibitor. 
c Inhibitor. 10- M for 10 iodide (2FMPOI) resulted from these efforts. 


Green and Saville (60) reacted monoisonitroso- 
acetone (MINA) with sarin and reported that 1 
mole of oxime reacted for each mole of sarin 
decomposed. The reaction was accompanied by 
the liberation of 3 moles of acid-an aliphatic 
acid, hydrogen fluoride, and a phosphorus acid 
(Fig. 6). Second-order rate constants, deter- 
mined from the rate of acid liberation, indicate 
that the rate-determining step is the initial re- 
action between the oxime and sarin. 


A large variety of oximes, with pKa's ranging 
from 5 to 12, were subsequently examined. 
Working on the hypothesis that the anionic site 
survives inhibition of acetylcholinesterase by 
organophosphorus compounds, Wilson and Gins- 
burg (61) decided to combine a good reactivating 
group, such as an oxime, with a suitably placed 
quaternary nitrogen atom. Pyridine-2-aldoxime 
methiodide (Fig. 7a), better known as 2-PAM, 
P-2-AM, or 2-formyl, N-methylpyridinium oxime 
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phorus moiety and that the anionic site is still 
functional. He then determined that: (a) an 
ideal reactivator should be bound to the organo- 
phosphorus-inhibited enzyme in such a way 
that a nucleophylic grouping, such as the oxygen 
in the anti configuration of 2-PAM, should fall 
one bond length from the phosphorus atom, ( b )  
that the anti configuration of the 4-PAM mole- 
cule would also be satisfactorily oriented, and 
(c) that 3-PAM would not have the proper spatial 
requirements and would be devoid of enzyme 
reactivating activity. Experiments confirmed 
the inactivity of 3-PAM. The 2-PAM anti was 
40 times more active than the 4-PAM anti, and 
the syn configuration of %PAM was inactive in 
reactivating inhibited enzyme. This report 
appeared to foreshadow the time when one could 
tailor therapeutic compounds on the basis of 
attainable physicochemical data. 


Poziomek et al. (71) reinvestigated the re- 
ported configuration of syn and anti forms of the 
oximes and phenylhydrazones derived from 
pyridine-2-carboxaldehyde methiodide (PCAM) 
and found that there are differences of at least 
29 mfi between the wavelengths of maximum 
absorption for the A and B series. Previous 
studies with isomeric benzaldehyde oximes (72, 
73), furfuraldehyde oximes (74), and picolinal- 
dehyde phenylhydrazones (75) had shown that 
there are only small differences between the 
absorption maxima. In addition, the group 
reported that PCAM forms hydroxaminohy- 
droxymethyl, hydrazinehydroxymethyl, and hy- 
droxyphenylhydrazomethyl derivatives with 
hydroxylamine, hydrazine, and phenylhydrazine, 
respectively ; these various findings led to the 
proposal of carbinolamine structures-rather 
than oxime ones-for the A series. These 
results would cloud the configuration previously 
assigned to the syn configuration of 2-PAM and 
leave in doubt the configuration of anti-2-PAM. 
Data from our laboratories (76) suggest that the 
previously mentioned A-series 2-PAM is not a 
pure compound but a mixture of a carbinolamine 
and a geometric isomer (x-isomer) of 2-PAM. 
The B series, or the reputed trans 2-PAM, 
degrades in alkaline solution via a bimolecular 
(E2) elimination mechanism in which a B-hy- 
drogen is removed and simultaneously a multiple 
covalent bond is formed. This type of mecha- 
nism is reported to possess stereospecificity (77- 
79) such that groups in the trans position are 
eliminated more rapidly than similar groups in 
the cis position. The rate of degradation of 
the x-isomer of 2-PAM in alkaline solution was 
about 75 times as rapid as that of the B-series 
2-PAM. The x-isomer, then, should be the 


CH=NOM CM=NOM 
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Fig. 7.-Structures of pyridinium aldoximes used 
in the therapy of nerve gas poisoning: ( a )  pyridine- 
2-aldoxirne methiodide, 2-PAM or 2FMPOI; ( b )  
1,l '-trimethylene bis(4-formylpyridinium bromide) 
dioxime, TMB-4 or B4FPBOBn; (c)  1,l'-tri- 
methylene bispyridiniurn-4-formyloxime dibromide 
or 4FPPOBr2. 


%PAM was effective in reactivating enzymes 
inhibited by either TEPP or DEP;  i e . ,  this 
quaternary salt was 50,000 times faster than 
picolinehydroxamic acid and almost lo6 times as 
active as NH20H when tested against TEPP- 
inhibited enzyme. At about the same time, 
Davies and Green (62) using a somewhat dif- 
ferent train of reasoning (63), also found that 2- 
PAM in vilro is an effective reactivator of cholin- 
esterase inhibited by organophosphorus com- 
pounds. Childs, Davies, et al. (59) reported 
work on a series of oximes, the most potent in 
reactivating cholinesterase inhibited by TEPP, 
DFP, or sarin being 2-PAM. 


A and B configurations of the quaternary 
pyridinium aldoximes were prepared (64) and 
their physical properties listed. The A series was 
made by treating pyridine-2-carboxaldehyde 
methiodide (PCAM) with hydroxylamine at 
- . 5 O  while the B series was prepared by reflux- 
ing pyridine-2-aldoxime (P2A) with methyl 
iodide. The A form (colorless) was stable 
at  low temperature but reverted to the B 
(yellow) form on standing at room temperature, 
The following facts led Wilson and Ginsburg to 
the postulation that the B series was of the anti 
configuration: (a)  furan-2-aldehyde and pyrrol- 
%aldehyde, when warmed with hydroxylamine, 
yield the anti configuration, while the syn con- 
figuration forms in the cold (65-68), ( b )  members 
of the B series have the higher acidities and there- 
fore are anti because this configuration brings 
the hydroxyl group closer to the positive center 
and to the ring (69), and (c) the A series, having 
lower melting points and greater solubilities, 
corresponds to the syn series of benzene and 
pyrrole oximes. 


Wilson (70) in 1959 advanced an explanation 
for the action of 2-PAM on the basis of molecular 
complementarity. From a series of experi- 
ments he determined that the esteratic site of 
cholinesterase is occupied by the organophos- 
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trans configuration ; consequently, the B-series 
2-PAM would be the syn isomer. These re- 
sults reverse present concepts concerning the 
configurations of the A and B series of 2-PAM. 
In addition, the rate of reactivation by syn-4- 
PAM of eel acetylcholinesterase inhibited by 
sarin was found to be nearly three times that by 
the corresponding anti-isomer (80). The mo- 
lecular complementarity theory of Wilson predicts 
that anti-4-PAM would be the more active 
reactivator. 


Irrespective of oxime configuration or structural 
requirements, the oxime with the lower pKa of a 
geometrically isomeric pair was shown to be the 
more efficient reactivator of inhibited acetyl- 
cholinesterase (81). There may be an in- 
herent fallacy in generalizing the conclusion, 
however. It is generally accepted that the 
dissociated species of the oxime is responsible 
for reactivation of inhibited enzyme. In ex- 
periments performed at  or near physiological 
pH, the oxime with the lower pKa will contain a 
greater fraction of the ionized form than that 
with the higher pKa value. The latter would 
not appear, then, to be as effective a reactivator 
as the former. On the other hand, a weakly 
nucleophilic oxime, even though completely 
dissociated, may be ineffective as a reactivator. 
In Viuo experiments also proved that 2-PAM 


was an effective antidote, especially when ad- 
ministered with atropine, against many anti- 
cholinesterase agents. Kewitz pointed out early 
that %PAM, being a quaternary salt, would be 
poorly soluble in lipids, so that its physiological 
actions would tend to be limited to those on 
peripheral effectors (81) and not to extend to the 
central nervous system (82). Wilson subse- 
quently proposed (83) a quaternary pyridinium 
aldoxime in which the methyl group of 2-PAM 
would be replaced by an alkyl group of high 
molecular weight to increase its lipid solubility. 
Pyridine-2-aldoxime dodecyliodide (2-PAD) was 
synthesized and found to be 40,000 times more 
soluble in chloroform than 2-PAM and 200 times 
less soluble in water. The addition of 2-PAD 
to a mixture of 2-PAM and atropine, used as an 
antagonist to sarin in the mouse, raised the 
LDw dose of sarin to nearly double that in mice 
given only the mixture of 2-PAM and atropine 
as antagonist. However, 2-PAD was far less 
effective than 2-PAM in reactivating a fly-brain 
cholinesterase preparation inhibited by DFP 
(84). 


Another attempt to enhance the activity of the 
pyridinium aldoxime molecule was carried out 
by Poziomek et ul. (85). They thought that, 
because compounds possessing two quaternary 
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nitrogen atoms are more effective reversible 
inhibitors of acetylcholinesterase than those 
having a single charged group, a bis-quaternary 
oximino compound should form a stronger as- 
sociation complex with inhibited enzyme and 
thereby enhance the reactivation process. A 
series of l,l'-polymethylene-bis-(4-formylpyri- 
dinium bromide) dioximes was prepared (Fig. 7b) ,  
in which the number of methylene groups between 
the pyridine rings varied from 2 to 10. Some of 
these compounds were more rapid reactivators of 
sarin-inhibited eel cholinesterase than 2-PAM. 
The most effective in treating poisoned animals 
was 1,l'-trimethylene-bis-(Cformylpyridinium 
bromide) dioxime, abbreviated TMB-4. Hob- 
biger et ul. (86) independently and simulta- 
neously, reached a similar conclusion. They 
prepared a number of monoximes and dioximes 
of bis-pyridinium ions (Fig. 7b,c) and studied the 
affnities of these compounds for cholinesterase, 
their interactions with TEPP, and their abilities 
to reactivate TEPP-inhibited cholinesterase. 
They reported that every compound in this 
series is a more potent reactivator than 2-PAM, 
that TMB-4 has the greatest therapeutic poten- 
tial and indicated that, should TMB-4 be ap- 
plicable to species other than mice, 2-PAM would 
become obsolete as an antidote for TEPP poison- 
ing. Recently Loomis (87) synthesized a series 
of bis-quaternary bis-aldoximes and a tris- 
quaternary tris-oxime containing the benzene 
ring in the chain connecting the quaternary 
nitrogens. The bis-oximes with the lowest in 
Vitro activities had the highest toxicities in Guo. 
The tris-oxime was a better reactivator of sarin- 
inhibited acetylcholinesterase than 2-PAM but 
was 26 times as toxic. 


The reaction mechanism for the reactivation 
of sarin-inhibited enzyme by 2-PAM is postulated 
as a nucleophilic substitution by oximate ions on 
the phosphorus atom, giving rise to the product 0- 
(isopropyl methy1phosphono)- 1 -methyl-2-formyl- 
pyridinium iodide oxime, ( C & ) r  CH- 0- - 


+ P(0) (CH& 0- N=CH- C- (CH),- N- CHs. 


Hackley and Owens (88) unsuccessfully at- 
tempted to prepare and isolate phosphorylated 
2-PAM. However, the phosphorylated 4-PAM 
was synthesized. The compound decomposes 
at room temperature, but may be stored in a 
desiccator at 0' for several months with little 
decomposition. It was a potent inhibitor of eel 
acetylcholinesterase and quite toxic to mice, 
with an i.v. LDw of 0.2 mg./Kg. If phosphoryl- 
ated 2-PAM (P-2-PAM) is formed when inhib- 
ited enzyme is reactivated, one would expect 
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Fig. Q.-Reaction of MINA with an acylating 
agent in the body (99). Fig. &-Readion of a thioester with CPAM (90). 


it also to be toxic. One supposes, because of the 
low toxicity of 2-PAM even in the presence of 
sarin (89), that P-2-PAM, upon forming in the 
body, is rapidly hydrolyzed to the corresponding 
nontoxic phosphorus-containing acid and some 
salt of intact oxime. 


O'Neil ct al. (90) proposed that part of the 
therapeutic effect of oximes may be due to their 
interference with acetylcholine synthesis. Their 
suggested mechanism (Fig. 8) is that oximes com- 
pete with choline for acetyl CoA (a thioester) 
and thereby prevent acetylation of choline. A 
mechanism which decreases the production of 
acetylcholine would have, of course, effects re- 
sembling to some extent those of reactivation of 
acetylchobesterase. This type of reaction may 
be unimportant practically (91); however, we 
believe that interference with production of 
acetylcholine may be a useful therapeutic pro- 
cedure in organophosphorus poisoning if suf- 
ficiently active, nontoxic compounds with this 
action can be found. 


A study was recently conducted on the ability 
of pyridine-2-aldoxime to form chelates with 
metal ions (92), the rationale being that these 
compounds could be of value in treating poison- 
ing by organophosphorus anticholinesterases 
because the hydrolysis of DFP is known (93,94) 
to be accelerated by the presence of the cupric 
chelate of a,a'-dipyridyl, a compound related 
structurally to P2A. Courtney et al. (95) de- 
scribed a number of metal chelates which catalyze 
hydrolyses of DFP and sarin. A number of 
stable chelates of P2A are being tested for their 
physiological activities in antagonizing poisoning 
by organophosphorus compounds. 


DISTRIBUTION AND METABOLISM OF 
OXIMES 


As would be expected, the oximes have defi- 
nite toxic actions. Hydroxylamine reacts with 
many substances normally found in the body 
and is appreciably toxic. Riemann (96) re- 
ported that the feeding of hydroxylamine hy- 
drochloride to rats resulted in a considerable 
enlargement of the spleen and a marked reduction 
in the size of the thyroid gland. Hydroxylamine 
affects a number of enzyme systems; for ex- 
ample, it inhibits tryptophan pyrrolase, both in 


viw and in vitro (97), glutamic-oxalacetic trans- 
aminase in liver and brain, and glutamic-pyruvic 
transaminase in liver. 


Although many studies have been performed 
on the reaction in vitro of hydroxamic acids with 
organophosphorus compounds, relatively little 
work has been done in vim. Reports concerning 
the distribution and fate of hydroxamates in 
animals or humans have not been published. 
Epstein and Freeman (98) studied the prophy- 
lactic and therapeutic efficacies of a number of 
selected hydroxamic acid derivatives in protecting 
against sarin in mice and stated that the large 
doses required for protective action would limit 
the usefulness of these compounds in humans. 
Of the aliphatic isonitroso derivatives, DINA 
was the most toxic, followed by MINA and DAM, 
successively. 


The breakdown of DINA is accompanied by 
the production of 2 moles of hydrogen cyanide 
(HCN). The breakdown of MINA (Fig. 9) 
gives rise to 1 mole of HCN, but there is no pro- 
duction of HCN during the biotransformation of 
DAM (99, 100). I t  was felt that dlicient 
amounts of HCN could build up from doses of 
DINA and MINA to account for their toxicity; 
however, the acute toxicity of DAM would be 
due to the compound itself. Sodium thiosulfate 
and sodium nitrite were subsequently shown to 
protect rats against poisoning by MINA. A 
small increase in urinary excretion of thiocy- 
anate has been observed after administration of 
large doses of 2-PAM to rats (101), but the 
amount of cyanide formed in the body during 
metabolism of this oxime was considered to be 
too small to contribute to the compound's 
toxicity. 


In experiments with MINA in dogs and rab- 
bits Askew et d. (99) showed that there is an 
inverse relationship between the concentrations 
of cyanide in plasma and in whole blood; that is, 
samplings showed a steady decrease in coq- 
centration of oxime accompanied by a corre- 
sponding rise in the concentration of cyanide in 
plasma. Maximum concentrations of MINA 
and DAM in blood were found within 10 minutes 
after i.p. injections of the oximes. Rutland 
(102), in studying the disappearance of MINA 
and DAM from the blood of male albino rats 
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after i,p. injections of the oximes, found that 
maximum concentrations of oxime in blood were 
reached within an average of 12 minutes. Dultz 
et al. (100) showed that in rats DAM entm 
rapidly into most tissues, but somewhat Slower 
into skeletal muscle and fat. Studies were also 
performed on the disappearance of DAM in the 
presence of tissue slices. Incubation of DAM 
with slices of rat liver resulted in a 25% reduc- 
tion of the concentration of this oxime in the 
reaction vessel during the first hour; brain and 
kidney produced only a 5% denease in oxhe  
concentration, while other tissues caused even 
smallerdecreases. 


Jager ct d. (103) studied the distribution, 
destruction, and elimination of DAM in h m s .  
They found that the time required for the con- 
centration of DAM in serum to fall 50% from its 
initial level after i.v. injection of the oxime was 
more than 7 hours. Dultz (100) reported times of 
4.5 hours for dogs and approximately 2 hours for 
rats. The rather low rate of elimination of 
DAM from plasma could be significant in deter- 
mining the potential usefulness of this oxime as a 
prophylactic agent against poisoning by organo- 
phosphorus anticholinesteraties. After 6 hours, 
less than 10% of the DAM injected was found in 
the urine. DAM was found within 1 hour aftm 
its injection in the cerebrospinal fluid, indicat- 
ing that the so-called blood-brain barrier is rel- 
atively permeable to this oxime. 


If a choice of a therapeutic agent for poisoning 
by sarin, DFP, etc., had to be made today, the 
most likely candidate would be some salt of 2- 
PAM. Though other compounds may be found 
at some future date to be of greater value, this 
oxirne is efFective and, in addition, there is a 
comparatively large amount of information about 
its toxicity, pharmacology, stability, and metab- 
olism. Table I1 gives recoveries of oxime from 
pooled rabbit tissues and fluids aftex 50 mg./Kg. 
of 2-PAM was injected intravenously during a 
1-hour period. The greatest concentration of 2- 
PAM was found in the kidney. 
In a study undertaken to determine the dis- 
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tribution of 2-PAM within experimental an- 
imals, 2-PAM was synthesized with a CI4 label 
in the methyl group (112). Though only 64% 
of the lakled compound injected was recovered, 
the distribution of the label among the tissues of 
injected mice was measured. The liver, duo- 
denum, jejunum, ileum, kidney, caecum, colon, 
and blood contained about 20% of the activity 
aftm 1 hour; the urine contained 44%. Only 
trace amounts of the label were found in the 
brain. A labeled metabolite identified ten- 
tatively as N-methyl-2-pyridone was an im- 
portant excretory product. Ten minutes after 
i.v. injection of the labeled oxime into a cat, 
the blood was estimated to contain only about 5% 
of the label; after 2.5 hours, only 0.3% remained 
in the blood. 


Two good analytical methods are available for 
determining 2-PAM in biological material. The 
method of Blom ( l a ) ,  later modified by Csaky 
(105), can be applied to any oxime. After de- 
proteinization of a sample, the supernatant is 
hydrolyzed with acid on a boiling water bath. 
The resulting hydroxylamine is oxidized by 
iodine to nitrous acid, which is used to diazotize 
sulfanilic acid. The resulting diazonium salt is 
coupled with N-(1-naphthyl) ethylenediamine 
dihydrochloride to produce a violet color. The 
method is applicable to most experiments, but 
there were several pitfalls. One must be certain 
that the pH of the acid solution used in the hy- 
drolysis is ef€ective in producing quantitative 
splitting. We found that various conditions of 
equilibrium tend to cause incomplete reactions. 


A much simpler method may be used. In 
acid solution, 2-PAM exhibits an absorption 
peak at 292 mp; in basic solution, 2-PAM shows 
a significant bathochromic shift at 335 mfi, 
which is attributed to the oximate anion (106). 
This phenomenon is quite advantageous, for at 
this wavelength the likelihood of interference 
from most biological materials is greatly reduced. 
The method is about 100 times more sensitive 
than the colorimetric assay and has been adapted 
for the analysis of 2-PAM in biological tissues 
and &rids by several authors (107-109). Creasey 
and Green (107) report reproducible determina- 
tion of 2-PAM in skeletal muscle, blood, liver, 
kidney, urine, and feces of the rat. 


When 2-PAM is incubated aerobically with 
rat liver, it is completely metabolized. Unlike 
DAM, 2-PAM is removed from the human body 
primarily by renal excretion. The half-life in 
man of 2-PAM, given in an i.v. dose of 15 mg./ 
Kg., was found to be 0.8 hours (103). Approxi- 
mately 80% of the oxime was excreted within 6 
hours, most of the unchanged oxime being found 


TABLE I I .~ONCENTRATION OP 2 - P M  IN RABBIT 
SERUM AND TISSUES AFTER hTRAVENOUS INJsClTON 


OF 50 mg./Kg. (103) 


c---coIIcI I . -  
Tissue Aoirmrl NO. 1 hninul N ~ .  a 


Serum 1.5 0.7 
Spleen 2.0 1.6 
Liver 2.9 1.3 
Kidney 10.3 4.6 
Brain 0.0 0.1’ 


a Concentration 0) mllllgrpms of PAM per 100 
ml. of aecT(lfll or Om (wet rdght) of tissue. b Leas 
than 0.6 mg. PAM -ot be meamred accaratdy with the 
technique employed for tisata. 
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in the urine within the fist 30 minutes. No 
appreciable binding of 2-PAM to human serum 
protein was observed, and the oxime did not 
enter the erythrocytes. The excretion of 2-PAM 
in urine is, therefore, intrinsically rapid. Studies 
of the prophylactic activity of the oxime in 
Vivo (110, 110~) indicated the need for appreciable 
concentrations in the blood. The persistence of 
effective concentrations of oxime in the blood 
after administration of a dose of a salt of 2-PAM 
should be prolonged by preventing rapid renal 
elimination of the oxime. Berglund et ul. 
(109) demonstrated that the renal elimination 
of 2-PAM is markedly reduced in dogs which 
receive an intravenous infusion of sodium bi- 
carbonate. 


Sundwall(ll1) investigated the rate of absorp- 
tion of 2-PAM in human volunteers after intra- 
muscular or oral administration. After intra- 
muscular injection into 10 subjects (in a dosage of 
30 mg./Kg.), a maximum concentration in 
plasma averaging about 15 mcg. per ml. was found 
after approximately 20 minutes. A progressive 
fa l l  in the concentration of oxime ensued. 
After 90 minutes the concentration was about 9 
mcg. per ml. A plot of individual resultsindicated 
that there were two rates of absorption fromintra- 
muscular injections: one fairly rapid, with the 
plasma concentration rising to about 20 mcg. per 
ml. after 5 minutes, and a slower one, with the 
plasma concentration rising to only 10 mcg. per 
ml. after 20 minutes. After oral administration, a 
slow rise in plasma concentration occurred, reach- 
ing a maximum in about 2.5 hours. Twenty- 
three per cent of the oral dose was excreted 
within 4 hours. Later Sundwall (111) designed 
experiments to determine the dectiveness of 
various concentrations of P2S (pyridine-2- 
aldoxime methylmethanesulfonate) in antagoniz- 
ing the neuromuscular block produced by or- 
ganophosphorus cholinesterase inhibitors. An- 
esthetized cats were given approximately one 
LDw of inhibitor and then an intramuscular 
injection of oxime. Plasma levels of P2S above 
4 mcg. per ml. counteracted neuromuscular 
block, bradycardia, hypotension, and respiratory 
failure. 


Recently Barkman (1 13) determined plasma 
levels of P2S in human volunteers following the 
self-administration of 1.5 ml. of a 50% concentra- 
tion of ogme (a dose of about 10 mg./Kg.) 
contained in an automatic injector. Within 
ci minutes, plasma concentrations of over 4 
mcg./ml. were reached; they were maintained 
for about 90 minutes. After a dose of 20 
mg./Kg,, the plasma concentration of oxime 
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was maintained above 4 mcg./ml. for about 170 
minutes. 


One significant and controversial point still 
exists: 2-PAM is essentially an ionic compound 
and thus quite polar. It would not be expected 
to cross the blood brain barrier. Jager et al. 
(103) were not able to demonstrate 2-PAM 
in cerebrospinal fluid i 0  minutes after it had 
been administered intravenously. Recently 
Clark and Roth (114) reported the synthesis 
of 2-PAM with a C1* atom in the carbonyl posi- 
tion of the side chain. Autoradiography of the 
rat brain following i.v. injection of 20 mg./Kg. 
of labeled 2-PAM showed (115) that unmetab- 
olized 2-PAM entered all anatomical areas of 
the brain in concentrations shown previously to 
be adequate for reactivation of inhibited acetyl- 
cholinesterase. For example, 1.2 mcg. of oxime 
per gram of wet tissue was found in cerebral 
cortex 10 minutes after injection of the oxime. 
The conclusion of Roth's group that a quater- 
nary compound can pass the blood-brain barrier 
readily is contrary to the generally accepted view 
that quaternary amines enter the CNS much 
more slowly than the corresponding tertiary 
amines. 


The question of whether 2-PAM penetrates 
brain is one on which there are con!XCting opin- 
ions and inconsistent evidence. Although thera- 
peutic doses of 2-PAM will reactivate in vitro 
cholinesterase of brain inhibited by organo- 
phosphorus compounds and will reactivate in 
viw cholinesterases of muscle, blood, and parotid 
gland, they do not reactivate in vivo cholimester- 
ase of brain (81, 82, 102, 116-120). Kewitz 
(81), and Kewitz and Nachmansohn (82), and 
Rosenberg (121) found that use of repeated or 
enlarged doses of 2-PAM is capable of reactivat- 
ing cholinesterase in brain, but Rutland (102) 
found that an i.p. dose of 100 mg./Kg. of 2- 
PAM reactivated only 4% of the cholinesterase 
of the brain of the rat after intoxication in vivt 
by sarin. 


Sakai et al. (122) reported that 2-PAM is 
unable to overcome the paralysis of respiratory 
centers induced by parathion or paraoxon. On 
the other hand, Wislicki (123) found that 2- 
PAM, injected i.v. into the anesthetized (sodium 
pentobarbital) cat, promptly slows the rate of 
repetition of phrenic volleys, with the appearance 
of a relative inspiratory apneusis, and Brown 
ct al. (124) reported rapid improvement in 
ventilation in animals poisoned with tabun or 
sarin and then treated first with atropine and 
later with 2-PAM. They believe that the im- 
provement is too abrupt to be explained solely 
by reactivation of cholbestersse, Long0 et ul, 
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(125) found that, although i.v. injection of 2- 
PAM has no effect on the EEG of the rabbit, 
administration of %PAM before i.v. injection of 
sarin doubles or triples the dose of Sarin required 
to establish a "grand mal" pattern; prophylaxis 
with 2-PAM was said to abolish entirely the 
desynchronization of the EEG pattern induded 
by sarin prior to the appearance of the "grand 
mal" pattern. Brown (126) reported that 
P2S, even when injected intracisternally, had no 
effect on the respiratory paralysis and cardio- 
vascular actions of intracisternal injections 
of d n .  Edery reported (127), however, that 
cerebral intraventricular injections of oxhes, 
including 2-PAM, do have some effectiveness in 
overcoming the toxic effects from cerebral in- 
traventricular injections of ethyl pyrophosphate. 
Tong and Way (128) found that cerebral in- 
traventricular injection of 2-PAM is capable of 
modifying the lethal effects of injections of 
paraoxon, TEPP, or DFP following i.p. injec- 
tions of atropine and 2-PAM, protection against 
the lethal actions of paraoxon and TEPP being 
espeaally marked. 
In addition to the evidences of some central 


action of 2-PAM cited previously, this o x h e  has 
been noted to induce rapid recovery of con- 
sciousness in patients poisoned by parathion 
(129-132) and to have an anticonvulsant action 
in the same type of patient (130, 132). One is 
forced to conclude, therefore, that 2-PAM has 
some ability to penetrate the blood-brain barrier 
despite its quaternary character and to induce 
ef€ects dependent upon the presence of the oxime 
within the brain. The work of Firemark and 
his collaborators (115) seems to show that 
significant crossing of the blood-brain barrier by 
2-PAM can occur within 10 minutes in the rat. 


Studies of the metabolism of 2-PAM are in- 
complete and are presently proceeding within a 
number of laboratories. I n  vitro studies in- 
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dicate that 2-PAM forms the following products 
in aqueous solutions a t  various pH values: 
2-cyanopyridine methiodide, pyridine-2-car- 
boxaldehyde methiodide, pyridine-2-carboxylic 
acid methiodide, 2-carbamidopyridine methio- 
dide, and N-methyl-a-pyridone (133-135). A 
graphic representation of the reactions involved 
in the degradation of 2-PAM is shown in Fig. 
10. The products of decomposition do not 
interfere with the ultraviolet analysis of 2-PAM 
in basic media and are readily separated and 
identified by paper chromatographic techniques 
(136). 
Kramer (137) analyzed human urine following 


oral administration of 2-PAM. His report 
describes the isolation of both the intact drug 
and a fluorescent metabolite. The latter is 
described as highly polar and having both a 
carboxyl function and a weakly acidic group. 
A number of procedures used to characterize 
the metabolite indicated that it was a derivative 
of N-methyl-picolinic acid. 


Since the liver had been implicated as the 
major biotransformation site of several oximes, 
Way et d. (138-140) studied the metabolism of 
C14 radiolabeled 2-PAM by perfusing the oxime 
through isolated rat liver. They eventually 
separated two radioactive fractions: one had 
ultraviolet spectral characteristics similar to 
those of 2-PAM, and the other was thought to 
be an O-conjugated form of N-methyl-a-pyri- 
done. Later, Way (141) described the isola- 
tion and characterization of a second metabolite, 
methyl-2-cyanopfidinium ion, by procedures 
involving adsorption on charcoal, paper elec- 
trophoresis, ion-exchange chromatography, paper 
chromatography, and ultraviolet analysis. 


Kalser (112) found at  least six chromatograph- 
ically separable metabolites in the urines of 
mice as early as 20 minutes after injection of 2- 
PAM. She indicated that one metabolite was 


f&n=No,, - ocN - 0 0 .  on- ()+o Fig. 10.-Mechanismof 
I the decomposition of 2- 


cn, PAM in aqueous solu- I CN 
cn1 


* X  I ex I 


t h  (133-135). cn, cn3 


I 


I"" 
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probably N-methyl-a-pyridone. Firemark et 
ul. (115) reported that rat urine contained as 
many as 11 distinct chromatographic bands. 
The largest band was identified as unmetabo- 
lized 2-PAM. No attempt was made to identify 
the other products. 


Since 2-PAM is known to produce cyanide 
ion in Vitro at physiological pH, experiments 
were carried out by Enander et al. (101, 142, 
143) with the methanesulfonate salt (P2S) to 
determine whether formation of cyanide con- 
tributes to the toxicity of the oxime. The 
increase in excretion of thiocyanate, the product 
of detoxication of cyanide in the body, in the 
urines of humans given P2S orally was statis- 
tically insignificant. Another compound, metab- 
olite X, that is easily converted to cyanide but 
is not identical with thiocyanate, was found 
also. The same investigations subsequently 
detected 2-cyanopyridinium ion (PCNM) in the 
urines of rats and humans given P2S by mouth. 
The amount in rat urine during the first day 
corresponds to about 8% of the oxime admin- 
istered, opposed to 0.3% in the urines of human 
volunteers. Thiocyanate and a compound with 
properties similar to those of metabolite X 
were subsequently found in the urines of rats 
injected with PCNM. P2S appears, therefore, 
to be converted to PCNM, which then is de- 
graded to metabolite X and thiocyanate. 


This group of investigators (143) also found 
that 80 to 90% of C1*-labeled 2-PAM injected 
into rats was excreted in the urine within 24 hours. 
A radiochromatograph of the urine demon- 
strated the presence of five compounds. The 
major component was unchanged oxime. A 
second component was identified as PCNM. A 
third component had an Rf value identical with 
that of N-methyl-pyridinium-carboxylic acid. 
hother  peak had the same Rf value as metab- 
olite X. About 5% of the injected radio- 
activity was recovered as N-methyl-a-pyridone 
picrate from the urines of rats; the same metab- 
olite was also demonstrated in mice. 
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Critical Micelle Concentration of Nonionic 
Surfactants in Water and Carbon Tetrachloride 


By MARIA ROSARIO VIDAL-PARUTA* and LOUIS D. KING 


The critical micelle concentration (CMC) of two nonionic surface-active agents was 
studied. The micellization properties of polysorbate 80 and sorbitan monooleate 
were investigated in water and chloroform utilizing iodine as the indicator. Mix- 
tures of polysorbates and sorbitans in various proportions were also tested relative 
to the CMC for mixed micelles in both solvents. A spectrophotometric method was 
used to determine the CMC in both solvents; the aqueous systems were also studied 


by a surface-tension method. 


ERTAIN SVB~%ANCES have the distinct char- C acteristic of altering the surface properties 
of liquids and are referred to as surface-active 
agents or surfactants. Most of these agents 
exhibit the ability to aggregate in solution into 
what are called “micelles.” 


Many theories have been advanced on the 
size and shape of micelles. Notable among 
these are the McBain lamellar mkelle, the 
Hartley spherical micelle, and the Debye rod 
micelle (1-3). These models serve to explain 
much of the published data on micelle formation, 
but no one model is sufficient in scope to be 
generally applicable. 


Nonionic surfactants offer an unusual op- 
portunity to study micelle formation. The 
absence of charged species in solution may 
facilitate the aggregation phenomenon because 
charge repulsion is minimized. Generally, their 
structure may be described as having both a 
hydrophilic and a hydrophobic group in these 
molecules. It is the relative balance of these 
groups which determines their characteristic 
behavior. 


A number of the properties of solutions of sur- 
face-active agents exhibit an abrupt discon- 
tinuity a t  the concentration where aggregates or 
micelles start to form in appreciable numbers. 
One property that shows a marked change is the 
ability of the surfactant to solubilize certain dye 
materials. Harkins et al. (4) studied cationic 
and anionic surface-active agents utilizing this 
method. At the critical concentration, the dye 
is thought to be solubilized in the micelle and is in 
equilibrium with the dye in the bulk solution. 
This results in a spectral change. Additional 
work on this method was reported by Comn (5), 
Nichols (6), and Sata (7). 


Another spectrophotometric technique has 
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been advanced by the work of Ross and Olivier 
(8). Their investigations dealt with nonionic 
surfactants in aqueous and nonaqueous solvents. 
The method is based on the use of iodine as an 
indicator; the equilibrium of iodine in the micelle 
and in solution lent itself well to spectrophoto- 
metric analysis. 


This method has several absorption ad- 
vantages. The major one is that the absorption 
maximum at 360 m p  does not vary from one 
solvent to another; the small molecular size of 
iodine compared with surface-active agent or dye 
molecules probably does not affect micelle forma- 
tion. 


The study reported here dealt with the physical 
properties of two nonionic surfactants in an 
aqueous and nonaqueous solvent. The nonionic 
surfactants selected were polysorbate 801 U.S.P. 
and sorbitan monooleate,2 and these compounds 
were studied as single solutes and mixed in various 
proportions. Spectrophotometric absorbance and 
static surface-tension measurements were ex- 
amined in an attempt to correlate the properties 
of these nonionic compounds. Measurements 
were made after various periods of aging to deter- 
mine any variation in these properties. Specif- 
ically, the CMC for these systems was deter- 
mined so that micelle formation under the condi- 
tions of this study might be further elucidated. 


EXPERIMENTAL 


Materials.-Sorbitan monooleate, lots 586 and 
621; polysorbate 80, lots 360 and 678; carbon tetra- 
chloride, analytical grade; iodine crystals, C.P., lot 
472610 (Fisher Scientific Co.); and distilled water 
were used. 


Equipment.-Beckman DU and DK-2 spectro- 
photometers, silica cells, and a Christian Becker 
laboratory balance, model AB-4, modified for sur- 
face-tension measurements were employed. 


Methods.-Stock solutions (w/v) of surface- 
active agents were prepared in water and carbon 
tetrachloride. These solutions were subsequently 


1 Marketed as Tween 80 by the Atlas Chemical Industrice.. 


f Marketed as S an 80 by the Atlw Chemical Induntrice.. 
Inc., Wdmlngton. Dd. 


Inc., wilmington. LI. 
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spectrum of polysorbate 80 in carbon tetrachloride is 
illustrated in Fig. 1. Since the concentration of 
most sample solutions was about 1% or less in the 
water and carbon tetrachloride systems, it was felt 
that a correction for the colored constituents of 
these surfactants need not be applied. 


When the absorption spectra of solutions contain- 
ing iodine alone and solutions containing the sur- 
factants and iodine were plotted, an isosbestic point 
was found between the two absorption maxima. 
This was done for both solvents studied in this work. 
The results are recorded in Table I. Figure 1 shows 
the iodine-carbon tetrachloride peak and the corre- 
sponding isosbestic point for iodine-polysorbate 80- 
carbon tetrachloride system. 


The isosbestic point which developed between the 
two absorption maxima of the solutions containing 
iodine alone and solutions containing surfactants 
and iodine may indicate that a simple equilibrium 
exists between the iodine molecules in the solution 
and the iodine in the micelles. It may also indicate 
that one type of iodine-micelle complex existed in 
the solution which has an absorption maximum at 
360 mp. 


Figure 2 shows that the iodine-polysorbate 80- 
water system had an increased absorption up to  the 
C M C ,  followed by a change in slope. After 
the CMC had been reached, the absorption of 
the iodine-micelle complex decreased upon the 
addition of polysorbate 80. Although the con- 
centrations of polysorbate 80 were low, the con- 
centration of the polyglycol contaminant (approx- 
imately 5% of the total surfactant) became sig- 


l: t-. . . . . . . . . . . . , 
320 340 360 380 400 420 440 460 490 500 


WAVELENGTH 


Fig. 1.-The development of the iodine-micelle 
complex maximum a t  360 mp and the corresponding 
isosbestic point a t  452 mp. One per cent poly- 
sorbate 80 in carbon tetrachloride (0); iodine in car- 
bon tetrachloride ( 0 ) ; iodine-polysorbate 80-carbon 
tetrachloride (a). 


TABLE ~.-AIISORPTION PEAKS AND CONCURRENT 
ISOSBESTIC POINT OF VARIOUS SYSTEMS EXPRESSED 


I N  MILLIMICRONS 


Isosbestic 
System Peak Point 


Iodine in water 450 . . .  
Iodine with sorbitan mono- 


oleate in water 3500 390 
Iodine with polysorbate 80 


U.S.P. in water 360 428 
Iodine in carbon tetrachloride 510 . . .  
Iodine in sorbitan monooleate 


and carbon tetrachloride 360 440 
Iodine in polysorbate 80 U.S.P. 


and carbon tetrachloride 360 452 


Broad peak. 


bureted into a solution of iodine in the solvents 
studied; a sufficient amount was added so that the 
surfactant concentration with respect to the final 
volume was incrementally increased. The solvents 
used were saturated with iodine, and a 1 : 10 dilution 
with the appropriate solvent was made just prior to 
use. These samples were assayed spectrophoto- 
metrically at the appropriate wavelength (360 mp) 
for a given system. 


Surface-tension measurements were carried out 
on the samples described above, the determinations 
were made a t  5-minute intervals for 30 minutes. 
These results were averaged and used directly in the 
determination of the CMC. 


Samples prepared for both methods were carried 
out  a t  ambient temperatures (25") and stored for a 
1-week period and a 30-day period at the same 
temperature. At the end of each aging period, the 
samples were analyzed by the previously indicated 
methods. 


RESULTS AND DISCUSSION 


The absorption spectra of iodine in water and 
iodine in carbon tetrachloride were obtained on the 
Beckman DK-2 recording spectrophotometer. 
Peaks for these systems occurred at 450 mp for 
iodine in water and at 510 mp for iodine in carbon 
tetrachloride. The spectra of 1% solutions of sor- 
bitan monooleate and polysorbate 80 were deter- 
mined by the DK-2; they have relatively low 
absorption values in the 500 to 330-mp range. The 
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Fig. 2.-Log per cent transmittance uersus concen- 
tration of polysorbate 80 in iodine-water system. A ,  
Log per cent transmittance uersus concentration of 
1 : 1 mixture of sorbitan monooleate-polysorbate 80 
in iodine-water system. B ,  Log per cent transmit- 
tance versus concentration of 2 : 1 mixture of sorbitan 
monooleate-polysorbate 80 in iodine-water system. 


TABLE 11.-CMC OF NONIONICS EXPRESSED AS PER 
CENT w/v IN WATER-IODINE SYSTEMS 


Surfactant 


Spectro- Surface- 
photometric Tension 


Data. % Data. % 
Sorbitan monooleate 0.0020 0.002 
Sorbitan monooleate, 2/3 0.0020 0.001 
Polysorbate 80 U.S.P., 1/3 
Sorbitan monooleate, 1/2 0.0015 0.001 
Polysorbate 80 U.S.P., 1/2 
Sorbitan monooleate, 1/3 0.0013 0.001 
Polysorbate 80 U.S.P., 2/3 
Polysorbate 80 U.S.P. 0.0010 0.001 
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1 2 3 4 5 6 7 8 9 1 0  


Fig. 3.-Surface tension versus concentration of a 
1 : 1 mixture of sorbitan monooleate-polysorbate 80 
in water. 


CONCN., 70 x 10' 


3 5 1  ' ' . - . ' ' ' ' ' 
1 2 3 4 5 0 7 8 9 10 


Fig. 4.-Surface tension versus concentration of 
sorbitan monooleate in water. 


CONCN., % x 10' 


nificant in relation to  the iodine concentration 
which remained constant. Therefore, it  may be 
postulated that the polyglycol-iodine complex 
formed, disturbing the equilibrium and showing 
an apparent micelle decrease at the higher concen- 
trations of polysorbate 80. 


The data obtained from the spectrophotometric 
determinations were plotted in several fashions rela- 
tive to the values of the abscissa. A plot of the log 
per cent transmittance uersus concentration illus- 
trated the CMC "break" in the clearest fashion. 
Thus, all the representative plots utilizing spectro- 
photometric data were illustrated in this manner. 


To determine micelle formation for mixed sur- 
factants, polysorbate 80 and sorbitan monooleate 
were mixed in various proportions and tested. The 
ratios of polysorbate 80 to sorbitan monooleate 
tested were 2: 1, 1: 1, and 1 :2. The results for two 
of these systems were plotted and are illustrated in 
Fig. 2A and B. The CMC's for the aqueous sys- 
tems are recorded in Table 11. The data showed 
values of the CMC for the mixed solutes inter- 
mediate between the CMC value of the single 
solutes. 


It was then felt necessary to attempt the possible 
correlation of the determined CMC's using a surface- 
tension method. This was done for single and mixed 
solutes. Data for two of these systems were plotted 
and are illustrated in Figs. 3 and 4. The CMC's 
determined by the surface-tension method for these 
systems are also included in Table 11. 


It is interesting to  note that the CMC's for the 
mixed solutes showed no apparent correlation with 
composition for the surface-tension method. The 
CMC's for the spectrophotometric method were 
approximately proportional to composition. This is 
illustrated in Fig. 5. 
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Aging for 30 days showed the same CMC's but 
with a slight decrease in the absorption of the iodine- 
micelle complex. This may be explained by the 
reaction of the iodine with the double bond of oleate 
in the polysorbate 80 and the formation of the poly- 
glycol-iodine complex (12). These two effects may 
have disturbed the iodine-iodine-micelle complex 
equilibrium, and a consequent decrease in absorp- 
tion would be expected. Experimentally, this was 
the case. 


The CMC's in carbon tetrachloride were also 
determined for the single and mixed solutes. The 
CMC's for polysorbate 80 and sorbitan monooleate 
resulted in values of 0.07y0 and 0.025% in the iodine- 
carbon tetrachloride mixtures. The data for poly- 
sorbate 80 have been plotted and are illustrated in 
Fig. 6. Again, the absorption increased up to  the 
CMC; after this point, the absorption remained 
fairly constant, an implication of virtually complete 
micelle formation at the break. 


It is interesting that the shapes of the curves of 
systems containing single solutes were different 
from the mixtures, but the CMC's were in the same 
range. 
As shown in Fig. 6A and B, the carbon tetra- 


chloride systems showed the same shaped curves in 
all cases. It is proposed that the general shape of 
the curve was due to  the following. The absorption 
increased up to  the CMC; a subsequent decrease in 
absorption was due to the polyglycol-iodine and the 
oleate-iodine reactions for a certain concentration 
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Fig. 5.-Variation of the CMC as a function of 
composition. Curve A is for carbon tetrachloride 
systems (10-8~o). Curves B and C are the spectro- 
photometric and surface-tension data for the aqueous 
systems (lo-'%). 
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The samples for a given run were stored a t  25' in 
a dark place for 1-week and a 30-day period. Upon 
aging, the above reactions would tend to be favored, 
and a general decrease in absorption would be ex- 
pected; but the shape of the curve should remain 
unchanged. Experimentally, this was the case, and 
the absorption essentially due to the surfactant re- 
mained relatively constant. 


However, it  was also found that the CMC's in 
these systems decreased upon aging to various de- 
grees. This observation is illustrated in Fig. 6A. 
All the results have been summarized in Table 111. 


The CMC's in the iodine-carbon tetrachloride 
systems showed higher values than the CMC's in 
the aqueous systems. Approximately a tenfold in- 
crease was noted for sorbitan monooleate in carbon 
tetrachloride relative to water, whereas polysorbate 
80 gave a thirty-fivefold increase. These values 
may be explained on the basis of decreased solubility 
in carbon tetrachloride requiring higher concentra- 
tions for micelle formation. The CMC's for single 
solutes and mixed solutes have been plotted and are 
also illustrated in Fig. 5 as a function of composi- 
tion. From the values for the mixed solutes it 
seems that polysorbate 80 had a more pronounced 
contribution to the formation of micelles than sor- 
bitan monooleate. 


The nonionic surfactants used in this study are 
known to be heterogenous mixtures of compounds of 
differing physical properties. I t  is important to 
note, however, that batch variation for both single 
and mixed solutes showed no apparent differences 
in the CMC's for the systems studied. Therefore, 
it can be assumed that the average physical proper- 
ties of these heterogenous mixtures are relatively 
reproducible. 
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Fig. 6.--Log per cent transmittance versus concen- 
tration of polysorbate 80 in iodine-carbon tetra- 
chloride system. A ,  Log per cent transmittance 
ueisus concentration of 2 : 1 mixture of sorbitan 
monooleate-polysorbate 80 in iodine-carbon tetra- 
chloride systems. B, Log per cent transmittance 
versus concentration of 1 : 1 mixture of sorbitan 
nionooleate-polysorbate 80 in iodine-carbon tetra- 
chloride systems. Data shown for 1 week ( 0 )  and 
for 30 days (0). 


TABLE III.-cMC OF NONIONICS EXPRESSED AS 


SYSTEM 
PER CENT W/V I N  CARBON TETRACHLORIDE-IODINE 


-4pectrophotometric Data- 
1 Hr.. 1 Wk., 30 Days, 


Surfactant % % % 
Sorbitan monooleate 0.025 0.020 0.020 
Sorbitan mono- 


oleate, 213 
Polysorbate 80 


U.S.P., l/3 0.050 0.050 0.050 
Sorbitan mona- 


oleate, 1/2 0.050 0.050 0.030 
Polysorbate 80 


Sorbitan mono- 
U.S.P., 1/2 0.050 0.050 0.030 


- 
oleate, 1/3 


Polysorbate SO 
U.S.P.. 2/3 0.050 0.040 0.040 


Polysorbate SO 
U.S.P. 0.075 0.065 0.060 


range. After this point, due to the relatively high 
concentrations of surfactants and the partial con- 
sumption of iodine in the system, the absorption was 
essentially due to the surfactants. 
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Notes 


Solubility of Carbon Dioxide, Krypton, and Xenon 
in Aqueous Solution 


By SHU-YUAN YEH and RICHARD E. PETERSON 


The solubility of carbon dioxide, krypton, and xenon has been measured at 1 Atm. 
total pressure and at temperatures of 25, 30, 37, and 45" in  distilled water, 0.9 per 
cent sodium chloride, and .066 M phosphate buffer solution at pH 7.0. The solu- 
bility of the gases studied in  aqueous solution decreased as the temperature increased. 
Heats and entropies of solution have been calculated according to Eley's equation 
(16).  T h e  relation between ASo and AH" at various temperatures is  exaaly linear i n  


every case, and the slope is approximately equal to 1/T. 


HE SOLUBILITY of krypton and xenon in water T has been measured by many investigators( 1-5.9). 
However, the results reported in the literature are 
not in agreement. The present study was under- 
taken to obtain more precise solubility coefficient 
data needed for calculation of body fat in a living 
body from the equilibration of these gases in the 
body. The solubility of carbon dioxide in water 
and normal saline has also been measured in order 
to test the apparatus and technique employed. 


EXPERIMENTAL 


Materials.-Research grade carbon dioxide, 
krypton, and xenon were purchased from the Mathe- 
son Co. According to their specifications, carbon 
dioxide contained maximum possible impurities of 
0.370 of nitrogen or carbon monoxide and oxygen; 
krypton contained maximum possible impurities of 
0.040/, nitrogen and oxygen; xenon contained maxi- 
mum possible impurities of O . O Z ~ o  nitrogen and 
0.0570 krypton. No further analysis for the purity 
of the gases was made. No correction was applied 
to the experimental data obtained for the impurity 
of the gases. 


The water used was redistilled from glass appara- 
tus. 


Sodium chloride solution (0.9%) and ,066 M 
sodium phosphate buffer solution a t  pH 7.0 were 
made by weighing a proper amount of analytical 
grade salt and dissolving it in distilled water. The 
pH of the phosphate buffer solution was adjusted by 
using a Beckman model GS pH meter. 


Apparatus and Manipulation.-The solubility ap- 
paratus used was essentially the one previously de- 
scribed (6). except that the absorption flask (125 ml.) 
did not have a mercury sealing cup, and a few drops 
of water were added to the gas buret to  saturate the 
gas with water vapor before an experiment was 
conducted. 


Degassing of Solution.-The absorption flask was 
charged with about 100 ml. of freshly boiled solution 
assembled on the solubility apparatus, frozen in a 
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low temperature bath. evacuated, then boiled in ii 


warm water bath. This process was repeated three 
times. The saturation of the solution with the gas 
was done essentially by the procedure previously 
described (6). The weight of the so!ution was 
determined at the conclusion of the experiment. 


The densities and vapor pressures of distilled water 
were found in the literature (7). The densities of 
sodium chloride and phosphate buffer solution were 
determined in the usual way, their vapor pressure 
data being taken from the literature (8) and ex- 
trapolated between the concentrations. 


RESULTS AND DISCUSSION 
The solubility of carbon dioxide, krypton, and 


xenon in distilled water, 0.9% sodium chloride solu- 
tion, and .066 Mphosphate buffer solution a t  pH 7.0 
were measured at 1 Atm. total pressure and tem- 
peratures of 25,30,37, and 45". Each solution was 
measured three or four times. The standard devia- 
tion of each measurement closely approximated 
f 1.0(70 from the values reported in Tables I, 11, and 
111. Possible systematic errors of those measure- 
ments would be predominantly due t o  the baro- 
metric pressure reading, which was assumed to  have 
f 0 . 2  mm. error, and the temperature, which was 
assumed to  have f0.05" error. Therefore, the 
volume of the absorption flask calibrated by filling 
with a known volume of air might have f0.034-ml.  
difference. Also, if the densities of the solution had 
an error of 1 X lo-', there would be fO.O1-ml. 
difference in volume for a 100-ml. solution. In 
terms of Ostwald coefficient, it would make a differ- 
ence of about f0.0005. Therefore, for the large 
solubility of carbon dioxide and xenon in water, it 
would cause approximately an 0.2% deviation, and 
for the smaller solubility of krypton, it would cause 
a 1% deviation from other investigators' values. 


The results obtained from those measurements, in 
terms of Ostwald solubility coefficient, are presented 
in Tables I. 11. and 111. The literature values taken 
were reduced in terms of Ostwald solubility co- 
efficient for uniform comparison. The data ob- 
tained from present studies agree well with the results 
of Morrison and Johnstone (4) and are considerably 
lower than those of Valentiner ( 2 )  and Antropoff (1). 


The solubility of carbon dioxide, krypton, and 
senon in normal saline and in phosphate buffer solu- 
tion at pH 7 was less than in pure water. The de- 
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TABLE  SOLUBILITY OF CARBON DIOXIDE I N  AQUEOUS SOLUTIONS 


Ostwald 
Temp., Solubility -AH - A S  


OC. Coefficient Lit. Value cal./mole cal./deg./mole 
Distilled water 45 0.5453 0.558” 3912 20.0 


37 0.6282 0.638” 4310 21.3 
30 0.7264 0.738” 4657 22.4 
25 0.8129 0 .  82g4 4906 23.2 


0.9% NaCl 45 0.5100 . . .  3923 20.2 
37 0.5876 . . .  4322 21.2 
30 0.6800 ... 4670 22.6 
25 0.7576 . . .  4919 23.4 


a See Reference 7. 


TABLE II.-sOLUBILITY OF KRYPTON I N  AQUEOUS SOLUTION 


.%In. 


Ostwald 
Temp., Solubility -AH - A S  


OC. Coefficient Lit. Value cal ./mole cal ./deg./mole 
Distilled water 45 


37 
30 


25 


0.9% NaCl 


Phosphate 


45 
37 - .  


30 
25 
45 
37 
30 
25 


a See Reference 2. b See Reference 3. 


0.0441 
0.0481 
0.0539 


0.0581 


0.0411 
0.0444 
0.0499 
0.0542 
0.0417 
0.0462 
0.0516 
0.0558 


c See Reference 5. 


0.0441* 
0.0511“ 
0.054ob 
0 .0566“ 
0.0611’ 
0.05826 


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


2337 20.0 
3250 22.9 
4037 25.5 


4603 27.4 
1957 19.0 
3181 22.9 _ ~ _ _  
4252 26.4 
5017 28.9 
2941 22 .o 
3369 23.4 
3744 24.6 
4012 25.5 


TABLE III.-SOLUBILIW OF XENON IN AQUEOUS SOLUTION 


Ostwald 
Temp., Solubility - A H  - A S  


Soh .  OC. Coefficient Lit. Value cal./mole cal ./deg./moLa 
Distilled water 45 0.0737 . . .  2946 20.9 


37 0.0827 4045 24.4 
30 0.0958 0 .  oiosa 5006 27.6 


0.0934* 
25 0.1068 0.1195O 5692 29.9 
45 0.0680 . . .  3729 26.6 
37 0.0778 . . .  4158 24.9 
30 0.0895 . . .  4533 26.1 
25 0.0976 . . .  4801 27.0 
45 0.0688 . . .  3585 23.1 
37 0.0782 . . .  3977 24.3 
30 0.0893 . . .  4320 25.4 
25 0.0990 . . .  4566 26.3 


0.9yo NaCl 


Phosphate 


a See Reference 2. b See Reference 4. 


creased solubility of the gas in the sodium chloride 
and sodium phosphate solutions was essentially the 
same (870). The decrease in the solubility of the 
gas in aqueous solution is due to the “salting out” 
effect of the electrolytes in the solution as reported 
by previous investigators (19). 


Effect of Temperature on Solubility.-The soh- 
bility of carbon dioxide, krypton, and xenon in 
aqueous solution decreased as temperature was 
raised (Tables I, 11, and 111). The relation between 
the solubility and temperature fitted the equations 
of Valentiner (2). Horiuti (10). and Kobatake and 
Hildebrand (11) very well, but did not fit the 
Clapeyron equation, Le., linear relationship between 
logarithm 6 and 1/T. Lanning (121, who measured 
the solubility of rare gases in water and organic 
solvents, found that the solubility of gas in org anic 
solvents fitted the Clapeyron equat& y a y  well, 


but not that of gas in water. Clever, et al. (18), 
also reported that the relation between tempera- 
ture and the solubility of rare gases in organic sol- 
vents fitted the Clapeyron equation very well, and 
that their solubility increased as temperature in- 
creased. The decrease in gas solubility in an 
aqueous system as temperature is raised is due to  
modification of water structure as the gas atoms 
dissolve. The change is in the direction of greater 
crystallinity of water structure, as pointed out by 
Frank and Evans (13)-the water builds a micro- 
scopic “iceberg” around the gas atoms. As the 
temperature is raised, these “icebergs” melt, and 
the amount of gas trapped in the water is decreased. 
Similarly, Pauling stated that the nonhydrophilic 
molecules--krypton, xenon, etc., are trapped in 
clathrate structure, which he called krypton hydrate, 
xenon hydrate, etc. (14). The decrease of gas solu- 
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tilled water, 0.9% sodium chloride, and .066 M 
phosphate buffer solution a t  pH 7.0. 


The solubility of the gases studied in aqueous 
solution decreased as the temperature increased. 


Heats and entropies of solution of carbon dioxide, 
krypton, and xenon have been calculated. The rela- 
tion between AS" and AH" at various temperatures 
is exactly linear in every case, and the slope is 
approximately equal to 1/T. 


REFERENCES 
(1) Antropoff A V. 2. Elekfrochem. 25 269(1919). 
2) Valentine;, S. ,  k. Physik. 42 253(1i27). 
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bility in normal saline and phosphate buffer is prob- 
ably due t o  the effect of electrolytes which decrease 
in "icebergs" forming or clathrate tendencies. 


Free Energy, Heats, and Entropies of Solution.- 
Lange and Watzel (15), Eley (16). and Bulter (17). 
using the gas-solubility data of Valentiner, have 
calculated the heats and entropies for the solution of 
rare gases in water. Eley plotted both the values of 
AH" and TAS" against T giving straight lines of 
slope R(B-1). Lange and Watzel have derived 
values of AH" and AS" similar to Eley's and ob- 
served their strong dependence on temperature. 
Bulter calculated the values of AS" and AH" at 
25" and found that there is a linear relation between 
the heats and entropies of solution. The AH" and 
AS" values presented in Tables I, 11, and I11 were 
calculated according to the equations derived by 
Eley (16). Plotting the values of AH" and TAS" 
against T gave straight lines of slope R(B-1). 
Plotting AS" against AHo also gave straight lines of 
slope approximately equal to  l /T  (3.3 X 10-8). 
Those plots showed that the data fitted the follow- 
ing equation well: 


Although ACp can be calculated from the straight 
lines plot of either AH" or TAS" against T, this 
method is a very insensitive one. 


SUMMARY 
The solubility of carbon dioxide, krypton, and 


xenon has been measured at 1 Atm. total pressure 
and at temperatures of 25, 30, 37, and 45" in dis- 
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J .  Appl. Physiol.. 15, 723(1980). 
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(9) Lawrence, J. H:, Loomis, W. F.. Tobias, C. A,. and 


(10) Horiuti. J , Sci. P&en>nsl. Phys. Chcni. Rcs. Tokyo, 


Chem. Rubber Publishing Co., Cleveland, Ohio, 1980-1981 


Book Co., Inc., New York. N.Y., 1928, pp. 297, 303. 


Turpin. F. H , J .  Physsol. 105 197(1946). 


17. 12.5119.11\ __. ._.\ 


(11) Kobatake. J., and Hildebrand, J. H., J .  Phys. Chem., 
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Synthesis of N-Methyl-l,3-dimethylbutylamine 
By M. T. WU 


A procedure has .been described for the 
preparation of N-methyl-1,3-dimethyIbutyl- 
amine from methyl isobutyl ketone and 
methylamine. T h e  method involves low 
pressure hydrogenation of ketimine in  the 


presence of platinum catalyst. 
ELATIVELY low molecular weight organic com- R pounds with one or more electronegative 


atoms-such as nitrogen or oxygen-can dissolve 
salt-free water without losing their identity to a 
separate phase. The solvent then releases the puri- 
fied water during a slight temperature increase. In 
view of the interesting physical properties of N- 
ethyl-n-butylamine and N-methyl-n-amylamine (1, 
2). similar secondary amines seem worthy of study. 
This paper describes the synthesis of N-methyl-1,3- 
dimeth ylbutylamine. 


EXPERIMENTAL 
N-Methyl-l,3-dimethylbutylamine.-Methyl- 


amine (31 Gm., 1 mole) was dissolved in 385 Gm. 
absolute ethanol; the solution was chilled in ice. 
Methyl isobutyl ketone (300 Gm., 3 moles) was 
added dropwise, and the resulting solution slowlj 
generated heat which was removed by additional 
cooling. This was divided into approximately four 


Received August 15, 1983, from the College of Technology. 
Department of Chemistry, University of New Hampshire, 
Durham. 


Accepted for publication August 1983. 


equal quantities. These were reduced catalytically 
over 8 Gm. of 10% platinum-on-charcoal at a maxi- 
mum pressure of 60 p.s.i. The total amount of 
hydrogen absorbed corresponded t o  99.5y0 of the 
theoretical quantity. After removing the catalyst 
by filtration, the filtrate was added to  an excess of 
dilute hydrochloric acid a t  a temperature below 20". 
The acidic solution was then concentrated to a small 
volume to  remove ethanol, methyl isobutyl ketone, 
and any other volatile product. After making the 
acidic solution basic with an excess of aqueous 
sodium hydroxide, the water insoluble layer was re- 
moved, and the water layer was extracted four times 
with ether. The combined water-insoluble layers 
were dried over potassium hydroxide pellets and 
finally over calcium hydride. The ether solution was 
distilled carefully through a 28 X 1-in. metal helices- 
packed column from a small quantity of calcium 
hydride to  yield 78.9 Gm. (69% on the basis of the 
methyl amine employed) of N-methyl-l,3-dimethyl- 
butylamine, b.p. 122 to 122.5", n;". 1.4131, d:" 
0.7458, MRD (calcd. ) 38.53, MRD (obs. ) 38.13. 


Anal.-Calcd. for C~HITN: C, 72.97; H, 14.87; 
N, 12.16. Found: C, 72.95; H, 15.01: N, 12.19. 


KEPERENCES 
I )  Dodge. B. F., Am. Scicnfisf, 48, 497(1980). I 2) U. S. De t Interior, "Saline Water Conversion Report 


for 1959," 1988 p. 79. 
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B o o k s -  
REVIEWS 


Rheology of Emulsions. Edited by P. Sherman. 
The Macmillan Co. (Pergamon Press), New York, 
N. Y., 1963. vii + 146 pp. 15 X 23 cm. 
Price $7.50. 
The book is a compilation of the papers presented 


a t  a symposium held by the British Society of Rheol- 
ogy at Harrogate in October, 1962. The papers re- 
port the most recent work at the time on the flow 
properties of emulsions. The topics considered in 
the papers include the formation of emulsions. the ef- 
fect of concentration, flocculation, and particle ag- 
gregation on the rheology of disperse systems, the 
behavior of liquid drops under laminar flow. sta- 
bilization of emulsions, and dielectric behavior of 
emulsions. Since the discussions involving the rela- 
tionship of particle aggregation to  rheological proper- 
ties stress the “secondary minimum” in flocculation, 
one paper was devoted exclusively to a study of the 
diffuse double layer following the Derjaguin-Landau 
and the Venvey-Overbeek theories for the stability 
of colloidal systems. The editor apologized for the 
omission of a promised contribution on the rheologi- 
cal properties of the emulsifier film at the interface. 
I t  is unfortunate that a paper on this subject could 
not be included, because of the often cited impor- 
tance by various authors of resiliency and toughness 
of an emulsifier film in contributing to emulsion sta- 
bility. 


The earlier symposium on the rheology of suspen- 
sions, entitled “Rheology of Disperse Systems” 
(Pergamon Press, 1959), together with the present 
book, make a valuable contribution to the rheology 
of suspensions and emulsions. Anyone teaching or 
doing research which involves the consideration of 
dispersed solids and liquids will want to have these 
companion works in his library. 


Reviewed by Alfred N. Martin 
Professor of Physical Pharmacy 
Purdue University 
School of Pharmacy and Pharmacal Sciences 


Organic Reactions. Vol. 13. Edited by A. C. COPE. 
John Wiley & Sons, Inc., 605 Third Ave., New 
York 16, N. Y., 1963. vii + 382 pp. 15 X 23 cm. 
Each chapter of this latest volume treats an 


important synthetic reaction. The discussions are 
authoritative and critical covering the reaction and 
the methodsof preparation and utilization of reagents. 
The organic reactions presented are covered com- 
pletely and representative experimental procedures 
are given. Subjects covered in this volume are 
hydration of olefins, dienes, and acetylenes v i a  
hydroboration, halocyclopropanes from halo- 
carbenes, free radical additions to olefins to form 
carbon-carbon bonds, and formation of carbon- 
hetero atom bonds by free radical chain additions to  
carbon-carbon multiple bonds. 


Quantum Biochemistry. By BERNARD PULLMAN and 
ALBERTE PULLMAN. Interscience Publishers, 
605 Third Ave., New York 16, N. Y., 1963. 
xvi + 867 pp. 15.5 X 23 cm. Price $27.50. 
The two main objectives of this book are to  show 


biochemists how quantum mechanics can yield 
answers to the problems of the structure and mode of 
action of the constituents of living matter and to 
provide the quantum chemists with a general outline 
of the aspects of biochemistry in which their con- 
tribution may be useful. The authors note that 
topics of the same apparent importance are often 
given unequal treatment in their presentation but 
explain that the very early stage of development 
of quantum biochemistry is responsible. The work 
is divided into three major sections dealing with 
molecular orbitals for biochemists. electronic 
structure of fundamental biochemical substances, 
and electronic aspects of enzymic reactions. 


NOTICES 


Pharmucologie des Hormones Neurohypophysaires 
et de Leurs Analogues Synthetiques. By B. BBRDE. 
Masson & Cie, Editeurs, Libraires de L’Academie 
de Medecine, 120, Boulevard Saint-Germain, 
Paris VI“, 1963. 105 pp. 16 X 24 cm. Paper- 
bound. Price 10F. 


XXIO Congress0 di Scienze Farmaceutuhz. Con- 
ferenze e Comunicazioni, Pisa. 1961. Feder- 
azione Ordini Farmacisti Italiani, Rome, 1962. 
vii f 943 pp. 17 X 24 cm. Paperbound. 


Outline of Pharmacology and Therapeutics. By 
SISTER M. MARIEL, C.S.A. Charles C Thomas, 
301-327 E. Lawrence Ave., Springfield, Ill., 
1963. xvi + 297 pp. 16 X 23.5 cm. Price 
$12.50. 


Advances i n  Pharmacology. Vol. 2.  Edited by 
SILVIO GARATTINI and PARKHURST A. SHORE. 
Academic Press, Inc., 111 Fifth Ave., New York 3, 
N. Y., 1963. 15.5 X 23.5 cm. 
Price $12. 


vii + 392 pp. 


Advances in  Analytical Chemistry and Instrumenta- 
tion. Vol. 2. Edited by CHARLES N. RBILLEY. 
John Wiley & Sons, Inc., 605 Third Ave., New 
York 16, N. Y., 1963. 15.5 X 
23.5 cm. Price $15. 


vi $- 408 pp. 


Das Krebsprobhm. By KARL-HEINRICH BAUER. 
Springer-Verlag, 1 Berlin 31 (Wilmersdorf), 
Heidelberger Platz 3, (Berlin-West), Germany 
1963. xvi + 1099 pp. 17 X 25 cm. Price 
DM 98. 


Moderne Methoden der Pjhnzenanalyse (Modem 
Methods of Plant Analysis). Vols. 5 and 6. 
By K. PAECH and M. V. TRACEY. Springer- 
Verlag, 1 Berlin- Wilmersdorf, Heidelberger Platz 
3, West Berlin, Germany, 1963. xxiii f 512 pp. 
17 X 25 cm. Price DM 98 each. 


Prescription Pharmacy. Edited by J. B. SPROWLS, 
JR. J. B. Lippincott Co., East Washington 
Square, Philadelphia 5, Pa., 1963. x + 579 pp. 
18 X 25.5 cm. Price $12. 
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Research Articles- 


Essential Oils and Their Constituents XX 
Detection and Estimation of Menthofuran in 


Mentha arvensis and Other Mint Species 
by Coupled Gas-Liquid-Thin-Layer Chromatography 


By ISHWAR C. NIGAM* and LEO LEV1 


The occurrence of menthofuran in Mantba arvnrtis is reported for the first time. 
From 0.01 to 0.04 per cent of the heterocycle was determined b means of coupled 
gas-liquid-thin-layer chromatography in enuine essential oils okined from plants 
grown in Argentina, Brazil, Formosa, Infin, Japan, and South Africa. Its presence 
at such low concentrations could not be detected by conventional chemical tests, 
eg., ~ l - ~ ~ k i g e r ~ ~  reaction, or by modern instrumental techni ues, ecludin ultra- 
violet and infrared specuophotometry applied to analyaA. amens Lectly. 
The classical distincuon between Mentba piperita (pe p e r d r m d  M. a t w m a s  
(mint), ostensibly based on the presence or absence ofmenthofuran, is therefore 
no longer justifiable. Other mint s ies, including spearmints (Mentba cadiaca 
Gerard ex Baker cultivar Scotch or Kghland spearmint, Mentba spicata L. cultivar 
common or native American spearmint, and Mentba vir idi ) ,  pennyroyal (Mentba 


) Pers.), bergamot mint (Mcntba citrata 
E r M w t b a  sylveswis L., and Man& tvtmd#ol& contained trace amounts of 
menthofuran also. The experimental data suggest a reap ra isa l  of presentl ac- 
knowledged concepts regarding both biogenesis and %emotaxonomy of the 


genus Mentba. 


L and Hdmnap~kgiokZes 


LMOST ONE-HUNDRED years ago Fliickiger A observed that peppermint oil gave a char- 
acteristic color reaction when heated in glacial 
acetienitric acid solution (1). In 1890, Polen- 
ske suggested that the phenomenon was due to 
the presence of a volatile, nonnitrogenous con- 
stituent in the essential oil (2). Thirtv years 
later the compound. menthofuran, was isolated 
by Carles as an “ether-oxide” from the flower 
oil of Italian peppermint (3). Its constitution 
was established soon afterwards by Wienhaus 
and Dewein (4). In 1936, Treibs synthesized 
the heterocycle and demonstrated that its 
properties were identical with those of the natural 
isolate (5). 


As a criterion of identity for M. ~perit0, 
Flkkiger’s test came to be applied widely and 
with only slight modifications. It is generally 
carried out as follows. Three drops of the es- 
scntial oil are mixed in a dry test tube with 5 
rnl. of a solution of 1 vol. of nitric acid in 300 
vol. of glacial acetic acid, and the tube is placed 
in a beaker of boiling water. Within 5 minutes 


Received October 2, 196t. from the Food and Drug Direc- 
torate. Department of National Health and Welfare, Ottawa, 
Ontario Canada. 


Aceeited for publication November 5, 108.3. 
The authors are indebted to  W. Skakum for technical 


Previous paper: Pcrfumrry Esscnl. Oil Record. 54, 814 


* National Research Council of Canada Postductoral 


assistance. 


(1‘383). 


Fellow, 1962-1963. 


the liquid develops a blue color, which on con- 
tinued heating deepens and shows a copper 
fluorescence, then fades, leaving a golden yellow 
solution (6). With M. a&s, this sequence of 
color changes is not observed, the test solution 
attaining merely a light yellowish tinge which 
undergoes no marked change during the 5-minute 
heating period. 


Wering a valuable criterion for distinguishing 
readily two closely allied and commercially most 
important products of the genus Mcntha, the 
reaction was soon considered and still is an 
official specification (7, 8). As a spot test 
requiring but 1 drop of material, it  was later 
utilized by Zolotovich for the examination of M .  
amensis as well as M. Piperita oils and many of 
theirhybrids (9). 


Studies camed out recently in our laboratory 
on products of different geographical origins 
confirmed the specificity generally ascribed to 
the reaction (10). Yet, not always were ex- 
perimental data entirely satisfactory, and the 
investigation was continued. It is the purpose 
of this paper to report the results that we ob- 
tained using coupled gas-liquid-thin-layer chro- 
matography as the method of analysis. 


EXPERIMENTAL 
Apparatus and analytical procedures were pre- 


viously described (11). 
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Materiala Instituto de Quimica Agricola, Rio de Janeiro, 


EaaenW m.41 of mint (M. u ~ s i s )  was Brazil; Dr. T. S. Chou, Bureau of Commodity In- 
provided through the courtesy of Dr. Juan-Carlos spection and Quaranthe, Republic of China, Taipei, 
Tuja, Cultivos Industriales. S.A.. Buenos Aires, Taiwan; Dr. I. C. Chopra, Regional Research 
Argentina, Drs. M. T. MagalhHes and 0. R. Gottlieb, Laboratory, Jammu-Tawi, Kashmir State, India; 


20 I-- 


TIME [MINUTES) TIME (MINUTES) 


Fig. l.-Gas chromatograms of M. urvcnsis oils. Analytical peaks reproduced in heavy l ies.  Col- 
umn-SAIB (20%) on Chromosorb W (acid-washed), 60-80 mesh; temperature, 170" C.; helium, i 5  
ml./minute; sample volumes, 2rl. 
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deposition of 0.5 to 1-pl. aliquots of these mixtures 
on chromatoplates, development in n-hexane for 
about 45 minutes, and treatment with the 5y0 
vanillin-sulfuric acid reagent, characteristic deep 
orange-red spots were readily observed. On pro- 
longed standing, they developed a bluish-purple hue. 


RESULTS AND DISCUSSION 
Characterization of Menthofuran Fraction Obtained 
from Brazilian M. urwfisis 


Infrared analysis of the isolate, prepared in ac- 
cordance with the procedure described and spread 
as a thin film between two salt plates, showed weak 
yet distinct bands characteristic of menthofuran 
at 1680, 1640, 1566. and 735 an.-’ Marked ab- 
sorptions throughout the 1200 and 920 cm.-* 
regions indicated admixture with menthone and 
linalool, respectively. A Perkin-Elmer double 
beam, model 221 spectrophotometer equipped with 
prism grating interchange and automatic gain 
control was used to make the measurements. It 
was operated at fivefold scale expansion and flushed 
with dry nitrogen during the experiment. Although 
the analytical specimen was of heterogeneous com- 
position, purification by rechromatography was not 
attempted for fear of recovering insufficient ma- 
terial to carry out further tests. 


The crude isolate was therefore subjected to 
direct ultraviolet analysis and its U.V. characteristics 
compared with those of the essential oil from which 
it had been obtained. Taken up in 25 ml. of ethyl 
alcohol it exhibited peak absorbance (e  = 2.1) at 
220 mp, indicative of the presence of approximately 
0.03% of menthofuran in the essential oil. 


Similar examination of a number of M .  arvensis 
oils showed invariably the occurrence of strong 
maxima or shoulders throughout the 220-240 mp 
region; the specimen which had served as starting 
material for preparation of the menthofuran con- 
centrate displayed a maximum a t  231 mp (E::m. = 
43.9). Hence the presence of trace amounts of 


Dr. Teikichi Hiraizumi, Takasago Perfumery Co., 
Ltd., Tokyo; Dr. Sumio Shiimizu, Laboratory of 
Agricultural Chemistry, Shinshu University, Ina- 
Nagano Ken; Dr. Nagamori Ikeda. Laboratory of 
Plant Breeding, Okayama University, Tsushima, 
Okayama City, Japan; Dr. D. H. S. Horn, Council 
for Scientific and Industrial Research, National 
Chemical Research Laboratory, Pretoria, South 
Africa; and Dr. F. J. Cramer, A. M. Todd Co., 
Kalamazoo, Mich. 


Oil of spearmint ( M .  cardiaca, M .  spicatu, M.  
Gridis) was supplied through the courtesy of 
Dr. F. J. Cramer, A. M. Todd Co., Kalamazoo, 
Mi&, and Dr. C. Scholtens, N. V. Chemische 
Fabriek “Flebo,” Hoogezand, The Netherlands. 


Oil of pennyroyal (M. pulcgium L. and Hedcoma 
pulegioides (L.) Pers.) was provided through the 
courtesy of Dr. E. Guenther, Fritzsche Brothers, 
Inc.. New York. N. Y.; Dr. F. J. Cramer, A. M. 
Todd Co., Kalamazoo, Mich.; Dr. J. M. Quigg, 
Compagnie Parento, Ltd., Toronto, Ontario, 
Canada ; Destilaciones Bordas Chinchurreta, S.A., 
Seville, Spain. 


Oil of bergamot mint ( M .  cityah Ehrh.) and oil of 
M. sylvcslris L. was supplied through the courtesy 
of Dr. F. J. Cramer. A. M. Todd Co., Kalamazoo, 
Mich. 


Oil of M. rotundifolia was provided through the 
courtesy of Dr. Sumio Shimizu, Laboratory of 
Agricultural Chemistry, Shinshu University, Ina- 
Nagano Ken, Japan. 
Essential Oil Constituents.-Menthofuran (ex M. 


piperitu, freshly distilled for use as reference 
standard); eE2RSl9 = 6,750. d-Pulegone (ex 
M. pulegizrm L.) was provided through the courtesy 
of Dr. F. J. Cramer. A. M. Todd Co., Kalamazoo, 
Mich . 
Isolation of Menthofuran Fraction from Two 
Grams of Brazilian Oil of M. arvensis 


Sample aliquots of 50 pl. each were subjected to 
gas chromatography (column: SAIB (2073,) on 
Chromosorb W; temperature. 170’ C.; helium: 
75 ml./minute) (12) and efauents emerging just 
prior to menthone (retention time 4 . 5  to 7.5 
minutes) trapped in carbon tetrachloride. Follow- 
ing evaporation of solvent, the residue obtained 
was examined by infrared and ultraviolet spec- 
trosropy, thin-layer chromatography, and Fliickiger’s 
classical color test. 
Coupled Gas-Liquid-Thin-Layer Chromatograms 
of Essential Oils 


Samples ranging from 25-100 pl. were injected 
into the column and fractions emerging within 6.5 
to 7.5 minutes (see Fig. 1) deposited directly on 
chromatoplates mounted a t  the vapor exit as previ- 
ously reported (11). n-Hexane was applied for the 
development of condensates thus spotted, and a 
5% solution of vanillin in concentrated sulfuric 
acid served as spray reagent. 
Identification and Estimation of Menthofuran in 
Analytical Specimens 


To 10-Gm. samples of an authenticated Japanese 
oil of M. atvcnsis (Fliickiger test negative) were 
added accurately weighed amounts of menthofuran 
and preparations containing from 0.10 to 1.00% 
of the heterocycle made up as reference standards. 
They served as controls for compound identification 
and the appraisal of product recovery. Following 


1 2 3 4 5 
M. M. M. Mentho- Isolate 


atyn- spicatu cardiaca furan from 
SZS M. amensis 
Fig. 2.-CGT-Chromatograms of analytical peaks 


from 1, M. amnsis; 2. M. spicata; 3. M. cardiata; 
and TL-Chromatograms of 4, menthofuran stand- 
ard, and 5. menthofuran isolate from M. atvcnsis as 
d m b e d  under Expe~imntal.  
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for observing Fliickiger’s reaction. The character- 
istic sequence of colorations was seen clearly and a 
strong positive test obtained within 1 minute. 
Thus, each of the analyses had supplied ample 
evidence for the presence of menthofuran in M. 
a m i s ,  and its occurrence in this species can now 
be considered d n e d  beyond doubt. 


The most convenient and perhaps also the most 
convincing of the criteria of identity established 
were those assembled by thin-layer chromatography 
carried out under the experimental conditions speci- 
fied. Of a great many terpene compounds examined 
similarly in our laboratory, none showed the migra- 
tion characteristics plus color response typical of 
menthofuran. Pertinent chemical and chemo- 
taxonomic applications of the technique were re- 
ported (13). and further data illustrative of its scope 
for the analysis of essential oils and their constitu- 
ents are to be published elsewhere. 


menthofuran in these oils escaped recognition by 
direct ultraviolet analysis. Thus, the addition of 
as much as 1 % of the heterocycle to genuine prepara- 
tions could not be detected with any degree of 
reliability. It is because of such relatively intense 
absorption by nonmenthofuran constituents 
throughout the analytical wavelength range that 
M. piperdu oils fail, likewise, to submit to mentho- 
furan determinations by direct ultraviolet spectro- 
photometry. 


Following recovery of the concentrate from its 
ethanolic solution, a 1-MI. aliquot was examined 
along with a 1-pl. aliquot of reference standard 
(0.1% menthofuran) by thin-layer chromatography 
using n-hexane as developing solvent. Deep 
orange-red colorations of identical Rj values were 
observed following treatment of the chromatoplate 
with the spray reagent (see Fig. 2). 


The remainder of the analytical sample was used 


TABLB I.-TLC AM) CGTC OF ESSENTIAL OILS OF TBE GENUS Meutha 


TLC CGTC 
Sam Ic Vol., Sample Vol., Menthoforan, 


Essential Oil 8 4. 26-100 #I. % 
Mint 
M. arvensis L. 
Argentina 
Bradl APPA-MA-1 


APPA-MA4 
Formosa 
India 
Specimen obtained 


from Japanese mint 
plants raised and proc- 
essed in State of 
Kashmir 


Japan “Sanbi” 
“Hakubi” 


south Africa 
strain of imported 


Japanese mint 


M. car- Gerard 
ex Baker dtivar 


M. s@kata cdtivar 
common or native 


M. mdk 
Pennyroyalo 
M. p&gium L. 
Spanish 
Moroccan 
Hcdcoma p&gioides 


Oregon race 
M. sykrcshis L.. 
M. ci&& Ehrh.. 
M. rotuu&fo&ao 


French strain, 


neo-neo-isopulegol 
Italian strain, 


piperitenone oxide 


spearmint 


Scotch or Highland 


American 


(L.) Pas. 


Main constituent 


Main constituent 


+ + 
+ - - 
+ 


+ 
- 


+ + + + + 


+ + 


0.01 
0.02 
0.01 
0.03 
0.04 


0.04 
0.02 + 0.03 


+ + 
+ + + + 


+ 
+ 


0.02 


0.01 


0.02 


0.30 
0.25 


0.05 
0.02 
0.05 
0.07 


0.06 


0.02 


0 Specimens stored prior to analysis under nitrogen and at S°C. tor periods up to 3 years. Menthofuron contents of freshly 
distilled oils probably hipher than -ported. 
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analyzedsome of them produced from authenti- 
cated strains cultivated under carefully controlled 
conditions-the possibility of the presence of 
menthofuran Oia admixture should also be ruled out. 
Contamination with peppermint can likewise be 
discounted, for M. pipcrita is not grown in Brazil, 
Formosa, and Japan. Only experimental planta- 
tions exist at this time in Argentina and India. 
Finally, and equally important is the fact that 
commercially exploited M. anmsis fields in the 
various producing countries are carefully supervised 
at all times to insure that only essential oils of 
highest quality and uniformity are reaching the 
world’s markets. Menthofuran is, evidently, a 
genuine constituent of the species itself. 
hnsitivitp of Analytical Techniques 


Examination of samples by the glacial acetic- 
nitric acid reaction proceeded as expected for M. 
amnsis oils. Faintly yellowish solutions formed 
without intermediate colorations being observed. 
Similar analyses of menthofuran-M. alvcnsis cali- 
bration standards proved that pasitive tests were 
obtained only at menthofuran concentrations 
equal to or greater than 0.4% by weight. Thin- 
layer chromatography yielded distinctly positive re- 
sults when applied to 1-PI. aliquots of menthofuran- 
M. crrocnsis reference standards containing as little 
as 0.1% of menthofuran by weight. M. pipmifa 
oils examined similarly gave strongly positive tests 
with less than 0.5 fil. sample aliquots necessary for 
analysis. Having at our disposal reliable calibration 
standards, we screened conveniently menthofuran 


Coupled Gas-Liquid-Thin-Layer Chromatograms 
The gas chromatograms of six M. a r m s i s  oils 


of different geographical provenance are shown in 
Fig. 1. 


Qualitatively their profiles are similar. Yet 
quantitative correlations of peaks observed for 
biochemically related constituents assures classifica- 
tion of these oils according to geographical origin 
(10). 
In each of the chromatograms a minor peak or 


small shoulder precedes the emergence of menthone. 
Shown in heavy lines it illustrates the d u e n t  ex- 
amined by coupled gas-liquid-thin-layer chromatog- 
raphy as described under Experimental. Codeposi- 
tion of linalool and menthone as well as other con- 
stituents emerging during collection of the d u e n t  
does not interfere with the analyses because of the 
selectivity of the solvent system and spray reagent 
applied. In each instance color intensities observed 
were compared with those produced by accurately 
measured aliquots of menthofuran (O.~OJO)-M. 
amnsis calibration standards examined under the 
same experimental conditions. The presence of 
0.01 to 0.04yo of menthofuran as a genuine constitu- 
ent of M. amsis  was thus established (see Table I). 


Correlation of these results with those reported 
in previous investigations (10, 11, 14, 16) illustrates 
the occurrence of a given constituent at vastly 
dderent concentrations in various species belonging 
to a given genus. Such findings will make impera- 
tive revisions of our present concepts concerning the 
biogenesis of essential oils and their constituents 
and aid in the development of more reliable methods 
of plant classifications by physicochemical tech- 
niques. Because of its insensitivity, Fliickiger’s 
test, as this study has shown, may still be considered 
of distinct practical value to the industry. Yet its 
fundamental biogcnetic significance and chcmo- 
taronomu importance, as implied in the literature 
throughout the years, no longer exist. 


One of the M. arumsis oils assayed, a commercial 
sample obtained from England. gave a positive 
menthofuran test (o.14yO) when 2-4. aliquots were 
spotted for direct thin-layer chromatography. 
Since adulteration of oils of M. a m s i s  with oils of 
M. piper& would be unprofitable, the observation 
is probably indicative of genuine compositional 
variations to be encountered. Quite likely, mentho- 
furan concentrations up to 0.2% are still true 
criteria of M. alvcnszs authenticity. 


For a time it was thought that contamination of 
M. anmsis with wild growing plants might account 
for the experimental observations. Accordingly, 
a Brazilian oil from such a species,’ grown experi- 
mentally in the region of Colorado (Parand State), 
was subjected to similar analyses. It contained 
0.12% of menthofuran. (Pulegone content -SO%.) 
Comparable data were obtained for an American 
M. a m s i s  oil’ produced from plants grown ex- 
perimentally in Wisconsin. 


It would thus appear that the presence of mentho- 
furan in M. a m s i s  cannot be ascribed to contam- 
ination with wild growing mints. Since, further- 
more, and for the purpose of clarifying this point, 
essential oils of different geographical origins were 


1 Courtesy of Dr. M. T. M hPes, Institute de QdmiCP 


f Courtesy of Dr. F. J. Cramer, A. M. Todd Co., gala- 
Ag~iwla, Rio de Jsoeiro, B-9 
ma-, Mi&. 


~ 


1 2 3 4 
Fie. 3.-Thin-layer chromatograms of 1. M. a m -  


sis (presence of menthofuran not detected); 2, M. 
piperdu (Italo-Mitcham)-menthofuran 6% ; 3. 
M. piper& (English-Mitchamementhofuran 
2.6%; and 4, M. pi itCr (USA.-Yakimaj-men- 
thofuran 9%. smpFm1ume-o.6pl. 
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TABLE I I . S B N S I T I V I P Y  OF VARIOUS TECHNIQUES 


Limit of 
Method of Analysis Sensitivity 


Ultraviolet spectroscopy > 1 o/b 
Fliickiger reaction 0.40j,m 
Differential infrared 


Thin-laver 
spectroscopy 0.25YO 
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genated p-menthanes in a given specieswasques- 
tioned and formation of one or the other of the 
three types considered exclusive (20). Subsequent 
workers acknowledged and endorsed this classifica- 
tion (21, 22). Recently, however, the Occurrence 
of trace amounts of 3-oxygenated terpenoids, 
menthone and isomenthone, in spearmints was ob- 
served in this laboratory (14). The present study 
demonstrates the existence of a cyclic1constituent. 
menthofuran, in M. citrata. Furthermore, the oc- 
currence of pulegone, a possible precursor to mentho- 
furan formation. was likewise established in this 
species by the CGTC technique. Small amounts 
of the cyclic ketone occurred also in M. sylwsfris 
and M. rofundqolia. Its presence in M. c a r d k a ,  
M. spicakr, M. viridis, and M. awensis was previ- 
ously reported (10, 14). 


These observations appear to confirm that similar 
stereospecific biochemical processes are taking 
place in most, if not all, species of the genus Menfha, 
but a t  very different rates (23). A Critical bioge- 
netic scheme correlating the experimental data re- 
ported with others now assembled will make the 
subject of a forthcoming publication (24). 


This study has shown how a delicate constituent 
not readily identified by direct application of 
classical chemical as well as modern instrumental 
methods of analysis may be detected and estimated 
in the various species of a given genus by means of the 
CGTC technique. In  this regard it serves as a 
further example of the value of this method for the 
more thorough exploration of specific compositional 
regions comprising a gas chromatogram, for the 
isolation and determination of a minor constituent 
in a complex natural material, and hence for the 
establishment of new, sensitive criteria of product 
authenticity. 
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Relationships Between the Surface Activity and 
Cholinesterase Inhibition of Mono- and 


bis[ 3-( N,N-Diethylcarbamoyl) piperidinolalkanes 
By RONALD P. QUINTANA 


The static surface tension of equimolar a ueous solutions of a series of mono- and 
bis[ 3-(N,N-diethylcarbamoyl) iperidino]&canes and of two mono[ 3- (N,N-di- 
ethyIcarbamoyl)pyridini~m]&es has been determined. The extent of relation- 
ships existing between the surface activity of these compounds and their inhibitory 


effect upon human plasma pseudo-choliaesterase is reported. 


URING THE course of synthetic work on 
carbamoylpiperidine derivatives (l), it 


became apparent that some compounds among 
the derivatives possessed surface-active proper- 
ties. This observation, coupled with (a) an 
awareness of the work of Coleman and Eley (2) 
and that of Hoffmann and co-workers (3), from 
which one may expect a possible correlation be- 
tween enzyme inhibition and surface activity, and 
(b) the suggestions of Long and Schueler (4) 
and Thomas and Marlow (5 )  that cholinesterase 
inhibition may in part be due to the surface 
activity of inhibitors, prompted us to explore 
relationships between the surface-active and in- 
hibitory properties of our series of cholinesterase 
inhibitors. 


While the literature records studies of rela- 
tionships between surface activity and effect 
upon enzymes (e.g., 6-10), we believe that this 
is the first published expression of relationships 
between observed and actually measured surface 
activity, and inhibition of an isolated cholin- 
esterase system. 


EXPERIMENTAL 


Materials.-The chemistry and properties of the 
mono- and bis[3-( N,Ndiethylmrbamoyl)piperidino] - 
alkanes and of the mono[3-( N,Ndiethylcarbamoyl)- 
pyridinium]alkanes utilized in this investigation 
were described elsewhere (11, 12). All of the com- 
pounds employed were of analytically pure grade. 


Solutions.-Measurements of surface tension 
were made on 0.01 and 0.005 M solutions in re- 
distilled water obtained by distillation through a 45- 
cm. Vigreaux column from aqueous permanganate. 
The solvent water obtained by this method had a 
corrected surface tension of 70.26 to 70.87 dynes/cm. 


Received December 2, 1963. from the D m a t  of 
Pharmaceutical and Medicinal Chemistry, C o g  of Phar- 
macy, University of Tcqnenee. Memphis. 


Accepted for puhlicotron January 15,1964. 
This investigation was supported by o grant from the 


Geschickter Fund for Medical Research Inc. and 
MY-2072IMH-04379 from the National Ikrtituie of hf% 
Health U S. Public Health Service Bethedo Md 


The ’author acknowledges vduible di&ons’ with Dr. 
Andrew L d o  and his genaosity in furnishing analytical 
samples of the compounds employed in this investigation. 
The technical assistance of Miss Linda F. Lorenzen, who 
performed all of the surface tension measurements, is also 
gratefully acknowledged. 


Instrumentation.-We employed the model TE03 
du Nouy interfacial tensiometer (Kahlsico, Calif.) 
equipped with an insulated water-jacketed holder 
accommodating a 70-mm. diameter sample dish. 
The use of a Thennoboy model RTSS circulating 
bath (Kahlsico, Card.) in conjunction with the water- 
jacketed holder permitted rigid control of sample 
temperature. Measurements were made a t  25.00 
f 0.02”. 


Platinum-iridium rings having the following 
characteristics were employed: ring No. 1, mean 
circumference 5.950 cm., R/r = 51.5; ring No. 2. 
mean circumference 6.978 an., R/r = 51.5. 


The operation of the calibrated tensiometer was 
evaluated by determining the surface tension of 
spectro grade benzene. The corrected surface 
tension obtained (28.21 dynes/cm.) was in excellent 
agreement with the reported value (28.22 dynes/ 
cm.) (13). 


Methods.-Measurement of surface tension was 
performed by the ring method, in accordance with 
those directives described in the “Standard Methods 
of Test for Surface and Interfacial Tension of Solu- 
tions of Surface-Active Agents” (ASTM designation: 
D 1331-56) (14) and the “Standard Method of Test 
for Interfacial Tension of Oil against Water by the 
Ring Method” (ASTM designation: D 971-50) 
(15). 


Measurements were made on 60-ml. samples at 
each concentration; in each case at  least five deter- 
minations were employed in calculating an average 
value for the static surface tension (16). To deter- 
mine the static value, the surface tension of each 
solution was checked periodically; in some in- 
stances measurements were made on solutions 
approximately 1.5 to 12.5 h o w  old. With each 
determination providing the static value, an equiva- 
lent determination was made on a control sample 
of redistilled water. Appropriate correction factors 
(13) were applied to the values obtained, and the 
surface pressure was then determined by subtracting 
the value for the surface tension of the solution from 
that of the redistilled water control. 


Measurements of pH were made with a Beckman 
model 72 pH meter. Specific gravities. required in 
calculating correction factors, were determined by 
use of a Westphal balance (Fisher Scientific Co.). 


RESULTS AND DISCUSSION 


Values for the corrected, static surface tension of 
0.01 and 0.005 M solutions of the compounds in- 
vestigated, together with the corresponding surface 
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T A I l L E  I .-INHIBITION OF ISOLATED HUMAN PLASMA PSEUDO-CHOLINsSTEUSE AND SURFACE-ACTIVE 
PROPERTIES OF MON0[3-( N,N-DIETHYLCARBAMOYL)PrPBRIDINO] ALKANES 


___ 


Acid Human Plasma Cholinesterase 
Compd. n Component Inhibition (Iu f S.E.)O 


I 0 HCl (63.5 f 1.0)  X 10-6M 
I1 I HBr (118.5 f 0.5) X 10- M 
111 2 HBr (101.0 f 1.0) X 10-6M 
IV 3 HBr (78.0 f 2.0) X 1 0 - 6 M  
V 4 HBr (26.1 f 1.1) X M 
VI 5 HBr (8.13 f 0.33) X 10-'M 
VII 9 HBr (0.527 f 0.011) X M 


Surface Pressure,b 
dynes/cm. 


-t- r a t  
0.01 M 0.005 M 0.01 M 0.005 M 


Surface Tensi0n.c dynes/cm. f S.ELd 


1.98 0.58 68.59 i O . 0 8  69 .99 f0 .04  - -- 
1.23 0.50 69.34 f 0.05 70.07 * 0.08 
3.12 2.41 67.36 f 0.03 68.07 f 0.04 
5.60 2.75 65.05 f 0.11 67.90 f 0.09 
4.43 3.69 66.10 f 0.02 66.84 f 0.07 
5.82 3.65 64.64 f 0.05 66.81 f 0.06 


26.15 20.68 44.49 f 0.06 49.96 f 0.04 


a Summarized from a paper by Lasslo and co-workers (17). The surface pressure is the corrected surface tension of are- 
Standard distilled water control minus the corrected surface tension of the solution. 


error (18). 
C The static surface tension is reported. 


TABLE II.--INHIBITION OF ISOLATED HUMAN PLASMA PSEUDO-CHOLINSSTERASE AND SURFACE-ACTIVE 
PROPERTIES OF MONO[%( N,N-DIETHYLCARBAMOYL)PYRIDINIUM]ALKANES 


O C Q N ( % h  x- 
+N-(CHdn-CHa 


surface Pressure,b 
dynes/cm. Surface Tension,c dynesjcm. f S.E.d 


VIII 0 I Insignificant inhibition at 0.53 0.18 69.98 f 0.08' 70.33 f 0.05 


Human Plasma Cholinesterase u t -  -at 
Compd. 78 Halide Inhibition (Is0 f S.E.)' 0.01 M 0.005 M 0.01 M 0.005 M 


a t  100 x 10-6 M concn. 
IX 9 Br (0.365 f 0.000) X 10" M 17.95 12.29 52.87 f 0.05O 58.63 f 0.05 


Summarized from a paper by Lasslo and co-workers (17). The surface pressure is the corrected surface tension of a re- 
d Standard distilled water control minus the corrected surface tension of the solution. 


error (18). 
C The static surface tension is reported. * Ciusa (19) has reported the surface tension of the correspondiog chlorides. 


TABLE I~~.-~NHIBITION OF ISOLATED HUMAN PLASMA PSEUDO-CHOLINESTERASE AND SURFACE-ACTIVE 
PROPERTIES OF BIS[3-( N,N-DIETHYLCARBAMOYL)PIPERIDINO] ALXANES 


~ ~ N G H , ) ~  O m N ( G W A  .?HX 
N-(CH&--CH,-N 


Surface Pressure,b 
dynes/cm. Surface Tension,c dynes/cm. f S.E.d 


Acid Human Plasma Cholinesterase - a t  - , -t 


X 1 HBr (17.5 f 1.0) X 10-&M 3.34 1.67 67.39 f 0.02 69.06 f 0.02 
XI 2 HCI (99.3 f 1.8) X 10- M 3.38 2.22 66.99 f 0.03 68.11 f 0.04 
XI1 3 HBr (42.0 f 1.7) X 10-6M 2.00 0.94 68.87 i 0.04 69.93 f 0.04 
XI11 4 HCl (27.1 f 1.3) X 10- M 5.15 4.72 65.18 i 0.05 65.54 f 0.05 
XIV 5 HBr (15.0 f 0.3) X 10" M 3.58 1.90 66.95 f 0.04 68.63 f 0.05 xv 9 HBr (2.59 f 0.06) X lod M 4.78 4.98 65.63 i 0.04 65.43 f 0.03 


Compd. It Component Inhibition (Iu f S.BJa 0.01 M 0.005 M 0.01 M 0.005 M 


~~ ~ 


a Summarized from a paper by Lasslo and co-workers (17). b The surface pressure is the corrected surface tension of a 
c The static surface tension is reported. d Stand- redistilled water control minus the corrected surface tension of the solution. 


ard error (18). 


pressure at these concentrations and the inhibitory 
characteristics, previously reported by Lasslo and 
co-workers (15), are given in Tables I, 11, and 111. 


The graphic interpretation of surface pressure 
values (at 0.01 M concentration) is illustrated along 
with the corresponding plot of the values determined 
by Lasslo and co-workers (17). Whereas in Fig. 1 
the correlation between surface pressure and in- 
hibitory effect is striking, no such relationship is 
apparent in Fig. 2. (In Fig. 2 the straight line 
representing surface pressure was computed by the 
method of least squares.) 


I t  is indeed interesting to note the parallel be- 
tween the cholinesterase inhibition and surface 


pressure of the mono[3-( N,N-diethylcarbamoy1)- 
piperidino]alkanes (Fig. 1, Table I) and the lack of 
it in the corresponding bis[3-( N,N-diethylcar- 
bamoyl)piperidino]alkanes (Fig. 2, Table 111). 
In addition, it is instructive to  compare the 


parallel between the surface activity and cholies- 
terase inhibition elicited by certain specific members 
of our groups of compounds. Considering the 
carbamoylpiperidinodecanes, for example, it can be 
seen that the monosubstituted alkane is the more 
potent one, both in terms of enzyme inhibition as 
well as in its ability to lower surface tension. In 
the case of the corresponding ethanes, the bis- 
su6stituted derivative more strongly inhibits the 
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enzyme system and is, at the same time, more 
powerful in lowering surface tension. 


The determined surface tension values seem to be 
consistent with Ciusa’s (19) results, reported for some 
corresponding pyridinium derivatives, and with 
Gadebusch and Cavallito’s (20) figures for their a,w- 
bis(2,2’-dipyridylamino)alkane bequaternary salts. 


In the course of determining the static surface 
tension, it was observed that, for a few compounds, 
values of dynamic surface tension varied consider- 
ably from the static value (e.g., 111, 5.6 dynes/cm.; 
IV, 5.3 dynes/cm.; XI, 9.4 dynes/cm.; XIII, 4.6 
dynes/cm.). In most cases, however, variation 
from t h e  static value was small, i .e. ,  1 to 2 dynes/ 
cm . 


The pH of all solutions of our 1nono[3-(N,N- 
diethylcarbamoyl)piperidino]alkanes lay between 
5.40 and 6.05 and between 5.65 and 6.50 for the 
corresponding pyridinium compounds. In the 
series of bis[3-( N,N-diethylcarbamoyl)piperidino]- 
alkanes, the pH of all solutions fell between 5.10 
and 6.15, except for compounds X and X I  (Table 
111). The values for 0.01 and 0.005 M solutions 
of X were 3.65 and 3.80, respectively; those for XI 
were 4.55 and 4.70, respectively. 


1223 


SUMMARY 


The static surface tension of 0.01 and 0.005 M 
aqueous solutions of a series of mono- and bisI3- 
( N,N-diethylcarbamoyl)piperidino]alkanes and 
some pyridinium analogs has been measured utilizing 
the ring method. 


Loo OF NO. OF CARBON ATOMS I N  
ALKANE CHAIN 


Fig. 1.- 
Graphic - com- 
parison ,-of-i in- 
hibitory (0-0) 
and surface-ac- 
tive (0-0) 
characteristics 
of mono[3-( N,N- 
d i e t h y l -  
carbamoyl) pip- 
eridino 1 alkanes. 


1.00 OF NO. OF CARBON ATOMS IN 
A L K A N R  CHAIN 


Fig. 2.- 
Graphic com- 
parison of in- 
hibitory (0-n) 
and surface-ac- 
tive (m) 
characteristics 
of bis[3- (N,N- 
d i e t h y 1- 
carbamoyl) pip- 
eridino] alkanes. 


A parallel was observed between the ability of 
mono [3 - ( N , N -  diethylmrbamoyl)piperidino]alkanes 
to lower surface tension and their inhibition of 
human plasma pseudo-cholinesterase. No such rela- 
tionship was noted in the case of the corresponding 
bis-substituted alkanes. 
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Hemolysis of Erythrocytes by 
Antibacterial Preservatives 


By H. C. ANSEL and D. E. CADWALLADER 


A study has been made of the hemolytic activity of antibacterial preservatives on 
human and rabbit erythrocytes in the presence of 0.9 per cent sodium chloride. The 
hemolytic potency of phenol increased with methyl and/or chlorine substitution. 
The order of activity was: -chloro-nr-cresol ) p-chlorophenol ) tricresol and m- 
cresol ) phenol. Chlorinatefalcohols were similarly more hemolytic than the non- 
halogenated ones: p-chloro-&phenylethyl alcohol ) chlorobutanol ) phenylethyl 
alcohol ) benzyl alcohol. Erythrocytes were highly sensitive to benzalkonium 
chloride, benzethonium chloride, and henylmercuric nitrate. Thimerosal, butyl- 
paraben, and sodium formaldehyde suf;oxylate also induced hemolysis. The data 
indicate that the hemolytic and antimicrobial mechanisms of action may be identi- 


cal for many compounds. 


HE U.S.P. XVI (1) states that suitable sub- 
Tstances may be added to preparations in- 
tended for parenteral administration to increase 
the stability of the product, provided they are 
harmless in the amounts administered and do 
not interfere with the therapeutic efficacy or the 
assay procedures. Limited amounts of various 
antibacterial preservatives are recommended for 
multiple-dose parented products regardless of 
the method of sterilization. A personal survey 
of currently marketed parenteral products in- 
dicated that a variety of antibacterial agents are 
used in preparations intended for each route of 
administration, including intravenous administra- 
tion. 


It has been shown, in uitro and in uiuo, that 
certain chemicals in amounts calculated to be iso- 
osmotic to the red blood cell according to physico- 
chemical data may pass through the erythrocytic 
membrane and fail to prevent osmotic hemolysis 
(2-9). In addition, certain substances may be 
cytotoxic to the erythrocyte, thus altering the 
integrity of the membrane and resulting in the 
escape and/or denaturation of the cell contents. 


It was the purpose of this investigation to study 
Received May 20. 1963. from the School of Pharmacy, 


Accepted for publication July 3, 1963. 
University of Georgia, Athens. 


the hemolytic activity of various antibacterial 
preservatives on human and rabbit erythrocytes 
in the presence of isotonic media. By preparing 
the preservative solutions in 0.9% sodium chloride 
it was felt that any alteration in the integrity of 
the erythrocytes could be directly attributed to 
the action of the preservative and not to the 
original osmotic pressure of the external solu- 
tion. 


EXPERIMENTAL 


Collection of Blood.-The rabbit and human 
(Caucasian) blood samples employed in this investi- 
gation were obtained in the manner described by 
Grosicki and Husa (9). Caucasian blood was con- 
sistently employed to avoid the osmotic differences 
found in blood samples from Negro donors (8). 
Fresh blood samples from healthy donors were 
used throughout the study. 


Materials.-The following chemicals used in this 
study were supplied gratuitously by their respective 
manufacturers: chlorobutanol U.S.P. and benzyl 
alcohol N.F., Benzol Products Co.; methylparaben 
U.S.P., propylparaben U.S.P., ethylparaben, and 
butylparaben, Heyden Newport Chemical Corp.; 
phenylrnercuric nitrate, Metalsalts Corp. ; p-chloro- 
phenol, Dow Chemical Co. ; p-chloro-m-cresol, 
Burroughs Wellcome and Co.; thimerosal N.F., Eli 
Lilly and Co. ; sodium formaldehyde sulfoxylate, 
Rohm and Haas; and p-chloro+-phenylethyl 
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alcohol, Ciba Pharmaceutical Co. Cresol U.S.P., 
tn-cresol, phenol U.S.P., sodium chloride reagent, 
and phenylethyl alcohol were obtained commercially. 


Preparation of Solutions.-The various solutions 
of each preservative contained the antibacterial 
agent and 0.9% sodium chloride in purified water. 
All solutions were prepared on a per cent w/v basis, 
except for benzyl alcohol, (tri)cresol, m-cresol, 
phenylethyl alcohol, and p-chloro-8-phenylethyl 
alcohol, which were per cent v/v. 


Quantitative Determination of Per Cent Hemoly- 
&.--The method used to determine the degree of 
hemolysis, essentially that of Hunter (lo), is based 
on the fact that the quantity of oxyhemoglobin ex- 
uded from the erythrocytes of a blood sample is a 
direct function of the proportion of red blood cor- 
puscles hemolyzed. 


Five-milliliter volumes of each preservative-saline 
solution were pipeted into each of t w o  colorirneter 
tubes. Similarly, 5-ml. portions of purified water, 
0.9% sodium chloride, and sodium chloride solutions 
ranging in concentrations from 0.32 to 0.52% were 
each transferred into duplicate tubes. Exactly 0.05 
ml. of fresh defibrinated and aera ted  blood was 
added to  each tube and the contents mixed by gentle 
inversion. The tubes were then placed in a water 
bath at 37' for 45 minutes, then centrifuged for 4 
minutes at approximately 2000 r.p.m. A Klett- 
Summerson photoelectric colorirneter with a No. 54 
green filter was adjusted to read zero absorbance with 
the tubes containing the blood in 0.9% sodium 
chloride. Each of the other tubes was read for its 
absorbance and observed for signs of denaturation. 
The average colorimeter reading of the two tubes 
containing the blood in purified water was taken to 
be the total hemolysis value. The per cent hemol- 
ysis in each duplicate pair of tubes was calculated 
by dividing their average absorbance reading by the 
total hemolysis value and multiplying by 100%. 
Trace hemolysis was considered to be the first colori- 
metric detection of exuded hemoglobin in a preserva- 
tive test series; in all cases it represented less than 
10% hemolysis. A minimum of six preservative 
concentrations intermediate to those inducing trace 
and total hemolysis were employed in each test series. 


The data obtained on the response of erythrocytes 
to  the various concentrations of sodium chloride were 
used to plot the characteristic sigmoid curves (11) 
for the purpose of verifying the osmotic normalcy of 
each blood sample. 


Colorimetric readings indicating that well over 
1 0 0 ~ o  hemolysis had occurred in certain test solu- 
tions (notably the cationic surfactants) were attrib- 
uted to  an alteration of the normal color of exuded 
cellular material. Procedural modifications were 
made according to  the method previously described 
(8) for the quantitative determination of hernolysis 
in colored solutions. 


DISCUSSION AND RESULTS 
All of the preservatives studied, except for the 


parabens, sodium formaldehyde sulfoxylate, and 
thimerosal, caused total hemolysis of rabbit and 
human erythrocytes within concentrations normally 
employed in parenteral solutions (see Table I). I t  is 
interesting to compare the reported bactericidal con- 
centrations of many of these agents with the amounts 
found to induce hemolysis. The antibacterial 
mechanism of action of a preservative which pro- 
motes bacteriolysis may be similar to  that which is 
responsible for hemolysis. 


A widely accepted conception is that the erythro- 
cyte is bounded by a lipid-like membrane which is 
perforated with positively charged aqueous pores 
or channels of various diameters (12-14). &hanker, 
et al. (15), suggest that small lipid-soluble molecules 
might penetrate the cells by dissolving in the lipoid 
phase and by diffusing through the aqueous channels; 
larger lipid-soluble molecules would enter mainly 
through the lipoid phase. Lipid-insoluble molecules 
and anions would enter the cell if they were small 
enough to pass through the pores, whereas cations 
would be largely excluded because of their lipid in- 
solubility and their inability to pass through the 
positively charged pores. Wintrobe (16) agrees that 
the ultrastructure may act as a preferential barrier 
and help to determine the internal contents of the 
cell, but he points out that some chemical agents 
which have been shown to cause hemolysis in nitro 
do not do so in vivo. 


TABLE I. -PHR CENT CONCENTRATION OF PRESERVATIVE CAUSING TRACE AND TOTAL HEMOLYSIS OF RABBIT 
AND HUMAN ERYTHROCYTES IN THE PRESENCE OF 0.9% SODIUM CHLORIDE 


-Concn. of Preservative Causing Hemolysis, %P--- 
Rabbit Erythrocytes Human Erythrocytes 


Preservative Trace Total Trace Total 
Phenol 
Cresol 
m-Cresol 


0.43 0.48 0.49 0.54 
0.16 0.225 0.225 0.25 
0.20 0.225 0.26 0.30 


p-Chlorophenol 0.11 0.125 0.11 0.15 
p-Chloro-m-cresol 0.047 0.055 0.052 0.060 
Chlorobutanol 0.26 0.32 0.37 0.50 
Benzyl alcohol 0.81 0.94 1.05 1.20 
Phenylethyl alcohol 0.52 0.62 0.65 0.80 
p-Chloro-8-phenylethyl alcohol 0.10 0.14 0.12 0.18 
Thimerosal 0.050 0.50 1.50 2.0@ 
Phenyltnercuric NO, 0.0010 0.0030 0.0040 c 


Benzethonium C1 0.0013 0.0023 0.0015 0 .'do22 
Benzalkonium CI 0.0010 0.0025 0.0017 0.0027 
Na-Formaldehyde sulfoxylate 1.0d 5.0" ... . . .  
Meth ylparaben . . .  . . .  . . .  . . .  
Ethylparaben . . .  . . .  . . .  . . .  
Prop ylparaben . . .  . . .  . . .  . . .  
Butylparaben 0.02 . . .  . . .  . . .  


I I 
c C c c 


5 E c c 


0 C c 


c ,? 


- .  
a Average of a minimum of two  experiments. b 98% hemolysis. e Data unobtainable because of solubility limitations. 


d Black-red denaturation of cells. e Black-red hemoglobin color. J Data unobtainable prior to denaturation, 
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Phenolics.-Phenol, a protoplasmic poison, is 
toxic to  all types of cells; high concentrations pre- 
cipitate proteins and low concentrations denature 
them without coagulation. This denaturation 
process does not bind phenol but leaves i t  free to  
penetrate the tissues (17). 


The hemolytic activity of the phenolics in order 
of increasing effectiveness was: phenol, m-cresol and 
cresol, p-chlorophenol, and p-chloro-m-cresol. 
Hemolysis induced by these compounds probably 
resulted from membrane damage and/or penetration 
of the compounds into the cells’ interiors with the 
subsequent influx of water and the hemolytic conse- 
quence. It is interesting that the cresols were about 
twice as hemolytic as phenol and the p-chloro-deriva- 
tives of m-cresol and phenol were each about four 
times as hemolytic as the parent compounds. 


A direct relationship seems to  exist between the 
antibacterial and hemolytic activities of the phenolic 
compounds studied. Recent studies (18) indicate 
phenolic antibacterial agents exert lethal action by 
physical damage to  the bacterial cell membrane or 
to  mechanisms which control the permeability of the 
cell membrane. Phenolic agents promote the leak- 
age of bacterial cellular constituents (19). 


A comparison of some literature-reported anti- 
bacterial phenol coefficients with a similarly cal- 
culated “hemolytic phenol coefficient” strongly in- 
dicates a like mechanism of action for the two ac- 
tivities. “Hemolytic phenol coeflicient.” a term 
hereby fabricated to  facilitate the desired com- 
parison, was calculated by dividing the lowest per 
cent concentration of phenol found to  cause total 
hemolysis (rather than killing of microorganisms) by 
the lowest per cent concentration of another phenolic 
chemical also causing total hemolysis under the same 
conditions. The two coefficients are presented in 
Table 11. 


The data obtained indicate that the methyl and/or 
chlorine substitution of phenol intensifies its hemo- 
lytic activity just as it increases its antibacterial 
potency (20). 


Alcohols.-The hemolytic activity of the alcohols 
in order of increasing effectiveness was: benzyl 
alcohol, phenylethyl alcohol, chlorobutanol, and p- 
chloro-8-phenylethyl alcohol. As in the case of the 
phenolics, the chlorinated molecules were the most 
hemolytic. Lachman, et al. (21), in reporting on the 
antibacterial activity of the same alcoholic preserva- 
tives, noted that the chloro compounds were more 
active than the nonchlorinated ones. The greater 
activity was attributed to  the inherent ability of the 
halogenated molecules to  distribute more readily 
into nonpolar solvents and thus to  penetrate the 
lipid barrier of the microorganisms more readily. 
The same may apply to their activity on the 


TABLE II.-COMPARISON OF THE MICROBICIDAL AND 
H E M O L Y ~ C  ACTIVITIES OF PHENOLIC COMPOUNDS 


Hemolytic Phenol 
Phenol Coefficient0 
Coeffi- Human Rabbit 


Cornod. cient Blood Blood 
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- 
Phenol 1.0 1 .o 1 . 0  
Cresol 2 . P  2 . 2  2 . 2  
p-Chlorophenol 3 9 3 . 6  3 . 8  
p-Chlorolm- 


cresol 10.7“ 9.0 8 . 7  
0 Calculated from data in Table 1 .  b Data from Wilson 


c Data from Klarmann and Gisvold (17) using E .  fy hoso 
and Wright (20) using S. lypksa. ’ 


erythrocyte. The similarity of Lachman’s data on 
bactericidal activity with that on the hemolytic 
activity obtained in the present study is shown in 
Table 111. 


Mercurials.-The maximum amount of a mer- 
curial preservative allowed in an official parenteral 
product is O . O l ~ o .  There was no hemolysis of rabbit 
or human erythrocytes in saline solutions containing 
0.01% thimerosal. Trace hemolysis of rabbit 
erythrocytes was detected in 0.05% thimerosal, with 
total hemolysis occumng in concentrations of 0.5%. 
Trace hemolysis of human erythrocytes was observed 
in 1.5% thimerosal solutions, and near-total hemol- 
ysis was effected in 2.070 solutions. Although there 
was no macroscopic evidence of protein denatura- 
tion in this study, the use of an electron microscope 
by another investigator (22) has shown mercury to 
produce changes in the human red blood cell mem- 
brane in the form of folds, granulation, and coagula- 
tion. 


Phenylmercuric compounds and mersalyl were 
reported (23) to  be hemolytic agents due to the inter- 
action of the organic mercurials with the cellular 
sulfhydryl groups which are considered to be essen- 
tial for the maintenance of the intact structure of 
the erythrocyte. The interaction of mercury and 
sulfhydryl groups is also the basis for many explana- 
tions of the antibacterial mechanism of action of the 
mercurials (24). 


Complete hemolysis of human erythrocytes in 
solutions of phenylmercuric nitrate was not accom- 
plished because of the aqueous solubility limitations 
of the chemical. It was shown, however, that he- 
molysiscommenced in solutionsof 0.00470 concentra- 
tion. Rabbit erythrocytes hemolyzed in lower con- 
centrations of the mercurial; 0.001% induced trace 
hemolysis, and 0.00370 caused total hemolysis. 


Shukis and Tallman (25). working with a series 
of aliphatic mercurials, found better antibacterial 
action with the compounds having a partition co- 
efficient in favor of the lipid phase. Hess and 
Speiser (26) reported phenylmercuric borate, with 
its higher solubility in lipids, to  be much more active 
against microorganisms than thimerosal which is 
poorly lipid soluble. They further describe the 
action of mercurials as a two-stage process: (a) 
the adsorption of the mercurial onto the membrane, 
and ( b )  the penetration through the lipid barrier. 
Thimerosal has been found to  enter the rabbit red 
blood cell after a subcutaneous injection (27). 


Cationic Surfactants.-Benzalkonium and benz- 
ethonium chlorides exerted similar effects on both 
human and rabbit erythrocytes. In all experiments, 
hemolysis of red corpuscles was initiated in catioiiic 
concentrations of between 0.0010 and 0.0017%, with 
total hemolysis occurring in solutions of between 
0.0022 and 0.0027~0 concentration (Table I). 


TABLE III.-BACTERICIDAL AND HEMOLYTIC 
CONCENTRATIONS OF SOME ALCOHOLS 


-Concn.. %. of Alcohol Causing- 
Total Hemolysis Total 
of Erythroc eS0 Killing of 


Alcohol Human cabbit S. a w e d  
Benzyl 1.20 0.94 0.90 
Phenylethyl 0.80 0.62 0.50 
Chlorobutanol 0.50 0.32 0.28 
p-Chloro-8- 


phenylethyl 0.18 0.14 0.10 


a Data from Table I ,  b Data from Lachman, et al. (21). 
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ducted with emphasis on the relationship between 
chemical structure and hemolytic activity. 


The hemolysis of human erythrocytes by ionic 
detergents has been attributed to  a lowering of the 
interfacial tension and the collapse of the membrane’s 
cholesterol-phospholipid-lipoprotein complex, with 
the cholesterol monolayer being thought of as the 
main site of the attack (28). As shown in Table I, 
the erythrocytes showed a delicate sensitivity to the 
presence of the cationic surface-active agents, The 
cationic agents examined were about 300 times as 
effective in inducing trace hemolysis and about 
200 times as active in causing total hemolysis as 
phenol. Reported phenol coefficients for benz- 
alkonium chloride on S. auieus a t  37’ range from 
293 to 407 (29). 


Rabbit blood in 0.05% benzalkonium chloride 
became denatured into a voluminous brown sedi- 
ment. 


Parabens and Sodium Formaldehyde Sulfoxylate. 
-Solutions of the parabens were employed in con- 
centrations up to their individual maximum solubili- 
ties, i .e . ,  0.25% methylparaben, 0.17% ethyl- 
paraben, 0.05% propylparaben, and 0.0270 butyl- 
paraben (30). No hemolysis was induced by the 
paraben solutions, except for a saturated butylpara- 
ben solution which lysed 12y0 of the rabbit and 6% 
of the human erythrocytes it contacted. Butyl- 
paraben has been reported (30) to  be the most toxic 
of this relatively nontoxic group of preservatives. 


Sodium formaldehyde sulfoxylate, in amounts 
normally used in parenterals (O. l%) ,  had no hemo- 
lytic effects on human or rabbit red blood cells. In  
1% concentrations the erythrocytes blackened but 
remained unhemolyzed ; in 5% solutions, hemolysis 
was induced with the liberation of a red-black 
exudate. 


General Considerations.-I t appears that pre- 
servative agents which affect the permeability and/ 
or membrane integrity of the erythrocyte may have 
a like mechanism of action when functioning as anti- 
bacterial agents. Antibacterial preservatives which 
are not hemolytic may act through the disruption of 
a specific biological process or on a site unknown to, 
and thereby not affecting, the erythrocyte. 


Further studies on the hemolytic activities of 
these and other preservative agents are being con- 
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B o o k s -  
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Rheology of Emulsions. Edited by P. Sherman. 
The Macmillan Co. (Pergamon Press), New York, 
N. Y., 1963. vii + 146 pp. 15 X 23 cm. 
Price $7.50. 
The book is a compilation of the papers presented 


a t  a symposium held by the British Society of Rheol- 
ogy at Harrogate in October, 1962. The papers re- 
port the most recent work at the time on the flow 
properties of emulsions. The topics considered in 
the papers include the formation of emulsions. the ef- 
fect of concentration, flocculation, and particle ag- 
gregation on the rheology of disperse systems, the 
behavior of liquid drops under laminar flow. sta- 
bilization of emulsions, and dielectric behavior of 
emulsions. Since the discussions involving the rela- 
tionship of particle aggregation to  rheological proper- 
ties stress the “secondary minimum” in flocculation, 
one paper was devoted exclusively to a study of the 
diffuse double layer following the Derjaguin-Landau 
and the Venvey-Overbeek theories for the stability 
of colloidal systems. The editor apologized for the 
omission of a promised contribution on the rheologi- 
cal properties of the emulsifier film at the interface. 
I t  is unfortunate that a paper on this subject could 
not be included, because of the often cited impor- 
tance by various authors of resiliency and toughness 
of an emulsifier film in contributing to emulsion sta- 
bility. 


The earlier symposium on the rheology of suspen- 
sions, entitled “Rheology of Disperse Systems” 
(Pergamon Press, 1959), together with the present 
book, make a valuable contribution to the rheology 
of suspensions and emulsions. Anyone teaching or 
doing research which involves the consideration of 
dispersed solids and liquids will want to have these 
companion works in his library. 


Reviewed by Alfred N. Martin 
Professor of Physical Pharmacy 
Purdue University 
School of Pharmacy and Pharmacal Sciences 


Organic Reactions. Vol. 13. Edited by A. C. COPE. 
John Wiley & Sons, Inc., 605 Third Ave., New 
York 16, N. Y., 1963. vii + 382 pp. 15 X 23 cm. 
Each chapter of this latest volume treats an 


important synthetic reaction. The discussions are 
authoritative and critical covering the reaction and 
the methodsof preparation and utilization of reagents. 
The organic reactions presented are covered com- 
pletely and representative experimental procedures 
are given. Subjects covered in this volume are 
hydration of olefins, dienes, and acetylenes v i a  
hydroboration, halocyclopropanes from halo- 
carbenes, free radical additions to olefins to form 
carbon-carbon bonds, and formation of carbon- 
hetero atom bonds by free radical chain additions to  
carbon-carbon multiple bonds. 


Quantum Biochemistry. By BERNARD PULLMAN and 
ALBERTE PULLMAN. Interscience Publishers, 
605 Third Ave., New York 16, N. Y., 1963. 
xvi + 867 pp. 15.5 X 23 cm. Price $27.50. 
The two main objectives of this book are to  show 


biochemists how quantum mechanics can yield 
answers to the problems of the structure and mode of 
action of the constituents of living matter and to 
provide the quantum chemists with a general outline 
of the aspects of biochemistry in which their con- 
tribution may be useful. The authors note that 
topics of the same apparent importance are often 
given unequal treatment in their presentation but 
explain that the very early stage of development 
of quantum biochemistry is responsible. The work 
is divided into three major sections dealing with 
molecular orbitals for biochemists. electronic 
structure of fundamental biochemical substances, 
and electronic aspects of enzymic reactions. 


NOTICES 


Pharmucologie des Hormones Neurohypophysaires 
et de Leurs Analogues Synthetiques. By B. BBRDE. 
Masson & Cie, Editeurs, Libraires de L’Academie 
de Medecine, 120, Boulevard Saint-Germain, 
Paris VI“, 1963. 105 pp. 16 X 24 cm. Paper- 
bound. Price 10F. 


XXIO Congress0 di Scienze Farmaceutuhz. Con- 
ferenze e Comunicazioni, Pisa. 1961. Feder- 
azione Ordini Farmacisti Italiani, Rome, 1962. 
vii f 943 pp. 17 X 24 cm. Paperbound. 


Outline of Pharmacology and Therapeutics. By 
SISTER M. MARIEL, C.S.A. Charles C Thomas, 
301-327 E. Lawrence Ave., Springfield, Ill., 
1963. xvi + 297 pp. 16 X 23.5 cm. Price 
$12.50. 


Advances i n  Pharmacology. Vol. 2.  Edited by 
SILVIO GARATTINI and PARKHURST A. SHORE. 
Academic Press, Inc., 111 Fifth Ave., New York 3, 
N. Y., 1963. 15.5 X 23.5 cm. 
Price $12. 


vii + 392 pp. 


Advances in  Analytical Chemistry and Instrumenta- 
tion. Vol. 2. Edited by CHARLES N. RBILLEY. 
John Wiley & Sons, Inc., 605 Third Ave., New 
York 16, N. Y., 1963. 15.5 X 
23.5 cm. Price $15. 


vi $- 408 pp. 


Das Krebsprobhm. By KARL-HEINRICH BAUER. 
Springer-Verlag, 1 Berlin 31 (Wilmersdorf), 
Heidelberger Platz 3, (Berlin-West), Germany 
1963. xvi + 1099 pp. 17 X 25 cm. Price 
DM 98. 


Moderne Methoden der Pjhnzenanalyse (Modem 
Methods of Plant Analysis). Vols. 5 and 6. 
By K. PAECH and M. V. TRACEY. Springer- 
Verlag, 1 Berlin- Wilmersdorf, Heidelberger Platz 
3, West Berlin, Germany, 1963. xxiii f 512 pp. 
17 X 25 cm. Price DM 98 each. 


Prescription Pharmacy. Edited by J. B. SPROWLS, 
JR. J. B. Lippincott Co., East Washington 
Square, Philadelphia 5, Pa., 1963. x + 579 pp. 
18 X 25.5 cm. Price $12. 
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Review Article 
Factors in the Design of Active-Site-Directed 


Irreversible Inhibitors 
By B. R. 


LASSICAL ANTIMETABOLITES- those having only C a small change in structure compared to the 
substrate-have such alimitation in the structural 
changes that can made (l), that utility is con- 
siderably restricted. In contrast, nonclassical 
antimetabolites-those having large but appro- 
priate structural changes compared to substrate- 
should have much wider application (1, 2). For 
example, the concept of irreversible inhibition by 
the exoalkylation mechanism with nonclassical 
intimetabolites was proposed in 1959 (2). A 
properly designed inhibitor such as 4-(iodo- 
acetamido)salicylic acid can reversibly complex 
with an enzyme such as GDH,’ then become 
irreversibly bound within the complex by 
alkylation of the enzyme adjacent to the binding 
site; an expression more general than exoalkyla- 
tion is “active-site-directed irreversible inhibi- 
tion.” This review will attempt to show the 
evidence for the phenomenon of active-site- 
directed irreversible inhibition, how the design 
of the required inhibitors can be experimentally 
approached, and the possible utility of the phe- 
nomenon in chemotherapy and protein structure 
studies. 


CHEMICALLY REACTIVE 
FUNCTIONAL GROUPS O N  ENZYMES 


Since proteins in general and enzymes in 
particular are highly organized but heterogeneous - -  - - 


Received from the Department of Mediaual Chemistry. 
School of Pharmacy, State University of New York at 
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Paper X V I I  of the series on nonclassical antimetnbolites. 
This investigation was sup rted in part by Grants CY- 
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U. S .  Public Health Service, Bethesda, Md. 


1 The following abbreviations are used: GDH. glutamic 
dehydrogenase. LDH. lactic dehydrogenase; DFP, diiso- 
propyl Euoropdosphate; DPN. diphosphopyndine nucleotide. 
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polymers linked through a polyamide backbone, 
it has long been obvious that along the polymer 
chain there will be reactive functional groups; 
these reactive functional groups result from the 
third group in trifunctional amino acids such as 
the c-amino group of lysine, the y-carboxyl of 
glutamic acid, the mercapto group of cysteine, the 
hydroxyl group of serine and threonine, the 
methylthio group of methionine, the imidazole 
of histidine, the phenolic hydroxyl of tyrosine, 
and others. Over the years, many studies have 
been made with relatively common reagents that 
might be specific for one of these functional 
groups (3)-for example, heavy metal ions are 
apparently specific for thiol groups. However, 
not all the available thiol groups will necessarily 
react since some may be buried in the hydro- 
phobic center of the enzyme. Furthermore, all 
thiol groups may not be necessary for the func- 
tioning of the enzyme; for example, 10 thiol 
groups of aldolase can be destroyed without loss 
of activity (4). Thus, it is clear that chemical 
interaction of simple reagents with enzymes by 
SN2 type reactions would not have the specificity 
necessary to have relatively specific effects on one 
enzyme, let alone the specificity with a multi- 
plicity of enzymes required for chemotherapy.‘ 


MAJOR MILESTONES I N  


INHIBITION 
ACTIVE-SITE-DIRECTED IRREVERSIBLE 


Diisopropyl F1uorophosphate.-A major 
milestone in specificity of chemical reaction 
on an enzyme occurred with the discovery (3: 
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occurred with the discovery that the L- 


ghtamine (111) antagonists, L-azaserine ( V I I ) ,  
and G-diazo-5-oxo-~-norleucine ( V I I I )  rapidly 
react chemically with the active site of the 
enzyme that converts formylg1yc;namide ribo- 
tide ( V )  to  the corresponding amidine ( V I )  
using L-glutamine (111) as  the cofactor (9). 
Kinetic data indicated that L-azaserine ( Y I I )  
was a competitive inhibitor for L-glutamine (111) ; 
rapid inactivation apparently occurred within the 
enzyme-inhibitor reversible complex by an in- 
ternal alkylation reaction. Later work by Bu- 
chanan, el al .  (10, l l ) ,  showed that a single cys- 
teine residue had reacted specifically with azase- 
rine, as determined by hydrolysis to S-carboxy- 
methyl-L-cysteine. The internal alkylation reac- 
tion within the enzyme-azaserine complex can be 
considered the first example of a properly con- 
structed mtimetabolite causing specific active-site- 
directed irreversible inhibition. Azaserine chem- 
ically interacts with those enzymes that transfer 
the amide group of L-glutamine to substrate (12- 
14), but is not a general enzyme poison (2,1fl,11, 
14). Thus, the unique specificity for this chem- 
ical interaction is dependent upon the nature of 
the active site. 


END0 AND EXOALKYLATION CONCEPTS 


Endoalky1ation.-The observations by Bu- 
chanan, et a2. (9), on the selective irreversible 
inhibition by azaserine ( V I I )  led Baker (2) 
to propose the concept of endoalkylation. 
When Buchanan's observations were com- 
bined with observations of over-sized inhrb- 
itors (15, l6), the concept of exoalkylation was 
also proposed (2). 


Enzymatic reactions utilizing a cofactor can be 
written in the following general form 


S + FX * S X +  F 
where .? is the substrate and F is a cofactor bear- 


(Eq. 1 )  


NHz 0 
I It 


HOOCCHCHz CHzCOH 


5 ,  6) that DFP' was a specific reagent for the 
active site of esterases and proteolytic enzymes. 
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l i  and K'  = alkyl 


Many related compounds ( I  and 11)  have been 
found to have utility in clinical medicine and as 
insecticides ( i ) .  Although these compounds (I 
and 11) will react with a number of esterases and 
proteolytic enzymes by formation of a phosphoryl 
serine in the active site, the action is limited only 
to this type of enzyme, and others are not in- 
hibited (3).  This specificity is clearly due to the 
unique arrangement in the active site and the 
mechanism of action of the enzymes that can be 
inhibited; in all cases an acylated enzyme is an 
intermediate in the enzymic hydrolysis of the 
substrate, and the acylatedenzyme thenundergoes 
further reaction to  give the free enzyme and the 
acidic hydrolysis product. However, a properly 
substituted phosphate (11) can form a phos- 
phorylated enzyme which may dephosphorylate 
to free the enzyme a t  such a slow rate that it re- 
sults in selective inactivation a t  the active site; 
phosphonates can also interact in the same way. 
The interaction of DFP with cholinesterase (5, 6) 
can be considered to be the first example of active- 
site-directed irreversible inhibition that occurred 
by taking advantage of some unique property of 
an enzymic active site. I t  should be noted that 
of a total of 20 serine residues in chymotrypsin, 
only one reacts specifically with DFP (8 ) ,  thus 
indicating the unique character of the single 
serine residue at the active site. 


Azaserine.--The second milestone in spec- 
ificity of chemical reaction with an enzyme 


S = --F, -CN, -0C6H4NOr 
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I II 


OH OH 
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OH OH 
VI 


VII 


NHz 0 
I II 


HOOCCHCH, CHp CCH K2 


VIII 
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ing a group X which is to be transferred to sub- 
strate. In order for the group X to be transferred 
to substrate, the group X must be held in juxta- 
position between F and S by the active site of 
the enzyme as shown in Fig. 1 ; if more than a 
single interatomic distance exists between S and 
X ,  then new bond formation to form SX will be 
difficult. When the group, X ,  is replaced by B,  
as shown in Fig. 2, an inhibitor results if B is a 
group that cannot be transferred. If the group 
B is the diazomethyl group of azaserine (VII), 
then reaction with the SH group within the active 
site occurs as shown by the arrow; the forma- 
tion of this new covalent bond stops the dissocia- 
tion of the enzyme-inhibitor complex, and the 
active site becomes selectively denatured. Since 
the alkylating group, B,  has replaced the transfer 
group, X ,  the alkylation most probably takes 
place within the u t i u e  site (endoalkylation). 


The active site may not be able to tolerate a 
group, B,  that is bulkier than X since there may 
no longer be room for the juxtapositioning of S 
and FB; that such may be the case is indicated 
by the fact that the higher homolog of azaserine, 
a-diazopropionyl-L-serine shows no biological 
activity (17). This limitation on bulk greatly 
reduces the utility of the endoalkylation concept 
since only small changes in structure of the sub- 
strate or cofactor can be made. It was proposed 
(2) that another small B group that might be 
useful for endoalkylation would be the FCHzCO- 
group; as will be described later, the ClCHnCO- 
has been found useful for endoallcylation. 


Exoalkylation.-To develop the concept of 
exoalkylation, the critical dimensions of an 
antimetabolite must be considered. Heller- 
man, et al .  (16), observed tha t  both glutarate 
(XI) and isophthalate (XII) effectively in- 
hibited the GDH-catalyzed oxidation of 
L-glutamate (IX) to a-oxoglutarate (X) 
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by DPN. Since isophthalate (XII) can fit the 
active site of GDH as well as the substrate, 


Fig. 1.-A simplified diagram of t h e  enzyme- 
catalyzed transfer of the group X from a cofactor 
F to the substrate, S, both molecules being juxta- 
positioned at t h e  active site of the  enzyme. 


Fig. 2.-A simplified diagram of endoalkylation. 
A group, B ,  replaced the transfer group, X ,  in Fig. 
1. B can then alkylate some nucleophilic group 
within (endo) the active site to form a covalent 
bond. 


glutamate (IX), it is apparent that glutamate 
must assume the conformation equivalent to 
isophthalate when bound to the enzyme (16). It 
is also apparent that the remainder of the benzene 
ring of isophthalate (XII) constitutes a considera- 
ble change in gross measurement compared to the 
substrate, glutamate (IX) (2). 


Inhibitors of the enzymatic oxidation of suc- 
cinate to fumarate can vary considerably in gross 
measurements, providing the change is only a t  
one a-position of succinate; thus a-alkylsuccinic 
acids, even with large alkyl groups, competitively 
inhibit succinic dehydrogenase (18). 


Phenoxyacetic acid (XV) has been observed to 
be a competitive inhibitor of LDH it was pro- 
posed that phenoxyacetate (XV) binds to LDH' 
through its carboxylate group and an electron 


CHB DPN CHs 
I 
I cooe DPNH 


- I 
O=C 


t-- I 
HOCH 


cooe 
XI11 XIV 


~ o - c H , c o o *  
xv 


pair of the ether oxygen the same as the substrate, 
lactate (XIII) (15). When bulky groups were 
placed on the benzene ring of phenoxyacetate 
(XV), little change in binding occurred (I), thus 
indicating that the benzene ring was not in contact 
with the enzyme surface (See Fig. 3). 


If the alkylating group, B,  (Fig. 3 )  is on the side 
of the inhibitor not in contact with the enzyme 
and is placed so that it  can bridge to some 
nucleophilic group on the enzyme surface, then 
covalent bond formation might take place (shown 
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the reversible complex (XVIII) then under- 
goes an internal alcoholysis reaction with a 
serine residue to form the acyl chymotrypsin 
(XX) and an amine or alcohol (XVIIa). 
Presumably through mediation of a nearby 
histidine residue, X X  undergoes deacylation 
to give the acid (XIX) and regenerated enzyme 
(XVI). The enzyme is rather nonspecific and a 
variety of amides and esters, usually of L-con- 
figuration, can be hydrolyzed; the relative rates 
of acylation of XVI and deacylation can vary 
dependent upon the nature of XVII and the 
resultant seryl ester, XX. For example, pivalyl- 
chymotrypsin deacylates much slower than 
natural acyl chymotrypsins (26-28). 


In an elegant study, Lawson and Schramm (22) 
selected p-nitrophenyl N-bromoacetyl-a-amino- 
isobutyrate (XXI) as a bifunctional reagent “so 
designed that it becomes covalently bound to an 
amino acid side chain at the active site, and then, 
fixed in position, reacts with another amino 
acid in the vicinity.” The acyl group becomes 
bound to a serine residue at the active site ( X X a ) ,  
then attacks an adjacent amino acid (exoalkyla- 
tion) which ultimately was shown to be a me- 
thionine residue (as in XXIII). 


Perhaps fortuitously, but more likely by intent, 
Lawson and Schramm (22) selected an acylated 
chymotrypsin ( X X a )  that jhould deacylate 
slowly, analogous to pivalyl-chymotrypsin ; such a 
slow deacylation gives a greater half-life for a 
molecule such as XXa, thus giving more time for a 
neighboring group reaction to take place with for- 
mation of XXIII. In 4 hours at ambient temper- 
ature, a 10 : 1 ratio of XXI to chymotrypsin (XVI) 
react to give a solution containing 20% of the 
original enzyme activity; this activity fails to 
decrease further with time. Evidence that the 
active site of chymotrypsin (XVI) is involved 
in this inactivation is as follows. 


The initial rapid “burst” of p-nitrophenol 
when X X a  is formed is retarded by the presence 
of the reversible inhibitor, 3-indolepropionic 
acid, also retarding the rate of inactivation. 


(b) N-Bromoacetyl-a-aminoisobutyric acid in 
a hundredfold molar excess causes no inactivation 
under the conditions used with XXI, thus giving 
evidence that an acyl-chymotrypsin (=a) is 
an intermediate in the inactivation. 


When the serine residue of chymotrypsin 
i s  first blocked by conversion to the diisopropyl 
phosphoryl derivative with DFP (5,6), no alkyla- 
tion of methionine by XXI occurs (see Fig. 5), 
thus excluding a random alkylation reaction of 
the simple S N ~  type. 


Lawson and Schramm (22) then showed by 
amino acid analysis that the 80% inactivated 


(a)  


(c) 


I---- 


B !  


I 


Fig. 3.-A simplified diagram of an oversize 
(nonclassical) inhibitor. Note that the excess size 
above the horizontal dotted line of substrate faces 
away from the enzyme surface. When the alkylating 
group B can bridge to a nucleophilic site on the 
enzyme surface adjacent to the active site, covalent 
bond formation (arrow) occurrs outside the active 
site (exoalkylation). 


by arrow). The new bond formation outside the 
active site is termed exoalkylation; such bond 
formation can stop dissoaation of the enzyme- 
inhibitor complex in the same fashion as the 
endoalkylation example with azaserine (VII). 


EXAMPLES OF E N D 0  AND 
EX0 ALKYL ATING IRREVERSIBLE 


INHIBITORS 


After Buchanan’s first announcement on the 
irreversible inhibition of an enzyme by azaserine 
(VII) (9), some 4 years elapsed before another 
example of an active-site-directed irreversible 
inhibitor appeared in the literature. In 1961, 
Baker, et al. (19), presented data that 4-(iOdO- 
acetamido)salicylic acid (XLVI) complexed with 
the active site of GDH, then caused irreversible 
inhibition by the exoalkylation mechanism. 4- 
(1odoacetamido)salicylic acid is believed to be 
the first example of an active-site-directed 
irreversible inhibitor deliberately designed as 
such; the earlier examples, DFP and azaserine, 
were found to be active-site-directed irreversible 
inhibitors when their biological activity was in- 
vestigated. In 1962, five other laboratories (20- 
24) announced their independently conceived 
work on active-site-directed irreversible inhibitors 
and in 1963 a seventh laboratory announced an- 
other example (25). Of these seven different 
examples, four were of the exoalkylation type and 
three were of the endoalkylation type. It is also 
of interest that five of the seven examples were 
irreversible inhibitors of chymotrypsin, one was 
an irreversible inhibitor of GDH, and one of a 
combining region of an antibody. Rather than 
discussing the seven examples in chronological 
order, the five examples with chymotrypsin will 
be discussed fust. 


Active-Site Labeling of Chymotrypsin.-The 
proteolytic enzyme, chymotrypsin (XVI), 
first complexes reversibly with the substrate 
(XVII, an ester or amide) to form XVIII ;  
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chymotrypsin no longer contained one of its 
two methionine residues. The missing mole of 
methionine appeared as 0.2 mole of S-carboxy- 
methyl-L-homocysteine (XXVI), 0.1 mole of 
homoserine (XXVII) and 0.3 mole of homoserine 
lactone (XXVIII); in addition, about 1 mole of 
a-aminoisobutyric acid (XXIV) was recovered 
that must have been bound (as in XVIa) to the 
80% inactivated, but dialyzed, chymotrypsin. 
Such a splitting pattern of a carboxymethylated 
methionine residue in ribonuclease had been pre- 


viously observed (28), and XVIa = XVIb could 
be expected to give a similar hydrolysis pattern. 


That the inactivated chymotrypsin was a 
modified enzyme (XVIa) with only 20% of the 
activity of the original chymotrypsin (XVI) was 
also clearly demonstrated as follows. 


Further reaction of the modified chymo- 
trypsin of 20% activity (XVIa) with D F P  re- 
sulted in complete inactivation of the enzyme 
and 1 mole of phosphorus per mole of enzyme 
was introduced, as shown in structure XXII. 


(a) 







352 


( b )  The Michaelis constant (Km) for tyrosine 
ethyl ester was increased by elevenfold; thus, 
the active site of XVIa is still capable of function- 
ing, but offers some hindrance to reversible com- 
plexing with substrate in the normal fashion 


At about the same time, Gundlach and Turba 
(23) reported a similar study with chymotrypsin 
(XVIc) and methyl iodoacetyl-phenylalaninate 
(XXIX). Since the conditions used by Gundlach 
and Turba for their inactivation studies are some- 
what different than those reported by Lawson 
and Schramm (22), it is difficult to interpret the 
much slower rate of reaction of XXIX with 
chymotrypsin (XVIc) compared to XXI. In 
fact, the data of Gundlach and Turba could be 
interpreted to indicate that the two compounds 
inactivate by slightly different mechanisms, even 
though one methionine residue is attacked in both 
cases. Note the following information. 


The L-isomer of XXIX gives insignificant 
inhibition of chymotrypsin after 14 days at  Oo,  
whereas the D-isomer of XXIX gives 35% in- 
hibition under these conditions. Since N-acyl 
esters of D-phenylalanine are reversible inhibitors 
that do not form an acyl-chymotrypsin at a 
reasonable rate, it  would appear that the in- 
activation by the D-isomer of XXIX might not 
occur through an acyl-chymotrypsin such as 
X X a ,  but might occur through the initial reversi- 
ble noncovalent complex of type XXX with 
formation of XXXI without loss of the ester 
group. This point could be resolved by using a 


(XVIII). 


(a)  
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Ci4-methyl ester group or a p-nitrophenyl ester 


That inactivation may also occur through 
a reversible complex such as XXX is further 
supported by the fact that the rate of incorpora- 
tion of nondialyzable C“ from C1‘ labeled XXIX 
parallels the rate of inactivation; if inactivation 
occurred v i a  a covalent complex such as XX, 
labeling might be expected to proceed more 
rapidly than inactivation, particularly with a p- 
nitrophenyl ester. 


Iodoacetamide and iodoacetate gave no 
inactivation under the same conditions used for 
XXIX, excluding a random S N ~  inactivation 
mechanism. 


Since the inactivation of chymotrypsiri by XXI 
(Fig. 4) and by XXIX (Fig. 5) may proceed by 
slightly different mechanisms, it cannot be certain 
at  this time that the same methionine is attacked 
in both cases. Needless to say, the experiments 
of Lawson and Schramm (22) are more clean-cut 
mechanistically than those of Gundlach and 
Turba (23) ; the latter workers could certainly 
clarify the situation by using some of the tech- 
niques of Lawson and Schramm. 


Gundlach and Turba (23) consider the alkyla- 
tion reaction that forms XXXI to be an introduc- 
tion of “a reactive residue into the ‘active center’ 
of the enzyme.” Since we consider the forma- 
tion of XXXI (Fig. G )  and of XXIII (Fig. 4) 
to occur by the exoalkylation mechanism “ad- 
jacent to the active site” (1, 2, 19), some redefini- 
tion may be necessary, as will be discussed 
later. 


The reports from the other three laboratories 
(20, 24, 2.5) on inactivation of chymotrypsin meet 
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our earlier criteria (2) for alkylation within the 
active site, so-called ‘endoalkylation. ” 


Schoellrnann and Shaw (20) wished “to develop 
new, specific reagents for locating the active 
centers of enzymes by designing molecules which 
combine two kinds of structural features- 
namely, those which provide affinity to the active 
center and, in addition, a chemically reactive 
grouping which may anchor irreversibly to the 
enzyme.. . . ” Based on the observation that N- 
tosyl-L-phenylalanine ethyl ester was a substrate 
for chymotrypsin (29), they synthesized and 
evaluated the related chloromethyl ketone 
(XXXII) as an irreversible inhibitor (see Fig. 7) 
with the following results. 


(a) The chloromethyl ketone (XXXII) gave 
50% inactivation of chymotrypsin (XVId) in 50 
minutes at pH 6 and 37O. The rate of inactiva- 
tion was slowed in the presence of the reversible 
inhibitor, p-phenylpropionic acid, indicating that 
the active site was involved. 


(b) When ClWdoromethyl ketone (XXXII) 
was employed, a 1 : 1 ratio of nondialyzable C14 to 
chymotrypsin was observed after inactivation 
was complete. In the presence of 8 M urea, less 
than 3% binding of Cl4-XxXII took place under 
the same conditions, showing that the loss of the 
tertiary structure and active site caused by the 
urea also caused loss of chemical reaction with 
XXXII, implicating a complex with the active 
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site (XVIIIa) as being a necessary prerequisite 
for inactivation. 


N-Methylation has been shown to de- 
crease greatly the ability of the modified deriva- 
tives to serve as substrates; the N-methyl deriva- 
tive of XXXII gave no inactivation of chymo- 
trypsin under the conditions that XXXII did, 
thus implicating a reversible complex with the 
active site (XVIIIa) as being an intermediate to 
inactivation, 


(d) The inactivation of chymotrypsin by 
XXXII showed a pH profile of dependence with a 
peak near pH 7.2, the same as the pH profile of 
the enzymatic reaction; these data also implicate 
participation of the active site in the inactivation. 


(e) Amino add  analysis of chymotrypsin in- 
activated by XXXII showed the loss of one of the 
two histidine residues originally present in the 
enzyme; thus, the inactivated chymotrypsin 
probably has a partial structure of type XXXIII 
or the corresponding Nl-imidazolyl derivative. 
(I) When DFP inactivated chymotrypsin 


was treated with XXXII, no loss of histidine was 
found, indicating that the reversible complex 
XVIIIa is an intermediate to inactivation. 


(g) That XXXII was not a general enzyme 
poison was shown by a comparable incubation 
with trypsin; no loss in activity occurred. 


Even though the type of inactivation (“endo- 
alkylation”) given by the chloromethyl ketone (X- 
XXII) has precedent in the azaserine (VII) inacti- 
vation discussed earlier, the beautiful work of 
Schoellmann and Shaw (20) stands as a milestone 
in the progress towarddesignof active-site-directed 
irreversible inhibitors. Kallos (25) has inde- 
pendently found a closely related “endoalkyla- 
tion” of chymotrypsin with “phenylalaninol dito- 
sylate” (XXXIV). The data are meager, and the 
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only evidence that a simple S N ~  inactivation was 
not the mode of inactivation was that the D-isomer 
of XXXIVleveled off at  4070inactivation, whereas 
the L-isomer leveled off a t  80% inactivation. 
Without the thorough work of Schoellmann and 
Shaw (20) preceding Kallo’s work, XXXIV could 
not even be implicated as an active-site-directed 
irreversible inhibitor; certainly further criteria 
such as those used by Schoellmann and Shaw (20) 
will have to be applied by Kallos before X X X I V  
can be reasonably accepted as an active-site- 
directed irreversible inhibitor. 


Westheimer, et al. (24), have used a photolytic 
method for introducing a Cl4-carbene into 
chymotrypsin (XVI). When the enzyme was 
reacted with p-nitrophenyldiazoacetate (XXXV), 
(Fig. 8), an acyl-chymotrypsin (XXXVI) was 
obtained that was stable to deacylation, as pre- 
viously observed with pivalyl-chymotrypsin and 
X X a  (22) ; however, chymotrypsin (XVI) could 
be regenerated by treatment of XXXVI with 
hydroxylamine, then assayed. Since the di- 
azoacetyl chymotrypsin (XXXVI) had a weak 
absorption band at 370 mp, this wavelength was 
used in the photolytic decomposition to minimize 
photolysis of the parent enzyme. Unfortunately, 
the resultant carbene (XXXVIII) underwent sol- 
volysis to glycolyl-chymotrypsin (XXXVII) in 
80% yield and only 20% inactivation by an in- 
sertion reaction (symbolized by XXXIX) took 
place; the 200/olossof enzyme by formationof XX- 
XIX paralleled a 20% uptake of CI4 from C14-la- 
beled XXXVI. An investigation of the position 
of attack by the carbene is being actively pursued, 
and results will be awaited with interest. 


Affinity Labeling of Antibodies.-Wofsy, 
Metzger, and Singer (21) have used an ap- 
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proach similar to “exoalkylation” for attach- 
ing covalently bound groups to antibody 
molecules, which they termed “affinity label- 
ing.” It had been known for a number of 
years that  when a protein is coupled with a 
diazonium salt such as diazotized arsanilate 
(XLa), then injected into a rabbit, antibodies 
(XLIa) were produced that had specific combin- 
ing regions dependent upon the character of the 
attached azo grouping, called a hapten (XL). 
The use of other compounds attached to the same 
protein (XL) gave antibody molecules (XLI) 
that were specific for the particular haptenic 
determinate in forming insoluble complexes 
(XLII). I t  was also known that the hapten 
(XLa)-antibody (XLIa) complexing to give 
the insoluble XLIIa, could be decreased if the 
combining region of XLIa was complexed with a 
small molecule such as p-nitrobenzenearsonic 
acid. Wofsy, et al. (21), chose this system for 
studying the nature of the combining regions by 
covalently attaching specific reagents that were 
related in structure to the hapten; this system has 
the advantage that haptenic combining regions 
can be designed more or less to order. 


Theyreasoned that the diazonium salt (XLIII), 
from which the original modified protein (XL) was 
prepared, could combine with the specific anti- 
body (XLI) to form a reversible complex (XLIV), 
then undergo irreversible reaction by formation 
of a covalent linkage as depicted in XLV. That 
affinity labeling (XLV) of the combining region 
(XLIV) of an antibody could take place is 
demonstrated in Figs. 9 and 10. 


The antibody for azobenzenearsonic acid 
(XLIa) reacted rapidly at 0’ with the arsonic 
diazonium salt (XLIIIa) to form a colored azo 
derivative (XLVa), the rate of formation being 
followed spectrophotometrically. Of the three 
types of azo compounds that can be formed in a 
protein-namely, azohistidine, azolysine, and 
azotyrosine-only the latter was formed with a 
peak at about 475 mp. No azohistidine peak 
was formed. 
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Inactivation of Lactic and Glutamic De- 
hydrogenases.-- Evidence for the inactivation of 
LDH and ‘GDH by 4-(iodoacetamido)salicylic 
acid (XLVI) by active-site-directed irreversible 
inhibition has been presented by Baker, el al. 
(19). 


(b) Normal y-globulin reacted with the 
arsonic diazonium salt (XLIIIa) at  one-four- 
hundredth the rate of XLIa. With the assump- 
tion that there was only one tyrosine in each of 
two active sites on the antibody molecule (XLIa), 
but that there were 60 tyrosine residues in a 
normal yglobulin molecule, the enhancement of 
the rate of reaction with XLIa was about 10,000; 
“such a large enhancement is explicable only by 
the mechanism of initial reversible complex forma- 
tion WLIVa], according to the theory proposed.” 


(c) The heterologous reagent, p-carboxy- 
benzene diazonium salt (XLIIIb), reacted with 
the arsonic antibody (XLIa) at  the same slow 
rate it reacted with normal yglobulin, thus show- 
ing that there is not a uniquely reactive tyrosine 
in the arsonic antibody (XLIa); these results 
were consistent with the concept of &ity label- 
ing; that is, when an initial reversible complex 
(XLIV) is formed, the rate of am reaction is 
greatly accelerated by an anchimeric reaction. 


When the combining region (XLIa) of the 
arsonic antibody was protected by initial com- 
plexing with p-nitrobenzenearsonic aad, then 
XLIa reacted at the same slow rate with either 
the arsonic diazonium salt (XLIIIa) or the car- 
boxybenzene diazonium salt (XLIIIb) a t  other 
regions than the haptenic site. 


An antibody (XLIc) specific for the 2,4- 
dinitrophenyl hapten reacted with a 5-mole ratio 
of 2,4-dinitrobenzenesulfonyl chloride to give 
50% loss of antibody activity in 2 hours at  25O. 
In the presence of a 50-mole ratio of e-(2,4-di- 
nitrophenyl)lysine, no loss of antibody activity 
occurred due to the protective effect of the latter 
by complex formation. 


cf) Treatment of the antiarsonic antibody 
(XLTa) with a 10-mole ratio of 2,4-dinitroben- 
zenesulfonyl chloride under the conditions of 
(e) gave no loss of antibody activity. 


Kinetic studies showed that increasing 
the concentration of diazonium reagent (XLIII) 
increased the rate of reaction with antibody (XLI) 
clearly less markedly than would be expected for 
a simple second-order reaction for formation of 
the labeled antibody (XLV). They demon- 
strated “that the concentration dependence is 
entirely accounted for by the unimolecular mech- 
anism” VM; the obligatory formation of a reversi- 
ble complex (XLIV) ; that is, the rate of reaction 
was dependent on the concentration of XLIV. 


Wofsy, ct al. (21), consider that the combining 
region has been labeled in XLV, again differing, 
as have Gundlach and T u b a  (23), with our de- 
finition “adjacent to the active site;” some re- 
definition of “exoalkylation,“ as discussed later, 
could clarify these differences in semantics. 


(d) 


(e) 


(g) 


(a) GDH was about 50% inactivated in 10 
minutes at  37’ by a 2 mM solution of XLVI; 
iodoacetamide showed no inactivation under the 
same conditions, thus indicating that a complex 
between enzyme and inhibitor was necessary for 
inactivation. 


GDH was inactivated eight times more 
rapidly by 2 mM 4-(iodoacetamido)salicylic acid 
(XLVI), then by the same concentration of 4- 
(iodoacetamido)benzoic acid (XLVII). 


This difference in rate was attributed to the 
difference in enzyme-inhibitor dissoaation con- 
stants; the K, for XLVI was smaller, thus giving 
(at the Same inhibitor concentration) a larger 
amount of reversible enzyme-inhibitor (XLVI) 
complex; the rate of inactivation is presumably 
dependent on the concentration of reversible 
complex. 


(c) Increasing the concentration of XLVI 
from 1 m M  to 2 m M  increased the rate of in- 
activation of GDH by 1.23-fold, rather than two- 
fold; this is considered evidence that the active- 
site is involved in the irreversible inhibition since 
the ratio of the rates calculated from Kt is 1.23. 


Although 4-acetamidosalicylic a a d  was a 
reversible inhibitor of GDH as good as XLVI, 
the former showed no irreversible inhibition of 
GDH; this experiment was considered evidence 
that the inactivation by XLVI was not due to a 
chelation effect of the salicylate structure. 


The inactivation of GDH by traces of com- 
mon metallic ions such as silver, iron, copper, 
chromium, nickel, cobalt, or zinc was considered 
unlikely since there was no correlation between 
the trace metal content of XLVI, XLVII, and 4- 
acetamidosalicylic and their respective rates of 
inactivation of GDH. 


That the active site was presumably in- 
volved in the inactivation of GDH by XLVI was 
further indicated by the slower rate of inactiva- 
tion in the presence of the reversible inhibitor, 
isophthalate (16)-a protective effect. 


The criteria for the inactivation of LDH by 
XLVI by the exoalkylation mechanism were the 
same as used for GDH ; the same results and con- 


( b )  


(4 


(e) 


(f) 
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clusions were obtained as in the GDH case with 
two exceptions. The first exception was that the 
reversible inhibitor, oxamate (N), was used in the 
protection experiment (f) and slowed the rate of 
inactivation. The second exception was that 
iodoacetamide as well as XLVI showed irreversi- 
ble inhibition of LDH, However, 2 m M  XLVI 
inactivated LDH at about twice the rate of 4.48 
mdd iodoacetamide. As will be discussed later 
under the bridge principle, several N-substituted 
iodoacetamides, including 3-(iodoacetamido)ox- 
anilic acid (XLIX), failed to give any measurable 
irreversible inhibition of LDH, indicating that a 
properly oriented reversible complex with XLVI 
is obligatory to inactivation. 


ELUSIVE DEFINITION OF A N  ACTIVE-SITE 


Some difference of opinion exists regarding 
whether the active-site has been labeled with the 
specific reagents discussed in the previous section; 
at  this early stage in the science of “mapping the 
active site,” such a prior; arguments can at best 
be only differences in philosophy. We have de- 
fined alkylation within the active-site stringently 
as “endoalkylation” (2). Of the work described 
in the previous section, only that on azaserine 
(VII), DFP, Shaw’s chloromethyl ketone 
(XXXII), phenylalaninol ditosylate (XXXIV), 
and diazoacetyl-chymotrypsin (XXXVI) clearly 
meet these criteria. Those compounds that 
presumably operate by our definition of “exo- 
alkylation” include Lawson’s N-bromoacetyl 
derivative (XXI), Gundlach’s N-iodoacetyl de- 
rivative (XXIX) , Singer’s hapten-type diazon- 
ium salts (XLIII), and Baker’s iodoacetamido 
salicylic acid (XLVI). The argument is de- 
pendent upon how large to define the active- 
site, which obviously cannot yet be done. Two 
points emerge on which the various involved 
investigators will most probably agree. (a) The 
“exoalkylation” type definitely forms a covalent 
bond adjacent to the reversible combining regwn of 
the inhibitor (region A in Fig. 3). The combining 
region for a substrate or inhibitor is obviously 
smaller than the total active-site since other 
groups on the enzyme must be present in the 
active-site to catalyze the enzymatic reaction. 
(b )  Initial complexing with the active-site is an 
obligatory intermediate to the formation of an 
irreversible covalent bond; that is, the reaction 
is controlled by the active-site with its inherent 
specificity. 


The term “exoalkylation” also breaks down in 
describing adequately the mode of irreversible 
inhibition caused by 5-(carbophenoxyamino)- 
salicylic acid (LI), to be discussed in a following 
section; LI is clearly an acylating agent. Other 
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irreversible inhibitors are neither an alkylating 
nor an acylating agent, but operate by Michael 
addition, such as LVI. 


A t  the current level of knowledge concerning 
the active site, an expression is needed which 
will cover all of the cases so far discussed. Two 
expressions emerge which appear to describe the 
phenomenon adequately without defining the size 
of the active-site: (a)  “active-site-directed ir- 
reversible inhibition” (31), and (b)  “aflinity- 
labeling,” (2 1) providing “the remaining question 
whether the bond is formed with a group actually 
in the active site or one very close to, but not 
part of, the site” is left open for future definition 
when more data become available from mapping 
studies. 


As the title of this review indicates, we plan 
to use expression ( a ) .  


BRIDGE PRINCIPLE OF SPECIFICITY 


As pointed out in an earlier section, the first 
two milestones in active-site-directed irreversible 
inhibition were found by studying the biological 
mechanism of action of DFP and azaserine (VII). 
Except for the work in our laboratory, the main 
concern of subsequent investigators in the period 
of 1962-1963 was to use the phenomenon for the 
labeling of active sites of pure enzymes or of 
specific, though heterogeneous (21c), antibodies. 
Depending upon the goal of the particular investi- 
gator, two different criteria for specificity can be 
envisioned. If the investigator wishes to label 
the active-site of a pure protein, then he is con- 
cerned with finding a reagent that will react spe- 
cifically with the active-site and have a near zero 
effect on other parts of the pure protein. In 
contrast, if the investigator wishes to use “active- 
site-directed irreversible inhibitors” in chemo- 
therapy, the problem is less concerned with 
exactly how a given enzyme becomes inactivated 
and more concerned with the specific inactivation 
of a single enzyme in an intracellular mixture of 
enzymes in a functioning cell. 


That these two apparently different goals 
initially converge into one approach becomes ap- 
parent when one realizes that the specificity re- 
quired for inactivation of one enzyme in an intra- 
cellular mixture of enzymes must logically reside 
in the more or less subtle differences in the active- 
site of enzymes that perform different- but at  
times mechanistically closely related- enzymic 
reactions. Once the labeling reagent for an active- 
site has been found, the experimental approaches 
to the two goals then diverge dramatically in 
methodology. The purpose of studying the label- 
ing of the active-site of a pure enzyme is to deter- 
mine the amino acid sequence surrounding the 
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label in order to learn what part of the sequence 
is a t  (or close) to the active-site (mapping the 
active-site). In chemotherapy, the problem is 
different since the labeling reagent must now be 
studied to determine how specific it may be in 
reacting with only one of a number of mechanisti- 
cally closely related enzymes; it is the latter prob- 
lem to which we have been devoting our atten- 
tion, particularly how an active-site-directed 
irreversible inhibitor may be modified to build 
in further specificity. This problem has been 
approached in the following way. 


The earlier definition of “exoalkylation” (2) 
and the experimental support for this phenomenon 
(19, 21-23, 32) led to the concept (19b) of and 
experimental evidence (31-36) for the bridge prin- 
ciple of specificity; this principle has been re- 
stated (31), replacing the word “exoalkylation” 
by “active-site-directed irreversible inhibition :” 
“Compared to a reversible inhibitor, the active- 
site-directed type of irreversible inhibitor can 
have an extra dimension of specificity; this extra 
specificity is dependent upon the ability of the 
reversibly bound inhibitor to bridge to and form a 
covalent bond with a nucleophilic group on the 
enzyme surface and upon the nucleophilicity of 
the enzymic group being covalently linked.” 


Nucleophilic Sites.-The bridge principle 
can be envisioned by inspection of Fig. 3. 
The group, B, of an active-site-directed ir- 
reversible inhibitor can form a covalent bond 
with a nucleophilic group adjacent to the 
reversible binding region where group A is 
reversibly complexed. In order for this cova- 
lent bond to form (shown by the arrow), 
there must be a proper distance between the 
A and B regions of the inhibitor so that bridg- 
ing can take place; in addition, the electro- 
philic group, B, and the enzymic nucleophilic 
group must have the ability to interact, since 
obviously not all electrophilic groups react with 
all nucleophilic groups. Furthermore, the ap- 
proach of the electrophilic group to the enzymic 
nucleophilic group must meet the combined steric 
and conformational requirements of the active- 
site, the nucleophilic site, and the environment in 
between these two sites. These dual site require- 
ments are obviously far more restrictive than the 
mere additive requirements of each site alone 
(34). Therefore, the use of the bridge principle 
should make it possible to obtain highly selective 
irreversible inhibitors within any group of 
enzymes that are closely related by the nature of 
their substrates. Furthermore, it should be 
noted that an irreversible inhibitor will have a 
much greater effect on the operation of an enzyme 
than a reversible inhibitor. The enzyme mole- 
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cule is still more or less operational in the presence 
of a reversible inhibitor and substrate, but an ir- 
reversibly inhibited enzyme molecule can be com- 
pletely inoperative. Since theoretically only one 
irreversible inhibitor molecule is necessary to 
inactivate one enzyme molecule, and since one 
active enzyme molecule can convert many sub- 
strate molecules to product, an irreversible in- 
hibitor will be far more effective than a reversible 
inhibitor. Thus, an inhibitor will be more effec- 
tive on an enzyme that can be first reversibly then 
irreversibly inhibited than a closely related 
enzyme that is only reversibly inhibited since 
enzymes have an estimated concentration of 10-10 
to M, while substrates have a concentration 
in the range of lo-’ to 10-6 M. 


Conformational and Steric Aspects.-For 
the initial studies on the bridge principle, 
Baker (33, 34) selected the mechanistically 
closely related enzymes, GDH and LDH. 
Earlier, a study of a variety of reversible 
inhibitors showed that almost all of the com- 
pounds that inhibited GDH also inhibited 
LDH (19b, 37); since these two enzymes 
perform similar reactions, i . e . ,  dehydrogena- 
tion at the a-position of an anionic substrate, 
and are therefore by mechanistic necessity closely 
related, it is not surprising that the two enzymes 
are inhibited by similar compounds. In contrast, 
the adjacent nuckophilic sites would most likely be 
disSimilar, since these nucleophilic sites probably 
have no function in the mechanistic operation of 
the enzymes, but are probably part of the protein 
molecule necessary for the integrity of the pro- 
tein’s secondary-tertiary structure. Thus, it was 
anticipated that relatively minor changes in 
inhibitor structure could greatly influence the 
bridging ability of the inhibitor. 


Previously 4-(iodoacetamido) salicylic acid 
(XLVI) had been shown (19) to be an irreversible 
inhibitor of both LDH and GDH. A number of 
closely related compounds were then investigated 
as irreversible inhibitors of the two enzymes in a 
search for irreversible specificity (33,34). When 
the length of the bridge was increased as in 
XLVIII, both GDH and skeletal muscle LDH 
were inhibited both reversibly and irreversibly, 
thus showing no irreversible specificity (Table I). 
However, two other compounds showed a cross- 
over in selectivity of irreversible inhibition. Al- 
though XLIX was a, better reversible inhibitor 
of skeletal muscle LDH than XLVI, the former 
showed no irreversible inhibition of skeletal 
muscle LDH; in contrast, XLIX was an irreversi- 
ble inhibitor of GDH almost as good as XLVI. A 
direct antithesis of irreversible inhibition pattern 
was shown with L; although skeletal muscle 
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E N H ~  yOOH 0 


XLVI XLVIII 


0 9 


XLIX L 


LDH was irreversibly inhibited by L, the latter 
showed no irreversible inhibition of GDH 
(Table I). 


It was previously noted (1) in a crude model of 
the active-site of LDH that the oxanilic-LDH 
complex does not appear to have sufficient space 
for the complete free rotation of the phenyl 
group; in addition, it can be demonstrated with 
molecular models that the iodomethylene group 
of the oxanilate (XLIX) can approach any point 
in space that the iodomethylene group of XLVI 
can approach when the respective enzyme-bind- 
ing points of the inhibitors are anchored. There- 
fore, the conformation necessary for the iodo- 
methylene group of XLIX to bridge to the 
nucleophilic site for reaction within the enzyme- 
inhibitor complex may not be tolerated due to  a 
restriction of rotation. 


The carbonyl carbon of the iodoacetyl group 
and the N-methyl groups of L have a fixed rela- 
tionship between them ; when the iodomethylene 


group of L attempts to bridge to the nucleophilic 
site within the GDH-inhibitor reversible com- 
plex, there is apparently insufficient space for 
the counter-balancing N-methyl group and bridg- 
ing for inactivation cannot be completed. 


Inactivation via the Carbophenoxy Group.- 
' fhe second corollary of the bridge principle of 
specificity is based on the difference in nucleo- 
philicity of the enzymic group being alkylated. 
I t  is a t  this point that  the approach for 
labeling the active-site of a pure enzyme and 
the approach to chemotherapy become diver- 
gent. The a-halogen carbonyl group of an 
iodoacetamide such as XLVI or a chloroketone 
such as XXXII have little functional specificity. 
Of about 15 amino acids in proteins containing a 
third functional group, a majority of them-such 
as methionine, histidine, arginine, lysine, cysteine, 
cystine, tyrosine, aspartic acid, and glutamic 
acid- have the nucleophilic ability to become 
alkylated. The a-halogen carbonyl compounds, 
therefore, have the broadest utility in labeling 
the active site of a pure enzyme, the selectivity of 
reaction being controlled by the initial complex- 
ing between the inhibitor and the active-site; 
this very broadness of utility for a pure enzyme is 
undesirable for the mixture of enzymes in a cell 
involved in chemotherapy. Ideally, for chemo- 
therapy the greatest selectivity should be ob- 
tained by using an attacking group for the 
enzymic nucleophilic group that is specific for a 
single amino acid of the group of 15, thus afford- 
ing a further dimension of specificity. The 
phenyl ester group such as that of 5-(carbo- 
phenoxyamino)salicylic acid (LI) apparently can 


TABLE ~.-IRREVERSIBLE INIiIBIl'ION OF LDH AND GDH BY SELECTED COMPOUNDS 


---Liver GDH--- -Skeletal Muscle LDH-. -Heart Muscle LDH- 
Rate of Rate of Rate of 


Inac- Inac- Inac- 
No. Compd.O Xf X 10' tivationb Xi X 10' tivationb X i  X 10' tivatiod 


XLVI 4-ICH2CONH-SA 8.5 1 . o c  17 1.0' 45 0 
XLVIII 4-1CHzCONH4SA 18 1.2 4 . 0  0.87 25 1 .@# 
XLIX 3-ICH1CONH-OA 23 0.75 1.3 0 1 .2  0 
L 4- I CHzCON-SA 33 0 33 1 .o . . .  . . .  


I 
CHI 


LI 5- CsHsOCONH-SA 4.0 2 .0  15 0 14 0 . 5 8 h  
LII ~-C~HIOCONH-SA 8 . 5  0 11 0.98 19 0' 
LIII 5-CaHsOCONH4SA 1.6 2 .0  5 . 9  0 18 0 
LIV 6-CsHoOCONH4A 2.3 Od 1 . 1  Od . . .  ... 
LV 6-CeHsOCONH-CA 2.4 1.3O 2 . 4  0, . . .  . . .  
LVI 4-cis-HOOCCH=CH 43 0 18 0.9 30 0p.i 


I 
SA-NH~O 


LVIII Maleanilic acid . . .  . . .  83 0 114 0 
a Abbreviations used: SA = salicylic acid; OA - oxanilic acid; GSA = glycylamidosalicylic acid; QA = 4-hydroxy- 


quinoline-3-carboxylic acid; CA = 2-hydroxycinchoninic acid; data taken from References 31-36, 38. b Concentration of 
inhibitor was 2 m M  unless otherwise indicated. Arbitrary standard rates that are not the same for the three enzymes. 


Concentration of inhibitor was 0.13rnM, the maximum solubility at PH 7.4 that could be attained in the inactivation pro- 
cedure 0 Concentration of inhibitor 
was 4mM. 


C Concentration of inhibitor was 0.2 mM. 1 Concentration of inhibitor was 0.4mM. 
h Concentration of inhibitor was 3mM. * Preliminary unpublished data. 
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only react with a primary amino group, thus hav- 
ing complete functional specificity (35, 36). 


0 
c 6 H 5 ~ N ~ m H  II 


LII 


C6HsOCNH ' @WH \ 0 
I1 
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C,H,OC 
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0 
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4.. HN / C W H  


LIV 


LIII 


CSHSOCNH 
11 
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5-(Carbophenoxyamino) salicylic acid (LI) in- 
activated GDH at twice the rate of the standard, 
4-(iodoacetamido) salicylic acid (XLVI) ; in con- 
trast, LI showed no irreversible inhibition of 
skeletal muscle LDH (Table I). A cross-over 
specificity was noted with LIT, which inactivated 
skeletal muscle LDH about the same rate as the 
standard (XLVI), but showed no inactivation of 
GDH. The peptide, LIII, with a longer side- 
chain still inactivated GDH, presumably by fold- 
ing the chain back to the point in space equiv- 
alent to the position of the carbophenoxy group 
of LI. Although LIII can also fold back to the 
point in space equivalent to the position of the 
carbophenoxy group of LII, LIII failed to show 
the inactivation of LDH that LII showed; this 
difference is attributed to hindrance a t  the transi- 
tion state which is discussed in a later section. 
In contrast, LIV failed to inactivate either LDH 
or GDH, showing that the fixed position of the 
carbophenoxy group in LIV cannot bridge to the 
available enzymic amino group (32). That a 
bicyclic compound could inactivate GDH at  low 
concentration was shown with LV; again LDH 
was not inactivated by this compound (32). 


Inactivation via the Maleamyl Group.-The 
a,p-unsaturated system of LVII should react 
in general most rapidly with SH groups, 
much slower with amino groups, and extremely 
slowly with hydroxyl groups by a Michael 
addition reaction. For initial studies, 4- 
(maleamy1)salicylic acid (LVI) was selected for 


LV 


0 


CN 
G H  


II 


H Y ~ C O O H  
LVI 


study (38). 4-(Maleamy1)salicylic acid (LVI) 
inactivated skeletal muscle LDH a t  about the 
same rate as the standard compound, XLVI; 
however, LVI failed to inactivate GDH, thus 
showing the selectivity of the maleamyl group. 
That a reversible complex between LVI and 
skeletal muscle LDH was an obligatory inter- 
mediate to inactivation was strongly indicated by 
the failure of maleanilic acid (LVII1)-which 
does not have the necessary groups for reversible 
binding- to inactivate skeletal muscle LDH. 
Preliminary studies have shown that 4-(acryl- 
amido)salicylic acid (LVII, R =  H) irreversibly 
inhibited both GDH and skeletal muscle LDH 
(39) ; further studies on the selectivity that might 
be obtained by varying the R groups LVII are in 
process (39). 


Hindrance to the Transition State.-In a 
displacement reaction of the S N ~  type, whether 
bimolecular or intramolecular, the transition 
state appears to be planar (LIX) (40). There- 


LIX 


fore the attacking group should not be hin- 
dered by a bulky leaving group, since the two 
groups are on opposite sides of the carbon 
atom undergoing reaction; that such is the 
case has been indicated experimentally (41). 
When such an intramolecular reaction takes place 
in an enzyme-inhibitor reversible complex, the 
enzymic nucleophilic group which is attacking in 


0 0  


L)! 
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the displacement reaction is part of the extremely 
large (compared to inhibitor) enzyme molecule ; 
as a result, there may be hindrance to the forma- 
tion of the transition state by steric interaction 
of the enzyme and a bulky leaving group. Such a 
study is underway with the sulfonate leaving 
group (LX) ; when R = Me, LX is an irreversible 
inhibitor of GDH and skeletal muscle LDH (42) 
and studies with bulky R groups are in process. 


Another type of reaction which may be sub- 
ject to specificity dependent upon the transition 
state is the inactivation mechanism by phenyl 
esters such as LI and LIII. The inactivation is 


lH2 LXI I A 
C=0 LXIII I 


A -NH I I  


T C H z O H  


& ...A- 


XVIC LXVL 


I 
0 
t 
I 


\ 


C&OP-OCHs 


(CHz)s 


CHasS  
I 
CHs 


0 
t 
I 


\ 


C&OP-OCHs 


(CHz)s 


CHasS  
I 
CHs 


-.A- 


LXVII 


anchored, the carbophenoxy group of LIII most 
probably cannot approach this critical point for 
formation of the transition due to a steric inter- 
action between the phenoxy group and the enzyme 
(31, 36). A useful system for study of possible 


II LXII 


Q 


LXIV LXV 
The enzyme (LXI) initially forms a reversible 


complex with the inhibitor (LXII) through the 
binding area, A (see Fig. 3). In order for an 
amine on the enzyme surface in the complex 
(LXIII) to form a covalent bond, it is necessary 
that the transition state, LXV, be formed; LXV 
can then lose the phenoxy group resulting in the 
mixed urea, LXIV, the inactivated enzyme. For 
this reaction to proceed, there can be no steric 
interaction between the phenoxy group and the 
enzyme surface. Stated in another way, in order 
for the transition state to form, the leaving 
phenoxy group in the transition state must not be 
in contact with the enzyme-else the transition 
state could not form. 
5-(Carbophenoxyglycylamido)salicylic acid 


(LIII) fails to inactivate skeletal muscle LDH, 
whereas 1.11 can inactivate this enzyme. Since 
the carbonyl in the carbophenoxy group of LIII 
can reach any point in space that the same car- 
bony1 group of LII can reach when the reversible 
binding groups of the salicylic acid structure are 


specificity by the steric interaction of the phenoxy 
leaving group and the enzyme could be the in- 
activation of both GDH and heart LDH by LI 
(Table I) (31). A number of related compounds 
with substituents on the phenoxy group have 
been synthesized and are currently being eval- 
uated to determine if such a specificity of the 
irreversible reaction between these two enzymes 
can be found (43). 


In another approach to find selectivity, some 
compounds related to 4- (iodoacetylglycylamido) - 
salicylic acid (XLVIII) having optically active D 
and L forms of alanine or valine instead of the 
glycine residue have been synthesized (42). 
there is a possibility for asymmetric tolerance of 
the bulky group of the substituted glycine residue 
in the enzyme-inhibitor reversible complex that 
may influence whether the bridge can be com- 
pleted as in Fig. 3. These compounds are being 
evaluated as irreversible inhibitors, the hope 
being that only a D-isomer may be an irreversible 
inhibitor of one enzyme, such as LDH, and only 
an L-isomer an irreversible inhibitor of a closely 
related enzyme, such as GDH. 
Bridging Phenomenon with Chymotrypsin. 


---In the earlier discussion on chymotrypsin, 
it was pointed out that  a-haloacetamidoacyl- 
chymotrypsins (XXa) (Fig. 4 )  could undergo 
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intramolecular alkylation by attack of a 
methionine sulfur atom to form XXIII  (22). 
That the proper bridge length is necessary 
for the reaction to occur is shown by the fact 
that iodoacetyl -chymotrypsin does not undergo 
such an intramolecular reaction with methio- 
nine or any other amino acid of chymotrypoin 
(44). In preliminary studies with ethyl 5- 
iodopentylphosphonofluoridate, Gold (45) has 
shown the phosphonyl-chymotrypsin (LXVT, 
n = 5) undergoes loss of iodide presumably by an 
internal alkylation reaction; the ethyl 5-iodo- 
pentylphosphonofluoridate does not release bound 
iodine under the same conditions without enzyme. 
Furthermore, XLVI with shorter or longer alkyl 
groups gave zero release of iodide in the presence 
of enzyme. I t  is probable that the same methi- 
onine attacked intramolecularly in the acylated 
chymotrypsin of type XXa is also attacked in 
this case to give XLVII, since the bridging dis- 
tance is nearly the same. 


That azaserine (VII) inactivates the appro- 
priate enzyme while diazoacetyl-chymotrypsin 
(XXXVI) is stable, unless photolyzed, is an 
interesting comparison. The diazo group of 
XXXVI certainly has the capacity to react with 
a carboxyl, phenolic, hydroxyl, or mercapto 
group; apparently such a group is not within 
bridgeable distance to the diazomethyl group of 
XXXVI (Fig. 8) .  


SELECTIVE INHIBITION OF LACTIC 
DEHYDROGENASE FROM TWO DIFFERENT 


TISSUES 


The enzymic nucleophilic site that covalently 
binds an active-site-directed irreversible inhibitor 
can be, but is not necessarily, adjacent to the 
active-site in the secondary-tertiary structure of 
the protein (see Fig. 3). The substrate-identical 
enzyme from different tissues frequently gives no 
cross-reaction with specific antisera (46, 47), in- 
dicating differences in tertiary structure. There- 
fore, Baker (34) suggested that it may be possible 
to obtain highly selective irreversible inhibition 
of the substrate-identical enzyme from different 
tissues by use of the bridge principle. 


By antisera cross-reaction studies (47, 48) and 
by amino acid analysis (48), it has been shown 
that LDHs from heart and skeletal muscle in the 
same animal are quite different, but that heart 
LDHs from different species are more similar; 
also skeletal muscle LDHs from different species 
are more similar. As a first approximation, a 
study on selective irreversible inhibition of LDHs 
from rabbit skeletal muscle and beef heart was 
undertaken (31, 49). 


The standard compound for irreversible in- 


hibition of skeletal muscle LDH, 4-(iodoacet- 
amido)salicylic acid (XLVI), failed to inhibit 
heart LDH irreversibly (Table I). When the 
bridge distance was lengthened (as in the peptide, 
XLVIII), both LDHs were irreversibly inhibited, 
but a t  different absolute rates. For further 
work, XLVIII was used as a standard for heart 
LDH. Selectivity of action was shown with 5- 
(carbophenoxyamino)salicylic acid (LI) which 
could inactivate heart LDH, but failed to inacti- 
vate skeletal muscle LDH. A cross-over in 
specificity was noted with the 4-isomer (LII), 
which inactivated skeletal muscle LDH, but not 
neart LDH. It was previously noted that 4- 
(maleamy1)salicylic acid (LVI) could inactivate 
skeletal muscle LDH; in contrast, preliminary 
studies indicate that heart LDH is not inactivated 
by LVI. 


If this irreversible specificity for substrate- 
identical enzymes from different tissues can be 
transposed to such critical areas for cell division 
as (a) purine or pyrimidine biosynthesis or (b) the 
folic cofactor area, the benefits that could accrue 
to chemotherapy would be obvious. Such studies 
in area (a) (50) and area (b) (51-56) are continu- 
ing in our laboratory. 


EXPERIMENTAL DESIGN FOR 
UNEXPLORED ENZYMES 


Lest the medicinal chemist who has had the 
patience to read this far be tempted to dash into 
the laboratory and attach diazoketone, fluoro- 
phosphate, halomethyl carbonyl, diazonium, 
maleamyl, carbophenoxy, or other covalent form- 
ing groups to the nearest available substrate or 
inhibitor, he would be wise to be cautious with the 
suggestions that follow, else he is apt to be dis- 
appointed in his laboratory labors. 


The studies described to this point have dealt 
only with irreversible inhibition of isolated 
enzymes-a far cry from chemotherapy in a host 
system. It is obvious that there are a variety of 
other factors- other than selective irreversible 
inhibition of isolated enzyme systems- that play 
important roles in whether the inhibitor would be 
effective in host system. Among these factors are 
(a) transport to and into the desired target cell 
from the site of administration of the inhibitor 
must be achieved; (b) the inhibitor must be re- 
active enough to give a reasonable rate of inactiva- 
tion of the target enzyme, but not so reactive that 
insufficient inhibitor reaches the desired cell con- 
taining the target enzyme; and ( c )  selectivity of 
inhibition of an enzyme in the target cell such as a 
cancer cell or an invading organism. This review 
has been devoted only to one of these important 
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conservatism put up by his peers- the so-called 
“experts.” Most of our work-and perhaps some 
of yours-may be based on kinetic evaluation of 
the inhibitors, giving results which may approach 
being, but do not become, unequivocal. We have 
criticized our own attempt to demonstrate that a 
reversible complex between inhibitor and enzyme 
is an obligatory intermediate to inactivation: 


facets, namely (c) ; the other facets will have to 
be overcome simultaneously for the inhibitor to 
be a useful drug. If the candidate inhibitor is 
only studied for effectiveness in a host system, 
the jack-pot of (a), ( b ) ,  and (c) working at the 
same time will have to be achieved, a remote 
possibility predicated mostly on extremely good 
luck. 


The design of an effective agent in a host system 
is still SO nebulous that successful design is more 
likely to be achieved by individual study of the 
three facets, followed by collective use in order 
to find eventually chemotherapeutic agents on a 
less hit or miss basis; that is not to say that syn- 
thesis and screening should be discontinued, but 
the screening approach is a calculated risk of hit 
or miss that has hit in infectious chemotherapy, 
but has been so much less successful in cancer 
chemotherapy to be termed a near miss. In fact, 
the medicinal chemist will even find it difficult to 
make a successful guess concerning where to put a 
covalent-forming group on a substrate or inhibi- 
tor to give an active-site-directed irreversible in- 
hibitor for an unexplored enzyme. At this early 
stage of research in this area, it  would appear wise 
to proceed systematically to determine the bind- 
ing points of the inhibitor (area A ,  Fig. 3) and the 
noncontact area of the inhibitor and the enzyme. 
If the covalent-forming group ( B )  is unfortui- 
tously placed in area A (Fig. 3), then an active- 
site-directed inhibitor will not be obtained since 
the reversible complex cannot form. 


The logical development of where to place the 
covalent-forming group B (Fig. 3) to make an 
irreversible inhibitor for an unexplored enzyme 
can be gleaned by considering the previous de- 
velopment of irreversible inhibitors of LDH by 
reading in order the theoretical background (2), 
types of inhibitors and points of binding (1, X), 
the noncontact areas (1,37), and finally the bridge 
principle (31-36, 49); most of this information 
has been covered in this review, but not neces- 
sarily in the same order. 


For two enzymes in the folk cofactor area, this 
approach has been systematically developed to 
the point where positionings for covalent-forming 
groups can now be done logically (51-56). An 
interesting sideline developed by serendipity may 
well solve the cell wall transport problem for 
active-site-directed irreversible inhibitors of folic 
reductase (5G). 


Having heeded my precautions, and introduced 
some new ones of his own on how to construct an 
active-site-directed irreversible inhibitor, and 
having been successful in synthesizing and 
enzymically evaluating the inhibitor, the re- 
searcher now must face the wall of prejudiced 


“If it were possible to obtain unequivocal proof for 
the initial complex formationand no such experi- 
ment for yielding unequivocal proof is apparent to  
us-solution of this problem would be relatively 
straight forward. Thus, one is left with the un- 
satisfying approach of eliminating all other pos- 
sibilities than the one under consideration; such 
an approach has the obvious difficulty, as is the 
case for all kinetic experiments, that a yet unthought 
of mechanism may be the true one.” 


Thus, the “expert” may well sum up your work 
(and mine) by saying you (I) have not yet 
proved unequivocally your (my) thesis; therefore, 
the thesis must be wrong. At this point I like 
to chide the “expert” a little along the following 
vein, in an attempt to maintain my own sense of 
humor. 


Too many of these “experts” treat the enzyme 
as a worshipper treats Mecca; they bow to the 
East and are dazzled by thoughts of the great 
enzyme temple that there resides. The more 
adventuresome will travel to Mecca, go inside the 
enzyme temple, and behold the glory of the active- 
site. Even the adventuresome worshipper is 
dazzled by this magnificient workmanship of 
nature. As past history has shown, some heretic 
worshipper or some worshipper of a different 
temple will-beneath his robes-put on his 
polarized sunglasses, then arise from his kneeling 
position. With the dazzle now eliminated, he 
can observe that the temple has been made from 
bricks, mortar, metal and paint, but of exquisite 
design; similarly, he may observe that the bricks 
of the enzyme temple are constructed from the 
long known elements of carbon, hydrogen, nitro- 
gen, oxygen, and sulfur, then mortared together 
with peptide and hydrogen bonds and finally 
decorated with the metal and paint of functional 
groups- an exquisite and bedazzling design 
when the enzyme becomes functional for a 
substrate. Even with this dazzlement, three 
facts have emerged over the past 50 years that 
are the basis for active-site-directed irreversible 
inhibitors and their specificity: (a) The macro- 
molecular enzyme has reactive functional groups 
on its surface; ( b )  this macromolecule can form 
complexes with simpler molecules such as sub- 
strates and inhibitors; (c) neighboring group re- 
actions can be accelerated 10,000-fold or more 
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compared to the same chemical reaction occurring 
by a bimolecular reaction. 


Some “experts” have accepted (a)  and (b) ,  and 
other “experts” have accepted (c). Is it not time 
for them to accept that the three tenets might be 
combined into one situation? 


The macromolecular enzyme has functional 
groups on its surface which logically could be 
attacked selectively in the tremendously accelerated 
neighboring group reactions capable of taking place 
within the reversible complex formed between the 
enzyme and an inhibitor substituted with a properly 
placed neighboring group. 


My own frustrations of researching in this area 
can be summed up in the following letter which 
this author sent to Dr. Samuel W. Goldstein, 
Associate Editor of THIS JOURNAL, in the process 
of considering another paper in this series for 


I imagine a referee may also feel shortcomings in one 
or m r e  of these areas. Hence, i t  is dificult to set 
up an experimental design, carry out the research, 
and referee the results. 


Zn conclusion, i t  is admittedly di&dt to get 
started with a machete through the jungles of the 
so-called active-site. Until more sophisticated tools 
a n  be &eloped, some paths, including that which I 
have taken, may lead to naught; nevertheless, this 
or other paths may ultimately lead to the smooth 
four-lane highways for the band-wagon boys to 
j u m p  aboard for the easy ride. Until m y  approach 
leads to a blind alley or a four-lane highway, I hope 
that the referees and editors will take into considera- 
twn that the experimental and interpretative difi- 
culties are equivocal, but are being carried on with 
the highest scientific ideals that I a m  capable of 
reaching. 


publication. 
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line of research. 
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Research Articles 
Phytochemical Investigation of Carya illinoensis 


By LEON 0. WILKEN, JR.t ,  and FRANK P. COSGROVE 


The leaves and petioles of Carya illinoensis and a lyophilized aqueous extract of this 
plant were investi ated. Examination of the petroleum ether, ether, and chloroform 
extracts revealed tfe presence of unidentified phytosterols and a squalene-like sub- 
stance in the unsaponified portions, and the resence of ca ric, lauric, myristic, pal- 
mitic, stearic, arachidic, oleic, linoleic, ancflinolenic aci& in the saponified por- 
tions. Nonhydrolyzable tannins containing a phloroglucinol and a catechol nu- 
cleus were found in the ethanol and methanol extracts. Investigation of the plant 
extracts revealed the presence of carbohydrates and the absence of discernible 
amounts of glycosides and alkaloids. A crystalline neutral substance obtained from 
a neutral lead acetate treated aqueous extract was identified as the m-inositol. A 
crystalline acidic substance isolated from an aqueous extract of the crude drug was 
identified as 3,4-dihydroxybenzoic acid. Further pharmacologic studies of various 


extracts are presently in progress. 


HIS PHYTOCHEMICAL STUDY was undertaken 
Tprimarily on the basis of our preliminary 
screening tests which indicated that  certain ex- 
tracts of the leaves and petioles of Curya illi- 
noensis. (Wangh) K. Koch (Fam. Juglandaceae), 
common name-pecan, possessed the property of 
temporarily lowering the blood pressure of test 
animals on intravenous administration. A search 
of the available literature revealed little (1 ,  3) or 
no scientific information concerning the evalua- 
tion of this plant for medicinal properties. T h e  
fact tha t  this species has been assigned eight 
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official names (3) throughout its relatively short 
history may account for the lack of investigation 
in the Carya genus. In  1951, the plant was re- 
classified under the international code as Curyu 
illinoensis. 


EXPERIMENTAL 
Source and Preparation of Material.-The plant 


parts used in this investigation consisted of the air 
dried leaves and petioles collected in late summer 
from pecan trees growing near Covington, La. 
This material, sampled and authenticated.’ was re- 
duced to a moderately coarse powder with the aid 
of a W. J. Fitzpatrick, model D. comminuting 
machine. 


Moisture Content and Ash Determination.-The 
moisture content of the  powdered plant material, as 
determined by the toluene method (4) of the  U.S.P. 


1 The authors are deeply indebted to Dr. B. L. Turner, 
Professor of Botany and Director of the Herbarium, The 
University of Texas, and Dr. M. Johnston, Lecturer in Bot- 
any, The University of Texas, for authenticating the plant. 








Spectrophotometric Reflectance Method for 
Matching the Color of Solid Dosage Forms 


By MARTIN E. EVERHARDt, DONALD A. DICKCIUS, a n d  FRANK W. GOODHART 


The chromaticity coordinates and brightness of nearly 50 pharmaceutical colorants 
have been determined. The coordinates were calculated by a weighted ordinate 
method from the specrrophotometric reflectance curve of tablets prepared using the 
colorant. The use of the coordinates and the reflectance spectra in selecting color- 
ants to match a color is explained. The modified Kubelka-Munk equation is used 
to calculate the concentration of colorant required for the match. Several exam les 
are given which demonstrate how to match the color of a tablet to another taglet, 
to a color chip, or to other colored material. The method can be adapted to other 


nontransparent dosage forms such as ointments. 


HE COLOR OF a pharmaceutical product is 
Tusually given to the colorist by higher man- 
agement or a committee which selects the color 
for new products. The colorist may be presented 
a piece of colored paper, cloth, a chip from a paint 
catalog, etc., as the color to be matched. The 
colorist will then proceed, on the basis of his 
experience, to match the color by trial and error 
methods. With luck, he may achieve a satis- 
factory match in a few tries, particularly if it  is 
a familiar color. On the other hand, it may re- 
quire months of work before a match can be 
obtained. It is particularly difficult if more than 
two dyes must be used; this is because of the 
great increase in color variations possible with 
three or more dyes. 


Part of the problem is that the colorist cannot 
use the same dyes in pharmaceuticals that have 
been used in the sample that he is given to match. 
In these cases, a metameric match is usually the 
best that can be obtained; that is, the colors will 
not be a match under all illumination, e.g., day- 
light and tungsten light. 


The decertification of dyes and pigments by 
the government has increased the problems 'of 
the colorist. When a color in current use in a 
product is removed from the approved list, most 
companies would prefer to match the old color of 
the product as closely as possible using different 
dyes. In  this case the colorist has a reference 
sample of the same material as the final product, 
but the color may be no easier to match by trial 
and error methods than a sample of paper. 


However, the trial and error method is not 
the only method available. Spectrophotometric 


techniques have been successfully used in the 
paint, plastic, and other industries for years (1- 
3). The work described here adapts these tech- 
niques to the color problems met with solid 
dosage forms of pharmaceuticals. The method 
requires suitable sample preparation for correct 
measurement of the diffuse reflectance of the 
sample, transformation of the reflectance data to 
tristimulus (4) and Kubelka-Munk terms ( 5 ) ,  
mathematical treatment of the data (preferably 
by computer methods), and the preparation of 
the final dosage form according to the formula 
predicted by the method. 


To demonstrate the application of the spectro- 
photometric method, the study was performed in 
two parts. First, a group of six dyes was chosen 
which would be used in various combinations 
on tablets in the preparation of a series of different 
colored unknowns. Although the dye com- 
position of the tablets was not disclosed until 
after the completion of the experiments, it  was 
known that an exact match could be achieved by 
using the original six dyes. The second part of 
the experiment was more difficult because the 
colors to be matched were not prepared with 
certified dyes or pigments but were colors selected 
from a paint catalog. Thus, the same pigments 
used to make the color could not be used in the 
match; whereas in the first part of this study, 
the same dyes used to make the unknowns could 
be used. 


THEORY 


The concentration of a dye in a solid or on a 
surface is not directly related to the rdectance of 
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ceuticals has been given (10). The modified 
Kubelka-Munk equation is 


8 = (1 - R)’/2R = 
alC1 + a& f . . . +anCn (Eq. 1) 


where 8 is the ratio of the absorption coefficient to 
the scattering coefficient of the material, R is the 
rdectance at a given wavelength, the a’s are pro- 
portionality constants, and the C’s are concentra- 
tions, the subscripts referring to  components, 1, 2 ,  
etc. 


The tristimulus values, X, Y,  and 2 (4), of a color 
can be considered as the amounts of each of the 
three primary lights-red, green, and blue-which 
must be mixed to match the color in question. 
The tristimulus values are obtained by integration 
of the reflectance spectra 
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l O O r - - - 7 = l  


where Ec is the luminous efficiency of the spectral 
energy distribution of illuminant C,* 3, 9. and 5 are 
the tristimulus values of the equal-energy spectrum; 
R is the reflectance of the sample; and X is the wave- 
length. The denominator in the definitions nor- 
malizes the tristimulus values. The Y function, in 
addition to being green, was chosen by the Inter- 
national Commission on Illumination to match the 
response of the eye to  brightness; consequently, 
the magnitude of the Y value is a measure of the 
brightness of the sample. 


The chromaticity coordinates, x and y ,  are defined 


A 
X S  ‘Y+ Y + Z  


V 


z is redundant since 


r + y + z = l  (Eq. 7 )  


that is, only two coordinates in Eq. 7 are independ- 
ent. By convention, x and y are used as the 
chromaticity coordinates. The chromaticity co- 
ordinates x and y, and Y completely specify a color. 


The chromaticity coordinates are normally 
plotted on a chromaticity diagram which has a 
number of useful properties. For example, the 
coordinates of the colors which result from mixing 
two dyes lie approximately on a line connecting the 
chromaticity coordinates of the dyes. For a mix- 
ture of three dyes, the resulting colors lie within a 
triangle with the coordinates for each dye a t  the 
apices. The brightnesses, Y, of colors resulting from 


1 Illuminant C is defined by the International Commission 
on Illumination as “average daylight ” such as light obtained 
from an overcast or north sky (see Rcfcrmcc 11). 


____ 


01 I 


I 
5oQ 6W 1W 


V W )  
Fig. 1.-Reflectance spectra of the colorants used 


in the Experimental of this study and unknown JZ 
The concentrations of the colorants are those shown 
in Table 111. 


TABLE I.-COMPARISON OF THE ACTUAL AND 
CALCULATED DYE CONCENTRATION 


Identification Dye wt .  %j W t .  % 
KA Cosmetic ochre, C1624 0 . 5  0 . 4  


D&C Red No. 30 0.1 0.08 
JZ D&C Red No. 36 0.1 0.09 


D&CYellow No. 11 0.1 0 . 1  
JB D&C Blue No. 6 0.01 0.008 


D&C Red No. 36 0.1 0.09 
KC Cosmetic ochre, C1621 0 . 1  0.08 


D&C Blue No. 6 0.W5 0.005 
D&CYellow No. 11 0 . 2  0 .5  


LC FD&C Blue No. 2 0.02 0.02 
D&C Yellow No. 10 0.04 0.06 


Sample Actual Calcd. 


mixtures of dyes will always be somewhat lower than 
those of the single dyes. 


A more complete discussion of the above concepts 
can be obtained in the literature (4, 5, 11). 


EXPERIMENTAL 


Preparation of Tablets.-Standard tablets of each 
colorant were prepared a t  a concentration which 
gave a moderate color. The concentrations varied 
for each colorant, depending on their individual 
tinctorial strengths. Normally, pigment concentra- 
tion ranged from about 0.1 weight % to 1.0 weight % 
except for Ebonine confectioners black,a which was 
used in a concentration of 0.01 weight %. The 
water and alcohol-chloroform soluble dye.., in gen- 
eral, were of higher tinctorial strength. Their con- 
centration ranged from 0.01 weight 70 to 0.1 weight 
% . 


The general formulas for the standard tablets and 
the color matching studies are: acacia U.S.P., 0-5 
weight %; pigment, q.s.; dye, q.s.; water or alcohol- 
chloroform, 4.5.; magnesium stearate U.S.P., 1.0 
weight YO; and lactose U.S.P. q.s. ad., 100.0 weight 
70. 


Tablets containing one or more pigments were 
prepared by mixing the pigments with lactose and 
magnesium stearate and pulverizing the blend. 
Tablets containing only the water or alcohol-chloro- 
form soluble dyes were prepared by wetting the 


* Product of H. Kohnstamm and Co.. Inc., New York, N. Y. 
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“camellia” and “moonglow.” The tristimulus 
difference computer (TDC), model 80,’ was used to 
obtain a corrected formulation for the dyes in the 
matching of “camellia.” 


The Pierce Spiffy 116C decorator handbook‘ is a 
series of colors printed on paper strips about a/, X 
2 in. This book has been used as a color library and 
is referred to as the Spiffy paint catalog and the 
individual paper strips as paint chips. 


METHOD 


To match a color, the chromaticity coordinates 
of the unknown color are plotted on a chromaticity 
diagram which also has the coefficients of the avail- 
able dyes plotted on it. Then the coordinates of the 
dyes which form a small triangle about the unknown 
are selected. There may be several choices of tri- 
angles which can be made. The decision regarding 
which dyes to pick is made on the bases of the Y 
values (which should be close to  the Y value of the 
unknown) and on the stabilities and costs of the 
dyes. 


In an unusual case, the coordinates of the unknown 
may lie on a line between those of two dyes. The 
unknown could be matched by using these two dyes; 
however, a small off-color shift in a subsequent batch 
of the dye would result in an off-color product which 
could not be corrected by the other dye. Using a 
thud dye in the match, a change in one of the dyes 
can be compensated by adjusting the concentra- 
tion of the other two dyes. The use of more than 
four dyes would almost never be required. 


After the dyes are selected from the chromaticity 
diagram, the reflectance spectra are‘examined to  see 
that the gross features of the dyes conform to those 
of the unknown. It is most important that the 
spectral regions of rapidly changing slope correspond 
in both the dye and in the unknown. If they do not, 
one of the other dyes must compensate for the 
differences. The matching of the reflectance mini- 
mum is not as critical as matching the regions 
of rapidly changing slope. This will be pointed 
out below in the matching of “camellia.” 


If the spectra appear satisfactory, the modified 
Kubelka-Munk equation is used to calculate the con- 
centration of dyes to  use in the match. The exact 
method will be shown below in the examples. With 
experience, the use of the chromaticity diagram can 
be eliminated, and the matching can begin by exam- 
ination of the spectra of the available dyes or tablets 
prepared from them. 


EXAMPLES 


In the Experimental of this study, five colored 
tablets were prepared using various combinations of 
six dyes in unknown amounts. The spectra of these 
dyes and one of the unknowns is shown in Fig. 1. In 
matching these tablets, it  was not necessary to use 
the tristimulus data because, with only a limited 
number of dyes involved, it was possible to  see 
which dyes had been used to  prepare the un- 
knowns by comparing the reflectance spectra of the 
unknown and each of the six dyes. 


For example, in matching sample JZ (Fig. l), the 
slope of the reflectance spectra from 550-600 mp is 
compared to  the slope of individual dyes. This slope 


X 


Fig. 2.-Chromaticity diagram for “camellia” 
match. Key: OY#5,  0.1% FD&C Yellow No. 5 ;  
0 R #9, 0.2% D&C Red No. 9; 0 R #7,0.1% D&C 
Red No. 7; 0 Black, 0.01% Ebonine confectioners 
black; 0 Spi5y“camellia”; V, first trial “camellia”; 
A, second trial “camellia.” 


X 


Fig. 3.-Chromaticity diagram for “moonglow” 
match. Key: 0 Black, 0.01% Ebonine confectioners 
black; 0 B #2, 0.04’% D&C Blue No. 2; 0 G #5. 
0.04% D&C Green No. 5 ;  0, Spiffy “moonglow”: 
A, compressed tablet match for “moonglow.” 


lactose-acacia mixture with the dye solution. After 
drying at room temperature and in an oven at 37’ 
for several hours, the powder was pulverized and the 
lubricant added. If a formula contained both pig- 
ment and dye, a combination of the above procedures 
was used. 


One-inch tablets weighing 3 Gm. were pressed out 
on the Carver press at a pressureof 5000 p s i .  One- 
inch compressed tablets were used for this study be- 
cause of the ease of measuring the reflectance proper- 
ties of this type of sample. Small, coated, capsule- 
shaped tablets have been measured t o  some degree 
of accuracy by mounting several tablets side by 
side in order to fill completely the beam of the spec- 
trophotometer. 


Reflectance Measurements and Calculations.- 
The diffuse reflectance measurements were made on 
the Bausch and Lornb spectrophotometer, model 
505, using BaSO‘ as a white standard. Tristimulus 
values were calculated on a digital computer by a 
weighted-ordinate method using a wavelength inter- 
val of 10 mp (4). The reflectance of the spectra 
used in matching “camellia” and “moonglow” were 
converted to 8 at every 20 mp by consulting a table 
(12). These 8 values were entered into the COMIC 
analog computer’ for the matching of the colors of I Davidsoo and Hemmendioger, Easton, Pa. 


4 P. 0. Pierce Co., Long Island City, N. Y. 
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Fig. 4.-Reflectance spectra of the colorants used 
in the “camellia” match, the Spiffy “camellia” paint 
chip, the first trial match, and the second trial 
match. 


could result only from D&C Red No. 36. The small 
slope of the unknown between 400-500 mp, com- 
pared to  D&C Red No. 36, indicates the presence 
of a yellow. Cosmetic ochre, C 1624: can be ruled 
out immediately because it begins absorbing at  about 
580 mp, and the yellow in the unknown does not 
contribute to the absorption until about 490 nip. 
The choice between D&C Yellow No. 10 and No. 
11 is a difficult one since their reflectance spectra 
are very similar. The chromaticity coordinates of 
D&C Yellow No. 10 and No. 11 are too similar to 
choose between them on that basis. However, care- 
ful examination of the spectra of D&C Yellow No. 10 
shows that the slope between 450-500 mp is too steep 
to be used in the match. The slope of D&C Yellow 
No. 11 between 450-500 mp is more appropriate in 
this case. If D&C Yellow No. 10 had been used in 
attempting a match, i t  would probably be possible 
to  get a suitable color by using a very small amount 
of the dye. 


Having chosen the dyes to use in the match, the 
concentration of each dye is calculated using Eq. 1. 
The yellow dye does not contribute to the absorp- 
tion above 500 mp where the red dye has a maximum 
absorption. Therefore, the amount of red dye t o  
use can be easily calculated at 535 mp as 


For the 0.1% Red No. 36 standard: 
(Eq. 8 )  


For the unknown, using primes: 
(Eq. 9) 


where the 535 refers to 535 mp and the subscript r 
refers to Red No. 36. Dividing Eq. 8 into Eq. 9 
and solving for C,‘ gives 


Bars = (1 - Rs35)’/2Rsas = arc, 


8’saj = (1 - R’s36)?/2Rr59s = a&’ 


c,’ = (c,) (e’/e) (Eq. 10) 


Substituting the known values into Eq. 10, the 8 
values can be read from a table which converts R to  
8 (see Reference 12) 


C,’ = (O.lyc) (0.41i2/0.4660) = 0.09Og;b (Eq. 11) 


In Eqs. 8-11, the background absorption due to 
the inert ingredients was neglected because the inert 


5 Product of H. Kohnstamm Co.. Iqc., New York, N. Y. 
.- ~ 
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Fig. 5.-Reflectance spectra of the colorants used 
in the “moonglow” match, the Spiffy “moonglow” 
paint chip, and the match. 


materials were all white. The absorption due to this 
white material is constant from 400-700 mp, but can 
only be detected beyond 620 mp where the dyes are 
not absorbing. The correction is too small to affect 
the results of this calculation. 


The amount of yellow dye cannot be calculated 
quite so easily as the red dye because wherever the 
yellow absorbs, the red absorbs also. However, 
the concentration of red dye has been calculated 
above, and the absorption of the red dye at  450 mp 
can be calculated based on the absorption of the 
standard. This can then be subtracted from the 
absorption of the unknown, and the resulting absorp- 
tion is due only to  the absorption of the yellow dye. 
Application of Eq. 10 using the data a t  4.50 mp and 
solving for 8,’ gives 


err = (C,’/C,) (8,) = (0.090/0.10) (0.4660) = 
0.4194 (Eq. 12) 


8,’ is subtracted from the measured 8 of the un- 
known a t  450 mp to obtain the 8,’ due to the yellow 
dye. Then Eq. 10 is applied to solve for the con- 
centration of yellow dye using the O.ly, D&C Yellow 
spectra as the standard. 


A tablet was prepared according to the calculated 
amount of each dye. The spectra of this tablet was 
very close to  that of the original unknown; the 
two tablets could not be distinguished by visual in- 
spection (see Fig. 1.). 


Table I shows the actual concentration of dye 
used in the unknowns and the calculated amount of 
dye using the above described technique. In 
each case the unknown tablet could not be distin- 
guished visually from the tablet prepared by the 
calculated formula. 


TABLE II.-cONCENTRATION OF DYE TO MATCH 
“CAMELLIA” AND “MOONGLOW” 


“Moon- 


Dye Trial 1 Trial 2 Trial 1 
“Camellia” “Camellia” glow” 


D&C Red No. 7 0.070 0.044 . . .  
D&C Red No. 9 0.060 0.021 . . .  
FD&C Yellow 


No. 5 0.019 0.008 . . .  
Ebonine confec- 


tioners black 0.001 0.001 0.0070 
FD&C Blue No. 2 . . . , . , 0.0072 
D&C Green No. 5 . . . . .  0,0056 
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TABLE 111.-TRISTIMULUS DATA: CHROMATICITY COORDINATES AND BRIGHTNESS 


Concn. x Y Y 
BLUES 
FD&C Blue No. 1 0.04 0.235 0.280 0.FjOl 
FD&C Rliie No. 1 - - - - -. - - - - . - 


Lake 1 0.232 0.267 0.460 
FD&CBlueNo.2 0.04 0.276 0.285 0.561 
FD&C Blue No. 2 


D&C Blue No. 4 


Ebonine confectioners 


Lake 


BLACKS 


black 
BROWNS 
D&C Brown No. 1 


FD&C Green No. 1 
FD&C Green No. 1 


GREENS 


1 0.269 0.276 0.466 
0.04 0.235 0.280 0.508 


0.01 0.312 0.318 0.651 


0.04 0.385 0.369 0.688 


0.04 0.255 0.319 0.507 


Lake 1 0.264 0.318 0.565 
FD&C Green No. 2 0.04 0.260 0.326 0.536 
FD&C Green No. 3 0.04 0.252 0.314 0.478 
D&C Green No. 5 
D&C Green No. 7 


Cosmetic red oxide 
IRON OXIDES" 


A6205 
Cosmetic red oxide 


Cosmetic red oxide 
A6202 


3469 
Lt. tab. brown 3228 
Tab. brown 3330 
Cosmetic umber 
Cosmetic suntan 
Cosmetic ochre 1624 


D&C Orange No. 10 
ORANGES 


0.04 0.290 0.317 0.618 
0.04 0.247 0.297 0.547 


1 0.400 0.333 0.333 


1 0.378 0.327 0.369 


1 0.396 0.334 0.356 
1 0.379 0.337 0.387 
1 0.348 0.324 0.302 
1 0.339 0.332 0.352 
1 0.350 0.335 0.615 
1 0.339 0.346 0.832 


0.04 0.368 0.316 0.658 


Conco. x Y Y 
ORANGES 
D&COrangeNo. 11 0.04 0.379 0.329 0.687 


REDS 
FD&C Red No. 2 
FD&C Red No. 2 


FD&C Red No. 3 
FD&C Red No. 3 


Lake 


Lake 
FD&C Red No. 4 
FD&C Red No. 4 


Lake 
DbCRed No. 7 
D&C Red No. 9 
D&C Red No. 10 
D&C Red No. 17 
D&C Red No. 18 
D&C Red No. 19 
D&C Red No. 23 
D&C Red No. 27 
D&C Red No. 35 
D&C Red No. 36 


0.04 0.328 0.287 0.514 


1 0.339 0.284 0.371 
0.05 0.359 0.269 0.524 


1 0.378 0.271 0.455 
0 . 1  0.381 0.317 0.609 


1 0.371 0.220 0.538 
0.1 0.328 0.298 0.680 
0.2 0.367 0.313 0.617 
0.2 0.385 0.314 0.544 
0 .1  0.395 0.305 0.356 
0.1 0.346 0.275 0.306 
0.05 0 . i i i  0.228 0.36i 
0.1 0.383 0.288 0.529 
0.1 0.342 0.277 0.621 
1 0.421 0.315 0.361 
0.1 0.404 0.338 0.551 


VIOLETS 
FD&C Violet No. 1 0.04 0.258 0.217 
FD&C Violet No. 1 


Lake 0.1 0.280 0.263 


YELLOWS 
FD&C Yellow No. 5 0 . 1  0.384 0.391 
FD&C Yellow No. 5 


Lake 1 0.391 0.396 
FD&C Yellow No. 6 0 .1  0.411 0.358 
FD&C Yellow No. 6 


Lake 1 0.404 0.353 
D&C Yellow No. 10 0.1 0.358 0.391 
DCCYellow No 11 0.1 0.351 0.384 


0.324 


0.554 


0.852 


0.822 
0.636 


0.603 
0.943 
0.928 


a Products of H. Kohnstamm Co., Inc., New York. K.Y. 


Although matches KC and LC contain too much 
yellow, B changes only a small amount with large 
changes in concentration for these particular dyes 
and allows these matches to  be accepted. Further- 
more, the eye is not very sensitive to concentration 
changes of yellow, compared to  blues and reds, which 
is shown by the color perception work of MacAdam 
as described by Judd (5). If a closer match were 
desired, the amount of dye needed for a match 
could be recalculated using the first trial tablet as 
a standard. 


After the success in matching these tablets, the 
second part of the experiment was begun. In this 
half of the work, two colors from the Spiffy paint 
catalog were matched in tablets. In these matches 
it was necessary to use an analog computer to  ob- 
tain a match because the same pigments used in the 
paint chip could not be used in tab1ets.O The output 
of the computer is fed to  a cathode ray tube where 
the eflect of various concentrations of dye on the 
resulting spectra can be displayed. A detailed dis- 
cussion of the computer has been given (13), so only 
a brief summary will be given here. 


The computer method is identical to  the method 
described above, except that the computer solves for 


* Matches have been calculated using a desk calculator; 
however, because the matches are metameric. it is difficult 
to pick the best concentrations without calculating tristimulus 
values for ench possible match. These calculations are ideally 
suited to an analog computer. 


the sum of the B values for all dyes a t  16 different 
wavelengths simultaneously. The output is dis- 
played on a cathode ray tube which allows the un- 
known curve to  be compared to  the curve which re- 
sults from the dyes used in the match. By adjust- 
ment of potentiometer dials, the concentration of 
each of the dyes can be altered electronically until 
the mixture curve corresponds to  the unknown 
curve. The settings of the potentiometers are 
directly related to the weight per cent of dye. 


The choice of dyes to  use in the match is made the 
same way described in the first part of this study. 
If there is a choice between two dyes, both can be 
entered into the computer; the dye which gives the 
closest match can be selected after viewing, on the 
cathode ray tube, the effect of both dyes on the 
mixture. 


A tristirnulus difference computer (TDC) can be 
used as an attachment to the basic computer. This 
indicates the difference in tristimulus values be- 
tween the sample (standard) and the curve which 
results from the mixture of dyes used to  match the 
sample. It is extremely useful when making a meta- 
m d c  match because it allows the choice of dye con- 
centration which gives the closest tristimulus match. 
The best match cannot always be determined on the 
cathode ray tube because, in a metameric match, 
there is considerable overlapping of the spectra of 
the sample and of the mixture. The TDC shows 
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which combination of dyes gives the closest tristim- 
ulus values and, therefore, the best match. 


If the trial tablet prepared according t o  the 
formula calculated by the computer is not a sufi- 
ciently close match, the 0 values of this first trial 
tablet are determined and entered into the com- 
puter. The operator can then correct this first trial 
formula by adjustment of the concentration po- 
tentiometers and obtain a better match. Usually 
the second trial will be a satisfactory match. 


The chromaticity diagram plots of the dyes used 
to match “camellia” and “moonglow” are shown in 
Figs. 2 and 3. These plots show that the color which 
results from a combination of dyes lies within the 
boundary of the triangle (Fig. 3) and quadrangle 
(Fig. 2), described by the chromaticity coordinates 
of the dyes used in the match. 


Figure 4 shows the reflectance spectra of the dyes 
used in the “camellia” match. The first trial tablet 
was too dark (the chroma was too high)? but it was 
the correct huc8 The reflectance data from the 
first trial tablet were converted to 8 values and en- 
tered into the computer; a satisfactory match was 
achieved with the corrections calculated on the 
second trial. The reflectance spectra of the second 
trial is shown next to the first trial and also next to  
the “camellia” for comparison. 


The comparison of the reflectance curve of the 
second match of “camellia” to  the Spiffy “camellia” 
shows two significant points. First, the minimum 
in the Spiffy “camellia” curve at about 565 mp was 
not matched; second, the two curves cross over 
several times. The failure to  match the minimum 
was not so important as matching the rapidly 
changing slope from 57G600 mp, as was mentioned 
under Method. The sharp absorption from 400- 
415 mp in the Spiffy “camellia” is caused by Ti02 and 
is of no concern to  the colormatcher. The crossing 
over of the spectra produces a metameric match. 


Figure 5 shows the reflectance spectra of the dyes, 
other than black, used for the “moonglow” match. 
In this instance, the first trial was a satisfactory 
match. The ultimate dosage forms for these colors 
are sugar-coated, capsule-shaped tablets. No diffi- 
culties were encountered in changing from the com- 
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pressed tablets used in obtaining the match to  the 
capsule shaped tablets. The correct color was ob- 
tained by using 20 coats of a syrup solution contain- 
ing one-half the calculated dye concentrations. 
Table I1 shows the concentrations of dyes used in 
the matching of “camellia” and “moonglow.” 


TRISTIMULUS DATA 


The tristimulus data for nearly 50 colorants are 
given in Table 111. The tablets were prepared 
according to the procedure described above, and the 
tristirnulus data were calculated by the weighted 
ordinate method. 


CONCLUSIONS 
The problems in matching the color of a pharma- 


ceutical product to a paint chip or any material which 
uses nonpharmaceutical colorants, have been 
mitigated by using a spectrophotometric approach. 
The ability to achieve a satisfactory color match in 
one or two tries is a significant improvement over a 
trial and error procedure. I t  can only be properly 
appraised by considering the number of man hours 
freed by this method for more productive tasks. 
The closeness of the matches achieved with the 
spectrophotometric technique establish this as the 
preferred color matching method. The technique 
should work equally well with other nontransparent 
dosage forms such as ointments. 
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tilled water, 0.9% sodium chloride, and .066 M 
phosphate buffer solution a t  pH 7.0. 


The solubility of the gases studied in aqueous 
solution decreased as the temperature increased. 


Heats and entropies of solution of carbon dioxide, 
krypton, and xenon have been calculated. The rela- 
tion between AS" and AH" at various temperatures 
is exactly linear in every case, and the slope is 
approximately equal to 1/T. 
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bility in normal saline and phosphate buffer is prob- 
ably due t o  the effect of electrolytes which decrease 
in "icebergs" forming or clathrate tendencies. 


Free Energy, Heats, and Entropies of Solution.- 
Lange and Watzel (15), Eley (16). and Bulter (17). 
using the gas-solubility data of Valentiner, have 
calculated the heats and entropies for the solution of 
rare gases in water. Eley plotted both the values of 
AH" and TAS" against T giving straight lines of 
slope R(B-1). Lange and Watzel have derived 
values of AH" and AS" similar to Eley's and ob- 
served their strong dependence on temperature. 
Bulter calculated the values of AS" and AH" at 
25" and found that there is a linear relation between 
the heats and entropies of solution. The AH" and 
AS" values presented in Tables I, 11, and I11 were 
calculated according to the equations derived by 
Eley (16). Plotting the values of AH" and TAS" 
against T gave straight lines of slope R(B-1). 
Plotting AS" against AHo also gave straight lines of 
slope approximately equal to  l /T  (3.3 X 10-8). 
Those plots showed that the data fitted the follow- 
ing equation well: 


Although ACp can be calculated from the straight 
lines plot of either AH" or TAS" against T, this 
method is a very insensitive one. 


SUMMARY 
The solubility of carbon dioxide, krypton, and 


xenon has been measured at 1 Atm. total pressure 
and at temperatures of 25, 30, 37, and 45" in dis- 
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Synthesis of N-Methyl-l,3-dimethylbutylamine 
By M. T. WU 


A procedure has .been described for the 
preparation of N-methyl-1,3-dimethyIbutyl- 
amine from methyl isobutyl ketone and 
methylamine. T h e  method involves low 
pressure hydrogenation of ketimine in  the 


presence of platinum catalyst. 
ELATIVELY low molecular weight organic com- R pounds with one or more electronegative 


atoms-such as nitrogen or oxygen-can dissolve 
salt-free water without losing their identity to a 
separate phase. The solvent then releases the puri- 
fied water during a slight temperature increase. In 
view of the interesting physical properties of N- 
ethyl-n-butylamine and N-methyl-n-amylamine (1, 
2). similar secondary amines seem worthy of study. 
This paper describes the synthesis of N-methyl-1,3- 
dimeth ylbutylamine. 


EXPERIMENTAL 
N-Methyl-l,3-dimethylbutylamine.-Methyl- 


amine (31 Gm., 1 mole) was dissolved in 385 Gm. 
absolute ethanol; the solution was chilled in ice. 
Methyl isobutyl ketone (300 Gm., 3 moles) was 
added dropwise, and the resulting solution slowlj 
generated heat which was removed by additional 
cooling. This was divided into approximately four 
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equal quantities. These were reduced catalytically 
over 8 Gm. of 10% platinum-on-charcoal at a maxi- 
mum pressure of 60 p.s.i. The total amount of 
hydrogen absorbed corresponded t o  99.5y0 of the 
theoretical quantity. After removing the catalyst 
by filtration, the filtrate was added to  an excess of 
dilute hydrochloric acid a t  a temperature below 20". 
The acidic solution was then concentrated to a small 
volume to  remove ethanol, methyl isobutyl ketone, 
and any other volatile product. After making the 
acidic solution basic with an excess of aqueous 
sodium hydroxide, the water insoluble layer was re- 
moved, and the water layer was extracted four times 
with ether. The combined water-insoluble layers 
were dried over potassium hydroxide pellets and 
finally over calcium hydride. The ether solution was 
distilled carefully through a 28 X 1-in. metal helices- 
packed column from a small quantity of calcium 
hydride to  yield 78.9 Gm. (69% on the basis of the 
methyl amine employed) of N-methyl-l,3-dimethyl- 
butylamine, b.p. 122 to 122.5", n;". 1.4131, d:" 
0.7458, MRD (calcd. ) 38.53, MRD (obs. ) 38.13. 


Anal.-Calcd. for C~HITN: C, 72.97; H, 14.87; 
N, 12.16. Found: C, 72.95; H, 15.01: N, 12.19. 
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Methanesulfonate Esters of Cholane' Alcohols 
By FREDERIC C. CHANG 


Some methanesulfonate esters of cholane alcohols derived from desoxycholic acid 
have been re ared and submitted for screening as antitumor agents. '+red 
spectra of &e imesylates have distinctive patterns in the 870 to 1000 crn.-lnipon, 
each of which is shown to be virtually superimposable on a composite s 
a pair of corresponding mono-mesylates. Antitumor screening test r e s E z l  
that the 3a,l2a-, and 12a,24-compounds are inactive and harmless to test animals, 


but the 3a,24isomer is quite toxic. 


HE DISCOVERY that 1 ,Cbutanediol dimesylateS 
Tpomsses significant antitumor activity has 
aroused interest in the methanesulfonyloxy deriv- 
atives of other types of compounds (1, 2). 
Access to a number of cholanediols made available 
during the course of other steroidal research 
(3-5) led us to prepare and submit for anti- 
tumor screening their dimesylate derivatives. 


Syntheses of 3a,K?a-dimesyloxycholane (I), 
3a,24 - dimesyloxycholane (11), 12a,24 - di- 
mesyloxycholane (111) by conventional methane- 
sulfonyl chloride treatment in pyridine solution of 
the corresponding dihydroxycholanes derivable 
from desoxycholic acid-33a,l2a-cholanediol (IV), 
3a,24-cholanediol (V) , and 12 a,24-cholanediol 
(VI) , respectively- are relatively straighffor- 
ward. However, the 24-mesyloxy group can 
undergo further reaction with chloride ion formed 
in the reaction, as was encountered previously in 
the preparation of tosylates (3), and it was found 
necessary to avoid excessive reaction times in 
the mesylation of I1 and 111. Use of thin-layer 
chromatography (TLC) facilitates following the 
course of reaction. 
As predictable from knowledge of relative 


acylation rates of the hydroxyl groups in bile 
acids (6), the axial 12a-hydroxy1, additionally 
hindered by the C-17 side chain and possibly by 
the A-ring (7), is least accessible and reacts 
much more slowly than hydroxyl a t  either 3a or 
24. Thus, I V  or VI in the presence of 1.5 mole 
equivalents of mesyl chloride after 30 minutes at  
room temperature are converted into 3aI12a- 
cholanediol 3-mesylate (VII) and 12a,24-cho- 
lanediol 24-mesylate (VIII), respectively, with- 
out trace of dimesylation, as shown by TLC. 


The primary C-24 hydroxyl group probably 
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reacts faster than the secondary 3a in the mesyla- 
tion reaction, as is true in the successful selective 
tosylation of 3al24-cho1anediol to the 24-mOnO- 
tosylate (3), but under the conditions of the ex- 
periments reported here mesylation at  both 3a 
and 24 positions proceeded too rapidly to demon- 
strate relative rates. In fact, when V was 
treated with an equimolar amount of methane- 
sulfonyl chloride even at  0' and followed by 
TLC, the first spot taken immediately after 
mixing (zero time), when developed, showed the 
production of two new spots, presumably cor- 
responding to the two possible mono-mesylates. 
A t  2-minute reaction time, an additional spot, 
with Rr value of 3a,24cholanediol dimesylate 
had appeard. Spots taken at 20 minutes and 
longer show that the reaction had stopped and 
no further change in concentration of the three 
products or of the starting diol is seen, when 
apparently all the methanesulfonyl chloride has 
been consumed. Attempts to separate the mix- 
ture by either crystallization or column chroma- 
tography have failed.* 


Infrared spectra of the three dimesylates all 
have a strong sharp band near 1170 an.-' and 
bands near 1350 an.-' (Fig. 2s)) which char- 
acteristic of sulfonate esters and are attributed 
to -SO2 stretching vibrations (8). In addition, 
each spectrum has a distinctive absorption pat- 
tern in the 870 to lo00 an.-' region, which can 
be used for differentiation and easy identification 
of the three isomers. Study reveals that these 
patterns are distinctive because of the marked 
individuality of the isolated mesyloxyl groups in 
the 3a, 12a, and 24 positions in the 870 to 
1000 an.-' region. These characteristic ab- 
sorption bands differ among themselves con- 
siderably, but each is remarkably constant in 
shape and intensity at  least for the compounds in 
the cholane and cholanic acid series.' Thus, in 
this infrared region the spectra of the dimesylates 


*Failure by the latter method is not rurprIdng, 01 P r  
values by TLC of the two mono-maylatea and the dimaylate 
differ by little. By com prison, in the anme devdoping 
system the two corrcapon&ng mono-toaylatca (8) had quite 
different Rf valuca. 


~Howcver mea loxy compounds containing n 
groupa with d b f e  interactions have not been stu%k- 
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Fig. I.-Partial infrared spectra of cholanol mesyl- 
ates. ( a )  3a-Cholanol mesylate; (b) 12a-cholanol 
mesylate; (c)  24-cholanol mesylate (all 4% in CC4). 


are each virtually superimposable on a composite 
spectrum of a mixture consisting of the corre- 
sponding cholanol mesylates in equal proportions. 
Figure 1 shows partial spectra of the three 
cholanol mesylates: 3a-mesyloxycholane (UC), 
l2a-mesyloxycholane (X) , and 2Cmesyloxy- 
cholane (XI). Figure 2 gives spectra of the 
three dimesylates I, 11, and 111, each compared 
with the corresponding mixture in appropriate 
concentration. 


The mono-mesylates VII and VIII, mentioned 
above, and a number of other cholane deriva- 
tives: were recognized as mesylates and correctly 
assigned to substituent position through their 
distinctive infrared bands in this region. 


Screening Results.-Compounds I and I11 
in screening tests conducted by the Cancer 
Chemotherapy National Service Center on Sar- 
coma 180 in mice and lymphocytic leukemia in 
rats, were devoid of antitumor activity and quite 
harmless to test animals at daily doses of 125 
mg./Kg., over a period of seven days. In 
contrast, compound I1 proved to be extremely 
toxic even in 0.50 mg./Kg. doses and could be 
administered only at low dosages. This degree 
of toxicity is unusual among steroids; further- 
more, endocrine evaluation data, obtained from 
CCNSC, suggests that the 3a,24compound may 
have thymolytic and antisplenic activity without 
marked antiflammatory effect. These results 
and the marked difference in biological activity 
between the isomeric dimesylates invites further 
investigations which we are pursuing. 


EXPERIMENTAL 
Microanalyses were performed by Galbraith 


Microanalytical hboratones, Knoxville, Tenn. ; 
Weiler and Strauss, Oxford, England; and Alfred 
Bernhardt Mikroanalytisches Laboratorium, Mul- 
heim, Germany. Melting points were taken on an 
electrical micro hot-stage and are uncorrected. 
These mesylate melting points were found to be 
dependent on the rate and length of heating; 


Methyl 12a-mesyloxy-3-cholenate, methyl 12u-muyloxy 
cholanate, methyl 3a,12u~imesyloxycho1Pnate, 3 hloro-b 
cholene-24-01 mesylate, 3&chl-ll-cholene-24-o&cmesylate 
[all described in (5) 1. 
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samples were placed on the hot-stage at one degree 
below the melting point, with the block temperature 
increasing about 0.33 degree per minute. Optical 
rotations were determined in 2% chloroform solu- 
tion at about 26'. Infrared spectra were recorded 
on a Perkin-Elmer Infracord spectrophotometer 
(model No. 137). 


Meeylation Procedurs.hThe cholane alcohol, 
dried by azeotropic distillation of a benzene solution 
and dissolved in 7 volumes of freshly distilled pyri- 
dine, is cooled to nearly 0' in an ice bath, and while 
the reaction flask is twirled in the ice bath, an 
appropriate quantity (see below) of methanesulfonyl 
chloride (Eastman Kodak Co. No. 5388) is added 
through a pipet. After five minutes, the flask is re- 
moved from the bath and allowed to stand at room 


mo SmmDOo Ma 1ooo e4mY' 


m-ml--l 


Fig. 2.-Partial infrared spectra of cholanediol 
dimesylates (-) and corresponding mixtures 
(- - -). (a)  3a,l2a-Cholanediol dimesylate (2.5% 
in CCh); and 3a-cholanol rnesylate-12a-cholanol 
mesylate (1:l mixture of 4% solutions in CC4). 
(b) 3a.24-Cholanediol dimesylate (2.5% in CHCS); 
and 3a-chohOl mesylate-24-cholanol mesylate (1 : 1 
mixture of 4% solutions in CHQ). (c )  12a.24- 
Cholanediol dimesylate (2.5% in CCL); and 12p- 
cholanol mesylate-24-cholanol mesylate (1 : 1 mu- 
ture of 4% solutions in CCl,). 


temperature. Crystals of pyridinium chloride sepa- 
rate as the reaction proceeds. The reaction can be 
followed readily by thin-layer chromatography (see 
below). When the reaction is complete, the flask is 
returned to the ice bath and ice chips are added. 
slowly to avoid undue temperature rise. In a few in- 
stances, the product crystallized at this point. 
Generally, processing requires transfer to a separa- 
tory funnel with ether, washing successively with 
cold dilute hydrochloric acid, neutralizing with 
dilute sodium bicarbonate solution and tinally with 
water. After separation and treatment of the 
ethereal layer with a desiccant. and removal of the 
ether, the product is crystallized with a suitable sol- 


Thin-layer Chromatography.-Plates were coated 
with silica gel G (Merck, Darmstad) using DeSaga 
equipment, developed in ligroin-thy1 acetate'( 1 : 1 ), 
and sprayed with vanilh-sulfuric acid-ethanol(9). 
Ja,lZa-Cholanediol Dimesylate (I).-This was 


prepared from 3~,12a-cholanediol (4). Methane- 
sulfonyl chloride used. 6 mole equivalents; reaction 
time, 3 hours. Crystallized from i-propyl ether as 
dear, dense PriStIIS, m.p. 117.2 to 118.2', [ a ] ~  + 


0 Procedure used in the reparation of dJ mesylnte esters 
described in this paper. Jhriationa were onlp in proportion 
of methanesulfonyl chloride used and in reaction time' these 
are stated under the individual 'compound descriptioks. In 
general. yields obtained weve nearly quantitative. 


Co., 
m.p. 63-70°, purified by sulfuric acid treatment and dtstllla- 
tion. 


vent (see below). 


7Ligroin marketed aa Skellysolve B by Skdly 
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TABLE I.-MSSYLATES~ OF CHOLANE ALCOHOLS 
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m.p. 117.2 to 119.0's [U]D + 51.3'. V-. (CSJ3636, 
1033 (12a-OH); 1361,1174,968,954,933,917,870 
cm.-l. 


Anal.-Calcd. for G ~ Z H , O ~ S  (440.60): C, 68.15; 
H. 10.07. Found: C, 67.96; H,9.99. 


12~,2+Cholanediol 24Mesylate (VIII).-This 
was prepared from 12a,24-cholanediol (11). The 
amount of methanesulfonyl chloride used was 1.5 
mole equivalents, and the reaction time was 1 hour. 
VIII crystallized from ligroin in bundles of needles, 
m.P. 97.4 98.6's [UID + 35.8', Vmu. (c&) 3663, 
1036 (12a-OH); 1366, 1179, 982, 971, 960, 923 
cm. -I. 


Ad. -Ca lcd .  for GrHuOB (440.60): C, 68.15; 
H, 10.07. Found: C,67.87; H.9.86. 


Ja-Cholanol Mesylate (=).-This was prepared 
from 3acholanol (3). The amount of methane- 
sulfonyl chloride used was 1.5 mole equivalents and 
the reaction time was 1 hour. IX crystallized from 
i-propyl ether as clear prisms. m.p. 114.5 to 115.5'. 
[ a ] ~  4- 44.1'. v-. (CC4) 1366,1174,993,968,956, 
936,926,867 cm.-I. 


Anal.--Cslcd. for G&GS (424.60): C, 70.71; 
H, 10.45. Found: C, 70.57; H, 10.26. 


12a-Cholanol Mesylate (X) (S).-This was pre- 
pared from 12a-cholanol (4). The amount of 
methanesulfonyl chloride used was 5 mole equiva- 
lents and the reaction time was 3 hours. X crystal- 
lized from methanol as thin plates, m.p. 99.3 to 
99.8'. dec., [U]D + 64.7". vmu. ( c c b )  1344, 1174, 
971,951,916,900,882 mu.-'. 


Anal.-CaIcd. for CuHItOaS (424.60): C, 70.71; 
H, 10.45. Found: C, 70.92; H, 10.32. 


24Choho l  Mesylate (=).-This was prepared 
from 24-cholanol (3, 12). The amount of methane- 
sulfonyl chloride used was 1.6 mole equivalents, and 
the reaction time was 1 hour. XI crystallized from 
ligroin in micro needles, m.p. 89.5 to 91.2'. [ a ] ~  + 
26.6', v-. (CCL) 1370, 1348, 1181, 980(sh).959, 
920 cm.-l. 


Ad.-Calcd. for C&t&S (424.60): C, 70.71; 
H, 10.45. Found: C. 70.88; H, 10.65. 
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Mesylate R R' R' 
I 3a,lPa-Cholanediol OMS* OMS H 


I1 3a,24Cholanediol OMS H OMS 


I l l  12~,24-Cholanediol H OMS OMS 


V I I  34.12~-Cholanediol OMS OH H 


VI I I  12a.24-Cholanediol H OH OMS 


IX 3a-Cholanol Mesylate OMS H H 
X 12a-Cholanol H OMS H 


XI 24-CholanolMesylate H H OMS 


a Mesylate - Methanerulfooate. * OMS = Methane- 


Dimesylate 


Dimesylate 


Dimesylate 


3-Mesylate 


24-Mesylate 


Mesylate 


sulfonyloxy group. 


70.0'. v-. (CC4) 1339, 1174, 969. 952, 941, 929 
(sh), 914,900.881.867 cm.-l. 


Anal.--Calcd. for cisHUo& (518.76): C, 60.21; 
H,8.94. Found: C.60.56; H.8.99. 


3a-24-Chdanediol Dimesylate (II).-This com- 
pound was prepared from 3a.24-cholanediol(3, 10). 
Three mole equivalents of methanesulfonyl chloride 
were used. The reaction time was 1 hour. Needles 
of I1 crystallized from ligroin, m.p. 138.9 to 141.2', 
lalD + 33.5", v-. (CHCb) 1351, 1171, 973,954, 
923, 869 cm.-1. 


H.8.94. Found: C.60.32: H,9.22. 
Ad.-Calcd. for GsHt00& (518.76): C, 60.21; 


.12~,24Cholanediol Dimbylate (III).-This was 
prepared from 12a,24cholanediol (11).* Six mole 
equivalents of methanesulfonyl chloride were used. 
The reaction time was 3 hours. Crystallized from 
ligroin, I11 separated as clear, thin rectangular 
plates, m.p. 102.1 to 103.5'. [a]n + 49.4'. vmamax. 
(CCL) 1350,1170,961.952.917,901,~ cm.-I. 


Ad.-Calcd. for GSHt60& (518.76): C, 60.21; 
H, 8.94. Found: C. 60.02; H, 8.69. 


111 is quite stable at room temperature and can 
be dissolved by reflux in ligroin providing the ma- 
terial is stirred. Overheating, even at steam bath 
temperatures, causes quick decomposition of the 
compound. 


3a,l2a-Cholanediol 3-Mesylate (MI).-This was 
prepared from 3a.l2acholanedio1(4). The amount 
of methanesulfonyl chloride used was 1.5 mole 
equivalents and the reaction time was 1 hour. VII 
crystallized from ligroin as thin regular hexagons, 


8 O u r r p a r a t i o n  crystallized from henwile ia thick 
hexagons, m.p. 134.9 to 135.9'. [PID + 89.1' (chf.). elongat 








Correlation of Amount of Metabolite Excreted and 
Its Excretion Rate with Available Surface Area of 


Tolbutamide in Dosage Form 
By EINO NELSON, STUART LONG, and JOHN G. WAGNER 


Tolbutamide was administered to normal human test subjects in the form of thin 
cylindrical disks having an initial surface area of 6.60 cm.' per 0 .5  Gm. dose and in  
the form of spherical granules prepared b coating spherical inert core granules 
with this drug. T h e  initial surface areas orthe granules used were 36.9,63.1, and 
98.6 cm.* per 0.5 Gm. dose of tolbutamide. Excretion rate of carboxytolbutamide, 
the metabolite of tolbutamide, was determined followin dose ingestion. Perfect 
rank-order correlation was shown between per cent of a fose as metaboliteexueted 
in  the urine i n  48 hours and surface area of tolbutamide i n  the dosage form. Like- 
wise, there was perfect rank-order correlation between mean maximum excretion 
rate of carboxytolbutamide and surface area of tolbutamide i n  the dosage form. 


HILE THERE is now good recognition of the 
wqualitative aspects of the effect of surface 
area of drug on absorbability, little work has been 
done on the quantitative aspects of this factor, 
although the effect of surface area on the absorp- 
tion of tetracycline and several of its salts has 
been previously studied in cases of solution rate- 
limited absorption and nonsolution rate-limited 
absorption (1, 2). This communication reports 
the results of studies conducted using dosage 
forms of the antidiabetic drug tolbutamide,l with 
known surface areas in which a direct relationship 
was shown between either mean maximum excre- 
tion rate of carboxytolbutamide,' the metabolite 
of tolbutamide, or percentage of this metabolite 
recovered in the urine in 48 hours and average 
surface area of tolbutamide when drug was taken 
as thin cylindrical disks or spherical granules. 


EXPERIMENTAL 
Dosage Forms.-Thin cylindrical disks, 0.168 cm. 


in thickness and 1.28 cm. in diameter, were prepared 
by compressing tolbutamide with 1% calcium 
stearate in a single punch tablet compressing ma- 
chine. The apparent density of the disks was 1.16 
Gm./cm.*. Each disk contained 250 mg. of tol- 
butamide; hence, two disks contained a 0.5-Gm. 
dose of tolbutamide. 


Three lots of spherical granules of tolbutamide 
were prepared in a manner similar to that previously 
described (3). except that no external coating was 
applied. By varying the size of the core granules 
and the thickness of the coated tolbutamide layer, 
the surface areas per 0.5 Gm. dose of tolbutamide 
were altered from one lot of granules to the next. 
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who prepared the cylindrical dmks. 
1 Tolbutamide is 1-butyl-3-ptolylsulfonylureo. 
2 Carboxytolbutamide is 9-(butylcarbamoyl) sulfamoyl- 


henmic acid. 


Particle size variation was estimated by measuring 
the diameters of 100 individual granules of each lot 
with a micrometer. The average and median diam- 
eters, the standard deviations, and the coefficients of 
variation are shown in Table I. Percentage of 
granules by number less than diameter against 
diameter is plotted on normal probability graph 
paper in Fig. 1. Approximately 95% of the granules 
of each lot gave linear plots which indicated this 
fraction approximates the normal Gaussian distribu- 
tion. There was some skewness to the left, i.c., 
toward smaller diameters. The medians, standard 
deviations, and coefficients of variation were esti- 
mated from the linear portions of the plots shown in 
Fig. 1, and these are reported in Takle I also. In a 
similar manner, particle size variation of the core 
granules was estimated. The variation in particle 
size of the core granules was of the same order of 
magnitude as the particle size variation of the coated 
granules. Wachtel and LaMer (4) reported an 
average coefficient of variation of 12.6% for so-called 
monodisperse emulsions and an average coefficient 
of variation of 10% for aerosols. Hence, the smaller 
coefficients of variation of the core and coated gran- 
ules, approximately 44%. indicate very narrow 
particle size ranges. 


More accurate estimates of average diameters of 
the core and coated granules were obtained by meas- 
uring about 1,OOO granules of each lot. This was 
done by lining up the granules side by side in a 
trough in groups of 110 to 130 and measuring the 
distance from the first to  the terminal granule. The 
average diameten determined by this method are 
shown in Table 11 and are within 1 to 3y0 of the 
average diameters obtained with the 100 individually 
measured granules of each lot. From the average 
diameters and weights shown in Table 11, the ap- 
parent densities of the coated tolbutamide layers on 
the granules were calculated to  be 0.997, 0.930, and 
1.02 Gm./cm.*for granules A, B, and C, respectively. 
Calculation of Surface Areas and Dosea-Each 


lot of granules was considered sufficiently homogene- 
ous and of particle size range narrow enough to 
estimate the surface area from the average diameters 
of the core granule and the coated granules. To 
illustrate the method of calculation, the data for 
granules C (Table 11) are used. The surface area of 
an average coated granule was r (0.1195)* or 0.0449 
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TABLE I.-PARTICLE SIZE VARIATION OF THE 
COATED GRANULES 


Granules Granules Granules 
A B c 


Based on 100 Granules of Each Lot: 
Av. (cm.) 0.129 0.135 0.117 
S.D. (cm.) 0.00i2 0.0076 0.0051 
Coefficient of varia- 


tion ( % I  5 .6  5 . 6  4 . 4  
Median (cm.) 0.129 0.136 0.117 


Based on Linear Portion of Normal Probability Plot : 
Median (cm.) 0.129 0.137 0.117 
S.D. ( c p )  0.0066 0.0064 0.0046 
Coefficient of varia- 


tion (%) 5.1 4.7 3.9 


I - .  . . . . . . . . I I 6  
y 1 - 4 0  42 44 46 49 50 52 54 56 58 


THOUYNOTHS OF IN INCH 


CENTIMETERS 
DIAMETER OF GRANULES 


010 0 I2 0 14 


Fig. 1.-Particle size distributions of the granules. 
Key: 0, granules C;  0, granules A; V,  granules 
B. 


ern.*; hence, the surface area of 2195 granules was 
98.6 cm.'. The surface area of an average core 
granule was K (0.1075)* or 0.0363 cm.P; hence, the 
surface area of 2195 granules was 79.7 cm.'. The 
average surface area during dissolution of the coated 
layer was then (98.6 + 79.7)/2 or 89.1 cm.l per 
0.5-Gm. dose of tolbutamide. The weight of coated 
granules required was obtained by dividing the dose 
(in milligrams) by the potency or 500/157 or 3.185 
Gm. The coated granules weighed 14.5103 Gm. 
per 10,000 or an average of 1.45103 mg./granule. 
The number of granules administered was therefore 
3185/1.45103 or 2195 granules. The corresponding 
calculated quantites for granules lots A and B are 
shown in Table 11. 


The surface area of the disks calculated from their 
dimensions was 3.30 cm.'/disk or 6.60 cm.' per 
0.5-Gm. dose of tolbutamide. Since their final sur- 
face area after dissolution would be theoretically 


zero, their average surface area during dissolution 
would be 3.30 cm.? per 0.5 Gm. of tolbutamide. 


Conduction of Tests.-Drug in 0.5-Gm. doses was 
ingested orally by normal human test subjects after 
overnight fast, and no food was taken until 1 hour 
after ingestion of the dose. The doses of the drug as 
spherical granules were contained in an appropriate 
number of hard gelatin capsules. Urine was collec- 
ted at 2-hour intervals for the first112 hours and then 
in pooled 12-hour collections for 48 or 60 hours. 
The designations (by initial) of sex, age, and weight 
in kilograms of the test subjects were, respectively, 
E-M-41-77, C-F-30-57, and P-M-31-72. The van- 
ous preparations were taken serially in the order 
disks and granules A, B, and C, respectively. At 
least 1 month elapsed between tests. 


Analytical Method.-Suitable diluted urine ali- 
quots were assayed for carboxytolbutamide by the 
method of Nelson et al. (5). Suitable blank and 
binding corrections were made on the initial analyti- 
cal values as prescribed in the assay. 


THEORY 


Tolbutamide A Tolbutamide in 
in dosage - solution a t  + 


form absorption site 
Tolbutamide 
in other Carboxytolbutamide 
fluids of in other fluids 
distribution of distribution 


Tolbutamide Carboxy- Carboxy- 


blood in blood in urine 


lt lt 
in + tolbutamide -P to!butamide 


It is known from previous work (6, 7) that (a) 
B, C, and D are or could be expected to be first- 
order processes within experimental error; ( b )  proc- 
ess D is about 12 times more rapid than process C; 
(c) process B is a t  least 10 times more rapid than 
process C; and (d) tolbutamide is nearly quanti- 
tatively oxidized to carboxytolhutamide ( i e . ,  f E 
1). 


Hence, assuming that tolbutamide entering the 
blood during the absorption process rapidly equili- 
brates with the blood and other fluids of distribution, 
one would expect that the rate of excretion of the 
metabolite, carboxytolbutamide. wotild be greatly 
influenced by the rate(s) of process A. Since rate 
of dissolution is theoretically directly proportional 
to surface area, one would expect the rate of excre- 
tion of the metabolite to be related to the surface 
area of tolbutamide in the administered dosage 
form. Also, since oiie would expect the dosage form 
to be a t  the absorption sites in the gastrointestinal 


TABLE 11.-AVERAGE DIAMETERS, AVERAGE WEIGHTS, POTENCIES, DOSES, ANDSURFACE AREASOPGRANULES 


Granules Granules Granules 
A B C 


Av. diam. of coated granules (cm.) 0.1326 0.1368 0.1195 
Av. dim. of core granules (cm.) 0.0937 0.1151 0.1075 
Av. wt. of coated granules (Gm. per 10,000 granules) 15.9875 19.8227 14.5103 
Av. wt. of core granules (Gm. per 10,000 granules) 8.5312 14.7800 12.0109 
Potency (mg. tolbutamide per Gm. of granules) 467 235 157 
Wt. of granules equiv. to  0.5 Gm. tolbutamide (Gm.) 1 ,071 2.131 3.185 
No. of granules equiv. to 0.5 Gm. tolbutamide 669 1055 2195 
Total surface areas for No. of granules equiv. to  0.5 Gm. of tolbutamide 


Coated granules 36.9 63.1 98.6 
Core granules 18.5 44.7 79.7 
Av. during dissolution of coated layer 27.7 53.9 89.1 
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TABLE 111 .--AMOUNTS OF CARBOXYTOLBUTAMIDE (mg.) EXCRETED BY TEST SUBJECTS AFTER INGESTION 
OF 500-mg. DOSES OF TOLBUTAMIDE IN SEVERAL DOSAGE FORMS‘ 


Subject 2 4 6 8 10 12 24 36 48 60 
Thin Cylindrical Disks D, 6.6 cm.*/O.5 Om. Dose Tolbutamide 


Eb 10 30 47 61 71 84 124 . . .  2 19 


Time, Hr. 


Cb 2 9 21 33 46 54 93 . . .  124 
P 1 12 24 34 43 49 89 . . .  140 
Mean 4 17 31 43 53 62 102 . . .  161 


Granules A, 27.7 cm.*/0.5 Gm. Dose Tolbutamide 
E 10 19 38 73 116 126 211 246 269 . . .  
C 4 21 45 78 99 120 187 230 252 ... 
P 0 17 37 62 86 104 171 209 229 ... 
Mean 5 19 40 71 100 117 189 228 250 ... 


Granules B, 53.9 cm.*/0.5 Gm. Dose Tolbutamide 
E 6 23 52 86 115 146 191 260 287 319 
C 8 87 163 222 276 312 445 486 500 516 
P 6 41 79 120 156 184 322 402 432 465 
Mean 7 50 98 143 182 214 32 1 382 406 433 


Granules C, 107.6 cm.I/0.5 Gm. Dose Tolbutamide 
E 43 121 203 272 333 379 510 5.56 580 599 - _ _  ._ ~~ 


C 32 137 222 294 348 387 534 573 590 590 
P 32 72 119 158 199 227 366 448 480 504 
Mean 32 110 181 241 293 33 1 470 526 550 564 
a Theoretical maximum recovery, 555 mg. * Data for these subjects are also reported in another communication (6). 


hm m HOu, 0 )  Lld-pmt of l“tCMl 


Fig. 2.--4 plot of average excretion rate of 
metabolite against time. The curves from top to 
bottom are for granules C, granules B, granules A, 
and the disks, respectively. 


tract for some finite time or range of time, the 
amount of metabolite excreted in a given time should 
be related to  the surface area of tolbutamide in the 
administered dose. Due to the complexity of the 
biological situation, as illustrated by the model 
above, it is not possible to estimate quantitatively 
the rate of process A as a function of time from the 
rate of appearance of the metabolite in the urine. 
The amount of metabolite in the urine a t  a given 
time will be a function of the volumes of many of the 
“compartments” involved and many of the rate 
and/or permeability constants involved. We tested 
the feasibility of making rank-order correlations 
between extent and rate of excretion of carboxy- 
tolbutamide and available surface area of tolbut- 
amide in the administered dosage form. 


RESULTS 


Amounts of carboxytolbutamide excreted in vari- 
ous times are given in Table 111. Figure 2 is a plot 
of average excretion rate of carboxytolbutamide 
(milligrams per hour) against time at the midpoint 


Surface Area of Dose in cm.1/0.5 Grn. of Tolbutamide 


Fig. 3.-A perfect rank-order correlation of per 
cent of theoretical metabolite excreted in the urine 
in 48 hours with surface area of tolbutamide in the 
dosage form. The center line in each bar gives the 
average surface area during dissoluton. 


Surface Area of Dose, cm.2/0.5 Gm. of Tolbutamide 


Fig. 4.-A perfect rank-order correlation of aver- 
age maximum excretion rate of metabolite in the 
urine with surface area of tolbutamide in the dosage 
form. The center line in each bar gives the average 
surface area during dissolution. 
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of the collection intervals over which the rates were 
calculated. Such excretion rate-time plots are much 
more sensitive and show curvature not nearly as 
evident on a cumulative amount excreted versus time 
plot. 


Figure 3 shows perfect rank-order correlation of 
per cent of theoretical carboxytolbutamide excreted 
in the urine in 48 hours with surface area of tol- 
butamide in the dosage form. 


Figure 4 shows a perfect rank-order correlation of 
average maximum excretion rate of carboxytol- 
butamide in the urine with surface area of tolbut- 
arnide in the dosage form. 


These results show that in normal human subjects 
available surface area of tolbutamide in the dosage 
form can have a pronounced effect on extent and 
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rate of excretion of the metabolite, carboxytolbut- 
amide, in the urine. Indirectly, they show that 
available surface area of tolbutamide in the dosage 
form can influence the rate and extent of absorption 
of tolbutamide if the surface area is restricted in the 
range studied. 
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Alkaloids of Vincu roseu Linn. 
(Cutburanthus roseus G. Don) XXIV 


Vinaspine, Vincathicine, Rovidine, Desacetyl VLB, and Vinaphamine 


By GORDON H. SVOBODA and ALBERT J. BARNES, JR. 


The continued phytochemical investigation of this pantropical plant has resulted in 
obtaining vinaspine and vinaphamine as free bases and vlncathicine, rovidine, and 
desacetyl VLB as the sulfates. The total number of alkaloids obtained from this 
plant, utilizing selective extraction, column chromatography, and gradient pH tech- 


niques, is now 49. 


HIS INVESTIGATION was pursued in an effort 
Tto elucidate the alkaloid composition of this 
pantropical plant as completely as possible (1). 
Occasionally, there is a spillover of leurocristinel 
(and leurosidine) into the B fraction. This 
investigation centers on the chloroform eluate of 
so-called post-leurocristine B fractions. 


Rechromatography of the benzene-soluble ma- 
terial from the above fractions on deactivated 
alumina yielded only the known alkaloid perivine 
directly. Application of the gradient pH tech- 
nique to each individual fraction yielded the new 
alkaloid vinaspine only as the base; while 
vincathicine, rovidine, and desacetyl VLB were 
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is marketed as Velban (vinblastine sulfate), and leuroeristine 
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obtained only as sulfates. 
vinaphamine, was obtained 
phous leurosidine-containing 
B fraction. 


These new alkaloids are 


A new alkaloid, 
from crude amor- 
material from the 


listed in Table I, 
TABLB I.- NEW ALKALOIDS FROM vinca rosea LINN. 


9. p.. pK'a in U.V.%on 
Name C. 33%DMF m# 


Vinaspine 236-238 7 .85  225 281 289 
Vincathidne (sulfate) >320 dec 5 .10  7.05 231' 264' 300 
Rovidine (sulfate) >320 dec: 4.82: 6 .95  214: 265: 286 
Desacetyl VLB 


(sulfate) >320 dec. 5.40.8.90 214,268,294 
Vinaphamine 229-235 6.111.7.0 214,262,292 


along with certain pertinent physical data. Their 
infrared spectra are reproduced separately (Figs. 
1-4) as additional aids to their identification. 


EXPERIMENTAL AND DISCUSSION*.' 


Rechromatography of 3.659 Kg. of the chloroform 
eluate of post-leurocristine material from the B 
fraction from 90% leaf in benzene on 120 Kg. of 
deactivated alumina yielded 29.580 Gm. of perivine 


1 For the sake of brevity, experimental techniques repeuted 
from earlier work (2. 3) are not described. * Melting points were determined on a Kotler microstage. 
Ultraviolet absorption spectra were obtained using a Cary 
model 14 sppectrophotometer. infrared spectra with a Perkio- 
Elmer model 21 double bgam recording infrared spectro- 
photometer; NMR spectra with a Varian Assodates 60- 
megacycle spectrometer. A standard Norelco powder cam- 
era, 114.6 mm. in dinmeter, was used in the X-ray examina- 
tion. 








B o o k s -  
REVIEWS 


Rheology of Emulsions. Edited by P. Sherman. 
The Macmillan Co. (Pergamon Press), New York, 
N. Y., 1963. vii + 146 pp. 15 X 23 cm. 
Price $7.50. 
The book is a compilation of the papers presented 


a t  a symposium held by the British Society of Rheol- 
ogy at Harrogate in October, 1962. The papers re- 
port the most recent work at the time on the flow 
properties of emulsions. The topics considered in 
the papers include the formation of emulsions. the ef- 
fect of concentration, flocculation, and particle ag- 
gregation on the rheology of disperse systems, the 
behavior of liquid drops under laminar flow. sta- 
bilization of emulsions, and dielectric behavior of 
emulsions. Since the discussions involving the rela- 
tionship of particle aggregation to  rheological proper- 
ties stress the “secondary minimum” in flocculation, 
one paper was devoted exclusively to a study of the 
diffuse double layer following the Derjaguin-Landau 
and the Venvey-Overbeek theories for the stability 
of colloidal systems. The editor apologized for the 
omission of a promised contribution on the rheologi- 
cal properties of the emulsifier film at the interface. 
I t  is unfortunate that a paper on this subject could 
not be included, because of the often cited impor- 
tance by various authors of resiliency and toughness 
of an emulsifier film in contributing to emulsion sta- 
bility. 


The earlier symposium on the rheology of suspen- 
sions, entitled “Rheology of Disperse Systems” 
(Pergamon Press, 1959), together with the present 
book, make a valuable contribution to the rheology 
of suspensions and emulsions. Anyone teaching or 
doing research which involves the consideration of 
dispersed solids and liquids will want to have these 
companion works in his library. 


Reviewed by Alfred N. Martin 
Professor of Physical Pharmacy 
Purdue University 
School of Pharmacy and Pharmacal Sciences 


Organic Reactions. Vol. 13. Edited by A. C. COPE. 
John Wiley & Sons, Inc., 605 Third Ave., New 
York 16, N. Y., 1963. vii + 382 pp. 15 X 23 cm. 
Each chapter of this latest volume treats an 


important synthetic reaction. The discussions are 
authoritative and critical covering the reaction and 
the methodsof preparation and utilization of reagents. 
The organic reactions presented are covered com- 
pletely and representative experimental procedures 
are given. Subjects covered in this volume are 
hydration of olefins, dienes, and acetylenes v i a  
hydroboration, halocyclopropanes from halo- 
carbenes, free radical additions to olefins to form 
carbon-carbon bonds, and formation of carbon- 
hetero atom bonds by free radical chain additions to  
carbon-carbon multiple bonds. 


Quantum Biochemistry. By BERNARD PULLMAN and 
ALBERTE PULLMAN. Interscience Publishers, 
605 Third Ave., New York 16, N. Y., 1963. 
xvi + 867 pp. 15.5 X 23 cm. Price $27.50. 
The two main objectives of this book are to  show 


biochemists how quantum mechanics can yield 
answers to the problems of the structure and mode of 
action of the constituents of living matter and to 
provide the quantum chemists with a general outline 
of the aspects of biochemistry in which their con- 
tribution may be useful. The authors note that 
topics of the same apparent importance are often 
given unequal treatment in their presentation but 
explain that the very early stage of development 
of quantum biochemistry is responsible. The work 
is divided into three major sections dealing with 
molecular orbitals for biochemists. electronic 
structure of fundamental biochemical substances, 
and electronic aspects of enzymic reactions. 


NOTICES 


Pharmucologie des Hormones Neurohypophysaires 
et de Leurs Analogues Synthetiques. By B. BBRDE. 
Masson & Cie, Editeurs, Libraires de L’Academie 
de Medecine, 120, Boulevard Saint-Germain, 
Paris VI“, 1963. 105 pp. 16 X 24 cm. Paper- 
bound. Price 10F. 


XXIO Congress0 di Scienze Farmaceutuhz. Con- 
ferenze e Comunicazioni, Pisa. 1961. Feder- 
azione Ordini Farmacisti Italiani, Rome, 1962. 
vii f 943 pp. 17 X 24 cm. Paperbound. 


Outline of Pharmacology and Therapeutics. By 
SISTER M. MARIEL, C.S.A. Charles C Thomas, 
301-327 E. Lawrence Ave., Springfield, Ill., 
1963. xvi + 297 pp. 16 X 23.5 cm. Price 
$12.50. 


Advances i n  Pharmacology. Vol. 2.  Edited by 
SILVIO GARATTINI and PARKHURST A. SHORE. 
Academic Press, Inc., 111 Fifth Ave., New York 3, 
N. Y., 1963. 15.5 X 23.5 cm. 
Price $12. 


vii + 392 pp. 


Advances in  Analytical Chemistry and Instrumenta- 
tion. Vol. 2. Edited by CHARLES N. RBILLEY. 
John Wiley & Sons, Inc., 605 Third Ave., New 
York 16, N. Y., 1963. 15.5 X 
23.5 cm. Price $15. 


vi $- 408 pp. 


Das Krebsprobhm. By KARL-HEINRICH BAUER. 
Springer-Verlag, 1 Berlin 31 (Wilmersdorf), 
Heidelberger Platz 3, (Berlin-West), Germany 
1963. xvi + 1099 pp. 17 X 25 cm. Price 
DM 98. 


Moderne Methoden der Pjhnzenanalyse (Modem 
Methods of Plant Analysis). Vols. 5 and 6. 
By K. PAECH and M. V. TRACEY. Springer- 
Verlag, 1 Berlin- Wilmersdorf, Heidelberger Platz 
3, West Berlin, Germany, 1963. xxiii f 512 pp. 
17 X 25 cm. Price DM 98 each. 


Prescription Pharmacy. Edited by J. B. SPROWLS, 
JR. J. B. Lippincott Co., East Washington 
Square, Philadelphia 5, Pa., 1963. x + 579 pp. 
18 X 25.5 cm. Price $12. 
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Kinetics and Mechanisms of Action of Antibiotics 
on Microorganisms I 


Reproducibility of Escherichia coli Growth Curves and Dependence 
Upon Tetracycline Concentration 


By M. R. W. BROWNt and EDWARD R. GARRETT 


A method which minimizes the lag period of measuring growth rates of bacterial 
cultures using late counts has been devised. The standard deviation, expressed as 
a F t a g e  ofthe mean among replicate growth rate determinations for this swain 
o Escbericbia coli, was 3.7 per cent. It has been shown that the a parent growth 
rate constants in the absence of antibiotic were independent o?moculum size. 
Growth rates and rates of kill have been obtained with cells in the constant rowth 
phase in the presence of graded concentrations of tetracycline hydrochlorife. Al- 
though low concentrations of antibiotic merely reduced the growth rate, increased 
concentrations had a definite bactericidal effect. After the initial kill with bacteri- 
cidal concentrations of tetracycline. survivors multiplied at rates which ap eared 
to be a function of the antibiotic concentration. The growth rate of the numgers of 
viables, X, can be quantitatively expressed as a function of tetracycline concentra- 
tion, D, and the growth rate constant, k., so that dx/dt = (k. - kD”)X. For a net 
increase in viables, the rate is a function of the h s t  power of the antibiotic concen- 
tration, whereas a dependence upon the concentration to the one-third power best 
describes the initial rate of change of numbers of viables when the bactericidal 


activity is experimentally manifested. 


HE ELUCIDATION of the effect of antibiotics on 
Tthe growth rate of microorganisms is com- 
plicated by the classical procedure of introducing 
organisms from steady state cultures into solu- 
tions of antibiotic in broth (1). The growth 
process undergoes an induction period when a 
degree of cell maturation precedes the logarithmic 
growth phase characterized by 


X = X.e” 0%. 1) 


where X, is the cell concentration at some time 
t = t,, during this growth phase, and X is the num- 
ber of cells per unit volume a t  time t. The growth 
rate is characterized by the apparent first-order 
rate constant, k (2). 


A systematic approach to the effect of an anti- 
biotic in graded concentrations would be to 
analyze the induction and log growth phases 
separately. The latter can readily be studied by 
combining antibiotic with logarithmic phase 
cells. It can then be assumed that on a statistical 
basis each viable cell is reproducing at the Same 
rate as the next (3,4). There are two convenient 
procedures: (a) the introduction of cells from a 
master culture in the exponential growth phase 
into a broth solution of antibiotic, and (b) the 
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introduction of antibiotic into a culture of log 
phase cells. 


In these circumstances, any change in the net 
rate of growth characterized by the constant k 
can be assigned to the effect of the antibiotic. 
This can be deduced by the change in slope of the 
logarithmic transformation of Eq. 1 as a function 
of antibiotic concentration 


log X = kt/2.303 + log X. (Eq. 2) 


It is apparent that for any net increase in the 
number of viables the diminution of the rate of 
growth compared to the rate in the absence of 
antibiotic can be assigned to actual “kill” of the 
microorganism and/or to a reduction in the gen- 
eration rate. For any measured decrease in 
colony count from the time of antibiotic addition, 
the validity of the term “kill” is unquestioned, 
since it is operationally defined as a reduction in 
the numbers of cells capable of colony formation 
under the stated conditions. 


It could be postdated a priori that if the de- 
crease in the apparent growth rate constant is a 
function of antibiotic concentration for all log 
viable versus time plots for all antibiotic dosage, 
then “kill” by antibiotic as defined is valid, even 
for a positive but lessened growth rate. How- 
ever, if the nature of the functional dependence 
of growth rate on antibiotic dosage varies with 
antibiotic dosage, then the interpretation is neces- 
sarily uncertain, and only when the apparent k<O 
can “kill” be concluded. 


I t  is difficult to deduce the relative contribu- 
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TIME, MIN. 


Fig. l.--Growth curves for E. coli ushg 
graded inocula concentrations. 


TABLE I.-APPARENT FIRST-ORDER GROWTH RATE 
CONSTANTS FOR REPLICATE E. cola CULTURES ON 


DIFFERENT DAYS 


Replicate Growth Rates 


EXPERIMENTAL 


Methods.-The test organism was Escherichia 
coli strain E/r. A broth culture from an isolated 
colony was used to inoculate replicate agar slants 


Day 1 Day 2 Day 3 using Bacto antibiotic medium 3;' these slants were 
0.01 202 0.01153 0.01 178 then stored frozen. This medium was also used for 
0.01165 0.01110 0.01145 broth cultures and plate counts. Dilutions for plate 


counts were made using distilled water containing 0.01193 0.01121 0.01147 
0'01130 0.85% sodium chloride. Plates were incubated for 0.01129 0.01113 
0'01169 at least 48 hours before counting, and subsequently 0.01124 0.01118 


TABLE II.-ANALYSIS OF VARIANCE OF APPARENT FIRST-ORDER GROWTH RATE CONSTANTS FOR REPLICATE 
E. cola CULTURES BETWEEN AND WITHIN DAYS 


Source of Degrees of Sum of Mean Components Variance 
Variation Freedom squares Square of Variance Ratio (F) 


Between days 2 5.0 X 10- 2.5 X lo-' 5ul. + UL 
4.3 


Within days 12 7.0 X lo-? 5.8 X 10- C?V 


Totals 14 12 x 10-7 
0% = variance within days = 5.8 X 10- 
08 = variance between days = 3.8 X 10- 
02 = u'b + al = 9.6 X 10- 


= 3.1 x 10-4 
S.D.: yo of Mean = 2.7 
Tabulated value of (F)  at 0.05 Significance level = 3.9 


-_ 
tions of cells whose generation rate has been 
reduced (perhaps t o  zero), cells which have lost 
the capacity to  form colonies, and cells which con- 
tinue to  reproduce at a n  unchanged rate. All 
of these types of cells may contribute to an 
observed reduction in colony count with time. 


This paper presents initial results of an investi- 
gation of these concepts. The effect of inoculum 
size upon the exponential growth rate and its 
reproducibility has been tested. Attempts have 
been made to fit a functional dependence of rate 
upon antibiotic dosage. 


re-examined for appearance of new colonies after fur- 
ther incubation. Assayed tetracycline hydrochlo- 
ride (995 mcg./mg.) was supplied by courtesy of The 
Upjohn Co. Antibiotic solutions in distilled water 
containing 2 mg./milliliter were sterilized by 
filtration, then stored frozen. Fresh slants and 
antibiotic solution were used for each experiment. 


Reproducibility of Growth Rate Measurements.- 
Growth rates were measured with a Klett-Summer- 
son colorimeter and also by plate counts. The color- 
imeter was used mainly as a screening device prior 
to  viable count experiments. A measured volume 
of an overnight broth culture was diluted into broth 


1 Difco Laboratories, Detroit, Mich. 
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RATE CONSTANTS FOR E .  cola USING INOCULA OF 
TABLE III.-APPARENT FIRST-ORDER G R ~ W T H  


GRADED CONCENTRATION 


Initial Concn., Rate 
appror. Constant 


10J 0.0118 
104 0.0115 
105 0.0117 
106 0.01 15 
107 0.0113 


(x  - It)' 
u* = z ___ = 5.4 x 10" n - 1  


at 37.5O, the growth rate followed turbidimetrically 
a t  500-570 my and at a predetermined turbidity, 
so that the cells known to be in the logarithmic 
phase were diluted into five replicate volumes of 
broth at 37.5'. This procedure of diluting log- 
arithmic phase cells into warm broth reduces any 
lag phase to a minimum (Fig. 1). Dilutions of the 
replicate cultures were plated out at intervals; 
these intervals were chosen after preliminary erpen- 
rnents had indicated which were suitable for deter- 
mination of growth rates. These growth rate deter- 
minations for five replicate cultures were repeated 
on each of 3 days. The correlation coefficients were 
calculated for the logarithm of viable count against 


I 


time for the part of the curves preceding thi 
tionary phase. In every case the correlatior 
highly significant (P > 0.99); Table I lists th 
culated apparent first-order growth rate con5 
obtained on each of the 3 days. Table I1 prc 
the results of an analysis of variance of the g~ 
rate constants between and within days. The ( 
minations of reproducibility of viable counts 
made with cultures in Klett-Summerson colori 
tubes since the reproducibility of the colorir 
determinations was established concum 
Erlenmeyer flasks (250-ml.) were used conti 
20 ml. of culture. 


Effect of hoculum Size.--Graded concentr: 
of logarithmic phase cells were used to inoc 
broth previously warmed to 37.5", and the g.1 
curves of the resulting cultures were deters 
by plate count (Fig. 1). Table I11 lists the g, 
rate constants obtained for the cultures in Fig 


Effect of Tetracycline Concentration.-Fo 
purposes of this study i t  is necessary to adc 
arithmic phase cells to solutions of the antibic 
prewarmed broth or to add antibiotic to logari 
phase cells (4). The former procedure was 
initially in this work, and the results are illusl 
in Fig. 2. Subsequently, it was decided to add 
biotic to cells in the logarithmic phase as the I 


Fig. 2.-Growth 4 


for E. coli in the pr 
of graded concentr 
of tetracycline ( 
grams per millilite 
extended periods. 


10 20 30 40 50 60 70 80 
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Fig. 3.--Initial growth curves for E .  coli in the pres- 
ence of graded concentrations of tetracycline (micro- 
grams per milliliter). 


TIME, MIN. 


ard method. The procedure was as follows. Nine 
replicate cultures of logarithmic phase cells were al- 
lowed to grow at 37.5' for a predetermined period so 
that the concentration increased from about 105 
cells/ml. to about 106/ml. ; eight of the cultures were 
then inoculated with tetracycline hydrochloride 
solution. The cultures then contained 0,0.03,0.05, 
0.1, 0.15, 0.2, 0.6, 4, and 8 mcg./ml. of antibiotic. 
Viable counts were made at  intervals; Fig. 3 illus- 
trates the results. The growth rate constant was 
calculated for the initial straight line part of each 
curve. 


DISCUSSION 


The results of the analysis of variance of the 
apparent first-order growth rate constants for repli- 
cate E. coli cultures show that the between days 
variance is significantly greater than the within days 
variance (F test, Table 11). The apparent rate 
constants that were used were uncorrected for the 
transformation to decadic logarithms, i e . ,  S = k/- 
2.303 for the slope of Eq. 2. The mean value for the 
rate constants, S, is 0,01146, and the standard devia- 
tion for the several studies within days OW = 2.4 X 
lo-* and among days is U D  = 1.95 X lo-', SO that 
the standard deviation of an S value among and with- 
in days is u = d u w l  + U D ~  = 3.1 X 10-'or2.7%of 
the mean value. 


The procedures used have resulted in an apparent 
elimination of the lag period of growth for each of 
the initial concentrations tested (Fig. 1). The var- 
iance, ua = 5.4 X (Table 1x1 and Fig. 1 )  among 
rate constants for the cultures with various initial 
inocula concentrations is not significantly different 
from the variance among rate constants within days 
in Table I1 (u' = 5.8 X for cultures with 
replicate inocula. 


The rates of growth of E .  coli in the presence of 
tetracycline are decreased as functions of the con- 
centrations of the antibiotic but are still consistent 
with Eq. 1. The log X UEYSUS time plots of Fig. 3 
in the presence of antibiotic are consistent with the 
expectation of Eq. 2, which describes the exponential 
growth of X .  microorganisms from the time of anti- 


biotic addition. A more geners -~garithmic ex- 
pression, in the presence of an ith concentration of 
tetracycline is 


log x = sit + log x. (Eq. 3) 
where Si = k/2.303, k in minutes-I. The apparent 
first-order growth rate constant, S;, is a linear func- 
tion of the antibiotic concentration, D, in micro- 
grams per milliliter for all positive values of St 
(Fig. 4) 


(Eq. 4) Si = So - KD 
where So = 1.20 X lo-* is 2.303 times the rate con- 
stant k = k. (minutes-') for the growth of E. cola in 
the absence of tetracycline, D = 0. The specific rate 
constant for tetracycline concentration effect is 


K = 4.81 X 10-2 
At Si = 0 or less, after an initial period of reason- 


able linearity, a nonlinear relationship develops be- 
tween log viables and time. This could be due to 
consumption or degradation of antibiotic, develop- 
ment of resistant organisms, and/or the presence of 
antibiotic-resistant strains in the original culture. 


The rate of change of viable organisms with time 
may be a function of the growth rate and the 
antibiotic concentration (4) 
1/2.303 ( d X / d l )  = S i x  = (So - KDn)X (Eq. 5) 
which integrates to Eq. 3. Consequently, the ap- 
parent first-order growth rate to E.  coli in the pres- 
ence of tetracycline may be explained on the assump- 
tion that the rate constant, So, characterizing growth, 
is in competition with the removal of viable micro- 
organisms. This removal is caused by a rate deter- 
mining attack of antibiotic molecules on the micro- 
organism. The dependence of the slope Si on the 
first power of the antibiotic concentration (Fig. 4) for 
S; > 0 implies that n = 1 in Eq. 5, and that one 
microorganism may be inactivated by one molecule 
of antibiotic. 


One may conclude from Eq. 4 that if the rate de- 
pendency on a power n of antibiotic concentration is 
permitted 


log (So - Si) = n log D + log K (Eq. 6) 
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Fig. 4.-Effect of tetra- 
I - ’  cycline concentrations 


upon apparent first-order 
rate constant (Si) for the 
growth of E. coli. 


d C  


\ 
01 0 2  


ANTIBIOTIC CONCN., rncg./ml. 


A plot of log (So  - Si) against log D should be linear 
and of slope positive n. Figure 5 shows that for 
tetracycline the decrease in growth rate with in- 
creased antibiotic concentration is a function of the 
first power of tetracycline concentration (n = 1) for 
Si > 0. A t  concentrations of tetracycline suffi- 
ciently high to  cause a reduction in the logarithm of 
colony count with time, the initial rates of “kill” are 
dependent on a fractional power of the antibiotic 
concentration. Estimates from Fig. 5 for log 
( S o  - Si) > log So; Si < 0 indicate that the rate 
dependence for “kill” is to the one-third power of 
antibiotic concentration. These two relationships 
for Si > 0 and Si < 0 have been reproduced by sev- 
eral replicate experiments made on different days. 


The results in Fig. 2 indicate that after an initial 
“kill” a t  the higher antibiotic concentrations. the 
multiplication of the remaining viable organisms was 
sufficient to overcome the net decrease in colony 
count. The transition from a negative to a positive 
slope in Fig. 2 for the 8 mcg./ml. of tetracycline 
study is an example. On this premise, the survivors 
of the lower antibiotic concentrations (in the tetra- 
cycline concentration range that reduced the total 


t /  


Fig. 5.-Re- 
lationship be- 
tween log (& 
- Si) and log 
concentration 
of tetracycline 
for E. coli. So 
and Si are ap- 
parent growth 
rate constants 
in the absence 
and in the 
presence, re- 
spectively, of 
ith concentra- 
tions of anti- 
biotic. 


-0  0 0 8  


LOGARITHM OF ANTIBIOTIC CONCN., rncg./ml. 


number of viables) multiplied at slower rates than the 
survivors at the higher concentrations. The 
bacteria that survived concentrations of 4 and 8 
mcg./ml. of tetracycline reproduced a t  rates ap- 
proximately the same as those of cultures without 
antibiotic. The possible implications have been 
previously discussed, and experiments are in prog- 
ress to evaluate the possible alternative explanations. 
A recent experiment with culture containing 8 mcg./- 
ml. of tetracycline has shown more conclusively 
that the rate of growth of these survivors is not 
significantly di5erent from that for an initial 
inoculum in the absence of antibiotic. 
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Research Articles 
Phytochemical Investigation of Carya illinoensis 


By LEON 0. WILKEN, JR.t ,  and FRANK P. COSGROVE 


The leaves and petioles of Carya illinoensis and a lyophilized aqueous extract of this 
plant were investi ated. Examination of the petroleum ether, ether, and chloroform 
extracts revealed tfe presence of unidentified phytosterols and a squalene-like sub- 
stance in the unsaponified portions, and the resence of ca ric, lauric, myristic, pal- 
mitic, stearic, arachidic, oleic, linoleic, ancflinolenic aci& in the saponified por- 
tions. Nonhydrolyzable tannins containing a phloroglucinol and a catechol nu- 
cleus were found in the ethanol and methanol extracts. Investigation of the plant 
extracts revealed the presence of carbohydrates and the absence of discernible 
amounts of glycosides and alkaloids. A crystalline neutral substance obtained from 
a neutral lead acetate treated aqueous extract was identified as the m-inositol. A 
crystalline acidic substance isolated from an aqueous extract of the crude drug was 
identified as 3,4-dihydroxybenzoic acid. Further pharmacologic studies of various 


extracts are presently in progress. 


HIS PHYTOCHEMICAL STUDY was undertaken 
Tprimarily on the basis of our preliminary 
screening tests which indicated that  certain ex- 
tracts of the leaves and petioles of Curya illi- 
noensis. (Wangh) K. Koch (Fam. Juglandaceae), 
common name-pecan, possessed the property of 
temporarily lowering the blood pressure of test 
animals on intravenous administration. A search 
of the available literature revealed little (1 ,  3) or 
no scientific information concerning the evalua- 
tion of this plant for medicinal properties. T h e  
fact tha t  this species has been assigned eight 
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official names (3) throughout its relatively short 
history may account for the lack of investigation 
in the Carya genus. In  1951, the plant was re- 
classified under the international code as Curyu 
illinoensis. 


EXPERIMENTAL 
Source and Preparation of Material.-The plant 


parts used in this investigation consisted of the air 
dried leaves and petioles collected in late summer 
from pecan trees growing near Covington, La. 
This material, sampled and authenticated.’ was re- 
duced to a moderately coarse powder with the aid 
of a W. J. Fitzpatrick, model D. comminuting 
machine. 


Moisture Content and Ash Determination.-The 
moisture content of the  powdered plant material, as 
determined by the toluene method (4) of the  U.S.P. 


1 The authors are deeply indebted to Dr. B. L. Turner, 
Professor of Botany and Director of the Herbarium, The 
University of Texas, and Dr. M. Johnston, Lecturer in Bot- 
any, The University of Texas, for authenticating the plant. 
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Fig. 1.-A sche- 
matic diagram of the 
preparation of frac- 
tions for phytocherni- 
cal studies. 


XVI, was shown to be 9.42yo. The determinations 
for ash content as recommended by the U.S.P. XVI 
(5) afforded the following results: total ash, 7.03%; 
acid-insoluble ash, 1.40%; and acid-soluble ash, 
5.63%. Further examination of the acid-soluble 
ash revealed the presence of K, 0.71%; Na, 0.048%; 
Ca, 0.97%; Mg, 0.34%; and Al, 0.92%. These 
mineral content values are generally in accordance 
with the values reported by Robinson and Edgington 
(6). 


Preparation of Extracts for Phytochemical 
Studies.-Suitable samples of the powdered drug 
were extracted successively with a series of selective 
solvents in a soxhlet apparatus according to  a modi- 
fied Rosenthaler procedure (7). The solvents 
utilized and the per cent of extractives obtained with 
each solvent were: petroleum ether (b.p. range 30- 
60'), 2.07%; anhydrous diethyl ether, 2.51%; 
chloroform U.S.P.. o.7970; anhydrous ethanol, 


6.97%; anhydrous methanol, 5.75%; and distilled 
water (percolation), 7.109'& 


A schematic diagram of the preparation of the 
fractions for the phytochemical studies is shown in 
Fig. 1. 


Fatty Acids.-Accurately weighed samples of the 
saponifiable portions of the petroleum ether fraction 
(Fraction I-A in Fig. l),  the diethyl ether fraction 
(Fraction 11-A), and the chloroform fraction (Frac- 
tion 111-A) were individually esterified according to 
the method of Fischer, as described by Fieser ( 8 ) ,  in 
order to  provide the more volatile methyl esters of 
the fatty acids. Analyses of these mixtures in an 
Aerograph gas chromatograph. model A-90-P, 
equipped with a Brown 1 mv. automatic recorder 
and comparisons of the resulting chromatograms 
with a standard chromatogram produced under 
similar conditions showed the presence of the methyl 
esters of capric, lauric, myristic, palmitic, stearic, 
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Fig. 2.--Gas chro- 
matograms of the 
methyl esters of fatty 
acids found in the pe- 
troleum ether extract 
(-), the diethyl 
ether extract (- - - - -), 
and the chloroform ex- 
tract (--.--.-). Con- 
ditions: sample 6.0 pl.; 
column packing, 2OY0 
diethyleneglycol suc- 
cinate on firebrick; 
column 62 X 0.25 in.; 
helium, flow rate, 30 
ml./min.; temp., col- 
umn 223', collector 
la', detector W', 
injector 260'; current 
200 ma.; sensitivity 2. 
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arachidic, oleic, linoleic, and linolenic acids. The 
sample for the standard chromatograin contained 
pure methyl esters of all these named acids. Al- 
though seven additional peaks were observed, they 
were not studied further. The chromatogranis ob- 
tained are shown in Fig. 2. 


Phytosterok-The unsaponifiable fractions of 
the petroleum ether extract, (Fraction I-B in Fig. l ) ,  
the diethyl ether extract (Fraction 11-B), and the 
chloroform extract (Fraction 111-B) were examined 
for the presence of phytosterols by the digitonin 
reaction described by Fieser and Fieser (9). Al- 
though the quantities of the insoluble digitonides 
formed in the petroleum ether and the chloroform 
extracts were too slight for further study, the diethyl 
ether extract afforded a white digitonide which 
melted between 205-208’. The presence of phyto- 
sterols in all three extracts was verified by the posi- 
tive results obtained with the reactions of Hesse. 
Moleschott, and Hirschsohn (10) as well as the 
Liebermann-Burchard reaction (11). 


Squalene-like Substance.-A suitable portion of 
the unsaponifiable fraction of the petroleum ether 
extract was extracted with boiling anhydrous meth- 
anol. When the alcohol soluble portion was de- 
canted and placed in a freezer at a temperature of 
- 18’ overnight, a white flocculant precipitate 
formed which upon drying resulted in a viscous 
liquid having solubility and unsaturation charac- 
teristics similar to squalene. The isolation, puri- 
fication, and characterization of this substance will 
be reported in a separate paper at a later date. 


G1ycosides.-Since a preliminary qualitative 
examination of the anhydrous ethanol, anhydrous 
methanol, and distilled water extracts, (Fractions 
IV, V, and VI, respectively, in Fig. 1) with the aid of 
Molisch reagent yielded positive results for carbo- 
hydrates and/or glycosides, the conventional method 
of Stas-Otto (12) was utilized in an attempt to  verify 
these findings. 


Powdered plant material (200 Gm.) was refluxed 
for 12 hours with 600 ml. of a 2% ethanolic solution 
of tartaric acid and then filtered. Evaporation of 
the filtrate under reduced pressure, using a Rinco 
rotatory evaporator with steam as the source of 
heat, afforded a residue which was extracted with 
hot distilled water. This aqueous extract was 
cooled, then extracted in a separator with diethyl 
ether. 


The residue from this ethereal extract was dis- 
solved in ethanol and the resulting solution tested for 
glycosides and/or carbohydrates with Molisch re- 
agent. The negative results both before and after 
boiling this alcoholic solution with diluted hydro- 
chloric acid indicated that glycosides in significant 
amounts were absent. 


Alkaloids.-The purification procedures of the 
proximate assay method of the “National Formu- 
lary XI” (13) were applied to  the diethyl ether ex- 
tract and the chloroform extract (Fractions I1 and 
111, respectively, in Fig. 1) in order to  analyze 
qualitatively for alkaloids. The resulting extracts 
gave negative tests with mercuric iodide T.S., gold 
chloride T.S.. mercuric-potassium iodide T.S., and 
iodine-potassium iodide solution. 


The negative tests obtained with these same re- 
agents and the aqueous portion of the Stas-Otto 
extraction indicate the absence of any significant or 
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discernible amounts of alkaloids in the plant 
material. 


Tannins.-Since the conventional method of Feist 
and Bestehorn (14) for the extraction of tannins 
compares favorably with the method of obtaining 
the Rosenthaler extractives, the ethanol and meth- 
anol extracts (Fractions I V  and V, respectively, in 
Fig. 1) from the Rosenthaler process were examined 
for the presence of tannins. Aliquots of 50% 
ethanolic solutions of these dried extracts gave posi- 
tive results with the general tannin test reagents. 
A green solution was produced by the addition of 
ferric chloride T.S., and precipitates were obtained 
upon the addition of bromine T.S., quinine hydro- 
bromide solution (lye), lead acetate T.S., gelatin 
T.S., and potassium dichromate T.S. to samples of 
each of the aliquots. These positive reactions are 
those characteristic of a tannin (15). The presence 
of a condensed (nonhydrolyzable) tannin was indi- 
cated by the formation of green with ferric chloride 
T.S. and by the development of a brown precipitate 
with bromine T.S. (16). The presence of a catechol 
nucleus (two adjacent phenolic groups) was indi- 
cated by the green obtained with ferric chloride T.S. 
and by precipitation with lead acetate T.S. (17). 
The presence of a phloroglucinol group was revealed 
by the production of a red coloration upon the addi- 
tion of vanillin-HC1 solution and confirmed by a 
positive Coward-Harris test (18). The absence of a 
gallic acid nucleus was indicated not only by the 
negative results with ammonium molybdate but 
also by the absence of a blue with femc chloride T.S. 


Isolation, Purification, Classification, and Chem- 
ical Characterization of a Neutral Crystalline Sub- 
stance.-A small portion of the anhydrous methanol 
extract (Fraction V in Fig. 1) from the Rosenthaler 
procedure was redissolved in methanol and partly 
purified by treatment with a slight excess of a 20Yc 
solution of neutral lead acetate in methanol. The 
precipitate which formed was removed by filtration, 
the excess lead in the filtrate precipitated with 
hydrogen sulfide, and the mixture filtered. When 
the resulting filtrate, having been reduced in volume 
on a steam bath, was allowed to stand over calcium 
chloride for several days, a small quantity of color- 
less platelet crystals formed. These were shown to 
be only slightly soluble in methanol but very soluble 
in water. 


To obtain an ample supply of this crystalline sub- 
stance, 7.460 Kg. of the powdered plant material was 
extracted with seven portions ( 11/1 gal. each) of dis- 
tilled water. The 12 gal. (approx.) of aqueous ex- 
tract collected was reduced in volume to 2 gallons 
using steam as a source of heat. 


The resulting concentrate, partly purified with 
lead acetate in the manner previously described for 
the anhydrous methanol extract, was reduced to  a 


Fig. 3.-Superimposed infrared spectra of the 
hexa-acetate derivatives of the unknown (dark line) 
and a known myoinositol (light line) in chloroform. 
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h e  powdery consistency with the aid of a F. S. 
Stokes lyophilizer, model 200 4LX3. This lyo- 
philized extract was dissolved in a minimum of hot 
water, methanol added to  cloudiness, and placed 
over phosphorous pentoxide for several days. A 
large crop of crystals resembling those observed 
with the previous methanol extract was collected. 


Purification.-After six recrystallizations from 
methanol and water, the colorless needles which were 
dried in VUCUO at 80" with potassium hydroxide in an 
Abderhalden pistol for 12 hours melted sharply at 
224". A yield of 0.0870 was obtained by this 
procedure. 


Classification and Chemical Characterization.- 
The reactions of the crystalline material to  some of 
the chemical classification tests are summarized as 
follows: sodium fusion test (19) for nitrogen, sulfur, 
and halides, negative; bromine T.S., negative; 
potassium permanganate T.S., negative; ferric chlo- 
ride T.S., negative; ceric nitrate T.S., positive; 
fuschin-aldehyde test, negative; and Molisch test 
for carbohydrates, negative. The collected data 
indicated the presence of a polyhydroxy alcohol, a 
conclusion which was substantiated by a mixed 
melting point of the unknown and a known C.P. 
grade inositol. 


Esterification.-A sample of the unknown and the 
known C.P. inositol were separately acetylated ac- 
cording to  the method of the "National Formulary 
XI" (20). The purified hem-acetate derivatives 
melted a t  216" both individually and as an inti- 
mate mixture. 


Infrared Analysis.-To confirm the identity of the 
inositol, comparative studies of the infrared spectra 
of the unknown, the known myoinositol, and their 
hexa-acetate derivatives were made. The nearly 
identical spectra of the known and unknown samples 
offer confirmatory evidence of the identity of the 
two samples. The spectra of the hexa-acetate 
derivatives are superimposed and shown in Fig. 3. 


Chromatographic Analysis.-In an attempt to  
identify which of the isomeric forms of hexahydroxy- 
cyclohexane had been isolated, the method of Angyal, 
et al. (21). utilizing paper chromatography was 
effectively employed. The unknown and a sample 
of myoinositol of known purity were spotted alone 
and together as a mixture with the control, dextrose. 
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Fig. 4.-Infrared spectrum of the unknown acidic 
crystalline material in KBr pellet. 


Fig. 5.-Infrared spectrum of a sample of 3,4- 
dihydroxybenzoic acid in KBr pellet. 


The unknown migrated to the same degree as the 
known sample for four different solvent systems. 
These results indicate that the unknown is 1.2.3,- 
5/4,6-hexahydroxycyclohexane or, more commonly, 
myoinositol. A comparison of an elemental analy- 
sis of the unknown with the calculated values for 
inositol were obtained. 


Anal.-Calcd.: C, 40.00; H, 6.71. Found: 
C, 40.81; H, 6.75. 


Isolation of an Acidic Crystalline Substance.- 
Since preliminary studies of an aqueous extract of 
the crude material showed that solvent partition 
techniques were inadequate for the separation of 
constituents, the combined procedures of selective 
solvent extraction and column chromatography were 
employed for this purpose. 


Successive extractions of a sample of the lyophil- 
ized aqueous extract in a soxhlet extractor with 
petroleum ether, benzene, isopropanol. ethanol, and 
methanol yielded significant quantities of extractives 
only in the ethanol and methanol fractions. 


Further separation of the ethanol fraction (Frac- 
tion VII in Fig. 1) was accomplished through the use 
of a Celite 545' chromatographic column with elu- 
tion effected by 1000-ml. portions of isopropanol, 
isopropanol-ethanol (1 : l),  ethanol, ethanol-meth- 
anol ( l : l ) ,  and methanol applied in the order of 
increasing polarity. Since the third, fourth, and 
fifth fractions (500 ml. each) afforded significant 
quantities of similar residues when reduced in volume 
to a viscous syrup, they were combined and labeled 
4N. 


Separation of this fraction, 4N, was accomplished 
with the aid of a powdered cellulose chromatographic 
column utilizing as eluating liquids mixtures (500 
ml. each) of solvents-skellysolve C, diethyl ether, 
ethanol, methanol, and water-applied in the order 
of increasing polarity. The 18th, 19th, and 20th 
fractions (100 ml. each) when dried afforded crops of 
similar brownish crystals and therefore were com- 
bined. 


Purification.-After five recrystallizations from 
methanol and water, a crop of grayish-yellow crystals 
were collected which, after drying for 12 hours in 
vacuo at 80" with potassium hydroxide in an Abder- 
halden pistol, melted sharply a t  199-200". 


Classification and Chemical Characterization.- 
Some of the qualitative classification tests applied 
to the crystals are summarized as follows: negative 
tests with bromine T.S., vanillin-HCI solution; 
positive tests with potassium permanganate T.S., 
ferric chloride T.S., lead subacetate T.S., and lead 
acetate T.S. Blue litmus was reddened and a 
sodium fusion test (22) for nitrogcn, sulfur, and 
halides proved negative. 


The accumulated data indicated the presence of 
both a phenolic and a carboxylic acid group. Deter- 
minations of the molecular weight and neutraliza- 
tion equivalent of the unknown material showed a 
formula weight of 154 Gm. and a neutralization 
equivalent of 154. An elemental analysis yielded: 
C, 54.580/0, H, 4.07%. 


The collected data compare favorably with the 
corresponding theoretical values for 3,4-dihydroxy- 
benzoic acid, which are C, 54.55700; H, 3.92y0; 
F.W., 154 Gm. ; neutralization equivalent, 154. 


A mixed melting point determination of the 


*The Cclite 545 used in this investigation was generously 
supplied by Johns-Manville, Houston, Tcx. 
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unknown and a 3.4-dihydroxybenzoic acid of known paper chromatographic studies, the neutral crystal- 
purity showed no lowering of the melting point. line substance was identified as 1,2,3,5/4,6-hexa- 


Preparation of the 3,4Diacetyl Derivative.-The hydroxycyclohexane (myoinositol). 
diacetyl derivative of 3,4-dihydroxybenwic acid was On the basis of chemical, physical, and infrared 
prepared according to  the method of Chattaway studies, the crystalline acidic substance was identi- 
(23). The crystals obtained melted a t  157-158.5'. fied as 3,4-dihydroxybenzoic acid (protocatechuic 
The reported melting range is 157-159' (24). A acid). 
mixed melting point determination of this derivative Pharmacologic and chemical studies of certain 
with one similarly prepared from a known 3.4-dihy- extracts of the leaves and petioles of Carya illinoen- 
droxybenzoic acid showed no lowering of the melting sis are in progress in an attempt to  isolate the hypo- 
point. tensive activity and possibly identify the agent 


Infrared Spectra as  hoof of Identity.-The infra- responsible. 
red spectra of both the isolated compound and a 
sample of 3.4-dihydroxybenzoic acid of known purity 
both in KBr pellets, were determined in an infrared 
spectrophotometer, model 4-55, Baird Associates. 
Inc. The tracings of the unknown and the known 
3,4-dihydroxybenzoic acids are shown in Figs. 4 and 
5, respectively. A comparison of the two spectra pp. 127-128. 
clearly shows the high degree of similarity existing 
between the spectrum of the known and that of the 
unknown. This identity of spectra, in addition to 
the other accumulated data, affords conclusive (5) Ibid., PP. 844-845. 


3,+dihydroxybenzoic acid. 
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SUMMARY 


The gas chromatographic analysis of the methyl- lated to Phenanthrene, 3rd ed., Rhinehold Publishing 
ated saponified material of the petroleum ether, the 
diethyl ether, and the chloroform fractions indicated 
the presence of capric, lauric, myristic, palmitic, 
stearic, arachidic, oleic, linoleic, and linolenic acids 


The qualitative tests for the presence Of phyto- 


On the basis of preliminary chemical studies, the 
liquid isolated from the unsaponifiable material of 
the petroleum ether fraction was partially charac- 
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Adaptation of Commercial Viscometers for Special Applications in 
Pharmaceutical Rheology 111. The Tackmeter 


By JOHN H. WOOD and EDWARD A. LAPHAM 


A variant of the tackmeter originally developed by Green has been con- 
structed. This instrument is suited to the precise measurement of tack instead of the 
usual subjective evaluation of lotions, creams, and ointments. It may be used in 
laboratory screening to  compare relative tack of different formulations as a function 
of drying time or conditions and as a control rocedure for formulations. It has been 
usefully applied as a measure of the tack left I y  materials rubbed into the human skin. 


N THE APPLICATION of lotions, ointments, or creams I to the skin for therapeutical and/or cosmetic pur- 
poses, the resultant tackiness or stickiness of the area 
is often of concern--because of skin to skin adhesion 
for certain areas of the body or because of adhesion to 
a protective dressing. 


The evaluation of the relative merits of different 
formulations has primarily been subjective. It 
was felt desirable to quantitate this, preferably by a 
direct measure which could compare similar formula- 
tions and also determine any aging changes as they 
might occur. 


The problem of tack has been a continuous one in 
the printing industry. Green published a descrip- 
tion of a tackmeter (1) which was, "a mechanical 
finger, paralleling in execution the finger tap-out test 
in the evaluation of pull-resistance, but capable of 
placing a numerical value on its measurements." 


The instrument described here is a simplification 
of the Green tackmeter which permits evaluation of 
tack of lotions, creams, and ointments, both on air 
drying on plates and after application-with or with- 
out rub-in on the skin. 


EXPERIMENTAL 


The 
balance is a double beam Ohaus, Harvard Trip 
model. The assembly is connected to the beam 
collar underneath the frame casting by a connector 
and pin. The pin and hole in the vertical shaft is 
already present in this model. The collar must 
leave sufficient clearance for the bottom arm of the 
parallelogram of the balance to  move freely. The 
connecting rod (1/4 in.) may be of any convenient 
length. The rod is connected to  the collar by a 
set screen to permit easy removal for cleaning. The 
finger assembly is as shown. The finger diameter 
is s/t in.; the inner diameter of the cup is 11/, in. 
The thread for the rotation of the cup is 28 per inch. 
Two a/4-in. slots were cut in the cup to  permit View- 
ing the finger in operation. The whole assembly 
was of 316 stainless steel construction. 


In use, the procedure may vary somewhat with 
the type of material being studied. For the follow- 
ing of the tack on air drying of a lotion, rings of 25- 
mm. glass tubing in '/,-in. lengths were cemented 
with Eastman 910 adhesive to a glass plate. A 
measured volume, 0.2 ml., was transferred to  this 
cup and allowed to dry under prescribed suitable 
conditions. The finger was recessed to give the de- 
sired thickness of test lotion. To do this, the finger 
was contacted by a planar surface; then the cup was 
rotated downward until it, too, was in contact. 


The tackmeter assembly is shown in Fig. 1. 
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Fig. 1.-The tackmeter assembly with outer cup 
rotated upward to  display the finger. 


Since the outer wall of the cup was scribed at every 
lo", angular rotation of the cup could be readily 
determined using the pointer attached to  the rod 
(and visible in the figure). The cup was rotated until 
the finger was recessed to the desired distance. 
Each 10" of rotation represented was 0.000992 in. of 
relative motion. The balance was counterweighted 
for the weight of the tackmeter. A 500-Gm. weight 
was placed on the left-hand pan and the plate carry- 
ing the dried lotions raised sufficiently by a jack, SO 


that the finger could be located in the center of the 
cup. The jack was then further raised so that  the 
cup bore on the plate. The desired drawing weight 
was placed on the right-hand pan. A stop clock was 
started as the 500-Gm. weight was removed; the 
time for the finger to  break clear was noted. For 
the comparison of notably different lotions, the 
weight required to break clear in 6-10 seconds was 
determined, while for very similar lotions the differ- 
ences in time for the same load were determined. 
Typical data are reported in Table 1. 


For ointments and creams, several modifications 
of this procedure were satisfactory. A film could 
be drawn by a doctor plate technique if the material 


TABLE I.-~OMPARISON OF TACKINESS OF SEVEUL 
LOTIONS ON DRYING 


-Withdrawal Wt and Time of Break- 
Sample 3 Hr Drying 6 Hr. Drying 


1 
2 
3 
4 


2 Gm. for 65 sec. 
2 Gm. for 1.1 sec. 
2 Gm. for 10 sec. 
2 Gm. for 2.7 sec. 


20 Gm. for 30 sec. 
2 Gm. for 6 sec. 


15 Gm. for 15 sec. 
3 Gm. for 19 sec. 
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TABLE II.-COMPARISON OF TACKINESS OF SEVERAL 
CREAM PREPARATIONS RUBBED IN THE SKIN FOR 20 


SECONDS 


Withdrawal 
Sample Wt.. Gm. Time for withdrawal, sec. 
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sample film thickness, but is proportional to  the 
fourth power of the radius of the finger. Thus, it 
is possible t o  derive a viscosity term from the tack- 
meter to define the sample film. In this work, it has 
not been necessary, or even desirable, to  do this, since 
all desired comparisons can be readily made in units 
of withdrawal time and pulling weight. If, however, 
some knowledge of absolute viscosities of dried films 
is desirable, then the instrument may be calibrated 
by standards and used as a rheometer. 


Obviously, the choice of finger dimensions and 
film thickness permit an extremely wide range of 
study. In  the study on human skin, the bearing 
weight and duration of contact could conceivably be 
of di5erent magnitudes in some applications. 


Since the primary value of this instrument is for 
empirical testing, the finger surface may readily be 
modified to permit the attachment of dressings if it 
is felt to  be important. 


SUMMARY 


The tackmeter described permits the measure 
I t  may of tack of lotions, creams, and ointments. 


be utilized on human skin and as a laboratory test. 
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was not too shear sensitive. Alternately, a weighed 
geometric spot was applied to the glass. In either 
case, the finger was brought to bear in a similar 
manner. 


For actual measurement on human skin, the sam- 
ple was applied in the appropriate manner and the 
finger applied directly with the 500-Gm. load. The 
cup was rotated back and clear for this. In general, 
the finger was contacted for 20 seconds before with- 
drawal; voluntary motion or quivers often induce 
the break-away after longer periods of contact. 
Typical data are shown in Table 11. 


DISCUSSION 
The fundamental equations covering the use of 


the tackmeter were derived by Green (1). and the 
rheology of tack has been discussed by Bikerman (2). 


The time required for break is inversely propor- 
tional to  the viscosity function of the sample, the 
weight used for drawing, and the square of the 


Assay Methods for Total Neomycins B and C 
By W. T. SOKOLSKJ, C. G. CHIDESTER, 0. S. CARPENTER, and W. M. KANESHIRO 


Data from assays of neomycin C sulfate and mixtures of neomycin C sulfate and 
neomycin B sulfate were obtained using six cylinder-plate methods. Statistical 
analyses show that with three commonly used methods, neomycin C res onses are 
only 35 t o  5 0  per cent of neomycin B responses. With three moditiefmethods, 


the response of neomycins B and C are approximately equal. 


EOMYCIN FERMENTATIONS produce two major N antibacterial components-neomycin B and 
neomycin C. Commercial preparations are com- 
posed mostly of B, but may contain as much as 
50% C (1). Kaiser (2) found that the U.S.P. 
neomycin standard contained about 15% C. The 
present assay systems donot give equivalent responses 
for B and C and with significant differences in C 
content between the test and standard preparations, 
the assay results are not in terms of total neomycin 
relative to the standard. 


Some problems in the assay of neomycin were dis- 
cussed in a previous paper (3). The purpose of this 
study was to compare responses of neomycin B and 
neomycin C obtained by three assay methods com- 
inonly used and by three methods which were de- 
signed to and did reduce differences between the 
responses of neomycins B and C. 


EXPERIMENTAL 
Neomycin Preparations.-The physical and chetn- 


ical properties of the neomycin B preparation and the 
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neotnycin C preparation were described by Ford, 
el al. (4). With a radioisotopic assay procedure (2), 
the neomycin B preparation was found to contain 
11% C, while the neomycin C preparation was found 
to be free (<lye) of neomycin B. Both preparations 
were sulfate salts, and potency values for Tables 1- 
I11 were recorded as neomycin sulfate. The potency 
values for Table IV are recorded in terms of neo- 
mycin base equivalent. 


The Upjohn Co. control standard, potency 742 
mcg./mg., was used to  determine the potencies of 
commercial neomycin sulfate lots (Table IV). 


Preparation of Neomycin Solutions.-The neo- 
mycin powders were weighed after drying inavacuum 
oven a t  60” for 3 hours. One milligram per milli- 
liter stock solutions were made with distilled water. 
Stock mixtures in ratios of 1: 1 and 9: 1 (9 neomycin 
B + 1 neomycin C) were prepared from these solu- 
tions. Working solutions were prepared by diluting 
the stock solutions with the buffer appropriate to 
the method. 
Assay Methodology.-The cylinder-plate method 


was used for all assays. Twenty by 100-mm. plastic 
Petri dishes (Plastoiiiatic Corp., Malvern, Pa., 
cat. No. 94), were used with glazed porcelain tops. 
Six stainless steel cylinders (inside dimensions 6 X 
10 mm.), were placed on each plate with a Shaw 








Dielectric Constant Correlations with Solubility 
and Solubility Parameters 


By WILLIAM G. GORMAN and GARY D. HALL 


Correlations and lack of correlations of dielectric constants (DEC's) with solu- 
bility and solubility ammeters are d i d  By restricting various solvent sys- 
tems to solvents e d i t i n g  simikr bonding ch~raen 'stics, such as by using mem- 
bus of homologous chemical series or by usin solvent blends, essencidl linear 
relationships were obtained for plots of lo m o t  fraction of solute wvsw &e DEC 
of the solvent or solvent system. Relation&ips of this type were demonstrated for 
(a) a noppolar liq+d in a series of polar polyethylene glycols, (b) a nonpolar liquid 
in a sen- of senupolu polypro ylene glyco c) nonpolar liquids in blends of 
polar and semipolar solvents, (A polar liqui '"d( s in blends of nonpolar and semi- 
polu solvents, and (e) a solid organic solute in blends of polar solvents. A ternary 
phase dinpun for +e sy- me& 1 salicyhe/iao rqp.nol/water.is presented and 
resolved mto a stmet ~ u r c  by ta% pr0-i- &us op roach ui presented as a 
means for the quantitative evaluation of solubhty in homof)ogous solvent series and 


solvent blends. 


HE CONCEPT of solubility parameters as pro- 
posed by Hildebrand (1, 2) appears to  have 


been accepted as one of the basic theories in the 
area of solubility. However, limitations such as 
the lack of readily available thermodynamic data, 
diliiculty in readily determining such data, and 
the limited areas of applicability have prompted 
continued &orts to secure other solubility rela- 
tionships. 


Paruta et al. (3) have reported their observa- 
tions on correlations of dielectric constants with 
solubility parameters. From a comparison of a 
number of solvents, they have proposed that a 
linear relationship exists between these two values 
which can be expressed by 


b = 0.22 c + 7.5 (Eq. 1) 
where 6 is the solubility parameter, and t is the 
dielectric constant (DEC). They also have indi- 
cated that the best correlation between solubility 
parameters and dielectric constants was obtained 
with those solvents which associate primarily 
through hydrogen bonding, whereas Hildebrand 
(4) has carefully noted that justification for the 
theory of solubility parameters rests upon the 
London dispersion forces and that its use for polar 
substances is somewhat questionable. 


EXPERIMENTAL 
If we assume, as claimed by Paruta et d.. that 


1)EC's are directly related to solubility parameters. 
correlations of solubility with the DEC's would be 
cxpected to follow a pdtt- siiiiilsrr to those prc- 
sented by Hildebrand. For example, Hildebrand 
(5) has shown that plots of log mole fraction of solute 
wsus the square of the difference between the solu- 
bility parameters of the solute and of the solvent 
result in a linear relationship. Assuming that a 
direct relationship exists between DEC's and soh- 
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bility parameters. substitution of DEC values for 
the solubility parameters in these plots would be ex- 
pected to produce similar type plots. A graph of 
this type (Fig. 1) was prepared for the solubility of 
iodine in various nonpolar solvents utilizing data 
presented by Hildebrand (5) and dielectric constant 
values as reported in the literature (6, 7). The log 
mole fraction of solute was plotted oclsus the square 
of the difFerence between the DEC's of solute and 
solvent as well as against the square of the difference 
between the solubility parameters of solute and sol- 
vent in order that a direct comparison could be made 
of the two relationships. The excellent correlation 
between solubility and solubility parameters may 
be observed readily, compared to the rather poor 
correlation with dielectric constants. 


Hildebrand (8 )  has also shown good correlation 
for the solubility of gases in various solvents by plot- 
ting log mole fraction of solute wsus the solubility 
parameter of the solvent. A plot of this type was 
prepared (Fig. 2) for the solubility of dichlorodi- 
fluoromethanel in several solvents of varying 
polarity, again substituting dielectric constants 
for solubility parameters. The solubility data were 
obtained from (9, lo), while DEC values consisted 
of ,both those reported in the literature (6) and deter- 
mined experimentally. All experimental DEC 
values were determined with a Sargent model V 
dllometer (11) using the purest commercially 
available solvents which were dried over calcium 
chloride prior to use. Although a vague linear trend 
was apparent, the solubility correlation was again 
rather poor. This is believed due to a wide variation 
in the chemical nature of the solvents employed with 
a resultant variation in their molecular associations. 
It was noted, however, that those solvents of similar 
cliemical types (c.g., n-alkyl alcohols, polyethylenc 
glycols, and polypropylene glycols) showed closer 
trends toward linearity. This suggested the possi- 
bility of demonstrating linear correlations between 
solubility and dielectric constants by restrictiag the 
solvents to similar chemical types, such as homol- 
ogous series in which similar molecular associations 
would be contemplated. 


This concept is illustrated in Fig. 3, where solu- 
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(13, 14) have been based on solvent blends which 
qualitatively restrict the molecular associations in 
the systems. 
In order to investigate systems of this type for 


possible correlations of solubility with the DEC of 
the solvent system, use was made of liquid ternary 
phase systems. These systems were selected as they 
present solubility data covering the full range of 
miscibility for the mixtures. Figure 4 illustrates 
such a diagram for the system methyl salicylatel 
isopropanol/water prepared using experimental data. 
The log mole fractions of methyl salicylate, calcu- 
lated from the weight values in Fw. 4. were plotted 
in Fig. 5 against the dielectric constants of the 
corresponding water/isopropanol mixtures. Also in- 
cluded in Fig. 5 are the systems chloroform/ace- 
tone/water and carbon tetrachloride/ethanol/glyc- 
erol utilizing the solubility data of Bonner (15) and 
McDonald ct ul. ( 16). respectively. For each system 
the DEC's of the solvent blends were determined 
experimentally to compensate for deviation from 
the theoretical linear values. Linear relationships 
were realized over most of the solubility range. The 
possibility of wide correlation in such plots is illus- 
trated, for example, by the curve for carbon tetra- 
chloride/glycerol/ethanol which covers a solute 
concentration range of 3 to 970/, by weight of carbon 
tetrachloride. 


The solubilities of polar solutes in nonpolar-semi- 


Fig. 1.-Correlation of the solubility of iodine 
with 0, solubility parameters (6) and 0, dielectric 
constants (DEW) of various solvents. Key: 1, 
CHBr,; 2, CSI; 3. CHC4; 4. TiC4; 5, cc4; 6. 
c - G H ~ ;  7, SiCh; 8, CClZ-CClFs. 
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Fig. 2 .4r re la t ions  of the solubility of dichloro- 
difluoromethane with the dielectric constants 
(DEC's) of various solvents. 


bility (10) of solutes dichlorotetrafluoroethane* 
and tnchloromonofluoromethane* e x p r d  as log 
mole fractions, were plotted w w s t h e  experimentally 
determined DEC's of two homologous series-poly- 
propylene glycols and polyethylene glycols. respec- 
tively. In general, good agreement was observed in 
each case. In addition to showing solubility trends, 
this graph indicates the probable solubility of these 
solutes in other glycols of the series. For example, 
the solubility of dichlorotetrafluoroethane in poly- 
propylene glycol 250 could be estimated from the 


If the above assumption is valid. even better 
agreement might be expected by further restriction 
of  the molecular associations between solute and 
solvent. I t  was felt that this might be accomplislicvl 
through the usc of solvent blends. Previous iirvcsti- 
gations, such as the correlation of solubility with 
solubility parameters as reported by Chertkoff and 
Martin (12) and correlations with dielectric con- 
shnts as reported by Paruta ct al. (3) and Moore 
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Fig. 3.-Solubility of chlorinated fluorinated 
hydrocarbons in homologous series of polyethylene 
glycols. Key: 0, trichloromonofluoromethane; 0, 
dichlorotetrafluoroethane. 
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Fig. 4.-Ternary phase diagram of the system 
methyl salicylate/isopropanol/water. 
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solubility of a solute is achieved in a solvent blend 
at a given DEC, it does not indicate that the same 
degree of solubility can be expected for a different 
solvent blend even at the same DEC. In their study 
on the solubility of benzoic acid in mixed solvents, 
Chertkoff and Martin (12) also had similar varia- 
tions when using solubility parameters. 


SUMMARY AND CONCLUSIONS 
Although a general linear relationship was re- 


ported to exkt between dielectric constants (DEC’s) 
and solubility parameters. serious discrepancies 
were noted when such correlations were extended to 
solubility data. However, by limiting the solvent 
system or systems to those exhibiting similar bond- 
ing characteristics, such as found in a chemical 
series, essentially linear relationships were demon- 
strated by plots of log mole fraction of solute zersus 
the dielectric constant of the solvent system. Similar 
solvent restrictions by the use of solvent blends were 
investigated. Ternary phase diagrams of such sys- 
tems were resolved into straight lines when plotted 
in this manner. Extension of this procedure to in- 
clude solid solutes was also presented. A typical 
pharmaceutical solubility system consisting of seco- 
barbital in a series of solvent blends was investi- 
gated. Although generally linear relationships were 
obtained, a common line for all the solvent blends 
was not observed, indicating that solubility varies 
with the solvent system employed as well as with its 
DEC. 


It is felt that the above correlations are not 
strictly linear. but are essentially so over a large 
enough portion of the curve to make the relationship 
useful. Deviations from linearity may appear, for 
example, when extremely high concentrations of 
solute are present. For this reason the best approxi- 
mations of solubility are obtained by interpolation 
between determined points rather than by extrap- 
olation. 


The solubility of polar solutes in less polar sol- 
vents (Fig. 0) resulted in lines with positive slopes 
while negative slopes were obtained for the solu- 
bility of nonpolar solutes in solvents of higher po- 
larity (Figs. 6 and 7). It i ~ ,  therefore, probable that 
a solute with polarity intermediate to that of the 
solvents would result in a curve which peaks at a 
certain DEC value. Systems such as those studied 
by Chertkoff and Martin may be in this category. 


In the preparation of solubility graphs such as de- 
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Fig. 5.-Solubility of various nonpolar solutes in 
polar solvent blends. Key: 0, carbon tetrachloride 
in ethanol-glycerol; 0, methyl salicylate in iso- 
propanol-water; A, chloroform in acetone-water. 
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Fig. B.-Solubility of polar solute in nonpolar/ 
semipolar solvent blends. Key: 0, water in 
ethanol-dichlorodiiluoromethane ; 0, water in 
hexylene glycol-carbon tetrachloride. 


polar solvent blends are presented in Fig. 6. The 
solubility of water in mixtures of dichlorodifluoro- 
methane/ethanol (10) and of carbon tetrachloride/ 
hexylene glycol (17) was expressed again in terms of 
log mole fractibn of solute terms DEC of the solvent 
blend. DEC values of the carbon tetrachloride/ 
hexylene g l y d  mixtures were. determined experi- 
mentally, while the values of dichlorodifluoro- 
methane/ethanol mixtures were estimated because 
of their high volatility at  room temperature. A 
straight line relationship was obtained over most 
of the miscibility range. 


In view of the success of the above correlations 
for liquid systems. possible extension of the concept 
to include the solubility of solids was considered. 
Figure 7 illustfates the solubility of secobarbital in 
waterfethanol, water /glycerol, and water/propy- 
lene glycol mixtures based on the solubility data 
presented by Udani and Autian (18). Essentially 
linear relationships were again obtained for each 
blend. It will be noted, however, that the extent of 
solubility not only varies with the dielectric con- 
stant of each Solvent mixture, but also varies from 
one solvent mixture to another, although the bond- 
ing characteristics of each blend are somewhat simi- 
lar. This suggests that the solubility of a given 
solute is not only affected by the DEC of thesolvent 
system, but also varies with the particular solvent 
system employed. Therefore, although the desired 
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Fig. 7.-Solubility of secobarbital in aqueous sol- 
vent blends. Key: o! secobarbital in ethanol- 
water; 0. seabarbital in propylene glycol-water; 
A, secobarbital in glycerol-water. 
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scribed in this paper, the solute mole fractions can 
he calculated readily and the DEC’s of the solvent 
systems can be determined experimentally, accu- 
rately and quickly. The resulting graphs may be 
used for estimating the quantitative solubility of a 
solute in a solvent of a homologous series, for esti- 
mating the quantitative solubility of a solute in a 
solvent blend, for estimating the  conipositiori of a 
solvent blend required to dissnlve a given arnoant of 
solute, for evaluating the etliciency of various sol- 
vents as coupling agents or ingredients of solvent 
blends, and for predicting the probable solvency 
properties of related solvents. 


Thus, the use of dielectric constants presents an 
intriguing approach for the determination and corre- 
lation of solubility phenomenon. 
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Analogs of Tetrahydrofolic Acid XI 


Synthesis and Enzymic Evaluation of 
p-  { [N- (2-Amino-4-hydroxy-6-methyl-5-pyrimidyl) carbamoyl 


methyl] amino } benzoyl-L-glutamic Acid 


By B. R. BAKER and KRISHNA SACHDEV 


Condensation of ethyl a-acetamidoacetoacetate (XII) with guanidine carbonate 
afforded S-ncetPmido-2-Pmino-4-hydroxy-6-methylpyri~dine (X). Acid hydrolysis 
of X followed by reaction with bromoacetyl bromide gave 2-amino-5- (bromoacet- 
amido -4-hydroxy-bmethylp rimidine (XI). Reaction of XI with aniline or p 


5- (~ilinoacetamido)-4-hydmxy-6-methylpyrimidine XIII) and the title com 


me ylene-tetrahydrofolate dehydrogenase, showing inhibition of about the order 


amino be azoyl-Lglutamic acdin dimethylsulfoxide resulted in formation of 2-amino- 


( 1 I t  respectively. 111 was a poor inhibitor of both d’ I ydrofolic reductase anEft 
obtained with p-nminobenzoyl-L-glutamic acid. 


PYRIMID~ ANALOG (I) (2-4) of tetrahydro- A folk acid has been found to bind to folic 
reductase five times better than the substrate 
folic acid (4), to bind to 5,lO-methylene-tetra- 
hydrofolate dehydrogenase about one-thirtieth 
as well as the substrate (l), and to bind to thy- 
midylate synthetase one-sixth as well as the 
substrate (5) ; d-5,lO-methylene-tetrahydrofolate 
was the substrate for the latter two enzymes. In 
contrast, the analog (11) is only one-eightieth as 
effective as I as an inhibitor of folk reductase (1) , 
but I1 binds somewhat better to 5,lO-methylene- 
tetrahydrofolate dehydrogenase than does I (1). 
It was concluded that the basic Famino group of 
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I, R -CHsCHsCHr 
11, R --C&CHtCW 
111, R -NHCOCHr 


the paminobenzoyl-L-glutamate moiety was 
probably one of the essential groups for binding 
to folic reductase, but not to 5,lO-methylene- 
tetrahydrofolate dehydrogenase. It was there- 
fore of interest to synthesize 111 for enzymic 
evaluation; I11 has a merent  bridge between 
the pyrimidyl and aminobenzoyl moieties, but 
still retains the basicity of the latter moiety. 


A key intermediate in the synthesis of I11 (see 
Scheme I) was 2,5-diamino-4-hydroxy-6-methyl- 
pyrimidine (IX), a compound described only once 
in the literature (6). Bromination of 2-amin0-4- 
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of the collection intervals over which the rates were 
calculated. Such excretion rate-time plots are much 
more sensitive and show curvature not nearly as 
evident on a cumulative amount excreted versus time 
plot. 


Figure 3 shows perfect rank-order correlation of 
per cent of theoretical carboxytolbutamide excreted 
in the urine in 48 hours with surface area of tol- 
butamide in the dosage form. 


Figure 4 shows a perfect rank-order correlation of 
average maximum excretion rate of carboxytol- 
butamide in the urine with surface area of tolbut- 
arnide in the dosage form. 


These results show that in normal human subjects 
available surface area of tolbutamide in the dosage 
form can have a pronounced effect on extent and 
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rate of excretion of the metabolite, carboxytolbut- 
amide, in the urine. Indirectly, they show that 
available surface area of tolbutamide in the dosage 
form can influence the rate and extent of absorption 
of tolbutamide if the surface area is restricted in the 
range studied. 
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Alkaloids of Vincu roseu Linn. 
(Cutburanthus roseus G. Don) XXIV 


Vinaspine, Vincathicine, Rovidine, Desacetyl VLB, and Vinaphamine 


By GORDON H. SVOBODA and ALBERT J. BARNES, JR. 


The continued phytochemical investigation of this pantropical plant has resulted in 
obtaining vinaspine and vinaphamine as free bases and vlncathicine, rovidine, and 
desacetyl VLB as the sulfates. The total number of alkaloids obtained from this 
plant, utilizing selective extraction, column chromatography, and gradient pH tech- 


niques, is now 49. 


HIS INVESTIGATION was pursued in an effort 
Tto elucidate the alkaloid composition of this 
pantropical plant as completely as possible (1). 
Occasionally, there is a spillover of leurocristinel 
(and leurosidine) into the B fraction. This 
investigation centers on the chloroform eluate of 
so-called post-leurocristine B fractions. 


Rechromatography of the benzene-soluble ma- 
terial from the above fractions on deactivated 
alumina yielded only the known alkaloid perivine 
directly. Application of the gradient pH tech- 
nique to each individual fraction yielded the new 
alkaloid vinaspine only as the base; while 
vincathicine, rovidine, and desacetyl VLB were 
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1 The A.M.A. Council on Dmgs has approved vinblastine, 
vinleurosine. vincristine. and vinrosidine as generic names 
for the four oncolytic alkaloids vincaleukoblastine (VLB) 
leurosine. leurocristine. and leurosidine. respectively. V1.d 
is marketed as Velban (vinblastine sulfate), and leuroeristine 
is marketed as Oncovin (vincristine sullate) by Eli Lilly and 
Co.. Indianapolis, Ind. 


obtained only as sulfates. 
vinaphamine, was obtained 
phous leurosidine-containing 
B fraction. 


These new alkaloids are 


A new alkaloid, 
from crude amor- 
material from the 


listed in Table I, 
TABLB I.- NEW ALKALOIDS FROM vinca rosea LINN. 


9. p.. pK'a in U.V.%on 
Name C. 33%DMF m# 


Vinaspine 236-238 7 .85  225 281 289 
Vincathidne (sulfate) >320 dec 5 .10  7.05 231' 264' 300 
Rovidine (sulfate) >320 dec: 4.82: 6 .95  214: 265: 286 
Desacetyl VLB 


(sulfate) >320 dec. 5.40.8.90 214,268,294 
Vinaphamine 229-235 6.111.7.0 214,262,292 


along with certain pertinent physical data. Their 
infrared spectra are reproduced separately (Figs. 
1-4) as additional aids to their identification. 


EXPERIMENTAL AND DISCUSSION*.' 


Rechromatography of 3.659 Kg. of the chloroform 
eluate of post-leurocristine material from the B 
fraction from 90% leaf in benzene on 120 Kg. of 
deactivated alumina yielded 29.580 Gm. of perivine 


1 For the sake of brevity, experimental techniques repeuted 
from earlier work (2. 3) are not described. * Melting points were determined on a Kotler microstage. 
Ultraviolet absorption spectra were obtained using a Cary 
model 14 sppectrophotometer. infrared spectra with a Perkio- 
Elmer model 21 double bgam recording infrared spectro- 
photometer; NMR spectra with a Varian Assodates 60- 
megacycle spectrometer. A standard Norelco powder cam- 
era, 114.6 mm. in dinmeter, was used in the X-ray examina- 
tion. 







Fig. 1.-- Infrared spectra of vinaspine and vinapha- 
mine. 


ROVIDINE 


Fig. 2.- Infrared spectra of rovidine and rovidine 
sulfate. 


Journal of Pharmaceutical Sciences 


Fig. 3.-Infrared spectra of desacetyl VLB sulfate 
and desacetyl VLB. 


Fig. 4.- Infrared spectra of vincathicine sulfate and 
vincathicine. 


Fractionu 
1 
2-5 
6 


8-13 
14-21 
22-27 
28-30 


r 


TABLE II.-CHROMATOGRAPHY OF POST-LEUROCRISTINE FRACT~ONS 


Eluting Solvent Wt., Gm. Compd. Wt.. Gm. Crystallizing Solvent 
Benzene 67.9 . . .  . . .  . . .  
Benzeiie-cliloroforni (3: 1) 112.5 . . .  
Benzene-chloroform (1  : 1) 38.8 Peiivine 14.'505 Methanol, acetone 
Benzene-chloroform (1 : 1) 45.4 Perivine 15.075 Methanol, acetone 
Benzenechloroform (1: 1) 370.3 . . .  . . .  . . .  
Benzene-chloroform (1 :3) 851.4 . . .  . . .  . . .  
Chloroform 640.0 . . .  . . .  . .  
Chloroform-inethanol (19: 1) 38i .4  . . .  . . .  . . .  


a Fraction 1 was 1440 L. in volume; all others were :3UO 1.. 


(4). Attempts to crystallize directly other alkaloids 
from the fractions were unsuccessful. Data are 
given in Table 11. 


Utilization of the gradient pH technique with 20- 
Gm. aliquots of the fractions listed in Table I1 
yielded 0.085 Gm. of vinaspine along with 1.3265 
Gm. of leurosine (4), 0.0265 Gin. of mitraphylline 
(5), 4.267 Gni. of perivine (4). and 1.132 Gm. of 
lochnerine (4). Residues from the pH levels were 
subjected to sulfate formation and yielded 7.08 
Gm. of vincathicine sulfate in addition to indicating 
the presence of two new sulfates which were eventu- 
ally determined as being rovidine and desacetyl 
VLB sulfates. The following known sulfates were 
also obtained: 0.373 Gm. of catharanthine (4). 
0.420 Gm. of cathindine (6). 0.528 Gm. of percisine 
(6), 0.261 Gm. of perivine (4), 0.175 Gm. of sitsiri- 


kine4 (4). 0.146 Gm. of VLB (4). and 1.012 Gin. of 
cavincidine (6). Complete gradient pH data are 
given in Table 111. 


Viaspine.-The base crystallizes from methanol 
as blades which show parallel extinction under polar- 
ized light, m.p. 235-238'. pK'a 7.85, electro- 
metric titration, 33% DMF. The ultraviolet 
spectrum is that of a simple 2.3-disubstituted in- 
dole; A::." 225 rnp (log E:':,. 3.07). 281 mp (log 
E::,. 2.37). 289 mp (log E::m. 2.29). 


The infrared spectrum of a Nujol mull conErms 
the ultraviolet data and in addition shows no 
carbonyl absorption color. 


While thin-layer chromatographic examination 
on silica in the system ethyl acetateabsolute ethanol 


~~ 


4 Sitsirikine sulfate is usually obtained a s  a co-crystallizing 
mixture of sitsirikine and its dihydro derivative (7) .  
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(1 : 1) showed viaaspine to have an Rj identical to 
that of lochnerine, spraying with ceric ammonium 
phosphate solution (8) produced a persistent gray- 
blue versus a pinkish-gray color. 
No derivatives were prepared. 
Vincathicine.-The sulfate crystallizes from eth- 


anol as small blades, m.p. > 320" dec. The base 
could not be crystallized. pK'a 5.10, 7.05, electro- 
metric titration, 33% DMF. The ultraviolet 
spectrum suggests similarities to the other dimeric 
alkaloids. CiR 213 mp (log E::,. 2.64), 264 mp 
(logE~~~.2.24),300mp(logE:~,.  1.85). 


The infrared spectrum of the base in chloroform 
shows it to  be a dimeric alkaloid related to the other 
known dimerics. 


The NMR spectrum shows it to  be a dimeric 
alkaloid of the indole-vindoline type. The acetyl, 
methoxyl, and (N) methyl functions are still intact, 
while the indole is shown to have been oxidized to 
an oxindole. 


0.22.52; S, 3.74. 
The base, dissolved in isopropanol. readily forms 


a crystalline methiodide with excess methyl iodide. 
Recrystallization from isopropanol yielded a sample 
of small spheres, m.p. > 320" dec.; its hydro- 
chloride crystallizes readily from ethanol-ether as 
irregular, submicroscopic crystals. m.p. > 320" 
dec. 


Rovidine.-While the presence of this alkaloid was 
indicated in certain crude crystalline sulfates (shown 
in Table 111). workable amounts were not obtainable 
therefrom. This entity subsequently was found to 
occasionally accompany crude crystalline leurosidine 
and leurocristine sulfate at pH levels 5.40 and 5.90. 
Rechromatography and sulfate formation in the 
usual manner yielded the pure compound. The 
base could not be crystallized. 


The sulfate crystallizes from ethanol as very thin 
blades, m.p. > 320". pK'a 4.82, 6.95, electro- 
metric titration, 33% DMF. The ultraviolet 
spectrum is that of a dimeric alkaloid of the VLB 
sulfate type; CER 214 mp (log E::,. 2.71), 265 mp 
(log E::,. 2.18), 296 rnp (log E::,. 2.05); inflections 
at 286.310 mp. 


The infrared spectrum of a chloroform solution of 
the base also shows it to  be closely related to VLB. 
appearing to contain all of the same functional 
groups. 


And-Found: C, 61.19; H, 6.68: N, 5.94; 


The NMR data confirm the I.R. observations. 
No derivatives were made. 
AnaC.-Found: C, 60.76; H, 6.74; N, 5.89; 


0,22.06; s, 3.53. 
Desacetyl VLB.-As with rovidme, the presence 


of this compound was indicated in Table 111. Re- 
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chromatography of leurocristine sulfate crude 
mother liquors eventually yielded workable amounts 
of the pure compound. 


The sulfate crystallizes from ethanol as blades, 
imp. > 320" dec. The free base crystallizes from 
aqueous ethanol as blades with parallel extinction, 
m.p. 205-210". pK'a 5.40, 6.90, electrometric 
titration, 33y0 DMF. The ultraviolet spectrum 
is that of a dimeric indole-indoline alkaloid and 
is similar to  that of VLB sulfate; e27 214 rnp 
(log E::,. 2.76), 266 mp (log Eik,,. 2.27). 294 mp 
(log E::,, 2.10); inflections at 286,310 ma. 


The infrared spectrum of a chloroform solution of 
the base shows it to  be closely related to VLB, 
displaying a less intense carbonyl function. Both 
the I.R. and NMR spectra were identical to au- 
thentic desacetyl VLB (9). 


0,21.63; S, 3.71. 
Viiphamhe.-While this alkaloid was not en- 


countered during the investigation of the fractions 
as originally defined, it was associated with crude 
amorphous leurosidine obtained occasionally from 
the B fraction at pH levels 5.40, 5.90. and 6.40. 
Prudent selection of fractions which contained 
vinaphamine as a major component and leurosidme 
as a minor component (based on thin-layer monitor- 
ing) and crystallization from methanol yielded pure 
vinaphamine. The base crystallizes from methanol 
as thin blades with inclined extinction, m.p. 229- 
235". pK'a 5.15, 7.0, electrometric titration, 33% 
DMF. The ultraviolet spectrum suggests a di- 
meric indole-indoline chromophore; A z i E  214 mp 
(log E::,, 2.78), 262 rnp (log E:%,. 2.24). 292 mp 
(log E::,. 2.08); shoulders at 224,284,300 mp. 


The infrared spectrum of a chloroform solution 
resembles that of a VLB type of dimer, exhibiting an 
extra carbonyl function at 5.95 p. 


The NMR spectrum resembles that of the other 
dimeric alkaloids. 


No derivatives were made. 


Aml.-Found: C, 59.26; H, 6.68; N, 8.57; 


Ad.-Found: C, 67.54; H, 6.77; N. 8.70; 
0.17.22. 


REFERENCES 


(1) Svoboda, G. H.. Lloydia.  26,  2430963). 
( 2 )  Svoboda. G .  H., Neuss, N., and Gorman. M., THIS 


(3) Svoboda G. H. Lloydia 24, 173(1961). 
(4) Svoboda' G. H.' ct al +HIS JOUENAL, 51, 707(1962). 
(5) Svobodo' G .  H.' ibid."52 407(1963). 
(6)  Svoboda' G .  H:, O&er,'A. T., and Bedwell, D. R..  


(7) Kut&. J. P., and Brown, R. P., Tcl7ahrdrow L d l c r s .  


(8) Cone, N. J., Miller, R.. and Neuss, N., TRIS JOURNAL. 


(9) Hargrove. W.. personal communication. 


JOURNAL, 48.659(1959). 


Llaydia.  26 14i(l963). 


1963, 1815. 


52,688(1963). 








JOURNAL OF 


Pharmaceutical 
Sciences 


A publication of the American Pharmaceutical Association 


Published monthly under the supervision of the 
Committee on Publications with the approval of the Council 


Editor 


EDWARD G .  FELDMANN 


Associate Editor 


SAMUEL W .  GOLDSTEIN 


Assistant Editor 


JACQUELINE BORAKS 


Editorial Associate 


SANDRA SUE SMITH 


Contribnting Editor 


RHEA LORIS TALLEY 


Committee on Publications 


LLOYD M. PARKS, 


WILLIAM S. APPLE 
GROVER C. BOWLES, JR. 
THOMAS J. MACEK 
HUGO H. SCHAEFER 


chairman 


Editorial Advisory Board 


JOSEPH P. BUCKLEY 
TROY C. DANIELS 


GEORGE P. HAGER 
THOMAS J. MACEK 


JOSEPH V. SWINTOSKY 
VARRO E. TYLER, JR. 


VOLUME 53 


INDEX TO AUTHORS 
INDEX TO SUBJECTS 


JANUARY TO DECEMBER, 1964 








Assay Procedure for Pharmaceutical Combinations of 
Aspirin, Phenacetin, Caffeine, and Itobarbital 


with Phenothiazine Derivatives I 
By PAUL TURI 


A procedure is presented for the uanatative determination of combinations of 
as irin, phenaceun, caffeine, and ito%arbital with salts of phenothiazine derivatives. 
Tie powdered mixture is dissolved and passed through a series of partition chroma- 
togra hy columns. The ingredients are separated by specific tra segments, eluted 
by s e k v e  solvents, and assayed b any suitable procedure. d e  assay technique 


offers a rapid and accurate getermination of the five ingredients. 


IXTURES OF acetylsalicylic acid, aceto- 
phenetidin, and caffeine-by themselves or 


in combination with other drugs-are among the 
most popular pharmaceutical preparations. To 
assay quantitatively the components of these 
mixtures, a number of authors (1-6) applied 
modified partition chromatography as a very 
convenient and adequate technique. Most re- 
cently, Heuermann and Levine (5) published two 
procedures: one variation was adapted for 
assaying APC with barbituric acid derivatives, 
the other variation for analyzing APC combined 
with organic bases. 


Our objective was to develop a single method 
which facilitates an assay for APC compounds 
combined with both barbituric acid derivatives 
and certain organic bases, particularly with 
phenothiazine derivatives. 


The first and most important problem was to 
find a stationary phase system providing a 
selective entrapment for the individual ingre- 
dients. The combination column containing a 
7.5% tartaric acid-Celite segment and a 10% 
sulfuric acid-Celite segment which had been 
described to trap simultaneously caffeine and 
many organic bases (5), was unsuitable for the 
phenothiazine derivative containing mixtures for 
the following reasons: (a) phenothiazine deriva- 
tives degrade rapidly in presence of mineral adds 
(such as 10% sulfuric acid) by forming strongly 
colored products; and (6) solubilities of the 
phenothiazine derivatives and the caffeine are 
very similar. For this reason, chloroform, which 
can be used as a selective eluant of d e i n e  from 
its mixtures with many stronger bases, cannot be 
considered for the separation of caffeine-pheno- 
thiazine derivative combinations. A part of this 
study aimed therefore to find a trap segment, 
which separates the phenothiazines from the other 
ingredients, particularly from the caffeine. 
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In selecting the proper solvent system, chloro- 
form appeared to be superior by its ability to 
dissolve quantitatively the salts of the pheno- 
thiazine derivatives as well as the aspirin, 
phenacetin, caffeine, and itobarbital. However, 
in order to achieve transfer of the phenothiazine 
derivative and the caffeine to the immobile phase 
in the proper columns, the addition of a more 
polar solvent (such as diethyl ether) was needed. 
The distribution cwfficients of the solutes are 
thereby shifted to favor the aqueous phases. 
The appropriate solvent ratio was investigated. 


Once the satisfactory stationary phase and 
mobile phase had been determined, there was no 
difficulty in recovering the individual ingredients 
by the conventionally used eluants. 


EXPERIMENTAL 
Apparatus 


Chromatographic Columns.-Glass tubes (8 X */, 
in.) with 3 X "16 in. stems were used. The sta- 
tionary phase solutions were mixed with Celite 545 
and packed into the columns in the conventional 
manner (7). A xheme for the assembly of the 
chromatography tube series is shown in Fig. 1. 


Spectrophotometer.-Assays were performed on a 
Cary 11 recording spectrophotometer, using 1-cm. 
cylindrical silica cells. 


Reagents 


Procedures 


pH Meter.-Beckman Zeromatic was used. 


The list of reagents is presented in Table I. 


Ethyl Ether: Chloroform Solvent Ratio.-Earlier 


Aqueous stationary phase Celite 545 
Composition ml. Gm. 


I. Tartaric acid, 1% (w/v) 3 3 I J  
C I j J  Sulfuric acid, 12% (v/v) 3 3 


Sodium bicarbonate, , 
8.4%6w/v) 2 2 


I " I  
Tripotassium 'phosphate, 


22.1% ( w / v )  3 3 


Fig. 1.-Schematic assembly of chromatography 
column series. 
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TABLE III.-RETENTION OF PHBNOTHMZINE 
DERIVATIVES 


Phase: 1% Tartaric Acid-Celite 
Mobile Phase: Ether:Chloroform (8: 1); Stationary 


-----%- 
Retained 


Compound Released (cnlcd.) 
Thioridazine HCI 0.24 99.76 
Thiethylperazine dimaleate 0.35 99.65 
Chlorpromazine HCl 0.32 99.68 
Promethazine HCI 0.22 99.78 


TABLE IV.--SEPARATION OF THIORIDAZINE AND 
CAFFEINE 


Mobile Phase: Ether: Chloroform (8: 1); Stationary 
Phase: 3 ml. of Tartaric Acid + 3 Gm. of Celite 


Concn., 
% PH Released Thioridazine 


of the tartaric acid sol. caffeine, % entrapment 
7 . 5  1.35 67.50 complete 
3 . 0  1.70 83.70 complete 
1 . 0  2.07 99.87 complete 
0 . 5  2.25 101.25 complete 


TABLE  DESCRIPTION OF REAGENTS 


% Composi- 
tion, in 


Name water Grade 
Tartaric acid sol. 1 (w/v) U.S.P. XVI 
Sulfuric acid sol. 12 (v/v) U.S.P. XVI 
Sodium bicarbon- 


ate sol. 8.4 (w/v) U.S.P. XVI 
Tripotassium 


phosphate sol. 22.1 (w/v) U.S.P. XVI 
Chloroform ACS water- 


Ethyl ether 


Isooctane 


washed 
ACS. redistd., 


water-washed 
U.S.P. XVI 


TABLE II.-DISTRIBUTION RATIO OF THIORIDAZINE 
HYDROCHLORIDE 


Phase I 


Phase I1 


-1% Tartaric Acid- 


Chloro- Chloroform 
form 4:l 8: l  


Ether: 


a0 0.1  5 . 6  6 . 3  
11 a = solute concn. in phase I/solute concn. in phase XI. 


experiniental results indicated that a complete sep- 
aration of the ingredients can be achieved only by a 
properly selected solvent system. In this study, the 
distribution ratio of thioridazine hydrochloride be- 
tween 1% tartaric acid and several organic solvents 
has been measured at 25" by shaking extensively 
10.0 tng. of this substance with equal volumes of the 
solvent pair and, after a complete separation, deter- 
mining the concentrations spectrophotometrically 
(Table 11). 


Subsequently, 10.0-mg. amounts of several pheno- 
thiazine derivatives had been dissolved in 100.0-ml. 
portions of chloroform. A 5.0-ml. aliquot of each 
solution was mixed with 40 ml. of ethyl ether and 
passed through a chromatography column contain- 
ing 3 ml. of 1% tartaric acid on 3 Gm. of Celite. 
The eluates were collected into glass-stoppered 
Erlenmeyer flasks. To  simulate assay conditions, 
the columns were then washed with consecutive 20, 
20, and 10-in1. portions of an ether:chloroform (8: 1) 
solvent, and these washings were also combined in 
the receiving flasks. The eluates were then evap- 
orated to incipient dryness, the residues dissolved in 
suitable solvents, and the released amounts were 
determined spectrophotometrically (Table 111). 


Separation of Phenothiazine Derivatives from 
CafTeine.-Thioridazine hydrochloride' was used as 
a model in the following experiments. A mixture of 
20.0 mg. of caffeine and 5.0 mg. of thioridazine hy- 
drochloride was dissolved in 50.0 ml. of chloroform. 
Aliquots of 5.0-ml. of this solution were thoroughly 
mixed with 40-ml. portions of ethyl ether and passed 
through separate Celite columns' containing aqueous 
solutions of tartaric acid in different concentrations. 
(The pH values of these solutions had been measured 
a t  25".) After collecting the effluents in 100-ml. 
volumetric flasks, each column was washed with 
coiisecutive 20, 20, and 10-nil. portions of the 
ether :chloroform (8: 1) solvent. These eluates 


1 Marketed as Mellaril Hydrochloride by Sandoz Pharma- 


9 Before introducing the sample solutions, the columns had 
The rinsing sol- 


ceuticals. 


been rinsed with 20-ml. portions of ether. 
vents were then discarded. 


1.35 1.70 2.07 2.25 
PH 


Fig. 2.-pH dependence of the caffeine release. 


were also collected into the same receivers which 
were finally adjusted to volume with the solvent 
mixture at 20". Aliquots of 25.0 ml. of these solu- 
tions were then evaporated to incipient dryness, the 
residues redissolved in 25.0-ml. volumes of chloro- 
form, and the ultraviolet absorption curves were 
measured (Table IV).  


Quantitative Assay Procedure for the Five Active 
Ingredients. 


Preparation of the Sample.-The average weight 
of the tablets or capsules was determined. A 
representative number of tablets was reduced to  a 
fine powder, or a similar number of capsules was 
emptied and homogenized. In our experiments, 
the following typical mixture was used: acetylsali- 
cylic acid (200 mg.), caffeine (40 mg.), acetopheneti- 
din (130 mg.), itobarbita13 (50  mg.), phenothiazine 
derivative salt (5-20 nig.). In some of the experi- 
mental mixtures, inactive ingredients such as stearic 
acid, talc, sucrose, starch, and lactose were also 
added; these excipients did not interfere with the 
assay procedures. 


Assay.-A portion of the homogenized powder 
(equivalent to the weight of a quarter or a half of a 
dosage unit) was placed into a 50-ml. amber volu- 
metric flask and shaken mechanically with 25 ml. of 
chloroform for 15 minutes. The solution was tlirii 
adjusted to  volume with chloroform a t  20". mixed 


I Marketed as Sandoptal by Sandoz Pharmaceuticals. 
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TABLE V.-ASSAY RESULTS 


% ?f Label Claim 
Sample Aspirin Phenacehn Caffeine Itobarbital 


A1 92.09 104.46 96.94 97.93 
A2 92.09 101.92 95.42 100.27 
B1 95.10 103.07 99.80 99.66 
B2 94.75 103.69 99.80 102.53 
C 95.85 100.92 98.16 104.34 
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._ _ _  
D 96.73 -99.23 96.84 97.87 
El  100.70 100.33 97.62 96.85 
E2 101.00 100.83 96.35 96.14 
F 96.23 99.23 94.82 101.42 


Phenothiazine Derivative 
'% of Label 


T y p e  Claim 
T 98.57 
T 99.45 
T 102.20 
T 99.40 
T 92.86 
TP 108.40 
C 104.12 
C 106.86 
P 98.59 


Symbols: T = thiedazine hydrochloride, T P  = thiethylperazine dimaleate, C = chlupromazine hydrochloride, P P 


prometbazine hydrochlmde. 


well, and a 5.0-ml. portion was transferred (without 
filtration) into a beaker containing 40 ml. of ethyl 
ether. (Sample solution.) 


The assembled column series (Fig. 1) was washed 
with 35 ml. of ether and the washing discarded. A 
250-ml. glass-stoppered Erlenmeyer flask was 
placed under the column series. The sample solu- 
tion was quantitatively transferred onto column I, 
allowed to  flow through the column series, and col- 
lected in the receiver. After the passage of the first 
eluate, the column system was eluted with consecu- 
tive 20, 20, and 10-ml. portions of the ether: chloro- 
form (8 :  1) solvent. The eluates were combined in 
the receiver and evaporated to  dryness. The residue 
which constituted the phenacetin portion of the mix- 
ture was redissolved completely in 5.0 ml. of chloro- 
form, diluted with 45.0 ml. of isooctane, and assayed 
spectrophotometrically. 


Immediately after the passage of the last ether: 
chloroform eluate, the column serieswasdisassembled 
and column 111 was eluted first to  minimize the time 
of residence of the aspirin on the column. (A pro- 
longed stay would result in a partial in situ degrada- 
tion of the acetylsalicylic acid.) Elution of the 
column and the determination of the aspirin were 
performed in the usual manner (7). 


To recover the phenothiazine derivative,' the 
tartaric acid containing colurnn I was eluted with 
consecutive 20-ml. portions of ammonia-saturated 
chloroform; the eluates were collected in a 100-ml. 
volumetric flask and adjusted to volume with the 
eluant at 20'. An aliquot of the eluate was then 
evaporated to dryness, redissolved in a suitable sol- 
vent, and assayed by the ultraviolet absorption 


In the further course, caffeine and itobarbital were 
eluted from their respective columns and assayed by 
the technique described in the literature (5, 6). 


C U N e  


RESULTS AND DISCUSSION 


Martin and Synge (8) in their basic theoretical 
work on the column partition chromatography de- 
veloped an equation which expressed the mathe- 
matical relation between the movements of the 
solute and the mobile phase 


where R = movement of chromatography band/ 
4The column, receiver. and all glassware containing the 


henothiazine derivative must be made of low actinic glass P or protected by a dark cloth) to prevent the photo-catalyzed 
degradation of the substance. 


movement of developing fluid, A = the cross-section 
area of the column, A,,, = the cross-section area of 
the mobile phase, A,  = the cross-section area of the 
stationary phase, and a = partition coefficient 
(solute concentration in the stationary phase/solute 
concentration in the mobile phase). 


Equation 1 indicates that the speed of the solute 
movement is inversely proportional with the parti- 
tion coefficient. The distribution ratio of thiorida- 
zine hydrochloride between 1% tartaric acid solu- 
tion and some organic solvents were experimentally 
determined (Table 11). 


The ratio with an ether:chloroform (8: 1) mixture 
is more than 60 times higher than that with pure 
chloroform. Consequently, by the use of this 
ether:chloroform ( 8 : l )  solvent mixture, a low R 
value and a satisfactory retention of the phenothia- 
zine derivative band were anticipated. 


The quantitative entrapment of several pheno- 
thiazine derivatives by the selected system is shown 
in Table 111. 


The released amounts were found invariably less 
than 0.35%, indicating a practically complete 
entrapment of each substance. 


The next experimental step was to  study the 
selectivity of the phenothiazine derivative entrap- 
ment in the presence of caffeine. 


As the results in Table I V  demonstrate, by using 
the ether:chloroform (8: 1) mobile phase on tartaric 
acid-Celite columns of various acid concentrations, 
the thioridiazine component of the mixture was 
quantitatively trapped on each column, whereas the 
release of the caffeine appeared to  be a function of 
the acidity of the stationary phase. 


Plotting the data of Table I V  in a coordinate sys- 
tem, a graphical interpretation of the pH dependency 
of the caffeine release was obtained as shown in Fig. 
2. 


The curve is linear between 1.35 to 2.07 pH values 
and, by determining the slope of this line, an 
empirical equation was found 


C = k . * p H + A  (Eq. 2) 


where C is the released percentage of caffeine. (The 
values of k and A were found to  be 45.03 and 6.71, 
respectively.) 


Based on the favorable results of the preliminary 
model experiments, a number of assays had been 
carried out with five-component mixtures. Results 
of these determinations are listed in Table V. 


Recoveries of the materials are reported as per- 
centages of the theoretical amounts. Samples with 
identical letter designation were duplicates. The 
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relatively small deviations between the parallel 
readings indicate a promising accuracy of the de- 
scribed technique. 


The operation of the four-column system imposed 
no technical difficulty, and the total assay of the five 
ingredients can be performed by an experienced 
operator in about 2 hours. 


Preliminary experiments for some further simpli- 
fication of the procedure are now in progress; the 
results will be reported in a subsequent publication. 


Journal of Pharmaceutical SciCmes 


with aspirin, phenacetin, caffeine, and itobarbital 
has been investigated. 


A modified partition chromatography procedure 
was developed which facilitates a simultaneous 
quantitative assay of the five active ingredients with 
satisfactory accuracy. 
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Absorption and Incorporation of Methi011ine-S~~ 
into Hair 


By A. P. INTOCCIA, J. M. WALSH, and R. L. BOGNER 


Administration of methionine-Sa6 to guinea pigs by topical, oral, and intramuscular 
routes resulted in the incor oration and utilization of the Ss-radioactivity by the 
growing dorsal and ventral {air. Oral or intramuscular adminisvation of methio- 
nine-S" led to utilization by the growing hair of between 13 and 2 1 per cent of the 
total amount administered. Metabolic utilization by these routes was codrmed by 
the fact that roughly twice as much nonmethionine-Ss as methionine-S" was found. 
The amount utilized was approximately proportional to the amount administered. 
A greater amount of SS-radioactivity was detected in the dorsal hair than in the ven- 
tral hair even after allowing for the greater rate of hair growth in the dorsal area. 
When the methionine-Ss6 was applied topically to the dorsal area, approximately 10 
per cent of the total amount applied was utilized by the total body hair. At the site 
of topical application, two-thirds of the Sa6 in the hair in the area appeared to be de- 


rived locally and the other one-third systemically. 


HE CHEMlSTRY and physiology of hair growth 
Thas been investigated to gain insight into the 
factors that control growth and differentiation 
of hair follicles and formation of keratin. Of 
special interest is the amino acid composition of 
and uptake into the proteins and other com- 
ponents of the variety of cells that constitute 
keratinizing structures and keratin. 


This report describes the results of radiotracer 
investigations initiated to study the influence of 
various routes of administration on the incorpora- 
tion of amino acids into hair protein. The 
amino acid rnethionine, indispensable for all 
animals, was chosen for study because it is in- 
corporated into proteins and is converted, after 
deinethylation, into cysteine and cystine which 
are vital components of keratinized structures. 


EXPERIMENTAL 
Hartley strain male guinea pigs, adequately ad- 
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justed to  laboratory conditions and diet, were 
employed. The diet consisted of pregnant rabbit 
chow supplemented with fresh lettuce and water ad 
libitum. The animals were housed in individual 
wire mesh cages that were cleaned daily to  prevent 
the accumulation of any radioactive excreta which 
could possibly be ingested or adsorbed to the hair of 
the animal. Prior to the administration of the 
labeled compound, an area of 2 sq. in. was shaved 
from the dorsal and ventral surfaces of each animal 
with an electric clipper. Care was taken in this and 
all subsequent clippings to prevent abrasions of the 
skin. 


The animals were separated into three groups of six 
animals. Group A received rnethionine by topical 
application. group B by oral administration, and 
group C by intraniuscular injection. Three of the 
animals in each group received a total dose of 500 
incg. of methionine-S", and three of the animals 
received a total dose of 250 mcg. 


Radioactive dl-methionine-S" was obtained from 
the Radiochemical Centre, Amersham, England, 
with a specific activity of 55.9 millicuries per milli- 
mole (mc./mM). The labeled methionine, shown 
by paper chromatographic methods to be of radio- 
cheniical homogeneity, was diluted with sufficient 
nonlabeled dl-methionine so that the animals at the 
2M-mcg. level were exposed to  a total of 52 pc. and 








Effect of Certain Drugs on Perhsed 
Human Placenta III 


Sympathomimetics, Acetylcholine, and Histamine 


By HENRY P. CIUCHTA and RONALD F. GAUTIERI 


Perfusion studies conducted on full term human placentas indicated that histamine 
and serotonin consistently cause marked increases in perfusion pressure. A mod- 
erate increase in pressure was observed in response to epinephrine and Z-epi- 
nephrine. In addition, norepinephrine and acetylcholine produced only slight in- 
creases in the perfusion pressure. Maximum effects were recorded with the above 
agents when the preparation was composed of a long cord placenta. Iproniazid was 
incapable of enhancing the action of the sympathomimetic amines tested 


significantly. 


T IS WELL KNOWN that the neurohormones, I either in normal homeostatic concentrations 
or in response to drug therapy, are the controlling 
factors in bringing about the overall integrity 
of many body functions. However, an upset 
in the balance of any of the naturally occurring 
mediators-epinephrine, norepinephrine, acetyl- 
choline, and serotonin-as well as histamine 
production, may result in the occurrence of 
cardiovascular disease, metabolic disturbances, 
and even mental aberrations. When an imbal- 
ance of any of these neurohormones is incurred 
during pregnancy, even greater complications 
arise which endanger maternal and fetal life. 


I t  has been postulated by Luschinsky and 
Singher (1) that increased levels of pressor amines, 
resulting from changes in monoamine oxidase 
activity in the placenta, may be a causative 
factor in the development of toxemia of late 
pregnancy. In a subsequent investigation (2) 
Luschinsky rejected this theory. Eliasson and 
Astrom (3) also proved this concept inadequate by 
in witro placental studies that indicated epi- 
nephrine and norepinephrine concentrations were 
not enhanced to an appreciable degree by the 
monoamine oxidase inhibitors, propamidine and 
l-isonicotinyl-2-isopropyl hydrazine (IIH). 


The effects of the sympathomimetic amines, 
acetylcholine, serotonin, and histamine, on vessels 
of the perfused human placenta have been in- 
vestigated quite extensively. There is agree- 
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ment regarding the vasoconstrictor activities of 
serotonin (3-5,7-9) and histamine(3,4,G, 10, 1 l), 
but the same cannot be said for the effects of 
epinehrine, 1-epinephrine, norepinephrine, and 
acetylcholine. 


Early perfusion experiments conducted by 
Schmitt (10, 12) established that adrenaline 
lacked vasoconstrictor activity on isolated 
placental vessels because of the absence of sym- 
pathetic fibers in the vasculature. Subsequent 
placental perfusion experiments conducted by 
Kosakae (13), Budelmann (14), Ueda (15), 
Ordynsky ( l G ) ,  Eliasson and Astrom (3), Astrom 
and Samelius (9), and Panigel (6) demonstrated 
that adrenaline possessed vasoconstrictor activity. 
However, a great degree of variance existed quan- 
titatively. von Euler (1 1) confirmed Schmitt's 
original finding that adrenaline did not act on 
individually isolated placental vessels, but also 
reported that perfusion of the whole placental 
preparation elicited vasoconstriction after adren- 
aline administration. These studies also demon- 
strated that acetylcholine had weak vaso- 
constrictor activity. However, previously it had 
been observed by Ueda (15) that low concentra- 
tions of acetylcholine caused dilatation, while 
higher concentrations produced vasoconstriction 
of placental vasculature. The inconsistency 
of acetylcholine's action has been confirmed by 
Eliasson and Astrom (3), Panigel(5,6), and others. 


Nyberg and Westin's experiments (17) with 
placental perfusions indicated that noradrenaline 
produced an increase in perfusion pressure. 
Eliasson and Astrom (3) observed similar activity 
with noradrenaline but noted, as did Panigel (5, 
G ) ,  that a greater degree of constriction occurred 
in placental preparations with long umbilical 
cords (8-20 cm.) than in those with relatively 
short cords (0-3 cm.). 


Although the actions of some neurohormones 
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was transported to the laboratory in a container 
of preheated (38") Tyrode's solution. 


The preparation was flushed free of blood by 
injecting 2.3% sodium citrate solution into one of 
the umbilical arteries. Cannulae were inserted into 
the vein and one artery of the umbilical cord. The 
umbilical cord was either 2-3 cm. (short cord) or 


Fig. 1.-Typical pressure responses in short cord 
placental preparations. Key: E = epinephrine 
HCI (10-20 mcg.); LE = Levophed bitartrate 
(10-20 mcg.); L = I-epinephrine bitartrate (10-20 
mcg.). 


on placental vessels appear relatively weak, 
Dornhorst and Young reported (18), with i n  situ 
experiments on rabbit and guinea pig placentas, 
that epinephrine and norepinephrine may act 
upon maternal-placental circulation producing 
constriction and thus impairing placental blood 
flow with a subsequent production of fetal 
asphyxia. Although a correlation of these ob- 
servations cannot be made with human placentas 
at this time, subsequent investigations may 
amplify this problem. 


Since the placenta is devoid of innervation (10, 
12, 15, 19), it serves as a useful preparation in 
ascertaining drug activity without the influence 
of neurotropic activity. Its application in deter- 
mining the musculotropic action of drugs on 
vasculature has been indicated in a previous paper 
(8). Consequently, in view of the irregular re- 
sponses obtained with epinephrine, 1-epinephrine, 
levarterenol, and acetylcholine, a n  investigation 
was conducted to  determine the effects of these 
agents and to  confirm serotonin and histamine 
activity on isolated vessels of human placentas 
perfused at various pressures and having either 
long or short umbilical cords. 


MATERIALS AND METHODS 
Full term human placentas were obtained from the 


Each hospital 5-15 minutes after normal delivery. 


Fig. 2.-Typical pressure responses in long cord 
placental preparations. Key: L = I-epinephrine 
bitartrate (10-20 mcg.); LE = Levophed bitartratc 
(10-20 mcg.); E = epinephrine HCI (10-20 rncg.). 


8-10 cm. (long cord) from the stalk of the placenta, 
depending on how much of the cord was free of clots 
and constrictions. The remaining umbilical artery 
was ligated. The whole preparation was then 
placed into a perfusion chamber containing aerated 
Tyrode's solution which had a pH range of i .2  to 7.4 
and was maintained at a constant 37' with a Bron- 
will thermoregulator. The arterial cannula was con- 
nected with a short piece of rubber tuhing to poly- 
ethylene tubing which passed through a model 
TS8 Sigmamotor pump attached to a &gal. poly- 
ethylene reservoir. The reservoir contained aerated 
Tyrode's solution which was modified by the addi- 
tion of 0.525% polyvinylpyrrolidone (Plasdone C) 
and kept a t  a constant 40' by another Bronwill 
thermoregulator. 


Adjustment of the Sigmamotor pump produced 
constant perfusion pressures which were set be- 
tween 50-90 mm. H g  and were accompanied by vol- 
ume inflow rates of 35-75 ml. per minute. Volume 
inflow was measured by a glass RGI flowmeter 
placed between the pump and arterial cannula; 
perfusion pressure was recorded by a mercury 
manometer located between the pump and flow- 
meter. Recordings of pressure fluctuations were 


TABLE  RESPONSES OBTAINED WITH ISOLATED HUMAN PLACENTAS PERFUSED AT 50-90 mm. Hg PRESSURE 


-- Range of Pressure Changes, mm.- Av. Unresponsive 
Cord (No. (No.) Increase, Experiments, 


Drug Dose, mcg. Lengtha Increase expt.) Decrease expt.) mm. NO. 
Epinephrine, 10-20 S 2-5 3 2 1 3 .3  . . .  


L 4-39 5 . . .  . . .  12.0 1 
Epinephrine, 200-500 S 3 1 . . .  . . .  . . .  1 


L 4-6 2 1-2 2 . . .  . . .  
Levarterenol, 10-20 S 1-5 5 . . .  . . .  2 . 8  . . .  


L 1-14 5 . . .  . . .  4.6 2 
Levarterenol, 20&500 S 1-7 2 . . .  . . .  . . .  . . .  


L 1 4  3 . . .  . . .  2.3 . . .  
l-Epinephrine, 2 S 4-12 2 . . .  . . .  . . .  . . .  


L 1-10 5 . . .  . . .  5 .8  1 
LEpinephrine, 10-20 S 3-10 5 11 1 5.8 . . .  


L 3-16 4 . . .  . . .  10.8 I . .  


Acetylcholine, 100 S 1-5 8 . . .  . . .  2.6  2 
Histamine, 10-20 S 5-50 8 . . .  . . .  14.1 1 


Histamine, 100 L 28-100 3 . . .  . . .  65.3 . . .  
Histamine, 1000 S . . .  11 1 . . .  . . .  


Serotonin, 2-4 S 3-54 4 . . .  . . .  21.3 1 
L 6-168 6 . . .  . . .  90.0 . . .  


Serotonin, 50 S 8-76 15 . . .  . . .  30.2 . . .  
L 17-180 4 . . .  . . .  76.5 . . .  


L 5-192 9 5-8 2 46.1 . . .  


L 52-136 4 . . .  . . .  92.5 . . .  


S = small cord; L = long cord. 
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TABLE II.-COMPARATIVE RESPONSES BETWEEN NORMAL AND IPRONIAZID TREATED VESSELS OF ISOLATED 
HUMAN PLACENTAS WITH SHORT UMBILICAL CORDS AND PERFUSED AT 50-90 mm. Hg PRESSURE 


-__- 
Av. Unresponsive 


-Range of Prersure Changes, mm.-- Increase, Expenments, 
Drug Dose. mcg. Increase (No. expt.) Decrease (No. expt.) mm. No. 


Epinephrine, 20 


Levarterenol, 20 


I-Epinephrine, 20 


Acetylcholine, 100 


Histamine, 20 


Serotonin, 50 


before iproniazid 2-5 3 2 I 3 . 3  . . .  
after iproniazid 2-6 5 3.4 . . .  


before iproniazid 1-5 5 . . .  . . .  2.8 . . .  
after iproniazid 2-4 3 . . .  . . .  3 . 0  2 


before iproniazid 3-10 4 11 1 5 . 8  . . .  
after iproniazid 3-14 6 . . .  . . .  6.1 2 


before iproniazid 1-5 8 . . .  . . .  2.6  2 
after iproniazid 2-5 3 3 . 3  3 


before iproniazid 5-50 8 . . .  . . .  14.1 1 
after iproniazid 15-60 6 2-5 2 25 .8  1 


before iproniazid 8-76 15 . . .  . . .  3 0 . 2  . . .  
after iproniazid 12-66 10 32.6 . . .  


. . .  . . .  


. . .  . . .  


. . .  . . .  


made on the smoked drum of a Livingston long paper 
kymograph. The venous volume outflow, which 
was measured directly by a graduated glass cylinder 
and never reperfused, was determined at the onset 
of each experiment and at various intervals in order 
to compare it with the volume inflow. In 41 success- 
ful placental preparations, each lasting 1 4  hours, 
a total of 211 different experiments were per- 
formed. The results obtained from nine placentas 
were discarded because the volume inflow a t  the 
onset of the experiments was below average, or 
placental perfusion pressure could not be main- 
tained a t  a constant level. 


The following agents were injected into the poly- 
ethylene tubing prior to entering the pump in a 
volume of distilled water not exceeding 1 ml. : acetyl- 
choline hydrolxomide, 1.0%; histamine dihydro- 
chloride, O.lyo; 5-hydroxytryptamine creatinine 
sulfate (serotonin), 0.01%; epinephrine hydro- 
chloride, 0.1%; 1-epinephrine bitartrate, 0.1%; 
levarterenol bitartrate. 0.2% (0.1% as base); and 
iproniazid, 1 .O%. 


RESULTS 
The following results were obtained from placental 


preparations having umbilical cords 2-3 cm. long 
and perfused a t  a pressure of 50-90 mm. Hg and a 
volume inflow of 35-75 ml. per minute, unless stated 
otherwise. 


Epinephrine.-Doses of 10-20 mcg. of epinephrine 
hydrochloride brought about an increase in per- 
fusion pressure (Fig. l a )  in three cases, having a 
range of 2-5 mm. (av. 3.3 mm.). One experiment 
demonstrated a 2-mm. decrease in pressure. A dose 
range of 200-500 mcg. produced a 3-mm. increase 
in one experiment and no response in another 
(Table I). 


Epinephrine, in doses of 10-20 mcg., produced a 
4-39-mm. (av. 12.0 mm.) increase in pressure (Fig. 
2c) in five preparations where the umbilical cord was 
8-10 cm. long. No response occurred in one experi- 
ment (Table I); an increase in pressure followed by 
a decrease was observed in two cases. The ad- 
ministration of 200-500 mcg. of epinephrine caused 


an increase in pressure in two experiments and a 
decrease in pressure in two others (Table I). 


The injection of 5 mg. iproniazidl prior to the ad- 
ministration of 20 mcg. epinephrine elicited an in- 
crease in perfusion pressure of 2-6 mm. (av. 3.4 mm.) 
in five experiments (Table 11). 
Levartereno1.-Levarterenol bitartrate, ad- 


ministered in doses of 10-20 mcg. in five placentas 
produced an increase in pressure (Fig. lb) ,  having a 
range of 1-5 mm. (av. 2.8 mm.). A dose range of 
200-500 mcg. caused an increase of 1 and 7 mm. in 
two cases (Table I), while two experiments exhibited 
an increase in pressure followed by a decrease. 


Employing placentas with cords 8-10 cm. long, 
the administration of 10-20 mcg. levarterenol 
caused a 1-14-mm. (av. 4.6 mm.) increase in pressure 
(Fig. 26) in five preparations. No response was ob 
served in two cases. Doses of 200-500 mcg. pro- 
duced a 14-mm. (av. 2.3 mm.) increase in per- 
fusion pressure in three cases (Table I). 


In five experiments, pretreatment with 5 mg. of 
iproniazid, followed by 20 rncg. of levarterenol 
elicited an increase of 2-4 rnm. (av. 3.0 mm.) in 
three cases. No response was obtained in the other 
two (Table 11). 


I-Epinephrine* Bitartrate.-A dose of 2 mcg. 
of 2-epinephrine bitartrate caused an increase in per- 
fusion pressure in two experiments. A dose range of 
1G20 mcg. in five cases produced a 3-10-mm. (av. 
5.8 mm.) increase (Fig. Ic), while a decrease of 11 
mm. was recorded in another experiment (Table I). 


In placental preparations with cords 8-10 cm. long, 
a dose of 2 mcg. of I-epinephrine caused a 1-10-mm. 
(av. 5.8 mm.) increase in perfusion pressure in five 
cases, while no response was observed in one experi- 
ment. Doses of 1G20 mcg. of I-epinephrine in four 
preparations produced an increase in pressure (Fig. 
2u). having a range of 3-16 mm. (av. 10.8, Table 


The prior administration of 5 mg. of iproniazid in 
six placentas receiving 10-20 rncg. !-epinephrine 
elicited a 3-14-mm. (av. 6.1 mm.) increase in per- 


1 Supplied through the courtesy of Hoffmaan-LaRoche, 


* kupplied' through the courtesy of Sterling-Winthrop Re- 


1). 


Inc. Nutley N. J. 


search Institute. 
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DISCUSSION 


Fig. 3.-Typical pressure responses in short cord 
placental preparations. Key: A = acetylcholine 
HBr (100 mcg.); H = histamine dihydrochloride 
(10-20 mcg.); S = serotonin (50 mcg.). 


fusion pressure. Two other placental preparations 
were unresponsive (Table 11). 


Acetylcholine.-In eight experiments the adminis- 
tration of 100 rncg. of acetylcholine hydrobromide 
evoked a 1-5-mm. (av. 2.6 mm.) increase in per- 
fusion pressure (Fig. 3a), while two cases were un- 
responsive (Table I). 


The injection of 5 mg. of iproniazid, followed by 
100 mcg. of acetylcholine caused an increase in 
pressure in three cases, having a range of 2-5 mm. 
(av. 3.3 mm.). Three other preparations did not 
elicit a response (Table 11). 


Histamine.-Doses of 10-20 mcg. of histamine 
dihydrochloride in eight experiments produced an 
increase in pressure (Fig. 3b) having a range of 5-50 
mm. (av. 14.1 mm.). One placenta did not respond. 
A 1000-mcg. dose of histamine produced a decrease 
in the only case tested (Table I). 


The administration of 10-20 mcg. of histamine in 
nine experiments with long cords resulted in a 5-192- 
mm. (av. 46.1 mm.) increase in perfusion pressure 
(Fig. 4b). Pressure decreases of 5 and 8 mm. were 
observed in two cases. An increase in pressure fol- 
lowed by a decrease was noted in two experiments. 
A dose of 100 mcg. of histamine produced a 28-100- 
mm. (av. 65.3 mm.) increase in perfusion pressure in 
three experiments. Histamine, in a dose of lo00 
mcg., caused an increase (Fig. 4c) in pressure in 
four cases, having a range of 52-136 mm. (av. 92.5 
mm.) (Table I). 


The administration of 5 mg. of iproniazid prior 
to histamine resulted in an increase in perfusion 
pressure in six cases. The range of the increase was 
15-40 mm. (av. 25.8 mm.). One preparation did 
not respond, and two others demonstrated decreases 
in pressure (Table 11). 


Serotonin.-The administration of 2-4 mcg. of 
serotonin in four experiments brought about a 3-54- 
mm. (av. 21.3 mm.) increase in pressure, while 
one other placenta was unresponsive. A dose of 50 
mcg. of serotonin (15 cases) caused an increase 
in pressure (Fig. 3c), having a range of 8-76 mm. 
(av. 30.2 mm.) (Table I). 


Serotonin, in doses of 2 4  mcg.. caused a 6-168 
mm. (av. 90 mm.) increase (Fig. 4a) in perfusion 
pressure in six experiments where the umbilical 
cord was 8-10 cm. long. A dose of 50 rncg. of sero- 
tonin in four experiments produced a 17-180-mm. 
(av. 76.5 mm.) increase in pressure (Table I). 


The injection of 5 mg. of iproniazid preceding 50 
rncg. of serotonin evoked a 12-66-mm. (av. 32.6 mm.) 
increase in pressure in ten preparations (Table 11). 
Perfusion experiments attempted with pressures 


less than 50 mm. Hg-hence with lower volume in- 
flow rates-resulted in irregular and inconsistent 
responses with the above drugs in the same dose 
ranges. 
' Supplied through the courtesy of Abbott Laboratories, 


North Chicago, Ill. 


The results of this investigation have indicated 
that the administration of the sympathomimetic 
amines-pinephrine, l-epinephrine, and levarterenol 
a n d  acetylcholine, histamine, and serotonin, to 
vessels of perfused human placentas caused vaso- 
constriction in practically all preparations with 
short (2-3 cm.) or long (8-10 cm.) umbilical cords. 


Fig. 4.-Typical pressure responses in long cord 
placental preparations. Key: S = serotonin 
(2-4 mcg.); H = histamine dihydrochloride (10- 
20 mcg.); H = histamine dihydrochloride (1000 
mcg.). 


In most cases the degree of wsoconstriction produced 
was greater in the preparations with long cords. 
This increased responsiveness of long cord com- 
pared to  short cord preparations also has been re- 
ported by Eliasson and Astrom (3). Though direct 
evidence is lacking at this time, it appears likely that 
the vascular musculature present in the umbilical 
cord may have greater amounts OF responsive effec- 
tor cells than other placental vessels. Hence, when 
a relatively long cord is present in a placental per- 
fusion. it contributes more to  the overall vssocon- 
striction than the other placental vessels. 


The responses obtained with the amines and acetyl- 
choline in long and short cord preparations were not 
in direct proportion to  the doses administered, since 
low (10-20 mcg.) or high (200-500 mcg.) doses 
usually elicited responses that did not vary quantita- 
tively in the Same perfusion. von Euler (11) has 
also pointed out that a dose-response relationship is 
seemingly nonexistent in placental perfusions. This 
fact was confirmed in these studies, for vascular 
responsiveness depended upon the presence of the 
agent and not its quantity. However, histamine 
was the exception in this respect, as larger doses 
based on average response produced greater in- 
creases in perfusion pressure. 


Other investigations (3) have demonstrated that 
Lepinephrine and levarterenol produce consistently 
marked increases in perfusion pressure, although 
levarterenol is the least potent. This investiga- 
tion did not corroborate the marked constrictor 
action of these amines, but did agree in finding levar- 
terenol less effective than epinephrine or Lepinephriie 
in causing vasoconstriction of placental vessels. 


The relative lack of activity of the sympathomi- 
metic amines and acetylcholine on vessels of human 
placentas was expected, since the placenta is devoid 
of innervation, and its vessels probably have a 
correspondingly fewer effector cells than other 
vasculature. 


Eliasson and Astrom (3) and von Euler (11) ob- 
tained inconsistent results with acetylcholine on 
placental vasculature, although slight vasoconstrictor 
activity usually was predominant. It was proposed, 
from von Euler's investigation (20) on pulmonary 
vessels of the rabbit, that a correlation may exkt be- 
tween the response of placental and pulmonary 
vessels because both constrict in response to acetyl- 
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the volume inflow rate was a t  least i 0  ml. per 
minute, and the perfusion pressure was at  least 60 
mm. Hg, but preferably around 80 mm. Hg. 


Although the results reported here are those oc- 
curring in vzfro, the possibility of similar qualita- 
tive effects being manifested in viva with the above 
drugs cannot be overlooked. With this in mind, it 
appears likely that the systemic release of excess 
quantities of sy mpathomimetic substances, serotonin, 
or even histamine in the pregnant state could, by 
directly constricting placental vessels, cause a 
decrease in the oxygenation of fetal blood flowing 
through such vessels-and hence contribute to fetal 
asphyxia. 


chailine, whereas other vascular beds are dilated. 
Results in this present investigation confirm that 
acetylcholine pruduces weak vasoconstriction in 
placental vesselsand sometimes even lacks this 
act ion. 


Pretreatment of placental preparations with 5 mg. 
of iproniazid (only short cord placentas were tested) 
before the administration of the sympathomimetic 
amines, acetylcholine. or serotonin, did not pro- 
duce an appreciable augtnentation of perfusion pres- 
sure-xcept in the case of histamine-which at  this 
time is inexplicable. However, increases in sym- 
pathomimetic amine activity would be expected since 
inonoainine oxidase is one of the enzymes involved 
in the breakdown of the amines, and blockage of 
this placental enzyme sometimes can produce 
slight increased ainine activity. I n  view of the re- 
sults, it is possible that iproniazid is washed out 
too rapidly to tie up effectively the large quantity 
of inonoarnine oxidase present in the placenta. 
Also, it is possible that monoamine oxidase is so 
:ihundant that whatever quantity is blocked is still 
riot suliicient to allow augmented responses to occur 
with these aillines. These results are similar to 
studies conducted by Eliasson and Astrom (3). who 
showed that increased responses do not occur after 
administration of I-epinephrine or levarterenol to 
propamidine and 6-isonicotinyl-2-isopropyl hydrazine 
(IIH) treated placental preparations. 


Perfusion experiments attempted a t  lower pres- 
sures (under 50 mm. Hg), and consequently lower 
volume inflow but the same dose ranges, produced 
only slight changes in perfusion pressure with all 
the previously mentioned agents. Therefore, there 
appews to be a dependence upon volume inflow and 
perfusion pressure for the attainment of significant 
responses. Optimum results were recorded when 
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Properties of Fused Mannitol in Compressed Tablets 
By JOSEPH L. KANIG 


Among the carbohydrates used in compressed tablets, mannitol is the ooly one 
which possesses high heat stability. This  substance melts at 167', but does not 
decompose at temperatures up to  250°. Mannitol, alone and in  combination with 
other carbohydrates, was fused and recrystallized or spray-congealed. Phase dia- 
grams determined for these mixtures indicated that mannitol is eutectic with other 
carbohydrates. Selected drugs were soluble in the fused mixtures, and the crystal- 
lized or spray-congealed material obtained from these solutions possessed excellent 


flow and compression characteristics. 


ANNITOL HAS BEEN used as a tablet diluent 
This hexahydric 


alcohol, an isomer of sorbitol, is a white, odorless, 
crystalline powder and is the least hygroscopic 
of all known carbohydrate tablet diluents (1). 
I t  has a sweetness threshold of approximately the 


for more than a decade. 
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same value as glucose and a nutritive value of 1 
cal. per gram (2). 


In recent years, mannitol has been shown to 
exhibit a uniquely cooling and pleasant taste effect 
when used in formulations for tablets intended 
to  be chewed or dissolved in the mouth. Several 
types of medicaments, including antacids, anal- 
gesics, multivitamins, and antihistamines are 
being marketed in  the form of chewable tablets 
prepared in a mannitol base (3, 4). This diluent 
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TABLE II.-COMPARISON OF TACKINESS OF SEVERAL 
CREAM PREPARATIONS RUBBED IN THE SKIN FOR 20 


SECONDS 


Withdrawal 
Sample Wt.. Gm. Time for withdrawal, sec. 
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sample film thickness, but is proportional to  the 
fourth power of the radius of the finger. Thus, it 
is possible t o  derive a viscosity term from the tack- 
meter to define the sample film. In this work, it has 
not been necessary, or even desirable, to  do this, since 
all desired comparisons can be readily made in units 
of withdrawal time and pulling weight. If, however, 
some knowledge of absolute viscosities of dried films 
is desirable, then the instrument may be calibrated 
by standards and used as a rheometer. 


Obviously, the choice of finger dimensions and 
film thickness permit an extremely wide range of 
study. In  the study on human skin, the bearing 
weight and duration of contact could conceivably be 
of di5erent magnitudes in some applications. 


Since the primary value of this instrument is for 
empirical testing, the finger surface may readily be 
modified to permit the attachment of dressings if it 
is felt to  be important. 


SUMMARY 


The tackmeter described permits the measure 
I t  may of tack of lotions, creams, and ointments. 


be utilized on human skin and as a laboratory test. 
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was not too shear sensitive. Alternately, a weighed 
geometric spot was applied to the glass. In either 
case, the finger was brought to bear in a similar 
manner. 


For actual measurement on human skin, the sam- 
ple was applied in the appropriate manner and the 
finger applied directly with the 500-Gm. load. The 
cup was rotated back and clear for this. In general, 
the finger was contacted for 20 seconds before with- 
drawal; voluntary motion or quivers often induce 
the break-away after longer periods of contact. 
Typical data are shown in Table 11. 


DISCUSSION 
The fundamental equations covering the use of 


the tackmeter were derived by Green (1). and the 
rheology of tack has been discussed by Bikerman (2). 


The time required for break is inversely propor- 
tional to  the viscosity function of the sample, the 
weight used for drawing, and the square of the 


Assay Methods for Total Neomycins B and C 
By W. T. SOKOLSKJ, C. G. CHIDESTER, 0. S. CARPENTER, and W. M. KANESHIRO 


Data from assays of neomycin C sulfate and mixtures of neomycin C sulfate and 
neomycin B sulfate were obtained using six cylinder-plate methods. Statistical 
analyses show that with three commonly used methods, neomycin C res onses are 
only 35 t o  5 0  per cent of neomycin B responses. With three moditiefmethods, 


the response of neomycins B and C are approximately equal. 


EOMYCIN FERMENTATIONS produce two major N antibacterial components-neomycin B and 
neomycin C. Commercial preparations are com- 
posed mostly of B, but may contain as much as 
50% C (1). Kaiser (2) found that the U.S.P. 
neomycin standard contained about 15% C. The 
present assay systems donot give equivalent responses 
for B and C and with significant differences in C 
content between the test and standard preparations, 
the assay results are not in terms of total neomycin 
relative to the standard. 


Some problems in the assay of neomycin were dis- 
cussed in a previous paper (3). The purpose of this 
study was to compare responses of neomycin B and 
neomycin C obtained by three assay methods com- 
inonly used and by three methods which were de- 
signed to and did reduce differences between the 
responses of neomycins B and C. 


EXPERIMENTAL 
Neomycin Preparations.-The physical and chetn- 


ical properties of the neomycin B preparation and the 
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neotnycin C preparation were described by Ford, 
el al. (4). With a radioisotopic assay procedure (2), 
the neomycin B preparation was found to contain 
11% C, while the neomycin C preparation was found 
to be free (<lye) of neomycin B. Both preparations 
were sulfate salts, and potency values for Tables 1- 
I11 were recorded as neomycin sulfate. The potency 
values for Table IV are recorded in terms of neo- 
mycin base equivalent. 


The Upjohn Co. control standard, potency 742 
mcg./mg., was used to  determine the potencies of 
commercial neomycin sulfate lots (Table IV). 


Preparation of Neomycin Solutions.-The neo- 
mycin powders were weighed after drying inavacuum 
oven a t  60” for 3 hours. One milligram per milli- 
liter stock solutions were made with distilled water. 
Stock mixtures in ratios of 1: 1 and 9: 1 (9 neomycin 
B + 1 neomycin C) were prepared from these solu- 
tions. Working solutions were prepared by diluting 
the stock solutions with the buffer appropriate to 
the method. 
Assay Methodology.-The cylinder-plate method 


was used for all assays. Twenty by 100-mm. plastic 
Petri dishes (Plastoiiiatic Corp., Malvern, Pa., 
cat. No. 94), were used with glazed porcelain tops. 
Six stainless steel cylinders (inside dimensions 6 X 
10 mm.), were placed on each plate with a Shaw 
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TABLE I.-AVERAGE POTENCIES OF NEOMYCIN C AND NEOMYCIN C : B MIXTURES 


-C--- ----]C : 1 Bn--- , ~ -  IC:RRn------ 
Assay No. A v . ~  No. A V . ~  No. Av  


Method Assays Potency MP/, C.1.. Assays Potency 95% C.L. Assays Potency 95% C.L. 
1 10 452 409-499 5 666 588-756 11 865 789-948 
2 9 379 354406 11 678 626-734 11 898 848-950 
3 i n  373 347-402 6 660 620-702 6 877 854-900 
4 8 1077 982-1132 13 1054 982-1132 13 975 927-1028 
5 10 1153 1064-1249 7 1009 926-1100 5 967 778-1200 
6 12 1108 1047-1171 11 961 894-1033 9 927 872-985 


Ratios of the neomycins C and B preparations: the neomycin B preparation contained 11% C. Micrograms of neo- 
mycin B sulfate per milligram. 


TABLE IL-STANDARD ERRORS ESTIMATED FROM 
AMONG ASSAY VARIATION 


S.E. -7 


Assay Method Of Log Potency As yo of Potency 
1 0.0506 11.7 
2 0.0430 9 . 9  
3 0.0337 7 . 8  
4 0.0441 10.2 
5 0.0534 12.3 
6 0.0405 9 . 3  
Av . 0.0445 10.2 


dispenser. Using a 3 X 3 assay design (5), three 
concentrations of neomycin B were applied to  each 
plate alternately with three corresponding concen- 
trations of ( a )  neomycin C, ( b )  1 : 1 mixture, or (c) 9 :  1 
mixture. There were nine replicate plates in each 
assay. The assays were run by two technicians over 
a period of 6 months. Individual assay results and 
weighted mean averages were calculated on the IBM 
1620 computer. 


Media.-All media ingredients were purchased 
from Baltimore Biological Laboratories (BBL) or 
Difco Laboratories (Bacto). 


Reparation of Inoculua-The inoculum for the 
assay plates in all but Method 4 was a suspension of 
Staphylococcus aureus FDA 209P prepared as fol- 
lows. Two BBL trypticase soy seed agar (TSA) 
slants, cultured overnight, were washed with BBL 
antibiotic assay broth (AAB) into a Roux bottle 
containing 300 ml. TSA. The Roux bottle was 
incubated for 18 hours a t  32". after which the growth 
was suspended in 40 ml. AAB. The suspension was 
adjusted so that a 1 : 10 ( 1  + 9) dilution with distilled 
water gave a 65y0 light transmission at 650 mp in an 
18 X 150-mm. test tube with a Lumetron model 
401 spectrophotometer. The undiluted suspension 
was stored at 4" for as long as 2 weeks. The 
inoculum rate in Methods I, 2, 5, and 6 was 0.3 ml. 
suspension per 100 ml. agar at 48". The inoculum 
rate in Method 3 was 0.05%. The inoculum in 
Method 4 was 0.3% of a Bacillus subtilis UC 564 


aqueous spore suspension (6) containing 2 X 109 
spores/ml. 


Procedures Currently Used for Neomycin Deter- 
minations.-Dilutions of 10, 20, and 40 mcg./ml. 
were made from the neomycin B stock solution and 
the 1 : 1 and 9:  1 stock mixtures with 0.1 M pH 7.9 
potassium phosphate buffer. However, because 
neomycin C was expected to  have a smaller response 
than neomycin B, the neomycin C stock solution 
was diluted to 20, 40, and 80 mcg./ml. 


Method 1.-Assay plates were prepared with 10 
ml. base layers and 5 ml. S. aureus seed layers of BBL 
neomycin assay agar. 


Method 2.-Assay plates were the same as in 
Method I ,  except that 0.5% sodium chloride was 
added to the neomycin assay agar before autoclaving. 


Method J.-Assay plates were prepared with 15 
ml. trypticase soy base layers and 4 ml. TSA seed 
layers inoculated with 0.05% S. aureus. 


Methods for Total Neomycins B and C.-Neo- 
mycin C working solutions were equal in concentra- 
tion to working solutions of neomycin B and 
B:C mixtures. The concentrations used in each 
assay are given in Table 111. 


The medium designated yeast beef agar (YBA) 


TABLE IV.-POTENCIES OF COMMERCIAL NBOMYCIN 
SULFATE AS BASE EQUIVALENT 


--Potency, mcg./mg.b--. 


Sulfate Neomycin C Method Method for C Bias from 
Lots Sulfate,  % 3 6 Method 3c 


Neomycin Corrected 


B 11 731 . . .  791 
C 100 241 . . . 791 (assumed) 
1 21 590 691 685 
2 19 588 738 669 
3 27 549 051 663 
4 12 639 688 693 
5 10 612 6(7 687 


Determined by radioisotopic assays. Micrograms of 
ncomydn standard per milligram. Estimated by using 
the 241 value for 100% C and the 791 value for total neo- 
mycin. 


TABLE III.-DosEs AND AVERAGE ZONES FOR NEOMYCIN C vs. NEOMYCIN B 


Assay No. ---- Neomycin B5 Neomycin Co 
Methods Assays d z d 2 d z d z  d z d z  


I 10 10 16.2 20 17.6 40 18.4 20 16.6 40 17.Bb 80 18.6 
2 9 10 15.9 20 17.6 40 19.2 20 15.2 40 17.2) 80 18.5 
3 10 10 12.8 20 14.4 40 15.9 20 1 2 . 2  40 13.8 80 15.2 
4 4 5/7' 13.5 10/14 15.0 20/28 16.1 5/7 13.9 10/14 15.1 20/28 16.3 


4 10 14.6 20 15.6 40 16.7 10 14.5 20 15.8 40 16.8 
5 5 20 16.4 40 17.9 80 19.3 20 16.7 40 18.4b 80 19.7 


3 7 14.4 14 16.? 28 17.3 7 14.9 14 16.4b 28 17.4 
6 12 10 16.6 20 18.0 40 19.1 10 16.8 20 18.Zb 40 19.3 


C Two asaays 5, 10, 20; two were d = Dose, mcg./ml.; z average zone diameter, mm. b Significant curvature on C. 
7. 14. 28. 
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was prepared as follows. Bacto peptone (0.60/0), 
0.3% Bacto yeast extract, and 0.15% Bacto beef 
extract were dissolved in distilled water, and the 
solution was adjusted to  pH 7.9 with 1 N sodium 
hydroxide. One and one-half per cent Bacto Noble 
agar was added, and the medium was autoclaved. 


Method 4.-Plates were prepared with 20 ml. base 
layers of BBL streptomycin assay agar with yeast 
extract and 4 ml. YBA layers inoculated with 0.3% 
B. subtilis. Working solutions were prepared by 
diluting the stock solutions with 0.1 M pH 7.9 tris- 
hydroxymethyl aminomethane (tris) buffer. 


Method 5.-The medium was YBA with 0.2% 
sodium chloride added before autoclaving. Assay 
plates were prepared with 10 ml. base layers and 5 
ml. S. uureus seed layers. Neomycin stock solu- 
tions were diluted with 0.1 M pH 7.9 tris buffer as 
in Method 4 .  


Method 6.-Assay plates were the same as in 
Method 5, except that 0.2% glucose was added to  
the seed agar before autoclaving. Working solu- 
tions were prepared by diluting neomycin stock 
solutions with 0.25 M pH 7.9 tris buffer. 


RESULTS AND DISCUSSION 
Methods 1 ,  2, and 3 (with some variation in the 


preparation of inoculum and in volume of agar  
medium) are commonly used for neomycin deter- 
minations. Table I indicates that these methods 
have a 50 to 65% negative bias in the response of 
the neomycin C preparation relative to the neo- 
mycin B preparation. This bias is also evident in 
the assays of B : C mixtures. 


With Methods 4, 5, and 6, the neomycin C re- 
sponses were 98 to  125% of the responses of the 
neornycin B preparation. I t  is not certain, however, 
that the high responses reflect a positive neomycin C 
bias because the actual potencies of these prepara- 
tions are unknown. In fact, potency values of neo- 
mycin sulfate preparations as free based equivalent 
in general are relative to  standards of uncertain 
purity. The present U.S.P. standard with an as- 
signed value of 700 mcg. neomycin base equivalent 
per milligram was reported to contain 13.7 to  18.6% 
neomycin C (2). Potency estimatesas now obtained 
are dependent on the extent of neomycin C bias in 
assay method and the B-C content in the test and 
standard preparations. 


The standard errors of assay potency (Table 11) 
did not differ significantly among the six methods; 
the average standard error of potency was 10%. A 
considerable number of individual assays failed the 
usual validity tests specified in U.S.P. XVI (7). 
However, all assays were included in the analyses for 
Tables I, 11, and 111. 


The average zone diameters for neomycin C com- 
pared to  neomycin B in all six methods are given in 
Table 111. The neomycin C responses showed 
significant curvature with all but Methods 3 and 4 
and Method 5 a t  high doses. Among assays that 
did not pass validity tests, curvature was the main 
cause of failure. This may reflect a basic difficulty 
in comparing preparations of high neomycin C con- 
tent with preparations of high neomycin B content. 


Some commercial lots of neomycin sulfate vary- 
ing from 10 to  27% neomycin C were assayed by 
Methds 3 and 6 against The Upjohn Co. (TUC) 
control neomycin standard which contained only 4% 
neomycin C and had an assumed value of 742 mcg. 
base equivalent per milligram. These two assays 
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were chosen for comparison because both use S. 
uureus with salt-free media. As expected, the assay 
results with Method 3 were consistently lower than 
with Method 6 due to the neomycin C bias. An 
approximation of the extent of bias was made by 
using the Method 3 potency results on the B and C 
preparations which were 731 and 241 mcg. base 
equivalent per milligram, respectively. Knowing 
the response of C alone (no B present in the C prep- 
aration), the following determinations were made: 
0.llC + 0.89B = 731 (Method 3 value, Table IV) 
1.OC = 241, 0.11 (241) + 0.89B = 731 = total 
neomycin response, and total neomycin base = 791. 


Using the same method for calculation, corrections 
were made for C bias on Method 3 results for com- 
mercial neomycin sulfate lots (Table IV). The 
corrected values are rough estimates and should not 
be regarded as absolute. Exact measurements 
would consider the 4y0 C in the TUC standard and 
the sulfate content of each preparation as well as 
the neomycin base content for which a method is 
not available. It is obvious that the corrected 
values are relatively close to the values obtained 
with total neomycin Method 6.  


Of the three total neomycin methods, the B. 
subtilis method (Method 4 )  is the most applicable in 
routine operation for three reasons: ( a )  the media 
are commercially available; ( b )  the test organism 
as a spore suspension is stable for long periods; ( c )  
the inhibition zone edges are sharp and easily read. 


In the development of total neomycin assay meth- 
ods, one of the major considerations was the effect 
of the ionic strength of the assay medium on the 
response of neomgcin. Salt increases the slope of the 
dose-response curve (6), [as does Noble agar (3)], 
but salt also adversely affects the activities of the 
neomycins (3, 8, 9). Neomycin C is affected more 
than neomycin B so that by decreasing the ionic 
strength of the assay medium, the response of neo- 
mycin C relative to neomycin B is increased. In a 
medium such as the YBA medium used in this study, 
the neomycin C response can be made to approxi- 
mate the neomycin B response by adjustment of 
ionic strength. 


SUMMARY 
The commonly used assay procedures for neomy- 


cin have a negative bias for neomycin C. The re- 
sponse of neomycin C in agar-dihsion assays is 
affected by the ionic concentration of the medium, 
more so than is B. A total of six assay methods is 
described which include three presently used pro- 
cedures with a neomycin C bias and three procedures 
which additively assay the B and C components 
in neomycin. 
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scribed in this paper, the solute mole fractions can 
he calculated readily and the DEC’s of the solvent 
systems can be determined experimentally, accu- 
rately and quickly. The resulting graphs may be 
used for estimating the quantitative solubility of a 
solute in a solvent of a homologous series, for esti- 
mating the quantitative solubility of a solute in a 
solvent blend, for estimating the  conipositiori of a 
solvent blend required to dissnlve a given arnoant of 
solute, for evaluating the etliciency of various sol- 
vents as coupling agents or ingredients of solvent 
blends, and for predicting the probable solvency 
properties of related solvents. 


Thus, the use of dielectric constants presents an 
intriguing approach for the determination and corre- 
lation of solubility phenomenon. 


REFERENCES 
(1) Hildebrand,,!. H and Scott R. L. “The Solubility 


3 r i  ed.. Reinbold dublishing Corp., of Nonelectrol tea. 
New York, N. %., 1950. 


(2) Hildebrand. H.. and Scott R L.. “Regular Solu- 


(3) Paruta. A.. sciarrdne, B.. and Lordi,”.. Thrs Joun- 
tions.” Prentice-Halt Inc. Englen& elitis N. J. 1962 
V A T  S1 7M11019\ ....I, --, . ~-,-””-,. 


(4) Hildebrand J H and Scott R. L. op. cif p. 170. 
(5 )  Hildebraud: J: H:: Am. S c i c n h .  S i ,  2(1+). 
(6) Lange N A. “Handbook of Chermstry 10th ed.. 


McGraw-Hdl’Bodk Cb.. Inc.. New York N. Y. 1’961. 
(7) DuPont’s “Freon” Technical Bulletih B-2, E. I. 


du Pout de Nemours & Company Wilmington Del. 
(8)  Hildebraud,,:. H., uod &tt. R. I,.. op.’cif., 
(9) Mellun, I . ,  Indastriul Solvents.” 2nd rd.,  &4‘%nlcl 


PiiblirhiirK Cory., ,New York. N. Y., 195l). 
fill) DuPnnt’s khan” Aermnl Hewtrt VA-25. H. I du 


Pint  heNemOurs sl Ciimpany. -WiIminiton,De~y -’ --. 
----  


(11) Sherrick. P. H.. Duwe, G. A., Karr, R., and Ewen, 
E. F., “Manual of Chemical Oscillomctry,” E. K. Sargent & 
Co., Chicago, Ill., 1954. 


49,444(1960). 
(12) Chertkoff. M. J., and Martin, A. N.. THIS JOURNAL, 


13) Moore W B ibid. 47.855(1998). 
14) Zbid. $1 39l’j1962): 
15) Bonier ’W. D. J. Phys. Chrtn I4 738(1910) 


J .  Phys. Ch., 46,946(1942). 


Waslungton, D. C., 1962, p. 134. 


(1960). 


(16) McDonhld, H. >., Kluender. A:’F.,’and Lane. R. W.. 


(17) Mellan. I., “Polyhydric Alcohols,” Spartan Books, 


(18) Udani, J. H., and Autian. J., Tms JOV~NAL, 49,376 


Analogs of Tetrahydrofolic Acid XI 


Synthesis and Enzymic Evaluation of 
p-  { [N- (2-Amino-4-hydroxy-6-methyl-5-pyrimidyl) carbamoyl 


methyl] amino } benzoyl-L-glutamic Acid 


By B. R. BAKER and KRISHNA SACHDEV 


Condensation of ethyl a-acetamidoacetoacetate (XII) with guanidine carbonate 
afforded S-ncetPmido-2-Pmino-4-hydroxy-6-methylpyri~dine (X). Acid hydrolysis 
of X followed by reaction with bromoacetyl bromide gave 2-amino-5- (bromoacet- 
amido -4-hydroxy-bmethylp rimidine (XI). Reaction of XI with aniline or p 


5- (~ilinoacetamido)-4-hydmxy-6-methylpyrimidine XIII) and the title com 


me ylene-tetrahydrofolate dehydrogenase, showing inhibition of about the order 


amino be azoyl-Lglutamic acdin dimethylsulfoxide resulted in formation of 2-amino- 


( 1 I t  respectively. 111 was a poor inhibitor of both d’ I ydrofolic reductase anEft 
obtained with p-nminobenzoyl-L-glutamic acid. 


PYRIMID~ ANALOG (I) (2-4) of tetrahydro- A folk acid has been found to bind to folic 
reductase five times better than the substrate 
folic acid (4), to bind to 5,lO-methylene-tetra- 
hydrofolate dehydrogenase about one-thirtieth 
as well as the substrate (l), and to bind to thy- 
midylate synthetase one-sixth as well as the 
substrate (5) ; d-5,lO-methylene-tetrahydrofolate 
was the substrate for the latter two enzymes. In 
contrast, the analog (11) is only one-eightieth as 
effective as I as an inhibitor of folk reductase (1) , 
but I1 binds somewhat better to 5,lO-methylene- 
tetrahydrofolate dehydrogenase than does I (1). 
It was concluded that the basic Famino group of 
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I, R -CHsCHsCHr 
11, R --C&CHtCW 
111, R -NHCOCHr 


the paminobenzoyl-L-glutamate moiety was 
probably one of the essential groups for binding 
to folic reductase, but not to 5,lO-methylene- 
tetrahydrofolate dehydrogenase. It was there- 
fore of interest to synthesize 111 for enzymic 
evaluation; I11 has a merent  bridge between 
the pyrimidyl and aminobenzoyl moieties, but 
still retains the basicity of the latter moiety. 


A key intermediate in the synthesis of I11 (see 
Scheme I) was 2,5-diamino-4-hydroxy-6-methyl- 
pyrimidine (IX), a compound described only once 
in the literature (6). Bromination of 2-amin0-4- 
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which they described gave a color with pchloro- 
phenyl diazunium chloride attributed to forma- 
tion of the azo dye (VII). We have investigated 
this reaction in more detail using the more stable 
diazonium salt from sulfanilic acid; coupling to 
V in sodium carbonate solution occurred with 
formation of an insoluble sodium salt, presumably 
with structure VI. When the insoluble azo dye 
was reduced in warm water with sodium hydro- 
sulfite, the product did not agree in properties 
with the 5-aminopyrimidine (IX) prepared earlier 
from the 5-bromopyrimidine (VIII) ; the ultra- 
violet and infrared spectra indicated that a mix- 
ture of the starting material (V) and the desired 
5-aminopyrimidine (IX) was obtained. That 
such was the case was readily verified by thin- 
layer chromatography by comparison of this 
mixture with IX (obtained from VIII) and V. 


At iirst glance it would appear that V must 
have been carried along with the insoluble am 
compound (VI). That such was not the case 
was shown by thin-layer chromatography; al- 
though two spots were present in the dye, one 
moved slower than V and one moved faster than 
V. It is clear that one spot must be the desired 
5-ampyrimidine (VI); it is probable that the 
second spot was an azoaminopyrimidine (IV), 
which on reduction would regenerate V. At- 
tempts to rearrange this supposed N-azo deriva- 
tive (IV) to a 5-azo derivative (VI) in dilute acetic 
acid, according to the general procedure of Rosen- 
haus and Unger (8) were unsuccessful. It is 
clearly possible wt other am dyes mentioned by 
Todd, el al. (7), may also be mixtures of N-azo 
and 5-azu aminopyrimidines. 


A simple and successful route to the 5-amino- 
pyrimidine (IX) ria X was finally found. Con- 
densation of ethyl a-acetamidoacetoacetate (XII) 
(9) with guanidine carbonate in boiling ethanol 
gave the 5-acetamidopyrsmidine Q in 3040% 
yield. Since this range of yields was obtained 
within 2 hours and did not increase with increas- 
ing reaction time, ethanolic cleavage of the keto 
ester (XII) was probably a competitive reaction 
(10). When the guanidine carbonate reaction 
with XI1 was run under noncleavage conditions 
by using tcl’dbutyl alcohol (10) as the solvent, the 
yield of 5-acetamidopyrimidine (X) was increased 
to 72%. 


Hydrolysis of the 5-acetamidopyrimidine (X) 
with boiling 6 N hydrochloric acid gave the 
desired 5-aminopyrimidine (IX) hydrochloride in 
83% yield; the free base (IX) obtained from the 
hydrochloride was uniform on thin-layer chroma- 
tography and was identical with IX prepared 
from the 5-bromopyrimidine (VIII). When the 
Ci-sminopyrhidine (IX) hydrodoride was re- 


OH 


IV 


OH rJ OH 


I XI 
CaHsOC=O 


1 
CHNHCOCHS 


XIII, R=H 
111, R =  -CONHCHCOOH 


I 
(C&),COOH 


Scheme I 
hydroxy-6-methylpyriddine (V) sccording to 
Jaeger (6) gave a 98% yield of the 5-bromopyrim- 
idine (VIII) as the hydrobromide salt. Reaction 
of VIII with concentrated ammonia water a t  200’ 
as previously described (6) gave only traces of the 
desired 5-aminopyrimidine (IX) . 


Todd, et al. (7), have introduced the &amino 
group in certain pyrimidines by coupling with a 
diazonium salt followed by reduction of the 
resultant azo derivative; although they made a 
number of 5-aminopyrimidines in this way, a 
number of other pyrimidines were merely sur- 
veyed to see if coupling with a diazonium salt to 
form an am compound took place-as evidenced 
by color development. In the latter category 
was 2-amino-4-hydroxy-6methylpyrimidine (V) 
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acted with excess bromoacetyl bromide in aqueous 
sodium bicarbonate suspension, the 5-(bromo- 
acetamido)pyrimidine (XI) was obtained in 69% 
yield; although XI had no melting point, it was 
uniform on thin-layer chromatography and was 
clearly distinguishable from the starting material 
(IX) and had an infrared spectrum similar to X. 


Displacement of bromide from the S(brom0- 
acetamido)pyrimidine (XI) with excess aniline in 
dimethylsulfoxide at ambient temperature pro- 
ceeded smoothly to the 5-(anilinoacetamido)- 
pyrimidine (XIII) in 73% yield. A similar reac- 
tion between XI  and paminobenzoyl-cglutamic 
acid to give the tetrahydrofolate analog (111) 
proceeded less effectively; partly due to the 
difficulty in isolation and purification of the prod- 
uct the yield was only 13%. 


When the 5-(anilinoacetamido)pyrimidine 
(XIII) was assayed as an inhibitor of the dihydro- 
folic reductase from pigeon liver, no inhibition 
was observed up to a concentration of 0.5 mM; 
in contrast, 0.5 mM 2-amino-5-(3-anilinopropyl)- 
4-hydroxy-6-methylpyrimidine (1) gave 40% in- 
hibition of this dihydrofolic reductase when 6 fiM 
dihydrofolate and 9 pM reduced triphosphopyri- 
dine-nucleotide (TPNH) were employed (1). 
Similarly, I11 was a poor inhibitor of this dihydro- 
folic reductase, only 20% inhibition being ob- 
served at a concentration of 6 mM; this result 
contrasts with the 50% inhibition of this enzyme 
shown by 0.10 mM concentration of I. 
When I11 was assayed as an inhibitor of the 


5,lO-methylene-tetrahydrofolate dehydrogenase 
from pigeon liver in the presence of 0.03 mM dl- 
5,IO-methylene-tetrahydrofolate and 0.10 mM 
TPN (I) ,  50% inhibition was obtained at a con- 
centration of 3.2 mM; this compares not too 
favorably with 1.1 mM of I and 0.47 mM of I1 
required for 50% inhibition of this enzyme (1). 
In fact, I11 showed about the same order of in- 
hibition of the two enzymes as p-aminobenzoyl- 
L-glutamic acid, indicating that the pyrimidyl 
moiety of 111 made no contribution toward the 
hinding of the compound to either enzyme. 


At this time an exact explanation of why I11 
is not so good an inhibitor of dihydrofolic reduc- 
tase or 5,lO-methylene-tetrahydrofolate dehydro- 
genase as I or I1 cannot be given. Since 111 
should have all the necessary binding groups for 
both of these enzymes, it is possible that this 
alternate side chain in I11 (compared to I) could 
cause some steric interference with enzyme bind- 
ing in the region of -NHCO- group, or the 
-NHCO- group of the bridge could have an 
unfavorable influence on the pK's or tautomdsm 
of the groups in the pyrimidine moiety that are 
necessary for binding. Whether 111 would be a 
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better inhibitor than I and I1 of some of the other 
enzymes in folic cofactor area (2) remains to be 
determined. 


EXPERIMENTAL 
Melting points were determined in capillary tubes 


with a Mel-temp block; those melting points below 
230" are corrected. Infrared spectra were deter- 
mined in KBr disk with a Perkin-Elmer model 137B 
spectrophotometer. Ultraviolet and visible spectra 
were determined with a Perkin-Elmer model 202 
spectrophotometer. Thin-layer chromatography 
(TLC) was performed on silica gel on glass plates 
with methanol as the developing solvent; spots were 
detected with iodine vapor. Concentration of all 
solutions was performed by spin-evaporation in 
uucuo at a bath temperature of 50-70". 
S - Acetamido - 2 - amino - 4 - hydroxy - 6- 


methylpyrimidine (X).-Ethyl a-acetamidoaceto- 
acetate (XII) was prepared by the reaction of 
phenyl diazonium chloride with ethyl acetoacetate 
followed by reductive acetylation as described by 
Pfister. ct al. (9). in 76% over-all yield for the two 
steps. The crude, waxlike, but crystalline XI1 
was employed for condensation with guanidine 
since better over-all yields were obtained; losses in 
recrystallization of the low melting XI1 were high. 


A mixture of 0.93 Gm. (5 mmoles) of XII, 12 nil. 
of krl-butanol and 0.45 Gm. of guanidine carbonate 
was refluxed with magnetic stirring for 10 hours 
during which time the product separated. The 
mixture was evaporated and the residue triturated 
with 20 ml. of cold water. The product was 
collected on a filter and washed with ice-water; 
yield, 0.67 Gm. (72%). m.p. 305-308° dec. Re- 
crystallization of an identical sample, prepared in 
ethanol as the reaction solvent, from ethanol gave 
white crystals of a hydrate, m.p. 308-310° dec.; 
XE:H 227, 291 mp; vs:. 3300, 3100 (NH); 1700 
(amide C=O); 1670-1630 (broad); 1580, 1530, 
1510 an.-' (NH, pyrimidine). The compound 
traveled as a single spot on TLC. 


Ad.-Calcd.  for CTHI~N@Z.HZO: C, 42.0; H, 
6.05; N, 28.0. Found: C, 42.3; H, 5.91; N, 
27.7, 28.0. 


2,s - Diamino - 4 - hydroxy - 6 - methylpyrimidine 
(IX) Hydroehloride.-A solution of 2.0 Gm. of X 
in 20 ml. of 6 N hydrochloric acid was refluxed for 
30 minutes, then evaporated to dryness. The 
residue was triturated with methanol; yield, 1.6 
Gm. (830Jo) of hydrochloride, m.p. 255-200" dec.; 


1480, 1460 cm. (NH, pyrimidine). This material 
was suitable for conversion to XI. 


The free base (IX) crystallized when a concen- 
trated aqueous solution of the hydrochloride was 
neutralized with sodium bicarbonate. The base 
(IX) is quite water soluble and had m.p. 270-275" 
dec.; CZH 245, 305 mp; vK. 3400, 3300, 3200, 
3100 (NH); 1680, 1840, 1580, 1550, 1530, 1500 
an.-' (NH, pyrimidine). This compound gave 
a single spot on TLC that moved slower than X, 
but was the same as IX prepared in traces from 
2-amino-5-bromo4hydroxy-6-methylpyrimidie as 
described by Jaeger (6). Jaeger (0) recorded a 
m.p. of 275", the yield being a "small amount." 


2 - Amiuo - S - (bromoacetamido) - 4 - hydroxy- 
6-methplpyrimidine (XI).-To a stirred suspension 
of 1.41 Gm. (8 mmoles) of IX hydrochloride in 


vz:. 3330 (NH); 1705 (CZNH'); 1680, 1540, 
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50 ml. of water containing 3.8 Gm. of sodium bi- 
carbonate was added 3.03 Gm. (16 mmoles) of 
bromoacetyl bromide in one portion. The mixture 
was vigorously stirred for 7 hours at ambient tem- 
perature during which time the nature of the sus- 
pended material changed. The product was 
collected on a filter and washed with water, then 
ethanol; yield, 1.28 Gm. (60%) of white solid 
which partially melts about 256" but does not com- 
pletely melt below 320". This material was 
suitable for further reactions. 
To the aqueous filtrate was added 1.00 Gm. of 


sodium bicarbonate and 1.3 Gm. of bromoacetyl 
bromide. After being stirred for 4 hours, the 
solution deposited an additional 0.10 Gm. (9%) 
of product identical with the first crop. A similar 
preparation was purified for analysis by two re- 
crystallizations from absolute ethanol: white 
crystals, m.p. above 300". that g v e  a strong halogen 
test; h::! 227, 291 mp; V& 3400. 3300-3OOO 
(NH); 1690 (amide M); 1670-1630, 1580, 
1540, 1500 cm.-' (NH, pyrimidine). This com- 
pound gave a single spot on TLC which moved 
faster than X and IX. 


Anal.-Calcd. for GH#BrN,Ot. '/,EtOH: C, 
33.3; H, 4.02; N, 20.3. Found: C, 33.2, 33.3; 
H, 3.92, 3.80; N, 20.0. 


2 - Amino - 5 - (anilionacetamido) - 4 - hydmxy- 
6-methylpyrimidine (XIII).-To a solution of 522 
mg. (2 mmoles) of XI in 5 ml. of dimethylsulfoxide 
was added 0.37 ml. (4 mmoles) of aniline. After 
standing at  ambient temperature in a stoppered 
flask for 2 days, the solution was diluted with 20 
ml. of cold water. After 20 minutes in an ice bath, 
the mixture was filtered and the product washed 
with water; yield, 400 mg. (73y0). m.p. 200-206" 
dec., that was soluble in 0.1 N hydrochloric acid. 
in contrast to XI. Two recrystallizations from 
aqueous ethanol gave white crystals of a hydrate, 
m.p. 210' dec.; vZ. 3540,3300, 3280 (NH, OH); 
1720 (amide M); 1680-1680. 1530, 1490 (NH. 
C=C, pyrimidine); 763, 690 (C&-). This 
compound could not be freed completely from sol- 
vated water. Analyses varied depending upon the 
drying conditions. 


Anal.-Calcd. for CI~HISNSOV 11/81-I&: C, 
52.6; H, 6.20; N. 23.5. Found: C. 52.7; 52.9; 
H, 6.12, 5.98; N, 23.1,B.l. 


Further drying at 100' in high vacuum over Pros 
gave the following analytical results: 


Anal.-Calcd. for CI*H~~NJ~.*/~HIO: C, 54.8; 
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H, 5.75; N, 24.5. Found: C, 54.8; H, 6.04; 
N, 24.5. 


p -  {[N-(Z-Amino-4-hydroxy-6-methyl- 
5 - pyrimidyl)carbamoylmethyl]larmno ) benzoyl- 
Lghltamic Add (III).-A solution of 0.783 Gm. (3 
mmoles) of XI and 1.20 Gm. (4.5 mmoles) of p- 
aminobemoyl-bglutamic acid in 10 ml. of di- 
methylsulfoxide was allowed to stand in a stoppered 
flask at ambient temperature for 3 days. The solu- 
tion was diluted with 40 ml. of water and adjusted 
to pH 3.8 with 1% aqueous sodium bicarbonate. 
The finely divided precipitate was collected by 
centrifugation and washed with water. The crude 
product was dissolved in the miniium of 1% 
aqueous sodium bicarbonate. After clarification 
by filtration, the solution was acidified with glacial 
acetic acid. The product was again collected by 
centrifugation and washed with water; yield, 
0.175 Gm. (13%). Recrystallization from meth- 
anol gave a white powder that had no melting 
point and did not give D resolved infrared spectrum. 
Solvate was removed only after drying for 24 hours 
at 100° in high vacuum over P& The analytically 
pure material then gave a negligible Bratton- 
Marshall test for diazotizable amine (4) and had 
A",",: 280 mp (c 25,200). A::'? 288 mp (c 24,400), 


Anal.-Calcd. for CI9HnN&: C, 51.1; H, 4.93; 
N, 18.8; 0, 25.1. Found: C, 50.9; H, 4.90; N, 
19.0; 0. 26.2. 
No better yields were obtained when the dry 


N, N-dimethylformamide was employed as the 
solvent. When the reaction was run in dimethyl- 
sulfoxide at 80-90' for 5 hours, the isolated product 
(11%) was considerably darkened and had about 
7% of Bratton-Marshall positive material after 
short treatment with hot 3 N hydrochloric acid (1). 


282 mp (c 25,700). 
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Drug Stdndards 


Qualitative 
for 


and Quantitative Tests 
Uracil Mustard 


Provisional, unofficial monographs are developed by the Drug Standards Labora- 
tory, in cooperation with the manufacturers of the drug concerned, for publication in 
the Journal of Pbarnaaceutical Sciences. The ready availability of this information 
affords discriminating medical and pharmaceutical practitioners with an added basis 
for confidence in  the quality of new drug products generally, and of those covered by 
the monographs particularly. Such monographs will appear o n  drugs representing 
new chemical entities for which suitable identity tests and assay procedures are not 
available in the ublished literature. T h e  urity and assay limits reported for the 
drugs and their &sage forms are based o n  o&ervations made o n  samples representa- 
tive of commercial production and are considered to be reasonable within expected 


analytical and manufacturing variation. 


5- [BIS(2-CHLOROETHYL)AMINO] URACIL; CsHllClp 
NaOz; mol. wt. 252.10. The structural formula 
of uracil mustard may be represented as 


Physical Properties.-Uracil mustard occurs as a 
cream-white, odorless, crystalline powder, and melts 
at about 200' dec.. U.S.P. XVI Class Ia. It is 
slightly soluble in acetone and in alcohol, very 
slightly soluble in water, and practically insoluble in 
benzene and in chloroform. 


Identity Tests.-Mix 5 mg. of uracil mustard and 
50 mg. of benzoin (benzoylphenylcarbinol) in a 10 X 
76 mm. test tube and cover the tube opening with a 
moistened strip of Congo red test paper. Immerse 
the tube into an oil bath at 170': the test paper 
begins to turn blue within 1 minute. 
A 1 in 40,000 solution of uracil mustard in alcohol 


exhibits an ultraviolet absorbance maximum at  
about 256 mp [absorptivity (1%. 1 cm.) about 2261, 
a shoulder a t  about 295 mp, and a minimum at about 
233 mp. The spectrum is shown in Fig. 1. 


The infrared spectrum of a 0.50/, dispersion of 
uracil mustard in postassium bromide, in a disk of 
about 0.82 mm. thickness, is shown in Fig. 2. 
Purity Tests.-Dry about 1 Gm. of uracil mustard, 


accurately weighed, in  uucuo over silica gel for 18 
hours: it  loses not more than 0.5% of its weight. 


Char about 0.1 Gm. of uracil mustard, accurately 
weighed, cool the residue, add 1 ml. of sulfuric acid, 
heat cautiously until evolution of sulfur trioxide 
ceases, ignite, cool, and weigh: the residue does not 


Dissolve about 20 mg. of uracil mustard in 10 ml. 
of alcohol, add 2 drops of nitric acid and 1 ml. of 


exceed 0.5%. 
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silver nitrate T.S. : no opalescence is produced (ab- 
sence of chloride ion). 


Place about 500 mg. of finely powdered potassium 
nitrate in the cup of a Parr peroxide bomb, add 
about 250 mg. of finely powdered sucrose, and mix 
with a glass rod. Transfer to the cup about 250 mg. 
of finely powdered uracil mustard, accurately 
weighed, and again mix. Place a 5-Gm. portion of 
sodium peroxide in the cup, mix, and add a 10-Gm. 
portion of the peroxide, mixing the entire contents of 


0 .  , 


! 


Fig. 1.-Ultraviolet absorption spectrum of 
uracil mustard in alcohol (25 mcg. per ml.). Beck- 
man model DK-2A spectrophotometer. 


I .  uw 
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Fig. 2.-Infrared spectrum of uracil mustard in 
potassium bromide disk (0.5%). Perkin-Elmer 
model 21 spectrophotometer; sodium chloride 
pnsm. 
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the cup thoroughly with the glass rod. Brush any 
particles clinging to the glass rod into the cup with 
a camel hair brush. Cover the cup and shake for 1 
to 2 minutes, tapping the cup sharply several times 
to loosen any material clinging to the sides or bot- 
tom of the cup. Remove the cover, brush into the 
cup any particles adhering to  the cover or to the 
rim of the cup, place the electric ignition head on 
the cup, and tap the base sharply on a hard surface 
to compact the charge. Assemble the bomb and 
ignite, observing the precautions given under 
Sulfur and Halogen Determination, U.S.P. XVI, p. 
908, and the instructions in the bomb manufacturer's 
manual. After the bomb has cooled, rinse the ex- 
terior of the cup with water and dismantle the bomb. 
Immerse the ignition head into a 1-L. beaker con- 
taining about 100 ml. of hot water to dissolve any 
of the fusion mixture which may be adhering to  its 
underside and rinse the head with hot water, catching 
the rinsings in the beaker. With a pair of tongs lay 
the fusion cup on its side in the same beaker of hot 
water, covering it immediately with a watch glass. 
After the fusion mixture has dissolved, remove the 
cup and rinse it into the beaker with hot water. 
Allow the solution to cool, add 50 ml. of dilute nitric 
acid (1 in l),  slowly with stirring, and filter, washing 
the filter with water. To the filtrate add 500 mg. of 
hydrazine sulfate and, very slowly with stirring, add 
25 ml. of 0.1 N silver nitrate, avoiding exposure to 
strong light. Filter the mixture through a tared 
sintered-glass crucible of medium porosity, wash the 
precipitate with 300 ml. of water in divided por- 
tions, dry at 140" for 1 hour, cool, and weigh. The 
weight of the dried precipitate, multiplied by 0.2474. 
represents the weight of chlorine in the sample. The 
chlorine content is not less than 27.6% and not more 
than 28.7%, calculated on the dried basis. 


Assay 
Transfer about 200 mg. of uracil mustard, pre- 


viously dried in waao over silica gel for 18 hours and 
accurately weighed, to a 100-ml. volumetric flask, 
dilute to volume with alcohol, and mix. Pipet 20 ml. 
of this solution into a 50-ml. volumetric flask con- 
taining 20 ml. of water, mix, add 1.0 ml. of 5% 
acetic acid solution, and mix. Transfer 6.0 ml. of 
8-hydroxyquinoline T.S. to the 5 s k ,  mix, add 3.0 
ml. of sodium carbonate solution (1 in lo), dilute to 
volume with water, mix, and allow to stand 150 
minutes. Determine the absorbance of this solution 
and of a similar solution prepared with uracil mus- 
tard reference standard in I-cm. cells with a suitable 
spectrophotometer at about 466 mp, using a reagent 
blank to set the instrument. Record the absorbance 
of the sample solution as A, and that of the standard 
solution as A. and calculate the amount of CaHllCle 
Na02, in milligrams, in the amount of sample taken 
by the formula W (A-/A,), where W is the exact 
weight of uracil mustard reference standard taken. 
The amount of uracil mustard found is not less than 
97.070 and not more than 103.070 of the weight of 
the sample taken. 


DOSAGE FORMS OF URACIL MUSTARD 


Uracil Mustard Capsules 
Identity Test.-Transfer the contents of two 


uracil mustard capsules to a 100-ml. volumetric 
flask, add alcohol to volume, and mix. Centrifuge 
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a portion of this mixture until clear. The ultra- 
violet absorption spectrum of the solution ex- 
hibits a maximum at 256 f 3 mp. a shoulder at 
295 f 3 mp, and a minimum at 233 f 3 mfi, com- 
parable to that of a similar solution of uracil mustard 
reference standard. 


Assay.-Standurd Preparation.-Transfer about 
50 mg. of uracil mustard reference standard, previ- 
ously dried in uacuo over silica gel for 18 hours and 
accurately weighed, to a 50-ml. volumetric k k ,  
dissolve in alcohol, dilute to volume with alcohol, 
and mix. 


Assay Preparation.-Transfer as completely as 
possible the contents of not less than 20 uracil mus- 
tard capsules to a tared weighing bottle and weigh 
accurately. Transfer to a glass-stoppered cen- 
trifuge tube an amount of the mixed powder, equiva- 
lent to  about 10 mg. of uracil mustard and accurately 
weighed, add 10.0 ml. of alcohol, mix thoroughly by 
inversion, and centrifuge. 


Procedure.-Pipet 4 ml. of water into each of 
three glass-stoppered test tubes. Pipet 4 ml. of the 
Assay Preparation and of the Standard Preparation, 
respectively, into separate tubes; prepare a blank by 
adding 4.0 ml. of alcohol to  the remaining tube and 
mix. To each tube add 1.0 ml. of 5Y0 acetic acid and 
2.0 ml. of 8-hydroxyquinoline T.S., mixing after each 
addition. Add 3.0 ml. of sodium carbonate (1 in 10) 
to each tube, mix well, and allow to stand for 150 
minutes. Filter the assay sample through dry 
filter paper and determine the absorbances of the 
solutions in 1-cm. cells using a suitable spectropho- 
tometer at the wavelength of maximum absorbance 
at about 466 mp using the blank to set the instrument 
at zero absorbance. Record the absorbance of the 
solution from the Standard Preparation as A, and 
that from the Assay Preparation as A, and calulate 
the weight, in milligrams, of C*HllCI?N302 in the 
portion of uracil mustard capsules taken by the 
formula 1OC( AJA,). where C is the concentration, 
in milligrams per milliliter, of uracil mustard reference 
standard in the Standard Preparation. The amount 
of uracil mustard found is not less than 90% and not 
more than 110% of the labeled amount. 


DISCUSSION 


U.S.P. and N.F. terminology for solubility, melt- 
ing range, reagents, etc., have been used wherever 
feasible. 


Uracil mustard,' synthesized by Lyttle and Peter- 
ing (1). is an orally active alkylating agent of the 
nitrogen mustard class which is used in the palliative 
treatment of certain neoplasms affecting the reticulo- 
endothelial system. 


Identity Tests.-Identification of uracil mustard 
as an aliphatic halogen compound is based on its 
reaction with molten benzoin (2). The reaction 
yields a halogen hydride which can be detected 
readily in the gas phase by the action on Congo 
paper. The ultraviolet absorption spectrum for 
uracil mustard cannot be used alone for identifica- 
tion since an intermediate in its synthesis, 5-[bis- 
(2-hydroxyethyl)amino]uracil, has a similar spec- 
trum with a nearly identical molar absorptivity. 
However, these identity tests together with the in- 
frared spectrum provide a satisfactory identification 
of uracil mustard. 


I Marketed only under the generic name. 
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quantitative procedure and an additional identity 
test for uracil mustard and related alkylating agents. 
This method employs the reaction of alkylating 
agents with 4-(p-nitrobenzyl)pyridine (NBP) pro- 
ducing a chromophore with a maximum at about 600 
mp and may be adaptable to the capsule formula- 
tion. although limited investigation in this laboratory 
did not yield quantitative results. 
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Technical Articles 


Experiences with Unit-to-Unit Variations in Tablets 
By LEON LACHMAN a n d  HANNA D. SYLWESTROWICZ 


The literature re orts on the subject of interunit dosa e and weight variations of 
tablets indicate tgat past studies were main1 concernecfwith analyzing the finished 
product to detect gross departures from the dresired quality. These studies, however, 
were cognizant of the several stages of manufacture before the com ression step 
could contribute to the end tablet variability. In  this investigation, %e variability 
in several stages of tablet manufacturing (dry mixing, granulating, lubricating, and 
tableting) was evaluated for a particular tablet formulation. The importance of 
employing correct sam ling procedures to obtain random samples to be used for the 
accurate estimation of t i e  sources of variability and product uniformity is illustrated. 
The relationship that exists between tablet weights and drug concentration was de- 
termined. Since systematic sampling is commonly employed in the in-process con- 
trol of tableting operations, the information that can be gained from this type of 


sampling procedure and random sampling is presented and discussed. 


HE TERM "unit-to-unit variation of potency" 
solid dosage forms has developed con- 


siderable significance in recent years. Several 
reports have appeared in the literature on this 
subject (1-5). I t  has been demonstrated (1, 2) 
that substantial variations can exist in the 
potency between individual tablets which would 
not be detected by test methods devised to 
determine average drug content. 


Realizing the importance of this situation, the 
Quality Control Section of the Pharmaceutical 
Manufacturers Association initiated an extensive 
study of this problem. As a result of this study, 
recommendations have been submitted to the 
United States Pharmacopeia and National 
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Formulary revision committees that these com- 
pendia include a two-limit attribute statistical 
test in their specifications for tablet composition- 
uniformity to measure intertablet dosage uni- 
formity (6). 


Tablets have received the most attention and 
study with regard to interunit dosage variation 
(1-5) because they are the most acceptable 
dosage form on the U. S. market for the ad- 
ministration of orally effective therapeutic agents 
and account for a major part of the pharmaceutical 
sales. 


Although these studies were cognizant of the 
several stages of manufacture before the com- 
pression step could contribute to the over-all 
end variability of the drug concentration in the 
tablets, none of these investigators studied in 
detail the variability of each of these steps; 
instead, they sampled the finished product to 
detect gross departures from the desired quality. 
However, to insure acceptable quality of the 
finished product, the successive phases of the 
manufacturing process must be evaluated to 
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Review Article 


1,4-Benzodiazepines 
By SCOTT J. CHILDRESS and M. I. GLUCKMAN 


HE DISCOVERY of chlordiazepoxide,' 'i-chloro- 
T2-rnethylamino-5-phenyl-3H- 1,4-benzodiazep- 
ine 4-oxide (I)  (l),  which prescription surveys 
indicate is the most frequently prescribed new 
drug in the United States, has brought about a 
considerable amount of work on the chemistry 
and biological activity of 1,4-benzodiazepines. 
A second benzodiazepine, 7-chloro-l-methyl-5- 
phenyl-l,3-dihydro-BH- I ,  4- benzodiazepin-2-one 
(11) (2, 3), has been marketed as diazepam2 
Two other benzodiazepines have been given 
extensive clinical study: 7-nitro-5-phenyl-l,3- 
dihydro - 2H-  1 , 4  - benzodiazepin - 2 - one (111) 
(LA-1) (4) and 7-chloro-3-hydroxy-5-phenyl-l,3- 
dihydro-2H-l,4-benzodiazepin-2-one (IV), oxaz- 
epam (5). 


These compounds have a wide spectrum of 
powerful effects on the central nervous system. 
Chlordiazepoxide and diazepam find their princi- 
pal use as antianxiety agents with diazepam also 
recommended as a centrally acting muscle 
relaxant. Oxazepam is comparable to chlor- 
diazepoxide with diminished side effects. LA-1 
has been studied primarily as an anticonwlsant 
agent (6). 


I t  is the purpose of this review to summarize 
the chemistry of the 1,4-benzodiazepines and 
report the structure-activity relationships that 
can be drawn. The literature has been covered 
through 1963. No attempt has been made to 


Rmived from the Research Division, Wyeth Laboratories. 
Inc.. Radoor. Pa. 


The authors are grateful to Drs. P. B. Russell, S. C. Bell, 
and T. S. Osdene for their comments on the manuscript. 


1 Formerly methaminodiazepoxide. Marketed ns Librium 
by Roche Laboratone?, Nutley. N. J. 


2 Marketed as Valium by Roche Laboratories, Nutley, 
N. J. 


list clinical material. Patents have not been 
cited in the presence of a comparable scientific 
article. 


1 ,CBENZODIAZEPINES 


Although 1,4-benzodiazepine itself has not yet 
been prepared, both 2,3-dihydro (V) and 2,3,- 
4,5- tetrahydro- lH-1,4-benzodiazepine (VI) have 
been obtained by reduction of 3,4-dihydro-2H- 
1,4-benzodiazepine-2, 5 -(lH)-dione (VII) with 
lithium aluminum hydride (7). 


Similar reduction of 5-phenyl-1,3-dihydro-BH- 
1,4-benzodiazepin-2-ones gives compounds car- 
rying the corresponding 5-phenyl groups (8, 9). 
Reduction of the analogous 7-chloro-2-phenyl-3,- 
4-dihydro-5H - 1,4 - benzodiazepin - 5-  one affords 
7 - chloro - 2 - phenyl - 2,3,4,5 - tetrahydro- 
lH-l,4-benzodiazepine, the 1-double bond being 
reduced before the carbonyl group (10). This 
preparative method is obviously limited by 


577 
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availability of the requisite starting materials, 
but this limitation is not serious in view of the 
many routes to benzodiazepinones. 


A reductive method is not suitable for nitro 
substituted compounds. 7-Nitro-5-phenyl-2,3- 
dihydro-lH-I,4-benzodiazepine (VIII) is ob- 
tained by treatment of 2-chloro-5-nitrobenzo- 
phenone with ethylenediamine (1 1). Success 
with this method has been reported with 2,5- 
dichlorobenzophenone, but greater activation of 
the halogen to be displaced would seem to be 
desirable ( 12). 


JJC’ c=o H2NCH2(:H2NH2 


1 -  
02N 


CsHs 
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1- Acyl-2,3 - dihydro- 1H- 1,4- benzodiazepines 
have been oxidized to the corresponding 4-oxides 
by peracetic acid (15). An intermediate 4,5- 
epoxy derivative rearranges with heat to the 
+oxide. The reverse transformation takes place 
upon exposure of the 4-oxide to light. An 
alternative source of 2,3-dihydro-IH-l,4-benzo- 
diazepine 4-oxides is the oxidation with mercuric 
oxide of the corresponding 4-hydroxy-2,3,4,5- 
tetrahydro compounds. These latter compounds 


“=OH/ I 
CsHs 


CsHs 
Desulfurization by Raney nickel of 1,s- 


dihydro-2H-l,4-benzodiazepine-2-thiones has also 
been reported to yield 2,3-dihydro-lH-l,4-benzo- 
diazepines (1 3). 


2 - Aminmthylamino - 5 - chlorobenzophenone, 
which can be prepared in a number of con- 
ventional ways, is stable only as a salt; 7- 
chloro - 5 - phenyl - 2,3 - dihydro - 1H - 1,4- 
benzodiazepine ( I X )  results upon alkalinization 


Compound IX has been acylated and alkylated 
in the 1-position. The 1-alkyl compounds are 
obtainable directly by applying the reductive 
method to the appropriate I-alkyl benzodiazepin- 
%one (9). 


(9, 14). 


R I  
I 


are accessible by hydride reduction of 1,3- 
dihydro-2H- 1,4 - benzodiazepin-2-one 4-oxides 
(8, 15). 


In attempting to methylate N-ethyl-N-phenyl- 
N’-(3-tropanyl)ethylenediamine (XII) by the 
Eschweiler-Clarke method, Archer, et al. (16), 
obtained a viscous oil that proved to be 1- 
ethyl - 4 - (3 - tropanyl) - 2,3,4,5 - tetrahydro- 
IH-1,4-benzodiazepine (XIII). It was shown 
that a para substituent on the phenyl group 


YOCHa 


I 
N-CH2 


CI a C=N >C& 


G H 5  ’ l o  
X 
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HCOIH 


HCHO 
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XI1 


leads to inaeased yields of benzodiazepine by 
reducing polymer formation. Although this 
type of ring closure would appear to have general 
applicability, it has not been studied extensively. 
Treatment of the products with methyl iodide 
causes quaternization on the two nitrogen atoms 
in the benzodiazepine ring. 


Biological Activity.-An insufficient number 
of 5phenyI-2,3-dihydro-lH-l,4-benzodiazepine 4- 
oxides has been studied to permit conclusions 
about structure-activity relationships within the 
group. However, comparisons of the data in 
Table I with those of Table I11 (benzodiazepin- 
ones) show the corresponding compounds in the 
latter to be rather more active. 


1 - Ethyl - 4 - (3 - tropanyl) - 2,3,4,5 - tetra- 
hydro-lH-l,4-benzodiazepine (XIII) in the form 
of a bis quaternary salt is reported to have 
ganglionic blocking activity (16). 


AMIN 0- 1,4-BENZODIAZEPINES 
In attempting to prepare 2-aminomethyl-6- 


chloro-4-phenylquinazoline 3-oxides by treating 
6 - chloro - 2 - chloromethyl - 4 - phenylquinazo- 
line 3-oxide (XV) (17) with the appropriate 
amines, Sternbach and Reeder (1) discovered the 


XI11 


ring enlargement reaction that led to chlordiazep- 
oxide. Although a normal reaction occurs 
with secondary amines to afford the expected 2- 
substituted aminomethyl products, with methyl- 
amine a rearrangement takes place t o  afford 
i - chloro - 2 - methylamino - 5 - phenyl - 3H- 
1,4-benzodiazepine +oxide (I) (chlordiazepoxide) . 
The structure of I was established by spectral 
data and the hydrolysis of its reduction product 
(XVIII) to 2-amino-5-chlorobenzophenone, 
methylamine, and glycine. The exact tautomeric 
form was indicated by its acetylation to the 
2-(N-methylacetamido) derivative. Cyano- 
ethylation also takes place on the exocyclic 
nitrogen (18). Nuclear magnetic resonance data 
confirm the tautomeric structure-the signal 
from the N-methyl group is split into a doublet 
by spin-spin coupling with the proton on the 
nitrogen atom. 


The rearrangement reaction proved to be 
general with ammonia and primary amines ex- 
cept for weak bases such as aniline which give 
the aminomethylquinazoline 3-oxides (19). With 
some amines, e.g., allylamine, both the 6- and i- 
membered ring products are formed (1). Elec- 
tron releasing substituents in the 6- and 8-posi- 


TABLE I.-STRUCTURE-ACTIVITY RELATIONSHIPS OF 2.3-DIHYDRO-1~-1,4-BENZODIAZEPINESa 


- 
Activity pentylene- Max. El. Anti- a t  


Biological Activity,b Mice, mg./Kg., p.0. 
Motor Anti- Anti- Ataxia 


Structure - Decrease, tetrazol, Shock, morphine, 1 hr. 
Compd. RI R1 R4 Ri MED EDm EDM EDw ED.,' 


1X H C a s  . . CI 0 . 4  0.9 9 . 8  6.8 6.8 
VIII  H C&Is NO2 4 1.4 . . .  40 12 


XI H CsHs 0 c1 12.7 4 12.7 13 117 
XIV H o-ClC& 0 C1 4 4 9 7 51 


X CHjCOC&Is 0 c1 40 78 1.50 250 78 
s The test data reported in this article are those observed at  Wyeth Laboratories and are used throughout to  maintain 


consistency. Data from other laboratories are cited by reference. * The D.M.A. test is a subjective measure of reduction in 
spontaneous motor activity. and the values quoted are the minimum amount of drug required to  produce such an effect. The 
estimate of the ataxic effect at 1 hour is based on the method of Dunham N. W., and Miya T .  S. THIS JOURNAL, 46, 208 


J .  Phwmaol.  
!!ZxPll. Thnag.. 81,402(1044); Swinyard, E. A., Brown, W. C., and Goodman, L: S., ibid., 106,319(19$2); and Holten, C .  H. 
Acfo P b m o c d .  Torrcd., 13, 113(1957). 


1957). The antagonism studies are modifications of those reported by Eierett G. M. and kichards R. K 
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C H K l  


C1 \O 


CH3NH2 
____f 


CI C=N 


tions of the quinazoline ring are said. to favor 
Iinrearranged products (20). Indeed, with 2- 
chloromethyl - F,8 - ditnethyl - 4 - phenylquinazo- 
line 3-0xid.e no rearrangement takes place with 
methylamine. Once formed., aminomethylquin- 
azoline 3-oxid.es appear to  be stable. No re- 
port of their conversion into 7-membered ring 
compound.s has appeared.. 


The %oxide function is necessary to permit re- 
arrangement. (i - Chloro - 2 - chloromethyl- 
j-l)hen?.lquinazoline (XVI) and. methylanline 
give only G-chloro-2-methylaminomethyl-4- 
phenylquinazoline (XVII) (19). 


J q N  , NxYCH2CI 


CI 
CsH.5 


NCHJ 
/ 


I 


1 -I 
CsH5 0 


benzodiazepine-2-thiones or their S-methyl deriv- 
atives has been d.eveloped (13). This reaction 


Scheme I 
is valuable since it makes available compounds 
having 3-dialkylamino substitution. (See 
Scheme 11.) Compounds substituted in the 
henzo ring by an amino group have been prepared 
by reduction of nitro compounds (21). 


XVI 


~ C H , N H ?  


XVIII 
In the synthesis of analogs of I a variety of 


substituents has been employed on the benzo ring 


~ ; ~ H * N H C H ,  \ 


C1 
CsHs 


XVII 


A possible mechanism for the rearrangement 
involves the induction by the iV-oxide function 
of a partial positive charge a t  C-2 which is rein- 
forced by an electron attracting atom a t  C-6. 
Under nurleophilic attack, a concerted. displace- 
nient of ha1id.e takes place through simultaneous 
attack of the '7,3-bonding electrons on the 
methylene carbon. Such a mechanism must 
rely on steric hindkance to explain the failure of 
strong secondary amines to effect reat~angement.~ 
(See Scheme I.) 


An alternative synthesis of 2-aniino-5-phenyl- 
3H- 1 ,$-benzodiazepines from the correspond.ing 
~ . . ~  


1 N o t e  added in prnof~--Cf. Farher, S., Wuest. H. hi., and 
Meltzer, R .  1.. J .  d l ed .  C'hrtn.. 7,  235(1964). 


CsH5 


Scheme I1 
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Ts 


NHCHj 


Scheme I11 XIX 


and a t  the 3- and 5-positions (19, 20). These 
substituents largely parallel those of the benzo- 
diazepinones (Scheme 111). Compounds having 
the 2-amino group substituted by alkenyl, acyl, 
aralkyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, 
heteroalkyl, cyanoalkyl, and iminocarbarnoyl 
groups have been prepared. 


An isomer (XIX) of chlordiazepoxide has been 
prepared as a tosylate derivative from a related 
benzodiazepinone (10). Apparently the tosyl 
group could not be removed. 


Catalytic reduction of the 2-aminobenzodiaz- 
epine 4-oxides removes the 4-oxide function 
(1, 19). Treatment with phosphorus trichloride 
brings about the same result. With platinum 
as catalyst, saturation of the 4,5-double bond 
occurs in addition to removal of the 4-oxide 
function. Reduction by lithium aluminum hy- 
dride gives the corresponding 4-hydroxy com- 
pound. (See Scheme IV.) 


I Nior HZ Pd * XVIII q 


I 
CGHS \OH I 


CsHn 
Scheme IV 


Chlordiazepoxide undergoes the typical re- 
arrangement of a nitrone in daylight, forming an 
oxazitidine (22). This process is reversed by heat 
(Scheme V.) 


NHCH3 
/ 


Scheme V cc 


Biological Activity.-Chlordiazepoxide, the 
first of the useful benzodiazepines, is character- 
ized by activity in a number of conventional 
pharmacological screens : antipentylenetetrazol, 
antielectroshock, antiemetric, antistrychnine, and 
antimorphine tests as well as a host of other 
more subjective measurements such as animal 


taming and muscle relaxation (ataxia) (23). 
Possibly the best single indicator of utility is the 
antipentylenetetrazol test. 


Table I1 gives the results of certain of these 
pharmacological screens. Using the antipentyl- 
enetetrazol test as a guide, it is apparent that an 
electronegative substituent in the 7-position is of 
great importance. In order of decreasing po- 
tency: C1 > CHsgH. Other data indicate that 
NOz > Cl(4) and that CFS is a potent substituent 
(24, 25). Alkyl substitution on the 2-amino 
group reduces potency with the possible exception 
of CHs. The effect of the N-oxide function is 
variable in this series. Its removal (XVIII) re- 
duces the activity of chlordiazepoxide but in- 
creases the activity of the 2-amino analog (XX). 


A phenyl group is the most satisfactory sub- 
stituent in position 5. A 2-thienyl group reduces 
potency. Cycloalkyl groups are still less effec- 
tive (19). It seems likely that o r t h  substitution 
of the 5-phenyl group would increase potency as 
it does in the benzodiazepinone series. 


Chlordiazepoxide is rapidly absorbed from the 
intestines and is extensively metabolized in the 
rat and in man. i-Chloro-5-phenyl-1,3-dihydro- 
2H- 1,4-benzodiazepin-2-0ne 4-oxide (XXXI) , 
an active compound, has been identified among 
the metabolites (26). 


1,4-BENZODIAZEPINONES' 


Benu,diazepin-Z-ones.-Possibly the most 
important structures having the characteristic 
central nervous-system activity of chlordiazepox- 
ide are the 5-phenyl-l,3-dihydro-2H-l,4-benzo- 
diazepin-2-ones. Because of this, more attention 
has been paid to their synthesis than to the 
preparation of other benzodiazepines. A versa- 
tile group of reactions has been assembled for 
preparing these compounds. 


One of the simplest methods and certainly the 
most straightforward is the treatment of 2-(a- 
haloacylamido) benzophenones with ammonia (3, 
27). The bromo compounds are most often 
used. In liquid ammonia the intermediate 2- 
(a-aminoacy1amido)benzophenones are isolated 
and then cyclized by heat. In alcoholic ammonia 
the cyclization occurs in situ. The yield in the 


4 A benzodiazepin-3-one is discussed under HydrorybcnscF 
dioscpinrr. 
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TABLE I 1 .-STRUCTURE-ACTIVITY RELATIONSHIPS OF 2-~HINO-3H-l,4-BBNZODIAZEPlNES' 


_-_ - 


7-- Biological Activity, Mice, mg./Rg., p.0. 


Activity pentylene- Mar. El. Anti- at 


- 
Motur Anti- Anti- Ataxia 


7- Structure- . Decrease. tetruzol. Shock, morphine. 1 hr., 
Compd. Rz Ra RL RI MEL) EDIO E D v  EDm E Dm 


SS H . . CRHS c1 3 . 1  1 . 6  . .  3 . 9  12.7 ~~ . 


>;XI H 0 C;H; Cl 56 3.6 . .  6 . 7  28 
XXII CHJ . .  CsH, H 12 .5  >50 . .  50 . . .  


S X I I I  CH3 0 CaHr H 25 >50 . .  >50 . . .  
XVIII CHI CBHS CI 4 5 . 5  . .  41 38 


Ib CHI 0 C.H. C1 4 3 . 7  14 14 22 
XXIV CsHsCH2 0 CiH; C1 25 8 40 38 
XXV CHa . .  C6Hr CHJ 50 >50 . .  >50 . . .  


XXVI CHs 0 CiHsS C1 50 23 . .  47 . . .  


u See footnotes to Table I .  b Chlordiazepoxide. 


case of 2-~-bromoacetamidobenzophenone is acids themselves, and amino acid chlorides 
85.5%. A possible competing reaction, the (3) have been used in modifications of this 
formation of the corresponding 2-aminomethyl- method. In using the amino acid chloride it 
quinazoline, does not appear to be important, al- is clear that acylation is the first step and the 
though the corresponding 3-amino-2( la)-quinol- intermediate aminoacylamidobenzophenone hy- 
ones (XXVIII) have been obtained. In this drochloride can be isolated. 3-Amino-2(1H)- 


I 
C6H5 


H I &/ 


/ CEH5 I 


1 
B 


method the amino group of the aminobenzophen- 
one can be substituted by an alkyl group so that 
a 1-alkyl product is obtained. Secondary hal- 
ides can be employed to afford 3-substituted 
benzodiazepin-2-ones. 


Because of its generality, the foregoing method 
is usually the first to be tried for making new 
henzodiazepin-2-ones. 


The reaction of a 2-aminobenzophenone with 
an a-amino acid derivative yields 5-phenyl-l,3- 
dihydro - 2H- 1,J - benzodiazepin - 2 - ones 
directly (27. 28). Typically, 2-amino-5-chloro- 
benzophenone and ethyl glycinate are heated in 
pyridine solution to afford 7-chloro-5-phenyl- 
1,3 - dihydro - 2 H  - 1,4 - benzodiazepin - 2 - one 
(XXIX) in a yield of about 50%. When there 
is steric hindrance from ortho substitution of the 
henzophenone, yields are lower. Both amino 


N-C? mc = 
I 


CsHs 
XXVII 


quinolones (XXVIII) are formed as by-products. 
Whether acylation or imine formation takes 
place first when the ester is used has not been 
established. Both methods can be applied to 
N-substituted compounds. In addition to esters 
of glycine, esters of methionine and tyrosine 
have been used (27). Even a spiro compound 
has been made from the acid chloride prepared 
from 1-aminocyclopentane carboxylic acid (3). 


In further variations of this method, the 


H a""' H Z N C H ~ C O ~ C I H ~  a'-'? FH. 


co pyridine CI ' C=N 
I 
C6H5 


I 
CI 


CEH5 


XXIX 
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amino acid derivative carries a protective group 
on the amine function. Carbobenzoxyglycine 
has been condensed with 2-amino-5-chlorobenzo- 
phenone by use of dicyclohexylcarbodiimide 
(29). Carbobenzoxyglycyl chloride reacts with 
the amine to form the same product (3). Since 
catalytic hydrogenolysis is not satisfactory, the 
protective group is removed by hydrogen bromide 
in acetic acid. The resulting intermediate is 
cyclized as before. 


Another protective device that has been used 
is the trifluoroacetyl group. For example, 2- 
trifluoroacetamidoisobutyroyl chloride reacts 
with 2-amino-5-chlorobenzophenone to afford 
the expected intermediate, 2-(2-triAuoroacetam- 
idoisobutyramido)-5-chlorobenzophenone (30). 
Mild alkaline hydrolysis and cyclization leads to 
7 - chloro - 3,3 - dimethyl - 5 - phenyl - 1,3- 
dihydro-2H-1,4-benzodiazepin-2-one. The use 
of a protected amino acid is to be recommended 
for preparing 3,3-disubstituted benzodiazepin- 
ones. 


Mild acid hydrolysis (see Scheme VI) of 2- 
amino- or 2-acetamidobenzodiazepine 4-oxides 
represents yet another process leading to benzo- 
diazepin-2-ones (2). Since there is a t  present 
only one route to the 2-aminobenzodiazepine 
4-oxides that is independent of the benzodiazepin- 
2-ones-namely, the rearrangement by amines 
of the 2-chloromethylquinazoline 3-oxides (see 
Scheme VII) -the hydrolysis method is of limited 
value. This is particularly so since 2-chloro- 
methylquinazoline 3-oxides rearrange analogously 
with sodium hydroxide directly to benzodiazepin- 
2-one 4-oxides (2, 3). A host of such reactions 
has been carried out and this is probably the 
preferred synthesis when the 4-oxides are wanted. 
The method can be employed with almost any 
substituents on the benzo ring and no limits 
are known for the 4-substituent. By use of a 
compound having a 2-(l-chloroethyl) side chain, 
7 - chloro - 3 - methyl - 5 - phenyl - 1,3 - dihydro- 
2ff-1,4-benzodiazepin-2-one 4-oxide (XxXvI) 
has been made in ethanolic solution (3). A 
by-product in this reaction is 7-chloro-2-ethoxy- 
3-methyl-5-phenyl-3H- 1,4-benzodiazepine 4-ox- 
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ide. Benzodiazepin-2-ones prepared in this fash- 
ion will always have hydrogen in the I-position. 
This is not a serious limitation, for alkylation at  
this position is easy. Diazepam (11) can be 
made in this way. 


The oxime of 2-chloroacetamido-5-chlorobenzo- 
phenone having its hydroxyl group anti to the 
substituted phenyl ring undergoes self alkylation 
in base to yield the benzodiazepin-2-one 4-oxide, 
X X X I  (2). The reaction is of academic interest 


~ N H c o C H * c l  XXXI  
c1 C=N, 


I OH 
CeHa 


only in view of the several more useful syntheses. 
The synthesis of benzodiazepin-2-ones by 


these methods is limited only by the availability 
of the required amino benzophenones. Consider- 
able work has been done on methods for the 
preparation of these intermediates (31). The 
variations have resulted in benzodiazepinones 
having hydrogen (3, 27), halogen (2, 3), alkyl 
(3, 27), alkoxy (27), nitro (4), amino (32), tri- 
fluoromethyl (24, 25), carboalkoxy (33), car- 
bamoyl, and cyano groups on the benzo moiety. 
There is mention in patent literature (32) of 
alkylthio, alkylsulfinyl, alkylsulfonyl, acylamido, 
and hydroxylalkylthio groups on this ring. 


A phenyl group or a substituted phenyl group 
is most common at  position 5, but compounds 
having methyl, cyclohexyl, thienyl (3), pyrryl, 
fury1 (34), and pyridyl (35) groups have been 
prepared. Many of these compounds have 
been alkylated (2 ,  3) in the I-position by alkyl, 
alkenyl (2), alkynyl (36), aralkyl, and cyanoalkyl 
(37) groups. 


H O  I / /  


R l - H ,  alkyl xxx 
Rz=H, acetyl 


Scheme VI 


11: Rs=CsHs XXXIII: Rs-CeHs 
XXXV: R:, = o - ~ ~ ~ s ~ ,  x x x r v :  R~ =O-CIC~H. 


Scheme VII 
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Groups placed in the 3-position include hydro- 
gen, alkyl, alkoxyalkyl, alkylthioallcyl, aryl, 
and hydroxyaralkyl(2,3,27). 


Catalytic hydrogenation of 1,4-benzodiazepin- 
2-one 4-oxides with palladium removes the 4- 
oxide function and may also remove a 7-chloro 
substituent (3). Hydrogenation using platinum 
in acetic acid is said to effect the conversion 
of benzodiazepin-%one 4-oxides to the corre- 
sponding 4-hpdroxy-4,5-dihydo compounds 
(XXXVII). The same treatment applied to  a 
benzodiazepinone having no N-oxide leads to 
saturation of the 4,j-double bond (2). Phos- 
phorus trichloride is the most selective reagent 
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second nitro group takes place in the me&a posi- 
tion of the 5-phenyl ring (39). An earlier report 
(40) had placed the second nitro group in the 
9-position. 


Beckmann rearrangement occurs when benzo- 
diazepin-2-one 4-oxides are allowed to react with 
toluenesulfonyl chloride (41). 


H 


H 
I /p 


I '  
C,H: OH 


XXXVIII 


for deoxygenating the 4-oxides. Peroxides serve 
to convert 1,4-benzodiazepin-Z-ones into their 4- 
oxides; this reaction can be a useful alternative 
synthesis. 


Oxaziridine formation from XXXI under ultra- 
violet irradiation has been observed as in the 
case of chlordiazepoxide (3Sj. 


1,4-Benzodiazepin-2-ones and their 4-oxides 
are unstable in alkali, cleavage occurring between 
the 1- and 2-positions to afford benzophenone 
iniines or nitrones, respectively. With the 
nitrones recyclization takes place in acid. With 


I c=o 
I 


C6H5 


The carbonyl groups of benzodiazepin-2-ones 
(and benzodiazepin-5-ones) are readily converted 
to thione groups by phosphorus pentasulfide (10, 
13,42). 


Benzodiazepin-5-ones.-Some isomers of the 
pharmacologically active benzodiazepin-2-ones 
have been made by different procedures (10). 
7 - Chloro - 2 - phenyl - 3,4 - dihydro - 5H- 
1,4-benzodiazepin-5-one (XL) is obtained from 
the reaction of a-aminoacetophenone hydrochlo- 
ride with 5-chloroisatoic anhydride by way of 2- 
amino-5-chloro-N-phenacylbenzamide as an 
intermediate. Reduction with a limited amount 


N 


CsHs 


the imines regeneration of the benzodiazepinones 
is much less ready ; hydrolysis of the imine bond 
predominates. 


The nitration of 5-phenyl-l,3-dihydro-2H-l,4- 
benzodiazepin-2-ones by means of potassium 
nitrate and sulfuric acid has been shown to lead 
to 7-nitro derivatives (4). The entry of a 


O H  


XI, 


of lithium aluminum hydride gives the corre- 
sponding 1,2,3,4-tetrahydro compound. The car- 
bony1 group is attacked only by more strenuous 
treatment with hydride. 


Tosylation of 2-amino-N-(2-hydroxyethyl)- 
benzamides and subsequent heating of the N,O- 
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ditosyl compounds so formed leads to l-tosyl- 
1,2,3,4 - tetrahydro - 5H - 1,4 - benzodiazepin- 
5-ones. The tosyl group can be removed by 
acid hydrolysis. In most cases, the intermediate 
ditosyl derivatives cannot be obtained pure since 
they tend to cyclize spontaneously. (See Scheme 
VIII.) 


A modified approach avoids the necessity for 
removing the tosyl group. 2-Amino-5-chloro-N- 
hydroxyethylbenzamide treated with thionyl 
chloride and then with sodium carbonate solu- 
tion affords 7-chloro-1,2,3,4-tetrahydro-5H-l,4- 


5&5 


I .  SOCI, - 
H 
I 


N-CHz 
\ 


CH? 
C-N 


II  I 
CI 


O H  
x LI 


benzodiazepin-5-one (XLI). Reaction of 2- 
anilino - N - (2 - hydroxyethy1)benzamide 
with methanesulfonyl chloride affords l-phenyl- 
l12,3,4-tetrahydro-5H- 1,4-benzodiazepin-5-one. 


Biological Activity.-Benzodiazepin-2-ones 
are in general more potent than the correspond- 
ing 2-amino analogs. Again, for high potency; 
an electronegative substituent at  position 7 


CI 
It I 
O H  


I 
CH, 


n+ 
___c 


HO 


Scheme VIII O H  


is required. Most of the data of Table I11 are 
for compounds having 7-C1 substitution, but 
other data (4) indicate that NO1 > C1 and that 
CFs (24) is an effective replacement for C1. 
Some excitation in the mouse has been observed 
with nitro compounds (43). 


Alkylation at  the 1-position is possible in this 
series and methylation of XXIX, giving 11, re- 
sults in an increase in the ataxic effect. Ataxia 
is a crude measure of muscle relaxation, an effect 
for which diazepam (11) is recommended. A 
decrease in potency is observed with methylation 
at  position 3. The effect of an N-oxide function 


TABLE I11 .-STRUCTURE-ACTIVITY RELATIONSHIPS OF 1,3-DIHYDRO-2H-1,4-BENZODIAZEPIN-2-ONESa 


-- Biological Activity, Mice, mg./Kg., p.0.- - 
Motor Anti- Anti- Ataxia . . - 


Activity pentylene- M&. El. Anti- at 
7-- Structure - Decrease, tetrazol. Shock, morphine, 1 hr., 


Compd RI Rs R, R6 R7 MED EDM EDM E DM EDM 
XXVII 


XXX 
XLII 


XLlII 
XXIX 
XXXI 


I I C  


XLIV 
XXXIII 


XLV 
XXXVI 


XLVI 
XXXI I 
XXXIV xxxv 


SLVII  


H 
H 
H 
H 
H 
H 
H 
H 
H 
CHJ 
CHs 
H 
H 
H 
H 
H 


. .  
0 


0 
. .  


0 
. .  
. .  
0 


0 
. .  


0 
. .  
0 
0 


H 
H 
CHJ 
CHI c1 
c1 c1 c1 
c1 
c1 
c1 
CI c1 
c1 
c1 
c1 


50 
400 
50 
50 
6.2 
6.2 
0.4 
3.1 
25 
25 
25 
0.4 
1.3 
0.4 
4 
25 


36 
>50 
> 50 
38 
0.9 
2.0 
0.9 
1 .o 
2.2 
6.5 
3.1 
0.1 
2.0 
0.1 
0.65 
20 


. . .  


. . .  


. . .  


. . .  


. . .  
3.4 
9.4 


. . .  


... 


. . .  
4.7 


>40 
4 
15 
. . .  


>50 
>50 
> 50 
>50 


2.3 
12.8 
4.1 
4.2 
26 
15 
20 
1.2 
6 
2.8 
5.2 


29 


92b 
>lo0 
>loo 
>loo 


11 
48 


19 
48 
5 4 b  


7.4 
>40 


7 
3.2 


> 100 


4.6 


. . .  


See footnotes to Table I. b At hr. c Diazepam. 
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TABLE IV.-STRUCTURE-ACTIVITY RELATIONSHIPS OF l,3,4,~TETR1UIYDRO-2H-1,4-BENZODIAZEPIN~2-ONESa 


Biological Activity, Mice, mg./Kg.. p.0. 


Activity pentyleae- Max. El. Anti- at 
Motor Aati- Anti- Ataria 


-Structure- Decrease, tetrazole, Shock mor hine, 1 hr., 
Compd. Ra Rv MED EDu ED@ E L  EDio 
XLVIII H H 100 


XXXVIII H C1 ... 
XLIX CHI C1 100 


29 
5.2 
8 


. .  
13 
. .  


>50 > 100 
44 29 
18 > 100 


0 See footnotes to Table I. 


is variable, but in most of the caws its presence 
decreases potency. 


The most active compounds of Table I11 con- 
tain a 5-o-chlorophenyl group. Other negative 
substituents at  this location also increase activity. 
Placement at  the mefu and $aru positions is less 
effective in this respect. In Table IV, one can 
see that saturation of the 4,5bond of XXIX 
(Table III), affording XXXVIII, leads to a 
reduction in activity. 


Diazepam has been studied extensively, and 
its pharmacology has been reported (44). Direct 
comparisons of diazepam and chlordiazepoxide 
have been made that show diazepam five to ten 
times as potent as chlordiazepoxide. These two 
compounds have also been compared with LA-1 
(111) and XXXI in a Sidman avoidance situation 
(45). The nitro compound (111) was found to 
be the most potent of the four and to have the 
best ratio of activity to side effects. Strangely, 
XXXI was inactive. 


The benzodiazepin-5-ones do not have activity 
of the chlordiazepoxide type. 


1,4-BENZODIAZEPINEDIONES6 


3,4 - Dihydro - 2H - 1,4 - benzodiazepine- 
2,5-(1H)-dione (VII) can be made from o- 
aminohippurylpiperidine by heating in basic 
solution (7). The same compound is prepared 
by catalytic debenzylation of the 1-benzyl deriv- 
ative (L), itself obtainable from 2-(N-benzyl-a- 
bromoacetamido)benzoic acid methyl ester by 
treatment with ammonia. (See Scheme IX.) 
Heating in alcoholic methylamine converts VII 
into the N-methylamide of o-aminohippuric 
acid. 


The chloral derivative of anthranilic acid 
reacts with phenylhydrazine to give LI, which, 
in turn, is acetylated and cyclized by heating to 
afford 4 - ( N  - phenylacetamido) - 3H - 1,4- 


6 BeazodiaEepiae-2.3-dioaes ore discussed under E l y d r ~ W -  
brnsodiasrpinrs. 


CONHCHICON 
II I 


Scheme IX 


benzodiazepine - 3,5 - (4H) - dione (LII). (See 
Scheme X.) Compound LII is the earliest known 
1,4-benzodiazepine, having been prepared in 
1904 byG&ner (46). 


\ CCHJCO~~O u;;:& c=o. - 
‘ N H C ~ H ~  
LI 


C-N ,c=o 0 I1 \ y-COCH, 


C,H5 


Scheme X LII 


Mohammed and Luckner, in a preliminary 
communication (47), have proposed structure 
LIII for the mold metabolite, cyclopenin. The 
evidence so far given for this structure is not 
completely convincing. 
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H O  H 


Lm 
No biological activity has been reported for 


the benzodiazepinediones. 


HYDROXY- 1,4-BENZODIAZEPINES' 


3 - Hydroxybenzodiazepin - 2 - ones.-5- 
Aryl - 1,3 - dihydro - 2H - 1,4-benzodiazepin-2-one 
4-oxides, upon treatment with acylating agents 
such as acetic anhydride, undergo Polonovski- 
type rearrangements to afford 3-acyloxy-5-aryl- 
1,3-dihydr0-2H- 1,4-benzodiazepin-2-ones (5). 
The acyl groups are easily hydrolyzed to yield 
the corresponding 3-hydroxy compounds. (See 
Scheme XI.) The structure of the rearranged 
compounds has been confirmed by replacement 


R5 R5= aryl, heteroaryl 
Scheme XI 


of the hydroxy group by chloride followed by 
catalytic removal of the chlorine, giving com- 
pounds of known structure. N.M.R. data 
further indicate the 3-position for the hydroxy 
group by the spin-spin coupling of the hydroxy 
proton with the 3-hydrogen. 


Although 3-hydroxybenzodiazepin-2-ones are 
stable as solids or in neutral solution, the imino- 
carbinol structure leads to a number of rearrange- 
ments on treatment with acid or base. For 
example, 7-chloro-3-hydroxy-5-phenyl-1,3-dihy- 
dro-2H-1,4-benzodiazepin-2-one (IV) is changed 
into 7-chloro-5-phenyl-4,5-dihydro-2H-l ,4-benzo- 
diazepin-2,3(1H)-dione (LIV) with warm sodium 
hydroxide. More vigorous treatment results in 
6 - chloro - 4 - phenyl - 3,4 - dihydroquinazoline- 
2-carboxylic acid (LV). (See Scheme XII.) 
Parallel rearrangements take place with the 1- 
methyl analog (LVI), except that the final 


6 4-Hydroxybenzodiorepines are treated along with the 
corresponding oxidation products. the 4-oxides. 


NeOH - 


I 
C&S 
LV 


Scheme XI1 
quinazoline (LVII) is a 1,4-dihydro rather than 
a 3,4-dihydro form (38). (See Scheme XIII.) 


CH, 


C6H5 H 


CH3 
I 


"C -CO,H - a ,I 
CH 
I 


C€H, 
Scheme XlII LVII 


C1 


Compound IV rearranges in hot acetic acid, 
resulting in 6-chloro-4-phenylquinazoline-2-carb- 
oxaldehyde (LVIII) (41). Hydrazine causes 
the same rearrangement, the final product being 
the corresponding hydrazone. Primary amines 
give aldimines under similar conditions. Com- 


LVIII 
pound IV is easily converted into 7-chloro-3- 
ethoxy - 5 - phenyl - 1,3 - dihydro - 2H - 1,4- 
benzodiazepin-2-one (LIX) by way of the 3- 
chloro derivative (5). 
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3 - Hydroxybenzodiazepines.-The 2-0x0 
function is not required to permit the Polonovski 
rearrangements of the 4-oxides (48). l-Acetyl-7- 
chloro - 5 - phenyl - 2,3 - dihydro - 1 H  - 1,4- 
benzodiazepine 4-oxide (LX) or its 1-methyl 
analog (LXI) rearranges as does IV, giving the 
S-acetoxy-(LXII) and (LXIII) and, subse- 
quently, the 3-hydroxy compounds (LXIV and 
LXV) . 


LX: R,=CH,CO 
LXI: R , =  CH,, 


LXII: R,  =CH,CO 
LXIII: R, =CH, 


R,  I 
N - C H 2  


=N 
a )cHOH 


I CI 


C6Hs 
LXIV: R,=CH?CO 
LXV: R,  =CH, 


Alkaline conditions cause compounds LXIV 
and LXV to undergo ring contraction, furnishing 
indole derivatives. 


H 
I 


NH 
I.XV -- 


CI -c,,H: 
2 - Amino - 3 - hydroxybenzodiazepines.- 


Acetylation of S-amino-5-aryl-3H-l,4-benzodi- 
azepine 4-oxides in pyridine solution under mild 
conditions to yield the corresponding 2-acetamido 
compounds has already been discussed. More 
vigorous acetylation in the absence of pyridine 


brings about a Polonovski-type rearrangement 
(49). For example, I is converted into 3- 
acetoxy - 2 - ( N  - methylacetamido) - 7 - chloro- 
5-phenyl-3H-l,4-benzodiazepine (LXVI) with 
acetic anhydride on the steam bath. The isola- 
tion of LXVII indicates that the rearrangement 
takes place before acetylation of the methyl- 
amino group. 


N=C< 
1 iCH.CO) - 0 a c = N / C H O C O C H 3  - 


I c1 
C6H5 


LXVIl 


CiHJ 
I 


NCOCH,, 


~ N ~ c $ I O C O C H j  C=N 


c1 
I 


C J S  


LXVI 
With an unsubstituted 2-amino group, di- 


acetylation (LXVIII) occurs and two by- 
products (LXIX and LXX) are formed. The 
formation of 2-acetamido-7-chloro-5-phenyl-3H- 


XXI + (CH3CO)jO - 
,NHCOCH, 


6 8 5  
LXlX 


,N HCOCH, 


I 
CIjH5 


LXX 
1,4-benzodiazepin-3-one (LXX) is especially 
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difficult to account for. With LXX, a ring con- 
traction takes place in hot acetic acid to afford 
N - acetyl - 6 - chloro - 4 - phenylquinazolink- 
2-carboxamide. 


Both acetyl groups of LXVIII are removed 
in base yielding the corresponding 2-amino-3- 
hydroxy product (LXXI) . Mild acid hydrolysis 
converts the diacetyl compound into 3-acetoxy- 
7-chloro - 5 - phenyl - 1,3 - dihydro - 2H- 1,4- 
benzodiazepin-2-one (LXXII). 


Other Hydroxy Compounds.-7-Hydroxy-5- 
phenyl - 1,3 - dihydro - 2H - 1,4 - benzodiazepin- 
2-one has been prepared in the standard way by 
reaction of 2-amino-4-hydroxybenzophenone with 
glycine ethyl ester (27). 


Biological Activity.-A group of compounds 
containing a 3-hydroxy group or a functional 
derivative thereof is listed in Table V. The 
general pattern of influences of the 1,5, and 7- 
position substituents seen in Tables I1 and I11 
exists here. 


The 3-hydroxy group is a more effective sub- 
stituent than an acetoxy or an ethoxy group. 


Particularly interesting compounds are LXXIII 
and LXXIV, whose ataxic doses are high in 
relation to their antipentylenetetrazol activity. 


2-Amino-3-hydoxy compounds (Table VI) 
are much less potent than the corresponding 2- 
0x0-3-hydroxy products. 


Oxazepam has been compared directly with 
chlordiazepoxide and diazepam in an induced 
conflict situation (50) which measures anti- 
anxiety effects. Diazepam was the most potent 
of the three compounds, with oxazepam and 
chlordiazepoxide approximately equipotent. 
Oxazepam had the most favorable ratio of ac- 
tivity to side effects. 


The 3-hydroxy group is effective in reducing 
toxicity. The acute LDa values in mice (p.0.) 
for oxazepam, diazepam, and chlordiazepoxide 
are >5000, 720, and 620 mg./Kg., respectively 
(44, 51). Possibly this reduced toxicity results 
from the ease of conjugation and subsequent 
elimination of oxazepam as a glucuronide. This 
metabolic product has been found in the dog 
(52). 


TABLE V.-STRUCTURE-ACTIVITY RELATIONSHIPS OF 3-0XY-1.3-DIHYDRO-2H-1,4-BENZODIAZEPIN-2-ONESa 


r Biological Activity, Mice, mg./Kg., p.0. 
Motor Anti- Antl- Ataxia 


c__ Structure - Decrease, tetrazol, Shock, morphine, 1 hr., 
Compd. Ri RD RJ MED EDM EDm EDm EDu, 


Activity pentylene- Max. El. Anti- at 


IVb H H CRH, 1.6 0.9 1.3 3 . 1  5.0 
LVI CHI H C&, 1.3 0 .7  2.6 1.5 5 .0  


LXXII H CHaCO CSrs 1.6 2.6 ... 7.5 7 . 1  
LIX H CzH6 CsHs 25 5 7  ... 21 56 


LXXIII H H o-CICeH. 0.1 0 .07  2.0 0.24 16 
LXXIV CHs H O-ClCsH, 0.4 0.09 2.4 0.25 33 
LXXV H CHaCO o-CICSHC 1 .o 0.26 3.7 0.12 30 


LL See footnotes to Table I. b Orazepam. 


TABLE VI .-STRVCTURE-ACTIVITY RELATIONSHIPS OF 2-A?dINO-3-HYDROXY-3H-1,4-BRNZODIAZEPINESa 


NHRz 


Biological Activity, Mice, mg./Kg., p.0. - 
Motor Anti- Anti- Ataxia 


Activity pentylene- Max. El. Anti- at 
Structure Decrease, tetrazol, shock. morphine. 1 hr., 


Compd. R¶ MED EDlo EDw EDw EDm 
LXXI H 4 25 40 120 >40 


LXXVI CHs 127 31 28 >40 >40 


0 See footnotes to Table I. 
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MISCELLANEOUS COMPOUNDS 


Several compounds that are not l,+benzo- 
diazepines but that are analogs of active 1,4- 
henzodiazepines have been synthesized and are 
helpful in establishing the structural require- 
ments for activity. Included are 7,9-dichloro-4- 
phenyl - 1,3,4,5 - tetrahydro - 2H - 1,5 - henzo- 
diazepin-2-one (LXXVII) (53), 7-chloro-5-phenyl 
3,1,4-benzoxadiazepin-2( lH)-one (LXXVIII) 
(54), i-chloro-5-phenyl-1,3-dihydro-BH-l,3,4- 
henzotriazepin-%one (LXXIX) (X), and i- 
chloro - 1 - methyl - 5 - phenyl - 3,s - dihydro- 
4,1-benzoxazepin-2(1H)-one (LXXX) (56). 
No activity results are reported for the first of 
these compounds. The last three do not have 
activity of the same type as chlordiazepoxide. 
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relatively small deviations between the parallel 
readings indicate a promising accuracy of the de- 
scribed technique. 


The operation of the four-column system imposed 
no technical difficulty, and the total assay of the five 
ingredients can be performed by an experienced 
operator in about 2 hours. 


Preliminary experiments for some further simpli- 
fication of the procedure are now in progress; the 
results will be reported in a subsequent publication. 


Journal of Pharmaceutical SciCmes 


with aspirin, phenacetin, caffeine, and itobarbital 
has been investigated. 


A modified partition chromatography procedure 
was developed which facilitates a simultaneous 
quantitative assay of the five active ingredients with 
satisfactory accuracy. 
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Absorption and Incorporation of Methi011ine-S~~ 
into Hair 


By A. P. INTOCCIA, J. M. WALSH, and R. L. BOGNER 


Administration of methionine-Sa6 to guinea pigs by topical, oral, and intramuscular 
routes resulted in the incor oration and utilization of the Ss-radioactivity by the 
growing dorsal and ventral {air. Oral or intramuscular adminisvation of methio- 
nine-S" led to utilization by the growing hair of between 13 and 2 1 per cent of the 
total amount administered. Metabolic utilization by these routes was codrmed by 
the fact that roughly twice as much nonmethionine-Ss as methionine-S" was found. 
The amount utilized was approximately proportional to the amount administered. 
A greater amount of SS-radioactivity was detected in the dorsal hair than in the ven- 
tral hair even after allowing for the greater rate of hair growth in the dorsal area. 
When the methionine-Ss6 was applied topically to the dorsal area, approximately 10 
per cent of the total amount applied was utilized by the total body hair. At the site 
of topical application, two-thirds of the Sa6 in the hair in the area appeared to be de- 


rived locally and the other one-third systemically. 


HE CHEMlSTRY and physiology of hair growth 
Thas been investigated to gain insight into the 
factors that control growth and differentiation 
of hair follicles and formation of keratin. Of 
special interest is the amino acid composition of 
and uptake into the proteins and other com- 
ponents of the variety of cells that constitute 
keratinizing structures and keratin. 


This report describes the results of radiotracer 
investigations initiated to study the influence of 
various routes of administration on the incorpora- 
tion of amino acids into hair protein. The 
amino acid rnethionine, indispensable for all 
animals, was chosen for study because it is in- 
corporated into proteins and is converted, after 
deinethylation, into cysteine and cystine which 
are vital components of keratinized structures. 


EXPERIMENTAL 
Hartley strain male guinea pigs, adequately ad- 
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justed to  laboratory conditions and diet, were 
employed. The diet consisted of pregnant rabbit 
chow supplemented with fresh lettuce and water ad 
libitum. The animals were housed in individual 
wire mesh cages that were cleaned daily to  prevent 
the accumulation of any radioactive excreta which 
could possibly be ingested or adsorbed to the hair of 
the animal. Prior to the administration of the 
labeled compound, an area of 2 sq. in. was shaved 
from the dorsal and ventral surfaces of each animal 
with an electric clipper. Care was taken in this and 
all subsequent clippings to prevent abrasions of the 
skin. 


The animals were separated into three groups of six 
animals. Group A received rnethionine by topical 
application. group B by oral administration, and 
group C by intraniuscular injection. Three of the 
animals in each group received a total dose of 500 
incg. of methionine-S", and three of the animals 
received a total dose of 250 mcg. 


Radioactive dl-methionine-S" was obtained from 
the Radiochemical Centre, Amersham, England, 
with a specific activity of 55.9 millicuries per milli- 
mole (mc./mM). The labeled methionine, shown 
by paper chromatographic methods to be of radio- 
cheniical homogeneity, was diluted with sufficient 
nonlabeled dl-methionine so that the animals at the 
2M-mcg. level were exposed to  a total of 52 pc. and 
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TABLE I.-METHIONINE EQUIVALENTS IN HAIR OF GUINEA PIGS (VALUES IN mcg. METHIONINE 
EQUIVALENTS PER GM. OF HAIR) 


Route - -Topical . -  Oral . --Intramuscular 
Dosage -250 mcg.- -900 mcg.- -250 mcg.- -500 mcg.-- -250 mcg.- -500 mcg.-- 
Area Dorsal Ventral Dorsal Ventral Dorsal Ventral Dorsal Ventral Dorsal Ventral Dorsal Ventral 


Wk. 1 2.86 0.19 4.14 0.48 0.95 0.53 1.18 0.83 1.57 0.803 1.22 0.60 
2 4.46 1.24 10.20 2.32 3.94 3.16 6.69 5.86 3.83 2.78 5.05 4.28 
3 4.91 0.85 5.20 1.47 3.47 2.21 7.23 6.36 4.59 3.05 5.19 4.16 
4 3.01 1.96 6.48 2.08 2.52 1.66 7.88 4.30 3.83 2.85 6.16 5.16 
6 1.97 1.16 6.28 3.31 2.38 2.24 6.50 2.28 3.32 1.36 8.09 6.07 ~~ ~ ~. 6 i.24 0.65 2.32 i .53 1.17 1.06 4.37 2.96 1.58 1.69 2.93 2.39 
7 0.94 0.75 1.85 2.23 0.49 0.53 1.96 1.33 0.73 1.03 1.30 1.35 
80.50 0.42 1.15 1.12 0.66 0.85 1.73 1.31 0.79 1.10 1.36 1.16 
16 0.24 0.25 0.31 0.22 0.31 0.33 0.69 0.83 0.40 0.512 0.63 0.80 


the animals at the 500-mcg. level received 128 pc. 
during the experiment. 


The doses administered by topical application 
were dissolved in a mixture of 18 amino acids in 
denatured ethyl alcohol' to yield solutions that con- 
tained methionhe concentrations of 250 and 500 
mcg./ml. Fifty microliters of these solutions were 
applied to  the shaved areas on the dorsal surfaces of 
the animals and massaged into the skin with the 
operator's forefinger encased in a rubber finger cot. 
Loss of radioactive material by adsorption to  the 
finger cot did not exceed 10% of the daily adminis- 
tered dose. 


The oral doses were prepared by dissolving non- 
radioactive methionine and methionine-S" in dis- 
tilled water to  give the appropriate concentrations of 
12.5 and 25.0 mcg./ml. The animals were adminis- 
tered 1 ml. of these solutions intragastrkally by 
means of a I-ml. syringe and an 18-gauge oral 
blunted needle. 


The intramuscular doses were prepared to  contain 
125 and 250 mcg./ml. in distilled water; group C 
animals were injected daily with 0.1 ml. of the ap- 
propriate solution. 


Radioactive methionine preparations were ad- 
ministered daily for 5 consecutive days of each week 
for 4 weeks. Hair clippings from both the dorsal 
and ventral surfaces of all animals were collected on 
the seventh day of each week during the period of 
methionine-S" administration and for 12 additional 
weeks after administration was discontinued. 


For radioactivity measurements, it  was necessary 
to  free the hair of any adsorbed radioactivity prior 
to  9-measurements. Preliminary tests showed 
that over 99% of the adsorbed SS-radioactivity on 
the dorsal hair from the animals treated topically 
could be removed by washing the hair with 50% 
ethanol made 1 N with hydrochloric acid. Ac- 
cordingly, 20-mg. samples of the hair from all 
animal groups were washed, dried, and dissolved in 3 
ml. of 1 M hydroxide of hyamine 1OX. A toluene 
phosphor containing 0.4% 2,5-diphenyloxazole 
(PPO) and 0.1% 1,4-bis-2-(5-phenyloxazole)-ben- 
zene (POPOP) was added, and the samples were 
counted in a liquid scintillation spectrometer. 
Counting efficiency was determined with internal 
standards. The disintegrations per minute (d.p.m.) 
were converted to methionine equivalents by assum- 
ing that all of the radioactivity in a samole was 
present as methionine of the same specific activity as 
that of the administered methionine-Sa6. 


I Supplid. by Beecham Products. Inc., Clifton, N. J.. 8 9  
Pure Silviknn whmh cootaioed ordinary methionme 10 a COD- 
centration of 100 mcg./ml. 


For paper chromatography, approximately 20 mg. 
of the washed hair samples were acid hydrolyzed; 
the residue was dissolved in distilled water. Aliquots 
of these solutions were applied to  Whatman No. 1 
filter paper for chromatography in a solvent of 
phenol saturated with 6.3% sodium citrate and 3.7% 
dibasic potassium phosphate. The developed chro- 
matograms were air-dried and cut into segments for 
liquid scintillation counting or for counting on flat 
cards in a thin end-window gas-flow proportional 
counter. Counting in this manner revealed two 
peaks of radioactivity in the positions of cysteic acid, 
cystine, and/or glutathione (R, 0.24) and methionine 
( R j  0.80). The dorsal and ventral hair from one 
animal in each of the three groups for 5 weeks was 
subjected to chromatographic analysis in the above 
manner to determine the relative concentrations of 
these amino acids in the hair. 


RESULTS 


The "methionine equivalents" of SS-radioactivity 
of washed dorsal and ventral hair are presented in 
Table I ; each value represents the average of three 
animals. The data indicated that the hair from the 
animals that received 250 mcg. of methionine-S" 
contained approximately half as much activity a t  
peak levels as those that received 500 mcg. The 
dorsal hair of the animals receiving methionine-Ss 
by topical application in doses of 250 and 500 mcg. 
showed the highest average S' levels at the third 
and second week, respectively. Thereafter, the 
levels decreased gradually up to the point where 
administration was discontinued after 4 weeks. 
The average SS levels of the ventral hair of these 
animals was considerably lower than those found in 
the dorsal hair. In general, the S" persisted in the 
hair at least 1 week after discontinuation of adminis- 
tration before the concentration declined more 
sharply. 


The difference between the dorsal and ventral 
hair of the topical group was not of the same magni- 
tude in the oral and intramuscular groups. The 
higher values found in the dorsal hair of these latter 
two groups suggested preferential incorporation of 
systemically administered methionine-SS by dorsal 
hair of the guinea pig. 


In addition, the peak levels of radioactivity in both 
oral and intramuscular groups appeared later than 
did the peaks in the topical group; the peak value 
in the intramuscular group receiving 500 mcg. 
methionine-S" did not appear until 1 week after 
administration was discontinued. 


Examination of the dorsal hair data indicated that 
all routes of administration were equally efficient. 
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TABLE 11.-METHIONINE EQUIVALENTS (mcg.) OF TOTAL HARVESTED HAIR AND TOTAL BODY HAIR 


c 250-tncg. Dose 500-mcg. Dose 
Dorsal Ventral Dorsal Ventral 


Harvested Harvested Total Harvested Harvested Total 
Area Area Body Area Area B& 


Oral 1 . 6 5 f 0 . 4 0  0 . 7 2 f 0 . 3 1  31.92 4 . 5 6 f 0 . 3 4  1 . 7 0 f 0 . 4 8  84.68 
Intramuscular 2.83 f 0.69 1.05 f 0.40 52.50 5.45 f 1.47 2.09 =t 1.05 101.91 
Total Topical 3.77 f 0.84 0.53 f 0.12 28.51 6.38 f 1.25 0.79 f 0.12 43.15 


Local 2.39 . . .  4.33 ... 
Systemic 1.38 0.53 2.05 0.79 


However, it was seen that SS-uptake by the ventral 
hair of the oral and intramuscular groups was simi- 
lar, but the level of incorporation into the ventral 
hair of the topical group was significantly lower. 


Table I1 shows the actual weights of hair har- 
vested from the dorsal and ventral surfaces of the 
animals multiplied by the radioactivity concentra- 
tions to give the actual average “methionine equiv- 
alents” laid down in the area of harvest. From the 
weights of hair harvested, the rate of hair growth in 
the dorsal area averaged 2.16 times the rate of 
growth in the ventral areas. On the other hand, the 
average “methionine equivalents” harvested from 
the aniinals of the orally administered and intra- 
muscularly injected groups indicated that 2.6 times 
more radioactivity was recovered from the dorsal 
areas than from the ventral areas. Since the radio- 
activity ratio is greater than the growth rate ratio. 
i t  was concluded that a preferential uptake of sys- 
temic methionine-Ss or its S”-labeled conversion 
products occurred in the dorsal area over and above 
that due to the higher rate of hair growth. 


The values of the ventral areas of the topically 
applied groups were multiplied by the factor 2.6. 
previously found to reflect the directional influence 
of the systemic distribution of Sg5 between the dorsal 
and ventral hair of the oral and intramuscular 
groups. These calculated values represented the 
apparent systemic utilization or incorporation of the 
S” in the dorsal hair of the topically treated groups 
and are included in Table 11. Local utilization of 
the S” in the dorsal hair of the topically treated 
animals was obtained by difference. No local 
utilization was assumed in the ventral hair of the 
topically treated groups and it was also assumed that 
the actual uptake of Ss by the animals in the oral 
and intramuscular groups reflected true systemic 
utilization. 


Groups receiving the methionhe-SaK by topical 
application showed high local dorsal utilization but 
lower systemic utilization. The conclusion was 
that the topical application of methionine-Ss to the 
sinall defined areas of the back yielded higher re- 
coveries of Ss in the hair from these areas than the 
recoveries from the other two routes of administra- 
tion, since higher recoveries were presumably due to  
local utilization of the methionine-S” superimposed 
upon a smaller incorporation from penetration of 
the skin, systemic distribution, and delivery of the 
S s  to the same site. Approximately two thirds of 
the radioactivity in this area was due to  local 
utilization and one-third was provided by systemic 
utilization. 


Total utilization of the Ss over the entire body 
(Table 11) was calculated by multiplying the quan- 
tities for the uptake in the areas of harvest by fac- 
tors which integrated them in terms of total body 
hair growth. These factors were obtained by deter- 


TABLE III.-RATIO OF NONMETHIONINE-Ss TO 
METHIONINE-Sa 


Level, Dorsal Ventral 
Roiite mcg. Area Area 


Oral 250 2.4 3 .3  
500 2 . 3  3.4 


Intramuscular 250 2 . 5  1 .5  
500 2 .3  1.6 


Topical 250 1.4 1.8 
500 1 . 5  1.7 


__ 


mining the weight of the harvested hair both dorsally 
and ventrally and the weight of the remaining dorsal 
and ventral hair of three test animals. I t  was then 
possible to  arrive a t  factors relating the SJb in the 
harvested area to  the remainder of the hair for both 
the dorsal and ventral areas of each animal. These 
factors were 14.17 for dorsal hair and 11.81 for ven- 
tral hair. It should be noted that the results of the 
oral and intramuscular administration were not dis- 
similar, although the intramuscular route appeared 
to  be the more efficient of the two routes. 


From the data for the total “methionine equiv- 
alents” in the total body hair, estimations could be 
made of the percentages of the total dose utilized. 
I t  was found that the total utilization by either the 
oral or intramuscular route was between 13-17 and 
20-2170, respectively, of the total Sa6 administered. 
The topical route led to a total incorporation of ap- 
proximately 10% of the applied Sa5, which repre- 
sented 89 and 5470 of that utilized by the more 
efficient oral and intramuscular routes, respectively, 
a t  the 250-mcg. dose and 51 and 42% at the 500- 
mcg. dose. Table I11 presents the average ratios of 
total n~nmethionine-S~~ to total methionine-Ss in the 
dorsal and ventral areas for the first 5 weeks of the 
experiments. Nonmethionine-Ss activity was not 
resolved chromatographically into cysteic acid, 
cystine, or glutathione. I t  is difficult to interpret 
the increased ventral ratio by the oral route and the 
increased dorsal ratio by both the oral and intra- 
muscular routes. Since the Ss-radioactivity ar- 
rived systemically, similar results were expected in 
each case. The low ratio in the dorsal area by the 
topical route suggested local utilization of methio- 
nine per se. 


DISCUSSION 
Earlier studies ( I  ) demonstrated that oral feeding 


of methionine-Ss to rats resulted in the appearance 
of cystine-Sa .in hair and tissues. Similar results 
were obtained in guinea pigs by topical application, 
oral feeding, and intramuscular injection of methio- 
nine-Ss (2). However, no evidence of local utiliza- 
tion of topically applied methionine has been re- 
ported prior to the studies described here. 


Several investigators have demonstrated the in- 
tense localization of sulfur-containing radioactive 
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amino acids in the keratogenous zone of hair. 
Belanger (3) noted localization of methionine-Sa 
and cystine-SW after subcutaneous injections into 
rats. Fleischer, et al. (4), injected Ss-yeast protein 
hydrolysate containing cystine-Si", methionine-S*s, 
and methionine sulfoxide-Sw intravenously into rats 
and found a rapid incorporation of Sa into hair, par- 
ticularly over the length of the intensely vascular- 
ized part of the hair. Ryder (5) and Harkness and 
Bern (6) also found a rapid and marked uptake of SS 
in the keratogenous zone of anagen follicles after 
injecting cystine-s"; the latter investigators also 
noted uptake of CI4 in the bulb and keratogenous 
zone after injecting C14-labeled algal protein hy- 
drolysate of undefined amino acid composition into 
mice. 


Bern, et al. (7), have pointed out that transport of 
cystine from the circulatory system v i a  absorption 
through the hair bulb is conceivable, but that a 
lateral transport from the capillaries around the 
follicle shaft ( 8 )  is also possible. 


Apparently, Ss-amino acids are at least as equally 
utilized for hair protein synthesis as for plasma or 
tissue protein synthesis. The S s  specific activity of 
rabbit hair keratin was found (9) similar to  that of 
the Ss activity of tissue proteins following intra- 
venous injections of S"-labeled yeast protein hy- 
drolysate. A much higher specific activity of the 
cystine-Ss in wool than in plasma was noted follow- 
ing the intravenous administration of cystine-Ss 
to  sheep (10). The latter concluded cystine is 
incorporated into wool as a free amino acid. 


Only traces of cystine and methionine as free 
amino acids have been found in aqueous extracts of 
the roots (bulb, prekeratinized fiber portion, and 
attached inner root sheath) of keratinized structures, 
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although more methionine is present in the protein 
of the inner root sheath of hair follicles, as detected 
by administering Ss- and C14-labeled methionine to 
rats (11) and large quantities of cystine occur in 
the hair protein itself. According to  Rogers (12), 
the pool of free amino acids in the hair roots is 
presumably available for keratin synthesis and the 
small concentration of cystine may be related to  a 
high demand for cystine by the growing fiber and to 
mechanisms for maximum utilization of the sulfur- 
containing amino acids. Recently, it  has been re- 
ported that other amino acids, HJ-labeled alanine 
and leucine and C14-labeled serine, were incorpor- 
ated into the growing hair of guinea pigs in the same 
pattern as cystine-S" after intraperitoneal injection 
(13); however, no other studies of local utilization 
following topical application of amino acids by grow- 
ing hair have been reported. 
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Degradation of Phenylephrine Hydrochloride 
in Tablet Formulations Containing Aspirin 


By A. E. TROUP and H. MITCHNER? 


T h e  breakdown of aspirin i n  tablet formulationp containing phenylephrine was 
found to result in  a concurrent loss of henglephrine activity. Specific functional 
ptoup analysis of the second? amine Punction on phenylephrine was necessary to 
ollow degradation in  tablet ormulations. Analyses with methods based on the 


phenolic function of phenylephrine did not show similar activity loss. With the use 
of thin-layer chromatography and comparative chromatograms with s nthetic acetyl- 
ated henylephrine derivatives, three acetylated phenylephrine degracfation products 
coulcf be identified in  tablet formulations. At room temperature the primary de- 
gradation pathway was the acetylation of the secondary m i n e  function, but at ele- 
vated temperatures, acetylation was found to have progressed t o  phenylephrine's 


phenolic and alcoholic groups. 


HENYLEPHRINE HYDROCHLORIDE is frequently 


ceutical preparations. Analytical assay methods 
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for phenylephrine in such mixtures have been 
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molecular procedures and to methodology in- 
volving the separation of the phenylephrine fol- 
lowed by  its analysis. Assay problems have been 
further complicated in the endeavor to evaluate 
degradation during stability testing where the 
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the volume inflow rate was a t  least i 0  ml. per 
minute, and the perfusion pressure was at  least 60 
mm. Hg, but preferably around 80 mm. Hg. 


Although the results reported here are those oc- 
curring in vzfro, the possibility of similar qualita- 
tive effects being manifested in viva with the above 
drugs cannot be overlooked. With this in mind, it 
appears likely that the systemic release of excess 
quantities of sy mpathomimetic substances, serotonin, 
or even histamine in the pregnant state could, by 
directly constricting placental vessels, cause a 
decrease in the oxygenation of fetal blood flowing 
through such vessels-and hence contribute to fetal 
asphyxia. 


chailine, whereas other vascular beds are dilated. 
Results in this present investigation confirm that 
acetylcholine pruduces weak vasoconstriction in 
placental vesselsand sometimes even lacks this 
act ion. 


Pretreatment of placental preparations with 5 mg. 
of iproniazid (only short cord placentas were tested) 
before the administration of the sympathomimetic 
amines, acetylcholine. or serotonin, did not pro- 
duce an appreciable augtnentation of perfusion pres- 
sure-xcept in the case of histamine-which at  this 
time is inexplicable. However, increases in sym- 
pathomimetic amine activity would be expected since 
inonoainine oxidase is one of the enzymes involved 
in the breakdown of the amines, and blockage of 
this placental enzyme sometimes can produce 
slight increased ainine activity. I n  view of the re- 
sults, it is possible that iproniazid is washed out 
too rapidly to tie up effectively the large quantity 
of inonoarnine oxidase present in the placenta. 
Also, it is possible that monoamine oxidase is so 
:ihundant that whatever quantity is blocked is still 
riot suliicient to allow augmented responses to occur 
with these aillines. These results are similar to 
studies conducted by Eliasson and Astrom (3). who 
showed that increased responses do not occur after 
administration of I-epinephrine or levarterenol to 
propamidine and 6-isonicotinyl-2-isopropyl hydrazine 
(IIH) treated placental preparations. 


Perfusion experiments attempted a t  lower pres- 
sures (under 50 mm. Hg), and consequently lower 
volume inflow but the same dose ranges, produced 
only slight changes in perfusion pressure with all 
the previously mentioned agents. Therefore, there 
appews to be a dependence upon volume inflow and 
perfusion pressure for the attainment of significant 
responses. Optimum results were recorded when 


REFERENCES 


(1) Luschinsky H. L.. and Singher. H. O., Arch. Bio- 
rhcm. ,  19, 95(1949)'. 


(2) Luschinsky, H. L.. Am.  J .  Obstcf. Gynero/.,  59, OOfi 
( 1  Q5fll , ---", . 


(3) Eliasson, R.. and Astrom, A,, ALla Pharmacol. Tnxi-  
co l . .  11. 254(195.5). 


?4).Goe<ke--R. J.  McKean C. M.  Margolis A. J .  
Glendeniog. M: B..  and Page, E. 'W., A m . ' / .  Obsfcl. Gynecnl.: 
81. 11.12(1~fiil) _.. _.-_ ~ 


(S) Paoigel M. ibid. M lGG4(1962). 
(6)  Panigel: M.' J. Physibl. 51, 941(1959). - - (7) Gautieri, R.'F., and Ciu&ta. H. P., THIS JOURNAL, 51 


55[ I Y b Y )  . 
(8) Ibid. ,  52, 974(1963), 
(9) Astrom, A.. and Sameliur. U., Bril .  J. Pharmacol.. 12, 


4 1 nr I O . ~  -.,. 
Schmitt W. 2. Biol. 75 lQ(1922). 
von Eufer U. S .  J .  k y b o l .  93 129(1938). 
Schmitt, W.. Z e h .  Gmacko/., 55, 1282(1929). 
Kosakae J. Japan. J .  Obsfcl. Gymccol. 10 2(1927). 
Budelmino' G. 2. Ges. Expll .  Med.  67 j31(1929). 
Ueda. K. ja,& J. Obslel. Gynccol. '14 '225(1931). 
Ordynsk;, S., Arch. Sci. B id .  (L&imirad), 31, 272 


(17) Nyberg, R., and Westin, B..  Aclo Physiol. Scand., 39, 


(18) Dornhorst, A. C . .  and Young, I. M.. J .  Physiol . ,  118, 


(19) Spivack M. Anal .  Record 85 85(194.7). 
(20) von Eulk, U'. S., J .  PhysiA. ,  +4,271(1932). 


218(1957). 


282( 1952). 


Properties of Fused Mannitol in Compressed Tablets 
By JOSEPH L. KANIG 


Among the carbohydrates used in compressed tablets, mannitol is the ooly one 
which possesses high heat stability. This  substance melts at 167', but does not 
decompose at temperatures up to  250°. Mannitol, alone and in  combination with 
other carbohydrates, was fused and recrystallized or spray-congealed. Phase dia- 
grams determined for these mixtures indicated that mannitol is eutectic with other 
carbohydrates. Selected drugs were soluble in the fused mixtures, and the crystal- 
lized or spray-congealed material obtained from these solutions possessed excellent 


flow and compression characteristics. 


ANNITOL HAS BEEN used as a tablet diluent 
This hexahydric 


alcohol, an isomer of sorbitol, is a white, odorless, 
crystalline powder and is the least hygroscopic 
of all known carbohydrate tablet diluents (1). 
I t  has a sweetness threshold of approximately the 


for more than a decade. 
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same value as glucose and a nutritive value of 1 
cal. per gram (2). 


In recent years, mannitol has been shown to 
exhibit a uniquely cooling and pleasant taste effect 
when used in formulations for tablets intended 
to  be chewed or dissolved in the mouth. Several 
types of medicaments, including antacids, anal- 
gesics, multivitamins, and antihistamines are 
being marketed in  the form of chewable tablets 
prepared in a mannitol base (3, 4). This diluent 
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has also been suggested as a base in compression- 
coated and multilayer tablets (5). 


The advantages exhibited by mannitol in such 
tablet formulations have been offset by its in- 
herent shortcomings in that  it has poor flow and 
compression characteristics. As a result, i t  gen- 
erally requires the addition of a granulating-bind- 
ing agent employed in a wet granulation proce- 
dure for producing compressible granules. The  
added binding agents generally tend to detract 
from the desired effects expected from mannitol, 
and the wet granulation process does not lend 
itself to  the modern trend toward labor saving, 
automated techniques. Consequently, a need 
exists for enhancing the tableting characteristics 
of mannitol without detracting from its otherwise 
useful properties. 


It was suggested (6) that  spray-congealing 
fused mannitol might result in  improved flow and 
compression properties. Mannitol is one of 
the few carbohydrates that possesses an exception- 
ally high heat stability. It has a melting point of 
166.0 to  167.0°, but  unlike other carbohydrates, 
i t  can be heated to 250' without decomposition. 
When fused, mannitol becomes a clear, colorless 
low-viscosity fluid which crystallizes very rapidly 
when the source of heat is removed. I t  is not 
susceptible to anhydrization under ordinary con- 
ditions during the fusion process. It has been 
demonstrated (7-9) that anhydrization of manni- 
to1 may be accomplished only under such drastic 
conditions as prolonged refluxing with concen- 
trated hydrochloric acid. 


It was therefore of interest to  investigate the 
possible advantages t o  be gained by utilizing fused 
mannitol as a means of altering its tableting 
characteristics. Concurrent with this approach 
was the equally interesting potential to  be gained 
in exploring the ability of fused mannitol to  func- 
tion as a solvent or dispersant for other materials 
to produce solid-solid solutions or dispersions 
which might prove to be directly compressible 
into tablets. 


PROCEDURES AND RESULTS 
Fusion Apparatus.-Molten rnannitol rapidly 


crystallizes into a hard mass if the temperature is 
permitted to drop only a few degrees below its melt- 
ing point. Consequently, attempts to spray- 
congeal the hot liquid with the centrifugal wheel 
atomizer of a Nerco-Niro portable spray dryer re- 
sulted in rapid congealing within the feed-pipe and 
vaned-wheel of the atomizer. This clogged the 
mechanism and stopped the operation. 


A specially designed apparatus was constructed 
to overcome this obstacle and to  facilitate the in- 
corporation of additional materials into the fused 
mannitol. A kitchen-type, electrically heated deep- 
fat fryer was converted into an apparatus which was 
used t o  fuse mannitol under controlled temperature 
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and as a mixer and a feeder of the fused blends to 
the spray dryer. Figure 1 represents the apparatus 
and its essential components. An opening was 
drilled into the bottom of the electric pan (A), and 
this was fitted with an aluminum fitting (F) which 
served as the seat for a tapered Teflon needle valve 
attached to the bottom of a stainless steel threaded 
rod (E). The rod was positioned over the opening 
(F) with a stainless steel rod placed horizontally 
across the diameter of the pan and screwed into the 
walls on both sides (D). This rod also served to 
hold a thermometer (K) in position in the fused 
liquid. An electric overhead stirrer (G) was utilized 
to  aid in the dispersion of materials added to the 
fused mixture. 


A threaded nozzle was screwed into the aluminum 
fitting (F) and a 1/2 in. I.D. Teflon tube was attached 
to the outlet nozzle. The tube was wrapped with a 
Nichrome heating element (H) which was controlled 
with a rheostat (3). The Teflon tube was utilized to  
connect the fusion apparatus with the feed-pipe of 
the atomizer in the spray dryer. I t  was necessary to  
use additional heating elements around the feed- 
pipe of the atomizer to prevent cold-spots and 
subsequent congealing of the fused mass within the 
atomizer. 


The heating elements on the bottom of the pan (B) 
were rheostatically controlled, and the rheostat (C) 
was calibrated to correspond with centigrade units. 


A heater was installed in the compressed air line 
which operates the atomizer of the Nerco-Niro spray 
dryer. This served to  raise the temperature of the 
compressed air entering the atomizer so that the 
entire unit became hot by conduction; this was an 
additional safeguard against premature congealing 
within the atomizer. 


All heating elements were turned on for about 30 
minutes before each run. This was generally done 
while the solids in the fusion apparatus were being 
heated and fused. 


Fused Mixtures.-Trial batches ranging in weight 
from several hundred grams to 2 kilos were fused and 
spray-congealed with the special apparatus and 
laboratory spray dryer. Mannitol, alone and in 
combination with other materials, was fused and 
spray-congealed after preliminary tests had in- 
dicated that the mixtures were miscible in the 
fused state and exhibited no signs of decomposition 
due to high heat. Subjective evidence of apparent 
decomposition among materials added to  fused 
mannitol was noted by the production of an odor, 
change in color, or evolution of a gas. 


Fig. 1.-Fusion apparatus used in conjunction with 
Nerco-Niro portable.spray dryer. 







190 


.I number of r;mdomlv selected drugs and chem- 
icals and inert materials were tested for their soh- 
bility or miscibility in fused mannitol. The sereen- 
ing procedure involved the addition of incremental 
quantities of the material under test t o  fused 
niannitol which was maintained at 17&180°. Ob- 
servations were made after each addition t o  deter- 
mine whether physical or cheniical changes had 
taken place and whether the material being added 
was soluble in the fused mixture. Table I lists the 
materials which were thus tested. The drugs and 
chemicals which formed clear solutions in most 
proportions with fused mannitol and manifested no 
visible signs of decomposition wcre arbitrarily classi- 
fied as being soluble without regard for the actual 
state of matter which resulted upon congealing. 
Additional tests and chemical analyses on these 
materials and other substances are being conducted 
to determine their stability in fused mannitol. The 
classification "irisc,luble-irnmiscible" is used t o  
designate those iriixtures which formed an insoluble 
dispersion of the solid in the fused mannitol or which 
melted into two immiscible liquid layers. Some 
matcrials, such as tlie iiietallic stearates and the 
ceiluloscs, were not wetted by the fused rnannitol 
and wcre not dispersible i n  the mixture. 


Otlier materials which were tested mid found t o  
decompose readily included aspirin, dl-amphetamine 
sulfate, chlorobutanol, henzocnine, aminopli y Iline. 
terpin hydrate, pyridiuni, pentabarbital sodiurn, and 
sulfaguanidine. 


Melting Point-Composition Relationships.-To 
obtain additional information on the physical charac- 
teristics of several of the fused mixtures, phase dia- 
grams were obtained with mixtures of niannitol and 
other sugars and with nianriitol and several active 
inged  ien t s. 
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TABLE I.- ~ O I . U ~ ~ I L I T Y / M l S C I B I L I T Y  OF RANDOMLY 
SELECTED DRUGS A N D  CHEMICALS KITH FUSED 


MANSITOL - 
~ 


Solublc 
Amobarbital 
Barbital 
Chlorpheniramint~ 


Diphenhydramirict HCI 
Dulcitol 
Erythritol 
Galactose 
Lactose 
p-Hydroxy acctariilide 
Phenobarbital 
Phenobarbital sodiurn 
Phcnylephrinc HCI 
Procaine HCI 
Sucrose 
Sulfacetamide 
Sulfanilamide 


maleate 


Inu,luble~Irnmirible 
Aluniinum hydroxide 
Beeswax 
~utylaminnbenzoate 
Caffeine 
Hydrogenated castor oila 
Cetyl alcohol 
5.5- Diplienylhydantoin 
Glyceryl distearate 
Glpceryl monostearate 
Hydroxy propyl sucrose 
Magnesium stearate 
Magnesium trisilicatc 
IMicrtsrystallirie waxes 
Phenolphthalein 
Polyethylene glycol 400 
Polyethylene glycol 4000 
Polyvinyl alcohol 
Prednisnlone 
Predniwlone acetate 
Sod iu ni cartmx yme t h y 1. 


cellulose 
Sperinaceti 
Stearic acid 
Stearyl alcohol 
Sterotexb 
Succiny lsulfathiazole 
Sdfamerazine 


0 Marketed as Cnstorwax by the Baker Castor Oil Co 
b Marketed by Capital City Products Co.. Columbus. Ohio, 


I -.___......- - 
8rn -. . 


' 0  80 m * z27-* ----a-0 
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Fig. 3 --Phase diagram of fused mixtures of manni- 
to1 and phenobarbital. 


A number of binary mixtures of mannitol and 
other materials were prepared with accurately 
weighed quantities ranging in overall composition 
from 100 molar parts of one to  100 molar parts of 
the othcr. Each mixture was fused in an oil bath at  
a temperature approxiinatcly 5" higher than the 
melting point o f  thecoinponerit in the mixture which 
had the highest melting point. The fused mass was 
stirred, transferred t o  a watch glass, and allowed to 
crystallize. A portion was then ground to  a fine 
powder in :t small glass mortar, nnd the melting point 
d the powder was then obtained. 


Phase diagrams were plotted on binary systems 
of rnannitol with othcr carhohydrates such as sucrose, 
lactose. dulcitol, erythritol, and galactose. Three 
physiologically active materials were chosen from the 
list of soluble drugs, and binary mixtures of mannitol 
with diphenhydramine hydrochloride, with pheno- 
barbital. and with sulfanilamide were prepared and 
phase diagrams obtained. 


.411 blends of carbohydrates and inannitvl resulted 
in eutectic mixtures. Figure 2 is illustrative of the 
phase diagrams obtained with the carbohydrates 
listed above In each instance the mixture per- 
mitted melting of thc carbohydrate involved a t  a 
point below its own melting point and thus prevented 
decomposition. Mannitol-sucrose binary systems 
manifested the lowest melting point a t  an equirnt)lar 
composition This mixture made possible a 32' 
decrease in tlie melting point of siicrost. 


Figures 3 and 4 indicate the eutexias formed be- 
tween mannitc)l and phenobarbital and niannitol and 
sulfanilamide. These curves are similar to the 
mannitol-carbohydrate CIITVCS, and all of them 
indicate solid state miscibility. Just as two liquids 
may dissolve in  each other t o  form a liquid solution. 
so one solid may dissolve in another t o  form ;I solid 
solution. These solutioiis are homogeneous and m a y  
vary in composition within wide limits This uni- 
formity of distribution tliffcrenti:ttrs a solid solution 
from a mixture of solids, for iri t h r  latter instance 
each constituent preserves its own characteristic 
crystal structure. This is borne out by the ehi.;tence 
of a minimum in the melting point curve (10) 


When two pure components react t o  form a new 
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Gm. each were compressed with in. S.C. or F.F. 
punches. 


Flow Properties.-Fused mannitol and its mix- 
tures, processed by either spray-congealing or screen- 
ing, possessed excellent flow characteristics. All 
of the batches employed in this study presented no 
problem by flowing smoothly from the hoppers of 
the tablet compression machines, in the feed frames, 
and into the dies. Flow properties were decidedly 
superior to powdered mannitol. especially in the feed 
frames and in the dies. Uniform filling of the 
dies was evidenced by tablet weight deviations within 
U.S.P. limits. 


Compressibility Factors.-In all cases it was found 
that, although the materials had excellent flow prop- 
erties and required no glidant, they all needed a 
lubricant to assist in the removal of the compressed 
tablets from the dies. Calcium or magnesium stea- 
rate, l to 275, blended into each batch before com- 
rpression, was sufficient for this purpose. 


A difference in lubricant requirements was ob- 
served between batches prepared by spray-congeal- 
ing and identical mixtures processed by screening. 


Tablets prepared from the screened materials 
exhibited a high degree of resistance to  ejection 
from the dies. This difficulty was overcome by the 
further addition of 1% of talc to  the lubricated mix- 
ture. This difference between the screened and 
spray-congealed material may be attributed to  the 
shape of the particles. Microscopic examination 
of spray-congealed particles revealed them to be 
spherical in shape while those prepared by screening 
were irregular and angular. It is conceivable that 
the smooth. regular spheres are capable of producing 
tablets with edges that offer decreased frictional 
resistance during ejection. 


Fused mannitol and the various mixtures pre- 
pared by either spray-congealing or screening pos- 
sessed excellent tableting properties. Other than 
the lubrication problem previously cited, no addi- 
tional difficulties were encountered in compressing 
tablets over a wide range of pressures. There was 
no evidence of capping, laminating, sticking, or 
other physical deterrents to  the production of suit- 
able compressed tablets. The surfaces of the tablets 
were hard and smooth with no indications of dusting 
or friability. 


Taste Properties.-Tablets made with fused 
mannitol were found to have a moderate grittiness 
which is not found in tablets prepared with mannitol 
N.F. In addition, the "cooling" effect was notice- 
ably reduced. Sweetness and flavoring efficiency 
were unimpaired by the fusion process. It was 
observed, however, that fused mixtures of mannitol 
and other carbohydrates more closely approximated 
the taste properties of unfused mannitol. 
Dry Binder Qualities.-In view of the excellent 


tableting properties of the fused carbohydrate mix- 
tures it was decided to study the dry binding applica- 
TABLE IT.-STRONG-COBB HARDNESS VALVES OF 


FUSED MANNITOL TABLETS 


----Fused Mannitol- 


p.s.1. No. 20 mesh congealed 
Pressure, Spray- 


4 1000 6 . . .  
2000 14 6 
3000 22 9 
4000 . . .  12 


4 A tablet was not formed at this pressure. 
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Fig. 4.-Phase diagram of fused mixtures of manni- 
to1 and sulfanilamide. 
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Fig. 5.-Phase diagram of fused mixtures of diphen- 
hydramine hydrochloride and mannitol. 


compound stable up to its melting point, the phase 
diagram takes on the typical appearance shown in 
the curve for the mannitol-diphenhydramine hydro- 
chloride system (Fig. 5). The maximum observed 
at equimolar composition is indicative of 1 : 1 com- 
pound formation (10). 


Tableting Characteristics.-To determine the 
tableting characteristics of fused mannitol, alone 
and in combination with other inert and active 
components, the following mixtures were prepared in 
2-kilo batches and spray congealed.' 


( a )  Mannitol (100) 
( b )  Mannjtol (95) + sucrose (5) 
(c) Manmtol (50) + sucrose (50)  
( d )  Mannitol (50) + sucrose (40) + lactose 


(e) Mannitol (50) + lactose (50)  
(f) Mannitol (80) + phenobarbital (20) 
(g) Mannitol (80) + sulfanilamide (20) 
( h )  Mannitol(80) + diphenhydramine HCI 


No consideration was given to  the usual dosages 
of the active ingredients in mixtures (f), (g), and 
(h). The ratios of drug to  mannitol was selected 
only as a basis for comparison of the tableting 
characteristics of the resulting solid solutions. 


Each of these mixtures was carefully fused in the 
fusion apparatus and spray-congealed. Additional 
batches of the same mixtures were prepared by fusion 
but were permitted to  congeal in stainless steel 
vessels. These crystallized masses were removed 
and passed through a No. 20-mesh screen in a Stoke's 
oscillating granulator. This latter procedure was 
conducted so that a comparison could be made 
between granular material obtained in this manner 
and that obtained by spray-congealing. 


Both single punch and rotary tablet machines 
(F. J. Stoke's model F and model B-2) were employed 
in the compression studies. Tablets weighing 0.5 


( 10). 


(20) 


1 Numbers in parentheses indicate parts by weight. 
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tions o f  these materials. Dried aluminum hydroxide 
gel U.S.P. was selected as an example of a powdered 
material which cannot be cornpressed directly. 
Blends containing 25 and 50% by weight of the 
aluminum compound were prepared with fused 
mannitol, mannitol and sucrose (50:50), and 
mannitol and lactose (50: 50) in a Twin Shell blender. 
Magnesium stearate (1%) was included as a lu- 
bricant. These blends continued to  exhibit the 
excellent flow and compression characteristics which 
had been observed with the vehicles alone. Tablets 
weighing 0.5 Grn. prepared on a model F com- 
pression machine gave Strong-Cobb hardness tester 
values of up to 10-11 with no signs of capping. The 
tablets were satisfactory in all other respects. 


Comparison of Fused Spray-Congealed and 
Screened Mannito1.-To compare the relative com- 
pressibility of the two physical states of mannitol 
obtained by either spray-congealing or screening, a 
Carver laboratory hydraulic press was employed. 
This press was modified to operate a specially con- 
structed rig containing a set of 13/32 in. F.F. punches 
and a die. Accurately weighed 500-mg. portions 
of the different batches of mannitol were compressed 
at pressure levels of 1000, 2000, 3000, and 4000 p.s.i. 
Tablets produced at  each level were tested for hard- 
ness. I t  was determined that the spray-congealed 
mannitol produced softer tablets a t  corresponding 
pressure levels than did the 20-mesh screened niate- 
rial (Table 11). 


SUMMARY AND CONCLUSIONS 
The unusual heat stability of mannitol has led 


to the development of several new applications 
which possess :L high degree of potential. Fore- 
most among these is the discovery that fused 
mannitol, which is recrystallized and processed by 
either spray-congealing or screening, possesses 
exceptionally good tableting characteristics. 


The liquid state of mannitol has been shown 
capable of dissolving or dispersing a number o f  
pharmaceutical adjuvant or physiologically 
active drugs. Phase diagrams of several of 
these Combinations have indicated that solid- 
solid solutions are obtained. In a t  least one 
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instance (mannitol-diphenhydramine HCI) the 
phase diagram indicates the probable formation of 
a new compound. New compounds formed in this 
manner may conceivably possess different phys- 
ical, chemical, and physiological properties. 


In view of present day considerations of the 
effect of particle size on the biological availability of 
drugs, these solid-solid solutions or microcrystalline 
dispersions offer a unique opportunity of making 
available an extremely fine state of subdivision of 
active ingredients in tablet form. Moreover, these 
solid solutions, capable of being directly com- 
pressed into tablets, obviate the necessity for blend- 
ing procedures and assure complete uniformity of 
dosage. 


Additional investigations are under consideration 
which will explore more thoroughly the nature of 
the interaction involved in the solid-solid solution in 
fused mannitol and will quantify the extent of 
solubilities of various chemicals and drugs. 


Fused mannitol has also been utilized to produce 
eutectic mixtures with other less costly carbo- 
hydrates, such as sucrose and lactose. These mix- 
tures have also been found to possess excellent 
flow and compression properties when used either 
as solvents for active principles or when admixed 
with them as a dry tablet binder. 


Fused mixtures of mannitol with other sugars 
advance the possibility of large-scale production of 
an inexpensive, efficient vehicle for the direct com- 
pression of tablets. 
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4‘,5,6,%0xygenated Flavones and Flavanones 
By MASON G. STOUT, HANS REICH, and MAX N. HUFFMAN 


The preparation of 4’-hydroxy-5,6,7-trimethoxyflavanone, 6-hydroxy-4’,5,7-tri- 
methoxyffavanone, and the corresponding flavones is  described as well as a new syn- 
thesis of 4’,6-dihydroxy.5,7-dimethoxyflavone. The results of the biological tests 
of these and other closely related bioflavonoids in  our general endocrine screening 


assay are tabulated. 


OR BIOLOGICAL experiments, the 4’,5,6,7- F substituted flavanones X, XII, XIV, and 
XV and the  corresponding flavones XVI, XVIII ,  
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X X ,  and XXII were required. Compounds X 
and XVI had been prepared previously (1) from 
the acetophenone derivative I1 and anisaldehyde 
&z the chalcone IV, and the flavanone XV had 
been obtained from the acetophenone derivative 
I by condensation with p-hydroxybenzaldehyde 
(2). This flavanone was later used as starting 
material for the preparation of the flavone XXII 








Coniferyl Aldehyde as a Constituent of Oils Containing Eugenol 
By SHOUKRY KHALlL WAHBA' and JOSEPH E. SINSHEIMER 


The presence of coniferyl aldehyde in  eugenol, clove oil, myrica oil, pimenta oil, 
and sassafras oil has been demonstrated. The  characteristic cherry red developed 
by coniferyl aldehyde with phloroglucinol and hydrochloric acid can be used for 
a colorimetric assay of coniferyl aldehyde and contributes a significant portion 


of the color developed by eugenol-containing oils with these reagents. 


CHARACTERISTIC 'cherry red is produced when A a phloroglucinol-hydrochloric acid reagent is 
allowed to react with clove oil (1). Eugenol has 
been considered responsible for this test (2. 3), 
and since many ally1 compounds give a positive test, 
it has been suggested as a functional group test 
for this moiety (2). 


Adler (4), however, has explained the positive 
phloroglucinol reaction of lignin and its prototype 
compounds upon the formation of coniferyl aldehyde 
or related compounds. H e  was able to  isolate 
the 2,4-dinitrophenylhydrazone of methylconiferyl 
aldehyde from methyleugenol and to demonstrate 
that a purified sample of eugenol does not give 
a positive phloroglucinol test. 


Although coniferyl aldehyde has not been listed 
as a constituent of Eugenia caryophyllata (5-7), 
it  appears that it may be present in this plant and 
other eugenol-containing species as well as oils ob- 
tained from such plants. This investigation was 
undertaken to  detect the presence of coniferyl al- 
dehyde in eugenolcontaining oils and to  isolate 
the compound from eugenol U.S.P. 


EXPERIMENTAL 
Apparatus and Materials.-Spectrophotometric 


determinations were made with Beckman model 
DB, Zeiss PMQ 11, and Perkin-Elmer model 137 
spectrophotometers. All melting points were made 
on a Kofler hot stage and are corrected. Samples 
of eugenol, clove oil, myrica oil, pimenta oil, and 
sassafras oil met the present or former requirements 
for official purity. All chemicals were of reagent 
grade and were used without further purification. 


Chromatographic Procedures.-One-tenth of a 
milliliter of alcoholic solutions containing 2% clove 
oil, myrica oil, pimenta oil, or eugenol; 0.01% 
coniferyl aldehyde, or 0.2% vanillin were chro- 
matographed as suggested by Higuchi (9) on 
Whatman No. 1 filter paper, using the aqueous 
phase of a mixture of water:petroleum ether (90- 
100"):benzene:methanol (50:50:50: 1) or butanol 
saturated with 3% aqueous ammonia. 


Presence of vanillin and coniferyl aldehyde was 
detected by spraying with a 0.5% solution of 2,4- 
dinitrop1ienylhydr;lzine in 2 N hydrochloric acid or 
with a 1% solution of phloroglucinol in a mixture of 
10 ml. of hydrochloric acid and 90 ml. of alcohol. 


Since sassafras oil has a low concentration of eu- 
genol. a 0.5ml. alcoholic solution containing 50% 
of this oil was chromatographed as a band on a 23 
X 57-cm. sheet of Whatman No. 1 paper using the 
butanol-ammonia system. The zone corresponding 
in RJ to  coniferyl aldehyde was extracted with al- 
cohol and the concentrated extract rechromato- 
graphed as a single spot with the butanol-ammonia 
.~ 
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system. Coniferyl aldehyde was then detected 
with the phloroglucinol spray. 


Isolation of Coniferyl Aldehyde.-The 2-Gm. 
brown residue remaining after distillation up to  
250" of the major portion of 200 ml. of eugenol was 
dissolved in 5 ml. of ethanol. One-milliliter por- 
tions were chromatographed as bands on 23 X 
57-cm. sheets of Whatman No. 1 filter paper using 
the aqueous system described above in a descending 
technique. 


The coniferyl aldehyde zone was located with the 
aid of the phloroglucinol spray on a portion of this 
paper. This zone was extracted with alcohol, 
the solution concentrated to 1 ml. under reduced 
pressure, and rechromatographed in the same 
manner. The coniferyl aldehyde zone was then 
extracted with boiling benzene and the extract con- 
centrated to 1 ml. Ten milligrams of yellow needles 
were isolated after cooling the solution overnight. 


Colorimetric Determination of Coniferyl A l d e  
hyde.-To a 2-ml. solution of from 1 to 6 mcg. of 
coniferyl aldehyde in acetone was added 1 ml. of a 
0.2% solution of phloroglucinol in a mixture of 
5 ml. of hydrochloric acid and 95 ml. of acetone. 
The cherry red which develops must be measured 
at 540 my within 10 to 15 minutes after the start  of 
the reaction. 


Rate of Formation of Coniferyl Aldehyde.-A 
mixture of 200 ml. of eugenol and 20 ml. of a 1% 
alcoholic solution of 2,4-dinitrophenylhydrazine 
was distilled under nitrogen. The fraction collected 
at 248" was tested at a concentration of 20 mg. 
in 2 ml. of acetone as outlined under the Colorimetric 
Delermination of Coniferyl Aldehyde. Determina- 
tions were made immediately following distillation 
and at intervals up to 48 hours after the distillation. 


RESULTS AND DISCUSSION 


It was not only possible to indicate the presence 
of coniferyl aldehyde by paper chromatography 
but also to  isolate this aldehyde from eugenol U.S.P. 
The residue after distillation of the major portion of 
a sample of eugenol was chromatographed on paper 
using the aqueous phase of the system suggested by 
Higuchi (9) for the separation of coniferyl aldehyde 
in his lignin studies. While the presence of two car- 
bony1 compounds was indicated through the 
use of a 2,4-dinitrophenylhydrazine spray, only one 
of the compounds gave a cherry red test with a 
phloroglucinol-hydrochloric acid spray. The red 
produced by this latter spray was used to locate the 
coniferyl aldehyde zone. Extractions of this zone 
yield crystals melting a t  78" which did not show a 
depression when mixed with an authentic sample 
of coniferyl aldehyde.' A 2,4-dinitrophenylhyda- 
zone was also prepared from the isolated material 
and melted at 246-248O. A mixture of this hydra- 


1 The authors are indebted to Dr. John C. Pew, Forest 
Products Laboratory, Madison. Wis., for generously furnish- 
ing us with a reference sample of coniferyl aldehyde. versity, Cairo, Egypt. 
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TAn1.E 1.-CHROMATOGRAPHIC CHARACTERISTICS OF 
CONIPERYL ALDEHYDE AND VANILLIN 


_ _ ~  
- R /  Values&-- 


System System Phloroglucinol 
Compil. I b  I I c Color Reaction 


Coiiiferyl 


Journal of Phurmaceutical Sciences 


other 5 minutes. The color developed during this 
period was proportional to concentration up to 
6 mcg. in 3 ml. of the reaction mixture. However, 
it should be noted that although coniferyl aldehyde 
contributes significantly to the color developed by 
cugenol-containing oils upon treatment with phloro- 
glucinol and hydrochloric acid, it  is not advisable 
to use this reaction for the direct determination of 
coniferyl aldehyde in these oils. Other constituents 
produce color under the Same conditions. For ex- 
ample, vanillin produces a pale yellow, while safrol 
yields an intense red. 


A positive cherry red phloroglucinol test on freshly 
pressed oil and clove buds demonstrated that the 
formation of coniferyl aldehyde also occurs a t  this 
point and is not an artifact due to processing of the 
oil or to the method of isolation used in this investi- 
gation. I t  becomes evident that coniferyl aldehyde 
must be widely present in eugenol preparations 
when the rapid rate of formation of the compound 
is noted. Eugenol was distilled under nitrogen 
and a colorless oil obtained which turns pale yellow 
after a I-hour exposure to the atmosphere. A 
20-mg. sample of the colorless distilled eugenol failed 
to give a positive test with phloroglucinol when ex- 
amined immediately. However, when the distilled 
eugenol was exposed to atmospheric oxygen, a 
concentration of 20 mg. in 3 ml. of reaction mixture 
gave an absorbance of 0.010 after 5 minutes and 
a t  the same concentration reached a maximum ab- 
sorbance of 0.325 after 22 hours of exposure to 
the atmosphere. 


SUMMARY 


Coniferyl aldehyde has been isolated from eugenol 
and shown to be present in eugenol-containing vola- 
tile oils. 


Coniferyl aldehyde forms rapidly from eugenol 
and is essentially responsible for the characteristic 
cherry red color developed by eugenol-containing 
oils with phloroglucinol and hydrochloric acid. 


A colorimetric procedure has been developed for 
the estimation of coniferyl aldehyde. 
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aldehyde 
Reference 0.61 0.58 Cherryred 
Isolated 0.60 0.58 Cherrv red 


\‘anillin 
Reference 0.68 0.46 Pale yellow 
1 solated 0.67 0.46 Pale yellow 


4 These values are for Whatman No. 1 pa er at 21’ and 
are averages with a standard deviation of kss than ,015. 
b The aqueous phase of a mixture of water: petroleum ether 
(90-100°): benzene: methanol (50.:50:50: 1). c Butanol 
sdturated with 3% aqueous ammonia. 


zone and one prepared from the authentic sample 
showed no depression in melting point. The in- 
frared spectra of both the aldehyde and its hydra- 
zone were identical with the reference materials. 


The chromatographic characteristics of the iso- 
lated and reference coniferyl aldehyde are sum- 
marized in Table I. The second aldehyde present 
in the sample of eugenol is consistent in its chro- 
matographic characteristics with those of vanillin 
RS also suniinarized in Table I. For both coniferyl 
aldehyde and vanillin, a mixture of the isolated and 
reference aldehyde chromatographed as a single 
spot with characteristic R! values. I t  is evident 
that coniferyl aldehyde can be separated from any 
vanillin present. 


In addition to the isolation of coniferyl aldehyde 
from eugenol, the presence of this aldehyde in euge- 
nol-containing oils was demonstrated by paper 
chromatography. When clove, myrica, and pi- 
nienta oils were chromatographed on paper using 
the butanol-ammonia system, a characteristic red 
developed with the phloroglucinol-hydrochloric 
acid spray and had the same R/ value as the reference 
coniferyl aldehyde. 


The presence of coniferyl aldehyde can even be 
demonstrated for sassafras oil which contains 
eugenol as a minor constituent in the order of 0.5% 
(8). Thus, sassafras oil yields n chromatogram with 
the characteristic color and R, value for coniferyl 
aldehyde but requires a preliminary concentration of 
the coniferyl aldehyde. 


Coniferyl aldehyde can be determined colorimetri- 
cally with phloroglucinol under a variety of condi- 
tions. I n  this investigation, maximum stability 
was obtained with acetone as a solvent and by limit- 
ing the amount of hydrochloric acid used. For 
a concentration of 6 mcg. in 3 ml. of the reaction 
mixture, a maximum absorbance of 0.485 was 
obtained after 10 minutes and was stable for an- 








Plasmalogens I1 
Studies on Formation of Cyclic Acetals from 


Alkenyl Glycerol Ethers 
By CLAUDE PIANTADOSI, MICHAEL F. FROSOLONO*, CARL E. ANDERSON 


and ALLEN P. HIRSCH 


The 1-alkenyl glycerol ethers were converted to the correspondin cyclic glycerol 
acetals. The conditions necessary for their cyclization were studiecf and no cleavage 
of the alkenyl linkage was observed. Tbe compounds isolated from the cyclization 
reaction were identical with the synthetic cyclic glycerol acetals prepared by a 


different route. 


T TEE PRESENT TIME. naturally occurring A plasmalogens are thought to be derivatives 
of glycerylphosphoryl choline, ethanolamine or 
serine, ccntaining a €atty acid residue and an 
en01 ether linkage as typified by I, first proposed 
by Klenk and Debuch (11, where R and R' are 
long chain alkyl goups and R" represents ethanol- 
amine, choline, or wine. 


HrC--O--CH-CH-R 
0 I 


OH 
I 


Evidence has recently been presented by 
Davenport and Dawson (2) that the cyclic 
acetal, 11, isolated by Feulgen and Bersin (3) 
and Thannhauser, et d. (4), is an artifact formed 
by the acid hydrolysis of ethanolamine lyso- 
plasmalogen, I11 ; however, Landowne and 
Bergmann (5 )  have presented evidence for the 
occurrence of the cyclic form 11 in the sea 
anemone A. elegantissima, although Rapport and 
Alonzo (6) in a study of lipid extracts from the 
tissues of 11 marine invertebrates stated that 
their study did not produce proof either for or 
against an acetal structure. 


Since the synthesis of 3-(l-alkenyloxy)- 1,2- 
HrC--O\ ' CH-CHpR 
H-C-0,' 


I P  
H T C - W P -  O--CHsCHsNH 


I 
OH 
I1 


HA!--O-CH =CH-R 


0 


I 
HC-OH 


I II 
HC--O-P--O-CHd2H?-NHt 


I 
OH 


propanediols, IV, has been accomplished 
111 


by this 
laboratory (7, S), it was of interest to study the 
conditions necessary for their cyclization to the 
corresponding cyclic glycerol acetals, V. 
H-C&CH=CH-R 


H-k--OH H+ 


H r  4 - O H  
r 


IV 
HzC--O\ 


HC-4 ' I CH-CH-R 


I 
HpC--OH v 


EXPERIMENTAL' 
Cyclization of 3-( I-Octenyloxy)-1,2-propaa+dlol 


(Table I).-The cyclization of 3-( l-octenyloxy)-1,2- 
propanediol to  2-heptyl-4-hydroxymethyl-l,3dioxo- 
lane is given as an example of the method used in the 
cyclization experiments. The other experiments 
were analogous, varying mainly in the choice of the 
cyclizing agent, reaction temperature, and time. 
To 5.0 ml. of 3-( l-octenyloxy)-l,2-propanediol dis- 
solved in 10 ml. chloroform-isobutanol (1:l) mix- 
ture was added 10 ml. of aqueous 10% (w/v) tri- 
chloroacetic acid. The mixture was heated at 37' 
for 1 hour with vigorous stirring. The reaction mix- 
ture was allowed to stand at room temperature (25') 
for approximately 17 hours. At the end of this time, 
rufficient N sodium hydroxide was added to  neu- 
tralize the acid. The organic layer was extracted 
with diethyl ether, washed with water, and dried 
over anhydrous potassium carbonate. The solvent 
was removed in m u 0  and the remaining oil distilled 
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through a 5-in. Vigreux column to yield one product. 
The structures assigned were supported by their 
infrared spectra (Figs. 1 3 ) .  The 2,edinitrophenyl- 
hydrazone of the aldehyde was prepared from 
the isolated product! .m.p 106". Reported n1.p. 
106" (9). The 2,4dinitr6phenylhydrazones of the 
aldehydes obtained from the isolated cyclization 
products of 34 l-decenyloxy)-1,2-propanediol and 
34 ldodecenyloxy)-l,2-propanediol were also pre- 
pared and the melting points were, respectively. 
104" and 106". which agreed with the iterature 
values (9). 


Preparation of 2-Alkyl4hydroxymethyl-1,J-di- 
oxo1anes.-The 2-alkyl-4-hydroxymethyl-l$-dioxo- 
lanes used as reference compounds were synthesized 
by a completely independent procedure described in 
the literature (10). 


The 3-(l-alkenyloxy)-l.2-propsnediols (Figs. 1 A, 
2A, 3A) show a chatacteristic absorption in the 
infrared region at 1653 em.-' attributed to the 
-0-CH=CH- group (11). As expected, this 
absorption is absent in the infrared pattern of the 
cyclic glycerol acetals, thus the use of the infrared 
spectrophotometer enabled one to demonstrate 
cyclization very readily. The infrared patterns 
(Figs. 1B. 2B, 3B) of the material resulting from the 
cyclization of the alkenyl glycerol ethers showed no 
absorbance in the 1650 an.-' region and were in all 
respects identical to  the infrared patterns of the 
appropriate reference compounds. The refractive 
indices, boiling points, and elemental compositions 
of the materials isolated from the cyclization proce- 
dure agreed favorably with the reference compounds 
(Table I ). 


DISCUSSION 
The results presented here support the conclusions 


reached by Davenport and Dawson in their work with 
ethanolamine lysoplasmalogen. In the experiment 
conducted with 10% aqueous trichloroacetic acid 
with 1.40 Gm. mercuric chloride as the cyclization 
agent, and 3-( l-decenyloxy)-l,2-propanediol (Table 
I), only one product was formed, 2-nonyl-4-hydroxy- 
methyl-1,3-dioxolane, and no free aldehyde could be 
detected. Davenport and Dawson, however, state 
that the free aldehyde isgenerated from ethanolamine 
lysoplasmalogeii in the presence of the mercuric ion, 
although a small amount of the cyclic form remains. 
This may he due to  the fact that the experiments 
reported in the present work were based on the syn- 
thetic, 3-( l-alkenyloxy)-l,2-pr~panediols, as com- 
pared with the ethanolamine lysoplasmalogen 
utilized by the above authors. 
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quantitative procedure and an additional identity 
test for uracil mustard and related alkylating agents. 
This method employs the reaction of alkylating 
agents with 4-(p-nitrobenzyl)pyridine (NBP) pro- 
ducing a chromophore with a maximum at about 600 
mp and may be adaptable to the capsule formula- 
tion. although limited investigation in this laboratory 
did not yield quantitative results. 


REFERENCES 


Quantitative Methods.-The chloride content of 
uracil mustard determined by a sodium peroxide 
fusion and gravimetric analysis gave an average 
value of 28.0 f 0.30j,.2 The colorimetric analysis of 
uracil mustard using 8-hydroxyquinoline reagent in 
alkaline solution serves to differentiate uracil mus- 
tard and the 5- [ bis(2-hydroxyethyl)amino] uracil 
intermediate. Conformity to Beer's law was ob- 
s e w e d  from 10-40 mg. of uracil mustard per 50 ml. 
of reaction solution. Analysis of commercial uracil 
mustard capsules by this method gave an average 
value of 96.2 f 4.372.2 The colorimetric method of 
Petering and Van Giessen (3) provides an alternate 
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Technical Articles 


Experiences with Unit-to-Unit Variations in Tablets 
By LEON LACHMAN a n d  HANNA D. SYLWESTROWICZ 


The literature re orts on the subject of interunit dosa e and weight variations of 
tablets indicate tgat past studies were main1 concernecfwith analyzing the finished 
product to detect gross departures from the dresired quality. These studies, however, 
were cognizant of the several stages of manufacture before the com ression step 
could contribute to the end tablet variability. In  this investigation, %e variability 
in several stages of tablet manufacturing (dry mixing, granulating, lubricating, and 
tableting) was evaluated for a particular tablet formulation. The importance of 
employing correct sam ling procedures to obtain random samples to be used for the 
accurate estimation of t i e  sources of variability and product uniformity is illustrated. 
The relationship that exists between tablet weights and drug concentration was de- 
termined. Since systematic sampling is commonly employed in the in-process con- 
trol of tableting operations, the information that can be gained from this type of 


sampling procedure and random sampling is presented and discussed. 


HE TERM "unit-to-unit variation of potency" 
solid dosage forms has developed con- 


siderable significance in recent years. Several 
reports have appeared in the literature on this 
subject (1-5). I t  has been demonstrated (1, 2) 
that substantial variations can exist in the 
potency between individual tablets which would 
not be detected by test methods devised to 
determine average drug content. 


Realizing the importance of this situation, the 
Quality Control Section of the Pharmaceutical 
Manufacturers Association initiated an extensive 
study of this problem. As a result of this study, 
recommendations have been submitted to the 
United States Pharmacopeia and National 
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Formulary revision committees that these com- 
pendia include a two-limit attribute statistical 
test in their specifications for tablet composition- 
uniformity to measure intertablet dosage uni- 
formity (6). 


Tablets have received the most attention and 
study with regard to interunit dosage variation 
(1-5) because they are the most acceptable 
dosage form on the U. S. market for the ad- 
ministration of orally effective therapeutic agents 
and account for a major part of the pharmaceutical 
sales. 


Although these studies were cognizant of the 
several stages of manufacture before the com- 
pression step could contribute to the over-all 
end variability of the drug concentration in the 
tablets, none of these investigators studied in 
detail the variability of each of these steps; 
instead, they sampled the finished product to 
detect gross departures from the desired quality. 
However, to insure acceptable quality of the 
finished product, the successive phases of the 
manufacturing process must be evaluated to 
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for (a) it should be possible to predict the drug 
content in the tablets from the weight data. 


(c) For a tablet formulation which exhibits large 
variations in tablet weight and a heterogeneous 
drug distribution in the tablets, the correlation 
coefficient would be small and not significant. To 
improve such an operation, it is necessary to 
investigate the factors responsible for heterogeneous 
drug distribution-completeuess of the mixing at 
the several stages of granulation manufacture, 
whether separation or segregation of the granulation 
occurs during compressionand the factors re- 
sponsible for large variations in tablet weight 
presented earlier. 


( d )  In the situation where a tablet preparation 
exhibits small variability in tablet weight and 
heterogeneous drug content in the tablets, a correla- 
tion coefficient approaching zero is obtained. Here 
it is necessary to study the factors that can con- 
tribute to this heterogeneity of drug content. 


In the remainder of this report, information will 
be presented that was obtained from an evaluation 
of several of the critical steps concerned with the 
manufacture of a tablet formulation which ex- 
hibited low tablet weight variability but high drug 
content variability in the tablets. The methods 
developed to estimate the variability at the end of 
the mixing, granulating, lubricating, and tableting 
procedures will be described, and the importance of 
the sampling plan will be illustrated. It will b e  
shown that by pinpointing the stage of manufacture 
responsible for intertablet dosage variation, studies 
then can be undertaken readily to determine the 
cause of this variation, and corrective measures can 
be instituted. 


EXPERIMENTAL 


The tablet formula chosen for investigation con- 
tained about 5% drug and weighed approximately 
1.0 Gm. The tablets were prepared in the production 
department with production personnel and in 
accordance with the established manufacturing 
procedure. The granulations for these tablets were 
prepared by the customary wet granulation tech- 


Randam Batch 


lond Ind.pndedly For 


Granulatwn 


1 r 
( Tablet S a m p l l n (  (Fig. 41 


Fig. l.-Se- 
quence of pro- 
duction sampl- 
mg. 


pinpoint the sources of variability. Only in 
this way can they be minimized, with resultant 
optimal quality levels for each stage of the man- 
ufacturing process. 


The causes for variability of drug content in the 
final product can be broken down into two major 
factors: ( a )  variations in tablet weight aad (b) 
heterogeneous drug distribution in the tablets. 
If a homogeneous drug distribution is found, the 
problem lies at the compression step; where a 
heterogeneous drug distribution is found, the 
problem most likely is at the stages of granulation 
manufacture. 


In  practice, several situations could arise which 
involve variations in tablet weight or heterogenous 
drug distribution in the tablets or both. A brief 
description follows. 


( a )  For a tablet preparation which exhibits a 
large variability in tablet weight and homogeneity 
of drug distribution in the tablets, a high correlation 
coefficient between tablet weight and drug content 
which approaches unity results. The large tablet 
weight variability in turn causes a large variability 
in drug content. To improve such a process, the 
factors that can contribute to  this large tablet 
weight variability must be evaluated. Factors such 
as hopper load, machine settings and adjustments, 
size distribution of the granulation, segregation of 
the granulation, and flow properties of the granula- 
tion can influence the weight variability of the 
tablets. Since there is homogeneity in drug dis- 
tribution, it should be possible to predict the drug 
content in the tablets from the weight data. 


(b)  In the case where the tablets exhibit small 
weight variability and homogeneous drug distribu- 
tion, again the correlation coeficient is high ap- 
proaching unity. However, such a situation 
indicates that the production operation is satis- 
factory, and no further study is required. Here, as 


Fig. 2.-Right, plan view; left, section view of 
Readco mixing bowl with theft sampler positions. 


Fig. 3.-Ptecompression sampling. Identical pro- 
cedures were followed independently for the dry 
mix, dry granulation, and lubricated granulation. 
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niques. The entire batch of lubricated granulation 
was placed in a master hopper which fed two hoppers 
on a Stokes model 540 double rotary tablet press, 
and tablets were produced at a rate of 1200 per 
minute. Normal machine adjustments were made 
by the tablet operator to keep the weights of the 
tablets under control. 


Sampling Plans 
Since the production order for the tablet formula- 


tion under study consisted of eight individual batches 
of 240,000 tablets per batch, three batches were 
selected at random for study which will be known 
subsequently as batches &, &, and Kg. Each 
batch was processed individually and controlled 
accordingly. A schematic illustration of the 
sampling performed during the several stages in 
the manufacture of the tablet preparation is pre- 
sented in Fig. 1. In the subsequent sections of this 
report, each stage will be treated in detail. 


Method A.-Sampling of Dry Mix, Dry Granula- 
tion, and Lubricated Granulation.-In studying the 
variability at the end of the mixing, granulating, and 
lubricating stages of the manufacturing process for 
each of the three batches, three location samples of 
300 Gm. were taken from the mixer with a sample 
thief a t  (a )  the end of the dry blending period, (b) 
when the dried screened granulation was returned to 
the mixer for lubrication, and (c) after lubrication. 
The samples were taken along the diagonal of the 
mixer at three locations illustrated by Fig. 2. The 
lwation points were designated left (L), center (C), 
and right (R). 


From each location sample one analysis sample 
equivalent to  the weight of one tablet was taken at 
random by dfefhod A ,  weighed on a semimicro analyt- 
ical balance, and assayed. The remaining material 
in the three location samples was blended. Three 
random samples, each equivalent to  the weight of 
one tablet. were taken by Mefhod A; six random 


u Fig. 4.-Tablet sampling. 


samples. each equivalent to the weight of one tablet, 
were taken by Method B and assayed. Figure 3 
summarizes these sampling plans. 


Method A consisted of removing samples for 
analysis equivalent to the weight of one tablet from 
the top portion of the samples in glass bottles. 
Method B consisted of spreading the sample from the 
glass bottle on a rectangular surface, 8 X 10 in., 
then taking approximately 10 small quantities from 
different locations on the spread material with a 
microspatula which made up an analysis sample 
equal to the weight of one tablet. 


In addition, 100-Gm. aliquots were taken by 
Method B from the blended samples and screened 
sequentially. The distribution of the 100 Gm. 
of material on the particular size screens was 
determined and will be presented as per cent of the 
initial aliquot. The material on each size Screen 
was sampled and analyzed for drug concentration. 


Method B.-Random and Systematic Sampling of 
Tabbts.-The same three random batches used to 
study the several stages of granulation manufacture 
were also used to study the variability of the com- 
pression operation. As illustrated in Fig. 4, the 
random sampling plan employed was to take three 
samples of 300 tablets in sequence (150 from the 
left side and 150 from the right side of the press) 
during the compression of each batch of tablets on 
the Stokes model 540 tablet press at three random 
times. 


The three samples of 300 tablets were mixed 
together for each batch to form a composite sample 
of 900 tablets. Then three random laboratory 
samples of 50 tablets each were taken by two 
methods. Method A consisted of taking the three 
samples of 50 tablets each from a bottle holding the 
900 composite sample of tablets. Method B con- 
sisted of placing the remaining tablets from the 900 
in the bottle onto a Circular disk of such diameter 
that the tablets formed a single layer on the disk. 







Vol. 53, No. 10, Ociober 1964 1237 


TABLE I.- VARIATIONS IN DRUG CONCENTRATION FOR SAMPLES TAKEN AT THE VARIOUS STAGES OF 
GRANULATION  PREPARATION^ 


-Dry Mix-- -Dry Granulation- -Lubricated Granulation- 
K4 Ks K I  K4 Ks Ka K4 Ks KI 


Location samples, Method A 
L 37.3 47.4 54.1 32.5 40.4 35.9 36.9 37.7 40.7 
C 54.1 52.2 52.3 37.3 38.4 35.0 40.4 40.7 38.5 
R 53.2 52.0 39.9 52.2 38 .5  32.1 39.9 38.0 33.3 


1 55.2 51.9 56.1 41.9 35.0 53.9 34.1 39 .5  39.1 
2 55.6 53.4 56.7 37.6 37.5 47.6 36.1 37.4 37.4 
3 54.8  53.5 57 .3  39 0 36.2 50.4 32.2 36 .6  35.7 


Random samples, Method A 


Random samples, 
1 
2 
3 
4 
5 
6 
Means 


Method B 
49.1 51.6 49.0 48.3 46.3 52.1 43.7 45.4 46.4 
48.2 53.2 47.1 53.3 47.0 50.8 45 .6  45.9 53.6 
47.3 51.4 47.7 52.3 44.2 47.6 44.9 43.3 46.1 
47.5 52.5 47.4 47.7 45.9 54.2 44.3 44.1 49.9 
49.6 55.1 46.6 48.1 43.4 58.3 45.6 45.1 47.0 
47.6 51.1 46 .3  44.8 47.7 52.3 46.7 46.4 47.4 
48.2 52.5 47.4 49.1 45.8 52.6 45.1 45.0 48.4 


'' Milligrams per tablet weight. 


Subsequently, 50 tablets were taken three times a t  
random from this disk. Each of the 50 tablets in 
the random laboratory samples was weighed on a 
semimicro analytical balance individually. From 
the second set of three samples of 50 tablets, two 
analysis samples composed of two individual tablets 
were taken from each of the three samples of 50 
tablets by a random method, weighed, and assayed. 
Subsequently, it will be illustrated that the sampling 
method is important in insuring that the samples 
selected are, in fact, random. 


Method C.-Systematic Sampling.-This is com- 
monly employed in the in-process control of tablet- 
ing operations. This sampling plan is also outlined 
in Fig. 4. It consisted of taking 10 tablets from the 
left and right compression sides of the Stokes model 
540 tablet press a t  1, 2. 3, and 4 hours for the same 
batches of tablets previously described. Individual 
weights and assays were performed on all tablets. 
The 4-hour period was chosen since this is ap- 
proximately the time required for the compression 
of a batch of tablets. During this 4hour  period. 
normal machine adjustments were made by prod- 
uction personnel in their weight control of the 
tableting operation. This could involve a different 
number of adjustments to the right and left com- 
pression sides of the press and Can be made a t  
different times during the compression of a batch 
of tablets. 


RESULTS AND DISCUSSION 


D Mix, Dry Granulation, and 
Lxricated Granulation 


The drug content of location and random samples 
taken by Methods A and B for the three production 
batches are presented in Table I. 


I t  is evident from the data in Table I that the 
method of taking samples is extremely important. 
For the dry mix, the random samples taken by 
Method A are generally substantially higher in drug 
content than those taken by Method B. However, 
the reverse is true for the dry granulation and lu- 
bricated granulation. IF one were to use the results 
obtained by Method A ,  a completely different in- 


terpretation would have been given to the situation 
which prevailed in the production of this granulation. 


Consequently, unless correct sampling techniques 
are employed, the data obtained can be very mis- 
leading concerning the prevailing conditions of drug 
concentration and uniformity at the several stages 
in the production of the tablet granulation. 


The reason for this phenomenon becomes clear 
after observing the size distribution of this granula- 
tion and the corresponding drug content for the 
different sized granules as shown in Table 11. 


It would appear that the drug seems to be more 
concentrated at the larger granules for this particular 
tablet preparation. The reason for this occurrence 
possibly can be explained as follows. 


Since the drug is poorly water soluble, it  would be 
expected to be found at the granule, if it  was ad- 
hered to  the granule surface by the gum used in the 
granulating liquid or if it was encapsulated in the 
granule. Because the large granules exhibit a 
smaller surface area than the small granules, there is 
less chance for the drug to  dislodge with further 
processing if it were adhered to the surface of the 
granule. I n  addition, the large granules can more 
readily encapsulate the drug particles fully, thus 
further insuring its presence in these size granules. 


It is clear that unless this granulation is well 
mixed, so that the various size granules are randomly 
distributed in the blend, problems can arise when 
samples are taken. Furthermore, due to the sub- 
stantial difference in drug concentration for the 


TABLE 11.- DRUG CONCENTRATION IN DIFFERENT 
SIZED GRANULES FROM SIZE DISTRIBUTION OF 


LUBRICATED GRANULATION 


Vrug Concn..D 
Screen Size 76 on Screen mg./0.5 Gm. 


20 1 56.4 
30 13 46.0 
40 24 36.5 
50 
60 
80 
Pan 


25 
13 
15 


-~ ~ 


20.0 
11.2 
6 . 7  


10 4 . 8  


a Theoretical concentration = 23.3 mg. per 0.5 Gm 
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various size granules, if unmixing were to take 
place when transferring the granulation from the 
sample thief into the glass bottle, the results 
presented in Table I under Mefhod A could occur. 


Although it is realized that the location samples 
which were taken by Melhod A are most likely in- 
correct indications of the drug distribution in the 
granulation, the data will be used on a hypothetical 
basis to  illustrate the information that can be 
gained through an analysis of the various stages of 
the tablet manufacture. However, the three 
random samples taken by Method A were not used 
again in this study, but only the six taken by 
Method B, for which it is fairly certain that sampling 
was done correctly. 


The variability of the drug concentration in the 
mixer load after the several stages of granulation 
manufacture was determined from an analysis of the 
random and location samples. Since the per cent 
active ingredient present in the formulation is small, 
statistical analysis was performed on the assay 
values which were transformed into logarithms as 
suggested in the statistical literature (7). 


The analysis of variance for the location samples 
is summarized in Table 111. There were significant 
interactions between batches and locations for all 
three stages of production. This would indicate 
that the mixes in the mixer were not uniform for the 
three batches. For the dry mix and dry granulation 
it was not possible to state which location of the 
mixer would always be low or high, since the results 
differed from one batch to another. However, in 
the analysis of the lubricated granulation, dif- 
ferences between locations were significant when 
the interaction between batches and locations was 
used as an error term. These location differences 
indicated that the samples taken from the center of 
the mixer had a tendency to  be consistently higher 
in drug content when compared with the samples 
taken from the right side of the mixer. This held 
true for the three batches as shown in Table I and 
could be extended further to hold for the eight 
batches of the production order. 


The results can possibly be explained in two ways : 
( a )  the mixes were heterogeneous or (b) the samples 
were not taken properly, making it appear as if the 
drug distribution were heterogeneous. As illustrated 
earlier, improper selection of location samples is 
definitely a factor, but it is also felt that hetero- 
geneity of the mixes is a contributing factor. To 
show that this is the case, analysis of variance was 
computed for the data at each stage of the operation 
on the six random samples from each of three 
batches. These results are summarized in Table IV. 


From this analysis, it was proved that there 
existed significant differences between the means of 
drug content of each batch for the three stages of 
production. However, since the procedures of 
manufacture and the formulas for the three batches 
were the same, there was no reason to believe that 
the mean drug content per batch should differ. It is 
anticipated that if the random samples were taken 
for analysis from many locations (e.g., 15 or 20) the 
mean drug content from batch to  batch for each 
stage of the granulation manufacture would not 
differ significantly from one another. 


Table V presents the standard deviations for the 
six random samples of each stage in the production of 
each batch. 


~ourna,  


000 0 0 
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TABLE V.-STANDARD DEVIATIONS OF DRUG 
CONTENT PROM RANDOM SAMPLES TAKEN AT THE 
VARIOUS STAGES OF GRANULATION MANUFACTURE 


Dry Lubricated 
Batch Dry Mix Granulation Granulation 


KA 0.93 3.16 1.07 ~ - .  
Ke i.56 i .65 i . i 5  
I(8 0.98 3.57 2.88 


The nine standard deviations shown in Table V do 
not differ significantly. However, if a greater 
number of samples were taken from the mixer a t  
more than three locations for each batch, significant 
differences between batches could possibly be ob- 
tained. This would suggest that the degree of 
mixing was  insufficient and also different for the 
three batches. 


It would be expected that the standard deviation 
for consecutive stages in the granulation manufacture 
should decrease since the mix is being exposed to 
further mixing. However, as the data in this table 
illustrate, the standard deviation increuses as we go 
from dry mix to  dry granulation. This indicates 
that there are certain factors acting which interfere 
with the improvement of the drug uniformity. 
On the other hand, as we proceed from dry granula- 
tion to lubricated granulation, the standard devia- 
tion decreuses as is expected. 


Tablets 
Before performing analysis of variance on the 


data, studies were undertaken to investigate the 
homogeneity of variances and the types of distribu- 
tion exhibited by the tablet weights and tablet drug 
content. This was done on the original data and on 
the logarithms transformation. It is necessary to 
determine the above two factors, since for a valid 
application of analysis of variance, homogeneity of 
variances and normality of distributions are the 
necessary prerequisites. The logarithms transforma- 
tion of data was investigated since it was anticipated 
that it would facilitate bivariate analysis of variance 
(simultaneous analysis of tablet weight, tablet drug 
content, and per cent drug concentration in the 
tablets). 


The weight variances of the tablet samples from 
the random and systematic sampling plans were 
investigated, and no departures from homogeneity 
were observed. Tests of skewness (assymetry) and 
kurtosis (steepness of peak) were performed (7) on 
the data from each batch and on a composite of all 
batches for each sampling plan; no gross departures 
from normality were observed. There was, however, 
a tendency toward leptokurtosis for the pooled data. 
This is not a surprising result when a mixture of 
distributions is analyzed (8).  The same tests 
performed on the data transformed to logarithms 
showed no significant departure from normality, 
but a tendency toward negative skewness. 


Tests for normality performed on the distributions 
of tablet drug content and on their logarithms for 
each batch and for a pool of the three batches 
showed that both distributions exhibited no de- 
partures from normality. 


Random Time Samples.-Weights.-In this analy- 
sis the three sets of 50 tablets taken by Method A 
and the three sets of 50 tablets taken by Method B 
were compared to determine whether the sampling 
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method has a bearing on the randomness of the 
sample. 


By analysis of 'variance, it was shown that there 
was a significant difference between sampling 
Methods .4 and R. These data are summarized in 
Table VI. The samples taken by Method A re- 
sulted in a significant difference between samples 
within batches, indicating that the samples were not 
random. This would suggest that the composite 
sample of 900 tablets was not adequately mixed to 
give random samples by Method A .  However, the 
samples taken by Method B were proved random. 
Here again, as illustrated earlier for the sampling of 
the various stages in granulation manufacture, the 
sampling technique is extremely important in the 
collection of data for evaluation. 


The analysis of variance has also shown highly 
significant differences between the tablet weight 
means of batches. There appear to be no valid 
reasons to believe that these differences really 
exist, but are probably due to time-to-time or 
adjustinent-to-adjustment variability during the 
whole production of an order. It is believed that if 
a greater number of random tablet samples (which 
could be smaller in size than 50) would be taken per 
batch, these differences that were found, probably 
would not exist. 


Random Time Samples-Weights, A ssuys. und 
Per Cenl Drug Concentralion.-To determine whether 
a relationship existed between the weights and drug 
content of the individual tablets, analysis of vari- 
ance was *formed on the logarithms of the weight 
and drug content data, and analysis of variance was 
performed on the logarithm of the per cent drug 
concentration data. 


The analysis was performed on 18 tablets, sis 
from each of the three batches. There were no 
significant differences between batches for tablet 
weights, drug content, and per cent drug concentra- 
tion. In addition, the samples within the batches 
were not significantly different from one another, 
indicating proper random sampling. 


The correlation coeficient between tablet weight 
and drug content was not significant. This means 
that from tlie data available, it was not possible to 
trace dependence of drug content on tablet weight. 


Systematic Samples.-Wezghts, Assays, and Per 
Cenr Drug Concentration.-The analysis was per- 
formed on 240 tablets (three batches, two sides of 
the tablet press, four intervals, 10 tablets per sample) 
and analyzed by analysis of variance for the Ran- 
dom Tame Samples. 


When the data were analyzed as a nested classifica- 
tion, the differences between samples within batches 
were highly significant for tablet weight, assay, 
and per cent drug concentration. 


Since the eight samples of 10 tablets each per 
batch were not selected at random but a t  four time 
intervals from each compression side of the tablet 
press, analysis of variance was performed on the 
basis of a factorial experiment to  determine the 
sources of between-samples-within-batches varia- 
bility. 


The results sunimarized in Table VII indicate 
significant interaction between batches and hours 
for the tablet weights. When each batch was 
analyzed separately, no significant differences were 
found between hours. 
The data in Table VIII summarize the mean 
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tablet weights for the four time intervals for the three 
batches of tablets. It is evident from the data in 
this table that there exists no consistency in batches 
concerning the time of low or high weight tablets. 


TABLE VIII.-INFLUENCE OF TIME ON MEAN 
TABLET WEICRT 


7- Time, Hr. - 
IL 1.Og98 1.0630 1.0461 1.0620 


Bntch 1 2 3 4 
- . .~_ -- 


Kg 1.0678 1.0621 1.0700 1.0661 
& 1.0653 1.0699 1.0590 1.0655 


As indicated by the data in Table VII, analysis of 
the drug content results showed highly significant 
interaction between batches and compression sides 
of the tablet machine. This significant interaction 
indicates that from batch to  batch the difference 
between sample means from each compression 
side of the tablet press is not consistent for the three 
batches. When each batch was analyzed separately, 
the results obtained showed that batch KI gave 
tablets on the left side of the machine which were 
significantly higher in concentration compared to 
those obtained from the right side of the machine. 
The data in Table I X  summarize the mean drug 
content values for the tablets from the left and 
right sides of the double rotary press. 


TABLE IX.-MEAN DRUG CONTENT RESULTS 
SHOWING BATCH-BY-SIDE INTERACTION OF TABLETS 


Tablet Press, Tablet Press, 
Batches Left Side Right Side 


K4 49.5 47.38 
& 48.13 49.08 
Ks 48.70 49.29 


The results of the analysis of variance on per cent 
drug concentration are shown in Table VII; they 
indicate that the conclusions here are the same as 
from the analysis of variance of drug content. The 
highly significant interaction between batches and 
compression sides indicates that factors taking 
place during the compression operation are in- 
fluencing the per cent drug concentration differently 
on each side of the tablet press. 


The correlation coefficients between tablet 
weights and drug content were computed from with- 
in sample variances and covariance and were not 
significant. The values are given in Table VII. 
This is not surprising when we compare the "within 
samples variances" for weights and drug content 
in Table VII. I t  is obvious that the variability of 
the drug content data is comparatively large com- 
pared to the weight data. This is clearly illustrated 
by the results in Table X, which show that the 
coefficient of variation for drug content is about five 
times that of the coefficient of variation for tablet 
weights. 


From the bivariate analysis of variance data, we 
find that about 50% of the variability for weights, 
drug content, and per cent drug concentration can 
be attributed to such factors as compression sides, 
hours, batches, and their interactions. This tends 
to  point to the fact that the tableting operation can 
be improved to some extent, but will not alter the 
fact that the major problem lies in the heterogeneity 
of drug distribution in tablets. 


Precision of Assays 
For this study the assay precision was estimated 


by analysis of variance on 80 assays performed in 
replicate and had a standard deviation of 0.061 mg., 
which is about 0.1%. 


Tablet Quality 
According to the intertablet potency test recom- 


mended to the U.S.P. and N.F. by the Quality 
Control Section of the Pharmaceutical Manu- 
facturers Association (6), the assays of 10 individual 
tablets are to  fall within 85115% of the mean 
value of the official purity rubric to  meet the stand- 
ards for tablet potency variability. From Table X, 
it is seen that batch 324 exhibits the greatest po- 
tency variability. By taking three standard devia- 
tions around the mean drug concentration, 99% of 
the population should be covered. Three standard 
deviations around the mean drug concentration of 
the tablets for batch & give a range of 43.6-53.7 
mg. The dz15yO around the theoretical drug 
concentration of 50 mg. for these tablets gives a 
permissible range for intertablet dosage variation 
of 42.5-57.5 mg. Consequently, the results ob- 
tained for the three batches of tablets studied 
indicate that they meet the tolerances of inter- 
tablet dose variations as recommended by the 
Quality Control Section of the Pharmaceutical 
Manufacturers Association. However, the range 
obtained for batch & is rather broad, indicating 
that it would be desirable to  correct the sources of 
variability that exist in the stages of granulation 
manufacture to insure minimum intertablet dosage 
variations. 


SUMMARY AND CONCLUSIONS 


This report has been concerned mainly with a 
description of certain methodology and sampling 
plans appropriate for obtaining the components of 
variation in the manufacture of tablet dosage 
forms. To illustrate clearly the effectiveness or 
ineffectiveness of the methodology and sampling 
plans, the production manufacture of a tablet 
formulation was followed from the dry blending 
operation to the final compression of the granulation 
into tablets. 


The precompression stages studied were the dry 
blending, granulating. and lubricating. Each stage 


TABLE X.-~OMPARISON OF MEANS, STANDARD DEVIATIONS, AND COEFFICIENT OF VARIATION OF THE 
WEIGHTS AND DRUG CONTENT FOR SYSTEMATIC SAMPLED TABLETS 


7 .Wt.. Gm. . - -Drug Content. mg.-- 
' Coeff. of b e 5 .  of 


Batches . . Mean f S.D. Variation. ?& Mean f S.D. Variation, % 


1 . 0 6 4 7 i 0 . 0 0 6 6  ' 0.62  48.67 f 1.68 3.46 
Ks 1.0664 f 0 . 0 0 6 3  0.59 4 8 . 6 0 f  1.33 2.74 
K4 
Ks 1 .0649f0 .0068 0.64 49.00 f 1.24 2.53 
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was analyzed to estimate its variability. The 
following findings are briefly summarized. 


By performing a size analysis on the granula- 
tion and then determining the corresponding drug 
content of each sized fraction, i t  was possible to  
ascertain whether the drug is uniformly distributed 
throughout the different granules. 


If the drug is not uniformly distributed, the 
technique of sampling is extremely important in ob- 
taining a true representation of the drug distribution 
in the mix. Misleading estimates of variance were 
produced by the samples taken by Method A. 


To  determine the uniformity of drug content 
at different locations in the mixer, location samples 
were compared with random samples. Through the 
computation of standard deviations, it is possible to  
estimate the homogeneity of drug content in the 
mixer and to compare the same stage of manufacture 
for different batches. 


In determining the standard deviation of the 
drug content a t  the different stages of granulation 
manufacture, it is possible to  pinpoint the stage 
which is interfering with good mixing. 


To evaluate weight and drug content variability 
of the tablets, random and systematic sampling 
plans were employed. The systematic sampling 
plan gave more information about the tablet com- 
pression operation than the random sampling plan. 
The following information wasgainedfromthisstudy. 


The sampling technique is important for ob- 
taining random samples. 


The influence of compression time and com- 
pression sides of a double rotary press on tablet 
weight and drug content can be determined by 
analysis of variance. 


The relationship between tablet weight and 
drug content was determined by computing the 
correlation coefficient and was not significant. 


1. 


2. 


3. 


4. 


1. 


2. 


3. 
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This was because for each of the three batches of 
tablets studied, the coefficient of variation for drug 
content was about fivefold that of the tablet weight. 


Although this report described certain method- 
ology and sampling plans, it should be realized 
that similar and possibly more extensive information 
could be obtained through the use of other sampling 
plans. However, before any sampling plan is 
decided upon, careful consideration must be given to 
the factors that are to be evaluated. Only then is it 
possible to design the correct methodology and 
sampling plans which would result in the accumula- 
tion of sufficient random samples to evaluate 
adequately each factor and eliminate the possibility 
of taking samples from materials which may have 
undergone unmixing. 


Additional studies presently are underway on 
different dosage forms using modified sampling 
plans to  obtain maximum information regarding the 
relationship that may exist between drug hetero- 
geneity in the several stages of granulation manu- 
facture and the final tablets. 
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-Notes 


Titrimetric Assay of Sulfonamides by Diazotization Using 
Ferrocyphen as Indicator 


By W. M. BANICK, Jr., and J. R. VALENTINE 


A study has been made concerning the use of ferrocyphen [dicyano-bis-(l,lO- 
phenanthro1ine)-iron (11) complex] as an internal, reversible indicator for the 
diazotization titration of sulfonamides. Many of the sulfonamides of pharmaceutical 
interest can be determined using the ferrocyphen visual end point. T h e  tiuation 


procedure is simple and rapid. 


OST OF THE sulfonamides of pharmaceutical M interest have the general formula H J W ~ H I -  
S02NHR, in which the amino g r o ~  and the Sd- 


Many different methods have been described (9) 
for the analysis of these sulfonamides. Diazotiza- 
tion of the primary amino group appears to be the 


fonamide group are in a Position to each other. preferred method, probably because it is applicable ____ 
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to  nearly all sulfonamides and employs a titrant 
which is stable, readily available, and easily 
standardized. 


The end point in the diazotization titration may 
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Drug Partitioning I 
Nonemulsifying Method for Measuring Distribution Coefficients 


By D. R. REESE, G. M. IRWIN, L. W. DITTERT, C. W. CHONG, 
and J. V. SWINTOSKY 


A simple rocking apparatus has been constructed for routine determination of dis- 
tribution coefficients. With this ap aratus, up to 36 two-phase samples in cylindrical 
tubes are equilibrated by rocking Ae horizontal tubes at 1 c.p.m. (cycle per minute) 
through an arc of 45 '. This roclung causes the interface between the two immiscible 
phases to expand and contract slowly; it also causes the shape of each phase to v 
constantly. These two actions facilitate uniform distribution of solute within ea% 
phase and facilitate drug transfer from one phase to the other. Emulsion formation 
is negligible since little turbulence is created. Considerable man hours are saved 
with some pharmaceutical systems if the rocking method, rather than the *pal 
shake-out method, is used. The experimental method is simple and, where shakeaut 
methods can be employed, gives results which are in akreement with results from 
shake-out methods. Data for the distribution of e hedrine, chlorpromazine and'its 
salts, several benzoic acid derivatives, hexachloropiene, and bithionol are presented. 


Pharmaceutical applications of partitioning are discussed. 


ETERMINING WITH convenience the partition D coefficient or distribution character of 
drugs and related substances is becoming in- 
creasingly important in pharmacy and medicine. 
Beginning with Meyer (1) and Overton (2), 
in 1899, early workers (3-7) showed that the 
degree of biological action of many drugs is 
influenced by their oil/water partition co- 
&cients. More recent workers (8-10) have 
shown that the onset and duration of action may 
also be affected by this property. 


Brodie and co-workers (9, 11-13) and Nogami 
and co-workers (14-16) have shown that many 
compounds are absorbed from the gastro- 
intestinal tract in their undissociated form. They 
have further shown that absorption may be 
related to the partition coefficient of the drug. 
Drug absorption from the oral cavity (17, 18) 
or through the skin (19, 20) is also influenced by 
the partition coefficient. Several authors (9, 
21-23) have shown that the drug partitioning 
which occurs between various tissues and 
fluids is influenced by the drug's partition co- 
efficient. Finally, it has'. been shown that 
metabolism in the liver (24) and renal tubule 
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transfer (25) are influenced by the drug's pKa 
and partition coefficient. 


While there are these numerous references to 
the role of partitioning in the biological action of 
drugs, the references to partitioning in the 
pharmaceutical literature are mostly limited 
to drug analysis (26-29). Pharmacists should, 
however, be aware of not only the biological 
role of drug partitioning, but also of drug 
partitioning within dosage forms. and between 
dosage forms and body fluids. Partitioning data 
have been used in the design of pharmaceutical 
dosage forms by Garrett and Woods (30) and 
Hibbott and Monks (31) in their studies of 
preservatives for emulsions, and by Lachman, 
el al. (32), in their studies of preservatives for 
multidose parenterals. A relationship exists 
between the pharmacologic action and partition 
coeflicientsof many drugs (33-37), but apparently 
few, if any, deliberate attempts have been made 
to alter a drug's partition coefficient in a pre- 
dictable manner. In 1944, Walton (18) did 
suggest the synthesis of salts and other deriva- 
tives with partition coefficients favorable to 
sublingual absorption. More recently, Collander 
(38) has made a thorough attempt to correlate 
partition coe%iuent, chemical structure, and 
solvent nature. It will be shown in the present 
study, for example, that two salt fohns may have 
different apparent partition coeffcients-a fact 
which may be important in fornulation. 


Emulsion taste, drug chemical stability, and drug 
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release from emulsions, ointments, or suppositories 
(39) are often dependent on the amount of drug in 
the aqueous phase or on the ability of the drug to 
partition from a nonaqueous phase. In  preparing 
emulsions of amines. for example, usc of the aniine 
base and ii slightly alkaline aqueous pliase should 
keep virtually all of  the nmine in the nonaqueous 
phase and therehy improve the txste of the emulsion. 
Diffusion rrom ointment to the skin may depend on a 
favorable aqueous phase pH so that the drug can 
partition from the nonaqueous phase. 


Most two-phase pharniaceutical products are 
complex, ie., they contain several components in 
each phase. Many opportunities, therefore, exist for 
m e  component to influence the partition coefficient 
o f  another component. Drugs, antioxidants (40), 
flavoring agents, and preservatives can influence the 
apparent partition coefficients of one another. 
The partition coefficients of these substances can 
also be influenced by more inert components, such as 
electrolytcs and macromolecules. For this reason, 
it is important to study partitioning in the complete 
formulation, even if data from simple formulations 
predict satisfactory results. 


From such studies, i t  is clear that simple un- 
complicated procedures for the routine determina- 
tion of the solubilities and partition coefficients of 
compounds being screened for therapeutic activity 
would be uscful. 


.4lthough a nuntber of methods have been re- 
ported for determining partition coefficients (41-46), 
the one in common use is the shake-out method 
usiiig separators. A simple rocking apparatus 
developed for two-phase systems, described in this 
report, overcomes or reduces the emulsification and 
foaming problems of the shake-out method and also 
avoids the possibility of anomalous equilibria as 
reported by Allen and McDowell(46). The second 
paper in this series (47) discusses the use of an 
inverted Y-tube apparatus to study partitioning of 
drugs from one aqueous phase through a nonaqueous 
phase into a second aqueous phase (ie., partitioning 
under simulated absorption conditions). 


In  this paper we will (a) provide a brief review of 
partition coefficient theory, ( b )  describe an apparatus 
devised for routine measurement of drug distribu- 
tion between liquid phases, (c) report some of the 
parameters studied, and (d) describe some of the 
applications evaluated. 


THEORETICAL 


If a solute is introduced into a system containing 
two immiscible or slightly miscible liquids, it will 
distribute itself between the two liquids until a 
definite equilibrium concentration ratio is attained. 
The distribution law requires that this ratio, a t  
constant temperature, be a constant, regardless of 
the total quantity of solute present, i.e., 


Journal of Pharmaceutical Sciences 


where CI and C, are the solute concentrations in the 
two liquid phases and S is the distribution or 
p2trtitioii coefficient.' 


This simple distribution law is exact only for ideal 
Although the disttibution law does not reIer to the com- 


position of the phases, the less polar phase is usually assigned 
the designation C1 and placed in the numerator This con- 
vention will be followed in this report. 


Fig 1 -Pho- 
tograph of the 
rocking device 


solutions. It is most closely approximated (a) when 
the liquid phases are completely immiscible, (b) 
when the solute neither associates nor dissociates in 
either phase, (c) when solute concentrations are 
relatively dilute, and (d) when the solute is only 
slightly soluble in either phase. When molecular 
association or other deviations from ideality occur, 
suitable modifications often can be applied to the 
distribution law to maintain a coefficient which is 
constant. Thus, for example, if a solute exists as 
undissociated single molecules in phase 2 and as a 
bimolecular species in phase 1, an equation may 
be written 


0%. 2) ./G = KI 
C2 


When a solute partially dissociates in phase 2 and 
not in the other, then 


where CY is the degree of dissociation. 
Equations can be derived for other cases which 


depart from ideality. The subject is covered 
adequately in accessible references (48). When 
systems being dealt with are nonideal, and correc- 


tions are not made for this, is sometimes 


designated as Kapperenl.2 
c2 


EXPERIMENTAL 
Apparatus.-The rocking device is shown in Fig. 1. 


Its design, size, and construction materials are not 
critical. Our design has three interconnected 
shelves, each equipped with clips for holding 12 
sample tubes. These shelves are connected to a 
synchronous motor which moves them from 
horizontal to 45" and back to horizontal with each 
revolution. Although the synchronous motorS is 
available in various speeds and our design permits 
rapid interchange from one motor to another, a rate 
of 1 c.p.m. (cycle per minute) was used in all routine 
studies. The Pyrex sample tubes (Fig. 2) have a vol- 
ume of 100 ml. and are designed to hold asample of 50 
till. 


2 It is vital that the reader distinguish between the true 
(intrinsic) partition coefficient and the apparent (observed) 
partition coefficient. The true partition coefkient (TPC) 
for a drug is the one defined by the partition law and is. there- 
fore, a measure of only the molecular species common to both 
phases. The apparent partition coefficient (APC) expresses 
the ratio of total drug observed in nonideal systems, i-egard- 
less of the moleculai- species in which the drug exists. Since 
most drugs have the potential to ionize. associate. o r  complex, 
the partition coefficients reported for pharmaceutical systems 
are usually the apparent partition coefficients. which are thus 
valid only for the conditions under which they were measured. 
In phai-maceutical systems, when association or complexing 
occurs in the nonaqueous phase, APC is usually greater than 
TPC.  When dissociation or complexing occurs in the aqueous 
phase, TPC is always greater than APC. 


8 Merkle-KorfT Gear Co. ,  Chicago, 111. 
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(normally. 25 ml. of each phase). Their inner 
surfaces are smooth to minimize turbulence. 
Cork stoppers, with and without aluminum foil 
liners, were used to  seal the ports. 


Materials.-Ephedrine (hydrous) N.F. ; benzoic 
acid U.S.P. ; salicylic acid U.S.P. ; o-chlorobenzoic 
acid and o-rnethylbenzoic acid, Matheson Coleman 
and Bell; o-nitrobenzoic acid, Eastman Organic 
Chemicals ; bit hionol , Winthr op-Stearns ; hexa- 
chlorophene U.S.P.; chlorpromazine base, hydro- 
bromide, hydrochloride, hydroiodide. maleate, suc- 
cinate, hemisulfate, sulfate, and sulfanilate, Smith 
Kline and French Laboratories; and N,N-dimethyl 
oleamide, The C. P. Hall Co., were utilized. 


Skellysolve B (petroleum naphtha), Skelly Oil 
Co. ; spectroanalyzed cyclohexane, Fisher Scientific 


Fig. 2.-Pyrex sample 
tubes for the rocking device. 
Assuming a rocking rate of 
1 c.p.m., then A ,  B ,  and C 
indicate the position of the 
sample tubes at, 0, I/*, and 1 
minute, respectively. The 
change in interfacial area is 
easily observed. Outside 
dimensions of the tubes are 
1'/8 X 8 in., and they will 
conveniently hold 50 ml. of 
sample when tilted as in 
position B. 


Co.; cottonseed oil (winterized), E. F. Drew and 
Co.; peanut oil, Planters Co.; isopropyl myristate, 
Kessler Chemical Co. ; glyceryl tripelargonate 
(redistilled), Emery Industries, Inc. ; castor oil 
U.S.P.; and minesal oil U.S.P. were also employed. 


Analyses.-Concentrations of ephedrine in the 
aqueous and nonaqueous phases were determined 
volumetrically. Aqueous phase concentrations were 
also determined spectrophotometrically. Volu- 
metric analysis of the aqueous phases followed the 
procedure described in N.F. XI. Volumetric analy- 
sis of the nonaqueous phases was accomplished by 
titration with 0.1 N perchloric acid in glacial acetic 
acid to the u-naphtholbenzein end point. The 
aqueous phases were analyzed spectrophotometri- 
cally by diluting aliquots in 0.1 N hydrochloric acid 
and reading the absorbance at 256.5 mp. The non- 
aqueous phases were not analyzed spectrophoto- 
metrically, but the concentrations were calculated 
from the initial and final aqueous phase concentra- 
tions by difference. Volumetric analyses were used 
in the studies with ephedrine-cyclohexane-water 
systems as a check on the method and the results. 
Spectrophotometric analyses were used in the 
studies with ephedrine-fixed-oil-water systems. 


Aqueous concentrations of benzoic acid and its 
derivatives were determined by titration with 
freshly standardized sodium hydroxide to  the 
phenolphthalein end point. Nonaqueous concentra- 
tions were determined by titration with freshly 
standardized alcoholic sodium hydroxide t o  the U- 
naphtholbenzein end point. 


Aqueous concentrations of bithionol were de- 
termined spectrophotometrically in 0.1 N sodium 
hydroxide using the absorbance maximum at 307 
mp. Aqueous concentrations of hexachlorophene 
were determined spectrophotometrically in 0.1 N 
sodium hydroxide using the absorbance maximum 
at 320 mp. 


Aqueous concentrations of chlorpromazine base 
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and its salts were determined spectrophotometricdy 
in 0.1 N hydrochloric acid using the absorbance 
maximum a t  254.5 mp. Concentrations of these 
materials in cyclohexane were determined spectro- 
photometrically using the absorbance. maximum a t  
258mp. . 


Determination of Partition Coefficients by the 
Rocking Method.-With the rocker device in the 45" 
position (Fig. 2B) ,  the desired volume of the aqueous 
phase was pipeted into each of the tubes. The less 
dense water immiscible phase was then carefully 
pipeted into the tubes with the stream directed 
against the tube wall just above the level of the 
aqueous phase and with slow draining to minimize 
mixing and emulsification. 


The ports were stoppered with corks, and the 
rocking was generally carried out overnight. 
Normally, aliquots of each phase were analyzed 
after removing samples via pipets. The apparent 
oil/water (o/w) partition coefficient (K) was then 
calculated. True partition coefficients were ob- 
tained by buffering the aqueous phase to  a pH at 
which virtually no dissociation of the drug could 
occur. The TPC's of ephedrine, chlorpromazine, 
and o-hydroxybenzoic acid were also calculated by 
the method of Butler (49) which utilizes two APC 
values obtained by altering the pH of the aqueous 
phase. 


Determination of Partition Coefficients by the 
Shake-Out Method.-To avoid emulsion formation 
and the possibility of anomalous equilibria, the sep- 
arators were gently inverted rather than vigorously 
shaken. A study of the systems employed showed 
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Fig. 3.--Kate of approach to equilibrium for 


systems containing ephedrine, water, and various 
nonaqueous phases, using the rocking device 
of Fig. 1 at 25°C. and rocking at 1 c.p.m. The 
ephedrine was initially all in the aqueous phase 
and its disappearance from this phase was followed. 
From the slopes of the curves, the half-lives for the 
approach to  equilibrium for ephedrine in various 
nonaqueous phases were: A,  cyclohexane, t i / ?  


0.4 hours; B ,  isopropyl myristate, 0.8 hours; 
C. peanut oil, t i / ?  0.9 hours. 
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TABLE I.-INFLUENCB OF THE ~ O N A Q U E O V S  PHASE 
ON THE APPARENT PARTITION COEFFICIENT OF 


EPHEDRINE 


Nonaqueous Phase APC 
Mineral oil 0.18 
Skellysolve B 0.28 
Cyclohexane 0.34 


Cottonseed oil 1.03 
Glyceryl tripelargonate 1.07 
Peanut oil 1.32 
Castor oil 3.76 


Isopropyl my-ristate 0.98 


that 50 inversions were adequate to reach equilib- 
rium. 


RESULTS AND DISCUSSION 


Rocking Method.-Our original partitioning stud- 
ies utilized the separator shake-out technique. The 
frequent occurrence of emulsification led to a search 
for a better method for routine studies. The Craig 
countercurrent apparatus (44) and one modification 
of the Gershberg-Stoll disintegration apparatus (43) 
employ a rocking action. The rocking apparatus 
used in this study (Figs. 1 and 2) was constructed 
to facilitate solute transfer from one phase to  the 
other and to facilitate uniform distribution of 
solute within each phase. These two actions are 
achieved, respectively, by (a) slow expansion and 
contraction of the interface and (b)  constant varia- 
tion in the shape of each phase. 


In cylindrical tubes, rocking from horizontal to 45" 
causes almost as much change in interfacial area 
and phase shape as does rocking from horizontal to  
90' (vertical). Preliminary studies showed that 
rocking rates faster than 1 or 2 c.p.m. often pro- 
duced emulsification. Thus, the useful angle and 
rate of rocking were found to be 45" and 1 c.p.m. 
The port hole on the sample tube was placed in the 
center rather than on one end to avoid surface 
irregularities which might produce emulsification. 
This position of the port hole limits the volume the 
tube will hold, but this limitation has not been a 
problem. 


All experiments were conducted in an air-condi- 
tioned room (25 f lo). The results, therefore, 
may have some variation, but are estimated to be not 
more than f2-3y0. 


Equilibration Time.-After establishing that the 
rocking apparatus had little tendency to produce 
emulsions, it  was necessary to establish the minimum 
time of rocking which would produce equilibrium in 
the systems under study. Nine tubes, containing 
cyclohexane and 0.1 M aqueous ephedrine as the 
two phases, were rocked; periodically, one of the 
tubes was removed, and the aqueous phase was 
analyzed for ephedrine. The final tube was allowed 
to rock for 24 hours. Thus, nine values were 
obtained a t  nine different time intervals. To plot 
the data as a first-order approach to equilibrium, the 
concentration (C,) in the 24-hour sample, con- 
sidered to be the equilibrium concentration, was 
subtracted from the concentration a t  each time 
interval (Ct), and the difference plotted on a log 
scale against time. When, however, the study was 
conducted starting with the drug in cyclohexane, 
the plot was made by subtracting the concentration 
a t  each time from the equilibrium concentration and 
plotting the log of the difference against time. 


The same procedure was used to obtain the log 
(Cr - C, or C, - Ct) veisux time plots for the 
ephedrine-isopropyl myristate-water and the ephed- 
rinepeanut oil-water systems (see Fig. 3). Since 
the plots in Fig. 3 are straight lines, the approach 
to the equilibrium is first order and the half-lives 
for the three systems containing cyclohexane, iso- 
propyl myristate, and peanut oil are 0.4, 0.8, and 
0.9 hours, respectively. (The half-lives were 
approximately the same regardless of the direction 
from which equilibrium was approached.) From 
these data, it  appears that viscosity has some 
influence on the rate of partitioning. After seven 


half-lives, systems following first-order kinetics 
are within 1% of true equilibrium. Thus, for the 
systems mentioned above, partition coefficients 
could be determined within 1y0 after approximately 
6 hours of rocking. 


Precision.-The precision of the rocking method 
was determined by comparing data obtained with 
the rocking method and the separator shake-out 
method using a system which does not readily 
emulsify. Thus, the two Skellysolve/water partition 
coefficients of ephedrine were determined by using 
25 ml. of each phase in the rocking apparatus (16 
hours) and in a 125-ml. separator (50 inversions), 
respectively. The partition coefficients determined 
by the two methods are the same within experi- 
mental error, i .e.,  both values were 0.28. As 
expected, it was also found that the direction 
from which equilibrium is approached (oil to water 
and water to oil) had no effect on the observed 
partition coefficient. 
Drug Concentration and Phase Volume.-Macy 


(50)  and Collander (38) have shown that the only 
compounds which change appreciably in their parti- 
tion coefficient with change in concentration are 
those in which a change in concentration also pro- 
duces significant change in degree of association. 
In  other words, the apparent partition coefficient 
may change, but not the true partition coefficient. 
The main effect of varying phase volume, other 
than this concentration effect, is mechanical, i e . ,  
sampling is made more difficult. With the system 
containing ephedrine, cyclohexane, and pH 11 
aqueous buffer (to prevent dissociation), altering 
the ratio of the phase volumes from 20:80 to  80:20 
had no effect on the ephedrine true partition co- 
efficient. Using the same system with equal phase 
volumes, but varying the ephedrine concentrations 
from 0.01 to  0.1 moles/L., also did not affect the 
ephedrine true partition coefficient. I t  should be 
kept in mind, however, that higher concentrations 
may influence the activity-and thus the apparent 
partition coefficient-df a drug. 


Nature of the Nonaqueous Phase.-In pharma- 
ceutical partitioning studies the nonaqueous phase 
is usually lipoidal in nature, although the exact 
lipoidal composition of the various membranes affect- 
ing drug absorption is not known. For convenience, 
organic solvents are often used in in vdro partition- 
ing studies to simulate these lipoidal materials; 
this is a practice which cannot always be justified. 
For this reason, oil/water partition coefficients of 
ephedrine were determined using both organic 
solvents and fixed oils as the nonaqueous phase. I n  
this study, the samples were rocked for 48 hours, 
and the results are shown in Table I. 


As might be expected, the partition coefficients 
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tend to  parallel the ephedrine solubility in the 
nonaqueous phase. It is of interest that the castor 
oil partition coefficient is about four times higher 
than the partition coefficients obtained with the 
other fixed oils. Probably the hydroxyl group in 
the fatty acid chain of castor oil permits additional 
association between castor oil and ephedrine and 
thus increases the ephedrine solubility. The free 
fatty acid content of the oils may also be important. 
Partition Coefacients of Various Drugs.-Both 


apparent and true partition coefficients for a number 
of substances have been obtained and representative 
results are shown in Table 11. Partition coefficients 
over the range 0.03 to  5OOO have been determined 
with the rocking device. No difficulty from the 
technique or apparatus was experienced in obtaining 
these values. The magnitude and precision of the 
values are limited only by the sensitivity of the 
analytical procedures. True partition coefficient 


TABLE II.-PARTITION COEFFICIENTS OF VARIOUS 
DRUGS AND CHEMICALS 


Cyclohexane/Water 
Partition Coeffiaent 


Drug or Chemical APC TPC 
Ephedrine 0.34 0.41 
Chlorpromazine 300 15,000 
Benzoic acid 1.05 1.18 
o-Nitrobenzoic acid 0.05 0.13 
o-Hydroxybenzoic acid 0.16 0.32 
o-Chlorobenzoic acid 0.31 0.46 
a-Methylbenzoic acid 3.54 4.45 
Hexachlorophene 350” Not done 
Bithionol >8O,W Notdone 


a Peanut oil/water partition coefficient. b Chloroform/ 
No detectable bithionol in the water partition coefficient. 


aqueous phase. 


(TPC) values up to  15,000 have been calculated 
from the APC data by the method of Butler (49). 
It should be remembered that the APC may vary 
considerably with a change in the pH of the aqueous 
phase. 


Ephedrine was used in all the studies previously 
discussed and was selected as a model drug primarily 
because it is an amine and, in most of the systems 
employed, has a T P C  near 1.‘ Ephedrine N.F. is 
commercially available as the hemihydrate, and it 
was frequently observed that some water of hydra- 
tion is stripped during dissolution of ephedrine in 
nonaqueous solvents. Rosin, et al. (51). reported a 
difference in the liquid petrolatum solubility of 
hydrous and anhydrous ephedrine. Anhydrous 
ephedrine was prepared in our laboratory and had 
the same cyclohexane/water partition coefficient as 
the hydrated form. This result was anticipated, 
despite the data of Rosin, since the partition co- 
efficients were equilibrium values obtained in the 
presence of a large quantity of water. 


Chlorpromazim base has a very high partition 
c&cient compared with ephedrine, even when the 
aqueous phase is unbuffered. Under optimum 
conditions, as much as 15,000 times more chlor- 
promazine can be placed in the nonaqueous phase 
as in the aqueous phase. 


Bcnsoic acid dimerizes in some organic solvents 
(48, 52); therefore, the APC of the monomer was 
found by dividing the square root of the concentra- 
tion in cyclohexane by the concentration in water. 


4 A partition coefficient near 1 is  desirable because it  en- 
ables one to auay either phase conveniently. 
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The value for the APC is 


- 
1 0  I 


.05. 


Fig. 4.--In- 
fluence of N,N- 
dimethyl olearn- 
ide on the cyclo- 
hexane/ water 
partition coeffi- 
cient of salicylic 
acid. The in- 
itial aqueous 
phase concen- 
tration of sal- 
icylic acid was 
0.01 A4 in all of 
the samples. 


The TPC for the 
monomeric form of benzoic acid is 1.18 and was 
obtained in a similar manner, but using an acidified 
aqueous phase, so that no dissociation occurred.‘ 
The similarity of the APC and TPC indicates that 
very little dissociation occurs in the aqueous phase 
under normal conditions. 


The ability to  predict the effect of structure 
modification on the TPC of a drug could be very 
useful. For this reason. several benzoic acid 
derivatives, substituted in the ortho position, were 
studied to determine the effect of various substituent 
groups on the T P C  of benzoic acid. No association 
of these derivatives was apparent in the cyclohexane 
phase at the concentrations used. The results are 
shown in Table 11. As with benzoic acid, the TPC‘s 
were obtained by using acidided aqueous phases. 
The three polar substituent groups caused a shift in 
the cyclohexane/water partition coefficient of 
benzoic acid in favor of the aqueous phase (nitro > 
hydroxyl > chloro). In contrast, the nonpolar o- 
methyl group caused a shift in favor of the non- 
aqueous phase. The relative order of these results 
is not surprising if one considers ( a )  the electronic 
effects of the substituents (53), ( b )  the ability of 
adjacent hydroxyl and carboxyl groups to hydrogen- 
bond, (c) the over-all steric effects, and ( d )  the 
polarity of the two phases. Collander (38) further 
indicates that not only the nature of the groups but 
also their position and size are important. 
In 1962, Higuchi and co-workers (54) reported 


that dimethyl amides complex with organic acids 
such as salicylic acid and thereby increase the 
solubility of the acid in organic solvents, such as 
cyclohexane and olive oil. In our laboratory, the 
effects of oil-soluble dialkyl amides on the partition 
coefficients of acidic drugs were studied. For 
example, the influence of N,N-dimethyl oleamide on 
the cyclohexane/water partition coefficient of 
salicylic acid was determined with the rocking 
device (Fig. 4). As expected, the partition co- 
efficient increases as the amide-salicylic acid molar 
ratio increases. For example, a 1O:l amide:acid 
molar ratio shifts the salicylic acid partition co- 
efficient between cyclohexane and water from 0.18 
to  10.0. Thus, salicylic acid can be shifted from the 
aqueous phase to  the nonaqueous phase by the use 
of complexing principles. 


High partition coefficients would seem to  be 
advantageous in germicides, since most micro- 
organisms are enclosed by a lipid-like membrane. 
Hexachlorophene and bithionol are used for their 
germicidal action in many pharmaceutical products. 


6 Both the APC and TPC for benzoic acid were calculated 
by Eq. 2. 
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‘TABLE 1 ~I.-CYCLOHEXANE/WATER PARTITION COEFFICIENTS A N D  CYCLOHEIAXE SOLUBILITIES OF SEVERAL 
CHLORPROMAZINB SALTS AT 25°C. 


- 
I 7 3 J c 


Concn. in 
Concn. in Solubility Cyclohexane Phase 


pH Cyclohexane in 
Aqueous Phase.0 C yclohexane,* Solubility in 


Salt APC Phase mcg./ml. mcg./ml. Cyclohexane 
Hydrobromide 0.16 3 . 8  99 0.9 110 
Hydrochloride 0.47 3 . 8  97 9.5 10 
Hydriodide 0.47 3.8 103 2 . i  40 
Maleate 0.44 3.8 94 3.2 30 
Succinate 1 i 1  4 2  
Sulfanilate 0 6i 3 9  
Base 300 6 5  


205 
129 
318 


72.0 
0 . 7  


> 5000 


~. 


3 
180 
<< 1 


-______. 
‘6 Fiom partitiw~ing data: values expressed in terms of  the base. 


1 X 10-1 A1 or ,319 mcg , ml. in terms of the hase. 
in this column would be 319. 
terms of the hase. 


The initial aqueous phase concentration of each salt was 
Therefore. if  all the drug partitioned into the cyclohexane phase. the value 


The values are expressed in * Froin separate sululdity determinations in pure cyclohexane. 


From their low aqueous solubilities, it  might be 
espected that the partition Coefficients of these 
substances higlily favor the nonaqueous phase. 
I n  Table 11. tile high apparent partition coefficients 
of hexachlorophene and bithiond are illustrated. 


I n  studying chlorpromazine and other pheno- 
fhiuzine salts in our laboratories, it became readily 
apparent that some of the salts had unusual solubil- 
ities in lipids, e.g.. glyceryl monostearate. This 
lipid solubility may have a significant effect on 
forniulation with phenothiazines and on their in 
vivo absorption. The cyclohexane/water partition 
coefficients for these phenotliiazine salts were 
determined and representative results are shown in 
column 1 o f  Table 111. The ratios in column 5 
show that the chlorproniazine present in the cyclo- 
iiexane phase (column 3 )  greatly exceeded the 
solubilities of the salts (column 4 )  in cyclohexane. 
This indicates that in each case virtually all of the 
chlorpromazine in the cyclohexane phase was the free 
base, not the silt. 


From the data in column 1, it would appear that 
the succinate and sulfanilate salts have higher 
APC’s than the other salts. Actually, the slight 
differences in aqueous phase pH (column 2) are 
enough to  produce the observed differences in 
partition coefficient, again indicating that the base, 
(not the salt) is partitioning. This can be verified 
mathematically by using the observed pH’s and the 
TPC of chlorpromazine. 


Because some chlorpromazine salts are lipid 
soluble, cyclohexane may not properly simulate an 
in vivo absorption barrier. Studies are currently 
underway in our laboratory to investigate the in- 
fluence of salt forms on the partitioning of pheno- 
thiazine type drugs. to investigate the iufluence 
of the lipid phase composition on the solubility and 
partition coefficient of the salts, and to determine 
the significance of these variables as they relate to 
the absorption properties of the drugs. 


SUMMARY 


1. A rocking apparatus, holding up to 36 samples, 
has been developed for studying drug partitioning. 
Illustrations of the application of this apparatus are 
given with data. The paper is introductory and is 
to be followed by more detailed studies of some of the 
areas of application described. 


2. The rocking method, using an ephedrine- 
Skellysolve B-water system, was as reliable as the 


separator shake-out method. The rocking method 
described in this study does not tend to produce 
emulsions. 


3. Phase volume and drug concentration did not 
influence the partition coefficient as long as these 
parameters were kept within reasonable limits, 
and association or dissociation of the drug was 
considered. 


4. The influence of the nonaqueous phase on the 
partition coefficient of ephedrine was shown. 
With ephedrine, castor oil/water produced the 
highest observed partition coefficient and mineral 
oil/water the lowest. 


5. The following cyclohexane/water TPC’s were 
reported : ephedrine (0.41 ), chlorpromazine ( 15,000), 
benzoic acid (1.18), o-nitrobenzoic acid (0.13), o- 
hydroxybenzoic acid (salicylic acid) (0.32). o- 
chlorobenzoic acid (0.46). and o-methylbenzoic acid 
(4.45). 
6. The cyclohexane/water partition coefficients 


of several salts of chlorpromazine varied fourfold. 
This variation was due to slight differences in the 
pH of the aqueous phase. I t  was shown that in the 
cyclohexane/water system, chlorpromazine base 
(but not its salts) partitions into the cyclohexane 
phase. Since some chlorpromazine salts are known 
to have appreciable solubility in selected lipids, 
cyclohexane may not be a suitable simulated in  
vivo absorption barrier for these salts. 


7. Pharmaceutical applications of drug parti- 
tioning were discussed, and the advantages of more 
extensive studies of partition coefficients of new and 
old drugs were pointed out. In addition to the 
usual analytical and absorption applications, these 
were ( a )  deliberately attempting to alter the parti- 
tion coefficients of drugs in a predictable manner, 
( b )  improving emulsion taste, (c)  improving drug 
chemical stability, ( d )  influencing drug release from 
emulsions, ointments, suppositories or other dosage 
forms, and ( e )  studying the influence of aqueous 
phase components, such as electrolytes, surfactants 
and macromolecules, on the partitioning of drugs, 
antioxidants, flavors, sweetening agents, and 
preservatives. 
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Drug Partitioning I1 


In Vitro Model for Drug Absorption 


By JAMES T. DOLUISIO and JOSEPH V. SWINTOSKY 


An in vitro model to simulate some factors involved in the absorption process is 
described. It consists of a tube containing two aqueous phases separated by an 
immiscible phase. A rocking apparatus agitates the fluids while causing the liquid 
interfaces to expand and contract. Rates of drug transfer and equilibrium drug 
distribution were determined under conditions where one aqueous phase was 
maintained at pH 7.4 and the other bufiered at various pH values. Salicylic acid, 
barbital, antipyrine, aminopyrine, and tetracycline were studied in this manner. 
The initial drug transfer simulated a lirst-order rate process. Results of the equilib- 
rium studies are in general agreement with predictions of the pH-partition theory. 
Tetracycline did not undergo transfer from one aqueous phase to the other at any 


pH condition of the study. 


REVIOUS INVESTIGATIONS (1-5) have demon- 
strated that the gastrointestinal absorption 


of drugs is often dependent upon their ability to 
penetrate a lipoidal bamer, and that for some 
compounds absorption is accomplished by passive 
diffusion of the unionized moiety. The following 
equations derived by Shore, et al. (l), give the 
theoretical ratios, R, of drug concentrations, C, 
iti’qqueous solutions of differing pH separated by a 
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barrier which is selectively permeabIe to the 
unionized moiety: 
for a base, 


and for an acid, 


I n  situ experiments (1-5). have shown that the 
distribution of some drugs approximates these 
equations. However, it is possible that an ionized 
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amino acids in the keratogenous zone of hair. 
Belanger (3) noted localization of methionine-Sa 
and cystine-SW after subcutaneous injections into 
rats. Fleischer, et al. (4), injected Ss-yeast protein 
hydrolysate containing cystine-Si", methionine-S*s, 
and methionine sulfoxide-Sw intravenously into rats 
and found a rapid incorporation of Sa into hair, par- 
ticularly over the length of the intensely vascular- 
ized part of the hair. Ryder (5) and Harkness and 
Bern (6) also found a rapid and marked uptake of SS 
in the keratogenous zone of anagen follicles after 
injecting cystine-s"; the latter investigators also 
noted uptake of CI4 in the bulb and keratogenous 
zone after injecting C14-labeled algal protein hy- 
drolysate of undefined amino acid composition into 
mice. 


Bern, et al. (7), have pointed out that transport of 
cystine from the circulatory system v i a  absorption 
through the hair bulb is conceivable, but that a 
lateral transport from the capillaries around the 
follicle shaft ( 8 )  is also possible. 


Apparently, Ss-amino acids are at least as equally 
utilized for hair protein synthesis as for plasma or 
tissue protein synthesis. The S s  specific activity of 
rabbit hair keratin was found (9) similar to  that of 
the Ss activity of tissue proteins following intra- 
venous injections of S"-labeled yeast protein hy- 
drolysate. A much higher specific activity of the 
cystine-Ss in wool than in plasma was noted follow- 
ing the intravenous administration of cystine-Ss 
to  sheep (10). The latter concluded cystine is 
incorporated into wool as a free amino acid. 


Only traces of cystine and methionine as free 
amino acids have been found in aqueous extracts of 
the roots (bulb, prekeratinized fiber portion, and 
attached inner root sheath) of keratinized structures, 
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although more methionine is present in the protein 
of the inner root sheath of hair follicles, as detected 
by administering Ss- and C14-labeled methionine to 
rats (11) and large quantities of cystine occur in 
the hair protein itself. According to  Rogers (12), 
the pool of free amino acids in the hair roots is 
presumably available for keratin synthesis and the 
small concentration of cystine may be related to  a 
high demand for cystine by the growing fiber and to 
mechanisms for maximum utilization of the sulfur- 
containing amino acids. Recently, it  has been re- 
ported that other amino acids, HJ-labeled alanine 
and leucine and C14-labeled serine, were incorpor- 
ated into the growing hair of guinea pigs in the same 
pattern as cystine-S" after intraperitoneal injection 
(13); however, no other studies of local utilization 
following topical application of amino acids by grow- 
ing hair have been reported. 
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Degradation of Phenylephrine Hydrochloride 
in Tablet Formulations Containing Aspirin 


By A. E. TROUP and H. MITCHNER? 


T h e  breakdown of aspirin i n  tablet formulationp containing phenylephrine was 
found to result in  a concurrent loss of henglephrine activity. Specific functional 
ptoup analysis of the second? amine Punction on phenylephrine was necessary to 
ollow degradation in  tablet ormulations. Analyses with methods based on the 


phenolic function of phenylephrine did not show similar activity loss. With the use 
of thin-layer chromatography and comparative chromatograms with s nthetic acetyl- 
ated henylephrine derivatives, three acetylated phenylephrine degracfation products 
coulcf be identified in  tablet formulations. At room temperature the primary de- 
gradation pathway was the acetylation of the secondary m i n e  function, but at ele- 
vated temperatures, acetylation was found to have progressed t o  phenylephrine's 


phenolic and alcoholic groups. 


HENYLEPHRINE HYDROCHLORIDE is frequently 


ceutical preparations. Analytical assay methods 
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for phenylephrine in such mixtures have been 
incorporated in multi-ingredient pharma- directed both to  the development of specific 


molecular procedures and to methodology in- 
volving the separation of the phenylephrine fol- 
lowed by  its analysis. Assay problems have been 
further complicated in the endeavor to evaluate 
degradation during stability testing where the 
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odology, Schriftman (1) pointed out that phenyl- 
ephrine assay procedures were based on reactions 
involving the hydroxyphenol nucleus (2, 3) and 
failed to detect changes on the side chain of the 
molecule. To overcome this latter problem, 
Kelly and Auerback (4) developed an ion ex- 
change procedure which reportedly separated 
phenylephrine from interfemng ingredients and 
resulted in a higher degree of analytical specificity 
for phenylephrine stability studies. 


In working with stability samples of multi- 
ingredient tablet preparations containing phenyl- 
ephrine hydrochloride, this laboratory found that 
the secondary amine characteristic of phenyl- 
ephrine was being destroyed. To facilitate 
studies concerning the cause of the degradation, 
analytical procedures were developed which were 
specific for secondary amine character in the 
mixtures studied, did not involve complex 
separations, and were quite rapid. It was 
found that acetylsalicylic acid (aspirin) was in- 
volved in the phenylephrine degradation. Studies 
were conducted to determine what factors con- 


I 
OH OH 
a b rG 'ir!k$YCW3 I:-,'"H~NCH~ O C O C H ~  


COCH3 COCH3 
\ 


OCOCH3 
v 


OCOCH3 


C d 


Fig. 1.-Chemical structures of phenylephrine and 
its synthetic acetyl derivatives: a. phenylephrine 
hydrochloride; b. N-monoacetylphenylephrine; c, 
0,N-diacetylphenylephrine; d, triacetylphenyl- 
ephrine. 
breakdown pathway is frequently impossible to 
predict. With heated solutions of phenylephrine 
hydrochloride and tetracaine, Schriftman (1) 
reported the presence of unknown breakdown 
products which were not found in solid fomula- 
tions. Paper chromatographic procedures were 
utilized for the separation of degradation prod- 
ucts. Evaluating the available analytical meth- 
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Fig. 2.-Infrared spectra of phenylephrine and its synthetic acetyl derivatives: a, phenylephrine hydro- 
chloride; b, N-monoacetylphenylephrine; c, 0.N-diacetylphenylephrine; d, triacetylphenylephrine. 
Spectra a, 6 ,  and c run in KBr disks. Spectrum d run in carbon tetrachloride with solvent compensation. 
All were recorded on a Beckman IR-4. Purity of synthetic derivatives was about 90%. 
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tributed to the degradation, the mechanism 
thereof, and the characterization of the break- 
down products. 


EXPERIMENTAL 
Carbon DisuUide Assay for Secondary Amine 


Function.-All solvents and reagents were of analy- 
tical reagent quality a d  used without additional 
purification. Carbon disulfide : isopropyl alcohol : - 
benzene mixture was prepared by pipeting 5 ml. of 
carbon disulfide and 25 ml. of isopropyl alcohol into 
a 100-ml. volumetric flask and diluting to  volume 
with benzene. Ammoniacal copper solution was 
prepared according to  Stanley, ct d. (5). Acetic 
acid solution was a 30% v/v aqueous solution. As a 
standard stock solution, about 100 mg. of phenyl- 
ephrine hydrochloride ( Wmthrop Laboratories) was 
accurately weighed, trahsferred t o  a 200-ml. volu- 
metric flask, and diluted t o  volume with water. 
This solution was diluted exactly 1 : 10 with water 
as a working standard. 


Procedure.-A representative tablet or powder 
sample equivalent to about 5 mg. phenylephrine 
hydrochloride was accurately weighed and trans- 
ferred to a 100-ml. volumetric flask. The flask, to 
which about 50 ml. of water was added, was shaken 
15 minutes. The mixture was diluted to volume 
with water, then filtered through Whatman No. 42 
filter paper. Exactly 4 ml. of sample or working 
standard was transferred, in duplicate, to  50 ml. 
glass-stoppered centrifuge tubes. Exactly 10 ml. of 
carbon disulfide : isopropyl alcohol :benzene reagent 
and 1 ml. ammoniacal copper reagent was added to  


0 
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($1.2; 0 0  
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0 0  
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Fig. 3.-Thin-layer chromatogram of synthetic 
phenylephrine derivatives and extracts of tablet 
stability samples. Key: 1, triacetylphenylephrine; 
2, N-diacetylphenylephrine; 3, N-monoacetyl- 
phenylephrine; 4, phenylephrine hydrochloride; 5. 
phenylephrine base; 6, tablet stored 6 months at 
room temperatur-bon disulfide assay method 
indicated 98% phenylephdne remaining; 7, tablet 
stored 34 months at room temperature-carbon di- 
sulfide method indicated 14% loss, 4aminoanti- 
pyrine method indicated 100% phenylephrine re- 
maining although chromatogram indicated a trace 
of diacetylphenylephrine; 8, tablet stored 2 months 
at 60"C.--carbon disulfide method indicated 93% 
loss of phenylephrine; 9, a placebo containing all 
tablet ingredients except phenylephrine. Colors: 
R red, B brown, 0 orange, Y yellow, 1 faint, 2 
moderate, 3 intense. 


5 5  a*$ , , , , 
0 0 so IW I s 0  2 00 


PIIBNYLEPHRINE LOST, mg. 
Fig. 4.-Decrease in phenylephrine activity 


plotted against increase in free salicylic acid for a 
multi-ingredient tablet containing phenylephrine 
hydrochloride and acetylsalicylic acid with storage 
at 70'C. for 4 weeks. 


each tube. The tubes were shaken exactly 15 
seconds on a Fisher clinical shaker ; exactly 2 ml. of 
30% acetic acid was added t o  each tube. The tubes 
were again shaken 15 seconds. The upper layer was 
filtered through Whatman No. 42 filter paper and 
the absorbances of the standards and samples read 
against benzene on a Beckman DU spectrophotom- 
eter a t  434 mp. 


Synthesis of Acetylated Phenylephrine Deriva- 
tives.-N-Monoacetylphenylephrine ( N-( m,&dihy- 
droxyphenethy1)-N-methylacetamine), Fig. l b ,  was 
prepared according to Bretschneider (6). 


N-Diacetylphenylephrine (N-(m-acetoxy-8-hy- 
droxyphenethy1)-N-methylacetamide), Fig. lc, was 
prepared according t o  Pratt (7). 


Triacetylphenylephrhe ( N-( m,@-diacetoxyphen- 
ethyl)-N-methylacetamide), Fig. Id, was prepared 
by dissolving about 10 Gm. of phenylephrine base in 
30 ml. glacial acetic acid and 60 ml. acetic anhydride. 
The mixture was refluxed 6 hours, then placed in a 
glass-stoppered flask in a 105' oven for 7 days. The 
volume was reduced by evaporation at 50' under 
vacuum. The oily residue was dissolved in water 
and then extracted with several portions of carbon 
tetrachloride. The solventwas removed byevapora- 
tion on a steam bath. A thin-layer chromatogram 
of the product showed only one spot. 


The identity of the mono and diacetyl derivates 
were c o n b e d  by melting point. Further charac- 
terization of structure was obtained by infrared 
spectra (Fig. 2) and with thin-layer chromatograms 
which showed only single ingredient spots (Fig. 3). 


Thin-Layer mmatography.-A Brinkman model 
"S' applicator was used for all chromatograms. As 
an adsorbant, a 250-p thickness of silica gel G (Brink- 
man) was applied. The best developing solvent was 
found to be the chloroform layer from an equilibrated 
mixture of chloroform, glacial acetic acid, and water 
(5:l:l). Color development was obtained by use 
of aqueous solutions of 0.3% p-nitroaniline dissolved 
in 1 N hydrochloric acid, 5% w/v sodium nitrite, 
and 20% w/v sodium carbonate. 


Procedure.-For a synthetic acetylated compound 
about 10 mg. was dissolved in a mixture of 2 ml. 
ethanol and 0.5 ml. acetone. With tablets, two well 
ground tablets were thoroughly mixed with 2 ml. 
of ethanol and 0.5 ml. of acetone and the clear 
supernatant solution used. About 0.02 ml. of each 
solution was spotted to  previously prepared and 
activated silica gel plates. After development the 
plates were air dried at room temperature. Detec- 
tion of spots was accomplished by (a) spraying the 
plates with diazotized p-nitroaniline (to 25 ml. of 
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the acidic 0.3yo p-nitroaniline, 1.5 1x11. of sodium 
nitrite was added immediately prior to  use), (b )  dry- 
ing the plates a t  105" for about 10 minutes, and (c) 
spraying the plates with the 20% sodiuni carbonate 
solution. 


RESULTS AND DISCUSSION 


Analytical and Stability Factors.-Tablet prep- 
arations containing as active ingredients phenyl- 
ephrine hydrochloride, acetylsalicylic acid, chlor- 
phenirarnine maleate, acetophenetidin, and caffeine 
were prepared and assayed for ingredient stability 
under accelerated temperature conditions. Only 
changes in acetylsalicylic acid and phenylephrine 
could be detected. For any one formulation held 
at an elevated temperature, the increase in salicylic 
acid content plotted against the decrease in phenyl- 
ephrine content gave a linear relationship. Figure 
4 shows a typical plot. I t  appeared, therefore, that 
there could exist some interrelationship between 
these degradations. Breakdown of phenylephrine 
was detected in the mixtures with the ion exchange 
procedure of Kelly and Auerbach (4) which further 
suggested that the secondary amirie function of 
phenylephrine was involved. 


Because of the involved nature of the Kelly and 
Auerbach procedure, efforts were directed toward 
other possible analytical procedures, particularly 
those that did not involve separation procedures. 
Of all the active ingredients and tablet excipients 
only phenylephrine contained a secondary amine 
function; this function was altered as indicated by 
the Kelly and Auerbach ion-exchange procedure. 
Specific secondary amine procedures were adaptable 
to the complex pharmaceutical mixtures under 
study. A modification of a procedure by Umbreit 
(8) worked. A second very rapid procedure with 
low blank values was developed and utilized for the 
work reported in this paper. This later method 
was based on a procedure reported for the assay of 
dimethylamine in methylamine by Stanley, Baum, 
and Gove (5), and prior ingredient separations were 
not needed. Evaluation of changes on the hydroxy- 
phenol nucleus of the phenylephrine molecule was 
possible with the use of the 4-aminoantipyrine 
assay procedure of Koshy and Mitchner (9) which 
could also be applied t o  the tablet mixtures without 
prior separations. 


Possible tablet ingredient interactions were fur- 
ther explored by submitting a series of powder mix- 
tures to accelerated temperatures. These mixtures 
contained the active ingredients previously nien- 
tioned with the addition of various tableting agents 
such as binders, diluents, lubricants, and disintegra- 
tion agents. 


Mixtures were: [I] phenylephrine hydrochloride, 
acetylsalicylic acid (1 :20); (111 phenylephrine hy- 
drochloride, acetylsalicylic acid, magnesium stearate 
(10:200: 1);  [111] phenylephrine hydrochloride, 
acetylsalicylic acid, talc (1:20: 1); [IV] phenyl- 
ephrine hydrochloride, starch, magnesium stearate 
(50:  150: 1);  and [V] phenylephrine hydrochloride, 
chlorpheniramine maleate, ascorbic acid, aceto- 
phenetidin, caffeine, starch (5:  10:25: 150:30:2). 
Analysis for secondary amine function with exposure 
to  70" for extended periods of time gave the results 
shown in Fig. 5. 


2 
0 . B 12 16 10 2. 28 ,I 36 


DAYS AT 70°C. 
Fig. 5.-Decrease in secondary amine of phenyl- 


ephrine in powder mixtures with storage at 70°C. 
Assay by carbon disulfide method. Key: 1. phenyl- 
ephrine hydrochloride, acetylsalicylic acid; 2, 
phenylephrine hydrochloride, acetylsalicylic acid, 
magnesium stearate; 3. phenylephrine hydrochlor- 
ide, acetylsalicylic acid, talc; 4, phenylephrine 
hydrochloride, starch, magnesium stearate; and 5, 
phenylephrine hydrochloride, chlorpheniramine mal- 
eate, ascorbic acid, acetophenetidin. caffeine, starch. 


TABLE I.-PHENYLEPHRINE CONTENT(mg./TABLET) 
AFTER STORAGE AT 70°C. 


Carbon 4-Amin- 
Disulfide antipyrine 
Method Method 


Original, days 
6 
9 


1 2  
17 
21 
30 


4.41 4.48 
4.12 4.30 
3.46 4.10 


Combinations of phenylephrine hydrochloride and 
acetylsalicylic acid showed the greatest rates of 
phenylephrine degradation. With the addition of 
magnesium stearate, the breakdown was markedly 
accelerated. Very little phenylephrine was de- 
graded in Mixture I with only phenylephrine hydro- 
chloride and acetylsalicylic present and very little 
free salicylic acid was formed. Large amounts of 
free salicylic acid were formed in stability samples of 
Mixture 11, which differed only from Mixture I by 
the addition of magnesium stearate. Previously, 
the effect of magnesium stearate in accelerating the 
breakdown of acetylsalicylic to  salicylic acid and 
acetic acid in aspirin tablet formulations was shown 
by Ribeiro, et al. (10). I t  was concluded that 
breakdown of acetylsalicylic acid was prerequisite 
to  the degradation of phenylephrine. The probable 
route of phenylephrine degradation was postulated 
as an acetylation of the secondary amine function 
with a possible contributory action from magnesium 
stearate since Castello and Mattocks (11) have 
shown that magnesium stearate can react with 
amine salts to release the free base. The free base 
of phenylephrine would be expected t o  be readily 
acetylated. 


A multi-ingredient tablet formulation containing 
phenylephrine hydrochloride, acetylsalicylic acid, 
and magnesium stearate was stored at 70" and 
analyzed periodically for its phenylephrine content 
by both the carbon disulfide assay described in this 
paper and the 4-aminoantipyrine method (9). The 
results obtained are shown in Table I. 


The reaction of 4-aminoantipyrine with a phenol 
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such as phenylephrine depends upon the para posi- 
tion to  the phenyl group being unsubstituted (12). 
Loss of phenylephrine activity by attack only on the 
secondary aniine portion of the side chain would not, 
therefore, be picked up by the 4-aminoantipyrine 
assay. A comparison of the results of the two assay 
techniques as shown in Table I suggested that both 
the phenolic portion of the phenylephrine and its 
secondary amine were being attacked under acceler- 
ated conditions but at considerably different rates. 
The secondary amine was more susceptible to  attack. 
This was confirmed with samples held under less 
severe conditions. Similar tablet formulations held 
2 months at 50' showed a 36% loss of phenylephrine 
by the 4-aminoantipyrine and 93% loss by the carbon 
disulfide assay. On samples stored at room tempera- 
ture, loss of phenolic activity could not be detected 
after 34 months and secondary amine loss was 14y0 at  
that time. 


Identification of Phenylephrine Degradation Prod- 
ucts.-The identities of the degradation products 
were established by thin-layer chromatography of 
stability samples of tablets. The R t  values of spots 
not present in fresh samples were identical with the 
synthetic samples of mono, di, and triacetylated 
phenylephrines. Structures of derivativesareshown 
in Fig. 1. A thin-layer chromatogram of the three 
synthetic phenylephrine derivates compared to  
extracts of stability samples of multi-ingredient 
tablets containing phenylephrine hydrochloride and 
acetylsalicylic acid is shown in Fig. 3. From the 
chromatographic results it was apparent that (a) N- 
monoacetylphenylephrine formed under relatively 
mild conditions and in a short time, ( b )  0, N diacetyl- 
phenylephrine formed in addition to the monoacetyl 
compound under more severe conditions or extended 
periods of time at room temperature, and ( c )  all three 
acetylated compounds formed under severe acceler- 
ated stability conditions. 


A number of different solvent systems for the thin- 
layer chromatography of phenylephrine and its 
degradation products were evaluated with the best 
system as previously described. Although not all 
of the systems yielded resolution of all of the degra- 
dation products, it  was possible to  confirm compara- 
tively the identity of the unknown spots that did 
appear with the synthetic phenylephrine deriva- 
tives. 
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Oxidative Degradation of Pheny1ephrine.-Both 
the 4-aminoantipyrine method and the carbon disul- 
fide assay methods were checked regarding applica- 
bility for the detection of oxidative degradation. 
Aqueous solutions of phenylephrine hydrochloride 
oxidized by boiling or by the additionof either hydro- 
gen peroxide or manganese dioxide showed loss of 
phenylephrine of the same magnitude by either 
procedure. 


SUMMARY 


Formulations containing both phenylephrine hy- 
drochloride and acetylsalicylic acid were found 
susceptible to loss of phenylephrine activity. 


Degradation of phenylephrine resulted from 
acetylation, with acetylsalicylic acid providing the 
acetyl function. Breakdown products were identi- 
fied as the mono, di, and triacetylated phenylephrine 
derivatives. 


Tableting agents such as magnesium stearate 
which could accelerate the breakdown of acetyl- 
salicylic acid were found to  be contributory agents 
to  a rapid loss of phenylephrine. 


An assay was developed to  detect loss of secondary 
amine activity in phenylephrine. With complex 
mixtures, specific functional group analysis could 
detect degradation on either the intact hydroxy- 
phenol portion of the phenylephrine molecule or on 
the secondary amine of the side chain. 


Oxidative degradation of phenylephrine could be 
detected by either the 4-aminoantipyrine or carbon 
disulfide method. 


REFERENCES 
Schriftman, H., Tnrs JOURNAL, 48, l l l ( l959) .  
Auerbach M. ibid 39 50(1950) 
Ellin, R.  i., d d  Kdhdriizer A. A: ibid., 41 71(1952) 
Kelly, C. A., and Auerbakh, M: E.. ibid., 50, 490 


(leal 
(d'Stanley, E. T., Baum, H., and Gove, J. T.. Anal. 


Koshy. K.  T., and Mitchner, H., THIS JOURNAL, 52, 


( i o j d b e i r o  D. Stevenson D S m y n  J., Milosovich, 


(11) Castello. R. A.. 2nd MattAcks. A. M., ibid. .  51, 106 
G., and Mattdks k. M i b i d  '44 'b26(195$). 
11010) 
\A""',. 


(12) Emerson, E.. J .  Org. Chcm., 8,418(1943). 








192 


tions o f  these materials. Dried aluminum hydroxide 
gel U.S.P. was selected as an example of a powdered 
material which cannot be cornpressed directly. 
Blends containing 25 and 50% by weight of the 
aluminum compound were prepared with fused 
mannitol, mannitol and sucrose (50:50), and 
mannitol and lactose (50: 50) in a Twin Shell blender. 
Magnesium stearate (1%) was included as a lu- 
bricant. These blends continued to  exhibit the 
excellent flow and compression characteristics which 
had been observed with the vehicles alone. Tablets 
weighing 0.5 Grn. prepared on a model F com- 
pression machine gave Strong-Cobb hardness tester 
values of up to 10-11 with no signs of capping. The 
tablets were satisfactory in all other respects. 


Comparison of Fused Spray-Congealed and 
Screened Mannito1.-To compare the relative com- 
pressibility of the two physical states of mannitol 
obtained by either spray-congealing or screening, a 
Carver laboratory hydraulic press was employed. 
This press was modified to operate a specially con- 
structed rig containing a set of 13/32 in. F.F. punches 
and a die. Accurately weighed 500-mg. portions 
of the different batches of mannitol were compressed 
at pressure levels of 1000, 2000, 3000, and 4000 p.s.i. 
Tablets produced at  each level were tested for hard- 
ness. I t  was determined that the spray-congealed 
mannitol produced softer tablets a t  corresponding 
pressure levels than did the 20-mesh screened niate- 
rial (Table 11). 


SUMMARY AND CONCLUSIONS 
The unusual heat stability of mannitol has led 


to the development of several new applications 
which possess :L high degree of potential. Fore- 
most among these is the discovery that fused 
mannitol, which is recrystallized and processed by 
either spray-congealing or screening, possesses 
exceptionally good tableting characteristics. 


The liquid state of mannitol has been shown 
capable of dissolving or dispersing a number o f  
pharmaceutical adjuvant or physiologically 
active drugs. Phase diagrams of several of 
these Combinations have indicated that solid- 
solid solutions are obtained. In a t  least one 
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instance (mannitol-diphenhydramine HCI) the 
phase diagram indicates the probable formation of 
a new compound. New compounds formed in this 
manner may conceivably possess different phys- 
ical, chemical, and physiological properties. 


In view of present day considerations of the 
effect of particle size on the biological availability of 
drugs, these solid-solid solutions or microcrystalline 
dispersions offer a unique opportunity of making 
available an extremely fine state of subdivision of 
active ingredients in tablet form. Moreover, these 
solid solutions, capable of being directly com- 
pressed into tablets, obviate the necessity for blend- 
ing procedures and assure complete uniformity of 
dosage. 


Additional investigations are under consideration 
which will explore more thoroughly the nature of 
the interaction involved in the solid-solid solution in 
fused mannitol and will quantify the extent of 
solubilities of various chemicals and drugs. 


Fused mannitol has also been utilized to produce 
eutectic mixtures with other less costly carbo- 
hydrates, such as sucrose and lactose. These mix- 
tures have also been found to possess excellent 
flow and compression properties when used either 
as solvents for active principles or when admixed 
with them as a dry tablet binder. 


Fused mixtures of mannitol with other sugars 
advance the possibility of large-scale production of 
an inexpensive, efficient vehicle for the direct com- 
pression of tablets. 
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4‘,5,6,%0xygenated Flavones and Flavanones 
By MASON G. STOUT, HANS REICH, and MAX N. HUFFMAN 


The preparation of 4’-hydroxy-5,6,7-trimethoxyflavanone, 6-hydroxy-4’,5,7-tri- 
methoxyffavanone, and the corresponding flavones is  described as well as a new syn- 
thesis of 4’,6-dihydroxy.5,7-dimethoxyflavone. The results of the biological tests 
of these and other closely related bioflavonoids in  our general endocrine screening 


assay are tabulated. 


OR BIOLOGICAL experiments, the 4’,5,6,7- F substituted flavanones X, XII, XIV, and 
XV and the  corresponding flavones XVI, XVIII ,  
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X X ,  and XXII were required. Compounds X 
and XVI had been prepared previously (1) from 
the acetophenone derivative I1 and anisaldehyde 
&z the chalcone IV, and the flavanone XV had 
been obtained from the acetophenone derivative 
I by condensation with p-hydroxybenzaldehyde 
(2). This flavanone was later used as starting 
material for the preparation of the flavone XXII 
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HO HscovoH /' CO-CH, 
H 3 c 0 g : r - C H ~  OCHs HsCO OCHI 


I I1 


CsHsCHi Hacp::-cH8 
OCHo 
I11 


1V R1 = RI = CHI 


VI Rl = H; Rz = CHa 
V R1 = CHs; Rz = CHzCcHb 


VII R1 = CHtCaHs; Rz = CHs 
R1 = Ra = H 
R1 = Rz = CHtCeHs 


VIII 
IX 


which was accomplished by  bromination and 
dehydrobromination with alkali (3). For the 
synthesis of this flavone XXII, we chose the 
condensation of the benzyloxyacetophenone 
derivative I I I with p-benzyloxy benzaldehyde, 
oxidation of the resulting chalcone IX with 
selenium dioxide to  the flavone X X I ,  and de- 
benzylation with hydrochloric acid in acetic acid. 


The flavanone XI1 and the flavone XVIII  were 
synthesized in the following manner. The  tri- 
methoxyhydroxyacetophenone I1 was brought 
into reaction with p-benzyloxybenzaldehyde, and 
the chalcone V thus obtained was either cyclized 
or oxidized with selenium dioxide to give XI and 
XVII, respectively. Removal of the benzyloxy 
group in XI was achieved by hydrogenation 
and debenzylation of XVII  with hydrochloric 
acid in acetic acid. 


Condensation of I11 with anisaldehyde gave a 
mixture of the chalcone VII  and the flavanone 
XI11 which could be separated by crystalliza- 
tion. Oxidation of the chalcone with selenium 
dioxide led to  the  formation of flavone XIX and 
acidic debenzylation of the  latter to the required 
flavone XX. Since the flavanone XI11 could not 
be debenzylated by hydrogenation or with acids, 
it  was necessary to condense the dihydroxy- 
dimethoxyacetophenone I with anisaldehyde. 
Also in  this case, the  reaction product was a 
mixture of the chalcone VI and the flavanone X I V  
which had t o  be separated by fractional crystal- 
lization. 


EXPERIMENTAL1 
Aldehydes.-p-Hydroxybenzaldehyde and anis- 


aldehyde were commercial preparations (Eastman). 
I All melting points are uncorrected. The microanalyses 


were c a m 4  out by Huffman Microanalytical Laboratories, 
Wheatridge, Colo., and Galhraith Laboratories, Knoxville, 
Tenn. 


CHsO 0 
XVI R1 = Rz = CHs 


XVII R1 = CH3; R2 = CH2CsHs 


XIX R1 = CH&aHs; Rz = CHs 
XVIII R1 = CHa; R1 = H 


XX Ri = H: RI = CHI 
XXI 


XXII 
R; = Rz' = CHzCsHs 
Ri = Rz = H 


p-Benzyloxybenzaldehyde was prepared from p -  
hydroxybenzaldehyde according to the method of 
Bergmann and Sulzbacher (4). 


3',6'-Dihydroxy-Z ',4 '-dimethoxyacetophenone (I). 
-This compound was prepared from 2,6-dimethoxy- 
hydroquinone diacetate (1) (m.p. 126-127') in the 
following manner. A fairly rapid stream of boron 
trifluoride was introduced into a cooled solution of 
75 Grn. of the diacetate in 500 ml. of glacial acetic 
acid, keeping the temperature below 40". After 
1.5 to 2 hours, the total uptake of boron trifluoride 
amounted to  393425 Gm. The yellowish-green solu- 
tion was allowed to stand a t  room temperature over- 
night and was poured into 2.25 L. of water which 
contained 750 Gm. of ice. After standing for 3 
hours in the refrigerator, the yellow precipitate was 
filtered, washed with water, transferred to a 3-L. 
flask, and dissolved in 1 L. of 95% ethanol by 
heating. Then 525 ml. of 10% hydrochloric acid 
was added and the mixture refluxed for 2 hours. 
Upon concentration in vacuo and cooling overnight, 
yellow crystals were obtained which were filtered 
and dried. They weighed 58.7 Gm. (94%). melted 
at 158-15Q0, and did not depress the melting point 
of a sample prepared from 2,6-dimethoxyhydro- 
quinone diacetate by a Fries rearrangement, re- 
ported m.p. 162-183" (1, 5) ,  164-165" (6). 


When the hydrolysis with ethanolic hydrochloric 
acid was omitted, the reaction product proved to be 
6'- hydroxy - 3' - acetoxy - 2l.4' -dimethoxyacetophe- 
none, which, after recrystallization from aqueous 
methanol, melted at 107 to 107.5'. 


Anal.-Calcd. for C1ZH1406: C, 56.59; H, 5.55. 
Found: C, 56.93; H, 5.61. 
2',3',4'-Trimethoxy-6'-hydroxyacetophenone (II). 


-The methylation of I was carried out with di- 
methyl sulfate as described by Oliverio and Bargel- 
lini (1) and gave a crude product of m.p. 33-36', 
reported m.p. 40-41" ( l ) ,  which was sufficiently pure 
for the condensation with aldehydes. 


2',4' - Dimethoxy - 3' - benzyloxy - 6' - hydroxy- 
acetophenone (III).-A 110-Gm. quantity of an- 
hydrous potassium carbonate and 32 ml. of benzyl 
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TABLE ~.-CHALCONES 


Crystal- 7- Analysis ~ 7 


Calcd. 
C H CFoUndH 


Yield, M P..O lization Empirical 
Yo OC . Mediab Color For mu1 a 


I V  90 142" E Red-orange CieHZoOe 
V 69 123 to 123.5 M Yellow CzsHorOe 71142 5.75 7 i : i 9  5.58 


\'I 26d 141-1420 E Dark red CisHiaOe 65.45 5.49 65.49 5.76 
VII 72 139 to 139.5 E Red-orange CzSH?IOe 71 .42 5.75 71 .32 5.81 


IX 71 121 to 121.5 E Yellow C31Hm06 74:98 5.68 74:92 5.68 


Capillary. uncorrected. b E = ethanol, M = methanol. W = water. c Reported 14&141° (1) ;  141-142' (8). dAn 
additional 29% of tlavanone was obtained; s;e Experimrnlal .  'e  Reported 191' (8 ) .  /Reported 191' (2) .  This chalcone gave 
a yellow triacetate. m.p. 182.5 to 183' (from methanol). Calcd. for CtaHmO,: C. 62.44; H, 5.01. Found: C,  62.67,62.65. 
62.67; H. 5.16, 5.00, 5.21. 


VIlI  . . . 198-200' M-W Dark red CitHisOs 


- 


chloride were added to a solution of 27 Gm. of I 
and 20 Gm. of sodium iodide in 300 ml. of anhydrous 
acetone. The mixture was refluxed with stirring for 
10 hours, kept an additional 6 hours at room tem- 
perature, poured into 400 ml. of water, and concen- 
trated in uucuo to remove all the acetone. The 
aqueous solution was extracted with one 100-ml. and 
four 50-ml. portions of ether and the combined ether 
solutions with 20, 20, 10, and 10 ml. of 5y0 sodium 
hydroxide. The alkaline solutions were acidified 
and extracted again with one 50-ml. and five 15-ml. 
portions of ether. These solutions were dried and 
evaporated leaving 15.4 Gm. of a red oil which did 
not solidify and could not be distilled without de- 
composition. I t  therefore was used in this impure 
form. An additional amount of 6.5 Gm. (total 
yield 56.7%) was obtained by concentration of the 
first ether extracts and renewed extraction with 575 
sodium hydroxide. 


Chalcones IV--1X.-These compounds were pre- 
pared according to established methods (7) with 
50yo aqueous KOH as the condensing agent. As a 
rule, the mixture was allowed to stand at  room tem- 
perature 3 to 4 days. Only in one case (chalcone 
VI), i t  was acidified with HCI after 3 days and kept 
at room temperature for 3 more days. Conse- 
quently, the reaction product was a mixture of 
chalcone \'I and flavanone SIV.  The melting 
points and analyses of six chalcones are listed in 
Table I. 
4',5,6,7-Tetramethoxyflavanone (X).-The con- 


version of chalcnne IV to the corresponding flava- 
none was carried out according to the method of 
Seshadri (8). The yield was 33%) and the flavanone 
melted at  119.5 to 120.5' reported m.p. 114-115" 
(I), 124-125" (8.9). 


Anal.-Calcd. for ClgHioOe: C, 66.27; H. 5.85. 


5,6,7-Trimethoxy-4'-benzylo~avanone (=).--A 


I Found: C, 66.41; H, 5.98. 


solution of 18.2 Gm. of chalcone V in 830 ml. of 
ethanol was mixed with 163 ml. of 10% HCI, re- 
fluxed for 26 hours, diluted with 300 ml. of boiling 
water, and cooled slowly. The precipitate consisting 
of a mixture of chalcone and flavanone was filtered, 
dried (16.9 Cm.), and extracted three times with 
100 ml. of boiling methanol. The combined rneth- 
anol solutions, upon cooling, gave 6.0 Gm. of 
crystals, m.p. 152-154". By further recrystalliza- 
tion from methanol, light yellow needles were ob- 
tained, m.p. 155-156". 


And-Calcd. for CZsHziOe: C, 71.42; H, 5.75. 
Found: C, 71.57; H,  5.62. 
4'-Hydroxy-5,6,7-trimethoxyflavanone (XU).-A 


mixture of 3.8 Gm. of XI, 145 ml. of glacial acetic 
acid, and 0.72 Gm. of 5% palladium-carbon catalyst 
was shaken under hydrogen a t  24 Ib. pressure for 1.5 
hours. The suspension was filtered, diluted with 
1.5 L. of water, and cooled overnight. The result- 
ing precipitate was filtered, washed with water, and 
dried (2.7 Gm.; 90.3%). It was dissolved in 25 ml. 
of acetone, diluted with 50 ml. of benzene, and con- 
centrated to approximately 10 ml. This procedure 
gave 2.2 Gm. of colorless needles, m.p. 185-18io, 
which were recrystallized once more from acetone- 
benzene. They turned red at 187" and melted a t  190- 
192". 


Anal.-Calcd. for CisHiaOe: C, 65.45; H, 5.49. 
Found: C, 65.50; H, 5.42. 
4',5,7-Trimethoxy-6-benzyloxyflavanone ( XIII).- 


Attempts to convert chalcone VII to the correspond- 
ing flavanone XI11 proved unsuccessful. This flava- 
none was isolated, however, as a by-product in the 
preparation of VII. When the crude reaction 
product of I11 and anisaldehyde was dissolved in 1 :2 
acetone-ethanol, concentrated to half the volume, 
and cooled, the chalcone VII crystallized in 50% 
yield. -4fter standing a t  room temperature over- 
night, the mother liquor contained faintly colored 


Yield, 
% 


XI-I 49 
SI'II 77 
XI711 77.5 


X I S  . .  , 


ss 44.5a 
>(>(I 86 


S X I l  8 2 . 5  


TABLE II.-FLAVONES 


Crystal- 
M.p..a lization Empirical 


OC . Mediab Color Formula 
159- 16W M Light yellow CleHlaOe 
156 M Tan C d L O s  
326-227 EAd Tan CirHi6Os 
I35 or B-C Light yellow CZ~HZ?O( 
144 to 144.5 
2 17-218 M-B Yellow C~SH~GOG 
155.5 to 156 B-C Yellow CrlH?sOs 
283.5 to 284' M-B Yellow Ci7H!@6 


-- Analysis - 
Calcd. Found 


C H C  H 
66.66 5.30 66.68 5.41 
71.76 5.30 71.72 5.36 
65.85 4.91 65.77 4.89 
71.76 5.30 71.67 5 .48  


65.85 4.91 65.98 4.78 
75 29 5.30 75.58 5.38 
64.96 4.49 64.84 4.55 


~ ~~~ 


0 Capillary. uncorrected. M = Methanol; EA = ethyl acetate; B = benzene; C = cyclohexane. Reported 158-160° 
(10); 1G2-163° (6. 1)'  160" (3).  d The mother liquor gave crystals m.p. 243-246O wbicb were probably 4',5-dihydroxy-6.7- 
dimethoxyflauone. C'alcd. for CnHuOo: C, 64.96; H, 4.48. FouAd: C, 64.93; 'H. 4.29. From chalcone VII via XIX, 


Reported 283O (3).  
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TABLE I11 -GENERAL ENDOCRINE SCREENING ASSAY OF 


FLAVONES~ 


4’.5,6,7-Tetramethoxytlavanone (X) 
4’,5,6,7-Tetramethoxyflavone (XVI) 
4’-Hydroxy-5,6,7-trimethoxyflavanone 


4’-Hydroxy-5,6,7-trimethoxytlavone 


6-Hydroxy-4‘,5,7-trimethoxytlavanone 


6-Hydroxy-4’,5.7-trimetho~avone (XX) 
4’.6-Dihydroxy-5,7-dimethoxytlavanone 


4’,6- Dihydroxy-5.7-dimethoxytlavone 


(XII) 


(XVIII) 


( X W  


(XV) 


(XXII) 


Final Vent. 
Body Prosl. Testes - 4.9 - 5.9 -4.0 - 7.6 + 5.3 0 


- 4.9 4-12 4-0.74 


-10 - 1.9 - 6 . 0  


- 4.9 + 5.3 -3.7 - 4.9 - 1.3 -6.2 


- 5.6 + 9.2 -1.6 


- 1.5 - 3.1 -0.23 


4’,5,6,7-TETRAOXYCENATED FLAVANONES AND 


-Variation from Control, Yob - 
Lev. Adre- Left 
Ani nals Kid. Liver Spleen Thymus - 5.1 +12 -6.7 -3.4 + 6.5 -12 


- 6 . 6  T 3.0 -2.8 -8.0 + 2.1 -14 
+ 4.0 + 9.0 -1.3 - 6 . 8  + 9 . 6  - 9.5 
- 3.7 + 9.6  -4.0 -5.7 +26 -16 


i- 2 .6  4-14 -0.90 -5.7 +14 - 2.7 + 0.37 +13 -3.3 -9.1 + 8.7 - 3.5 
+11 +18 -5.0 -9.1 + 2.1 - 6.8 
+ 2.1 + 2.4 +0.69 -2.2 +14 + 3.9 


a Twenty-one-day-old intact male Holtzman rats were used at the start of the experiment. Ten animals were in each group 
and the control group. Administration was at 2 mg./day S.C. in CMC lor 14 days with autopsy on 15th day Controls given 
CMC diluent, and initial starting weights matched for the grbups. b Percentage variation is calculated from the arithmetic 
mean of each group against the arithmetic mean for the control group. 


crystals which were filtered (yield 10%) and recrys- 
tallized from benzene-cyclohexane to  give colorless 
plates, m.p. 152 to  152.5’. 


Anal.-Calcd. for C&IuOs: C, 71.42; H ,  5.75. 
Found: C, 71.56; H, 5.63. 


~Hydrory-4‘,5,7-trime~o~vanone (XlV).- 
As mentioned above under Chnlcones, flavanone XIV 
was obtained in 29% yield, when the alkaline reac- 
tion mixture which contained chalcone VI was 
acidified with HCI and allowed to stand for 3 days. 
After the chalcone had been precipitated by addi- 
tion of water (alcohol concentration 40%), the 
flavanone was obtained from the mother liquor by 
lowering the alcohol concentration to  15Y0. One 
recrystallization from benzene-cyclohexane gave 
light yellow needles, m.p. 123.5 to  124’. 


Anal.-Calcd. for ClsH1801: C. 65.45; H, 5.49. 
Found: C, 65.66; H, 5.38. 
4’,6-Dihydroxy-S,7-dimethoxyfiavanone ( XV ).- 


Although the directions given by Zemplen (2) were 
followed very closely, this flavanone could not be 
prepared according to this method. Usually it was 
obtained in small yield from the mother liquor after 
recrystallization of the chalcone VIII. A satis- 
factory conversion of the chalcone to  the flavanone 
was accomplished by dissolving the chalcone in 
a mixture of 20 parts of methanol and 1 part of 
water and adding boiling water (3070 by volume). 
Upon cooling and seeding. the flavanone separated 
and was recrystallized repeatedly from absolute 
ethanol. Although its color is reported to be ochre- 
yellow (2), our preparations were always red-orange, 
which would indicate that they still contained small 
amounts of chalcone (dark red). They melted 
consistently at 205’. reported m.p. 198’ (2), and 
when admixed with the chalcone VIII (m.p. 198- 
200’), the melting point was strongly depressed 
(189-196’). 


AnaL-Calcd. for Cl~HlsOs: C. 64.55; H, 5.10. 
Found: C, 64.23; H, 4.99. 


Furthermore, the flavanone gave the same 
diacetate (m.p. 133-135’) as reported in the litera- 
ture [137’ (2)]. 


Anal.--Calcd. for CllH&: C, 63.00; H, 5.04. 
Found: C, 63.20; H, 5.44. 


In contrast, the chalcone VIII, when acetylated 
under identical conditions, gavean acetate m.p. 182.5 
to  183’. which analyzed correctly for a triacetate 
(see Table I). 


Flavones XVI, XM, XIX, and XXI.-Equal 


amounts of chalcones IV, V, VII, and IX and sele- 
nium dioxide were dissolved in amyl alcohol (10-14 
ml. per gram of chalcone) and refluxed for 12 hours. 
The solutions were cooled and filtered, the residue 
washed with ether, the filtrates washed with 20% 
NaOH and saturated NaCl solution, and the ether 
removed in uacuo. Flavones XVII and XXI 
crystallized directly from the amyl alcohol solutions, 
and additional amounts were obtained when the 
amyl alcohol was removed by steam distillation. 
This procedure had to be used for flavones XVI and 
XIX which are too soluble in amyl alcohol. Usually 
the crude flavones were recrystallized first from 
dilute methanol or dilute acetic acid, then from the 
solvents listed in Table 11. 


Flavones XVIII, IRC, and =.--The benzyloxy- 
flavones XVII, XIX. and XXI were dissolved in 
glacial acetic acid-concentrated HCI 3:l (30- 
40 ml. per gram of flavone) and the solutions heated 
on the steam bath for 1.5 hours. After cooling, 
they were poured into five or more volumes of water, 
and the precipitates were filtered and recrystallized 
from appropriate solvents (Table 11). 


SUMMARY 


The bioflavonoids X, XVI, XII. XVIII, XIV. XX, 
XV, and XXII were submitted to our general 
endocrine screening assay, with results as indicated 
in Table 111. Flavone XVIII increased the weight 
of the spleen in the young intact male rat. The 
flavanone XV slightly increased the size of the 
adrenals, but this effect, if real, appeared to be a 
nonfunctional hypertrophy or hyperplasia. In gen- 
eral, these flavones and flavanones produced no 
significant endocrine effects. 
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Simplified Turbidimetric Assay of Lipase in Dosage Forms 
By FREDERICK P. SIEGEL and BERNARD ECANOW 


A simplified turbidimetric procedure for the 
standardization of lipase activity in  dosage 
forms is described. The procedure com ares 
in  accuracy to the best titrimetric m e t h o g  and 
simplifies the handling of a large number of 


samples to be assayed. 


HE ASSAY OF lipase has practical consideration T in the evaluation of enzyme activity in dosage 
forms and in serum as a diagnostic for acute pan- 
creatitis. 


The principle lipase procedures employed today 
are titrimetric, based on the hydrolysis of a glyceride 
substrate. The subsequent neutralization of the 
free fatty acids by a standard sodium hydroxide 
solution is usually expressed in lipase units. A 
lipase unit represents the enzyme activity resulting 
in the hydrolysis of glyceride equivalent to the 
release of 50 microequivalents of fatty acid. 


Most techniques require from several to  24 hours 
of incubation to  permit a titratable amount of fatty 
acid to  be liberated and are further complicated by a 
dificulty in assessing a visual end point in opaque 
emulsion substrates. Lazo-Wasem (1) recently 
applied a nonaqueous titration procedure and 
circumvented the incubation time and end point 
problem. However, the required benzene extrac- 
tions minimize its use with large numbers of samples 
and cut down its practicability in the laboratory. 


The turbidimetric assay is a simplified procedure 
which can be conducted in the spectrophotometer 
and generally consumes not more than 30 minutes 
for the total routine. The application of this assay 
to dosage forms is discussed. 


EXPERIMENTAL 


Reagents.-The stock emulsion of 50% olive oil 
in water is prepared by the continental method em- 
ploying powdered acacia, olive oil, and distilled 
water. The emulsion is homogenized in a colloid 
mill, stored in a cool place, and allowed to age for 3 
weeks prior to use. 


A working emulsion is prepared by placing 50 
ml. of the stock emulsion with 300 ml. of a 0.2 M 
tris buffer, pH 8.0, in a separator. The diluted 
emulsion is shaken over a period of several hours; 
it is then allowed to  sit for a period of about 12 
hours to permit maximum creaming. The stable 
emulsion is carefully removed from the cream. 


The stable emulsion is then carefully diluted in 
increments, with 0.2 M tris buffer, and read in the 
Coleman Jr. spectrophotometer to assess the ulti- 
mate final dilution required to  produce an ab- 
sorbance of approximately 0.05. The measure- 
ments are made in a 19-mm. cell at a wavelength 
of 600 mp with a water blank. 


The remainder of the stable emulsion is then 
diluted according to calculations and allowed to  
sit overnight to permit possible further creaming as 
the result of the dilution. 


The diluted emulsion should yield an O.D. value 
of not less than 0.60. 
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TIME, MIN. 
Fig. 1 .-Semilogarithmic plot of absorbance of the 


reaction substrate vs. time. Key: 0, 0.6 u. lipasel 
ml.; 0, 1.0 u. lipase/ml.; and A, 1.4 u. lipase/ml. 


Standard Curve.-Place 5 mi. of the working emul- 
sion in 19-nim. Coleman cells. Add 1 nil. of a suspen- 
sion containing 0.4,0.6, 0.8, 1.0, 1.2, and 1.4 units of 
pancreatic lipase. Wilson's pancreatic lipase 3000 
(3 u./mg.) was diluted in distilled water. The 
suspension was homogenized in a blender for about 
1 minute. 


A control is represented by 5 ml. of working 
emulsion plus 1 ml. of buffer. The point of addi- 
tion of 1 ml. of enzyme suspension is designated 
zero time. The cell is mixed by inversion using a 
parafilm cover and read immediately as zero time. 
Absorbance readings are taken in intervals of several 
minutes a t  600 mp with a water blank. All op- 
erations were performed at 25". 


The logarithm of the absorbance will decrease 
linearly with time for approximately one half-time. 
This straight line region is employed to evaluate a 
half-time for each enzyme concentration. The 
half-time observed is inversely proportional to the 
enzyme concentration (Fig. 1 and Table I). 


Methods.-In the analysis of an unknown, the 
lipase procedure entails the preparation of a suspen- 
sion of the dosage form by homogenizing in the 
blender for about 1 minute, so as to yield a concen- 
tration of lipase in the approximate range of 0.5 to 
1.0 u./ml. 


A 1-ml. aliquot of the suspension is added to 5 
ml. of the substrate. The tube is inverted several 
times and read as described under the Standard 
Curve. The half-time for the reaction of the un- 


TABLE I.--STANDARD CURVE 


u. / l  ml. Aliquot TI/;, Min. 
1 . 4  17 
1.2  20 
1 . 0  24 
0.8 30 
0 . 6  40 
0 . 4  65 
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RESULTS AND DISCUSSION 


Several commercial dosage forms werc cvaluatctl 
as well as several lipase concentrates employed in thc 
manufacture of commercial dosage forms. Cap- 
sules and powder papers were also prepared from 
the concentrates in this laboratory and checked by 
this assay procedure (see Table 11). 


The rate of disappearance of the substrate 
turbidity is proportional to the release of fatty acids 
when compared to  the method of Lazo-Wasem. 
Good recoveries of enzyme have been found with 
errors generally under 5%. but never exceeding 


The substrate remains stable for a period of 2-3 
weeks a t  25'. It is advised that each new substrate 
batch be standardized with a standard lipase 
preparation, although duplications between batches 
have been good. 


In  assaying tablets of lipase the complete tablet 
is crushed and triturated to a fine powder. The 
material is then washed into a volumetric !%ask 
where it is brought to  volume. The preparation is 
then homogenized in a blender. 


One should be cautioned about the assay of 
lipase in a digestant tablet containing pepsin. 
The pepsin coat must be washed off prior to assay 
since the pepsin enzyme will inactivate lipase. 


Caution in washing glassware is essential since it 
has been observed that certain surfactants will 
affect the rate of enzyme activity. 


10%. 
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U. 
Lioase" ~~ 


IJ,  1-ipase f i t &  U.Q 
per metric Turbidi- 


])Osage Form Dosage Form Assay (1) metric 
Lipase 3000 


powder 
Lipase 3000 


powder 
Enteric coated 


tablet A 
Bnteric coated 


tablet B 
Capsules A 
Capsules B 
Capsules C 
Powder paper A 
Powder paper B 
Powder paper C 


3400 u./Gm. 3400 


3000 u./Gm. 3000 


120 u./tablet 110 


130 u./tablet 110 
100 u./capsule 105 
200 u./capsule 190 
250 u. /capsule 230 
100 u./paper 100 
200 u./paper 195 
250 u./paper 240 


3400 


3000 


108 


120 
105 
200 
240 
105 
205 
240 


Mean values ten assays. 


known is inversely related to the half-time of the 
standards: ( unknown/Tl/2 standard) = 
(concn. of standard/concn. of unknown). The 
following data are used to illustrate the assay. 


A sample labeled to contain 200 u. of lipase was 
diluted to 200 ml. A I-ml. sample of the above 
suspension produced a half-time of 20 minutes. The 
half-time for 1 u./ml. of standard enzyme is 24 
minutes. Then (20/24) = (1/X) and X = 1.2 
ii./nil. of lipase. 


Sensitivity of Color Tests for Nitrites, Nitrates, and Glyceryl 
Trinitrate I. Solutions in Distilled Water 


By JAMES C. MUNCH, MERCEDES FRANCO, and BERNARD FRIEDLAND 


Threshold concentrations detected (limens) for nitrites, nitrates, and glyceryl tri- 
nitrate have been determined for solutions i n  distilled water with 16 reagents. 
Generally the most sensitive tests detected 10 to  100 parts per million of these 


products; except chromotropic acid detected 2 parts per million of nitrite. 


ITROCLYCERIN (glyceryl trinitrate) investi- N gations require delicate methods for the 
detection and determination of nitrites, nitrates, 
and glyceryl trinitrate in tissue fluids, viscera, and 
pharmaceutical products. Some hundred reagents 
have been suggested in the literature (1-22) but our 
investigations showed that only a few considered 
specificity and threshold limits for determination. 
Results with these reagents indicated that sixteen 
showed promise, although close attention to details 
are required for successful use with them. Based 
on findings in testing solutions in distilled water 
reported in Table I, additional tests are under way 
for determinations in various pharmaceuticals, as 
well as tissue fluids and viscera. 


Preparation of Test Solutions.-A concentrated 
solution was prepared by dissolving: ( a )  1.50 Gm. 
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of reagent grade sodium nitrite; ( b )  1.37 Gm. of 
reagent grade sodium nitrate; and (c) 10 Gm. of an 
analyzed mixture of 1 part glyceryl trinitrate and 9 
parts of beta lactose, in distilled water and making 
up each volume to 100 ml. Just before use each 
stock solution was diluted from 1% (10,000 parts 
per million) to 5,000, 2,000, 1,000, 100, and 10 
parts per million for test. The sodium nitrite 
solution was further diluted to 2 p.p.m. for the 
test with chromotropic acid. If a negative test was 
obtained within 5 minutes using a concentration of 
10,000 p.p.m., additional tests were not under- 
taken. Such negative results are indicated by 
(10,000) in Table I. Otherwise, the figures rep- 
resent the h e n  (threshold concentration detected) 
for each product with the chosen reagent. The 
colors recorded are the final colors observed a t  the 
end of 5 to 10 minutes. 


Preparation of Reagent Solutions.-Reagent 
chemicals were obtained from Eastman Kodak Co.. 
Rochester, N. Y. Solutions were prepared a t  the 








Interaction of Preservatives with Macromolecules V 
Binding of Chlorobutanol, Beazyl Alcohol, and Phenylethyl 


Alcohol by Nonionic Agents 


By C. K. BAHAL and H. B. KOSTENBAUDER 


Possible i n t e r d o n  of chlorobutanol and two aromatic alcohols, bentyl and phenyl- 
ethyl with polysorbnte 80, polyvinylpyrrolidone, and methylcellulose was investi- 
gated by equilibrium dialysis studies. All these common alcoholic preservatives 
were found to exhibit reversiblq association with polysorbate 80. Only chlorobu- 
tanol wos bound by polyvinylpyrrolidone, and none of the alcohols interacted with 


methylcellulose. 


UANTlTATIVE DATA have previously been Q presented for the extent of association oc- 
curring between a number of common preserva- 
tives and nonionic macromolecules such as 
polyethylene glycols, polyvinylpyrrolidone, 
methylcellulose, and polysorbate 80. Data are 
available for the binding of preservatives such as 
phenols (1-6), carboxylic acids (1, 7, S), and 
quaternary ammonium compounds (9). This 
communication is concerned with the presenta- 
tion of data for additional classes of common 
preservatives, chlorobutanol, and the aromatic 
alcohols. Although there is microbiological 
evidence to indicate that chlorobutanol is in- 
activated in the presence of polysorbate 20 and it 
has been obstrved that chlorobutanol interacts 
with macromolecules, there has been no previous 
investigation of the magnitude of the interaction. 


Deeb and Boenigk (10) found that a 0.5 per 
cent aqueous solution of chlorobutanol was a 
more effective antibacterial than a 0.75 per cent 
solution of chlorobutanol in 3 per cent polysor- 
bate 20. They also observed that the solubility 
of chlorobutanol was greatly increased in the 
presence of polysorbate 20. Inactivation of 
chlorobutanol and phenylethyl alcohol in pres- 
ence of polysorbate 60 has been reported, by 
Barr and Tice (11). 


Although there have been no reports of in- 
activation of benzyl a h h o l  in the presence of 
macromolecules, ' this preservative was included 
for comparison. 


EXPERIMENTAL 
Materials.-Chlorobutol, anhydrous, U.S. 1'. ; 


beiizyl alcohol, reagent grade; phenylethyl alcohol, 
N.P. ; polysorbate Mi; polyviuylpyrrolidoiie'; 
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Pig. 1.-Bind- 
ing of chlorobu- 
tanol by poly- 
sorbate80. Key: 
A, at  30°-total 
chlorobutanol in 
solution: 6.2.87 
X M; A, 
4.37 x lo-' M; 
0. 5.78 X lo-* 
M. B.at45'- 
total chlorobu- 
tanol in solution : 
0, 2.91 X lo-* 
M .  


2 4 0 8  
POLYSORBATE 80 (%W/V) 


1.8 - 
sorbate80. Key: 


m A. at  30°-t~tal 
benzyl alcohol in 
solution: 0, 9.31 
x lo-' M; 0, 
19.43 x 10-lM. 
B, at 45O-total 
benzyl alcohol in 
solution: 0, 
19.43 X 10-2 M. 


2 4 6  8 1 0  
POLYSORBATE 80 (% W/V) 


methylcellulose, 10 cps.8; and nylon' and cellophad 
membranes were used. 


Dialysis Procedure.-The technique used in the 
present studies was essentially the same as that 
employed by Miyawaki, d d. (4). with the excep- 
tion that the films of nylon and cellophane were 
employed witb plastic dialysis cells instead of as 
dialysis bags. Nylon membranes, which have been 
shown to be impermeable to polysorbate 80 (3), 
were selected for use iti studies involving polysor- 
bate 80, while cellophane was used for polyvinyl- 
pyrrolidone and methylcellulose studies. 


Each dialysis cell consisted of two Plexiglas6 
a Methad  10 cps. Dow Chemical Co. Midland Mi&. 
4 Flaskon Nylon, d.0005 in., Allied Chemical Cdrp., New 
6 &king Cellulose Casing, Visking Corp., Chicago, Ill. 
6 Rohm & Haas Co.. Philadelphia, Pa. 


York N. Y. 
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photometer at wavelengths of 256 mp and 258 mp, 
respectively. Chlorobutanol was determined by 
alkaline hydrolysis followed by determination of 


Fig. 3.-Bind- the chloride ion by potentiometric titration with 
ing of phenyl- 0.01 N silver nitrate solution, using a platinum- 
ethyl alcohol by tungsten electrode pair (12). 
polysorbate 80. 
Key: at 30"- 


$$$:,':& 
M,. o, 


7.62 x lo-, M. 


RESULTS 


Polysorbate oO.-Data for interaction of preserva- 
tives with polysorbate 80 are plotted in Figs. 1-3. 
The ratio of total/free preservative was essentially 


total phayl -  


_.-_ 
At 450-toGi 
phenylethyl al- 
cohol in solution : 
A, 3.93 X lo-' 
M. 


1.0 
~ 


3 6 9  
POLYSORBATB 80 (% W/V) 


blocks, 6.3 X 6.3 X 2.6 an., each half with a cavity 
having a capacity of 20 ml. Threaded Plexiglas 
plugs provided access to the cell cavities. To 
assemble the cells, a semipermeable membrane was 
clamped between the two symmetrical halves, solu- 
tions were pipeted into each cavity as required and 
the stoppers, fitted with polyvinyl chloride washers, 
were screwed in tightly. The cells were then rotated 
at 9 r.p.m. in a constant temperature water bath 
maintained at the required temperature f0.2' 
until equilibrium was established. Using nylon 
membranes, equilibrium was established at 30" in 6 
days for chlorobutanol, 96 hours for phenylethyl 
alcohol, and 48 hours for benzyl alcohol. Changes 
in volume of the two cell compartments, found only 
with polyvinylpyrrolidone and methylcellulose. were 
recorded and necessary corrections were made for 
the macromolecule concentration. 


Assay Methods.-Benzyl alcohol and phenylethyl 
alcohol were assayed with a Beckman DU spectro- 


1 .x 


1.6 


W 


B 
1.4 8 
1.2 


1.0 
0 1 2 3 4 5 6  


Fig. 4.-Binding of chlorobutanol by pnlyvinyl- 
pyrrolidone. Key : A. at 15"-total chlorobutanol 
in solution: 0, 2.85 X lo-* M. B, at 30'-total 
chlorobutanol in solution: 0, 2.87 X lo-* M; ?, 
5.77 X lo-* M. C, at 45"-total chlorobutanol in 
solution: 0 ,2 .88 X lo-* M. 


POLYVINYLPYRROLIDONE (% W/V) 


constant over the range of preservative concentra- 
tions utilized. With 3 per cent polysorbate 80 at 
30°, 50% chlorobutanol, 18% benzyl alcohol, and 
25y0 phenylethyl alcohol were bound. With an 
increase in temperature from 30 to 45". the magni- 
tude of interaction increased for chlorobutanol, de- 
creased for benzyl alcohol, and remained unchanged 
for phenylethyl alcohol. 


0 E- 
0 40 80 120 160 200 240 


1 
moles/L., FREE DRUG 


Fig. b.-Langmuk-type plots for binding ot 
preservatives by polysorbate 80 at 30'. Key: A, 
total benzyl alcohol in solution: 0, 9.31 X lo-* M; 
@, 19.43 X lo-* M. B. total phenylethyl alcohol 
in solution: 0,3.93 X 10-a M; 0. 7.62 X lo-* M. 
C, total chlorobutanol in solution: 0. 2.87 X 10-% 
Y; A. 4.37 X lo-* M; @,5.78 X lo-¶ M. 


PolyPinylpyrrolidone.-The results of dialysis 
studies with polyvinylpyrrolidone are plotted in 
Fig. 4. Of the preservatives studied, only chloro- 
butanol interacted with polyvinylpyrrolidone and 
the extent of binding increased with an increase in 
temperature. 


Methylcelldose.-None of the preservatives 
studied showed any interaction with methylcellu- 
lose. 


DISCUSSION 


Nature of Interaction.- Langtnuir-type plots for 
chlorobutanol. bncyl  alcohol, and phenylethyl 
alcohol (such as Fig. 5).  when extrapolated to 
infinitely high free preservative concentration, 
show a line passing through the origin rather than 
an intercept corresponding to a limiting binding 
capacity. Such plots suggest a binding mechanism 
similar to partitioning into a separate phase, rather 
than adsorption on a micellar surface or to specific 
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Fig. 6.--Langmuir-type plots for 
binding of chlorobutanol by poly- 
vinylpyrrolidone (PVP). Key: A. 
at 15’-total chlorobutanol in solu- 
tion: 2.85 X lo-* M; B, at30”- 
total chlorobutanol in solution: 2.87 
X 10-2 ;M; C, Bt 45O-total chloro- 
butanol m soluhon: 2.88 X lo-’ M. 
Dram by method of least squares 


t171.1 


TABLE ~.-INTERACTION OF CHLOROBUTANOL  WIT^ 
POLYVINYLPYRROLIDONE 


Enthalpy Free 
Binding Chan e Energy %II’: 


Constant (Ad Change (a~u9, 
Temp., K . L .  cal. (AC) d. deg. -1 
OC. mole-1 mole-1 cal. mole-1 d e - 1  
15 17.5 4078 -1839 27.8 
30 22.9 4078 -1887 27.7 
45 35.4 4078 -2255 27.9 


sites on the macromolecule. This behavior is in 
direct contrast to the interaction of p-hydroxy- 
benzoic acid esters with polysorbate 80 (3). 


Langmuir-type plots for interaction of chloro- 
butanol with polyvinylpyrrolidone, Fig. 6, indicate a 
limiting binding capacity (0.05 sites per base mole 
of the polymer). The binding sites did not change 
with an increase in temperature. Thermodynamic 
functions calculated from data for binding of 
chlorobutanol by polyvinylpyrrolidone are pre- 
sented in Table I. 


The positive (unfavorable) enthalpy and the large 
positive unitary entropy term for interaction of 
chlorobutanol with polyvinylpyrrolidone are similar 
to values observed for binding of nonpolar molecules 
such as benzene or nitrobenzene to polyvinylpyr- 
rolidone (13). Molyneux and Frank (13) and others 
(14, 15) have attributed interactions of this type 
mainly to the large unitary entropy change ac- 
companying the disruption of the “iceberg” struc- 
ture of water molecules around hydrocarbon groups 
in aqueous solution (hydrophobic bonding). 


Temperature dependency of interactions with 
polysorbate 80 are not readily interpreted. Iso- 
octane-water partition cwffiaents for chlorobutanol, 
benzyl alcohol, and phenylethyl alcohol all show an 
increase in the ratio, concentration in organic phase/ 
concentration in aqueous phase, with an increase in 
temperature from 30 to 45’ (16). If the inter- 
action with polysorbate 80 were simply an oil/water 
partitioning phenomenon, one might expect that 
the binding to surfactant would vary with tempera- 


ture in the same way as the oil/water partition 
d a e n t  varies. Undoubtedly, the interaction 
with the micellar surfactant is considerably more 
complex. 


SUMMARY 


When chlorobutanol is used as a preservative in 
the presence of polysorbate 80 or polyvinylpyr- 
rolidone and when benzyl alcohol and phenylethyl 
alcohol are used in presence of polysorbate 80, it is 
advisable to use concentrations of these preserpa- 
tives slightly in excess of the concentrations nor- 
mally employed in aqueous solutions. Data pre- 
sented in this work can be used to calculate the 
actual concentration required according to the pro- 
cedure previously described (6). Methylcellulose 
did not interact with any of the preservatives used 
in this study and polyvinylpyrrolidone showed no 
tendency to bind benzyl alcohol or phenylethyl 
alcohol. 


REFERENCES 
(1) Higuchi. T., and Loch, J. L., THIs ]OVEN&, 43, 465 


(1954). 


(1958). 


(2) Guttman D andHiguchi T. aid  45 659 1958). 
(3) Patel, N.’K.;‘and Kostendauder, H. B.’, id., 47,289 


4) Mi awnki, G. M., Patel, N. K., and Kostenbauder, 


(5) Pisno,%. D., and Kostenbauder, H. B., ibid., 48,310 
H. 8.. d, 48 315(1959). 








1242 


was analyzed to estimate its variability. The 
following findings are briefly summarized. 


By performing a size analysis on the granula- 
tion and then determining the corresponding drug 
content of each sized fraction, i t  was possible to  
ascertain whether the drug is uniformly distributed 
throughout the different granules. 


If the drug is not uniformly distributed, the 
technique of sampling is extremely important in ob- 
taining a true representation of the drug distribution 
in the mix. Misleading estimates of variance were 
produced by the samples taken by Method A. 


To  determine the uniformity of drug content 
at different locations in the mixer, location samples 
were compared with random samples. Through the 
computation of standard deviations, it is possible to  
estimate the homogeneity of drug content in the 
mixer and to compare the same stage of manufacture 
for different batches. 


In determining the standard deviation of the 
drug content a t  the different stages of granulation 
manufacture, it is possible to  pinpoint the stage 
which is interfering with good mixing. 


To evaluate weight and drug content variability 
of the tablets, random and systematic sampling 
plans were employed. The systematic sampling 
plan gave more information about the tablet com- 
pression operation than the random sampling plan. 
The following information wasgainedfromthisstudy. 


The sampling technique is important for ob- 
taining random samples. 


The influence of compression time and com- 
pression sides of a double rotary press on tablet 
weight and drug content can be determined by 
analysis of variance. 


The relationship between tablet weight and 
drug content was determined by computing the 
correlation coefficient and was not significant. 


1. 


2. 


3. 


4. 


1. 


2. 


3. 
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This was because for each of the three batches of 
tablets studied, the coefficient of variation for drug 
content was about fivefold that of the tablet weight. 


Although this report described certain method- 
ology and sampling plans, it should be realized 
that similar and possibly more extensive information 
could be obtained through the use of other sampling 
plans. However, before any sampling plan is 
decided upon, careful consideration must be given to 
the factors that are to be evaluated. Only then is it 
possible to design the correct methodology and 
sampling plans which would result in the accumula- 
tion of sufficient random samples to evaluate 
adequately each factor and eliminate the possibility 
of taking samples from materials which may have 
undergone unmixing. 


Additional studies presently are underway on 
different dosage forms using modified sampling 
plans to  obtain maximum information regarding the 
relationship that may exist between drug hetero- 
geneity in the several stages of granulation manu- 
facture and the final tablets. 
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-Notes 


Titrimetric Assay of Sulfonamides by Diazotization Using 
Ferrocyphen as Indicator 


By W. M. BANICK, Jr., and J. R. VALENTINE 


A study has been made concerning the use of ferrocyphen [dicyano-bis-(l,lO- 
phenanthro1ine)-iron (11) complex] as an internal, reversible indicator for the 
diazotization titration of sulfonamides. Many of the sulfonamides of pharmaceutical 
interest can be determined using the ferrocyphen visual end point. T h e  tiuation 


procedure is simple and rapid. 


OST OF THE sulfonamides of pharmaceutical M interest have the general formula H J W ~ H I -  
S02NHR, in which the amino g r o ~  and the Sd- 


Many different methods have been described (9) 
for the analysis of these sulfonamides. Diazotiza- 
tion of the primary amino group appears to be the 


fonamide group are in a Position to each other. preferred method, probably because it is applicable ____ 
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to  nearly all sulfonamides and employs a titrant 
which is stable, readily available, and easily 
standardized. 


The end point in the diazotization titration may 
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TABLE ~.-TITRIMETRIC ASSAY OF SULPONAMIDES USING FERROCYPHEN AS INDICATOR -- - 
Structure 


Common Name H&@02NHR, R= % Purityaeb 


Sulfanilamide H 100.2 
Sulfaguanidine -C(=NH)NH, 99.7 
Sulfadiazine 2-Pyrimidinyl 99.9(99.5)  


Sulfachloropyridazine 6-Chloro-3-pyndazinyl 99 .4(99 .9  


Sulfamethazine 4,6-Dimethyl-2-pyrimidinyl 100.2(100.4) 
Sulfacetamide Acetyl 100.0 (99.6) 


Sulfachloropyrazine 6-Chloro-a-pyrazin y l 100.4(100.2) 
Sulfamethoxypyrimidine 6-Methoxy-4-p yrimidinyl c 


Sulfamethoxypyridazine 6-Methoxy-3-pyridazinyl d 


Sulfamerazine 4-Methyl-2-pyrimidin y l d 


Sulfathiazole 2-Thiazolyl d 
Sulfapyridine 2-Pyridinyl d 


a Average of at least four determinations. b Values in parentheses were obtained by a diazotization procedure employing 
d Visual end point detection wo?1 impossible since titration gives a starch-iodide end point (2). 


colored products. 


be determined potentiometrically (2, 7), ampero- 
metrically (6), with starch-iodide external indicator 
(9), with diphenylbenzidine disulfonic acid ( l ) ,  or 
with orange IV (8). 


Schilt (5) recently described the use of a metal 
complex as an internal, reversible indicator for the 
diazotization titrations of some primary aromatic 
amines (aniline, p-bromoaniline, o-chloroaniline, where A is the net of M mobr sodium ,,itrite, 
and 2,4-dichloroaniline). He proposed the trivial F. w. is the fornula weight of the sulfonamide, and 
name “ferrocyphen” for the dicyano-bis-( 1,lO- G is the G ~ .  of sample, 
phenanthro1ine)-iron (11) complex. 


c End point not stable. 


the vicinity of the end point, withdraw the tip and 
complete the titration dropwise to  a pale violet or 
rose end point which is stable a t  least 3 minutes. 
Run a blank titration. 


yo Purity = 
A X M X F.W. 


G X 10 


We have studied the use of this indicator in the RESULTS AND DISCUSSION 


The results obtained for 12 sulfonamides analyzed diazotization titration of 12 sulfonamides of phar- 
maceutical interest. Seven of the sulfonamides can by the diamtization procedure are summarized in 


Table I. Since previous investigators (2, 6) have be titrated using ferrocyphen as indicator. The 
titration procedure using ferrocyphen as indicator shown that at is not a necessary 


reauirement for the diazotization titration. all the is characterized by speed and simplicity. 
EXPERIMENTAL 


Reagents 
Ferrocyphen [Dicyano-bis-( 1,lO-phenanthm 


line)-Iron (II)].-The reagent was prepared as 
the dihydrate using the procedure described by 
Schilt (4). 


Ferrocyphen Solution, l.O’%.-Dissolve 0.50 
Gm. of the reagent in 50 ml. of concentrated sulfuric 
acid. 
Sodium Nitrite, 0.1 M.-Dissolve 14.2 Gm. of 


reagent grade sodium nitrite in distilled water to  
give 2000 ml. of solution. Standardize against 
purified sulfanilic acid as follows. Dissolve an 
accurately weighed sample of about 0.7 Gm. in 
25 ml. of distilled water and 5 ml. of 1.0 M sodium 
hydroxide. Add 200 ml. of 6 M hydrochloric acid, 
1 .0  ml. of the ferrocyphen solution, and titrate 
with the 0 .1  M sodium nitrite. At the end point, 
the color will change from yellow to violet. The 
end point is stable at least 3 minutes. Run a blank 
titration on the reagents. 


Sulfonamides.-All the sulfonamides used in the 
investigation were equivalent to  U.S.P. grade. 
Procedure 


Accurately weigh about 0.5 Gm. of the sul- 
fonamide and dissolve in 100 ml. of 6 M hydro- 
chloric acid. Add 1.0 ml. of the 1.0% ferrocyphen 
solution and titrate with 0.1 M sodium nitrite. 
Introduce the titrant under the surface of the 
solution with a buret having an elongated tip. In 


tiJations using ferrocyphen as indicator were per- 
formed a t  room temperature (25”). The purity 
values obtained using ferrocyphen as indicator are in 
good agreement with the values obtained by a 
procedure employing a starch-iodide end point (3). 


In all the titrations for which quantitative data 
were obtained, the ferrocyphen responded reversibly 
in the same way as described by Schilt (5). The 
diazotization of all the sulfonamides and the 
indicator response were extremely rapid in the 
6 M hydrochloric acid. 


Visual end point detection was impossible for the 
last four compounds in Table I because titration 
gives colored products (yellow or yellow-orange) 
which obscure the end point. 


Precision.-The standard deviation calculated 
using 29 degrees of freedom is *0.240/,. 
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Drug Partitioning I1 


In Vitro Model for Drug Absorption 


By JAMES T. DOLUISIO and JOSEPH V. SWINTOSKY 


An in vitro model to simulate some factors involved in the absorption process is 
described. It consists of a tube containing two aqueous phases separated by an 
immiscible phase. A rocking apparatus agitates the fluids while causing the liquid 
interfaces to expand and contract. Rates of drug transfer and equilibrium drug 
distribution were determined under conditions where one aqueous phase was 
maintained at pH 7.4 and the other bufiered at various pH values. Salicylic acid, 
barbital, antipyrine, aminopyrine, and tetracycline were studied in this manner. 
The initial drug transfer simulated a lirst-order rate process. Results of the equilib- 
rium studies are in general agreement with predictions of the pH-partition theory. 
Tetracycline did not undergo transfer from one aqueous phase to the other at any 


pH condition of the study. 


REVIOUS INVESTIGATIONS (1-5) have demon- 
strated that the gastrointestinal absorption 


of drugs is often dependent upon their ability to 
penetrate a lipoidal bamer, and that for some 
compounds absorption is accomplished by passive 
diffusion of the unionized moiety. The following 
equations derived by Shore, et al. (l), give the 
theoretical ratios, R, of drug concentrations, C, 
iti’qqueous solutions of differing pH separated by a 
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barrier which is selectively permeabIe to the 
unionized moiety: 
for a base, 


and for an acid, 


I n  situ experiments (1-5). have shown that the 
distribution of some drugs approximates these 
equations. However, it is possible that an ionized 
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drug moiety might be sufficiently lipid-soluble to 
penetrate the gastrointestinal barrier, or that an 
unionized drug moiety might not be sufficiently 
lipid-soluble to penetrate the gastrointestinal 
barrier, or that an active transport process is in- 
volved. In these cases the above equations may 
be inadequate to predict gastrointestinal absorp- 
tion. 


It is suggested that the model depicted in Fig. 
1 might be employed to simulate some factors 
involved in the absorption process-namely, the 
partitioning bf drug between the gastrointestinal 
fluid and lipoidal phase and between lipoidal 
phase and plasma. Aqueous buffer systems of pH 
2.0,3.0,5.0, and 7.4, cyclohexane, and an aqueous 
pH 7.4 b d e r  may be utilized to represent the 
various acidities of the gastrointestinal tract, the 
lipoidal barrier, and the acidity of the plasma, 
respectively. By use of this in  Vitro model the 
“absorption” process, i e . ,  the passage of drug 
from one aqueous phase to the other, can be 
studied kinetically and as an equilibrium process. 


EXPERIMENTAL 
Apparatus and Reagents.-All chemicals were 


reagent grade unless specified otherwise. Salicylic 
acid, barbital N.F., antipyrine N.F., aminopyrine 
N.F.X, tetracycline HCI (Lederle Laboratories), 
potassium chloride, monobasic sodium phosphate, 
potassium acid phthalate, boric acid, sodium 
hydroxide, hydrochloric acid, cyclohexane, n-octyl 
alcohol, Leeds and Northrup model 7401 pH meter, 
and a Beckman model DB spectrophotometer were 
employed. 


To prevent the aqueous phases from mixing, a 
glass tube and rocking apparatus were designed and 
constructed. (See Figs. 1 and 2.) The gentle rock- 
ing of the tubes accelerated drug transfer by causing 
the interfaces to expand and contract as shown in 
Fig. 1. The phases were sampled as necessary by in- 


1 C 


EFRRCT OF GENTLE ROCKTNG ON THE 


Fig. 1.-Model used to simulate some factors 
involved’ in the absorption process. Phase a 
represents the various acidities of the gastrointes- 
tinal tract, phase b the lipoidal barrier, and phase 
c the pH of the plasma. 


INTERFACBS 


Fig. 2.-Photograph of rocking ap- 


serting a pipet through the neck of the tube. The 
rocking apparatus1 is of aluminum construction and 
possesses two pivot bars mounted on ball bearings. 
The pivot bars are tilted in one direction and then 
the other through attachment to a constant speed 
electric motor of 2 r.p.m., as pictured in Fig. 2. The 
degrees of tilt are controlled by a variable adjust- 
ment connecting-link attached to the motor. Spring 
clips are fastened to the framework of the pivot bars 
to accommodate the special glass tubes. The rock- 
ing apparatus is somewhat similar in design and ap- 
plication to one used in two-phase partition co- 
efficient studies (6). The special tubes for these 
studies bear some similarity to tubes used for other 
purposes and previously reported (7). 


Procedure.-Aqueous buffered solutions of drug 
(15.0 ml.) were placed in one arm of the tube, 
15.0 ml. of a pH 7.4 phosphate buffer solution was 
placed in the remaining arm, and 80.0 ml. of cyclo- 
hexane added. The system was gently rocked and 
the drug concentration determined a t  various time 
intervals. Salicylic acid, antipyrine, aminopyrine, 
and tetracycline concentrations were determined 
spectrophotometrically. Barbital solutions were 
adjusted to pH 9.4 with a borate buffer, then deter- 
mined spectrophotometrically. 


The pH 2.0 buffer was prepared by dissolving 3.0 
Gm. of KCl in 1 L. of distilled water and adjusting 
the pH with concentrated HCI. The pH 3.0 buffer 
was prepared by dissolving 8.0 Gm. of potassium 
acid phthalate in 1 L. of distilled water and adjusting 
the pH with concentrated HCl. The pH 5.0 and 
pH 7.4 buffers were prepared by dissolving 5.7 Gm. 
of monobasic sodium phosphate in 1 L. of distilled 
water and adjusting the pH with 5 N NaOH. The 
pH 9.4 borate buffer was prepared by dissolving 6.0 
Gm. of boric acid and 7.5 Gm. of KC1 in 1 L. of dis- 
tilled water and adjusting the pH with 5 N NaOH. 
All solutions used in the tetracycline experiments 
were prepared with deionized distilled water having 
a specific conductance of 2.5 X 10- ohm-’ ern.-' or 
l a .  


RESULTS A N D  DISCUSSION 
The initial 


disappearance of drug from phase a was approxi- 


paratus and glass tubes. 


Results are summarized in Table I. 


~ 


1 The authors appreciate the assistance of Mr. Edward Bata  
and Mr. Allen Cook, R & D Mechanical Shop, and Mr. Andrew 
Airey. R & D Glass Shop, Smith. mine & French Lpbora- 
toria. for d s t a n e e  in constructing the equipment shown 
in Fig. 2. 
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TABLE I.-RESULTS OBTAINED FOR THE TRANSFER OF VARIOUS DRUGS IN THE In Vitro ABSORPTION MODEL 


LI 


Drug Phase c is 7.4 (br. -1) (hr. -1) Theoret. Exptl 


.~ 
pH Phase a When U + I k ’  k, R, R, 


Salicylic acid 2.0 0.13 0.14 0 0 
3.0 0.12 0.24 0 0 


0.46 0 0 
1 .o 


5.0 0.0046 
7.4 a 0 I7 


Barbital 


Antipyrine 


2.0 
5.2 
7.4 
2.0 
5.0 
7.4 


0.0022 0.0022 0.72 0.74 
0.0022 0.0022 0.72 0.74 
0.0016 0.0021 1 .o 1.2 
0.0059 0.0074 1.3 1.4 
0.0084 0.0084 1 .o 1.1 
0.0090 0.0090 1 .o 1 .o 
,l 0 Aminop yrine 2.0 lo00 


5.1 0.14 0.25 1.8 1.8 
7.4 0.26 0.26 1 .o 1 . o  


Tetracycline HCI 2.0 .. . 
5.1 . . .  
7.4 . . .  


(I 


a a 
a a D 


a a m 


No drug transfer evident in SO hours. 


O ~ ~ . . , ‘  


HRS. 


Fig. 3.-The effect of phase a pH on the dis- 
appearance of aminopyrine from an aqueous phase, 
through a cyclohexane phase, and into an aqueous 
pH 7.4 phase. Key: 0, pH 5.1 phase a; 0, pH 
7.4 phase a. 


mately first order. Figure 3 illustrates that a change 
of pH in phase a affects the slope depicting dis- 
appearance of drug. This change in slope may be ex- 
plained by the following equations. When the pH 
of phase a is such that the drug is completely union- 
ized, transfer is represented by 


and 
1nC = -kt  + lnCo (Eq. 4) 


where C is drug concentration, t is time, and k is a 
constant. However, when the pH is such that the 
drug is partly ionized, transfer is represented by 


and 


1nC = - __ kt + lnCo (Eq. 6) U + I  
where U and I are unionized and ionized drug, and 
where U/( U + I )  is the fraction of drug unionized. 
According to  these equations the “true” rate con- 
stant, k, is independent of pH. However, the slopes 
obtained by plotting 1nC versus t yield apparent 
rate constants, i.e., [U/( U + I ) ] k ,  which are a 
function of pH. 


From the data in Table I, k is observed to  be a 
constant at the different pH’s at which barbital and 
aminopyrine were studied. In the case of antipyrine, 


some variability was observed for k. For salicylic 
acid k varied two to  threefold. This greater vari- 
ability in the value of k for salicylic acid is perhaps 
to  be expected, since for a given concentration of 
this drug the concentrations of U and I vary ap- 
proximately ninetyfold from pH 2 to  5. In this wide 
range of concentrations of U, the substantial change 
in I may influence the transfer rate of U between the 
immiscible phases. 


In general, the results obtained are consistent with 
the hypothesis that for these drugs transfer is de- 
pendent upon the migration of the unionized drug 
moiety. The equilibrium distribution of drug be- 
tween the two aqueous phases as indicated by R in 
Table I obeyed either Eqs. 1 or 2, depending on 
whether the drug was a base or an acid. 


Table I1 lists the pKa and the fraction of drug 
unionized a t  various acidities for each drug studied. 


Salicylic Acid.-Figure 4 illustrates the transfer 
of salicylic acid from a pH 2.0 aqueous phase to  
a pH 7.4 aqueous phase. In this case, as in most 
cases, the concentrations of drug in the cyclohexane 
phase were so low that they could not be accurately 
determined. Figure 5 is a first-order plot of the dis- 
appearance of salicylic acid from the pH 2.0 


TABLE II.-FRACTION OF DRUG UNIONIZED AT 
VARIOUS ACIDITIES 


Drug pKa PH 
Salicylic acid 3.0 2.0 


3.0  
5.0 
7.4 


Barbital 7.9 2.0 
5.2 
7.4 


An tipyrine 1.4 2.0 
5.0 
7.4 


Aminopyrine 5.0 2.0 
5.1 
7.4 


Tetracycline HCI 3.3,7.7,9.7 2.0 
5.1 
7.4 


u 


0.91 
0.50 
0.01 


1 . o  
1.0 
0.76 
0.80 
1 .o 
1 .o 
O.OOO99 
0.56 
1 .o 


F + I  


a 


a 
a 


0 Values less than 0.0001. 
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Aminopyrine.-Aminopyrine showed no transfer 
when the acidity of phase a simulated that of the 
stomach. At this pH aminopyrine is essentially 
completely ionized. A t  higher pH values the 
transfer increased and obeyed Eq. 1. 


Tetracycline.-In the experiments involving tet- 
racycline no transfer was evident when cyclohexane 
was employed as the lipoidal barrier. Pindell, 
el 01. (8), have shown that tetracycline is absorbed 
from the stomach, duodenum, and ileum of the dog 
and have suggested that the absorption can be ex- 
plained by the pH-partition hypothesis. I t  is 
interesting to note from their work that only 3y0 of 
an administered dose of tetracycline was absorbed in 
1.5 hours. From the work of Stephens, et al. (9). i t  
appears that a t  the pH of the stomach tetracycline 
would be cationic-as the pH rises the molecule 
would become a zwitterion-and then, a t  high pH 
v a l u e s a n  anion. In light of these findings it was 
then thought that perhaps cyclohexane was too non- 
polar to  simulate the intestinal barrier. In the case 
of tetracycline, for example, a more polar lipoidal 
barrier might allow transfer of a lipid-soluble 
charged species. It was found that n-octyl alcohol 
did not allow tetracycline transfer a t  pH 2.0 but did 
allow tetracycline transfer when the pH of phase a 
was 5.2 or 7.4. This transfer was also evident at 
these pH values in mixtures of n-octyl alcohol and 
cyclohexane up to a mixture of 80% cyclohexane. 
These studies, however, were complicated because 
buffer electrolytes also were able to  pass very slowly 
through the n-octyl alcohol barrier, and to a lesser 
extent, through n-octyl alcohol-cyclohexane mix- 
tures. I t  is of interest that a drug such as tetra- 
cycline which is ionized throughout the pH range of 
these studies may be soluble in lipid solvents. This 
suggests that some ionized drugs may probably show 
sufficient lipid solubility to  be absorbed passively in 
viva or that active transport processes may be in- 
volved. This idea and others will be subjects for 
some of our future studies of drug transfer and 
absorption. 


The results of this investigation suggest that this 
apparatus and experimental method may have ap- 
plication in studying effects of additives on the 
transfer rates of absorptive processes. Also the 
methodology may be useful for studying drug bind- 
ing. The substitution of a liquid membrane for a 
solid one in drug binding or other dialysis studies 
may overcome some of the experimental problems 


HRS. 


Fig. 4.-The transfer of salicylic acid from an 
aqueous pH 2.0 phase through a cyclohexane barrier 
to an aqueous pH 7.4 phase. The concentrations 
of salicylic acid in cyclohexane were low and could 
not be determined accurately (e.g., less than 4 X 


dd/L.). Key; 0, pH 2.0 phase a; 0, pH 
7.4 phase c. 


aqueous phase. I t  is evident from these data that 
a t  the pH of the stomach there is excellent drug 
transfer. As the pH of phase a rises and simulates 
that of the intestines, drug transfer falls off mark- 
edly. This is consistent with the statement that the 
absorption of weak acids occurs primarily from the 
stomach (2). I t  appears from Table I that a t  the 
pH of 7.4 in phase a,  Eq. 2 is not obeyed. However, 
as shown in Table 11, less than O.Olyo ofsalicylicacid 
is unionized a t  pH 7.4. Since such a minimal 
amount of the migrating species is present, failure 
to detect drug transfer after 80 hours is perhaps a 
reasonable result. 


Barbital.-The rates of barbital transfer were 
much slower than those of salicylic acid. I t  is also 
evident from the R values that salicylic acid should 
be absorbed more efficiently from the stomach than 
barbital. Barbital, which is largely undissociated 
in the pH range 2 to 7, should be absorbed through- 
out the entire gastrointestinal tract; whereas the 
rate of salicylic acid absorption by a passive mech- 
anism would be expected to fall off markedly once 
the drug has reached regions of higher pH in the 
intestine. 


Antipyrine.-The results illustrate that in the 
case of weak bases the higher the pH of phase a 
the better the drug transfer to  phase c. From the 
data it would seem that antipyrine should be ab- 
sorbed to  some extent throughout the entire gastro- 
intestinal tract. I t  is also evident that drug trans- 
fer should be identical when phase a is either pH 
5.0 or 7.4. As shown in Table 11, at these pH 
values antipyrine is essentially 100% unionized. 


\* < I l 1  l l l , , l l  
0 I . r I I0 12 I. I. 8,  I 0  I *  I. 


-a , 


HRS. 


Fig. 5.-First-order plot of the disappearance of 
salicylic acid from an aqueous pH 2.0 phase, through 
a cyclohexane phase, and into an aqueous pH 7.4 
phase. 
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Distribution of Tritiated Derivatives of 
Fluorene in the Rat 


By F. E. RAY and 0. 0. WEJEBE 


By the study of tritiated derivatives we have found that the liver carcinogen, 2-acetyl- 
aminofluorene, is concentrated to a greater extent in the liver of the rat than 2-acetyl- 
aminolluorenone, which produces only an occasional liver tumor. 2-Nitrotluorene, 
which also produces few, if any, liver tumors, gives a concentration that is inter- 
mediate. 2-Nitrofluorenone, which has not been tested for carcinogenicity, gives 
a concentration in the liver similar to 2-nitrofluorene. The highest concentrations 


in the liver result when the compounds are given by intraperitoneal injection. 


N 1940, THE U. S. Department of Agriculture I proposed the use of 2-acetylaminofluorene 
(AAF) as an insecticide; but before releasing it 
for field tests, it  was sent to the Regional Labora- 
tory in California for the determination of 
toxicity. After an extensive series of tests, 
Wilson, De Eds, and Cox (1) reported i t  to be 
carcinogenic to rats and mice. While this ended 
its career as an insecticide, it  became of funda- 
mental importance in the study of the etiology of 
cancer. 


Whereas the carcinogenic hydrocarbons pro- 
duce tumors almost exclusively at  the site of 
application, acetylaminofluorene produces a wide 
variety of tumors distant from the site of appli- 
cation. The principal organ of attack, however, 
is the liver. It has been shown to be carcino- 
genic to mice, rats, rabbits, hamsters, dogs, and 
fowl. I t  is indeed fortunate that this compound 
was thoroughly tested before being released for 
general use. 


I t  seems reasonable to assume that a com- 
pound that has a specific effect on an organ must 
have an affinity for that tissue. In previous work 
we found this postulate to be true: a derivative 
causing gastric cancer localized in stomach tissue 
to a greater extent than a closely related non- 
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gastric carcinogen (2). Because f-acetylamino- 
fluorene (111) causes many liver tumors, but 2- 
acetylaminofluorenone (IV) does not, but is 
carcinogenic to other tissue (3, 5), one might ex- 
pect a greater concentration of the former in the 
liver. To determine if this thesis is correct, 
radioactive derivatives of these compounds were 
administered and their distribution studied. 


Hz 0 


O b " "  
2- N itrofluorene 2-Nitrofluorenone 


(2-NF) (2-NFone) 
I I1 


H2 


doNHocCH3 
2-Acetylaminofluorene 


(.4AF) 
111 


2-Acetylarninofluorenone 
( AAFone) 


I V  


Recent work by Ray, Cromer, Aycock, and 
Pitzer (2) has shown that it is practical to pre- 








Mechanism of Action of Phenolic Disinfectants I11 
Uptake of Phenol-C-14, 2,4-Dichlorophenol-C-14, and 


p-tert-Amylphenol-C- 14 by Escherichia coli 


By JOSEPH JUDIS 


Cell suspensions of Escbericbia coli ATCC 11229 were incubated with phenol-C" 
(P-C"), .2,4-dichlorophenol-C~4 (DCP-C"), or p-tert-amylphenol-C" (PTAP-C"): 
radioactivity of the cells was determined. In general, the amount of a phenol associ- 
ated with the cells increased directly with concentration of the phenol. Increasing 
the pH between 4.8 and 10 did not significantly affect the radioactivity of the cells 
incubated with P-C" or PTAP-C", but decreased the activity of cells incubated with 
DCP-CI4. Temperature had no marked effect o n  labeling of the cells, and kinetic 
data indicated that the cells became labeled to the maximum extent very rapidly. 
The  activity of P-Cl4 labeled cells was almost entirely extractable by sal ine-bder  at 
22 '. Activity from cells incubated with DCP-C14 and PTAP-C" could be partially 
extracted with saline-buffer at 22O, more activity was extractable in  a boiling water 
bath, and most of the activity was extractable with 70 per cent ethanol at 70°. Poly- 
sorbate 80 in  a concentration of 1 per cent markedly reduced labeling of cells with 
DCP-C14 and PTAP-CL4 and extracted much of the activity from labeled cells, the 
effect being greater with the latter phenol. These findings suggest that the phenols 


partition themselves between the aqueous medium and cellular lipids. 


REVIOUS FINDINGS ( I ,  2) in studies on the 
mechanism of action of phenolic germicides 


are consistent with the hypothesis that  these 
compounds cause damage to  the permeability 
barrier. The  latter is generally associated with 
the cell membrane of microorganisms; this mem- 
brane contains a considerable amount of lipid 
(3-5). In  addition, the cell walls of Gram-nega- 
tive bacteria are rich in lipids unlike the muco- 
peptide nature of cell walls of Gram-positive 
organisms (6). 


Phenol derivatives become less water soluble, 
more lipid soluble, and more bactericidal with in- 
creasing halogenation and/or alkylation (7, 8). 
If these compounds owe their biological activity 
to  disruption or disorganization of membranes 
because of their ability to  associate with lipids of 
the membranes, the proportion of the total 
amount of a phenol derivative associated with the 
bacteria in a suspension should increase as the 
bactericidal power of the derivatives increases. 
An approach to  testing this hypothesis was made 
by  choosing three phenolic germicides: phenol, 
2,4-dichlorophenol, and p-ferf-amylphenol with 
reported phenol coefficients of 1, 13, and 30, 
respectively (7, 8). These compounds labeled 
with carbon-14 were obtained or synthesized and 
the relative binding of the derivatives by 
Escherichia coli cells was determined. 
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METHODS AND MATERIALS 


Materials.-Phenol U-C" ( U  indicates uniformly 
distributed label) was obtained from the New Eng- 
land Nuclear Corp. The 2,4dichlorophenol-CL' was 
prepared by direct chlorination of phenol-CL4, and 
p-fe~f-amylphenoI-C~~ was synthesized by alkylation 
of phenol C14 by the Friedel-Crafts reaction. The 
phenol derivatives had approximately the following 
specific activities: phenol-C14, 6 X 10' c.p.m./mg.; 
2,4-di~hlorophenol-C~~ 1.9 X 101 c.p.m./mg.; and 
p-felt-amyphenol-C14, 6 X lo4 c.p.m./mg. Other 
chemicals were obtained commercially a t  the 
highest purity available. 


Bacterial Suspensions.-The strain of E. coli used 
(ATCC 11229) and growth conditions were the same 
as previously described (1, 2). Washed cells were 
suspended in saline t o  a concentration of 4 X 1O1O 
cells per milliliter, as determined by turbidity read- 
ings previously calibrated with plate counts. This 
concentration corresponds to  40 mg. wet weight or 
10 mg. dry weight per milliliter or about 40 PI. of 
packed cells. 


Reaction Mixtures and Measurement of Radio- 
activity.-As previously reported (1, 2), phenol 
derivatives (except phenol) were dissolved in 25% 
v/v ethanol. Reaction mixtures contained, in a 
total volume of 3.0 ml., 2.4 X 1Olo cells, pH 7.2 (or 
as otherwise indicated) phosphate buffer in a final 
concentration of 0.02 M ,  the phenol derivative in a 
volume of 0.5 ml. (or made up to 0.5 ml. with 2570 
v/v ethanol), and enough saline to  bring to  volume. 
Reaction mixtures were incubated for 20 minutes at 
22 f 2 O  and centrifuged for 10 minutes. Aliquots 
of the supernatants and cells, after resuspension, 
were placed on 11/4-in. concentric ring stainless steel 
planchets. The contents of each planchet were 
treated with 4 drops of bromine water, incubated 
for 10 minutes a t  room temperature, 0.075 ml. of 
10% KOH was added, and the planchets were dried 
at 98". This procedure was necessary because of 
the volatility of phenol and its derivatives; although 
self absorption was increased, it was constant for all 


96 
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TABLE L-BINDINC OF PHENOL-CI', 2,4-DICHLOROPHENOL-C'(. OR p-tert-Ar.?Y~Pm~oL-C~~ BY E .  C O l i  CELLS 


Total Total Added Radioactivity Amount 
c.p.m. c.p.m. Bound t o  Cells, of Compd. 


Bound to Cells Compd. Added Added in Cells % 
Phen01-C~~. mg./ml. 


0.005 
4.17 
8.33 


12.5 
2.4-Di~hlorophenol-C~~, mcg./ml. 


86.7 
333.3 
500 
667 


p-tcrt-Amjllphenol-C". mcg./ml. 


88,850 2,114 
1,997 
2,013 


88,850 
88,850 


2.38 0.00036 mg. 
2.25 0.28 mg. 
2.27 0.566 mg. 


88,860 1,972 2.22 0.832 mg. 


58,195 5,314 
58,195 4,395 
58.195 4.248 


9.13 23.72 mcg. 
7.55 75.5 mcg. 
7.30 109.5 mcn. - 


59; 195 4;110 7.06 141.3 mcg. 


50 8,089 2,228 27.54 41.31 mcg. 
100 16,178 4,008 24.77 74.32 mcg. 
150 24,267 7,385 30.43 136.9 mcg. 
200 32,356 9,012 29.71 178.2 rncg. 
250 40,445 11.844 29.28 219.0 rncg. 


planchets. Radioactivity was determined with a 
Nuclear-Chicago D-47 thin window gas flow 
counter and counting times were so as t o  give a 
counting error of 5% or less. In the experiments 
involving uptake of labeled compounds over different 
lengths of exposure, a number of replicate reaction 
mixtures was prepared and individual tubes re- 
moved at the indicated times for centrifugation (5 
minutes at 15,000 r.p.m.). Solutions for deter- 
mining extractability of labeled phenols from cells, 
except for 70% ethanol, contained phosphate buffer 
at a final concentration of 0.02 M and pH 7.15 unless 
otherwise stated. 


RESULTS AND DISCUSSION 


It would certainly be reasonable to  expect that an 
antimicrobial agent active in very low concentra- 
tions is probably bound to susceptible cells, thus 
producing-at least in localized regions- rela- 


mg./ml. 
Fig. 1.-Accumulation 


of phen01-C'~ (A), 2.4-di- 
.,/ chlorophenol-C1~ (B), and 


P-tc~t-amylphenol-C~~ (C) 
as a function of concentra- 
tion of the phenol deriva- 


I) ,_ ,~"  ,_ tives in the reaction mix- 
tures. 


< 


n 


EQUILIBRIUM CONCN. OF PHENOL DERIVATIVE IN 
SOLN 


Fig. 2.-Langmuir ad- 
sorption isotherm plots of 


- o- binding of phen01-C~~. 2,4- 
10 dichlorophenol-C'f and p-  


tert-amylphenol-C1~. Key: 
C, equilibrium concentra- 
tion of the phenol deriva- 
tive in milligrams per mil- 
liliter in the case of phenol- 
0 4  (A), or micrograms per 
milliliter for 2,4-dichloro- 
phenol-CI' (B), and p-tert- 
amylphenol-C1' (C); a, 
amount of the phenol de- 
rivative accumulated by 
the cells as calculated from 
radioactivity. The units 
are milligrams for phenol 


C 


3oo 5oo 
C 


o,5 2oo and micrograms for the 
others. 


C 


tively high concentration. One would also suspect 
that perhaps one basis of resistance t o  an anti- 
microbial agent might be inability or development 
of inability to bind such agents. For example, 
Few and Schulman (9) found that cell walls from 
sensitive organisms take up about five to six times 
as much polymyxin as walls from resistant organ- 
isms; more recent evidence indicates the cell mem- 
brane as the site of binding of polymyxin (10). 
Newton (11) gives additional examples. Further, 
nystath is bound by yeast (12, 13), streptomycin 
by E. coli and other organisms (14-17), hexyl- 
resorcinol by E. coli (18), and the penicillin-binding 
component of Mu~ococcus pyogenes has been studied 
(19). 


Binding of an agent which is selectively toxic, e.g. 
an antibiotic, may involve specific chemical groups, 
and if the concentration of antibiotic is so low that 
it does not damage the permeability barriers, bind- 
ing may resemble simple adsorption, following the 
Langmuir adsorption isotherm equations as was 
shown with streptomycin and E. coli (14). Phenol 
and its derivatives, however, are general proto- 
plasmic poisons; their general toxicity may be ex- 
plained on the basis of an ability to  associate with 
compounds found in all microorganisms. Because 
toxic concentrations are too low to be protein 
denaturants (although this may be possible a t  local- 
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TABLE III.-EFFEcT OF TEMPERATURE ON BINDING 


~CY~-AMYLPHENOL BY E. coli CELLS 
O F  PHENOL-C", 2,4-DICHLOROPHENOL-C14, OR p- 


l 
<- 


LOG c 


Fig. 3.-Freundlich ad- 
sorption isotherm plots of 
binding of phenol-Cl4 (A), 
2.4 - dichlorophenol - C14 
(B), and P-tert-amylphe- 
n0l-C" (C). Symbols are 
the same as in Fig. 2. 


LOG c 
ized sites) and because of the low water solubility 
and high lipid solubility of phenols, it is likely that 
the latter associate primarily with cellular lipids. 
If this suggestion is true, then phenolic germicides 
should partition themselves between the aqueous 
medium and the lipid components of the bacterial 
cell. The more lipid soluble and water insoluble 
the derivative, the more antimicrobial it should be 
on a weight basis and the higher the fraction accu- 
mulating in the bacterial cells. 


The three phenols studied here are different in 
water solubility and germicidal activity. Phenol is 
soluble in 15 parts of water, while 2.4-dichloro- 
phenol and p-lerl-amylphenol are not significantly 
soluble in water. I t  is possible to dissolve about 4 
mg. of 2,4-dichlorophenol in 1 ml. of 25y0 v/v 
ethanol, but only about 1.5 mg. of p-tert-amylphenol. 
The phenol coetficients of the three compounds are 
also quite different (see above). One should expect, 
therefore, that if there is partition of the com- 
pounds between the bacterial lipids and the aqueous 
medium, the more biologically active a com- 
pound is on a weight basis, the higher the fraction of 
t h e  compound assoc ia ted  with t h e  
cells. The data in Table I show t h a t  the per cent of 
each compound associated with the cells is roughly 
constant, independent of concentration, and in- 
creases directly with increasing bactericidal potency. 
The data also indicate that there is a direct propor- 
tionality between concentration of a phenol in the 
system and the amount of phenol associated with the 
cells. If equilibrium concentrations (initial con- 
centrations minus the amount accumulated by the 
cells) are plotted against the amount of derivative 
accumulated by the cells, a straight line relationship 
seems to hold. Such a relationship might indicate 
either the type Ln or type L isotherm described by 
Giles and MacEwan (20), although enough data are 
not available to differentiate with certainty (see Fig. 
1). The limited data seem to give a reasonable fit 
to  a Langmuir plot (equilibrium concentration di- 
vided by the amount taken up by the cells versus 


Total Added 
Total c.q.m. c.p.m. 


in Boundto 
Compd. Added "C. Added Cells Cells. % 


Temp., c.p.m. 
. . -  


Phen0l-C1~, 
mg./ml. 
4.17 0 109,205 2,851 2.61 


12.5 0 109,205 3,114 2.85 
4. 17 22 109,205 2,433 2.23 


12.5 22 109,205 3,163 2.90 
4.17 40 109,205 2,900 2.66 


12.5 40 109,205 3,297 3.02 
2,PDichloro- 


phenol-C", 
mcg. /ml. 


0 36,405 4,322 11.87 333 
0 36,405 3,983 10.94 667 


333 22 36,405 3,183 8.74 
667 22 36,405 3,514 9.65 


40 36,405 3,906 10.73 333 
40 36,405 4,079 11.20 667 


p-tert-Amyl- 
phenol- C I, 
mcg. /ml. 


125 0 19,470 5,045 25.91 
0 38,940 14,138 36.31 250 


125 22 19,470 4,674 24.00 
250 22 38,940 10,724 27.53 
125 40 19,470 5,069 26.03 


40 38,940 10,293 26.43 250 


TABLE IV.-RATE O F  BINDING OF PHENOLC", 
2,4-DICHLOROPHENOL-c'I OR P-tell-AMYLPHENOL-C" 


B Y E .  coli CELLS 


Time After 2,4- p-fcrl-  
Addition of Cells Dichloro- Amyl- 


to Reaction Phenol-Cl' phenol-Clc phenol-C1' 
Mixture. min. 


FINAL CONCN. I N  REACTION MIXTURE 


8.33 667 250 
mg./ml. mcg./ml. mcg./ml. 


130,000 47,360 45,255 


0 3,286 4,123 10,190 
1 3,244 3,833 10,614 
2 3,396 3,596 11,577 
3 3,271 3,666 8,637 
5 3.315 3.344 10.614 


TOTAL C.P.M. ADDED 


TOTAL C.P.M. I N  CELLS 


_ , . ~ ~  


10 31374 3,833 111320 
15 3,442 4,079 9,265 
30 3,720 4.250 9,019 
60 3,539 3.952 11,577 


120 3,606 4,180 14,140 


amount taken up) or to a Freundlich plot (log equi- 
librium concentration versus log amount taken up) 
as illustrated in Figs. 2 and 3. 


Oka (21-26), in his studies of the uptake of phenols 


TABLE II.-EFFECT OF PH ON BINDING OF PHENOL-C", 2,4-DICHLOROPHENOL-C14, OR p-kit-AMYLPHENOL- 
C14 BY E. coli CELLS 


Total c.p.m. - Total c.p.m. in Cells at pH- - 
Compd. Added Added 4.80 5.95 6 .45 7.15 8.20 10.0 


Phenol-C~4, 12.5 mg./inl. 75,000 1,896 1,970 2,232 1,986 1,802 1,855 
2,4-L)i~hlorophenol-C~~, 667 mcg./ml. 37,770 7,459 5,770 4,497 3,779 2,576 2,638 
p-terl-Amylphei~ol-C~~, 250 mcg./ml. 43,325 12,896 11,450 13,058 11,713 10,959 11,579 
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TABLE V.-EXTRACTABILITY OF PHBNOL-C'4 AND 2.4-DICHLOROPHENOL-C" FROM E. Cali CELLS 


Labeled Phenol 
Bound to Cells Extraction Treatment 


Phenol-C1' None 
Saline-buffer a t  22"C., 30 min. 
Toy0 v/v ethanol at 70°C.. 30 min. 
Saline-buffer in boiling water bath, 20 min. 


Saline-buffer a t  22°C.. 30 min. 
7 0 v  v/v ethanol a t  70"C., 30 min. 
Saline-buffer in boiling water bath, 20 min. 


2,4-Di~hlorophenol-C~~ None 


Total c.p.m. C.p.m. 


in Cells % 
1669 . . .  
135.7 91.9 
25 98.5 
48.7 97.1 


Remaining Extracted, 


3727 
1038 


58 


. . .  
72.1 
98.4 


695.7 81.3 


TABLE VI.-EXTRACTABILITY OF 
2,4-DICHLOROPHENOL-C1' FROM E .  C O l i  CELLS 


Tntal - - 
c.p.m. C.p.m. 


Remaining Extracted. 
Extraction Procedure in Cells % .. 


None 4110 ... 
Polysorbate 80,1yo at 22°C. for 


30 min. 523 87.3 
BTC, 0.5% a t  22°C. for 30 min. 1771 56.9 
Hyamine 3500, 0.1% a t  22°C. 


for 30 min. 1598 61.1 
Polyethenoxy nonionic ether, 


0.5% at 22°C. for 30 min. 569 86.2 
~ e r o i b i ,  1% a t  2 2 " ~ .  for 


Aerosol MA, 1% a t  22°C. for 
30 min. 4231 0 


30 min. 1676 59.2 
n-Butanol, 6.7% v/v a t  22°C. 


Ethanol, Toy0 v/v at 70°C. for 


Saline-buffer, pH 7.15 at 22°C. 


Saline-buffer, pH 7.15 in boiling 


for 30 min. 1676 59.2 


30 min. 133.4 96.8 


for 30 min. 897.2 i 8 . 2  


water bath for 20 min. 562.2 86.3 


TABLE VII.-EXTRACTAEIILITY OF p-krt-  
AMYLPHENOL-CI4 FROM E .  C d i  CELLS 


Total C.p.m. 
c.p.m. Ex- 


Remaining Extracted. 
Extraction Procedure in Cells % 


None 8950 . . .  
Polysorbate 80.1% at 22°C. for . . _  


30 min. 1209 86.5 
BTC, 0.5% at 22°C. for 30 min. 
Hyamine 3500, 0.1% a t  22°C. 


for 30 min. 
Polyethenoxy nonionic ether, 


0.5% at 22°C. for 30 min. 
Aerosol, 1% a t  22°C. for 30 min. 
Aerosol MA, 1% a t  22°C. for 


30 min. 
n-Butanol. 6.7% v/v at 22°C. . _  . 


for 30 min. 


30 min. 
Ethanol, 70% v/v a t  70°C. for 


Saline-buffer, pH 7.15 at 22°C. 
for 30 min. 


water bath for 20 min. 
Saline-buffer, pH 7.15 in boiling 


5670 


2362 


1028 
5546 


7077 


4678 


174 


5050 


3089 


36.6 


53.6 


88.5 
38.0 


20.9 


47.9 


98.1 


43.6 


65.5 


of the antiseptics he studied between soy bean oil and 
water and by estimating partition between lipid 
and nonlipid phases of E. coli and Staphylococcus 
aureus. Oka concludes, however, that the toxic 
effect can be better correlated with the total amount 
of antiseptic adsorbed on the cell rather than the 
amount of antiseptic dissolved in the lipid or 
aqueous phases of the microorganisms. This con- 
clusion must be taken with caution because his 
estimation of the concentration of antiseptic in the 
microbial lipids is based on the assumption that 
partitioning between soybean oil and water approxi- 
mates partitioning between microbial lipids and the 
rest of the cell. Bacterial lipid does not consist 
simply of glyceryl esters of fatty acids (27, 28) and 
varies in both composition and cell distribution with 
gram reaction and species (6, 28). 


The solubility in nonpolar solvents of an organic 
compound with a polar group should be greater if 
the polar group is unionized. Lipoproteins are im- 
portant components of biological membranes and 
are involved in regulation of permeability, especially 
of organic molecules. In general, one should expect 
that the more lipid soluble an organic compound, is 
the greater the permeability of biological membranes 
to  the compound. For example, Simon and Beevers 
and Beevers, et al. (29, 30), found that the undis- 
sociated form of weakly ionized organic acids or 
their esters penetrated bacteria more effectively 
than the ionized form. Skou (31) reported that the 
minimum concentration of local anesthetics blocking 
nerve conduction was lower a t  pH values at which 
the anesthetic was unionized. Phenol having a K ,  
of 1O-Io would not be ionized significantly below pH 
9-10, and its lipid solubility should be unaffected 
by pH values below 9 or 10. Alkylation of phenol 
depresses the K .  (32-34), but halogenation increases 
phenol's acidic properties, e.g. 2,4-dichlorophenol has 
a K .  of 7.08 X 10-o (35). As can be seen in Table 
11, the amount of 2,4dichlorophenol bound by E. 
coli is affected by pH in the predicted fashion; i.e., 
the higher the pH. the higher the proportion of 
ionized form. Thus, if this derivative is being dis- 
solved in bacterial lipids, the less soluble it would 
be. Phenol and p-tert-amylphenol having low 
K o  values would exist primarily in unionized form 
even at pH 10 and thus not be affected in terms of 
lipid solubility by the pH values tested here. 


In general, a rise in temperature is accompanied 
by an increase in solubility, In a system involving 
partition of a solute between two solvents, there 
may be an increase in solubility in each of the phases 
w i t h  a n  i n c r e a s e  i n  t e m p e r a t u r e .  T h u s  t h e  
fraction of solute associated with one of the phases 
may remain roughly constant. The latter situation 


and 0th- antiseptics by yeast and bacteria, found a 
linear relationship between the log of the equi- 
librium concentration of the antiseptics in the 
medium and the log of the wansferred quantity, and 
concluded that the phenols were partitioned between 
the bacterial lipids and the aqueous medium. He 
substantiated his contention by measuring partition 
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TABLE IX.-EFFECT OF PH ON EXTRACTABILITY OF 
2,4-DICHLOROPHENOL-CL' A N D  P-telt AMYLPHENOL- 


ci4 FROM E .  C O l i  


Total c.p.m. C.p.m. 
Phenol Extraction Remaining Extracted, 


Derivative Procedure in Cells 7% 
2,4-Dichloro- None 2680 . . .  


phenol-CI4 Saline-buffer, 892 66.7 


TABLE VIII.-EFPECT OF POLYSORBATE 80 ON 


AMYLPHENOL-C~' BY E. coli A N D  EXTRACTABILITY 
OF THESE COMPOUNDS 


BINDING OF 2,4-DICHLOROPHENOL-C" OR p-tert-  


Total c.p.m. Remaining. 
After Treatment! in 


Cells Incubated with 
2,4- p-fcrf-  


Dichloro- Amyl- 
Treatment phenol-C" phenol-C" 


( a )  Cells incubated with C-14 
phenol derivative 3266 11,617 


( b )  As in ( a )  plus lYO poly- 
sorbate 80 1691 1,124 


(c) As in ( a ) ,  followed by ex- 
traction of the cells with 
saline-buffer a t  pH 7.15 
a t  22'C. for 30 min. 1109 6,305 


( d )  As in (a), followed by ex- 
traction of the cells with 
saline-buffer containing 
1% polysorbate 80, p H  
7.15 a t  22'C. for 30 min. 391 1, 175 


might hold at low temperatures also. The effect of 
temperature on uptake of the three phenolic com- 
pounds is given in Table 111. Any effects of tem- 
perature on uptake could be explained by uneven 
effects on solubility in one of the phases. 


The association of the phenol derivatives with E. 
coli cells occurred rapidly and essentially to the maxi- 
muin extent in even the shortest time interval meas- 
ured (Table IV). Since centrifugation required 5 
minutesand  an additional 5 minutes were ex- 
pended in separation of the supernatant from the 
cells-the earliest time period is more realistically 
10 minutes. 


Tables V, \I, and VII indicate the extractability 
of the phenol derivatives from E. coli. Phenol is 
easily removed by either aqueous systems or 70% 
ethanol as would be expected from its solubility. 
However, 2,4-dichlorophenol and p-tert-amylphenol 
are much more readily removed by ethanol than 
saline-buffer, and p-fert-amylphenol is less extract- 
able by aqueous systems than 2,4-dichlorophenol. 
I t  would appear that the phenol derivatives are held 
by the cells even after the Permeability barrier is 
completely broken with n-butanol treatment or heat- 
ing the cells in a boiling water bath. Of the sur- 
factant solutions used for extraction, polysorbate 
and a polyethenoxy nonionic ether' nonionics, were 
the most effective solvents. The data in Table 
VIII show that polysorbate 80, if present in the re- 
action mixture, substantially reduced the amount of 
2,4-dichlorophenol and p-kit-amylphenol associated 
with the cells or very effectively extracted these com- 
pounds from cells previously having bound them. 


The effect of pH on extractability of phenol de- 
rivatives by aqueous media is given in Table IX. 
Saline-buffer a t  pH 10 extracted a higher percentage 
of 2,4-dichIorc~phenol than solutions of lower pH, 
while no differences were found with p-terf-amyl- 
phenol. One might assume that the higher extract- 
ability of 2,4-tlichlorophenol a t  pH 10 could be due 
to its existence to a greater extent a t  that pH in the 
ionized form which is less soluble in lipids than the 
unionized form. 


If toxic effects of a phenolic disinfectant are due to  
1 Marketed as Tween 80 b y  the Atlas Powder Co.,  Wil- 


2 Marketed as Triton-X-100 by the Rohm and Haas Co., 
rnington Uel. 


Philadelphia, Pa. 


pH 4.8 
Saline-buffer. 737 72.5 


DH 7.1 
Saiine-buffer, 473 82.4 


pH 10.0 
p-tert-Amyl- None 9903 . . .  


phenol-Ci4 Saline-buffer. 4549 54.1 


Saline-buffer, 4210 57.5 


Saline-buffer, 4263 57.0 


pH 4.8 


pH 7.1 


pH 10.0 


the presence of a certain minimum concentration in 
the bacterial cells, i t  is obvious that the more potent 
a derivative is, the lower the concentration needed 
in solution to  reach that minimal cell concentration. 
Because of the high lipid solubility of phenols, 
especially those highly bactericidal a t  low concen- 
tration, i t  is reasonable to  assume that the site of 
accumulation of these compounds is in the micro- 
bial lipids. Bacterial lipids are most generally 
located in the cell membrane (4, 28) and in the cell 
walls of Gram-negative bacteria. Thus, it  is not 
surprising that phenol derivatives damage permeabil- 
ity barriers in microorganisms (1, 2, 36). 


While damage to  surface structures seems to  be a 
likely explanation for the mechanism of action of 
phenolic disinfectants, it is also quite possible that 
these compounds inhibit respiratory enzymes and 
prevent cell division by preventing energy yielding 
reactions. A number of phenol derivatives have 
been shown to inhibit glucose oxidation at bacte- 
ricidal concentrations (37). Since some respiratory 
enzymes are located a t  the cell surface (3840), their 
inhibition either directly or by preventing transfer 
of their substrates through the permeability carrier 
must be considered in the total picture. Such possi- 
ble effects are presently under study in our labora- 
tory. Finally, all of the data presented above have 
involved only one organism, a Gram-negative one, 
with surface structures decidedly different from those 
of Gram-positive bacteria (41-43). The latter are 
well known to be more resistant to  phenol than 
Gram-negative bacteria (8). and these studies should 
be extended to  include Gram-positive bacteria for a 
more complete visualization of the mechanism by 
which phenols are bactericidal. 
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Assay of Vitamin E in Pharmaceutical Products 
By ROBERT W. LEHMAN 


Control assays for vitamin E may appear to be hopelessly complex to the pharma- 
ceutical analyst. “The National Formulary” describes a different assay method for 
each of the six forms or sources of vitamin E listed. Alkaline saponification is used 
for some materials and acid hydrolysis for others. Ceric sulfate titration is used for 
some; reaction with ferric chloride and dipyridyl for others. The derivation of the 
factors used in the calculations is not readily apparent. The job of the analyst is fur- 
ther complicated because the N.F. methods do not automatically apply to these same 
forms or sources when they are used in finished pharmaceutical products. This 
review is intended to help the analyst who must modify the N.F. assay methods for 
vitamin E in order to ap ly them to finished pharmaceutical products not covered by 
the N.P. monographs. %his review mentions some reasons for the differences be- 
tweeo methods and suggests modifications that can be used in assaying vitamin E 


in pharmaceutical products. 


LPHA TOCOPHEROL can be easily oxidized by A ferric chloride or by ceric sulfate to the 
“yellow quinone” as shown in Fig. 1. The N.F. 
assay methods depend on either measuring the 
amount of ferrous ions produced (they form a 
red complex with a,a’-dipyridyl) or titrating until 
ceric ions are left in solution to oxidize an indica- 
tor (diphenylamine) . 


a-Tocopheryl esters such as the acetate and 
acid succinate shown in Fig. 2 cannot be oxidized 
until the ester group has been removed by hy- 
drolysis (either with potassium hydroxide or 
sulfuric acid). 
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Acid Hydrolysis versus Alkaline Saponification 


Table I shows the differences in assay procedure 
that are specified for the six forms or sources of 
vitamin E that are now listed in “The National 
Formulary” (1). The two high purity acetates are 
hydrolyzed with acid, while the d-a-tocopheryl acid 
succinate requires saponification because i t  is not 
completely hydrolyzed by the N.F. acid treatment. 
Either method could be used for the acetates; each 
has the following advantages and disadvantages. 
Acid hydrolysis requires 3 hours of reaction time, but 
very little attention from the analyst. When acid 
hydrolysis is followed by ceric sulfate titration, the 
reaction mixture can be diluted directly, with no 
work-up. On the other hand, alkaline saponifica- 
tion requires only 20 minutes of reaction time. 
While saponification requires a lengthy work-up 
involving solvent extraction, washing, evaporation, 
and change of solvent, it would still be the procedure 
of choice when it is to be followed by the ferric 








Measurement of a Color Gamut Obtained from 
FD&C Colorants 
By ALLAN M. RAFF 


A method is illustrated to  determine what colors may be achieved utilizing 
the FD&C aluminum lakes as colorants. Lakes were mixed with a tablet excipient, 
compressed, and the reflectance was measured. A color solid was constructed at fixed 
values of lightness. Reduction in the color solid caused by limitations i m x s e d  by 
Federal re lations and pharmaceutical requirements is also illustrated. e use of 
such a tecEique aids in making color matches and defines the extent of realizable 


colors. 


HE PURPOSE OF this study is threefold. 
TFirst, it illustrates a method whereby the 
pharmaceutical formulator can define the gamut 
of colors he may achieve with a given set of 
colorants in any pharmaceutical dosage form as 
long as the color of the dosage form can be 
measured instrumentally. Second, it establishes 
the color gamut of the FD&C aluminum lakes. 
They were chosen as representative of a class of 
colorants important in taking full advantage of 
the techniques of direct tablet compression (1, 2). 
Third, this study further serves to illustrate the 
need for considering colorants as more than 
spectrophotometric curves. They also possess 
varying degrees of physical and chemical stability, 
tinctorial power, etc. (3, 4). 


An introduction and orientation to the basic 
concepts utilized in this study are contained in an 
appendix’ and bibliography of a previous 
article (5). 


Instrumentation.-The instrumental approach to 
color matching, and more specifically the use of the 
spectrophotometer for industrial color formulation, 
is the method chosen in most instances. 


Davidson and Hernmendinger (6-8) have devel- 
oped several instruments to  expedite the work in- 
volved in spectrophotometric color matches based 
upon a two-constant theory of pigment mixtures 
(9-11). Others, such as Billmeyer, el al. (12, 13), 
and later Alderson, el al. (14). described the use of 
large digital computers as an aid in color formulation. 
Saltznian (15) described the use of a pigment library 
as an aid in pigment identification and color match- 
ing. Duncan (16) investigated the mechanisms of 
color production and derived a set of formulas for 
the prediction of color matches. 


The making of a spectrophotometric color match 
can only be achieved when the same colorants that 
are present in the color sample are used in the prep- 
aration of the pharmaceutical dosage form. I t  is 
often stated that rolor matching is best attained by 
colorant matching (17). 
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In the case of color matching in industrial phar- 
macy we assume that we are definitely going to get a 
metamericl color match. The reason for this 
assumption is as follows. The pharmacist is shown 
a color sample on a paper that was achieved with 
printing inks, or he is given the liquid dosage form 
of a drug from which it is now desired t o  make a 
tablet, or someone just happens to  be wearing a tie 
that has an “appealing” color. In the case of the 
color samples being made from printing inks in the 
first example, and textile dyes in the last, it is 
obvious that these dyes cannot be used in the prep- 
aration of pharmaceutical products. In the ex- 
ample of the liquid dosage form, it was made with 
water-soluble dyes and, while these may he used, 
they defeat the purpose of direct compression. If 
we further assume that in the majority of cases we 
are only trying to match the colors of our own prod- 
ucts, and not those of our competitors, then we 
already know the exact colorant composition of the 
color in the liquid and do not need to resort to  
spectrophotometry for color matching. One would 
also have the problem here of differences in the attri- 
butes of the appearance modes (18, 19) of a liquid 
with a transmitted color uerms a tablet with a re- 
flected color. The color may not appear the same 
even with the same colorant formulation, achieved 
with or without a spectrophotometer. When a non- 
metameric match cannot be made it is necessary to 
resort to  colorimetry (6). 


In other words, the industrial pharmacist in his 
role as a colorist faces problems that may be more 
acute than those of the colorist in the paper coating, 
printing, textile, ceramic, plastic, or paint industry. 
At the present time the U. S. Food and Drug 
Adniinistration (FDA) lists only 11 FD&C coal-tar 
dyes (20). Others, in the D&C category, have a 
more tenuous existence and may eventually be 
decertified. Since the number of colorants is so 
limited (and if we add further limitations such as the 
requirement for a dry colorant for direct tablet com- 
pression), the primary question in the development 
of a color for a new product should be “What colors 
are available to us?” not “Can we make a match of a 
color standard using different colorants?” I t  is for 
this reason that this example of a color gamut is pre- 
sented. 


Color Gamut.-A color gamut, or color solid, is of 
value because i t  enables one to  tell, with a minimal 
amount of effort, whether a color standard can be 
matched. 


A color solid may be constructed because color 


t A metamuie match is one that does not appear to match 
under all conditions of illumination. 
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can be considered as a three-dimensional system. 
These dimensions may be described in the termi- 
nology of the Munsell (21) system or that of the 
C.I.E. (22, 23) system. The first dimension, “hue” 
(Munsell), is that attribute which distinguishes a red 
from a green. In the C.I.E. system this is the 
dominant wavelength. The second dimension is 
“value” (Munsell), or “lightness” (C.I.E.), the 
lightness compared with a gray scale from white to 
black. It may be thought of as the attribute which 
allows the differentiation of light from dark colored 
objects (17). The third dimension is “chroma” 
(Munsell). “purity” (C.I.E.) or saturation, the 
“redness” of a red as it goes from a dull brick red to a 
brilliant scarlet (15). 


There are a number of additional attributes which 
will affect the appearance of a colored object, such 
as size, shape, sparkle, transparency, glossiness, and 
luster (19). While these factors cannot be ignored, 
they were, in a sense, eliminated from this experi- 
ment by evaluating all colors in tablets with the 
appearance modes having the Same attributes. 


While the number of colors perceived may be 
considered as infinite, those available to the indus- 
trial pharmacist are probably more severely limited 
than in any other field. Aside from all the natural 
factors that limit the available colorssuch as their 
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Fig. 1.-The (n. y )  chromaticity diagram of the 
C.I.E. system. The parts of the spectrum locus 
are identified by wawlength in mp. The region 
bounded by this locus and the straightline (purple 
border) joining its extremes represent all chroma- 
ticities producible by actual stimuli. Within the 
outermost locus are the contours of theoretically 
realizable surface colors a t  various levels of light- 
ness. Illuminant “C” assumed. [From MacAdam. 
D. L., (25).] 


Fig. 2.-MacAdam limits modified by surface 
[From Atherton, E., and Peters, reflection factor. 


R. H., (27).] 


toxicity, light fastness, and chemical reactivity-the 
pharmaceutical industry may use only those color- 
ants approved by the FDA (20). In the case of the 
FD&C aluminum lakes, only nine FD&C dyes are 
utilized in their manufacture. 


Limitations.-Before defining the color gamut of 
these nine colorants, the theoretical limitations 
should first be examined. 


All 
mixtures of the spectrum colors lie within the area 
enclosed by the solid line. The area contains all the 
real colors (18.22, 23). 


MacAdam developed thd  theory of the maximum 
visual efficiency of colored materials (24) and then 
subsequently (25) showed what surface colors are 
theoretically realizable. One of his diagrams is 
reproduced in Fig. 1. It is obvious that even with- 
out the limitation of specific colorants being intro- 
duced the color gamut has lessened. 


The further limitations to  the gamut of surface 
colors were studied for fabrics by Vickerstaff (26) 
and for paints by Atherton and Peters (27). The 
modifications in the range of realizable surface colors 
for materials such as paints, or compressed tablets 
with a glossy surface, are a result of the fact that no 
surface absorbs 100% of the incident light. Figure 
2 contains the modifications in the MacAdam dia- 
gram when surface reflectance is taken into account. 


The studies cited had as their objective the 
description of the theoretically realizable surface 
colors in order to  determine where best to expend 


Figure 1 illustrates a chromaticity diagram. 


TABLE I.-DATA OBTAINED ON FIRST SERIES OF TABLETS COLORED WITH FD&C BLUE No. 2 ALUMINUM 
LAKE, CONCSNTIUTRD 


Concn., Yo P T r i s t i r n u l u s  Value------- Chromaticity Coordinates Lightness Munsell 
W h  X Y z x Y (Percentage) Value VY 


0.00 0.9784 1.0025 1.1320 0.3143 n 3220 1nn.2.5 R R1  -.I- - . 


0.01 0.9020 0.9247 1.1447 0.3066 0.3144 92.47 9.60 
0.10 0.7326 0.7506 1 .W24 0.2947 0.3020 75.06 8.83 
1.00 0.4120 0.4194 0.6920 0.2704 0.2753 41.94 6.92 


10.00 0.1420 0.1375 0.3040 0.2434 0.2356 13.75 4.26 
100.00 0.0230 0.0185 0.0584 0.2302 0.1852 1.85 1.41 
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future research efforts. The problem was to deter- 
mine those areas of color in which new colorants 
should be made available. All industries have in 
common the need and desire for colorants that will 
be light and at the same time saturated or intense. 
Such studies as these are of great value in this 
respect. 


However, in the pharmaceutical industry the 
problem is somewhat different since we have little to  
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say about the development of additional colorants. 
This is solely within the province of the chemist, 
tempered by economics, and constantly scrutinized 
by the Federal government. In the sense in which 
colorants are legally defined, the problem then be- 
comes one of determining the color gamut defined by 
specific materials under a given set of conditions. 


WAVELENGTH, mp 
Fig. 3.-Reflectance curve of tablet containing no 


colorants. 
00 


90 


’0 


WAVELENGTH, mp 
Fig. 4.-Reflectance curves of tablets containing 


various percentages of FD&C Blue No. 2 aluminum 
lake, concentrated. 


00 0 2  0 4  08 
I 


EXPERIMENTAL. 


Materials.-A spray dried basic tablet granula- 


Calcium sulfate, dihydrate. .... .90.585% w/w 
SolkaFloc,BW-100 ............. .4.950 
Acacia ......................... 3.465 
Magnesium stearate.. ........... 1 .OOO 


tion (28) having the following formulawas used. 


Two series of National Aniline FD&C aluminum 
lakes were used. The dye content of one series was 
nominally 15%; that of the other, designated by 
the manufacturer as “Concentrated,” was nominally 
40%. Other manufacturers produce these alumi- 
num lakes in other concentrations; the data of the 
following experiments are not perfectly valid for any 
concentrations other than those described. The 
colorants evaluated were the aluminum lakes of the 
following FD&C dyes: Violet No. 1, Blue Xo. 1 and 
No. 2, Green No. 1, Yellow No. 5 and No. 6, and Red 
No. 2, No. 3, and No. 4. 


Equipment.-A Mikro-Samplrnill fitted with a No. 
,010 HB screen; Carver hydraulic press; Hobart 
mixer, K4-B; punch and die (ll/z in., flat face, 
bevel edge) for Stokes model F tablet press; and 
G.E. recording spectrophotometer with Librascope 
integrator (29) were utilized. 


Preparation of Tablets.-Five batches of tablets 
were prepared: FD&C aluminum lake O.Olyo, A; 
O . l O % ,  B; l.Oyo, C; 10.O~o, D; lOO.O%,  E; with 
basic granulation q.s. in each. 


A series of logarithmic dilutions was chosen to 


Fiv 5 --C 1 E rhromaticitv d o t  of ( a )  concentrated and ( b )  15% aluminum lakes. The traces, or . ... d r  -O. _. _..._..._. 
curved lines, represent chromaticity loci Lf‘a concentration series of the lakes measured individually. Key 
for a: B1C = FD&C Blue No. 1; B2C = FD&C Blue No. 2; \’lC = FD&C Violet No. 1; R2C = FD&C 
Red No. 2: R3C = FD&C Red No. 3; R4C = FD&C Red No. 4 ;  Y6C = FD&C Yellow No.  6;  Y5C-= 
FD&C Yellow No.  5;  G1C = FD&C Green No. 1;  aluminum lakes, concentrated, respectively. Key for 
b: B1 = FDCC Blue No. 1; B2 = FD&C Blue No. 2, V1 = FD&C Violet No. 1; R2 = FD&C Red NO. 
2 ;  R3 = FD&C Red No. 3; R4 = FD&C Red No. 4;  Y6 = FD&C Yellow No. 6; Y5 = FD&C Yellow 
No. 5; G1 = FD&C Green No. 1;  aluminum lakes, 15%, respectively. 
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by Davidson (31) was utilized, and the tristimulus 
value, Y, which is also a function of lightness, was 
converted t o  the Munsell value function VY (32). 
These values were then plotted against their re- 
spective concentrations (Fig. 6). 


Using the graph of Fig. 6, concentrations were 
determined which would yield values of V r  from 9 
down t o  that value that could be obtained using no 
more than 1% of pure dye content in a tablet. 
Tablets were then made having those concentra- 
tions determined by the use of the graph of Fig. 6. 
The tristimulus values, chromaticity coordinates, 
lightness, and values for VY, are shown in Table 
11. 


The color solid could have been illustrated at 


01 Lo .Do -0 


PER CENT CONCENTRATION OF FD&C BLUE NO. 2. 
AL. LAKE, CONCD., IN TABLIETS 


Fig. 6.-Concentration of FD&C Blue No. 2 
aluminum lake, concentrated, in tablet us. Munsell 
value level. 
TABLE II.-DATA OBTAINED ON SECOND SERIES OF TABLETS COLORED WITH FD&C BLUE No. 2 ALUMINUM 


L ~ E ,  CONCENTRATED 


Concn., YO r- Tristimulus Valu- Chromaticity Coordinates Lightness Munsell 
w/w X Y 2 X Y (Percentage) Value V r  


0.065 0.7443 0 7622 1.0117 0.2956 0.3027 76.22 8.89 .. _-- - .  .__ 


0.290 0.5681 0.5815 0.8601 0.2827 0.2893 58.15 7.95 
0.900 0.4391 0.4472 0.7178 0.2737 0.2788 44.72 7.11 
2.600 0.2787 0 '2802 0,5177 0.2589 0.2603 28.02 5.82 
6.200 0.1752 0.1723 0.3623 0.2468 0.2427 17.23 4.71 


cover effectively the psychological value scale. 
This scale has an exponential relationship t o  per- 
ceived lightness (30). These dilutions also allowed 
each series to  be plotted on a single graph which per- 
mitted a ready comparison of the changes in the 
curves that resulted from changes in concentrations. 


In formulas A-D the colorant was mixed with the 
basic granulation in the Hobart mixer and then 
passed through the Mikro-Samplmill. The ma- 
terial was then placed in a punch and die assembly 
in the Carver press and compacted at a pressure 
of 12,000 p.s.i. For the compaction of the pure 
aluminum lake it was necessary only to  coat the 
die with a lubricant prior to  compaction to  effect the 
release of the tablet. 


Each tablet was marked so that the upper surface 
could be measured in every case. This was neces- 
sary because the upper tablet face had a greater 
gloss than the lower face due to the nature of com- 
paction in the Carver press. 


Measurement of Tablets.-The reflectance of the 
tablets was measured using a G.E. recording spectro- 
photometer equipped with a Librascope integrator 
using illuminant C. The specular component was 
not measured. Magnesium oxide was the white 
standard. The tristimulus values, chromaticity 
coordinates, lightness, and values for V r  (see below) 
for FD&C Blue No. 2, aluminum lake, concentrated, 
are shown in Table I. 


Figure 3 shows the reflectance curve of a tablet 
containing no colorant; Fig. 4 shows the reflectance 
curves of the tablets containing FD&C Blue No. 2, 
aluminum lake, concentrated. Similar curves were 
obtained for each colorant. The results of this 
initial series are plotted in Fig. 5. It can be seen 
that the color gamut is greatly reduced from that 
shown in Fig. 2. 


Continuing to use the results obtained from 
FD&C Blue No. 2 aluminum lake, concentrated, 
as an example, a modification of a method developed 


The author thanks Messrs. Best, Leary. Seeber, and Croce 
of National Aniline Division, Allied Chemical Corp.. for their 
assistance in having the spectrophotometric measurements of 
the tablets made. 


PERCENTAGE CONCENTRATION OF FD&C BLUE NO. 2, 
U. LA-, CONCD. I N  TABLETS 


Fig. 7.-Concentration of FD&C Blue No. 2 
aluminum lake, concentrated in tablet us. absorp- 
tion c&cient/scattering coefficient ( K / S ) .  Re- 
flectance measured at 410 mrr. 


various levels of reflectance rather than at Munsell 
values. In this case the value of K / S 4  would be 
plotted versus concentration as shown in Fig. 7 
and the concentrations required to  obtain the de- 
sired levels of reflectance determined. 


The reflectance curves of the second series of 
tablets containing FD&C Blue No. 2, aluminum 
lake, concentrated, are shown in Fig. 8. 


Figure 9 is composed of a series of contours at 
Munsell value 9. This is what is possible when 
there is a limitation concerning the colorants which 
may be used and a further restriction that the maxi- 
mum concentration may not exceed 1% of pure dye 
content. The other systems are shown at the same 
value level for comparison. 


Color Matching.-It is obvious from Fig. 9 that 
the color gamut at this value level 9 is far less than 
the theoretical limits. This is equally true at all 
other value levels. For example, a t  a value of 4 
there is only a single point because no other colorant 
was this dark a t  a pure dye concentration of less than 
1%. Another restriction was the use of only the 
aluminum lakes as colorants without using a black, 
such as carbon black. This meant that the values 


4 K / S  = (1 - Rm)l/Z - R, .  the Kubelka-Munk function 
(9). 
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4 0 0  500 000 xx )  


WAVELENGTH, mp 
Fig. 8.-Reflectance curves of tablets containing 


various percentages of FD&C Blue No. 2 aluminum 
lake, concentrated. 


were modified solely by the amount of colorant in 
the tablet formulation. Additional experiments 
are now in progress that will determine the maxi- 
mum saturation of each colorant and will also utilize 
a carbon black to vary the lightness of each colorant. 
This should serve to enlarge the color gamut. How- 
ever, the system will have to be evaluated for re- 
producibility of color from batch t o  batch as a 
function of the dispersion of the carbon black. 


The principal usefulness of such a color mixture 
diagram is that it enables one to  obtain from meas- 
urements, using either spectrophotometers or 
abridged spectrophotometers, information about the 
range of hues obtainable without actually making all 
the necessary physical combination of hues. Dun- 
can (16) showed that the recording of the position 
of a color on the C.I.E. diagram enabled a determi- 
nation of whether it would be possible to  make a 
match with the colorants available. “In general, 
the theory indicates that any color can be reproduced 
when its chromaticity coordinates fall within an area 
that is generated by drawing lines connecting the 
points representing the chromaticity coordinates of 
the colorants being used. If the color to  be repro- 
duccd falls outside of such an area, it  is sufficient evi- 
dence that the color cannot be produced with the 
colorants available” (33). It must be kept in mind 
a t  all times that color is a three-dimensional concept, 
so i t  is necessary to consider the lightness of the pro- 
posed color as well as the hue and saturation. For 
this reason, the color gamut described here is shown 
a t  definite levels of lightness. 


For matching a color, the procedure would then be 
as follows. The color to be matched would be meas- 
ured in a spectrophotorneter, and the chromaticity 
coordinates and lightness value determined. This 
point would be plotted on the correct level of re- 
flectance (or V y )  to  see whether i t  lies within the area. 
If i t  does not lie within the area, there is little likeli- 
hood that any match, metameric or nonmetameric, 
can be achieved. If the point does lie within the 
area, then it may be achieved by utilizing those color- 
ants that bound it. 


DISCUSSION 
The color gamut in Fig. 9 shows that in this case 


OE 


08 


0 2  


00  
00 0 2  0 4  


z 
Fig. 9.-Contours at Munsell VY = 9. Key: 


contour A ,  limit of aluminum lakes; contour B, 
limit of Atherton and Peters; contour C, limit of 
MacAdam; contour C.I.E., limit of spectral 
colors. 


there is relatively little opportunity t o  make a light 
and a saturated color in a tablet at the same time. 
If one further restricts the colorant concentrations to  
the more usually used concentrations of O.l%, the 
color gamut then contains only pastel colors. 


The curve of the colorant traces (Fig. 5) indicates 
that, as the concentration of the colorants is in- 
creased, both the hue and the lightness value change. 
Unlike the color additive mixture of lights-hue, 
value, and chroma for pigments are not independent 
properties, nor are their changes predictable a priori. 


More extensive discussions of the usefulness of 
color grids are given by Evans (34) and Saltzman 
(33) as well as those cited earlier. The making of 
color matches having the minimum metamerism pos- 
sible with a given set of colorants has been aided by 
the development of a tristimulus difference com- 
puter by Davidson and Hemmendinger (35, 36). 
The instrument permits the application of the rela- 
tion between the tristimulus values and concentra- 
tion without any precalibration except that involv- 
ing the spectral measurement of the component pig- 
ments. 


SUMMARY 


Color matching in industrial pharmacy, as in other 
fields, is a difficult problem. However, in pharmacy, 
exact matches, which can only be made with the 
same colorants as those of the standard, are the ex- 
ception rather than the rule. Considering this fact 
and that industrial pharmacists have relatively few 
colorants-and these cannot be used indiscriminately 
-then it behooves us to  define the gamut of colors 
available to  us for such dosage forms as liquids, 
compressed and coated tablets, etc. Having this 
information will then allow a quick determination of 
whether a color sample can be matched to  any ex- 
tent. 


“It is necessary that this problem be recognized so 
that a great deal of difficulty may be avoided in ask- 
ing for an exact match where it is evident, from the 
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difference between the two colorant systems, that dif- 
ferent colorants must be used and therefore an exact 
match is not obtainable” (3). 
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dustry,” John Wiley & Sons, Inc., New York, N. Y., 1951, p. 
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Effect of Cortisone on the Minimal Carcinogenic 
Doseso of Methylcholanthrene in Albino Mice 


By RALPH T. MANCINI, RONALD F. GAUTIERI, and DAVID E. M A ” ,  JR. 


The administration of 0.4 m e  of cortisone acetate er 30 Gm. of body weight, 
injected subcutaneously five tunes a week over a l%-day period (12 injections) 
during the initial phase of the experiment, caused a slight decrease in the incidence 
of methylcholanthrene-induced tumors. The CF-1 albino mice used in this ex eri- 
ment also exhibited a definite retardation or even a significant decrease in !ody 
weight during the Idday period of cortisone acetate administration However, 
when cortisone acetate was withdrawn, the mice gained wei ht rapidly. At the 
termination of the experiment, the grou s of mice which hafreceived cortisone 
(Groups B and C) exhibited a mean weiggt approximately equal to that of the con- 


trol groups. 


HE ISOLATION of cortisone from the adrenal 
Tartex by Rendall, et ul. (I), Reichstein (21, 
and Wintersteiner and M n e r  (3) in 1936 was 
followed by the extraction and identification of 
approximately 45 additional steroids, five of 
which-besides cortisone--exhibited significant 
physiological activity : corticosterone, 1 l-desoxy- 
corticosterone, 1 1-dehydrocorticosterone? 17-a- 
hydroxycorticosterone (hydrocortisone), and 17- 
hydroxy-1 I-desoxycorticosterone. Of these, cor- 
tisone has been subjected to the most thorough 
clinical evaluation in such diverse conditions as 
arthritis, leukemia, Addison’s disease, allergic 
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states, skin diseases, and ophthalmic disorders. 
In addition, the inhence of the steroid on car- 
cinogenesis has been studied. 


One of the earliest experiments to determine the 
effects of cortisone on the growth of malignant 
tumors in mice was conducted in 1944 by Heil- 
man and Kendall (4). They showed that the 
administration of cortisone in drinking water 
inhibited lymphosarcomas, while withdrawal 
caused the initiation of carcinogenesis. How- 
ever, growth was not reversed by the subsequent 
readministration of cortisone. Other investiga- 
tions have demonstrated that cortisone exerted a 
temporary inhibition of ependyomas (5), lympho- 
sarcomas (6), adenocarcinomas (7), and rhabdo- 
myosarcomas (8). 


In a study conducted by Baserga and Shubik 
(9), it was observed that cortisone reduced the 
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'rAl3I.E 11 .--ASSAY OF LIPASE-CONTAINING DOSAGE 
FORMS __- L 


Joirrnal of Pharmaceutical Sciences 


RESULTS AND DISCUSSION 


Several commercial dosage forms werc cvaluatctl 
as well as several lipase concentrates employed in thc 
manufacture of commercial dosage forms. Cap- 
sules and powder papers were also prepared from 
the concentrates in this laboratory and checked by 
this assay procedure (see Table 11). 


The rate of disappearance of the substrate 
turbidity is proportional to the release of fatty acids 
when compared to  the method of Lazo-Wasem. 
Good recoveries of enzyme have been found with 
errors generally under 5%. but never exceeding 


The substrate remains stable for a period of 2-3 
weeks a t  25'. It is advised that each new substrate 
batch be standardized with a standard lipase 
preparation, although duplications between batches 
have been good. 


In  assaying tablets of lipase the complete tablet 
is crushed and triturated to a fine powder. The 
material is then washed into a volumetric !%ask 
where it is brought to  volume. The preparation is 
then homogenized in a blender. 


One should be cautioned about the assay of 
lipase in a digestant tablet containing pepsin. 
The pepsin coat must be washed off prior to assay 
since the pepsin enzyme will inactivate lipase. 


Caution in washing glassware is essential since it 
has been observed that certain surfactants will 
affect the rate of enzyme activity. 


10%. 


REFERENCE 
(1) Lam-Wasem, E. A,, THIS JOURNAL, 50,999(1961). 


U. 
Lioase" ~~ 


IJ,  1-ipase f i t &  U.Q 
per metric Turbidi- 


])Osage Form Dosage Form Assay (1) metric 
Lipase 3000 


powder 
Lipase 3000 


powder 
Enteric coated 


tablet A 
Bnteric coated 


tablet B 
Capsules A 
Capsules B 
Capsules C 
Powder paper A 
Powder paper B 
Powder paper C 


3400 u./Gm. 3400 


3000 u./Gm. 3000 


120 u./tablet 110 


130 u./tablet 110 
100 u./capsule 105 
200 u./capsule 190 
250 u. /capsule 230 
100 u./paper 100 
200 u./paper 195 
250 u./paper 240 


3400 


3000 


108 


120 
105 
200 
240 
105 
205 
240 


Mean values ten assays. 


known is inversely related to the half-time of the 
standards: ( unknown/Tl/2 standard) = 
(concn. of standard/concn. of unknown). The 
following data are used to illustrate the assay. 


A sample labeled to contain 200 u. of lipase was 
diluted to 200 ml. A I-ml. sample of the above 
suspension produced a half-time of 20 minutes. The 
half-time for 1 u./ml. of standard enzyme is 24 
minutes. Then (20/24) = (1/X) and X = 1.2 
ii./nil. of lipase. 


Sensitivity of Color Tests for Nitrites, Nitrates, and Glyceryl 
Trinitrate I. Solutions in Distilled Water 


By JAMES C. MUNCH, MERCEDES FRANCO, and BERNARD FRIEDLAND 


Threshold concentrations detected (limens) for nitrites, nitrates, and glyceryl tri- 
nitrate have been determined for solutions i n  distilled water with 16 reagents. 
Generally the most sensitive tests detected 10 to  100 parts per million of these 


products; except chromotropic acid detected 2 parts per million of nitrite. 


ITROCLYCERIN (glyceryl trinitrate) investi- N gations require delicate methods for the 
detection and determination of nitrites, nitrates, 
and glyceryl trinitrate in tissue fluids, viscera, and 
pharmaceutical products. Some hundred reagents 
have been suggested in the literature (1-22) but our 
investigations showed that only a few considered 
specificity and threshold limits for determination. 
Results with these reagents indicated that sixteen 
showed promise, although close attention to details 
are required for successful use with them. Based 
on findings in testing solutions in distilled water 
reported in Table I, additional tests are under way 
for determinations in various pharmaceuticals, as 
well as tissue fluids and viscera. 


Preparation of Test Solutions.-A concentrated 
solution was prepared by dissolving: ( a )  1.50 Gm. 
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of reagent grade sodium nitrite; ( b )  1.37 Gm. of 
reagent grade sodium nitrate; and (c) 10 Gm. of an 
analyzed mixture of 1 part glyceryl trinitrate and 9 
parts of beta lactose, in distilled water and making 
up each volume to 100 ml. Just before use each 
stock solution was diluted from 1% (10,000 parts 
per million) to 5,000, 2,000, 1,000, 100, and 10 
parts per million for test. The sodium nitrite 
solution was further diluted to 2 p.p.m. for the 
test with chromotropic acid. If a negative test was 
obtained within 5 minutes using a concentration of 
10,000 p.p.m., additional tests were not under- 
taken. Such negative results are indicated by 
(10,000) in Table I. Otherwise, the figures rep- 
resent the h e n  (threshold concentration detected) 
for each product with the chosen reagent. The 
colors recorded are the final colors observed a t  the 
end of 5 to 10 minutes. 


Preparation of Reagent Solutions.-Reagent 
chemicals were obtained from Eastman Kodak Co.. 
Rochester, N. Y. Solutions were prepared a t  the 
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TABLE I.-LIMITS OF SENSITIVITY OF COLOR REACTIONS, P.P.M. 


Glyceryl Trinitrate Reagent, No. Nitrate Nitrite 
1. Antazoline 5,000 red-yellow 100 yellow 5,000 red-yellow 


4. Diphenylamine 1,000 blue-purple 1,000 violet-blue-green 5,000 blue 


6. Indole 10,000 pink 5,000 orange 5,000 pink 
7. Michler ketone 10,000 yellow 5,000 yellow 10.000 yellow 


9. Amino G acid0 


2. Benzidine (10,000)b 10 yellow-brown (10,000) 
3. Chromotropic acidn 100 yellow" 2 yellow' 1.000 


5. Guaiacol (10,000) 10.000 red-orange (10.000) 


8. Chicago acid 10,000 brown-orange ( l 0 , p )  (10.000) 


10. Neutral red (10,000) 5,000 red-orange ( 10.000) 
11.  Phenol (10,000) 1.000 yellow-brown (10,000) 
12.  m-Phenylarninediamine (10,000) 100 orange-brown (10,000) 
13. Resorcinol (10,OOo) 100 brown ( lO .Oo0)  
14. Thioglycolic acid (10,000) 5,000 orange (10.000) 
15. Thiourea (~0,OOo) 10,OOO red-brown (10,OOo) 


(l0,OoO) 10 violet-bluea 5,000 violet-blue 


16. 2,4-Xylenol 1.000 yellow (10,000) 100 yellowa 
Reagent most characteristic in distinguishing among nitrites. nitrates, and glyceryl trinitrate; also most sensitive. 


b (10,OOO) indicates negative reaction. 


time of use, thus avoiding possible changes with 
aging. In general one drop of the test solution was 
added to  one drop of the reagent solution on a spot 
plate and changes observed over a period up to 10 
minutes. The reagent solutions were prepared as 
follows: 


2 - ( N  - Benzoylanilinemethy1)- 
imzdusoline HC1.-Mix one drop of 1% aqueous 
solution with one drop of concentrated HtSO,. 


2. Benzidine.-Prepare 1 % solution in glacial 
acetic acid. 


3. Chromotropic Acid: 4,5-Dihydroxy-2,7-naph- 
thalene-disulfonic Acid.-Dissolve 0.5 Gm. in 100 ml. 
of concentrated HISO,. 


4. Diphenyylamine.-Dissolve 1 Gm. in 100 rnl. of 
concentrated H?SO,. 


5. Guaiaco1.-Dissolve 1 Gm. in 100 ml. of dilute 


6. Indole.-Dissolve 15 mg. in 100 ml. of water. 
Just before use, add 1 ml. of this solution to 0.75 
ml. of concentrated HISO,. 


7. Michlers Ketone; Tetramethyldiaminobenzo- 
phenone.-Dissolve 1 mg. in three drops of con- 
centrated HsSO,, add about 1 mg. of test product; 
after standing 5 minutes add 1 ml. of distilled water. 


8. Chicago Acid; S-Amino-l-nap~hol-5.7-disuC 
f m i c  Acid.-Dissolve 1 Gm. in 100 ml. of water. 


9. Amino G Acid; 2-Naphthylamine-6,B-dis~fonic 
Acid.-Dissolve 200 mg. in 100 rnl. of water; 
mix one drop of reagent solution with one drop 
of test solution, then add one drop of 1 % a-naphthyl- 
amine in dilute hydrochloric acid. 


10. Neutral Red: Toluylene Red CI 825; Amano- 
dimethyylaminotoluaminoeine HCL-Dissolve 100 mg. 
in 100 ml. of alcohol. 


1. Antazoline; 


H,SO,. 


11. Phenol.-Dissolve 10 Gm. in 100 ml. of water. 
12. m-Phenylamined~mine.-Dissolve 100 mg. in 


100 ml. of 10% acetic acid. 


13. Resorcino1.-Dissolve 1 Gm. in 100 ml. of 
water, and add three drops of 10% aqueous solution 
of FeCla. 


14. Thioglycolic Acid.-Dissolve 4 Gm. in 100 
ml. of water. 


15. Thiourea.-Dissolve 1 Gm. in 100 ml. of 
water. Mix one drop of test solution with one drop 
of reagent solution, then add one drop of 10% 
aqueous solution of FeCI3. 


16. O,d-Xylenol.-Dissolve 100 mg. in alcohol; 
mix 0.1 ml. of this solution with 10 ml. of concen- 
trated HSO,. 
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Antiradiation Compounds VI 
Metal Chelates and Complexes of 


2-Mercaptoethylamine and 2-Mercaptoethylguanidine 


By WIUIAM 0. FOYE and JAMES MICKLES 


To rovide stable derivatives of 2-mercpptoethyldne ( M U )  and 2-mercapto- 
ethyfmanidine (MEG) and to test one of the current hypotheses of the mechanism of 
radiation r o t d o n  in animals (that metal binding is an important reaction in im- 
pedinp ceeular oridations), metal complexes of MEA and MEG have been pre ared. 
Reacuon of the trithiocarbonate zwitterions of MEA and MEG with m e d  salts 
provided straight chain (2: 1) metal complexes, and direct reaction of MEA and 
MEG with metal qalts in acid solution provided c clic (1 : 1) chelates. Structures of 
these com upds have been elaborated.a One orthe compounds, the Zn(I1) com- 


p E  of MEG has shown appreciable radiation protection in mice. 


HE ABUITY to bind metal ions has been 
Tconsidered a possible mechanism for the 
protective action of the mercaptoamine and other 
chelating antiradiation agents in animals (1-4). 
Metal ion chelation or complexation may operate 
either for scavenging ions of copper or iron to 
prevent or interrupt cellular oxidations (5) 
initiated by radiation, for stabilization of the 
cuprous state of cuprous-containing enzymes (G), 
or for protection of the metal constituents of 
enzymes from free radical or ionic attack through 
transient chelation by the protective compound. 
In the event of such possibilities as these, ad- 
ministration of a preformed chelate to the animal 
would be expected to lower the radiation pro- 
tective effect of the agent. Conversely, if the 
agent acts in the form of a metal chelate, or 
possibly is transported as a metal chelate, use 
of the preformed chelate should give equal or 
better protective ability than use of the agent 
alone. 


Comparison of the radioprotective abilities 
of compounds capable of metal-ion chelation with 
those of the metal chelates themselves has been 
made in several instances. Alexander (7), 
for instance, showed that the copper chelates 
provided less protection to mice than the agents 
themselves, using diethyldithiocarbamate, di- 
thiooxamide, and oxine. Rixon and Whiffield 
(8) found that disodium EDTA gave some pro- 
tection to rats, whereas the copper complex of 
BDTA afforded little or no protection. An 
example where radiation protection was provided 
by metal complexes was reported by Smirnova 
(9) with the use of polyamine iron complexes. 


Other evidence that metal-ion chelation may 
-. - 
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be of importance in radiation protection of 
animal cells also exists. Corradi (10) has claimed 
that such chelating agents as diethyldithiocar- 
bamate, EDTA, N-nitroso-N-phenylhydroxyl- 
amine, and nitrilotriacetate are more active than 
MEA when given in equivalent fractions of the 
toxic dose. Protective action by metal ions 
themselves has been reported by Butler and 
Robins (ll), who found that both ferrous and 
ferric ions protected trypsin against irradiation 
by electrons, possibly through complexation 
with the enzyme. A quantitative correlation 
between metal-binding ability and radiation 
protection has been observed by Jones (Z), who 
found a constant ratio between the stability 
constant of the copper chelate and the pro- 
tective effect of such agents as MEA, 
cysteine, histamine, EDTA, ethylenediamine, 
salicylic acid, and glycine. Knoblock and 
Purdy (12) have also shown a correlation between 
the instability constant of the copper complex 
and the radiation protective capacity in a series 
of mercaptoamines. 


To compare the radioprotective abilities of 
2-mercaptoethylamine (MEA) and 2-mercap- 
toethylguanidine (MEG) with the protective 
&ects of their metal complexes, several reactions 
that might lead to metal complexes were in- 
vestigated. Straight-chain metal sulfide com- 
plexes of MEA (I) and MEG (11) were obtained 
from the reaction of the trithiocarhonate zwit- 
terions of MEA (13) and MEG (14) in dimethyl- 
formamide with aqueous solutions of divalent 
metal sulfates. The decomposition of trithio- 
carbonate-metal complexes to the metal alkyl 
sulfides appears to k a general reaction and 
takes place quautitatively (15). The metals 
employed were Zn (IT), Cu (11). and Fe (11). 


Cyclic nietal complexes, or chelates, of MEA 
and MEG were obtained from the reactions of 
the ligands directly with metal salts. A 1:l 
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NHa+ S NH*+ 
I I  II I I  


NHtCNHCHrCHzSCS- + MSOi + NHrCNHCHsCHzSMSCHzCH2NH 
I1 


zinc (11) chelate of MEA was prepared using a 
procedure of Greth and Reese (16), which 
employs zinc oxide and carbon &sulfide in aque- 
ous alkali. Apparently an intermediate carbon 
disulfide complex decomposed to give the metal 
chelate. Copper (11) chelates (1:l) of MEA 
and MEG were obtained from aqueous solution 
by direct reaction of the sulfate with the ligand 
at  pH 8.0 and allowing the pH to drop. In the 
case of MEG, it was neceSSaty to keep the pH 
from dropping below 3.0 in order to obtain a 
crystalline product of good degree of purity. 
A similar reaction between ferrous sulfate and 
MEG, however, gave less drop in pH, and the 
product was identical with the open complex 
obtained from Fe (11) and the trithiocarbonate 
zwitterion of MEG. The chelates (111 and 
IV) were distinguished from the complexes by 
elemental analyses, a much greater drop in pH 
during chelate formation, a difference in ratio 
between ligand and metal in the chelates (1 : 1) 
and the complexes (2:l). The complexes, in 
general, were more highly colored. 


Aqueous solubility of both the complexes and 
chelates was quite limited, with generally less 
than 0.01 Gm. of substance soluble in 100 ml. 
of water. Since the antiradiation tests dis- 
cussed below are generally carried out using 
I-3% solutions administered by i.p. injection, 
these compounds must have been given in 
suspension. 


Analytical evidence for the complexes and 
chelates prepared is recorded in Table I. The 
agreement between found and theoretical values 
was, in general, good for compounds of this 


nature where exact duplication of the product 
on successive runs is often difticult. In the 
majority of cases, agreement of four or five 
elements with theoretical values was obtained. 
The compounds were analyzed at  two merent 
commercial laboratories, and values for carbon 
and hydrogen generally c~ncurred. Re 
producible values for nitrogen and sulfur were 
more difficult to obtain, and were not obtained 
for the complexes of MEG. In the case of the 
Fe (11) MEG complex prepared directly from 
MEG rather than from the MEG trithiocar- 
bonate, however, acceptable values for nitrogen 
and sulfur were obtained (see Experimental). 


For the Fe (11) complex of MEA, carbon, 
hydrogen, nitrogen, and metal analyses in- 
dicated the presence of four sulfur. atoms in- 
stead of the three required by the general for- 
mula. Formulation of the product as either 
the bis-bisulfate of the Fe (11) complex or the 
sulfate of the Fe (111) complex provided theoreti- 
cal values agreeing for these four elements but 
not for sulfur. Although the color of the prod- 
uct would suggest that it is the Fe (111) rather 
than the Fe (11) complex, no indication of Fe 
(111) was obtained with thiocyanate ion. 


Antiradiation Properties. -Antiradiation test- 
ing of some of the compounds described was 
carried out a t  the Walter Reed Army Institute of 
Research under the direction of Dr. D. P. 
Jacobus. Tests were made in mice using lethal 
doses of X-radiation as previously mentioned 
(17), 30-day survivial being taken as evidence 
of protection. The MEGzinc complex (11) 
was tested a t  a dosage level of 50-150 mg./ 


HCI-NHICH~CH~H + MSO4 -+ CH-CH, 


I I  
NH2 S 
I /  


M+ C1- 
111 


N HI +Br - NHt+Br" 
I I  II 


HBr.NHxCH2CHzSCNHZ NHoCNHCHXHrSH + MSOI + CH*-CHr 
NH4OH I I NH 


IV 
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TABLE I.-PHYSXCAL PROPERTIES OF METAL cOMPLExBs AND CRELATES 


A. COVPLSXBS OF MEA: (+NHaCHICHsS)rM S O r  
Yield, -Carbon. %- Hydrogen, % Nitrogen, % -Sulfur, %- -Metal, %- 


M % Color Formula Calcd. Found Calcd. Found Calcd. Found Calcd. Found Calcd. Found 
Zn(l1) 81 White C I H M N ~ O ~ S ~ Z ~  15.22 15.22 4.47 4.67 8.87 8.11 30.46 30.07 20.70 18.65 
Cu(l1) 74 Brown CttLtN;O&Cu 15.31 15.21 4.50 4.05 8.82 8.46 30.65 30.62 20.24 20.24 
Fe(1I) 73 Tan GHuNtO&Fe' 11.81 12.08 3.75 3.88 6.85 7.03 31.80 26.65 13.84 15.35 


NHt + 


II 


Yield, -Carbon %- H drogen % -Metal %- -Water, %b- 
M % Color n Formula Calcd. Fbund Ca?cd. Fdund Cocld. h u n d  Calcd. Found 


B. COVPLEXSS OF MEG: (NHrCNHCHICHtS)r M S 0 r . n  €It0 


Zn(I1) 71 White 1 CtHnNtOISaZn 17.25 17.01 4.82 4.78 15.65 14.43 4.31 4.05 
Cu(I1) 60 Red-brown 1 C&nN&Cu 17.32 18.82 4.85 4.75 15.27 14.66 4.33 4.52 
Fe(I1) 84 Green 2 CsH;tNaOaSaFe 16.80 16.77 5.17 4.85 13.10 13.84 8.45 6.68 


C. CHBLATSS OF MEA AND MEG 
Yield, -Carbon. %- Hydrogen, % Nitrogen, % -Sulfur, %- -Metal, %- 


Chelate yo Color Formula Calcd. Found Calcd. Found Calcd. Found Calcd. Found Calcd. Found 
Zn(I1)MEA 71 White CtHeNOSZnC 15.25 14.47 3.84 3.63 8.88 10.30 20.36 22.87 41.50 45.75 
Cu(1I)MEA 82 Yellow CtHtNSClCu 13.72 13.44 3.45 4.53 8.00 8.78 18.31 18.66 36.28 36.24 
Cu(I1)MEG 58 Yellow CaHaNaSBrCu 13.77 13.57 3.08 3.81 16.06 14.80 12.25 12.87 24.28 24.78 


Formulated as bis-bioulfate. * Determined by weight loso on vacuum drying at loo0. c The anion is hydroxyl ion. 


Kg. and was described as giving good protec- 
tion, but somewhat less than that afforded by 
MEG itself. The MEG-copper complex (11) 
gave only slight protection, as did the zinc 
chelate of MEA (111). T h e  latter two com- 
pounds were appreciably more toxic than the 
M E G z i n c  complex, however, and could be 
tested only at dosage levels under 50 mg./Kg. 


EXPERIMENTAL 
Analyses for carbon, hydrogen, nitrogen, and 


sulfur were determined by both Weiler and Strauss, 
Oxford, England, and Schwarzkopf Microanalytical 
Laboratory, Woodside, N. Y. Metal analyses were 
done by ashing at 900". Melting points were taken 
on a Fisher- Johns block. 


Complexes of 2-Mercaptoethylamine.-The fol- 
lowing procedure is representative. An aqueous 
solution (20 ml.) of 4.32 Gm. (0.015 mole) of zinc 
sulfate heptahydrate or 3.74 Gm. (0.015 mole) of 
cupric sulfate pentahydrate or 4.18 Gm. (0.015 mole) 
of ferrous sulfate heptahydrate was added dropwise 
with stirring to a solution of 4.39 Gni. (0.03 mole) of 
the zwitterion of 2-aniinoethy~trithiocarbonic acid 
(13) in 150 ml. of dimethylformamide. A pre- 
cipitate immediately formed. Stirring was con- 
tinued for an hour after the addition was complete. 
and the product was isolated and washed with 
benzene followed by ether. The product was 
placed under vacuum to remove the excess solvent 
and was then air dried. The complexes decomposed 
on heating above 200'. 


Complexes of 2-Mercaptoethylguanidine.-The 
following procedure is representative. An aqueous 
solution (15 ml.) of 2.16 Gm. (0.0075 mole) of zinc 
sulfate heptahydrate or 1.87 Gin. (0.0075 mole) of 
cupric sulfate pentahydratc or 8.09 Gm. (0.0075 
mole) of ferrous sulfate heptahydrate was added 
dropwise with stirring to  a solution of 2.93 Gm. 
(0.015 mole) of the zwitterion of 2-guanidnethyltri- 
thiocarboriic acid (14) in 100 nil. of dimethyl- 
forinamide. A precipitate formed immediately. 
Stirring was continued for an hour after the addi- 
tion was complete, and the product was isolated 
and washed with benzene followed by ether. The 


product was placed under vacuum to remove the 
excess solvent and was then air dried. The com- 
plexes decomposed above 200". 


Zinc Chelate of 2-Mercaptoethylamine.-2-Mer- 
captoethylamine hydrochloride (11.3 Gm., 0.1 mole) 
(Chemicals Procurement Labs.) was dissolved in 65 
ml. of water and neutralized by the addition of an 
aqueous solution of sodium hydroxide (4 Gm., 0.1 
mole). To this solution was added 8.1 Gm. (0.1 
mole) of zinc oxide, and the resulting suspension 
was stirred while the temperature was maintained at 
40". Carbon disulfide (10 ml., 0.15 mole) was 
added dropwise with stirring. The temperature 
was maintained at 40°, and stirring was continued 
for 3 hours. During this period the color of the 
suspension turned from yellow to white. A white 
solid was isolated and washed with water followed 
by ethanol, and the product was dried in a vacuum 
desiccator. The yield was 11.1 Gm. (71.4%) of a 
white product which decomposed above 210". 


Cupric Chelate of 2-Mercaptoethylamine.-2- 
Mercaptoethylamine hydrochloride (3.42 Gm.. 0.03 
mole) was dissolved in 35 ml. of water and the pH of 
the resulting solution was adjusted to 8.0 with dilutc 
ammonium hydroxide. Ten milliliters of a solution 
containing 3.74 Gm. (0.015 mole) of cupric sulfate 
pentahydrate was added dropwise with stirring, 
and at a pH of 4.5, a yellow precipitate appeared. 
After the addition was complete, the pH had 
decreased to 2.3. Stirring was continued for an 
hour after the addition was complete, and the 
yellow product was isolated and washed with water 
followed by ethanol. The yield was 2.4 Gm. 
(92.2y0), and the product decomposed above 200'. 


Cupric Chelate of 2-Mercaptoethy1guanidme.- 
S-&Arninoethylisothiouronium bromide hydrobro- 
mide (8.52 Gm., 0.03 mole) (Matheson, Coleman and 
Bell) was dissolved in 35 ml. of water and the pH of 
the resulting solution was adjusted to 8.0 with dilute 
ammonium hydroxide. Ten milliliters of a solution 
containing 3.74 Gm. (0.015 mole) of cupric sulfate 
pentahydrate was added dropwise with stirring, and 
at a pH of 6.5. a yellow precipitation appeared. 
The pH was allowed to  decrease to  3.0 and was 
maintained at this value by the alternate dropwise 
addition of dilute ammonium hydroxide and the 
cupric sulfate solution. Stirring was continued for 1 
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hour after the addition was complete, and the yellow 
product was isolated and washed with water followed 
by ethanol. The yield was 2.3 Gm. (68.7%), and 
the product decomposed above 110”. 


Ferrous Complex of 2-Mercaptoethylguanidine.- 
S-@-Aminoethylisotium bromide hydrobro- 
mide (8.52 Gm., 0.03 mole) was dissolved in 36 ml. of 
water and the pH was adjusted to 8.0 using dilute 
ammonium hydroxide. A solution of 4.18 Gm. 
(0.016 mole) of ferrous sulfate heptahydrate in 15 
ml. of water was added dropwise with stirring and a 
dark green precipitate formed immediately. After 
the addition was complete, the stirring was con- 
tinued for 1 hour and the pH of the solution had 
decreased to a value of 6.6. The green product was 
isolated and washed with water followed by ethanol. 
The yield was 1.1 Gm. (17.3%) of a dark green 
product which started to decompose at 225”. 


Ad.-Calcd. for WaFeO&: C, 16.90; H, 
5.17; Fe, 13.10; N, 19.71; S, 22.56. Found: C, 
17.06; H, 5.16; Fe, 11.99; N. 19.00; S, 22.24. 
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Investigation of Egyptian Basil Essential Oils 
by Simple Chromatographic Method 
By L. HOERHAMMER, A. E. HAMIDI*, and G. RICHTER 


Two kinds of h i 1  oil are produced in Egypt under the so-called white and red basil 
oils. The present study reveals the occurrence of tupineol, linalool, cineole, citr 
eugenol, esterified terpineol, geraniol, linalool, and citronellol with acetic an 
formic acids (geranyl andfor citroaellyl acetate, l i d y l  andfor terpinyl ucetate 
and citronellyl formate a sesquiterpene alcohol (nerolidol?) and unidentified 


cinnrmic acid ester. The white cy contains methyl cinnamate and (safrol 3). A 
simple economic m e t h s o r  the oil investigation is described. 


f 
cerpenes in both types o 2 oil. The red type contains in addition meth 1 chavicol and 


HE GENUS Ocimum includes, according to 
Hegi (l), 50-60 species in Africa, Asia, and 


America. Guenther (2) and Gildemeister and 
Hoffmann (3) state that there is a great possibil- 
ity of cross pollination in the species of 0. bad& 
cum L., hence the occurrence of a larger number 
of varieties and physiological forms is possible. 
They claim that it seems appropriate to classify 
the basil oil types according to their chemical 
composition and geographical sources rather than 
ascribing them to definite plant varieties. They 
mention main types of Ocimum plants according 
to the chemical compound dominating in the oil. 


Studies reported on the chemical composition of 
0. basiluzim oils as reviewed by these authors, 


anethole, methyl cinnamate, linalool, eugenol, 
aneole, camphor, terpenes, and sesquiterpenes. 


Tackholm (4) describes only two indigenous 
Ocimum plants in the Egyptian flora under the 
names of 0. nrenthaefolium Hoechst and 0. men- 
thacfoZium var. stamitwsum Sims. Ascherson (5)  
mentions 0. basilicum L. in Egypt under the 
cultivated plants. Basil is named “rihan” or 
“saatar hindy” by the natives of Egypt. 


S i ce  no previous work has been reported on 
the analysis of the Egyptian basil volatile oils, 
this study was undertaken to reveal their con- 
stituents. This study is also made to verify, as 
far as p)ssible with future studies, the appropriate 
c.lieniotaxoiiotnica1 order of the Eayptian basil 


indicate that they contain methyl chavicol, plants. Further aim of the study isto find out a 
m . t ~ ~ i l ~ ~ ~ ~ ~ ~ m ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ n ~ ~ ~ ~ ;  
Cermany. 
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simple ccnnoinic method for the oil investigation 
which could be applied easily in agricultural 
experimental stations occupied with tbe prduc- 
tion of essential oils, where expensive a d  delicate 
apparatus cannot always be afforded easily. 








Determination of Residual Chlorphenesin in 
Chlorphenesin- I-carbamate 


By ARLINGTON A. FORIST and RAY W. JUDY 


A rapid, sensitive, and specific method for the determination of residual chlorphene- 
sin in chlorphenesin-1-carbamate has been developed. The procedure involves 
oxidation with periodic acid in 50 per cent ethanol followed by spectrophotometric 
determination of the formaldehyde produced. Neither chlorphenesin- 1-carba- 
mate nor the possible trace by-products interfere. Over the range 2 to  5 per cent 
chlorphenesin, a mean recovery f standard deviation of 99.6 f 2.1 per cent 


has been found. 


HLORPHENESIN-1-CARBAMATE~ ( H I ) ,  a new mus- C cle relaxant ( l ) ,  is prepared from chlorphenesin 
( I )  v i a  the cyclic carbonate (11). The isomeric 
chlorphenesin-2-carbamate is also formed in the 


( . i o - O - - ( 1 H , - - C H - - c H 2 ~ ~  - 
I 


OH 
I 


o y o  
I1 
0 


I1 


- 


0 
il 


OH 
111 


reaction. Likely by-products in the bulk drug are 
therefore this isomer, thecyclic carbonate, and chlor- 
phenesin. The isomer content may be determined 
by nuclear magnetic resonance spectroscopy (2) 
and residual carbonate is readily determined by a 
quantitative infrared assay based on the carbonyl 
absorption a t  1800 cm-I. The present repcjrt de- 
scribes a simple spectrophotometric procedure for 
the determination of residual chlorphenesin. 


EXPERIMENTAL 


Reagents.--The following reagents were used: 
periodic acid, 0 .1  M; sodium arsenite, 1 M- a 
mixture of 25 Gm. of arsenious oxide and 11.3 
Gm. of sodium hydroxide dissolved in water and 
diluted to 250 rnl.; sulfuric acid, 2 N; sulfuric acid. 
2: 1 (v/v), prepared by mixing 2 vol. of concentrated 
sulfuric acid, slowly with cooling, with 1 vol. of 
water; chromotropic acid reagent- 0.5-Gm. sam- 
ple of recrystallized chromotropic acid (1.8-dihy- 
droxynaphthalene-3,6-disulfonic acid) dissolved in 
50 ml. of water and slowly diluted, with mixing and 
cooling, to 2.50 nil. with the 2: 1 sulfuric acid. 


Apparatus.-Glass-stoppered tubes prepared by 
sealing the ends of 24/40 outside ground joints, 
a boiling water bath, and a Beckman model B 
spectrophotonieter equipped with 1-cm. cells were 
employed. - 
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Procedure.-Ten to twelve milligrams of sample. 
containing no more than 10% residual chlol- 
phenesin, are accurately weighed into a 10-ml. 
volumetric flask and dissolved in 1 ml. of 95% 
ethanol. One milliliter of 0.1 M periodic acid is 
added, the solution is mixed, and oxidation is 
allowed to proceed for 15 minutes. One milliliter 
of 1 M sodium arsenite is then added, followed by 
1 ml. of 2 N sulfuric acid. After a t  least 10 min- 
utes, the resulting solution is diluted to 10 ml. with 
water and mixed thoroughly. One milliliter of this 
solution is then transferred to a glass-stoppered test 
tube, followed by 10 ml. of the chromotropic acid 
reagent. The solution is mixed thoroughly, and the 
stoppered tube is immersed in a boiling water bath 
for 30 minutes. The sample is then removed, cooled, 
and its absorbance determined at 570 mp versus a 
reagent blank similarly treated. Chlorphenesin 
content is calculated from a linear staridard curve. 


RESULTS A N D  DISCUSSION 
The present procedure is based on the production 


of formaldehyde from chlorphenesin by oxidation 
with periodic acid. The method is a modification 
of the procedure of Lambert and Neish (3) with the 
oxidation conducted in 50y0 ethanol to achieve 
completc solution of the samples involved. Results 
in Table I show that formaldehyde production from 
chlorphenesin is complete within 15 minutes a t  
room temperature, and the resulting formaldehyde 
is stable for at least 2 hours in the reaction mixture. 


Success of the present approach requires that 
chlorphenesin-l-carbamate, its isomer. and the 
cyclic carbonate be stable to hydrolysis and oxida- 
tion under the conditions employed. Results in 
Table I show that the two carbamates and the cyclic 
carbonate are completely stable for a t  least 45 
minutes in the oxidation medium. Similar stability 
of carbamates in periodic acid was observed in 
earlier studies with the antibiotic novobiocin (4). 
Therefore, the present method is specific for chlor- 
phenesin in the system under study. 


TABLE I,-EFFECT OF OXIDATION TIME ON 
FORMALDEHYDE PRODUCTION 


Oxidation 
Time, &lQ- - 
Min. 
15 0.341 0 0 0 
30 0,340 0 0 0 
45 0.341 0 0 0 
60 0.347 . . .  . . .  . . .  
90 0.346 . . .  . . .  . . .  
120 0.346 . . .  . . .  . . .  


IQ 116 IIIc I V d  


Chlorpheaesin. 0 . 5 - m g .  sample. b Cyclic carbonate, 
3.0-mg. sample. c Chlorphenesin-1-carbamate, 10-mg. 
sample. Chlorphenesin-Z-carbamate. 1 .56-mg. sample. 
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TABLE II.-hSORBANCE AS A FUNCTION OF 
CHLORPHENESW SAMPLE SIZE 


Sample, mg. Arm h d m g . "  
0.10 0.062 0.620 
0.20 0.139 0.695 
0.30 0.194 0.647 
0.40 0.260 0.650 
0.50 0.323 0.646 
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IN SYNTHETIC MIXTURES WITH CHLORPHENBSIN-~- 
CARB AMATE 


TABLE III.-DETERMINATION OF CHLORPHBNESIN 


cChlorphmeJin.  %- 
Taken Found Recovery, Yoa 
1.96 1.95 99.5 
2.91 2.98 102.4 
3.85 3.81 99.0 
4.76 4.63 97.3 


a Mean f standard deviation = 0.652 f 0.027. 


Absorbance at 570 mp follows Beer's law over the 
range 0.10 to  0.50 mg. of chlorphenesin per sample 
(Table 11). A mean absorbance per milligram i 
standard deviation of 0.652 * 0.027 has been ob- 
served, indicating adequate precision. 


Application of the method to typical synthetic 
mixtures of chlorphenesin and chlorphenesin-l- 
carbamate is shown in Table 111. Over the range 
2 to  5% chlorphenesin, a mean recovery f standard 
deviation of 99.6 f 2.1% has been found. 


The method described is rapid, sensitive, and 


Mean f standard deviation - 99.6 f 2 .1 .  


specific for chlorphenesin in the system studied. 
The range 1 to 1 0 %  chlorphenesin is covered by the 
method as outlined; different ranges may be ac- 
commodated by suitable changes in sample size. 
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Interaction of Low Molecular Weight Polyethylene Glycols 
with Sorbitol Solution 


By JOSEPH ROBINSON, MILO GIBALDI, NORMAN D. WEINER, and JOSEPH L. KANIG 


A single-phase solid material is produced when liquid polyethylene glycols and 
sorbitol solution U. S. P. are mixed. Various factors which influence this interac- 
tion have been explored. Temperature, components, component ratio, and soluble 
salts affect the rate of the interaction but do not affect the product itself. A non- 
specific mechanism of dehydration of the sorbitol solution is apparently involved. 


BSERVATIONS MADE in our laboratories had 0 shown that a waxlike solid material was pro- 
duced when two widely used pharmaceutical liquids, 
polyethylene glycol 400 U.S.P. and sorbitol solution 
U.S.P., were intimately mixed. This solid sub- 
stance was found to  be soluble in water in all propor- 
tions and to  melt in a range of 35 to 40". 


A survey of the literature indicated that this 
phenomenon had never been reported. This fact, in 
addition to  the potential pharmaceutical applica- 
tions of a material with such solubility and fusion 
characteristics, prompted further investigation. 


Both sorbitol and polyethylene glycol (PEG) are 
ordinarily chemically inert. The oxyethylene 
moiety of PEG, however, is known to associate with 
compounds that possess an "active" hydrogen atom. 
This type of hydrogen bonding occurs between PEG 
and water, alcohol, and phenols (1). The strong 
tendency of PEG to form hydrogen bonds has been 
shown to be of pharmaceutical importance in such 
instances as the inactivation of salicylates (1) and 
a number of phenolic preservatives (2). An illus- 
tration of the extent of this association is the strong 
solvation of the polymer in water, which results in its 
complete solubilization. 
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A study was initiated to investigate certain vari- 
ables which would provide an insight into the pos- 
sible mechanism of this liquid-liquid interaction. 


EXPERIMENTAL RESULTS 


Procedure.-Sorbitol solution U.S.P. [containing 
700/, (w/w) D-sorbitol in water] and the various 
low molecular weight polyethylene glycols used in 
this investigation were maintained at 25" for a t  
least 1 hour prior to  mixing. Mixing of the com- 
ponents was accomplished in a 600-ml. beaker 
immersed in a water bath at 25 f 0.2". The total 
weight of the mixture used in all experiments was 
100 Gm. 


The addition of the liquid PEG to sorbitol solu- 
tion results in two distinct liquid phases. Gentle 
stirring immediately produces a hazy cloud within 
the mixture. Upon continued stirring, the viscosity 
of the mixture gradually increases until a solid mate- 
rial, with no apparent liquid phase, is produced. 
It was noted that an increase in the rate of stirring 
greatly decreased the time required to solidify the 
mixture. Intermittent manual stirring required 
about 2 hours to form the solid, whereas high-speed 
agitation with a model F Lightnin mixer produced 
equivalent results in considerably shorter periods of 
time. The transition from the fluid to  the solid 
state was clearly defined and gave rise to an end 








In Vitro Studies of Larvicidal Agents 
Against the Larvae of A fiaylostomn cauiizunz 


By MARTIN E. HAMNER, LOUIS D. HAUSER, and THOMAS J. HOWARD 


An investigation was conducted on  larvicidal agents using a modification of the 
Baermann procedure for culture of the test larvae. In uitro tests against the larvae of 
Ancylostomu cuninwn indicated that p-chloro-m-xylenol is an effective larvicidal 


agent. The drug’s activity is reduced by blood, plasma, and certain solubilizers. 


HE LARVAL STAGES of helminths produce 
Tseveral diseases in man and animals. The  
most prominent such disease of man is larva 
niigrans, a condition characterized by prolonged 
migration of a larval parasite in the skin or inter- 
nal organs. 


The term “cutaneous larva migrans,” com- 
monly known as “creeping eruption,” refers to a 
migration of the larvae in the skin and is com- 
monly caused hy the larvae of the dog and cat 
hookworms, -4 ncyln.stnniu braeiliense and A .  
can irr urn. 


Visceral larva tnigrans, the invasion of the 
internal organs, is primarily caused by the larvae 
of the cat and dog ascarid, Tnxocara canis. 


Many agents have been used in the treatment 
of larva migrans clinically, but an effective, safe, 
and highly satisfactory larvicidal agent is not at 
present available (1 , -3). 


METHOD 
The larvae of A .  caninunr were isolated by a 


modified Baermann technique from fecal samples 
taken from infested dogs. 


The Baermann procedure depends on the princi- 
ple that nematode larvae will migrate out of fecal 
material into water maintained at  a higher tempera- 
ture than the fecal sample (3). A disadvantage of 
the method is that water when in contact with fecal 
material becomes soiled and turbid making examina- 
tion difficult and shortening the life of the larvae 
unless a complete change of water can be effected. 
A high proportion of sluggish or inactive larvae may 
be produced. To overcome the difficulty, the fecal 
sample was suspended above the water level and kept 
moist with cloth wicks extending from the sample 
into the water. The larvae dropped into the 
water as they hatched, and contact of the larvae- 
bearing solution with the fecal sample was avoided 


The drugs tested were dissolved in water when- 
ever feasible. If the agent was not water soluble, 
propylene glycol and/or Triton S-100’ were used as 
solubilizing agents. The blanks used as controls 
consisted of water or an appropriate solution of the 
solubilizing agents in water. The drug concentra- 
tions referred to are the final concentrations after 
dilution with the larvae-bearing solution. 


In vitro tests were conducted by placing 1 drop of 
the larvae-bearing solution in the well of the micro- 
scope slide and adding 1 drop of the solution to be 
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tested. The slides were observed under the micro- 
scope at  routine intervals. 


Although normally lack of motility indicated 
death of the larvae, this was not true in all instances 
Viable larvae which had become immotile would re- 
act visibly in a dilute solution of ethanol which ap- 
peared to  act as a stimulant to  them. One drop of 
ethanol-water (1: 1) was added a t  the time of last 
observation. Larvae remaining immotile there- 
after were considered dead. 


EXPERIMENTAL 
Initial studies tested the larvicidal properties of 


iodine in both frec and combined fonns. 
In these tests only frce iodine, as containcd in 


Lugol’s solution, was highly effective against the 
test larvae. Free iodinc in Lugol’s solution, diluted 
with water to a concentration of 0.55’3. produced a 
100%) kill in 10 minutes. A concentration of 
0.0250/0 produced an 80% kill in 24 hours. These 
results were accepted as the standard for subsequent 
studies. 


Screening tests were carried out on a series of 
compounds, and inactive agents were discarded. 
Results obtained with nicotine (alkaloidal), nicotine 
salicylate, phenol, creosote, and glaucarubin, all of 
which were less active than iodine, are recorded in 
Table I. 


The chemical agent p-chloro-tii-xylenol (PCMX) 
had a high level of larvicidal activity and was effec- 
tive at  much lower concentrations than was the 
standard. A concentration of 0.01270 of PCMX 
produced 96y0 kill in 1 hour; 0.006yo produced 
100%. kill in 24 hours (Table 11). 


PCMX has been reported to be an effective phe- 
nolic typegermicidal and fungicidal agent. Thecoin- 
pound is soluble in water only to the extent of 1 part 
in 3000, but is very soluble in acetone, ether, and 
alcohol. PCMX is reported to  have an MLD in 
mice of 120 Gm./Kg. and an LDm of 115 Gm./Kg. 
when injected as an aqueous suspension intraperito- 
neally (4). 


It has been previously reported that the germi- 
cidal effectiveness of PCMX is partially destroyed by 
certain wetting or solubilizing agents (5). Further 
tests were conducted to  determine the effects of 
solubilizing agents 011  the larvicidal properties of the 
drug. The most eficient solvent was a 57 ,  aqueous 
solution of propylene glycol. Concentrations of 
propylcnc glycol of lo::, or almve were toxic to 
larvae, thus interfering with the tests. Other 
solubilizing agents used increased the survival time 
of the larvae, apparently through an inhibitory ef- 
fect on the active agent. The results obtained with 
solubilizing agents are summarized in Table 111. 


PCMX, combined with agents listed in Table I11 
in the concentrations indicated, was only one-half 
to one-fourth as effective as the same concentration 
of drug in a 5% aqueous solution of propylene glycol. 
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TABLE 1.-RESULTS OF TESTS OF LARVICIDAL ACTIVITY OF VARIOUS AGENTS 


Concn., Percentages of Larvae Dead or Immotile- 
Drun % 10 Min. 30 Min. 1 Hr. 2 Hr. 24 H! 


100 100 


0.025 53 65 75 75 80 
Controlo 0 0 0 0 0 


Nicotine 0.25 0 0 0 0 100 
0 . 1  75 75 63 75 92 
Control 0 0 0 0 0 


b 88 Iodine (as free iodine 0.055 100 100 100 
in Lugol's solution) 0 05 82 94 98 


Nicotine salicylate 0.16 44 
Control 0 


Phenol 0.05 13 
0.035 0 
Control 0 


Creosote 0.05 0 
Control 0 


Glaucarubin 0.05 0 
Control 0 


57 75 82 b 


0 0 0 b 
0 0 63 100 
0 0 50 0 
0 0 0 0 


50 38 
0 
7 7 43 0 
0 0 10 0 


b b 10 


a Larvae in aqueous suspension. Readings not taken. 


Additional tests were performed to  determine the 


TABLE II.-RESULTS OF TESTS OF LARVICIDAL 


PROPYLENE GLYCOL 5% AS SOLUBILIZINC AGENT" 
ACTIVITY OF P-CHLORO-m-XYLENOL USING 


Concn. of 
PCMX, 10 30 1 2 24 


% Min. Min. Hr. Hr. Hr. ._ 
0.05 83 100 100 100 yo 
0.025 80 90 90 b 


0.012 29 67 96 98 100 
0.006 0 0 0 10 100 
Control 0 0 0 0 10 


0 Results expressed as percentages of larvae dead or immo- 
tile. b Readings not taken. 


TABLE III.--RFFECTS OF SOLUBILIZING AGENTS ON 
THE ACTIVITY OF PCMX 


- 
Concn. of Effect on 


Solubilizing Percentage 
Solubilizing Agent Agent, % Kill 


~~ 


Polysorbate 80" 
Dioctyl sodium sulfosuccinate 
Sodium lauryl sulfate 
Castile soap 
Triton X-100 
Polyethylene glycols 400, 


Propylene glycol 
Propylene glycol 


1540,4000,6000 


0.5 Reduced 
0.125 Reduced 
0.25 Reduced 
0.25 Reduced 
0.50 Reduced 


10.0 Reduced 
10.0 Increased 
5.0 Noeffect 


0 Marketed as Tween 80 by Atlas Chemical Industries, 
Inc., Wilmington. Del. 


effects of blood constituents on the activity of 
PCMX. Results obtained with in d r o  studies 
reveal that the agent's effectiveness is reduced by 
these substances. 


The external use of PCMX as a germicidal agent 
has been without reported ill effects to  man or 
animals. Blood and tissue concentrations, up to  4 
mg. per cent, have been recorded by Zondek and 
Finkelstein following administration to  humans by 
intramuscular and percutaneous routes (6). In view 
of the reported low toxicity of the drug, it appears 
desirable to obtain data on blood levels required for 
larvicidal activity in the body. In our preliminary 
in viuo studies in dogs. doses of 200 to  400 mg./Kg., 
by oral and intramuscular administration, were 
nephrotoxic. Further work on systemic use of 
PCMX in dogs and guinea pigs is in progress. 


In view of the drug's high rate of absorption by 
percutaneous administration, the use of PCMX in 
treatment of cutaneous larva migrans is a possibility. 
Also of interest is application of the compound as 
an area spray where man and animals may be ex- 
posed to infectious larvae of parasites. 
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Fluorometric Study of Antihistamines 
By RICHARD E. JENSEN and RONALD T. PFL.AUM 


The reactions of 16 antihistamines with 
hydrogen peroxide and the fluorescent char- 


acteristics of the products are reported. 


NTIHISTAMINES containing an alkylamino sub- A stituent in the 2-position on a pyridine nucleus 
react with cyanogen bromide to yield fluorescent 
products (1). This  reaction is the basis of a fluoro- 
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metric method for the detection and determination 
of some of these antihistamines. 


In the present work, the reactions of 16 anti- 
histamines with a series of oxidants were studied. 
The fluorescence characteristics of the products 
formed upon treatment with hydrogen peroxide 
form the basis of this report. The corresponding 
studies on the cyanogen bromide systems were 
carried out for comparative purposes. 


Excitation and fluorescence wavelengths and 
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TABLE II.-hSORBANCE AS A FUNCTION OF 
CHLORPHENESW SAMPLE SIZE 


Sample, mg. Arm h d m g . "  
0.10 0.062 0.620 
0.20 0.139 0.695 
0.30 0.194 0.647 
0.40 0.260 0.650 
0.50 0.323 0.646 
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IN SYNTHETIC MIXTURES WITH CHLORPHENBSIN-~- 
CARB AMATE 


TABLE III.-DETERMINATION OF CHLORPHBNESIN 


cChlorphmeJin.  %- 
Taken Found Recovery, Yoa 
1.96 1.95 99.5 
2.91 2.98 102.4 
3.85 3.81 99.0 
4.76 4.63 97.3 


a Mean f standard deviation = 0.652 f 0.027. 


Absorbance at 570 mp follows Beer's law over the 
range 0.10 to  0.50 mg. of chlorphenesin per sample 
(Table 11). A mean absorbance per milligram i 
standard deviation of 0.652 * 0.027 has been ob- 
served, indicating adequate precision. 


Application of the method to typical synthetic 
mixtures of chlorphenesin and chlorphenesin-l- 
carbamate is shown in Table 111. Over the range 
2 to  5% chlorphenesin, a mean recovery f standard 
deviation of 99.6 f 2.1% has been found. 


The method described is rapid, sensitive, and 


Mean f standard deviation - 99.6 f 2 .1 .  


specific for chlorphenesin in the system studied. 
The range 1 to 1 0 %  chlorphenesin is covered by the 
method as outlined; different ranges may be ac- 
commodated by suitable changes in sample size. 
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Interaction of Low Molecular Weight Polyethylene Glycols 
with Sorbitol Solution 


By JOSEPH ROBINSON, MILO GIBALDI, NORMAN D. WEINER, and JOSEPH L. KANIG 


A single-phase solid material is produced when liquid polyethylene glycols and 
sorbitol solution U. S. P. are mixed. Various factors which influence this interac- 
tion have been explored. Temperature, components, component ratio, and soluble 
salts affect the rate of the interaction but do not affect the product itself. A non- 
specific mechanism of dehydration of the sorbitol solution is apparently involved. 


BSERVATIONS MADE in our laboratories had 0 shown that a waxlike solid material was pro- 
duced when two widely used pharmaceutical liquids, 
polyethylene glycol 400 U.S.P. and sorbitol solution 
U.S.P., were intimately mixed. This solid sub- 
stance was found to  be soluble in water in all propor- 
tions and to  melt in a range of 35 to 40". 


A survey of the literature indicated that this 
phenomenon had never been reported. This fact, in 
addition to  the potential pharmaceutical applica- 
tions of a material with such solubility and fusion 
characteristics, prompted further investigation. 


Both sorbitol and polyethylene glycol (PEG) are 
ordinarily chemically inert. The oxyethylene 
moiety of PEG, however, is known to associate with 
compounds that possess an "active" hydrogen atom. 
This type of hydrogen bonding occurs between PEG 
and water, alcohol, and phenols (1). The strong 
tendency of PEG to form hydrogen bonds has been 
shown to be of pharmaceutical importance in such 
instances as the inactivation of salicylates (1) and 
a number of phenolic preservatives (2). An illus- 
tration of the extent of this association is the strong 
solvation of the polymer in water, which results in its 
complete solubilization. 
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A study was initiated to investigate certain vari- 
ables which would provide an insight into the pos- 
sible mechanism of this liquid-liquid interaction. 


EXPERIMENTAL RESULTS 


Procedure.-Sorbitol solution U.S.P. [containing 
700/, (w/w) D-sorbitol in water] and the various 
low molecular weight polyethylene glycols used in 
this investigation were maintained at 25" for a t  
least 1 hour prior to  mixing. Mixing of the com- 
ponents was accomplished in a 600-ml. beaker 
immersed in a water bath at 25 f 0.2". The total 
weight of the mixture used in all experiments was 
100 Gm. 


The addition of the liquid PEG to sorbitol solu- 
tion results in two distinct liquid phases. Gentle 
stirring immediately produces a hazy cloud within 
the mixture. Upon continued stirring, the viscosity 
of the mixture gradually increases until a solid mate- 
rial, with no apparent liquid phase, is produced. 
It was noted that an increase in the rate of stirring 
greatly decreased the time required to solidify the 
mixture. Intermittent manual stirring required 
about 2 hours to form the solid, whereas high-speed 
agitation with a model F Lightnin mixer produced 
equivalent results in considerably shorter periods of 
time. The transition from the fluid to  the solid 
state was clearly defined and gave rise to an end 
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Fig. 1.-The effect of PEG molecular weight and 
sorbitol solution concentration on solidification 
time. Key: 0 = PEG 200; x = PEG 300; = 
PEG 400. 


Fig. 2.-Ternary plot indicating critical com- 
ponent ratios of A, excess water; B, PEG 400; and 
C, sorbitol solution. (Shaded area = solid state; 
unshaded area = liquid state.) 


point which was reproducible to within 1 minute at a 
given speed of mixing. Since the rate of mixing was 
critical in determining the end point, the Lightnin 
mixer was locked at a constant speed of about 1500 
r.p.m. measured by a tachometer. 


Effect of Composition.-Varying amounts of 
PEG 200, 300, or 400 were added to  a sufficient 
quantity of sorbitol solution to prepare 100 Gm. 
The mixtures were treated as outlined above, and 
the time required to achieve a solid end point for 
each mixture was recorded. Figure 1 demonstrates 
that this time is increased with an increase in 
sorbitol solution concentration in the mixture. 
In addition, this plot indicates that the interaction 
rate is dependent on the ethylene oxide content of 
the PEG used. A decrease in the ethylene oxide 
content results in an increase in the time required 
for solidification. Mixtures containing more than 
90% of either liquid component failed to  solidify 
within 2 hours of mixing. 


Solubility determinations revealed that crystalline 
D-sorbitol exhibited less than 1% solubility in P E G  
400 with no apparent viscosity change. Excess 
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amounts of D-sorbitol produced suspensions of this 
material in the PEG with no solidification occurring 
even when a 50% (w/w) suspension was prepared 
and stirred for several hours. No changes occurred 
when these suspensions were stored under ambient 
conditions for 3 months in sealed containers. It 
would thus appear that water is required for the 
interaction to  occur. 


To determine the extent of the role of water in the 
interaction, various mixtures of water, sorbitol 
solution, and PEG 400 were prepared. Figure 2 
illustrates the phase analysis derived from these 
experiments. This ternary diagram indicates that 
excess water above 7% results in a clear, single- 
phase solution, regardless of the sorbitol solution- 
PEG ratio present. An excess water content of 
between 0 and 7y0 resulted in the formation of a 
solid, provided a proper ratio of sorbitol solution- 
PEG existed. 


There were no intermediate stages of solidification. 
A given mixture either remained fluid or else became 
a solid mass. The solid never varied in its apparent 
consistency. The "melting point" of the solid was 
between 35 and 40° in all cases. 


Effect of Temperature.-Raising the temperature 
of the interaction mixture resulted in a significant 
increase in the time required for solidification. The 
results of one series of such experiments are depicted 
in Fig. 3. 


Effect of Addition of Soluble Salts.-Two grams 
of either powdered sodium chloride or powdered 
calcium chloride were added to  an interaction mix- 
ture consisting of 50% (w/w) of sorbitol solution 
and PEG 400. The mixtures were stirred under 
controlled conditions and the solidification point 
determined. In each case, the effect of the salts 
was observed merely as a kinetic phenomenon. 
Both salts significantly increased the time for solidi- 
fication to occur. This is indicated in Table I. 
Salts, however, did not affect the solidification prod- 
ucts, which were indistinguishable in consistency 
from the control samples. 


Effect of Dehydration of Sorbitol Solution.- 
Since it appeared that the water content of the 
interaction mixture was critical to  the formation of 
the solid, a series of experiments was conducted to  
evaluate the effect of physical and chemical de- 
hydration on sorbitol solution. The addition of 
excess amouiits of soluble salts t o  sorbitol solution 
resulted in the formation of a clear, rigid gel after 
about 1 week. Salts such as sodium chloride and 
sodium citrate were equally efficient in their ability 
to produce the gels. 


Anhydrous ethyl alcohol was carefully layered on 
top of sorbitol solution. This resulted in the gradual 
solidification of the lower sorbitol layer. A clear gel 
resulted upon standing for 2 weeks. 


Continuous heating of sorbitol solution in an open 
vessel at 80" produced a very hard, clear gel after 3 
days. 


TABLE I.-EFFECT OF SALT ON INTERACTION RATE 


Time 
Required to Reach 


Salt End Point, Min. 
Sodium chloride 32 
Calcium chloride 35 
Control (no salt) 15 
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Fig. 3.-The effect of temperature on solidi- 
fication time of PEG 400 and sorbitol solution 
mixtures. Key: 0 = 25’; X = 30’. 
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Fig. 4.-Viscosity of sorbitol solutions versus D- 
sorbitol concentration. 


DISCUSSION 
A study of the data indicated that a nonspecific 


mechanism seemed to be involved in the formation 
of the solidified mixture. This conclusion was based 
on the apparent similarity in properties of the solid 
obtained under the wide range of experimental 
conditions described. A possible explanation is 
that low molecular weight polyethylene glycols, 
mixed with sorbitol solution, produce a dehydration 
effect on the solution which results in a polymeric 
material consisting of associated molecules of sor- 
bitol. The formation of this polymer and its dis- 
persion throughout the system could conceivably 
result in an extremely rigid state possessing a high 
internal fluidity. 


The transition from the liquid to the solid state 
occurred over a fairly narrow concentration range 
of water in the system. This is in consonance with 
the fact that the viscosity of sorbitol solution is nearly 
independent of sorbitol concentration up to 70% 


(w/w ). Immediately beyond this concentration 
a fiftyfold increase in Viscosity occurs over a 13% 
concentration range (from 70 to  83%) (3). This 
unusual rheological behavior is depicted in Fig. 4. 


Density data available on solutions of different 
concentrations of b-sorbitol in water also indicate 
that beyond the 70y0 concentration marked devia- 
tion from linearity occurs. This is indicative of a 
reduced molar volume and association of molecules 
in the system. In view of these considerations, a 
slight dehydration of 70y0 sorbitol solution would 
result in a disproportionate increase in the viscosity. 
This contention is borne out by the results obtained 
with those experiments where dehydration of the 
sorbitol solution was accomplished by physical and 
chemical means, Via., salts, ethyl alcohol, and 
evaporation at elevated temperatures. 


The proposed mechanism is supported by the 
data obtained with the PEGsorbitol solution ex- 
periments. As indicated in Fig. 1, the reduction of 
sorbitol solution content in a system resulted in a 
decrease in the time required for the solid to form. 
The decrease in time is directly related to the de- 
crease in the water content of the mixtures with 
lower sorbitol solution content. A relatively smaller 
amount of water, therefore, needs to be removed by 
the correspondingly larger amounts of PEG t o  
induce solidification. 


Figure 1 also shows that the time required for 
solidification is dependent on the molecular weight 
of the PEG used. The affiuity of polyethylene 
glycol for water is related to its ethylene oxide con- 
tent. By the same token, the rate at which it is 
capable of dehydrating a material is equally de- 
pendent on the ethylene oxide content. This is in 
agreement with the order of interaction time evi- 
denced in Fig. l. 


The effect of temperature (Fig. 3) is likewise re- 
lated to  the dehydration effect. The association of 
water with the oxyethylene moiety of PEG is criti- 
cally temperature dependent (1). The bonding of 
water to  this polymer will be considerably weakened 
with increasing temperature, and the affinity of this 
moiety for water will be correspondingly decreased. 
The expected decrease in interaction rate with in- 
creasing temperature is demonstrated in Fig. 3. 


The prolonged reaction time observed with the 
addition of salts to the PEGsorbitol solution mix- 
ture (Table I) may possibly be attributed to two 
factors acting in concert. (a )  The addition of salts 
t o  sorbitol solution results in an increased viscosity. 
This increased viscosity may be responsible for a 
slower rate of mixing with PEG and therefore a 
slower rate of interaction. (b) The rate of dehydra- 
tion of the sorbitol solution by the PEG will be 
dependent upon the thermodynamic activity of the 
water in the sorbitol solution. The addition of salts 
will decrease th is  activity and therefore prolong this 
interaction time. 
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hour after the addition was complete, and the yellow 
product was isolated and washed with water followed 
by ethanol. The yield was 2.3 Gm. (68.7%), and 
the product decomposed above 110”. 


Ferrous Complex of 2-Mercaptoethylguanidine.- 
S-@-Aminoethylisotium bromide hydrobro- 
mide (8.52 Gm., 0.03 mole) was dissolved in 36 ml. of 
water and the pH was adjusted to 8.0 using dilute 
ammonium hydroxide. A solution of 4.18 Gm. 
(0.016 mole) of ferrous sulfate heptahydrate in 15 
ml. of water was added dropwise with stirring and a 
dark green precipitate formed immediately. After 
the addition was complete, the stirring was con- 
tinued for 1 hour and the pH of the solution had 
decreased to a value of 6.6. The green product was 
isolated and washed with water followed by ethanol. 
The yield was 1.1 Gm. (17.3%) of a dark green 
product which started to decompose at 225”. 


Ad.-Calcd. for WaFeO&: C, 16.90; H, 
5.17; Fe, 13.10; N, 19.71; S, 22.56. Found: C, 
17.06; H, 5.16; Fe, 11.99; N. 19.00; S, 22.24. 
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Investigation of Egyptian Basil Essential Oils 
by Simple Chromatographic Method 
By L. HOERHAMMER, A. E. HAMIDI*, and G. RICHTER 


Two kinds of h i 1  oil are produced in Egypt under the so-called white and red basil 
oils. The present study reveals the occurrence of tupineol, linalool, cineole, citr 
eugenol, esterified terpineol, geraniol, linalool, and citronellol with acetic an 
formic acids (geranyl andfor citroaellyl acetate, l i d y l  andfor terpinyl ucetate 
and citronellyl formate a sesquiterpene alcohol (nerolidol?) and unidentified 


cinnrmic acid ester. The white cy contains methyl cinnamate and (safrol 3). A 
simple economic m e t h s o r  the oil investigation is described. 


f 
cerpenes in both types o 2 oil. The red type contains in addition meth 1 chavicol and 


HE GENUS Ocimum includes, according to 
Hegi (l), 50-60 species in Africa, Asia, and 


America. Guenther (2) and Gildemeister and 
Hoffmann (3) state that there is a great possibil- 
ity of cross pollination in the species of 0. bad& 
cum L., hence the occurrence of a larger number 
of varieties and physiological forms is possible. 
They claim that it seems appropriate to classify 
the basil oil types according to their chemical 
composition and geographical sources rather than 
ascribing them to definite plant varieties. They 
mention main types of Ocimum plants according 
to the chemical compound dominating in the oil. 


Studies reported on the chemical composition of 
0. basiluzim oils as reviewed by these authors, 


anethole, methyl cinnamate, linalool, eugenol, 
aneole, camphor, terpenes, and sesquiterpenes. 


Tackholm (4) describes only two indigenous 
Ocimum plants in the Egyptian flora under the 
names of 0. nrenthaefolium Hoechst and 0. men- 
thacfoZium var. stamitwsum Sims. Ascherson (5)  
mentions 0. basilicum L. in Egypt under the 
cultivated plants. Basil is named “rihan” or 
“saatar hindy” by the natives of Egypt. 


S i ce  no previous work has been reported on 
the analysis of the Egyptian basil volatile oils, 
this study was undertaken to reveal their con- 
stituents. This study is also made to verify, as 
far as p)ssible with future studies, the appropriate 
c.lieniotaxoiiotnica1 order of the Eayptian basil 


indicate that they contain methyl chavicol, plants. Further aim of the study isto find out a 
m . t ~ ~ i l ~ ~ ~ ~ ~ ~ m ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ n ~ ~ ~ ~ ;  
Cermany. 
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Tahrir Dokki Cairo Egy t 
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simple ccnnoinic method for the oil investigation 
which could be applied easily in agricultural 
experimental stations occupied with tbe prduc- 
tion of essential oils, where expensive a d  delicate 
apparatus cannot always be afforded easily. 
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above. The oil amount used was 5 ml. The first 
61 fractions of 5 ml. each, fraction 62 of 30 ml., and 
fractions 63-64 of 200 ml. were collected. In the 
last fraction, which contained mainly lmalool. 
terpineol which had an R, value on thin-layer 
chromatogram as that of an authentic terpheol 
sample, could be detected. Since geraniol has on a 
thin-layer chromatogram an R, value like terpheol, 
to verify the absence of geraniol in the oil, a paper 
chromatogram was carried out as described by 
Hoerhammer and co-workers (8). Pure geraniol and 
the obtained terpineol were tested. There were two 
different Rj values indicating the absence of ger- 
aniol in the oil. The occurrence of terpineol in the 
oil was also ascertained by obtaining its nitroso- 
chloride derivative ( 9 )  in the form of white needle 
crystals which were identical to crystals obtained by 
the same manner from pure terpineol. We could 
not determine the melting point of these few crystals 
obtained from basil oil. 


Rf " 
0 0  0 0 


a o  0 


r z j 4 5 6 3  i 9 w n r i  
Fig. 1.-Thin-layer chromatogram of Egyptian 


white and red basil essential oils. Key: 1, safrol; 
2, citronellyl formate; 3, geranyl acetate; 4, 
methyl cinnamate; 5, white basil oil; 6, red basil 
oil; 7, eugenol; 8, citral; 9, cineole; 10, linalool; 
11, terpineol; 12, methyl chavicol. 


EXPERIMENTAL 
White Basil Oil 


The plant from which the oil was obtained was 
named by the royal botanic gardens, Kew, U.K., as 
0. basiluum L. var. basilacum. I t  is an erect plant 
with much branching, slightly pubescent, and attain- 
ing a height of 80 cm. or more. The racemes arc 
dense with white flowers, hence the name white 
basil. It grows in the whole Nile valley giving two 
to  three cuts during the year. 
Examination of the Oil.-The freshly cut herb 


(branches and flowering shoots) was steam distilled 
by the Medi-inal and Aromatic Plants Research 
Division, Ministry of Agriculture, at Barrage north 
of Cairo. The oil was yellowish having a sweet odor 
resembling methyl cinnamate. It had the following 
physicochemical constants: specific gravity (20'), 
0.9647; optical rotation, -4.80; refractive index 
(20"), 1.5078; acid number, 1.4; and ester number, 
156.8. 
ChroWgraphu  Analysis 


An informatory thin-layer chromatogratnl of the 
oil (Fig. 1) was prepared to gain a preliminary 
knowledge of the possible Occurrence of the oil 
constituents, by applying a simple method described 
by Hoerhammer and co-workers (6). The detection 
of the spots was cariied out by the following re- 
agents after Hoerhammer and co-workers (7): 
osmium tetraoxide, antimony trichloride, and 
anisaldehyde. According to the results of this 
chromatogram, the oil was fractionated on a column 
using 0.2-0.5 mm. activated silica gel as adsorbant. 
The column was 1-cm. i.d. and 28 cm. long. A 
small pledget of cotton was placed in the bottom of 
the column and the elution was carried out by a 
mixture of benzene and ethyl acetate (95:5). The 
fractions 1-31 of 0.5 ml. each and 32-96 of 3 id .  


each were col'ected and thin-layer chromatographed 
(Figs. 2-4). Thew chromatograms show the dis- 
tribution of thc oil constituents isolated on the 
column and hav ng Hj values corrcspmdirig to 
authentic test rcfcrenccs. 
Verijkation of the Occurrence of t lz  Oil ConJtiluents 


Terpzneol.-The amount of terpineol in the oil 
secmed to be small. Thereforc a Iargcr coluiiiii o f  
S-cm. i.d. and 28 cm. long was used as tiescribed 
. -. - 


I All thin-luyer chromatugrams were eluted by a mixtuic. 
of benzene and ethyl acetate (!J5:5 v!v) unless iitherwiw 
stated, and silicu gel C Merck was uscd as adsorbant. 


0 8  


1 I 
Fr.: 1+2 3-6 7-9 n-22 
w. : A B C O E F  


Fig. a.-Thin-Iayer chromatogram of column 
fractionated Egyptian white basil essential oil. 
Key: Fr., fractions, Ref., test references; A, 
safrol; B, geranyl acetate; C, citronellyl formate; 
1). methyl cinnamate; E, cineole; F, linalool. 


LinaZoo1.-The fractions 59-66 (Fig. 4) were com- 
bined and the solvent evaporated under reduced 
pressure. An authentic sample of linalool produced 
the Same Kj value as the isolated linalool on the thin- 
layer chromatogram. The oxidation of the collected 
fractions with Beckman oxidation reagent (10) at 
16' into citral and examining the oxidation product 
by thin-layer chromatography, resulted in an RI 
value and spot color the same as pure linalool 
treated the same way. The occurrence of linalool 
was also proved by treating these fractions with 
2.4-dinitrophenylhydrazine according to Vogel (11). 
For comparison, pure linalool was treated the same. 


Cineok and Cinnamic Acid Esh.-The fractions 
23-29 (Fig. 3) were combined and the solvent evap- 
orated as usual. The oily residue was fractionated 
o n  a column as described previously for the oil 
fractionation. Chloroform was used as eluent. 
Forty-four fractions of 3 ml. each were collected. 
Thc fractions 31-33 on standing for a few hours 
prwluccd white ncwllc crystals of pleslsant odor. 
Thcse crystals hid on thiii-layer rliruiiratogratn ail H, 
valuc and niclting p i n t  (3H.5') identical to an 
authcntic sample of methyl cinnamate. The oily 
rcsiduc was treatcd with 2 N NaOH for 1 hr. A 
cucalyptus odor was iioticcd indicating the presencc 
of cineolc. Its Occurrence was also proved by nieans 
of paper chromatography agtainst pure cineole (7). 


The aqueous saponifidbk solution was rendered 
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acidic by means of sulfuric acid. A white precipi- 
tate was formed which, after recrystallization, had the 
odor and melting point (135') of pure cinnamic acid 
(see under The Eskrs). 


Citral.-This compound was detected by thin- 
layer chromatography against pure citral. The re- 
production of the spots was achieved by means of 
2,4-dinitrophenylhydrazine (concentrated solution 
in 2 N HCl). Its occurrence was also proved as 
follows: 0.5 ml. of the oil was treated with 2,4- 
dinitrophenylhydrazine to  obtain the citral hydra- 
zones, whose crystallition was not possible. 
The solution was then shaken with petroleum ether 
(b.p. 30-68'). The petroleum ether extract was 
dried over anhydrous sodium sulfate and thin- 
layer chromatographed against the hydrazones of 
authentic citral. A mixture of benzine (b.p. 
50-70') and ethyl acetate (95:5 v/v) was used for 
elution. The RJ values and spots color were 
identical. This system was found applicable to 
separate the two types of a t ra l  hydramnes. 


The Esters and Their Corresponding Acids and 
Akohols.-The fractions 7-9 (Fig. 2) were com- 
bined, reduced to  a small volume, and column- 
fractionated as outlined above. For elution, a 
mixture of benzene and n-heptane (19:l v/v) was 
used. Fifty-four fractions of 1 ml. each were 
collected and thin-layer chromatographed. There 
were at least three spots indicating the presence of 
three ester types and a fourth spot with a higher RJ 
value (Fig. 2). The presence of the corresponding 
acids was verified through their hydroxamic acids 
by treating 0.5 ml. of the oil with hydroxylamine as 
described by Hais (12). Authentic samples of 
formic, acetic, and cinnamic acids were treated in the 
same way. These hydroxamic acids were paper 
chromatographed applying a system d d b e d  by 
Hais (13) and using filter paper S.S. 2043b,gl., 
washed. For the reproduction of the spots, an 
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trials with most of these systems using silica gel 
were unsuccessful. Therefore a mixture of n-hep- 
tane, n-hexane, and diisobutylketone (1 : 1 : 5) was 
used for elution. The spots were developed by 
spraying with antimony trichloride. There were 
( a )  a lower spot corresponding to methyl cinnamate, 
(b) above it, another spot corresponding to  geranyl 
and/or citronellyl acetate, ( c )  a third higher spot 
corresponding to linaryl and/or terpinyl acetate, and 
(d) a fourth farther higher spot corresponding to 
citronellyl formate. It was not possible by this 
system to difkentiate between geranyl and citronel- 
lyl acetate on one hand, and linalyl and terpinyl 
acetate on the other hand. The verification of the 
corresponding alcohols was carried out as follows. 
The ester fractions were saponiiied as usual. The 
liberated alcohols were paper chromatographed (8) 
against authentic samples of geraniol. terpineol, 
citronellol, and linalool. The obtained RJ values 
were identical, respectively. It is noteworthy to 
state that the reproduction of a methyl cinnamate 
spot can also be achieved by spraying the plates with 
2,44initrophenyIhydrazine, where a stable yellow 
rolor is produced. Methyl chavicol could not be de- 
tected in these fractions. 


Eugenol.-The isolation of this compound on the 
column was unsuccessful. It was obtained by 
shaking 0.5 ml. of the oil with 3% aqueous solution 
of sodium hydroxide, extracting the phenolic sub- 
stances with ether, drying the ether extract over 
anhydrous sodium sulfate and thin-layer chromato- 
graphed against authentic eugenol. The spots re- 
produced by anisaldehyde reagent were identical in 
their RI values and color. 


SafroL-In the ester fractions 7-9 (Fig. 2) a 
fourth compound with higher RJ value could be ob- 
served; presumably a phenol ether. It had the 
same Rf  value on the thin-layer chromatogram and 
spot color when sprayed with anisaldehyde and ex- 
posed to  osmium tetraoxide as an authentic sample 
of safrol. 


Sesquderpenc Akohol (Nerolidol?).-The frac- 
tions 23-29 (Fig. 3) contained a compound located 
on the thin-layer chromatogram between linalool 
and cineole. It had an RI value as an authentic 
sample of nerolidol. When exposed to  osmium 
tetraoxide it showed an unsaturated property pre- 
sumably a sesquiterpene alcohol. 


Terpencs.-The fractions 1-6 (Fig. 2) contained 
the terpenes. These were not investigated further 
because of lack of test references. 


Red Basil Oil 
The plant from which the oil was produced was 


named by the royal botanic gardens, Kew, U.K., 
as 0. basiciCum L. var. Nrpurascens Benth The 
morphological feature of the plant does not differ 
greatly from the white type except that the flowers 
are violet t o  red, hence the name red basil. 


I 
23.2#** #-4 


W.: F G E H D C  


Fig. 3.-Thin-layer chromatogram of column 
fractionated Egyptian white basil essential oil. 
Key: Fr., fractions; Ref., test references; F, 
linalool; G. geraniol; E, cineole; H, citral; D. 
methyl cinnamate; C. citronellyl formate 


ethanolic solution of 0.1% ferric chloride was used. 
The spots were identical both in RJ values and color 
indicating the presence of the three acids respec- 
tively. 


A portion of these concentrated fractions was 
thin-layer chromatographed against the available 
authentic samples of geranyl, citronellyl, terpinyl, 
and linalyl acetates, citronellyl formate, and methyl 
cinnamate. Miller and Kirchner (14) described 
several systems for the separation of terpene 
alcohols and esters on silicic acid glass plates. Our 


Fig. 4.-Thm- 
0 layer chromato- 


gram of column 
fractionated Egyp- 


0 0 0  tian white basil 
4 Q 0 0 o essential oil. Key: 


Fr.. fractions: Ref., 
[ test refeiences; 


FC B J ~ S U W M L I ~ B  J, terpineol; F, 
Rd. :  J F H linalool; H, citral. 
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Examination of the Oil.-The red basil oil which Ocimum species, e.g.. 0. canum Sims (2, 3), 0. 
was produced by the same method as the white basil gratissimum L.. and 0. mentbfolium Hochst. (3). 
oil, had a strong spicy odor and its color was reddish. The occurrence of constituents in the Egyptian 
I t  had the following physicochemical constants: basil oils, which have not been reported previously, 
specific gravity (20°) ,  0.9111; optical rotation, and their differences from basil oil samples of Euro- 
- 10.75’; refractive index (20’). 1.4830; acid pean origin analyzed at the same time, lead to the 
number, 6.5; and ester number, 14.6. possibility o f  arranging these two Egyptian basils 
Chrmtogmphic Analysis 


The oil was iiivestigatecl the samc way as thc 
white basil oil. It had the same chemical compnsi- 
tion (Fig. 1) except for the following: 


Methyl Chavicol.-This could be detected by thin- 
layer chromatography against authentic methyl 
chavicol. 


Cinmmic Acid Ester.-Cinnamic acid could be de- 
tected by its hydroxamic acid as described in the 
white basil oil investigation. The isolation of the 
ester on the column or on the chromatoplates was 
unsuccessful. 


Safro1.-Could not be detected. 
Eugenol.-Could be easily isolated on the column. 


CONCLUSION AND DISCUSSION 


The investigation of the two Egyptian basil oils 
undertaken in this study, revealed the occurrence of 
terpineol, linalool, cineole, eugenol, esterified ger- 
aniol, citronellol, linalool, and terpineol with acetic 
and formic acids (geranyl and/or citronellyl ace- 
tate, linalyl and/or terpinyl acetate, citronellyl for- 
mate). and a sesquiterpene alcohol (nerolidol?) in 
both types of oils. In addition, the white type con- 
tained methyl cinnamate and (safrol?). The red 
type contained methyl chavicol and traces of cin- 
namic acid ester. The presence of terpineol. citral, 
and safrol has not been reported before in the 0. 
basdicum oils. Therefore the basil oil types out- 
lined by Guenther (2) and Gildemeister and Hoff- 
mann (3) cannot be applied in arranging these two 
oil types in any of the reported types. This view- 
point is supported by the occurrence of citral in other 


iii sel~arate cheniic.al or physiological races [ Dillr- 
iii:iiin (15), I<owson (16). Huerliinaiin (17)l. the 
category to include those plants indigenous to and/or 
cultivated in Egypt. Further study of the oils of 
these plants in different periods of plant growth is 
recommended to  ascertain the occurrence and per- 
centage of their chemical constituents which may 
change according to climatic, edaphic, and genetic 
factors. These qualitative and quantitative studies 
are being carried out. 
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Synthesis and Antitubercular Activity of Isonicotinoyl 
and Cyanoacetyl Hydrazones 


By DIPTISH CHAKRAVARTY, ARUN BOSE, and SAMIR BOSE 


Seven isonicotinoyl hydrazones and four 
cyanoacetyl hydrazones were synthesized. meir in vitro and in 


Fox and Gibas (3) have shown that isonicotiny 
hydrazine when reacted with acetone gives 1- 
isonimtinyl-2-iso-propylidene hydrazine (I) vivo were evaluated. 


HE ANTIMICROBIAL activity of isoniazid T against tubercle bacilli depends on the 
amount of free and unaltered isoniazid (1). 
The observations of Fox and Gibas (2) show that 
one or both of the hydrogen atoms attached to 
nitrogen in the hydrazine moiety of isoniazid may 
be replaced by  a variety of P U P S  with little loss which proved to be very active against tubercle 
of activity. bacilli. These authors (3) have investigated 
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Assay of Vitamin E in Pharmaceutical Products 
By ROBERT W. LEHMAN 


Control assays for vitamin E may appear to be hopelessly complex to the pharma- 
ceutical analyst. “The National Formulary” describes a different assay method for 
each of the six forms or sources of vitamin E listed. Alkaline saponification is used 
for some materials and acid hydrolysis for others. Ceric sulfate titration is used for 
some; reaction with ferric chloride and dipyridyl for others. The derivation of the 
factors used in the calculations is not readily apparent. The job of the analyst is fur- 
ther complicated because the N.F. methods do not automatically apply to these same 
forms or sources when they are used in finished pharmaceutical products. This 
review is intended to help the analyst who must modify the N.F. assay methods for 
vitamin E in order to ap ly them to finished pharmaceutical products not covered by 
the N.P. monographs. %his review mentions some reasons for the differences be- 
tweeo methods and suggests modifications that can be used in assaying vitamin E 


in pharmaceutical products. 


LPHA TOCOPHEROL can be easily oxidized by A ferric chloride or by ceric sulfate to the 
“yellow quinone” as shown in Fig. 1. The N.F. 
assay methods depend on either measuring the 
amount of ferrous ions produced (they form a 
red complex with a,a’-dipyridyl) or titrating until 
ceric ions are left in solution to oxidize an indica- 
tor (diphenylamine) . 


a-Tocopheryl esters such as the acetate and 
acid succinate shown in Fig. 2 cannot be oxidized 
until the ester group has been removed by hy- 
drolysis (either with potassium hydroxide or 
sulfuric acid). 
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Acid Hydrolysis versus Alkaline Saponification 


Table I shows the differences in assay procedure 
that are specified for the six forms or sources of 
vitamin E that are now listed in “The National 
Formulary” (1). The two high purity acetates are 
hydrolyzed with acid, while the d-a-tocopheryl acid 
succinate requires saponification because i t  is not 
completely hydrolyzed by the N.F. acid treatment. 
Either method could be used for the acetates; each 
has the following advantages and disadvantages. 
Acid hydrolysis requires 3 hours of reaction time, but 
very little attention from the analyst. When acid 
hydrolysis is followed by ceric sulfate titration, the 
reaction mixture can be diluted directly, with no 
work-up. On the other hand, alkaline saponifica- 
tion requires only 20 minutes of reaction time. 
While saponification requires a lengthy work-up 
involving solvent extraction, washing, evaporation, 
and change of solvent, it would still be the procedure 
of choice when it is to be followed by the ferric 
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tends to  be thrown out of solution. When excess oil 
phase is present, this causes fading end points. 
Sharp end points exist only within very narrow 
solubility limits. 


The ferric chloride-dipyridyl reaction can be 
applied to  extremely dilute tocopherol solutions. 
In almost all pharmaceutical dosage forms, it would 
present fewer problems than the ceric sulfate pro- 
cedure. 


Derivation of Assay Factors 
In the two N.F. monographs that specify the 


dipyridyl assay method, the derivation of the 
“factors,” 28.2 and 32.0, is not presented. To ob- 
tain proper factors needed for accurate application 
to  “pure” tocopherols or esters in pharmaceutical 
products, the analyst needs the following informa- 
tion. 


The formulas follow the pattern 


A X factor/C X L = mg. per Gm. 


where A is absorbance, Cis concentration of sample, 
and L is length of the cell. 


This “factor” in the mixed tocopherols dipyridyl 
assay calculation is derived as 


CHs 


+ E3+ 
B C  


CHs ce4+ 
a-Tocopherol 


H a c v o H O t R  + Fe+” or 
CHs 


CHs Cea+ 
a-Tocopheryl quinone 


Fig. 1.-Oxidation of a-tocopherol. 


Acid succinate 
CHs HsC 


CHs 
Fig. 2.-Esters of a-tocopherol. 


chloride-dipyridyl procedure. Acid hydrolysis 
would have no advantage here, because it, too, 
would have to be worked up by the same procedure. 


Ceric Sulfate versus Dipyridyl 
Because it is more precise, ceric sulfate titration 


would usually be chosen over ferric chloride- 
dipyridyl colorimetry wherever it can be applied. 
Table I1 shows the relative precision of the N.F. 
assay methods which was obtained in a collabora- 
tive study of five samples among nine laboratories 
(2). Both the intra and the interlaboratory varia- 
tion of the ceric sulfate titration are significantly less 
than those of the dipyridyl procedure. 


Unfortunately the ceric sulfate titration can be 
applied only to tocopherol samples of high concen- 
tration. I t  fails on mixed tocopherols concentrate 
because of fading end points, which are a result of a 
solubility problem. Tocopherol is soluble in 
ethanol, but not in water; ceric sulfate is soluble in 
aqueous sulfuric acid, but not in ethanol. As the 
aqueous ceric sulfate solution is run into the ethanol 
solution of tocopherol, one reactant or the other 


25 ‘Oo0 = 28.2 
2 x 443.3 Factor = 


The 25, 1000, and 2 come from the dilutions made for 
the spectrophotometry, and 443.3 is the extinction 
coefficient (E, 1%. 1 cm.) calculated for the particu- 
lar mixture of a-, 8-, y-, and 8-tocopherols present 
in the average lot of mixed tocopherols concentrate. 
These four tocopherols have extinction coefficients 
in the dipyridyl assay of 414, 437, 455, and 561, and 
they are present in the average proportions 52.0, 
9.3, 28.0, and 10.77,. respectively. Thus, the 
average E, lye, 1 cm., is (414 X 0.520) + (437 X 
0.093) + (455 X 0.280) f (561 X 0.107) = 443.3. 


For d-a-tocopheryl acetate concentrate, the pro- 
portions are 68, 22, 5, and 570, respectively, and 
the calculated extinction coefficient is 428.5. How- 
ever, these calculations are in terms of milligrams of 
unesterified tocopherols, while the assay result is t o  
be expressed in milligrams of tocopheryl acetate. 
Thus, the ratio of molecular weights must also be 
introduced, and the factor is 


25 X 1000 X 4i2.‘76 
2 X 428.5 X 430.72 = 32’0 Factor = 


Multicomponent pharmaceutical products might 
be assayed for vitamin E by the dipyridyl procedure 
rather than by the ceric sulfate titration, even when 
a pure form of vitamin E is used in its preparation. 
In  such cases, the extinction coefficient, 414, for a- 
tocopherol should be used, and a molecular weight 
adjustment should be made to  yield milligrams of 
the particular ester present. Thus, the proper 
factor ford- or dl-a-tocopheryl acetate is 


TABLE I.-ASSAY METHODS SPECIFIED BY “ T H E  NATIONAL FORMULARY” 


N.F. XI (1) Analytical 
N.F. Product Page Purity Hydrolysis Method 


dl-a-Tocopherol 376 High (None) Ceric SO, 
d-a-Tocopheryl acetate 377-3i8 High Acid Ceric SO, 
dl-a-Tocopheryl acetate 379-380 High Acid Ceric SO, 
d-a-Tocopheryl acid succinate 380 High Saponification Ceric SO, 
Mixed tocopherols concentrate 376-377 Low (None) Dipyridyl 
d-a-Tocopheryl acetate concentrate 378-379 Low Saponification Dipyridyl 


Nitroso 
No 
No 
No 
No 
Yes 
Yes 
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TABLE II.-PRECISION OF ASSAY METHODS 


Coefficient of Variation. yo 
Intralab Interlab 


Ceric sulfate 0.45 0.70 
Dip yr i d y 1 1.52 2.80 
Nitroso 5.45 17.50 
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25 X 1000 X 472.76 = 33,1 
2 X 414 X 430.72 Factor = 


and the one for d-a-tocopheryl acid succinate is 
25 X 1000 X 530.80 - 37.2 - 
2 X 414 X 430.72 Factor = 


Colorimetry 
A method using a spectrophotometer rather than 


one using a colorimeter was proposed to The 
National Formulary because the spectrophotometric 
method can be set up quickly in any laboratory 
without a need for reference standards. But since 
the spectrophotometer is a null-point instrument, 
and not direct reading, it is difficult to use where 
absorbance is changing rapidly with time. There- 
fore, the time interval of 10 minutes was recom- 
mended to The National Formulary. 


Figure 3 shows how the rate of reaction and the 
degree of color development may vary with the 
tocopherol homolog. The problem caused by the 
different responses of the 8, -y, and 6 forms can be 
avoided by using a colorirneter instead of a spectro- 
photometer and by using a reaction time of 50 sec- 
onds instead of 10 minutes. 


By using a direct reading colorimeter and a time 
interval of 2 minutes (see Fig. 3), it  is less necessary 
to  calibrate against all four tocopherols or to  know 
the relative abundance of the four tocopherols in 
each sample for assay. 


By changing the concentration of the reagents 
and the order of addition, these four reaction curves 
can be made to  cross each other at a time interval of 
about 50 seconds. Quaife (4) developed a specific 
procedure for determining tocopherols in biological 
samples that could be very useful in a pharma- 
ceutical control laboratory. The reaction rates are 
shown in Fig. 4. 


Conditions needed t o  duplicate the relationships 
in Fig. 4 are fairly critical; directions for conducting 
the assay are as follows. 
SO-Second Assay for Total Tocopherol.-Appa- 


rutus.-An Evelyn colorirneter (Rubicon Instru- 
ments Division, Minneapolis-Honeywell Regulator 
Co., Philadelphia, Pa.) or similar instrument having 


TIME, MIN. 
Fig. 3.-Reaction rates of tocopherols in Stern and 


Baxter (3) procedure. 


a constant, low intensity light source, means for 
filtering this source to a narrow wavelength region, 
and a direct reading, instantaneously responding 
photocell and galvanometer. For this determination 
i t  should be equipped with a 515 or a 520-mp filter. 


Reagents.-Ethanol (absolute ethyl alcohol); 
a&-dipyridyl solution. (dissolve 0.25 Gm. in 50 ml. 
of ethanol, protect from light); and ferric chloride 
solution (dissolve 0.10 Gm. of FeCla.6HzO in 50 ml. 
of ethanol, protect from light) are utilized. 


Procedure.-Place in the colorirneter tube 8 ml. of 
ethanol and 1 ml. of a,&-dipyridyl solution. With 
the tube in the colorimeter, adjust the light intensity 
so that the galvanometer reads 100~o transmittance. 
Add 1 ml. of ferric chloride solution. Shake well for 
5 seconds, and record the per cent transmittance 
(C) exactly 50 seconds after adding the ferric 
chloride. Convert this to  “LB” (2 - log C). 


Place in the colorimeter tube 8 ml. of ethanol con- 
taining sufficient sample to  supply about 60 mcg. of 
tocopherol. Add 1 ml. of a,a’dipyridyl solution 
and, with the tube in the colorimeter. adjust the 
light intensity so that the galvanometer reads 100~o 
transmittance. Add 1 ml. of ferric chloride solution. 
Shake well for 5 seconds and record the per cent 
transmittance (C) exactly 50 seconds after adding 
the femc chloride. Convert this to  “Ls” (2 - 
log C). Subtract LB, determined for the blank 
reagents, from Ls, determined for the sample and 
record the difference as “LD.” 


Prepare a calibration curve, using solution of pure 
a-tocopherol in place of the sample. On linear 
graph paper, plot LD versus milligrams of a- 
tocopherol. Draw the best fitting smooth line 
through the points and through zero. Do not 
necessarily attempt t o  draw a straight line. 


From the calibration curve, find milligrams of 
tocopherol corresponding to  LO found for the sample. 
From the concentration of sample in the colorim- 
eter tube, calculate milligrams of total tocopherol 
per gram of sample. 


Nitroso Assay.-For the two “sources” of vitamin 
E in “The National Formulary,” mixed tocopherols 
concentrate and d-a-tocopheryl acetate concentrate, 
a nitroso reaction is specified to determine the to- 
copherols “other than alpha-.” The relatively poor 
precision of the nitroso assay procedure is shown in 
Table 11. The supplier of these concentrates needs 
to  use this assay routinely; but because of the assay 
uncertainty, the industrial analyst might use an 
average figure for the ratio of alpha to  total to- 
copherol, relying on the dipyridyl assay for control 
purposes. 


The ratio of alpha to  total tocopherol will not 


Fig. 4.-Reac- 
tion rates of to- 
copherols in Quaife 
(4) procedure. I 


cu 0250 


01501 I 1 I I 
15 45 75 135 


TIME, SEC. 
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change, except under conditions of severe destruc- 
tion, and these would always be avoided in pharma- 
ceutical practice. Once it has been established for a 
given lot of concentrate, that ratio can be applied 
to the total tocopherol content of finished products 
made from the known lot. 


The N.F. monographs do not specify that the 
nitroso assay be used on the high purity “forms” of 
vitamin E. When it is applied to them it shows an 
absorption corresponding to  1 to 2% of apparent 
non-a-tocopherol. However, this occurs even with 
the synthetically prepared forms and with highly 
purified experimental preparations; thus i t  seems 
probable that the slight color observed is caused by a 
side-reaction between a-tocopherol and the reagent. 


Detection of d-Isomers 
Until recently, there was no accurate way to  


distinguish between the d epimer (from natural 
sources) and the dl-racemic mixture. It is important 
to develop methods for distinguishing because the d 
form is credited with 36y0 more “potency” than the 
dl. While the d epimer dces exhibit optical rotation, 
the an is only a fraction of a degree, and impractical 
to use in control work. 


Of course, the pharmaceutical control chemist will 
not usually need this type of test for work on his 
company’s product. But he may wish to  check on 
the raw materials. And law enforcement chemists 
may wish t o  examine products off the shelf. 


A control procedure can probably be worked out, 
based on the method published in 1962 by Nelan 
and Robeson (5). They oxidized a sample of 400 mg. 
of tocopherol by shaking for 3 minutes in 50 ml. of 
ether with 10 ml. of 10% potassium ferricyanide in 
0.2 N aqueous sodium hydroxide. After washing 
and drying over sodium sulfate, the solvent was re- 
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optical rotation determined on a 5y0 solution using 
a Rudolf polarimeter (model 70). The crude oxida- 
tion product gave an [a ]y  of +27.5. 


By using only 3 ml. of 5% solution in a 20-cm. 
tube, a rotation of a t  least 0.25” (which can be re- 
liably distinguished from zero) can be obtained 
with a sample of only 15 or 20 mg. of a-tocopherol. 
This can be applied directly t o  high purity forms of 
vitamin E. Finished dosage forms might require a 
clean-up by chromatography or other method rnod- 
ifications if other optically active ingredients are 
present. 


SUMMARY 


This review discusses limitations in acid hydroly- 
sis and ceric sulfate procedures that are specified 
in some of “The National Formulary” monographs 
for forms and sources of vitamin E. I t  suggests 
that vitamin E in pharmaceutical products not 
covered by the N.F. monographs be assayed by 
saponification followed by the dipyridyl determina- 
tion. I t  shows how the calculation factors in the 
dipyridyl assay can be modified to  apply to any of 
the vitamin E sources. A more simple, colorimetric 
method is described for the dipyridyl assay. The 
nitroso assay and detection of d isomers are discussed 
briefly. 
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Effect of Cortisone on the Minimal Carcinogenic 
Doseso of Methylcholanthrene in Albino Mice 


By RALPH T. MANCINI, RONALD F. GAUTIERI, and DAVID E. M A ” ,  JR. 


The administration of 0.4 m e  of cortisone acetate er 30 Gm. of body weight, 
injected subcutaneously five tunes a week over a l%-day period (12 injections) 
during the initial phase of the experiment, caused a slight decrease in the incidence 
of methylcholanthrene-induced tumors. The CF-1 albino mice used in this ex eri- 
ment also exhibited a definite retardation or even a significant decrease in !ody 
weight during the Idday period of cortisone acetate administration However, 
when cortisone acetate was withdrawn, the mice gained wei ht rapidly. At the 
termination of the experiment, the grou s of mice which hafreceived cortisone 
(Groups B and C) exhibited a mean weiggt approximately equal to that of the con- 


trol groups. 


HE ISOLATION of cortisone from the adrenal 
Tartex by Rendall, et ul. (I), Reichstein (21, 
and Wintersteiner and M n e r  (3) in 1936 was 
followed by the extraction and identification of 
approximately 45 additional steroids, five of 
which-besides cortisone--exhibited significant 
physiological activity : corticosterone, 1 l-desoxy- 
corticosterone, 1 1-dehydrocorticosterone? 17-a- 
hydroxycorticosterone (hydrocortisone), and 17- 
hydroxy-1 I-desoxycorticosterone. Of these, cor- 
tisone has been subjected to the most thorough 
clinical evaluation in such diverse conditions as 
arthritis, leukemia, Addison’s disease, allergic 
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states, skin diseases, and ophthalmic disorders. 
In addition, the inhence of the steroid on car- 
cinogenesis has been studied. 


One of the earliest experiments to determine the 
effects of cortisone on the growth of malignant 
tumors in mice was conducted in 1944 by Heil- 
man and Kendall (4). They showed that the 
administration of cortisone in drinking water 
inhibited lymphosarcomas, while withdrawal 
caused the initiation of carcinogenesis. How- 
ever, growth was not reversed by the subsequent 
readministration of cortisone. Other investiga- 
tions have demonstrated that cortisone exerted a 
temporary inhibition of ependyomas (5), lympho- 
sarcomas (6), adenocarcinomas (7), and rhabdo- 
myosarcomas (8). 


In a study conducted by Baserga and Shubik 
(9), it was observed that cortisone reduced the 
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TABLE I.-cOMPOSITE RESULTS OF PART 1 AND PART 2 


Total MCA EBective Tumor Incidence of 
Admin., Total Tumorous Incidence, Multiple 


Grouo mcaP Mice/GrouD Mice/Group 76 Male Female Tumors Male Female 
~ A 336-50.1 58 29 56.0 17 12 11 9 2 


B 312-504 55 26 47.3 14 12 5 3 2 
c 288504 53 18 33.9 9 9 3 2 1 
D 36G504 59 26 44.0 12 14 9 5 4 


a The first column of numbers refers to the smallest quantity of methylcholanthrene (expressed in micrograms) needed to 
induce the formation of a tumor in at least one CF-1 albino mouse in that group. The second column of numbers !epresents 
the total amount of methylcholanthrene (expressed in micrograms) applied to all animals during the 10.4 week pmod of the 
experiment. MCA-methylcholanthrene. 


TABLE IL-PART  QUANTITY (MCC.) OF METHYLCHOLANTHRENE APPLIED (AS A 0.12% ACE TO^ SOLU- 
TION) UNTIL ONSET OF TUMORS I N  MICE 


Applications, No. Total Admin., mcg. Induction Time, Days 
Groups Sex Tumors, No. Range Av. Range Av . Range Av. 


A M 7 16-21 19 384-504 456 56-7 1 66 
F 4 14-21 19 336-504 462 49-72 66 


B M 8 15-21 18 360-504 426 54-72 F2 
F 7 17-21 20 408-504 483 60-72 i0 


c M 4 13-21 17 312-504 408 46-72 59 
F 3 1 5 2 1  17 312-504 416 53-72 60 


D M 8 1 5 2 1  18 360-504 441 53-72 65 
F 8 15-21 19 360-504 450 53-72 65 


tumor incidence in mice receiving topical applica- 
tions of methylcholanthrene. 


Sugiura, et al. (lo), noted, however, that corti- 
sone was inconsistent in temporarily inhibiting 
different types of tumors. Using cortisone ace- 
tate, they observed a marked inhibition of rat 
sarcoma R-39, mouse lymphosarcoma, and mouse 
osteogenic sarcomas, while the hormone only 
slightly inhibited Lewis sarcoma T-241 and 
exerted no effect on sarcoma 180 or mammary 
adenocardnoma E-0771. 


Contrary to  the results obtained in the fore- 
going experiments, which indicated that corti- 
sone inhibited neoplastic growths to varying de- 
grees, other investigators have compiled evidence 
that cortisone treatment caused a definite in- 
crease in the tumor incidence (11-14). 


Possibly conflicting results have occurred be- 
cause investigators have failed to employ a valid 
dosejresponse relationship for the carcinogen 
used. With the establishment of the minimal 
carcinogenic dosea (MCDa) of methylcholan- 
threne (15), the elucidation of tumor enhance- 
ment or inhibition by  an agent can be determined. 
The purpose of this investigation was to discern 
the effects of cortisone on methylcholanthrene- 
induced skin cardnogenesis in mice. 


MATERIALS AND METHODS 


111 this study the experiment was perforincd twice 
to verify and confirm the MCDa of methylcholan- 
threne described in a previous paper (15). 


A total of 240 CF-1 albino mice approximately 10 
to 11-weeks-old-four groups of 60 mice each (30 
males and 30 females)-were used in this experiment. 
The cages employed, diet, methylcholanthrene solu- 
tion, hair trimming procedure, weighing, manipula- 


tion of the mice, recording of data, preparation of 
tumors for pathological study, and the method of 
application of the carcinogen are described in a 
previous paper (15). 


The cortisone acetate' used in this experiment 
was a saline suspension containing 25 mg. of corti- 
sone acetate per milliliter. Two milliliters (50 mg.) 
of cortisone acetate suspension was diluted in a 
25-ml. volumetric flask with normal saline solution. 
The diluted suspension, containing 2 mg. of corti- 
sone acetate per milliliter, was used for the sub- 
cutaneous administration of cortisone acetate to 
CF-1 mice according to  body weight (0.4 mg. per 
30 Gm. of body weight). 


In this experiment the four groups of mice were 
Group A (control group), received 504 mcg. through 
21 bi-weekly applications of 0.02 ml. of a 0.1270 
solution of methylcholanthrene in acetone. This is 
the MCDu of methylcholanthrene. Group B (corti- 
sone group) received the MCDw of methylcholan- 
threne with the concomitant subcutaneous adminis- 
tration of cortisone acetate suspension three times a 
week (Monday, Wednesday, and Friday) alter- 
nately in the left and right inguinal area over a 
16-day period from the day of the initial application 
of methylcholanthrene. Group C, (cortisone group) 
was the same as Group B, except that the cortisone 
acetate was administered five times a week (Monday 
through Friday). Group D (normal saline control 
group) received the MCDu of methylcholanthrene 
with the concomitant subcutaneous administration 
of normal saline solution five times a week, equiva- 
lent in volume to  the injections of cortisone acetate 
suspension (based on body weight). 


EXPERIMENTAL 
The hands were protected by heavy neoprene 


gloves when handling the mice or the apparatus 
used for the application of the carcinogen. The mice 
were grasped with the index finger and the thumb 
at the base of the tail during the applications. When 
the mice were held in this manner, the solution of 


I Marketed as Cortone Acetate by Merck Sharp and 
Dohme, Philadelphia, Pa. 
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TABLE III.-pART 2.-QUANTITY (MCG.) OF METHYLCHOLANTHRENE APPLIED (AS A 0.12% ACETONE SOLU- 
TION) UNTIL ONSET OF TUMORS IN MICE 


Groups Sex Tumors, No. Range Av. Range Av. Range Av. 
A M 10 14-21 17 336-504 413 48-71 59 


F 8 18-21 19 432-504 459 62-72 66 
B M 6 14-21 20 336-504 432 48-72 62 


F 5 13-21 17 312-504 403 44-71 57 
C M 5 12-21 17 288-504 418 41-72 60 


F 8 1fJ-21 20 432-504 476 62-72 68 


Applications. No. Total Admin., mcg. Induction Time, Days 


~- -~ ~. 


D ix 4 15-21 19 360-504 450 51-72 64 
F 6 18-21 20 432-504 476 63-72 68 


TABLE IV.-MEAN WEIGHT AND STANDARD DEVIA- 
TION IN WEIGHT OF EACH GROUP AT ONSET OF 
EXPERIMENT, AT THE END OF CORTISONE ADMINIS- 
TRATION, AND AT THE TERMINATION OF THE EXPERI- 


MENT 


-Part I-- -Part -- 
Group Mean Mean 


(30 Mice/ Wt., wt. .  
Group) Gm. S.D. Gm. S.D. 


Aa 20.25 f1 .81  25.49 f 2 . 7 3  
Ah 24.09 f2 .06  26.33 f 2 . 9 3  
AC 30.05 f 3 . 1 6  30.40 f 2 . 8 7  
Ba 20.22 1 1 . 6 0  23.26 f 3 . 5 7  
Bb 20.80 f 2 . 1 8  22.25 f 2 . 9 9  
Be 30.32 f 2 . 8 5  29.00 f3.74 
Ca 20.54 f 1 . 8 5  23.18 f 2 . 5 3  
C* 19.79 f 1 . 7 7  21.21 f 2 . 2 4  
Cc 29.41 f2 .99  29.57 f 3 . 3 0  
Da 20.54 1 1 . 9 5  23.92 f 3 . 2 5  
Db 23.94 f1 .92  25.64 f3 .36  
Dc 31.41 f 2 . 4 5  29.98 f 3 . 1 5  


OInitial weight. b Weight at end of cortisone therapy. 


methylcholanthrene in acetone was applied by 
placing the interscapular area beneath the tip of the 
micropipet. A 2-cm. square area of hair in the 
interscapular region was trimmed with a pair of 
nickel-plated scissors t o  enable the solution of 
methylcholanthrene in acetone to  spread evenly by 
capillarity to all parts of the area of application. 


The recording of tumors was initiated at the 
appearance of the first macroscopically observed 
tumor. After the appearance of the initial growth, 
the interscapular area was examined at least three 
times a week with a Stanley 701-A magnifying 
glass. The mice that died before the recording of 
the first tumor were not included in the effective 
total. 


The surviving mice were sacrificed with chloro- 
form at the termination of the experiment. Tumors 
were randomly excised from each of the four groups 
of animals and placed in a 10% solution of formal- 
dehyde for histopathological study. 


All data obtained from Parts 1 and 2 of this study 
were compiled in four tables. Only those mice ex- 
hibiting tumors measuring 1 mm. or more in one 
dimension (width versus height) were recorded. 
Table I shows the composite results of Parts 1 and 2 
obtained after 21 bi-weekly applications of 0.02 ml. 
of a 0.12% solution of methylcholanthrene in acetone 
to  the control mice (Groups A and D) and to  the 
cortisone groups (Groups B and C). Tables I1 and 
I11 exhibit the quantity in micrograms of methyl- 
cholanthrene applied until the onset of tumors in 
each part of the experiment. The induction time 
for the Occurrence of a t  least one epidermal tumor 
in each group is also indicated. Table I V  exhibits 


e Termination weight. 


the mean weight and standard deviation in the 
weight of each group of mice at the onset of the ex- 
periment, a t  the end of cortisone administration, and 
at the termination of the experiment. 


DISCUSSION 
The results of this investigation indicated that the 


subcutaneous administration of cortisone acetate 
five times weekly (Group C) decreased the incidence 
of methylcholanthrene-induced tumors. The con- 
trol mice (Group A) exhibited a confirming MCDm 
for methylcholanthrene, as previously shown by 
Gautieri and Mann (15) in CF-1 albino mice. 


These results are in agreement with those obtained 
by Baserga and Shubik (Q), who demonstrated that 
methylcholanthrene-induced carcinogenesis was in- 
hibited by the subcutaneous administration of 0.5 
mg. of cortisone acetate, daily, 6 days a week for 
19 weeks. 


Table I1 (Part 1 )  and Table 111 (Part 2 )  show that 
in both phases of the experiment the first tumor was 
observed at approximately the same time. In Part 1, 
the first tumor appeared 46 days after the initial 
application of methylcholanthrene; in Part 2 the 
first tumor occurred 41 days after the first methyl- 
cholanthrene application. These data also agree 
with previous studies (15). 


Epilation was initiated 5 to  7 days after the first 
application of a 0.12% solution of methylcholan- 
threne in acetone. The epidermis of the inter- 
scapular area of the control mice (Groups A and D) 
appeared hyperemic with the application of the 
methylcholanthrene solution. However, similar ap- 
plications of methylcholanthrene to  the skin of the 
interscapular area of mice treated with cortisone 
acetate suspension did not cause a comparable degree 
of hyperemia. The number of epidermal lesions ap- 
pearing in the interscapular area of the control mice 
(Groups A and D) seemed to  increase as the experi- 
ment progressed. Approximately 1 week after the 
termination of cortisone therapy, a mild vasodila- 
tion became apparent in the mice of the cortisone 
groups (Groups B and C). Skin lesions appeared 
in the interscapular area in some of the cortisone- 
treated mice toward the end of the experiment. 


A resurgence of hair growth in the control mice 
(Groups A and D) occurred 16 to  20 days after the 
beginning of the application of methylcholanthrene. 
This same resurgence of hair growth in the mice 
receiving cortisone acetate suspension (Groups B 
and C) did not commence until 33 to 36 days after 
the initial application of methylcholanthrene. The 
resurgent hair did not have the glossy appearance 
and natural conformation to  the body contours that 
was characteristic of normal hair; it was stiff and 
difficult t o  cut with a pair of scissors. 
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sone (Groups B and C) exhibited a mean weight 
nearly equal to  the mean weight of the control 
groups (Groups A and D). 


The administration of cortisone acetate to  the 
mice of Groups B and C delayed the resurgence of 
hair growth approximately 2 weeks beyond the re- 
surgence of hair growth in the control groups. 
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Table I V  shows that the cortisone-treated mice 
(Groups B and C) in Parts 1 and 2 of this study had 
a definite retardation or even a significant decrease 
in mean body weight at the termination of the 
cortisone injections, while the control mice (Groups 
A and D) exhibited a definite increase in mean body 
weight during the same period. 


SUMMARY 


The administration of 0.4 mg. of cortisone ace- 
tate per 30 Gm. of body weight, injected sub- 
cutaneously five times a week over a 16-day period 
(12 injections) during the early phase of the experi- 
ment, caused a slight decrease in the incidence of 
methylcholanthrene-induced tumors. 


When administered subcutaneously, cortisone 
acetate suspension decreased the skin irritation and 
subcutaneous vasodilation caused by the application 
of a 0.12% solution of methylcholanthrene in ace- 
tone to  the interscapular region. However, this ef- 
fect was noticeable only during the interval of corti- 
sone therapy and for a short period thereafter. 


The CF-1 albino mice used in this experiment also 
showed definite retardation or even a significant de- 
crease in body weight during the 16-day period of 
cortisone acetate administration. However, when 
cortisone acetate was withdrawn, the mice gained 
weight rapidly. At the termination of the experi- 
ment, the groups of mice which had received corti- 
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Effect of Sodium Cobaltinitrite on the 
Minimal Carcinogenic Dose,, (MCD,,) of 


Methylcholanthrene in Albino Mice 
By RAYMOND F. ORZECHOWSKI, RONALD F. 


DAVID E. MA", JR. 


The bi-weekly, intraperitoneal administration 
of sodium cobaltinitrite in doses of 50, 60, 
and 70 mg./Kg. in mice subjected to the 
MCD,o of metbylcholanthrene resulted in a 
reduction of tumor incidence to 3 1, 3 1, and 
25  per cent, respectively, compared to 47 per 


cent for the controls. 


ROM T m  MANY diverse factors that  have been 
shown to modify experimentally induced 


carcinogenesis, an intriguing concept has arisen 
which stresses the need for a deeper understanding 
of the role played by oxygen in the inception and 
regulation of the cancerization process. Accord- 
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ing to Warburg 
cerous because 


GAUTIERI, and 


( I ) ,  a normal cell becomes can- 
of irreversible damage to its 


respiratory mechanism. Cells which are unable 
t o  compensate immediately to the abrupt change 
in intracellular respiration die, while others sur- 
vive only by adjusting to a fermentation type of 
respiration, thus becoming undifferentiated and 
cancerous. In short, the cancer cell derives 
energy from fermentation which fulfills i ts  meta- 
bolic demands as adequately as intracellular 
respiration meets the requirements of the normal 
cell. On the other hand, Weinhouse (2) presented 
experimental evidence tha t  the respiration of 
tumor slices is approximately equal to the oxida- 
tive metabolic activity of normal cells. In further 
support of these findings, isotope studies per- 
formed in 1949 (3) have shown tha t  tumor cells 
can oxidize glucose to carbon dioxide at rates com- 
parable to those of normal cells. Therefore, it  
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Distribution of Tritiated Derivatives of 
Fluorene in the Rat 


By F. E. RAY and 0. 0. WEJEBE 


By the study of tritiated derivatives we have found that the liver carcinogen, 2-acetyl- 
aminofluorene, is concentrated to a greater extent in the liver of the rat than 2-acetyl- 
aminolluorenone, which produces only an occasional liver tumor. 2-Nitrotluorene, 
which also produces few, if any, liver tumors, gives a concentration that is inter- 
mediate. 2-Nitrofluorenone, which has not been tested for carcinogenicity, gives 
a concentration in the liver similar to 2-nitrofluorene. The highest concentrations 


in the liver result when the compounds are given by intraperitoneal injection. 


N 1940, THE U. S. Department of Agriculture I proposed the use of 2-acetylaminofluorene 
(AAF) as an insecticide; but before releasing it 
for field tests, it  was sent to the Regional Labora- 
tory in California for the determination of 
toxicity. After an extensive series of tests, 
Wilson, De Eds, and Cox (1) reported i t  to be 
carcinogenic to rats and mice. While this ended 
its career as an insecticide, it  became of funda- 
mental importance in the study of the etiology of 
cancer. 


Whereas the carcinogenic hydrocarbons pro- 
duce tumors almost exclusively at  the site of 
application, acetylaminofluorene produces a wide 
variety of tumors distant from the site of appli- 
cation. The principal organ of attack, however, 
is the liver. It has been shown to be carcino- 
genic to mice, rats, rabbits, hamsters, dogs, and 
fowl. I t  is indeed fortunate that this compound 
was thoroughly tested before being released for 
general use. 


I t  seems reasonable to assume that a com- 
pound that has a specific effect on an organ must 
have an affinity for that tissue. In previous work 
we found this postulate to be true: a derivative 
causing gastric cancer localized in stomach tissue 
to a greater extent than a closely related non- 
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gastric carcinogen (2). Because f-acetylamino- 
fluorene (111) causes many liver tumors, but 2- 
acetylaminofluorenone (IV) does not, but is 
carcinogenic to other tissue (3, 5), one might ex- 
pect a greater concentration of the former in the 
liver. To determine if this thesis is correct, 
radioactive derivatives of these compounds were 
administered and their distribution studied. 


Hz 0 


O b " "  
2- N itrofluorene 2-Nitrofluorenone 


(2-NF) (2-NFone) 
I I1 


H2 


doNHocCH3 
2-Acetylaminofluorene 


(.4AF) 
111 


2-Acetylarninofluorenone 
( AAFone) 


I V  


Recent work by Ray, Cromer, Aycock, and 
Pitzer (2) has shown that it is practical to pre- 
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Procedure.-Young adult Wistar rats weighing 
170 Gm. each were used. Equimolar amounts of the 
two compounds (0.045 M) were heated with 1 ml. of 
95y0 ethyl alcohol and made up to 10 ml. and homog- 
enized with 1 % aqueous methylcellulose solution. 
One milliliter of each was then fed via stomach 
tube. Another milliliter of each was diluted to 
500 ml. with 95% ethyl alcohol to be used as a 
standard. The animals were housed in metabolisni 
cages permitting the separate collection of urine 
and feces. A t  the end of the designated time, 
they were killed with ether and their organs re- 
moved. The tissues were treated with l o x  portions 
of 1% sodium hydroxide, allowed to stand over- 
night in the cold room, homogenized, and made up 
to  volume. Aliquots were then counted three or 
more times to 100,000 or 30 minutes in a dioxane- 
naphthalene-DPO-POPOP scintillator. Samples of 
the standard were included in every count. Cor- 
rections were made for background and quenching, 
and the results expressed as per cent of adminis- 
tered dose (68 X 106 to 155 X lo6 counts/minute). 
The efficiency of the Tri-Carb scintillation counter 
used was 33.21 to  34% (737.0W755,OOO counts/ 
minute/microcurie). 


RESULTS AND DISCUSSION 


A comparison of the amount of radioactive 
material found at 6 hours after oral administration 
in the liver shows no substantial difference between 
the nitrofluorene and nitrofluorenone compounds 
(Table I, 1.14 and 1.19~o).  Little difference is 
found in the spleen, kidneys, and in the stomach 
and contents. The percentage of fluorenone de- 
rivative excreted in the urine is over twice that of 
the fluorene, indicating more rapid elimination of 
the former. This is in harmony with the lesser 
amount of fluorenone in the blood. 


Table I1 gives the results of the 24-hour experi- 
ment in which the same compounds were adminis- 
tered intraperitoneally. Here again there is no real 
difference in the localization of the two compounds 
in the liver (7.04 and 6.72). Again, somewhat 
more of the fluorenone derivative seems to  be 
excreted in the urine (13.82 to 9.80); this may thus 
indicate a real difference. Now the small differ- 
ence in the percentages in stomach tissue has be- 
come substantial in favor of 2-nitrofluorene. While 
the amount of the two compounds in the blood is 
almost equal, a real difference seems to exist in 
favor of the fluorene derivative in the spleen. The 
somewhat slower elimination of 2-nitrofluorene and 
consequent greater concentration in blood, spleen, 
and stomach tissue may indicate that some hydrogen 


TABLE II.-RADIOACTIVITY PRESENT AT THE END OF 
24 HOLTRS~ (2-NITROPLUORENONE AND 


2-NITROFLUORENE) 


pare radioactive 2-nitrofluorene and 2,7-dinitro- 
fluorene by  exposing the compounds to the action 
of tritium(HE) for a number of days, and that 
isotopically pure amines are conveniently pre- 
pared from the corresponding nitro compounds. 
The reduction, catalytically with hydrogen and 
platinum, acetylation, and subsequent purifica- 
tion readily eliminate radioactive impurities pro- 
duced during the irradiation with tritium. This 
simplifies, to  a considerable extent, radiotracer 
studies with these compounds and their deriva- 
tives. It seemed worthwhile, therefore, to use 
the tritiation technique to  compare 2-nitrofluo- 
rene (2-NF) (1) and 2-nitrofluorenone (2-NFone) 
(11). This was followed by  a comparison of 2- 
acetylaminofluorene (AAF) (111) and 2-acetyl- 
aminofluorenone (AAFone) (IV). 


EXPERIMENTAL 


The nitro compounds, I and 11, were tritiated 
by exposing 1 Gm. of each to 15 curies of tritium 
for 2 weeks a t  27' and 666 mm. in 45 ml. of methyl 
chloride and 15 ml. of methanol. In two separate 
experiments the specific activity of 2-nitrofluorene 
after recrystallization from glacial acetic acid to 
constant radio-solubility was 173 rc./rng. and 194 
Fc./mg., respectively: 2-nitrofluorenone gave 74 
pc./nig. and 84 pc./mg. I t  will be noted (formulas 
I and 11) that the fluorenone has seven-ninths (78%) 
as many hydrogens to be replaced by tritium; 
however, the two aliphatic hydrogens replaced 
by oxygen are considerably more active than the 
remaining seven aromatic hydrogens and, there- 
fore, more easily tritiated, giving a ratio of about 
one to four. The nitro compounds were adminis- 
tered as a basis of comparison with the amines. 


Emulsions were made that contained equi- 
molar amounts of the substances-O.24 mc. per 
cubic centimeter for 2-nitrofluorene (m.p. 156') 
and 0.09 mc. per cubic centimeter for 2-nitrofluoren- 
one (m.p. 218"). One milliliter dose was  ad- 
ministered by stomach tube or by intraperitoneal 
injection. On reduction with platinum catalyst 
and hydrogen, followed by acetylation and puri- 
fication to constant radio-solubility, yielded 2- 
acetylaminofluorene-HS (m.p. 192') of specific 
activity, 26.2 rc./mg. Similarly, 2-acetylamino- 
fluorenone-Ha (m.p. 225') gave 2.69 pc./mg., a 
ratio of about one to ten. The lower activity 
resulted because base acetylaminofluorenone was 
added in the purification process. 


TABLE  RADIOACTIVITY PRESENT AT THE END OF 


2- NITROFLUORENE) 
6 HOURS* (2-NITROFLUORENONE AND 


2-Nitrofluorenone, 2-Nitro0uoreoe. 
Tissue % % 


Liver 
Kidney 
Urine 


1.14 
0.21 
4.98 


Blood 0.61 
Stomach 2 . X  
Stom. cont. 16.36 
Spleen 0.03 


_ _  
a Oral administration. 


1 .19 
0.18 
2.09 
1.05 
2.29 


17.98 
0.04 


2-NFone, 2-NF. 
Tissue % % 


Liver 7.04 6.72 
Urine 13.82 9.80 
Stomach 0.32 1.17 
Stom. cont. 1.60 0.60 
Intestine 16.47 18.07 
Kidney 0.68 1.00 
Spleen 0.50 1.70 
Blood 1.36 1.53 


0 Intraperitoneal injection. 
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TABLE I I I . -2-ACET~~NOPLUORE~ AND 2-ACETYLAMINOFLUORENONEa 


-oral 12 H r . 7  -Oral 24 H r . 7  -i.p. 24 H r . 7  
AAFone AAF AAFone AAP AAFone AAF 


Liver 1.63 1.80 0.68 1.16 3.55 13.46 
Urine 16.61 13.06 15.33 19.63 22.43 24.91 
Stomach 0.31 1.31 1.66 0.09 0.15 0.45 
Stom. cont. 16.03 18.74 19.18 0.05 5.86 3.97 
Intestine 36.86 48.64 16.41 57.67 20.81 25.85 
Kidney 0.24 0.22 0.15 0.10 0.91 1.72 
Spleen 0.03 0.02 0.03 0.001 0.08 0.43 
Blood 0.39 0.59 0.57 1.27 0.46 0.51 


Carcass 7.98 8.94 5.29 6.62 15.16 15.71 
Body fluids 0.88 0.76 0.32 0.15 4.30 1.83 


a Values are per cent of administered dose. 


binding of fluorene occurs a t  the 9-position (=CH* 
group), although the effect may be purely a nega- 
tive electrostatic influence of the C: 0 group. Later 
in this paper we will attempt to decide which etTect 
is dominant. 


The data for AAF and AAFone are given in 
Table 111. At 12 hours following oral administra- 
tion there seems to be only a slight difference in the 
percentages in the liver. Twenty-four hours after 
oral administration, however, there is almost twice 
as much AAF as AAFone in the liver (1.16/ 
0.68). This is more dramatically shown in the 24- 
hour experiment after intraperitoneal injection (6) 
of the two compounds. Here the ratio in the liver 
is 13.46/3.75. 


We find that AAF is eliminated to  a somewhat 
greater extent in the urine than is AAFone, but this 
difference i s  not great enough to  be significant. 
There are, however, much less of the nitro com- 
pounds eliminated in the 24-hour i.p. group, which 
is directly comparable to the 24-hour i.p.-AAF- 
AAFone group. It has been shown by Moms, 
Dubnik, and Johnson (4) and by Miller, et al. (5), 
that 2-nitrofluorene is carcinogenic but much less 
so than AAF, both in the number of tumors pro- 
duced and the per cent of rats developing tumors. 
2-Nitrofluorene, like 2-aminofluorenone, produces 
few, if any, liver tumors. It seems, therefore, that 
liver tumorigenesis is favored by the simultaneous 
presence of the amino and methylene groups. On 
this basis we predict that 2-nitrofluorenone would be 


suggests that reduction of the nitro group is a pre- 
requisite to  carcinogenesis (9). 


Although a minimum concentration in a tissue 
such as liver seems necessary for activity, this is not, 
of course, the sole requisite. This is illustrated by 
the fact that the 24-hour i.p. animals given the nitro 
compounds showed a considerable concentration in 
the liver. This was in excess of the N-hour i.p. 
animals with AAFone, but only about half that of 
AAF itself (Table 111). Whether this indicates 
that the nitro compounds would produce liver tumors 
if administered via the intraperitoneal route remains 
to be demonstrated. That the i.p. route is effective 
in carcinogenesis of related compounds has been 
demonstrated by Morris, Wagner, Ray, Stewart, 
and Snell(6). 


CONCLUSION 


These experiments offer evidence in favor of our 
thesis that a carcinogen that attacks a particular 
organ has a certain affinity for that organ compared 
to  a carcinogen that seldom if ever produces tumors 
in that organ. We find that 2-acetylaminofluorene 
has a greater affinity for the liver than 2-acetyl- 
aminofluoreaone or 2-nitrofluorene, neither of which 
produces more than an occasional tumor in the 
liver. 
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TABLE 1.-RESULTS OF TESTS OF LARVICIDAL ACTIVITY OF VARIOUS AGENTS 


Concn., Percentages of Larvae Dead or Immotile- 
Drun % 10 Min. 30 Min. 1 Hr. 2 Hr. 24 H! 


100 100 


0.025 53 65 75 75 80 
Controlo 0 0 0 0 0 


Nicotine 0.25 0 0 0 0 100 
0 . 1  75 75 63 75 92 
Control 0 0 0 0 0 


b 88 Iodine (as free iodine 0.055 100 100 100 
in Lugol's solution) 0 05 82 94 98 


Nicotine salicylate 0.16 44 
Control 0 


Phenol 0.05 13 
0.035 0 
Control 0 


Creosote 0.05 0 
Control 0 


Glaucarubin 0.05 0 
Control 0 


57 75 82 b 


0 0 0 b 
0 0 63 100 
0 0 50 0 
0 0 0 0 


50 38 
0 
7 7 43 0 
0 0 10 0 


b b 10 


a Larvae in aqueous suspension. Readings not taken. 


Additional tests were performed to  determine the 


TABLE II.-RESULTS OF TESTS OF LARVICIDAL 


PROPYLENE GLYCOL 5% AS SOLUBILIZINC AGENT" 
ACTIVITY OF P-CHLORO-m-XYLENOL USING 


Concn. of 
PCMX, 10 30 1 2 24 


% Min. Min. Hr. Hr. Hr. ._ 
0.05 83 100 100 100 yo 
0.025 80 90 90 b 


0.012 29 67 96 98 100 
0.006 0 0 0 10 100 
Control 0 0 0 0 10 


0 Results expressed as percentages of larvae dead or immo- 
tile. b Readings not taken. 


TABLE III.--RFFECTS OF SOLUBILIZING AGENTS ON 
THE ACTIVITY OF PCMX 


- 
Concn. of Effect on 


Solubilizing Percentage 
Solubilizing Agent Agent, % Kill 


~~ 


Polysorbate 80" 
Dioctyl sodium sulfosuccinate 
Sodium lauryl sulfate 
Castile soap 
Triton X-100 
Polyethylene glycols 400, 


Propylene glycol 
Propylene glycol 


1540,4000,6000 


0.5 Reduced 
0.125 Reduced 
0.25 Reduced 
0.25 Reduced 
0.50 Reduced 


10.0 Reduced 
10.0 Increased 
5.0 Noeffect 


0 Marketed as Tween 80 by Atlas Chemical Industries, 
Inc., Wilmington. Del. 


effects of blood constituents on the activity of 
PCMX. Results obtained with in d r o  studies 
reveal that the agent's effectiveness is reduced by 
these substances. 


The external use of PCMX as a germicidal agent 
has been without reported ill effects to  man or 
animals. Blood and tissue concentrations, up to  4 
mg. per cent, have been recorded by Zondek and 
Finkelstein following administration to  humans by 
intramuscular and percutaneous routes (6). In view 
of the reported low toxicity of the drug, it appears 
desirable to obtain data on blood levels required for 
larvicidal activity in the body. In our preliminary 
in viuo studies in dogs. doses of 200 to  400 mg./Kg., 
by oral and intramuscular administration, were 
nephrotoxic. Further work on systemic use of 
PCMX in dogs and guinea pigs is in progress. 


In view of the drug's high rate of absorption by 
percutaneous administration, the use of PCMX in 
treatment of cutaneous larva migrans is a possibility. 
Also of interest is application of the compound as 
an area spray where man and animals may be ex- 
posed to infectious larvae of parasites. 
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Fluorometric Study of Antihistamines 
By RICHARD E. JENSEN and RONALD T. PFL.AUM 


The reactions of 16 antihistamines with 
hydrogen peroxide and the fluorescent char- 


acteristics of the products are reported. 


NTIHISTAMINES containing an alkylamino sub- A stituent in the 2-position on a pyridine nucleus 
react with cyanogen bromide to yield fluorescent 
products (1). This  reaction is the basis of a fluoro- 
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metric method for the detection and determination 
of some of these antihistamines. 


In the present work, the reactions of 16 anti- 
histamines with a series of oxidants were studied. 
The fluorescence characteristics of the products 
formed upon treatment with hydrogen peroxide 
form the basis of this report. The corresponding 
studies on the cyanogen bromide systems were 
carried out for comparative purposes. 


Excitation and fluorescence wavelengths and 
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Compounds 


The first five antihistamines containing the 


peroxide are summarized in Table I. 
are grouped according to  structural formulation. 


alkylaminopyridyl grouping, 


relative interisities are reported which tend to show 
a correlation between fluorescence and chemical 
structure. 


EXPERIMENTAL 


All fluorescence spectra were obtained with an 
Aminco-Bowman spectrophotofluorometer equipped 
with an Osram xenon lamp source and a photo- 
multiplier detector. The slits in the monochromator 
were arranged as follows: excitation beam, 
l / ~ ,  and l / g  in.; fluorescent beam, 1/8, l/*, and 
'/la in. Quartz cells, 10 mm. square, were used. 


The antihistamines were obtained from the sources 
listed in Table I. Stock solutions were prepared by 
dissolving accurately weighed samples of the 
antihistamine salts of approximately 50 mg. in 50 
ml. of distilled deionized water. 


For the study of the effect of cyanogen bromide on 
antihistamines, 1 ml. of a freshly prepared saturated 
solution of cyanogen bromide was added to 1-ml. 
aliquots of the antihistamine stock solution. The 
mixtures were diluted to 10-ml. volume, allowed to 
stand for 30 minutes a t  room temperature, and then 
measured spectrofluorometricall y. 


In the study of the effect of hydrogen peroxide, 
1 ml. of 3% hydrogen peroxide solution was added 
to I-ml. aliquots of the antihistamine stock solution. 
The mixtures were diluted to 10 ml., heated in a 
90" water bath for 30 minutes, and measured 
spectrofluorometricall y. 


RESULTS 
The data obtained upon treatment of anti- 


histamines with cyanogen bromide and hydrogen 


Q N -  I 


have an excitation wavelength of 340-345 mp and a 
fluorescence maximum a t  410 f 3 mp when treated 
with hydrogen peroxide. The situation is very 
similar for the cyanogen bromide system; excitation 
is 350 f 5 mp and a fluorescence at 415 f 4 mfi. 
In every case, except for pyrilarnine, the intensity 
of the fluorescence is much greater in the cyanogen 
bromide system. Thonzylamine, a 2-substituted 
pyrimidine derivative, reacts quite analoEously to 
pyrilamine. 


Compounds VII-X, containing a 2-picoline 
nucleus, in general developed a very weak flu- 
orescence after treatment with cyanogen bromide. 
An excitation wavelength of 275-280 mp resulted in 
fluorescence maxima between 3-67 mp. The 
very weak intensity of the fluorescence may ac- 
count for the fact that it had not been observed 
previously (1). Carbinoxamhe (VII) exhibited 
only one set of fluorescence peaks, while the other 
compounds of this group revealed two sets of peaks 
upon treatment with hydrogen peroxide. This 
may be due to the ethereal linkage found only in 
carbinoxamine. Antazoline, a %substituted imida- 
zole, reacts similarly to thonzylamine and to the 
compounds in the picoline group. 


TABLE I .-FLUORESCENCE DATA ON ANTIHISTAMINES 


I 


I1 


I11 


IV 


V 


VI 


VII 


VII I  


IX 


X 


XI 


XI1 


XI11 


XIV 


xv 
XVI 


Antihistamine0 
Chlorothen4 
(Lederle Laboratories) 
Methap yrileneb 
(Irwin, Neisler Co.) 
Pyrilaminec 
(Dorsey Laboratories) 
Thenyldiamineb 
(Sterling Winthrop Laboratories) 
Tripelennamineb 
(Ciba Pharmaceutical) 
Thonzylamineb 
(Warner-Lambert Laboratories) 
Carbinoxaminec 
( McNeil Laboratories) 
Chlorpheniraminee 
(Schering Research) 
Doxylamined 
(Wm. S. Merrell Co.) 
Phenuarninec 
(Dorsey Laboratories) 
Antazolineb 
(Ciba Pharmaceutical) 
Chlorcyclizineb 
(Burroughs Wellcome) 
C yclizineb 
(Burroughs Wellcome) 
Meclizinel 
(Chas. Pfizer & Co.) 
Dip henhydrazineb 
(Parke, Davis and Co.) 
Promethazineb 
(Wyeth Laboratories) 


-H& System- 
Ex. mr FI. my 


340 407 


345 409 


340 408 


345 412 


345 408 


330 407 


335 394 


350 436 
360 446 
370 449 
345 436 
330 352 
370 457 
330 415 


345 451 


305 417 
335 449 
310 420 
345 444 
305 412 
345 454 
345 384 


Int. 
44 


86 


43 


96 


41 


5.4 


3.6 


4.0 
3.7 
2.8 
2.2 
7.2 
5.8 
2.8 


1.5 


1.3 
1.0 
1.4 
1.4 
0.8 
0.5 
6.6 


-___ CNBr System---- 
Ex. mu FI. my 
345 414 


350 412 


350 419 


355 414 


355 419 


345 419 


275 467 


280 447 


280 388 


275 434 


350 410 


... ... 


320 449 


Int.  
160 


361 +" 
35 


369 +" 
300 + 
0.6 


0.3 


3.0 


0.1 


0.4 


0.6 


. . .  


. . .  


. . .  


. . .  
2.4  


+, indicates that the intensity wan greater than the instrument could detect using the described procedure and a 6 mu 
Weighed as the maleate salt. Weighed as the succinate salt. a Weighed band pass. * Weighed as the hydrochloride salt. 


0s the dtrate d t .  f Weighed M the dlhydrochloride salt. All concentrations are 100 mcg./ml. 
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The remaining antihistamines all give fluorescent 
products with hydrogen peroxide. The cyclizines, 
N-substituted pyrazines, are similar fluorometrically 
to the substituted picolines. Promethazine, an 
N-substituted phenthiazine, appears to fluoresce 
upon treatment with both hydrogen peroxide and 
cyanogen bromide. Promethazine hydrochloride 
undergoes a rapid decomposition in water resulting 
in a highly colored solution and a definite increase 
in acidity. I t  is possible that the observed fluo- 
rescence was due to  a decomposition product in 
the reaction mixture. 


Four oxidizing agents, potassium bromate, potas- 
sium bi-iodate, potassium periodate, and potassium 
persulfate were investigated in addition to  hydrogen 
peroxide. Hydrogen peroxide provided the highest 


837 


intensity of fluorescence when thenyldiamine was 
treated with equivalent amounts of each oxidant. 
The fluorescence intensity decreased in the order: 
KIO, > KH( JOJ2 > KBrO, > KpSOa. 


Investigations are being continued on the anti- 
histamines with special attention given to the 
quenching of the cyanogen bromide fluorescence 
and regeneration using hydrogen peroxide. The 
quantitative dependence of antihistamine concen- 
tration on fluorescence intensity and the effect of 
hydrogen ion concentration will be studied. At-  
tempts will be made to determine the mechanisms 
of the reactions. 
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Synthesis of Some Alkyl and Aminoalkyl Esters of 
Azobenzenedisulfonic Acid 


By WILBERT G. WALTER* and TONY E. JONES 


Two homologous series of dialkyl esters rang- 
ing from dimethyl to dibutyl of p-  and m-azo- 
benzenedisulfonic acid were synthesized for 
the first time. In addition, the hydrochloride 
salts of bis-diethylaminoethyl ester of p-azo- 
benzene-4 :4’-disulfonic acid and bis-2-di-n- 
butylaminoethyl ester of m-azobenzene-3 :3’- 


disulfonic acid are reported. 


XCEPT FOR esters, some derivatives of azoben- E zenedisulfonic acid have been reported. In 
1930, some isomeric azobenzenedisulfonchloramides 
(1) were made for consideration as possible anti- 
bacterial agents similar to  the chloramine-T type 
compounds. Later in 1937. azobenzenedisulfon- 
amide (2), with substituted amide groups such as 2- 
pyridyl and 2-thiazolyl which are known to be 
associated with sulfonamide drugs, was studied. 
Also, iodo derivatives of p-azobenzenedisulfonamide 
were prepared for study as radiopaque materials (3). 


The purpose of the work reported here was to  
synthesize and investigate chemically some alkyl 
and aminoalkyl esters of p- and m-azobenzene- 
disulfonic acid. Theobjective wasof interestbecause 
compounds having physiological activity might be 
produced. Azobenzenedisulfonic acid is conceived 
to undergo reduction to give aminobenzenesulfonic 
acid, since compounds such as proiitosil (2’.4’- 
diaminoazobenzene-4-sulfonamide) (4) and azo- 
benzene (5) are known to be reduced to  give sul- 
fanilamide and aniline, respectively. Aminoben- 
zenesulfonic acid is a chemical isostere of amino- 
benzoic acid whose esters constitute an important 
class of local anesthetic compounds; it is also struc- 
turally related to  the sulfonamide type drugs. By 
esterifying with alcohols that are found attached to  
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active local anesthetic compounds of aminobenzoic 
acid-e.g.. diethylaminoethanol (procaine), ethanol 
(benzocaine), propanol (propaesin), n-butanol 
(butesin), compounds with activity of a similar na- 
ture might be produced. While these structure- 
activity relationships can be drawn about the deriva- 
tives, the products have not been subjected to  bio- 
assay to substantiate these inferences. 


A similar method which Stern (1) used to prepare 
m-azobenzene-3:3‘-disulfonic acid is also used here to  
prepare the para and mefa isomers. In 1939, he re- 
ported a procedure satisfactory for preparing po- 
tassium rn-azobenzene-3 :3‘-disulfonate, whereas the 
para isomer was prepared with more difficulty and 
by a different method-the reaction of fuming sul- 
furic acid on azobenzene. Although other methods 
(6) were tried during the course of this work, they 
gave poor yields or a mixture of azo products. The 
methods tried included the reduction of sodium. 
nitrobenzenesulfonate with sodium amalgam and 
the dissolution of azobenzene in fuming sulfuric acid. 
The reaction of chlorosulfonic acid on azobenzene 
also proved unsatisfactory for preparing azobenzene- 
disulfonyl chloride (7). 


The procedure employed to  prepare the ester 
derivatives is as follows. Reduction and coupling 
of sodium nitrobenzenesulfonate (111) using zinc 
dust and potassium hydroxide to  give sodium azo- 
benzenedisulfonate ( IV)  (8 ) ,  and conversion of this 
salt with phosphorus pentachloride to the acid 
dichloride (11), followed by esterification with the 
respective alcohol in anhydrous benzene. 


Because an individual discussion on the prepara- 
tion of each ester or isomeric compound would in- 
volve duplication, it was decided to describe in detail 
the preparation of four compounds representative of 
the group : sodium p-azobenzene-4:4‘-disulfonate, p- 
azobenzene-4:4’-disulfonyl chloride, bis-( ethyl)+ 
azobenzene-4:4’-disuIfonate, and bis(diethylamin0- 
ethyl)-p-azobenzene-4:4’-disulfonate. References 
leading to compounds related to this work are given 
in Table I. 
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Examination of the Oil.-The red basil oil which Ocimum species, e.g.. 0. canum Sims (2, 3), 0. 
was produced by the same method as the white basil gratissimum L.. and 0. mentbfolium Hochst. (3). 
oil, had a strong spicy odor and its color was reddish. The occurrence of constituents in the Egyptian 
I t  had the following physicochemical constants: basil oils, which have not been reported previously, 
specific gravity (20°) ,  0.9111; optical rotation, and their differences from basil oil samples of Euro- 
- 10.75’; refractive index (20’). 1.4830; acid pean origin analyzed at the same time, lead to the 
number, 6.5; and ester number, 14.6. possibility o f  arranging these two Egyptian basils 
Chrmtogmphic Analysis 


The oil was iiivestigatecl the samc way as thc 
white basil oil. It had the same chemical compnsi- 
tion (Fig. 1) except for the following: 


Methyl Chavicol.-This could be detected by thin- 
layer chromatography against authentic methyl 
chavicol. 


Cinmmic Acid Ester.-Cinnamic acid could be de- 
tected by its hydroxamic acid as described in the 
white basil oil investigation. The isolation of the 
ester on the column or on the chromatoplates was 
unsuccessful. 


Safro1.-Could not be detected. 
Eugenol.-Could be easily isolated on the column. 


CONCLUSION AND DISCUSSION 


The investigation of the two Egyptian basil oils 
undertaken in this study, revealed the occurrence of 
terpineol, linalool, cineole, eugenol, esterified ger- 
aniol, citronellol, linalool, and terpineol with acetic 
and formic acids (geranyl and/or citronellyl ace- 
tate, linalyl and/or terpinyl acetate, citronellyl for- 
mate). and a sesquiterpene alcohol (nerolidol?) in 
both types of oils. In addition, the white type con- 
tained methyl cinnamate and (safrol?). The red 
type contained methyl chavicol and traces of cin- 
namic acid ester. The presence of terpineol. citral, 
and safrol has not been reported before in the 0. 
basdicum oils. Therefore the basil oil types out- 
lined by Guenther (2) and Gildemeister and Hoff- 
mann (3) cannot be applied in arranging these two 
oil types in any of the reported types. This view- 
point is supported by the occurrence of citral in other 


iii sel~arate cheniic.al or physiological races [ Dillr- 
iii:iiin (15), I<owson (16). Huerliinaiin (17)l. the 
category to include those plants indigenous to and/or 
cultivated in Egypt. Further study of the oils of 
these plants in different periods of plant growth is 
recommended to  ascertain the occurrence and per- 
centage of their chemical constituents which may 
change according to climatic, edaphic, and genetic 
factors. These qualitative and quantitative studies 
are being carried out. 
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Synthesis and Antitubercular Activity of Isonicotinoyl 
and Cyanoacetyl Hydrazones 


By DIPTISH CHAKRAVARTY, ARUN BOSE, and SAMIR BOSE 


Seven isonicotinoyl hydrazones and four 
cyanoacetyl hydrazones were synthesized. meir in vitro and in 


Fox and Gibas (3) have shown that isonicotiny 
hydrazine when reacted with acetone gives 1- 
isonimtinyl-2-iso-propylidene hydrazine (I) vivo were evaluated. 


HE ANTIMICROBIAL activity of isoniazid T against tubercle bacilli depends on the 
amount of free and unaltered isoniazid (1). 
The observations of Fox and Gibas (2) show that 
one or both of the hydrogen atoms attached to 
nitrogen in the hydrazine moiety of isoniazid may 
be replaced by  a variety of P U P S  with little loss which proved to be very active against tubercle 
of activity. bacilli. These authors (3) have investigated 


~ m i v e d  June 7,1983, from the Reaenrch Division, Smith, SystematiCdy alkylidene derivatives Of iSOniC0- 
tiny1 hydrazone with the twofold view of dis- stadstreet and co., Calcutta, India. 


&cepted for publication September 7, 1963. 


,CH, 
CH, 


O=C-NHN=C, 
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covering superior tuberculostat. Since the iso- 
propylidene group is a branched chain substitu- 
tion, the study was extended to the straight 
chain alkylidenes; the 1-isonicotinyl-2-alkylidene 
hydrazine type, whether straight or branched 
chains, were actively tuberculostatic in viuo. 


On the fragile basis of the similarity of inter- 
atomic distances between the nitrogen atoms 
and hydrazine moiety of cyanoacetic acid 
hydrazide and isoniazid, Valdecasas (4) and 
his co-workers conceived the idea of the probable 
tuberculostatic activity of cyanoacetic acid 
hydrazide and reported that it was indeed a 
remarkable tuberculostat in experimental and 
clinical tuberculosis comparable to isoniazid. 


Shchukina, ef al. (5), reported the synthesis of 
a number of isonicotinyl hydrazones from al- 
dehydes and ketones as antitubercular agents. 
Their biological tests indicated that some of 
these isonicotinyl hydrazones are more active 
in viuo and far less toxic in animals (mice). 
These authors lay great emphasis on the high 
toxicity of isonicotinic acid hydrazide believing 
that the new drug does not possess a large margin 
of safety. 


The recent results of biological tests indicate 
that if too much emphasis is placed on the value 
of isonicotinic acid hydrazide alone as a chemo- 
therapeutic agent for the treatment of tuber- 
culosis overlooking the possibilities of its de- 
rivatives, there is a great danger that some most 
interesting and valuable compounds might be 
missed. 
This paper reports the synthesis and 


chemotherapeutic evaluation of antitubercular 
activity of (a) different isonicotinyl hydrazones 
and (b) cyanoacetyl hydrazones. 


4 
.9 


X 
o_ 


EXPERIMENTAL. 


General Procedure for the Preparation of Iso- 
nicotinoyl Hydrazone8.-Isonicotic acid hydra- 
zide (0.05 mole) was dissolved in a minimum quan- 
tity of distilled water. To this solution, the alde- 
hyde or ketone (0.05 mole), either as such (com- 
pound AT-1) or dissolved in a minimum quantity of 
ethanol (compounds AT-2, AT-3, A T 4  AT-5, 
AT-6, and AT-7) was added with Stirring. In 
some cases the crystals separated within 5 minutes 
or after about 24 hours. However, in all cases, the 
crystals were separated after 24 hours by filtration. 
The solids were crystallized from suitable solvents 
and dried in t c u o  over calcium chloride. The 
characteristics of the compounds synthesized fol- 
lowing the above procedure are recorded in Table I. 


General Procedure for the Preparation of Cyan+ 
acetj4 Hydrazones.-Cyanoacetic acid hydrazide 
(0.05 mole) was dissolved in water (25 ml.). To this 
solution under stirring was added the aldehyde 
(0.05 mole) either as such (compounds AT-8 and 
AT-9) or dissolved in a minimum quantity of 
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TABLE III.-REsuL.Ts OF 1% v&!rO TEST OF ALL TEST 
COMPOUNDS ON Hn Rv  STRAIN^ 
Compd. 


AT-1 
AT-2 
AT-3 
A T 4  
AT-5 
A T 4  
AT-7 
AT-8 
AT-9 
AT-10 
AT-1 1 
INH 
Controlc 


Responseb ++ 
f ++ ++ + + * 
f * 
f ++ - 


a Dose (mcg./ml.) waa 0.1 end 0.2. b ++ - Complete 
inhibition of growth; + - partial inhibition of growth; 
f = no inhibition of growth; - = full growth. c N o  drug. 


ethanol (compounds AT-10 and AT-11). The 
crystals, which were filtered, separated within 24 
hours at room temperature. They were crystxllizetl 
from suitable solvents and dried in vacuo over cal- 
cium chloride. The characteristics of the cotrr- 
pounds synthesized following the above method are 
shown in Table 11. 


Cyanoacetic Acid Hydrazide.-Hydrazine hydrate 
(25 ml., 60% w/v) was added dropwise to the stirred 
and cooled (below 6") ethyl cyanoacetate (22 Girl.) 
and stirred for 3 hours. The precipitated colorless 
microcrystalline solid was filtered and dried in vucuo 
over calcium chloride. Yield 15 Gm.; m.p. 110- 
112O. The product develops color if the reaction is 
carried out at a higher temperature than 5'. 


Anal.--Calcd. for CsHpNaO: N, 42.42. Found: 
N, 42.40. 


PHARMACOLOGICAL EVALUATION 


Both in vitro and in mvo tests were done according 
to the method worked out by Sah and Peoples (6).  
Mycobactmiurn tuberculosis strain HnRv maintained 
on Lowensten Jensen media and albino rats of our 
own breed were used. 


In Vitro Test.--. Compounds were incorporated 
with Lowensten Jensen medium in series and were 
kept in an inspissator at 80" for 1 hour for 3 consec- 
utive days. Thereafter, they were inoculated with 
0.1 ml. of 10-day-old culture of M. tuberculosis grown 
in Dubos medium, incubated at 37' for 3 weeks. 
Control tubes containing only strain culture were 
xk~aintained for Comparison. 


Table I11 indicates the dose response of different 


TABLE IV.-ACUTE TOXICITY OF TEST COMPOUNDS 
ON ALBINO RATS~ 


- -  
Compd. Mortality 


AT-2 '/6 
AT-3 "6 


AT-1 % 


A T 4  o/e 
AT-5 Q/6 
AT-6 ' / 0  
AT-7 '/a 
A T 4  ' / 8  
AT-9 /6 


AT-10 ;/a 
AT-11 /a 


Six rats with en average body weight of 100 Gm. each; 
maximum orel dose, 1 Gm./Kg. 


I 


I$ 
O 1 + 1  l 1 + + + 1 + + 1  


3 


n" i- 


I $  
O 1 + 1  1 + + + + + 1 + 1  


I3 
sp 


3 
; I + l + + + l + l  I I I 


I 
I 
i i' " + + + 1 + + + 1 + 1  I 


(= 


I f  1 + 1  I + + + + l + + l  
3 


d m o m o o o o o ~ o o o  
$0'" 


+ + 


+ + 


+ + 


+ + 


+ + 


+ + 


m 
a, 


u) * 
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DISCUSSION 
afEer3weeks. - 


In Vivo Test.-This test includes chronic toxicity 
study on albino rats of our own breed which were 
infected with M. tuberculi and subsequently took a 
regularly known amount of drug incorporated with 
their daily food intake. Both low and high doses of 
individual compound were administered, and the 
maximum period of observation was 45 days. 
Withii this pericd, the therapeutic etIicacy of the 
test compounds was studied outwardly by observmg 
the symptoms, particularly the degree of sickness 
and also the degree of protection of the test animals 
from infection. 
For investigating the &ect of prolonged adminis- 


tration of compounds and also for examining the 
condition of internal organs (7-16)-particularly liver, 
spleen, and lungs-the duration of oral medication 
of certain compounds was limited to 28 days, while 
for otheis it continued to a maximum period of 46 
days. During this particular period, some experi- 
mental animals died or were ultimately sacrificed for 
examination of internal organs. Percentage of 
mortality was observed to a maximum period of 45 
days. 


A thorough examination of internal organs of all 
the test animals receiving different compounds at 
different dose levels and time periods was conducted. 


The percentage of mortality was different with 
individual test compounds. The therapeutic effi- 
cacy was judged by examination of the above-men- 
tioned glands. With some compounds, the degrees 
of protection from infection were marked-evealed 
by absence of infection and nonenlargement of 
glands compared to other test compounds which 
were relatively less efficacious. 


Control animals were infected with M. tubcrculi 
only and no drug. They showed the maximum mor- 
tality; the glands were highly enlarged compared 
with all other groups receiving different test com- 
pounds. This suggests that the test cornpounds 
had definite action in protecting the infected animals 
from death within a certain period and also in pre- 
venting the enlargement of glands to a certain 
extent. 


Table IV indicates the acute toxicity of test com- 
pounds, and Table V records the in rriUo test with 
varied doses and changes in internal organs. 


Out of seven compounds of the isonicotinoyl 
hydrazone series and four compounds of cyanoacetyl 
hydrazone series, two compounds of each series, 
showed some antitubercular activity. The com- 
pound A T 4  having p-dimethylamino group and 
compound A T 4  having phydroxy group as sub- 
stitutions in the benzylidene ring attached to the N' 
atonis of INH molecule showed antitubercular 
activity comparable to that of INH. The thera- 
peutic efficacy comparable almost to INH was ob- 
served in the compound AT-10 with p-hydroxy 
group and in the compound AT-11 having p-hy- 
droxy-m-methoxy group in the benzylidene ring 
attached to the 1vI atoms of cyanoacetic acid hydra- 
zide molecule. It suggests, therefore, that the p- 
hydroxy group in the benzylidene ring might have 
some antitubercular property. 


SUMMARY 
A series of 11 compounds was synthesized and 


studied for their antitubercular activity in rrivo and 
in o h .  Therapeutic activity on sick animals and 
their subjective improvements and the damages of 
major internal organs were studied. Acute and 
chronic toxicities were also noted. 
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Elevated Temperature Studies on Stability of Ascorbic Acid in 
Certain Fruit Juice and Aqueous Vehicles 


By M. C. UPRETY and B. REVIS 


The stability of ascorbic acid was investigated in certain fruit juice and aqueous ve- 
hicles between pH 2.5-6.5 at 37 and 55" in  the presence of 0.2 per cent citric acid, 
0.01 per cent EDTA, 0.01 per cent propyl gallate, 0.2 per cent ferrous gluconate, 
0.2 per cent cysteine hydrochloride, and 0.2 per cent potassium m-bisulfite. Lime 
juice-sorbitol-glycerol (2:2:1) retained 70 per cent ascorbic acid at p H  6.5 after 
1 2 0  days. Citric acid also rotected ascorbic acid. EDTA gave little protection to 
ascorbic acid, The  loss o?ascorbic acid in  aqueous solution at some pH values was 
counteracted by 0.9 per cent sodium chloride. Dihydrosteptomycin sulfate i n  the 
concentration of 0.33 mg./ml. gave protection to ascorbic acid at all p H  levels, except 
at p H  6.5 (37") and at p H  5.5 (55"), where a destructive effect was noticed. Stability 
of ascorbic acid was a function of pH, temperature, vehicle, and head space in the 


container. 


INCE THE pharmaceutical industry is concerned S more with the shelf life of a liquid vitamin 
mixture, the stability of ascorbic acid was studied 
at 37 and 55" employing certain fruit juice bases, 
some of which have been used earlier (1) together 
with some other formulations. The study was 
conducted at  higher temperatures because any 
liquid vitamin mixture stable at a higher tempera- 
ture keeps its quality for a longer time at a corre- 
spondingly lower temperature (2). This observa- 
tion of Garrett has been confirmed by McLeod 
et al. (3), Uprety et al. (4),  recently by Agrawal 
el al. (5). These higher-temperature tests would 
also be useful in predicting the stability a t  room 
temperature, thus shortening the time normally 
taken by such storage studies at room temperature. 


A separate experiment was run with an aqueous 
solution of ascorbic acid a t  room temperature, 37". 
and 55" to study the rate of destruction of ascorbic 
acid and to  discover whether a formula could be 
evolved to correlate the stability of ascorbic acid 
with temperature and pH. Studies were continued 
for 3 months or until the retention of the vitamin 
dropped below 3070. 


EXPERIMENTAI 


Vitamin (Ascorbic Acid).-This was obtained from 
F. Hoffmann-La Roche and Company, Ltd., Basel, 
Switzerland. 


Vehicle.-Fruit juices, sorbitol (E. Merck), and 
glycerol (BDH) were used. The formulations em- 
ployed are given in Table I. A 5.0 mg./ml. quantity 
of ascorbic acid was added to  the vehicle containing 
0.27, (w/v) methyl parahydroxybenzoate (Rhodia, 
France). After adjusting to the required pH, the 
preparations were stored in 2-oz. amber-colored, 
glass-stoppered bottles in incubators at 37 and 55". 


Ascorbic acid was estimated by the 2.6-dichloro- 
phenol-indophenol method. 


Antioxidants.-The antioxidants examined for 
their effects on the stability of ascorbic acid in an 
aqueous solution were propyl gallate (Ward Blenk- 
insop, and Company, Ltd.. London, England), 
ethylenediaminetetraacetate and potassium meta- 
bisulfite (E. Merck, here rcferred to as EDTA 
and KMS. respectively) cysteine hydrochloride 
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(E. Merck), ferrous gluconate (Nila Products Ltd., 
Bombay, India), and citric acid (BDH). The 
concentrations of these antioxidants and other for- 
mulations are given in the Table I. 


After adjusting the pH, a 0.5% solution of as- 
corbic acid was dispensed into Pyrex test tubes 
(6  X in.) and kept a t  room temperature, 37" and 
55". The test tubes were closed with rubber stop- 
pers. Samples were drawn periodically for record- 
ing the changes in the retention of ascorbic acid. 
A similar experiment was conducted using physio- 
logical saline. The effect of 0.33 mg./ml. of dihydro- 
streptomycin sulfate (Pfizer Dumex, Bombay, 
India) was also examined in an aqueous solution a t  
37 and 55" between the pH range 2.5 to 6.5. 


RESULTS 
Ascorbic acid in glass distilled water was lost com- 


pletely a t  the end of 60 days both at 37 and 55" in the 
control and in the presence of 0.0270 EDTA, 
0.01% propyl gallate, 0.02y0 ferrous gluconate, 
0.0270 cysteine hydrochloride, and 0.2y0 citric 
acid at all pH values between 2.5 to 6.5. but 0.2% 
KMS protected ascorbic acid a t  pH 3.5 (37") to  the 
extent of 65%. followed by 0.02y0 EDTA which 
gave a slight protection up to 307, at pH 2.5. 
After a storage period of 120 days, KMS in the 
concentration used had no protective effect on ascor- 
bic acid. (A tabulation of data is not given.) 


Table I shows that at 55" and a storage period of 
60 days all ascorbic acid added in the different 
vehicles was oxidized, except for lime juice - sor- 
bitol - glycerol (2:2:1), in which there was a 3070 
retention at pH 2.5, 3.5, and 5.5 and 40% at pH 
6.5. Samples kept a t  this temperature changed 
color turning toward deep brown. Inclusion of 
antioxidants (concentration shown in Table I )  
failed to improve the stability of ascorbic acid. In 
apple juice a t  the end of 60 days, practically all 
the ascorbic acid was degraded at 37" between the 
pH range 2.5 to 5.5, but a 35% retention was ob- 
served at pH 6.5. EDTA (O.OlOj,) stabilized 
ascorbic acid at pH 3.5 and 4.5 to the extent of 66 
and 487,, respectively. At other pH values, no 
such protection was noticed. Propyl gallate (0.170) 
also protected ascorbic acid a t  pH 3.5, 4.5, and 6.5. 
Generally, citric acid protected vitamin C in apple 
juice at 37" in the concentration used. Ferrous 
gluconate did not seem to have an influence on the 
retention of ascorbic acid in apple juice at 37" within 
the experimental pH range. 


Apple juice - glycerol (1: 1) was a better vehicle 
than apple juice up to  pH 5.5. The addition of 
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TABLE I.-PER CENT RETENTION OF ASCORBIC ACXD 


NO. 


1 
2 
3 
4 


5 


6 
7 


8 


9 


10 


11 


1 
2 
3 
4 


5 


6 
7 


8 


9 


10 


11 


Vehicle 


Pineapple juice 
Apple juice 
Lime juice 
Lime iuicesorbitol- 


glyCerol 
(2:2:1) 


Apple juice 75% (w/v) 
glycerol (1 : I )  


Apple juice 
Apple juice 


Apple juice 


Apple juice 


Apple juice 75y0 (w/v) 


Apple juice 75% (w/v) 
glycerol ( 1  : 1) 


glycerol ( 1 : 1 ) 


Pineapple juice 
Apple juice 
Lime juice 
Lime juice-sorbitol- 


glycerol (2:2: 1) 
Apple juice %!i70 (w/v) 


glycerol 
Apple juice 
Apple juice 


Apple juice 


Apple juice 


Apple juice 75% (w/v) 
glycerol 


glycerol 
Apple juice 75% (w/v) 


Antioxidants I 


Metal Binder Days 2.5 
or 


Temperature, 37" C. 
Control 60 80.00 
Control 60 1.43 
Control 30 38.3 
Control 52 29.4 


120 20.3 


Control 


0.01% Propyl 
gallate 


0.2Q/, Citric 
acid 


0.2% Ferrous 
duconate 


0.01 70 EUTA 


48 
79 
72 
72 


120 
64 


105 
60 


44.8 
37.0 
Nil 
Nil 
Nil 
34.2 
Nil 
2.3 


0.82%EDTA 49 67.7 
59 53.7 


0. 02y0 Propyl 46 58.3 
gallate 63 43.2 


Temperature, 55' C. 
Control 60 2.5 
Control 60 3.0 
Control 30 10.6 
Control 72 27.3 


120 6.4 
Control 48 0.4 


0.01% EDTA 72 Piil 
0.01% ProDvl 72 Nil _ -  


gai~i te  
0.2yo Citric 64 2.7 


acid 
0.2% Ferrous 60 2.3 


giuconate 
O.OZ%EDTA 49 36.0 


0.2% Propyl 46 5.16 
gallate 


pH Values 


3.5 4.5 


28.9 2.9 
1.40 1.43 ~ ~~ 


24.0 11.3- 
61.4 75.4 
44.2 47.4 


59.2 53.5 
32.0 20.0 
66.6 48.1 
68. i4  i 9 . 3  
Nil Iiil 
41.04 34.2 
20.6 17.5 
2.3 2 .3  


58.2 42.0 
33.3 17.0 
56.8 33.5 
43.3 20.4 


4.8 3.2 
3 .0  3.0 
6.7 2.7 


36.8 Nil 
5.7 Nil 


16.4 2.3 


10.6 Nil 
Nil Nil 


2.7 2.7 


2.3 4.7 


13.6 22.6 


5.16 2.58 


5.5 


49.3 
1.45 
3.0 


75.4 
45.2 


43.6 
15.4 
Nil 
Nil 
Nil 
26.2 
17.5 
7.0 


42.8 
29.4 
36.1 
25.4 


3.8 
3 .O 
3.0 


30.1 
5.1 
2.3 


Nil 
41.6 


2.: 


4.7 


2.3 


2.58 


6.5 


52.5 
35.0 
17.2 
89.6 
i O . 0  


21.8 
2.6 


Nil 
88.4 
53.5 
95.2 
36.1 
22.4 


61.1 
44.9 
28.1 
10.2 


5.0 
1.5 
2.8 


40.2 
Xi1 
12.2 


34.2 
Nil 


5.5 


4.8 


2 . 3  


2.58 


EDTA to the above vehicle showed better stability 
a t  pH 2.5, 5.5, and 6.5. Propyl gallate (0.0270) 
had no effect on the stability of ascorbic acid in 
vehicle 5. 


Pineapple juice was better than apple or lime juice 
as a carrier of ascorbic acid. At the end of 120 days 
a t  pH 6.5, lime juice - sorbitol - glycerol (2:2:1) 
showed 70% retention of ascorbic acid at 37'. 
whereas at pH 3.5, 4.5, and 5.5 the retention was 
about &yo. A pH value of 2.5 showed a poor 
retention in this vehicle. 


Room Temperature.-Examination of the data in 
Table I1 shows that the best retention of ascorbic 
acid was at pH 3.5, and the maximum degradation 
was at pH 5.5 at the end of 50 days. At other pH 
levels, about 60y0 destruction occurred. The de- 
composition of ascorbic acid in physiological saline 
followed the same pattern as that in distilled water 
at all p H  levels except 5.5, where a protective action 
was noticed. 


At 37°.-About 75% of ascorbic acid was lost after 
40 days in distilled water a t  all pH levels except 3.5. 
The maximum destruction was at pH 2.5 and the 
minimum at 3.5. The maximum destruction was 
at pH 5.5 and the minimum at pH 3.5 in physio- 
logical saline. At pH 2.5, NaCl (0 .9~o)  promoted 
the stability. At other pH values, physiological 


saline had no influence on the stability within the 
range of experimental error. The addition of 0.33 
mg./ml. of dihydrostreptomycin sulfate to the 
aqueous solution of ascorbic acid had a stabilizing 
tendency up to pH 5.5; but at pH 6.5 this concen- 
tration of dihydrostreptomycin sulfate exhibited 
a deleterious effect. 


At 55'.--About 70% ascorbic acid was lost at the 
end of 30 days in distilled water. The destruction was 
more with the rise in pH up to 4.5; however, a t  pH 
5.5, which appears to be a critical value, the retention 
was fairly good to the extent of about 52yo. A t  pH 
6.5, a complete loss of ascorbic acid occurred a t  the 
end of 20 days. In saline, under similar conditions, a 
greater stability of ascorbic acid was observed a t  pH 
6.5. There seemed to  be no influence a t  other pH 
values. Dihydrostreptomycin sulfate, in the con- 
centration used, had a stabilizing effect on ascorbic 
acid at all pH values except 5.5, where a destruc- 
tive effect was noticed after a period of 40 days in 
distilled water. 


At the end of the experimental period no change in 
pH was noticed, although a buffer was not used. All 
the samples containing ascorbic acid developed color. 
A greater degree of coloration was shown by the 
samples containing citric acid, the intensity of color 
was proportional to the degradation of ascorbic acid. 
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TABLE II.-PER CENT RETENTION OF ASCORBIC Acm IN AQUEOUS SOLUTION 
.-__ 


Vehicle 


1)istilled water 


Physiological saline 


Distilled water 


Physiological saline 


Distilled water 
dihydrostrep tomycin 
(0.33 mg./ml.) 


Distilled water 


Physiological saline 


Distilled water 
dihydrostreptomycin 
(0.33 mg./rnl.) 


PH 


2 .5  
3 .5  
4 .5  
5.5 
6 .5  
2 .5  
3 . 5  
4 .5  
5 . 5  
6 . 5  


2.5 
3.5 
4.5 
5 .5  
6 .5  
2 . 5  
3 .5  
4 .5  
5 .5  
6 .5  
2.5 
3 .5  
4.5 
5.5 
6.5 


2.5 
3 .5  
4.5 
5.5 
6 .5  
2 .5  
3.5 
4.5 
5 .5  
6 .5  
2.5 
3.5 
4 .5  
5.5 
6 .5  


navs - _  
4 lo 20 - -  30 


Room Temperature 
97.0 93.4 
99.79 96.5 
94.93 91.2 
94.9 86.4 
92.11 88.5 
49.79 94.6 
94.93 91.2 
92.30 96.3 


100.0 100.0 
97.51 96.05 


Temperature, 37' C. 
97.6 80.4 
99.8 88.5 
92.3 78.9 
89.87 81.3 
94.79 80.9 
97.51 91 -07 - .  ..... 


89.87 88.8 
87.45 81.3 
92.1 85.8 
94.6 88.5 
. . .  82.2 
. . .  91.2 
. . .  79.8 
. . .  99.7 
. . .  80.4 


85.1 54.2 
86.0 58.1 
80.9 44.3 
93.6 78.9 
77.8 32.7 
85.5 65.7 
86.0 62.1 
83.9 62.1 
83.0 68.2 
90.7 78.4 


Temperature, 55' C. 


.. 71.4 


.. 73.6 


. .  61.5 
. . .  79.9 
... 87.1 


80.0 
87.9 
71.2 
71.2 
75.5 
78.0 
83.2 
78.5 
85.2 
73.0 


57.4 
65.7 
61.7 
61.7 
68.2 
73.0 
76.1 
71.7 
65.7 
68.2 
62.4 
73.2 
63.7 
77.0 
51.6 


30.0 
17 .O 
9 .5  


52.2 
Nil 
36.5 
23.6 
23.6 
39.0 
51.2 
30.7 
47.2 


7.8 
36.0 
68.9 


67.4 
75.1 
64.1 
61.7 
65.7 
73.0 
73.2 
69.0 
75.1 
68.2 


37.4 
50.2 
42.7 
45.1 
53.9 
53.5 
61.7 
69.0 
48.7 
53.5 
45.2 
55.8 
48.2 
62.5 
36.6 


4.9 
2.3 
1.1 


30.7 
Ni 1 
17.0 
4.6 
2.3 


24.2 
29.2 
17.2 
25.8 


2.1 
11.1 
38.6 


40 


57.8 
65.9 
50.0 
41.2 
51.9 
58.6 
65.2 
45.9 
t58.9 
47.0 


14.4 
35.2 
24.2 
25.3 
25.9 
37.5 
43.3 
25.0 
19.9 
33.3 
22.8 
39.3 
31.7 
37.0 
12.4 


Nil 
Nil 
Nil 
Nil 
Nil 
. . .  
. . .  
. . .  
. . .  
... 
... 
. . .  
. . .  
. . .  
. . .  


50 


48.5 
54.8 
44.5 
23.6 
36.3 
51.2 
54.8 
44.5 
51.2 
40.8 


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. . .  


. .. 


... 


. . .  


. . .  


. . .  
. .  


. .. 


. . .  


. . .  


. . .  


. . .  
. . .  


DISCUSSION 
The stability of ascorbic acid, evidenced from this 


study, is a function of pH and temperature. At pH 
2.5, the stability is markedly decreased. This 
finding is in support of Ganguly (6), who showed that 
at low pH air and copper ions decreased stability of 
an aqueous solution of ascorbic acid. 


It is interesting that KMS stabilizes ascorbic acid 
to a fair extent. This finding confirms our earlier 
finding (1) and also lends support to  the view ex- 
pressed by Schroeter (7). It is essential that a 
proper concentration of this antioxidant be added 
because the mechanism of the protection of ascorbic 
acid depends upon the availability of the S ions. 


EDTA in a concentration of 0.2y0 also gave some 
protection to  ascorbic acid in an aqueous solution. 
This finding is in agreement with that of Bartilucci 
and Foss (8) and also of Ch'en (9). Probably the 
concentration used in the present investigation was 
rather low, a factor which accounts for the reduced 
stability. 


Other antioxidants used did not offer protection 


to ascorbic acid in distilled water, either because the 
concentrations were insufficient or because the 
samples were analyzed after storing them for a 
longer period. 


At 55O, most of the ascorbic acid was easily de- 
stroyed. This discovery clearly shows that a t  such 
a high temperature the oxidation is rapid. A 
preparation which can be made stable a t  55' for 1 
month would theoretically be stable for about 5-6 
months at 25". This may shorten the time usually 
taken in the analytical study a t  room temperature 
by one-fifth if attempts are made to  stabilize liquid 
vitamin mixtures at 55'. 


Lime juice - sorbitol - glycerol (2:2:1) at pH 
6.5 showed a retention of about 40% a t  55'. There- 
fore, this vehicle affords maximum protection among 
all the vehicles tried, even without the aid of an 
antioxidant. Our earlier finding (1) that lime 
juice - sorbitol (1:l) and lime juice - glycerol 
(1: 1) are good vehicles for externally added ascorbic 
acid has been confirmed and modified with the 
inclusion of glycerol in this study. The retention of 
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TABLE III.--R CENT RATE OF DESTRUCTION OF 
ASCQRBIC ACID IN AN AQUEOUS SOLUTION FOR 24 


HOURS 


PH Temp. 370 c. 550 c. 
2.5 1.05 2.14 3.5 
3.5 1.096 1.62 4.15 
4.5 1.11 1.894 4.525 
5.5 1.63 1.87 2.39 
6.5 1.274 1.85 6.73 


Room 


ascorbic acid in this vehicle at 55" would roughly be 
equivalent to  about 1 year at room temperature. 


In apple juice the ascorbic acid degraded com- 
pletely up to pH 5.5 a t  37". This may be explained 
with the presumption that apple juice may contain a 
high concentration of polyphenol-oxidase to cata- 
lyze the oxidation of ascorbic acid. The addition of 
0.01% EDTA protected ascorbic acid at pH 3.5 and 
4.5. This protection can be explained on the basis 
of the Cu ions being arrested by this metal binder. 
Propyl gallate also exhibited a protective action 
at p H  3.5,4.5, and 6.5, in conformity with the fmd- 
ing of W e n  (9). 


Citric acid in the concentration used protected 
ascorbic acid in apple juice at all the pH values. 
Presumably there may exist a sort of competitive 
inhibition, which may explain the mechanism by 
which citric acid could stabilize ascorbic acid. 


The substitute of 50% of the apple juice by 
glycerol improved the stability of ascorbic acid at 
37" up to pH 5.5. This finding is in agreement with 
that of Bandelin and Tuschhoff (lo), who showed 
that the addition of polyhydric alcohols tends to 
produce a stabilizing effect on ascorbic acid. 


Pineapple juice showed a good stability at 37' 
compared to lime juice and apple juice, probably 
because pineapple juice may contain less ascorbic 
acid oxidase or other metallic ions injurious to 
ascorbic acid. 


Ascorbic acid showed a 70y0 retention in vehicle 4 
after a period of 4 months at pH 6.5. This is in 
conformity with the finding of Bartilucci and Foss 
(S), who showed that optimum pH for the stability 
of ascorbic acid in solution lies between 6.0 and 7.0. 


At 55". the destruction in an aqueous solution 
was more with the rise in pH. This is in agreement 
with Bendelin and Tuschhoff (lo), who showed 
that the rate of oxidative decomposition of an as- 
corbic acid solution increases with the rise in pH 
values. But a 30.7% retention of ascorbic acid at  
55" after a period of 30 days could not offer an 
explanation. Again, at pH 6.5 NaCl in a concen- 
tration of 0.9% was effective in counteracting the 
oxidation of ascorbic acid. 


Dihydrostreptomycin sulfate, in the concentration 
of 0.33 mg./ml. had a tendency to stabilize ascorbic 
acid at 37 and 55" at all pH values, except at pH 5.5 
and 55". 


Citric acid, in the concentration used, turned the 
vehicle containing ascorbic acid brown. This has 
also been shown by Lamden and Harris (ll), who 
stated that the water of crystallization of citric 
acid promoted browning at 49'. In fact, all the 
samples turned brown, but the intensity differed 
and the maximum was observed in those containing 
citric acid. 


The oxidation of ascorbic acid is reported to  follow 
two paths: ( a )  polymerization t o  furfural and (b) 
oxidation to  diketogulonic acid and finally to oxalic 
acid. The color development is probably lacking in 
( b ) .  Various workers (1,4) have shown that sulfur, 
in the form of cysteine, methionine, and KMS, 
exercised a stabilizing action on ascorbic acid. 
The stability is likely to be due to  sulfur. The 
mechanism involved is probably formed through a 
loose bond between S and the hydrogen ions of 
ascorbic acid. However, this loose bond appears 
susceptible to changes in temperature and pH due 
to molecular agitation. 


Table 111 shows the rate of destruction of as- 
corbic acid in an aqueous solution at three tempera- 
tures. The rate of destruction at pH 6.5 is six 
times more at 55" than at room temperature; 
at other pH values the rate of destruction varies from 
two to four times, depending upon the pH. At 37'. 
the rate of destruction is roughly one and one-half 
times more than at room temperature. Thus, an 
idea about the prediction of stability at lower tem- 
perature by conducting studies at higher tempera- 
tures is given. 


An aqueous solution of ascorbic acid at room 
temperature showed the best retention at pH 3.5 
and maximum degradation at p H  6.5. This deteri- J O U ~ ~ ~ ~ ~ ~ ~ ~ ~ , ( ~ Q ~ ~ d . ,  171(1956). 
orating action of pH was COUnteraCted by the 
addition of 0.9% NaCl to the medium. A similar 
pattern was followed at 37". The destructive lad. ~ a .  Irdsa 2OD 124(1961). 
action at pH 3.5 and 37" was further counteracted 
by physiological saline. This shows that 0.9% 
NaCl is effective in counteracting the deleterious 
effect of pH and temperature in an aqueous Solution 
-which may have something to do with the ionic 
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Qualitative and Quantitative Tests for - 


Anisotro bine- Me thvlbromide I d 


Provisional, unofficial monographs are develo ed by the Drug Standards Laboratory, 
in cooperation with the manufacturers of the Jugs concerned, for publication in the 
Jomrrrl of Pbamrccutical Sciences. The ready availability of this information affords 
discriminating medical and pharmaceutical practitioners with an added basis for 
confidence in  the quality of new drug products generally, and of those covered by the 
monographs particularly. Such monographs will a p  on drugs representing new 
chemical entities for which suitable identity tests a n x a y  procedures are not avail- 
able i n  the published literature. The purity and assay limits reported for the drugs 
and their dosage forms are based o n  observations made o n  samples representative 
of commercial production and are considered to be reasonable within expected 


analytical and manufacturing variation. 


8-METHYLTROPINIUM BROMIDE 2-propylpenta- sulfur trioxide ceases, ignite, cool, and weigh : the 
noate; C1~HmBrNOz; mol. wt. 362.36. The residue does not exceed O.'%. 


Determine the heavy metals content by the U.S.P. 


mide may be represented as 
Of anisotropine XVI heavy metals test, method 1: the heavy metals 


limit for anisotropine methylbromide is 20 p.p.m. 


L H,C----CH-- CH, 
Physical Properties.-Anisotropine methylbro- 


mide occurs as a white, glistening, odorless, bitter 
hygroscopic powder. It is freely soluble in chloro- 
form and alcohol, soluble in water, slightly soluble in 
acetone, and practically insoluble in ether. The pH 
of a solution of anisotropine methylbromide in 
carbon dioxide-free water (1 in 100) is between 6 
and 7. 


Identity Testa.-A solution of anisotropine 
methylbromide (1 in 20) responds to the U.S.P. XVI 
tests for bromide. 


Transfer about 50 mg. of anisotropine methyl- 
bromide to  a 150-ml. beaker, dissolve in 50 ml. of 
water, and add 5 ml. of 20% sulfuric acid. Add 
slowly, with stirring, 10 ml. of a freshly prepared and 
filtered solution of ammonium reineckate (1 in 50);  
allow to stand 1 hour. Filter the pink precipitate 
through a sintered-glass filter of medium porosity, 
and wash it with three 2-ml. portions of ice cold 
water. Allow to air dry and recrystallize from 70% 
alcohol a t  55'. Dry the crystals in a vacuum desic- 
cator over phosphorus pentoxide for 16 hours: the 
reineckate melts with decomposition a t  195-199'. 
U.S.P. XVI Class Ia. 


A 1 in 400 solution of anisotropine methyl- 
bromide in water does not exhibit an ultraviolet ab- 
sorption maximum in the wavelength range of from 
220 to  360 mp. 


The infrared spectrum of a 0.5% dispersion of 
anisotropine methylbromide in potassium bromide 
in a disk of about 0.82-mm. thickness is shown in 
Fig. 1. 


Parity Tests.-Dry about 1 Gm. of anisotropine 
methylbromide, accurately weighed, at 105" for 3 
hours: it loses not more than 1.0% of its weight. 


Char about 1 Gm. of anisotropine methylbromide, 
accurately weighed, cool the residue, add 1 ml. of 
sulfuric acid, heat cautiously until evolution of 
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CH~-CH~-CH~ _1 
Transfer 500.0 mg. of anisotropine methylbromide, 


previously dried at 105' for 3 hours and accurately 
weighed, to a glass-stoppered 125-ml. conical flask. 
Add 50.0 ml. of 0.05 N sodium hydroxide, stopper, 
and allow to stand for exactly 1 hour. Prepare a 
blank in the same manner, omitting the anisotropine 
methylbromide. To each flask add 50.0 ml. of 0.05 
N hydrochloric acid, 2 drops of phenolphthalein T.S., 
and titrate with 0.05 N sodium hydroxide. Subtract 
the volume of alkali consumed by the blank t o  obtain 
the volume required to  neutralize the excess acid in 
the sample solution: not more than 2.5 ml. of 
0.05 N sodium hydroxide is required. 


Determine the nitrogen content by the U.S.P. 
XVI nitrogen determination, method 11, using about 
325 mg. of anisotropine methylbromide (previously 
dried at 105' for 3 hours and accurately weighed) 
and 0.1 N sulfuric acid for the titration. Each 
milliliter of 0.1N sulfuric acid is equivalent to 1.401 
mg. of nitrogen (N). The amount of nitrogen found 
is not less than 3.79% and not more than 3.9570 of 
the weight of the sample taken. 


Assay 


Bromine.-Transfer about 600 mg. of anisotropine 
methylbromide, previously dried at 105' for 3 hours 
and accurately weighed, to a 250-ml. conical flask; 
dissolve in 50 ml. of water. Add 50 ml. of methanol, 
10 ml. of glacial acetic acid, and 2 or 3 drops of 
eosin Y T.S. Titrate with 0.1 N silver nitrate until 
the color of the precipitated silver bromide changes 
to pink. Each milliliter of 0.1 N silver nitrate is 
equivalent t o  7.991 mg. of bromine (Br). The 
amount of bromine found is not less than 21.S70 
and not more than 22.5% of the weight of the sample 
taken. 


Anisotropine Methylbromide.-Transfer about 
700 mg. of anisotropine methylbromide, previously 
dried at 105' for 3 hours and accurately weighed, to a 
tall form 200-ml. beaker; dissolve in 30 ml. of 
glacial acetic acid. Add 10 ml. of mercuric acetate 
T.S. and 2 drops of methylrosaniline chloride T.S., 
and titrate with 0.1 N acetous perchloric acid to  8 
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blue end point. Perform a blank titration and make 
any necessary correction. Each milliliter of 0.1 N 
perchloric acid is equivalent to 36.24 mg. of C,?HJ~ 
BrNO,. The amount of anisotropine methylbromide 
found is not less than 98.0% and not more than 
102.0% of the weight of the sample taken. 


DOSAGE FORMS OF ANISOTROPINE 
METHYLBROMIDE 


Anisotropine Methylbromide Tablets 
Identity Test.-Finely powder a number of aniso- 


tropine methylbromide tablets; transfer an amount 
equivalent to 50 ing. of anisotropine methylbromide 
to a 125-1111. conical flask. Add 50 ml. of water, and 
shake mechanically for 30 minutes. Filter through 
paper, discarding the first few milliliters of filtrate, 
and collect the remainder of the filtrate in a 125-ml. 
separator. Add 5 ml. of a solution prepared by 
mixing 1 volume of chloroform with 2 volumes of 
carbon tetrachloride; shake for 5 minutes, and allow 
the phases to separate. Discard the organic phase 
and bubble air through the aqueous phase for 5 
minutes. Transfer the aqueous phase t o  a 150-1111. 
beaker and continue as directed under Identity Tests 
in the monograph for anisotropine methylbromide. 
beginning with ". . . add 5 ml. of 20y0 sulfuric 
acid . . . I '  The reineckate melts with decomposi- 
tion at 19.5199", U.S.P. XVI Class Ia. 


Assay.-Standard Preparation.-Transfer about 
100 mg. of anisotropine methylbromide reference 
standard, previously dried at  105" for 3 hours and 
accurately weighed, to a 100-ml. volumetric flask; 
dilute to volume with water and mix. 


Procedure.-Weigh and finely powder not less 
than 20 anisotropine methylbromide tablets. 
Transfer to  a glass-stoppered 125-ml. flask an 
amount of powdered tablets, accurately weighed, 
equivalent to about 50 mg. of anisotropine methyl- 
bromide. Pipet in 50 ml. of water, stopper the flask, 
and shake mechanically for 30 minutes. Filter 
through dry paper, discarding the first 10 ml. of 
filtrate; transfer the remainder of the filtrate to  
a 125-ml. separator. .4dd 5 ml. of a solution 
prepared by mixing 1 volume of chloroform with 
2 volumes of carbon tetrachloride, shake for 5 
minutes, and allow the phases to  separate. Dis- 
card the organic phase and bubble air through the 
aqueous phase for 5 minutes. Pipet 10 ml. of the 
aqueous phase into a graduated 15-ml. conical 
centrifuge tube; pipet 10 ml. of the Standard 
Preparation into a similar tube. Add 1.0 ml. of 20% 
sulfuric acid and 2.0 ml. of a freshly prepared and 
filtered solution of ammonium reineckate (1 in 50) 
to each tube. Stopper the tubes, inis by inversion, 
allow to stand for 1 hour, and centrifuge. Decant 
the supernatant liquid, and wash each precipitate 
with two 1-ml. portions of ice cold water, centrifug- 
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Fig. 1 . - Inf ra red  
spectrum of anisotro- 
pine methylbromide in 
potassium b r o m i d e 
disk (0.5%); Perkin- 
Elmer model 21 spec- 
trophotometer, sodium 
chloride prism. 


ing and decanting each time. Dissolve the precipi- 
tates in acetone and dilute to 10.0 ml. with acetone 
Allow the solutions to  stand for 1 hour, centrifuge if 
they show a haze, and determine the absorbances in 
1-cm. cells with a suitable spectrophotometer at 
525 mp using acetone as the blank. Record the 
absorbance of the solution from the Standard 
Preparation as A. and that from the tablets as 
Au.  Calculate the weight (in milligrams) of aniso- 
tropine methylbromide in the portion of the 
powdered tablets taken by the formula 0.5W X 
Au/A., where W is the weight (in milligrams) of 
anisotropine methylbromide reference standard 
taken. The amount of anisotropine methyl- 
bromide found is not less than 93.070 and not more 
than 107.0% of the labeled amount. 


Anisotropine Methylbromide Elixir 
Identity Test.-Transfer a volume of anisotropine 


methylbromide elixir, equivalent to 50 mg. of aniso- 
tropine methylbromide, to a 15t-ml. beaker. Dilute 
to 50 ml. with water and continue as directed under 
Identity Tests in the monograph for anisotropine 
methylbromide, beginning with ". . . add 5 ml. of 
207" sulfuric acid. . . I '  but allowing the precipitate 
to  stand 4 hours before filtering: the reineckate 
melts with decomposition at 195-199". U.S.P. 
XVI Class Ia. 


Assay.-Standard Preparation.-Prepare as di- 
rected in the Assay in the monograph for anisotro- 
pine methylbromide tablets. 


Procedure.-Pipet a volume of anisotropine 
methylbromide elixir, equivalent to 10 rng. of 
anisotropine methylbromide, into a graduated 15- 
ml. conical centrifuge tube; dilute t o  10.0 ml. with 
water. Pipet 10 ml. of the Shndard Preparation 
into a similar tube and proceed as directed in the 
Assay in the monograph for anisotropine methyl- 
bromide tablets, beginning s i t h  "To each tube add 
1.0 ml. of 20y0 sulfuric acid. . ." but allowing the 
precipitate to  stand 4 hours before centrifuging. 
Calculate the weight (in milligrams) of anisotropine 
methylbromide in the volume of elixir taken by the 
formula 0.1W X Au/A, ,  where W is the weight (in 
milligrams) of the anisotropine methylbromide refer- 
ence standard taken. The amount of anisotropine 
methylbromide found is not less than 93.0% and not 
more than 107.070 of the labeled amount. 


DISCUSSION 
U.S.P. and N.F. terminology for solubility, melt- 


ing range, reagents, etc., have been used wherever 
feasible. 


Anisotropine methylbromide' is a parasym- 
patholytic agent which is used as a gastrointestinal 


* Marketed as Valpin by Endo Laboratories, Inc.. Rich- 
mond Hill, N. Y. 
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antispasmodic and visceral smooth muscle relaxant. 
It differs from atropine and most other ester anti- 
spasmodics in the substitution of an aliphatic for an 
aromatic side chain in the acid moiety of the ester. 
This substitution results in a compound which is 
highly resistant to  hydrolysis. Under the condi- 
tions specified under Purity Tests in the monograph 
for anisotropine methylbromide, the volume of 
alkali consumed in the residual titration was zero so 
that the degree of saponification was nil. The 
melting range of the compound is not reproducible, 
but varies widely with the conditions of the test 
(initial temperature and rate of heating). 


Identity Tests.-The inclusion of an ultraviolet 
absorption identity test is for the purpose of dis- 
tinguishing anisotropine methylbromide from aro- 
matic acid esters of tropine and its derivatives. 
The ultraviolet absorption spectra of atropine and 
homatropine derivatives show absorbance maxima 
in the vicinity of 251-252, 257-258, and 263-264 
mp due to the presence of tropate and mandelate 
moieties, respectively (1). 


The identity test and the assay for anisotropine 
methylbromide in the tablets involve a similar 
procedure for the extraction and purification of the 
sample. If desired, the amounts called for in the 
assay may be increased proportionately so that the 
identity test and assay may be performed on the 
same treated tablet extract. 


Quantitative Methods.-The assay for bromine 
(as bromide ion) determines the nonactive portion 
of the molecule but serves as a control on the purity 
of the bulk material. Analysis of anisotropine 
methylbromide by the indicator titration method 
gave an average value of 22.1 f O.Oo/o* bromine 
(Br). Potentiometric titrations of anisotropine 
methylbromide (900 mg. in 50 ml. of water) by 
means of silvercalomel electrodes (the latter con- 
nected to the titration vessel with a saturated po- 
tassium nitrate-agar salt bridge), gave an average 
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2 Maximum deviation from the mean value. 


value of 22.1 f O.l’%* bromine (Br). The calculated 
value for the bromine content is 22.05%. 


The nonaqueous titration method for anisotropine 
methylbromide gave an average value of 100.0 f 
0.270.~  The indicator end point is very sharp and 
corresponds to  a 200-225-mv. break in a potentio- 
metric titration curve obtained under identical con- 
ditions. 


The colorimetric reineckate method for the dosage 
forms is a variation of the assay in the U.S.P. XVI 
monograph for homatropine methylbromide tablets. 
Other variations of the method have appeared in the 
literature (2). The present method offers the con- 
venience of carrying out precipitation, washing, and 
dilution in the same container. However, it suffers 
somewhat from loss of precision compared to  the 
method in which the precipitate is transferred to a 
sintered-glass filter, washed, dissolved in acetone, 
and diluted to  volume in a volumetric flask. The 15- 
ml. graduated centrifuge tubes were calibrated with 
water; only those found accurate at the 10.0-ml. 
mark were used. Analysis of commercial aniso- 
tropine methylbromide elixir by this method gave an 
average value of 95.3 f 2.570% of the labeled amount. 


Prior to  precipitating the reineckate the tablet 
assay requires the insertion of a wash step in order to 
remove interfering dye used to  color the tablets. 
The red dye was found to  be water-soluble in acid 
medium (absorbance maximum a t  about 550 ma), 
but extractable from neutral medium with a chloro- 
form-carbon tetrachloride mixture. A demonstra- 
tion with fortified samples showed that the aniso- 
tropine methylbromide in the tablet samples sur- 
vived the wash step completely. Analysis of com- 
mercial 10-mg. tablets gave an average value of 
95.4 f 2.40/02 of the labeled amount. 
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sone (Groups B and C) exhibited a mean weight 
nearly equal to  the mean weight of the control 
groups (Groups A and D). 


The administration of cortisone acetate to  the 
mice of Groups B and C delayed the resurgence of 
hair growth approximately 2 weeks beyond the re- 
surgence of hair growth in the control groups. 
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Table I V  shows that the cortisone-treated mice 
(Groups B and C) in Parts 1 and 2 of this study had 
a definite retardation or even a significant decrease 
in mean body weight at the termination of the 
cortisone injections, while the control mice (Groups 
A and D) exhibited a definite increase in mean body 
weight during the same period. 


SUMMARY 


The administration of 0.4 mg. of cortisone ace- 
tate per 30 Gm. of body weight, injected sub- 
cutaneously five times a week over a 16-day period 
(12 injections) during the early phase of the experi- 
ment, caused a slight decrease in the incidence of 
methylcholanthrene-induced tumors. 


When administered subcutaneously, cortisone 
acetate suspension decreased the skin irritation and 
subcutaneous vasodilation caused by the application 
of a 0.12% solution of methylcholanthrene in ace- 
tone to  the interscapular region. However, this ef- 
fect was noticeable only during the interval of corti- 
sone therapy and for a short period thereafter. 


The CF-1 albino mice used in this experiment also 
showed definite retardation or even a significant de- 
crease in body weight during the 16-day period of 
cortisone acetate administration. However, when 
cortisone acetate was withdrawn, the mice gained 
weight rapidly. At the termination of the experi- 
ment, the groups of mice which had received corti- 
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Effect of Sodium Cobaltinitrite on the 
Minimal Carcinogenic Dose,, (MCD,,) of 


Methylcholanthrene in Albino Mice 
By RAYMOND F. ORZECHOWSKI, RONALD F. 


DAVID E. MA", JR. 


The bi-weekly, intraperitoneal administration 
of sodium cobaltinitrite in doses of 50, 60, 
and 70 mg./Kg. in mice subjected to the 
MCD,o of metbylcholanthrene resulted in a 
reduction of tumor incidence to 3 1, 3 1, and 
25  per cent, respectively, compared to 47 per 


cent for the controls. 


ROM T m  MANY diverse factors that  have been 
shown to modify experimentally induced 


carcinogenesis, an intriguing concept has arisen 
which stresses the need for a deeper understanding 
of the role played by oxygen in the inception and 
regulation of the cancerization process. Accord- 
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ing to Warburg 
cerous because 


GAUTIERI, and 


( I ) ,  a normal cell becomes can- 
of irreversible damage to its 


respiratory mechanism. Cells which are unable 
t o  compensate immediately to the abrupt change 
in intracellular respiration die, while others sur- 
vive only by adjusting to a fermentation type of 
respiration, thus becoming undifferentiated and 
cancerous. In short, the cancer cell derives 
energy from fermentation which fulfills i ts  meta- 
bolic demands as adequately as intracellular 
respiration meets the requirements of the normal 
cell. On the other hand, Weinhouse (2) presented 
experimental evidence tha t  the respiration of 
tumor slices is approximately equal to the oxida- 
tive metabolic activity of normal cells. In further 
support of these findings, isotope studies per- 
formed in 1949 (3) have shown tha t  tumor cells 
can oxidize glucose to carbon dioxide at rates com- 
parable to those of normal cells. Therefore, it  
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appears unlikely that an impairment of oxygen 
consumption or utilization is an aberration com- 
mon to all neoplasms. 


The present investigation was undertaken to 
observe the effect that an in vivo oxygen de- 
ficiency might produce on the growth of chem- 
ically induced tumors in mice -specifically on 
squamous cell carcinomas resulting from the 
topical application of methylcholanthrene. The 
basis for this study was an established method 
which has elicited a consistent tumor response. 
Accordingly, the bi-weekly application of 0.02 ml. 
of a 0.12% methylcholanthrene solution to the 
shaved interscapular area for 10.4 weeks has re- 
peatedly resulted in tumor formation in approxi- 
mately 50% of the treated animals. This dose/- 
response relationship has been termed the minimal 
carcinogenic dosew (MCDw) of methylchol- 
anthrene (4) and has provided a satisfactory pro- 
cedure for the evaluation of various factors, such 
as the effects of gonadectomy and/or estrogen (5), 
and cortisone (6), on controlled tumor production. 


The present investigation was undertaken to 
observe the tumor incidence in normal and 
hypoxic mice subjected to the MCDp of methyl- 
cholanthrene. A temporary hypoxic state was 
produced through the formation of methemo- 
globinemia, a condition which results in a 
decreased oxygen-carrying capability of the 
blood. Several groups of agents are known 
to induce methemoglobinemia, including ni- 
trites and &amino phenol derivatives. Sodium 
cobaltinitrite, Na,Co(NO&, was chosen because 
i t  is superior to sodium nitrite as an antidote for 
cyanide poisoning in mice, presumably from its 
ability to convert hemoglobin to methemoglobin 
(7). 


EXPERIMENTAL 
The experiment was divided into three separately 


performed parts, designated as trials 1,2,  and 3. In 
each trial, 300 or 360 mice (CF-1) were divided into 
groups of 60 mice. each with 30 males and 30 females. 
Table I lists these groups and the treatment which 
each received. Cages employed, diet, handling, 
shaving, and method of application of the caranogen 
were described in a previous paper (4). Ampuls con- 
taining 10 ml. of 0.12y0 methylcholanthrene (East- 
man-Kodak) in acetone were prepared and re- 
frigerated until used. The carcinogen was applied 
twice weekly (Tuesday and Thursday); freshly pre- 
pared aqueous solutions of sodium cobaltinitrite were 
injected intraperitoneally on Mondays and Fridays. 
This schedule of injections was begun on the Friday 
of week 1 of each trial; therefore, the mice had been 
exposed to two previous applications of methyl- 
cholanthrene. Concentrations of the cobaltinitrite 
ranged from 0.5 to 1.6%, depending on the dose to  
be administered, so that  the volume of solution 
injected would not exceed 0.3 ml. 
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determined by the method of Litchfield and Wilcoxon 
(8), was 159 (149 to 17O)mg./Kg. Since the animals 
were to receive a total of 20 injections over a period 
of 72 days, it was necessary to choose dosage levels 
which, while producing a definite methemoglobine- 
mia, would not elicit toxic symptoms. After a 
single intraperitoneal injection of 50 to 100 mg./Kg., 
mice exhibited ataxia, reduced respiratory activity, 
and a moderate degree of cyanosis within 5 minutes. 
However, noticeable toxic manifestations were not 
apparent 1 or 2 hours later; the animals appeared 
normal in all respects. When doses greater than 
100 mg./Kg. were administered, marked cyanosis 
accompanied by gasping and occasional convulsions 


TABLE I.--GROUPING AND TREATMENT OF MICE IN 
TRULS 1 , 2 .  AND 3 


Groupa Treatment 
Trial 1: Mar. 20 to May 31, 1962 


A-1 Methylcholanthrene (controls) 
B-1 Methylcholanthrene + sodium cobaltini- 


C-1 Methylcholanthrene + sodium cobaltini- 
trite: 30 


trite, 40 
D-1 Methvlcholanthrene 4- sodium cobaltini- 


trice, 50 


trite, 60 
E-1 Metkylcholanthrene + sodium cobalthi- 


Trial 2: June 7 to Aug. 18. 1962 
A-2 Methylcholanthrene (controls) 
D-2 Methylcholanthrene + sodium cobaltini- 


E-2 Methylcholanthrene + sodium cobaltini- 


F-2 Methylcholanthrene + sodium cobaltini- 


G-2 Methylcholanthrene + sodium cobaltini- 


trite, 50 


trite, 60 


trite, 70 


trite, 80 
Trial 3: Sept. 25 to Dec. 6, 1962 


A-3 Methylcholanthrene (controls) 
B-3 Methylcholanthrene + sodium cobaltini- 


C-3 Methylcholanthrene + sodium cobaltini- 


D-3 Methylcholanthrene + sodium cobaltini- 


E-3 Methylcholanthrene + sodium cobaltini- 


F-3 Methylcholanthrene + sodium cobaltini- 


trite, 30 


trite, 40 


trite, 50 


trite, 60 


trite, 70 


O E a c h  group consists of 60 mice equally divided regarding 
sex. b All doses (mg./Kg.) of aobium cobaltinitrite are by 
intraperitoneal injection. 


TABLE 11.-FORMATION AND DURATION OF 
METHEMOGLOBINEMU IN MICE AFTER 


INTRAPERIMNEAL INJECTIONS OF SODIUM 
COBALTINITRITE (80 mg./Kg.) OR SODIUM NITRITE 


(80 mg./Kg.) 


After 7% Methemoglobina- 
InjTtion. Sodium Sodium 


min. Cobaltirutrite Nitrite 
10 
20 
40 


15 f 3 
32 i 4 
39 f 6 


30 f 2 
39 f 2 
34 f 3 


60 27 i 5 30 f 2 
90 


120 
180 


16 f 7 16 f 4 
11 f 3  4 f 3  
3 f 2  ... 


a Expressed as per cent of total hemoglobin converted to 
methemoelobin. Each value listed is the mean of six different 


The intraperitoneal LDs of sodium cobaltinitrite, det&mTn&ions f standard error. 
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IN  MICE RECEIVING THE MCDN OF METHYLCHOLANTHRENE 
TABLE III.-EPFEcT OF INTRAPERITONEAL INJECTIONS OF SODIUM COBALTINITRITE ON TUMOR INCIDENCE 


-Trial f--- -Trial Z--- -Trial -Total Trial- 
Treatment (mg./Kg.) Tumor Tumors, Tumor Tumors, Tumor Tumors, Tumor Tumors, 


and Group No. Incidence0 To Incidence yo Incidence Yo Incidence % 
Methylcholanthrene controls 


Na Cobaltinitrite, 3@ (B-I, 


Na Cobaltinitrite, 40 (C-1, 


Na Cobaltinitrite, 50 (D-1, 


Na Cobaltinitrite, 60 (E-1, 


Na Cobaltinitrite, 70 (F-2, 


(A-1, A-2, A-3) 30/59 51 24/58 41 28/59 48 82/176 47 


B-3) 27/59 46 ... . . 20/58 35 47/117 40 


(2-3) 26/60 43 ... . . 20/59 34 46/119 39 


D-2, D-3) 20/58 35 13/60 22 21/59 36 54/177 31b 


E-2, E-3) 16/58 28 24/57 42 14/59 24 54/174 31b 


F-3) . . .  . . 16/59 27 14/59 24 30/118 25b 
Na Cobaltinitrite, 80 (G-2) . . .  . . 18/59 31 . . .  . .  ... .. 


Ratio expressed as: No. of mice bearing one or more tumors . EBective total of mice in RToup b Significant reduction of tumor incidence compared with 
control value. (Chi* test, P < 0.01). c Dose is mg./Kg. 


occurred. Death usually ensued within 2 hours. 
On the basis of these preliminary observations, it  was 
decided not to exceed the 80-mg./Kg. dose level. 


A blood study was conducted on a separate group 
of mice to  determine the extent and duration of the 
methemoglobinemia produced by sodium cobaltini- 
trite (80 mg./Kg.) and by sodium nitrite at a com- 
parable dose in terms of nitrite present. The 
colorimetric method of Evelyn and Malloy (9) was 
employed; the results of this experiment are listed in 
Table 11. The data indicated that a peak methemo- 
globin concentration was achieved within 60 min- 
utes after the time of injection and decreased until 
negligible concentrations remained after 3 hours. 
This peak value represented the conversion of 
approximately 40% of the total hemoglobin to  
methemoglobin. It should be kept in mind that 
80 mg./Kg. was the highest dose of sodium cobaltini- 
trite utilized, and that the methemoglobinemic re- 
sponse was, naturally, less at the lower dosage 
schedules. Several determinations at a dose of 60 
mg./Kg. gave results indicating peak values of 
approximately 25% methemoglobinemia, which 
diminished appreciably by the end of 2 hours. 


In comparing the cobaltinitrite response with that 
produced by sodium nitrite, a similar overall picture 
was observed. Peak levels were practically identical 
and occurred at approximately the same time. How- 
ever, 2 hours after injection, the 80-mg./Kg. 
cobaltinitrite-treated mice exhibited higher meth- 
emoglobin values than the corresponding nitrite 
group. Thus, the one difference attributed to  so- 
dium cobaltinitrite-compared with sodium nitrite- 
was a slight prolongation in duration of methemo- 
globinemia. 


It is unnecessary to  describe in detail the macro- 
scopic changes which occurred in the mice as they 
were exposed to  repeated methylcholanthrene 
applications, since these observations have been 
published (4). It is sufficient to  mention that the 
epidermal reactions were similar and consisted of an 
initial period of epilation which lasted for about 3 
weeks. This was followed by another period of re- 
newed hair growth, at which time the animals were 
left with longer hair in the interscapular region than 
in other areas of their bodies. 


The appearance of tumors was first noted on a 
few mice during the sixth week of each trial. Both 


TABLE IV.-INITIAL AND FINAL WEIGHTS OF MICE 


Initial Wt. Final Wt. 
Group (Gm. f S.D.) (Gm. f S . D . )  
Trial 1 


A- 1 25 f 3 33 f 4 
B- 1 25 f 5 31 f 3  
c-1 26 f 3 33 *3 
D-1 26 f 2 32 f 3  
E-1 25 f 2 31 f 6  


Trial 2 
A-2 20 f 2 30 f 4 
D-2 21 1 2  
E-2 21 f 2  
F-2 20 f 2 


29 1 3  
29 f 3 
28 i 3 


G-2 22 f 3 30 f 3 


A-3 25 1 4 30 1 3 
B-3 24 f 3 30 f 2 
C-3 25 f 3 29 f 3 
D-3 26 f 3 30 f 3 
E-3 26 f 3 29 f 3 
F-3 25 i 2 29 i 3 


control and cobaltinitrite groups responded at  the 
same time; Le., no outstanding delay in tumor onset 
could be attributed t o  the methemoglobinemia, al- 
though at a given time there were usually less tumors 
in the test groups than in the controls. It was not 
our purpose to study the chronological progression 
of tumor growth, for it was apparent that a close 
daily examination of 360 mice would be extremely 
impractical. Rather, the experiment was designed 
to use the established method of producing tumors in 
a 72-day period. and to compare the tumorous mice 
in the test groups with the number of tumorous mice 
in the controls at the end of this time. 


At the termination of each trial, all growths which 
measured at  least one dimension (width versus 
height) of 1 mm. or greater were drawn and recorded 
on individual data sheets. All mice were chloro- 
formed and the tumors excised and immersed in 
Bouin’s fixative. Histological examination re- 
vealed that these growths were true cancers of the 
type that are produced on the epidermis by methyl- 
cholanthrene, vie., squamous cell carcinomas. 


DISCUSSION 


Trial 3 


Table I11 contains the complete data with respect 
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to tumor incidence in the separate groups at the 
termination of each trial and lists the composite re- 
sults of the three trials. These totals were ob- 
tained by combining the corresponding individual 
groups of each trial, thus giving a single “per cent 
tumor” value for the control mice and for each of the 
five cobaltinitrite groups. The effective total of 
mice in each group was, in most cases, less than the 
original number of 60. Obviously, this was due to  
deaths which occurred during the trial period. of 
the 960 mice employed in all three phases of the 
experiment, only 28 died. Mice which died before 
tumors were noted in the group were not counted in 
the effective total. When a death occurred after 
qowths had appeared, the animal was examined for  
the presence of a tumor, and the data obtained were 
incorporated into the final results. No evidence of 
cumulative toxicity was ever apparent throughout 
the experiment; the animals seemed normal in all 
respects. Table IV, which shows the initial and 
final weights of the various groups, fails to  reveal any 
differences that might indicate some toxic manifesta- 
tion. 


Table I11 shows that of 176 control mice (those 
which received only the methylcholanthrene), 82 
developed tumors of 1 mm. or greater in one dimen- 
sion. This corresponds to  a 47% tumor incidence, 
a result which is very close to  the expected value of 
50% and which reconfirms the MCDm of methyl- 
cholanthrene. The mice which had received the two 
lower doses (30 and 40 mg./Kg.), responded to  the 
MCDm with a slight but insignificant decrease in 
tumors. However, at the 50-mg./Kg. dose level 
and higher, a significant reduction of tumor incidence 
was seen. Thus, bi-weekly, intraperitoneal injec- 
tions of 50, 60, and 70 mg./Kg. of sodium cobaltini- 
trite were capable of reducing the per cent of tumor 
bearing mice to 31, 31, and 25, respectively, com- 
pared t o  the 47% control value. 


It is difficult to accept that the reduction in tumor 
incidence is the result of the transient hypoxia pro- 
duced by sodium cobaltinitrite. Periods of meth- 
emoglobinemia which lasted no longer than 3 h o w  
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and were elicited twice weekly certainly should not 
be unquestionably concluded as being the sole cause 
of this tumor inhibition. To reiterate the initial 
statements, the role of oxygen in the inception of the 
cancerization process is obscure, as is the basic 
mechanism of methylcholanthrene-induced carcino- 
genesis. It is quite possible that some metabolic 
effect other than hypoxia is responsible for or con- 
tributes to  the decreased tumor incidence ob- 
served. 


As a consequence of the theory that sulfhydryl 
enzymes may be involved in the induction of chem- 
ically-induced carcinogenesis by a fixation of the 
carcinogen to cellular proteins through sulfur link- 
ages (10) an interesting concept arises. Lusky, el el. 
(11). obtained significant tumor reduction by apply- 
ing dimercaprol (BAL) to  mice during painting with 
3,4-benzpyrene and reasoned that the additional SH- 
groups might compete with cellular SH for the 
carcinogen. Coupling this theory to the report by 
Vollmer and Carey (l2)-that methemoglobinemia 
produced by sodium nitrite and p-amino propio- 
phenone induces an increase in blood SH-enzyme 
levels-leads to  the similar possibility that the in- 
creased SH-groups in the blood might also compete 
with the SH-groups of epidermal cell proteins, there- 
by affecting the neoplastic changes. 
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Nonketol Reduction of Tetrazolium Salts in 
Pharmaceutical Analysis 


By EDWARD F. SALIMt, PETER E. MANNIf, and JOSEPH E. SINSHEIMER 


Nonketol compounds of pharmaceutical ia- 
terest have been tested for reduction of tetra- 
zolium salts; the quantitative applications of 


these reactions have been evaluated. 


N CONTRAST TO most organic compounds, the 
reduction of tetrazolium salts yields highly 
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colored compounds. Based essentially upon this 
property, the production of these formazans by 
various reducing systems has led to a diverse 
range of biological and chemical applications. 
Lakon (1) has used triphenyltetrazolium chloride 
to  detect viability of seeds, while Straus, 
Cheronis, and Straus (2) have applied tetrazolium 
salts in the study of carcinomatous tissue. 


Chemical applications of tetrazolium salts in- 
clude the quantitative analysis of reducing sugars 
(3), ketol steroids (4), and ascorbic acid (5) .  
Rosenkrantz (6) has compared the effect of struc- 








Inactivation of Chloramphenicol by 
Chloramphenicol-Resistant Bacteria 


By SADAO MIYAMURA 


Virtually all (94.5 per cent of 110) chloramphenicol-resistant strains of Shigella, 
Escherichia, and Staphylococcus isolated from clinical cases caused significant in- 
activation of the antibiotic, but none of the 29 resistant pseudomonads did so. 
None of the 23 5 clinically isolated sensitive strains, representing five genera, in- 
activated the drug. Resistant organisms derived in uitro from initially sensitive 
ones by repeated subculture in increasing concentrations of chloramphenicol had 
only limited ability to inactivate the antibiotic, but those produced via transforma- 
tion inactivated it almost completely. Such transferred resistance was lost follow- 
ing treatment with acriflavine. Simultaneously, ability to inactivate chlorampheni- 


col was lost. 


NACTIVATION OF penicillin by the bacterial I enzyme penicillinase has been studied by sev- 
eral workers, but  similar observations on other 
antibiotics are limited. Microbial degradation of 
chloramphenicol was first described in 1949 by 
Smith and Worrel (1). Later a direct correlation 
between chloramphenicol resistance and ability 
of Escherichia coli to destroy the antibiotic was 
reported (2). However, the degradative ac- 
tivity of the organism did not seem to account for 
the full degree of resistance that  was developed. 
Subsequently, Chabbert and Debruge (3) noted 
that  resistant strains of Stuphylococciis, cultured 
in conventional media, produce a substance that  
is diffusible in agar and that  inhibits the action 
of chloramphenicol. More recently, Miyamura 
(4) showed that  resistant dysentery bacilli also 
have the ability to  inactivate chloramphenicol, 
and he described some of the properties of the 
inactivating substance. 


The present paper demonstrates a relationship 
between resistance to chloramphenicol and ability 
to  inactivate the compound in Shigella, Salmonella, 
Escherichia, Pseudomonas, and Staphylococcirs 
isolated from clinical cases in Niigata Prefecture, 
Japan. 


EXPERIMENTAL 


Strains Tested.-The isolates tested included 105 
strains of several types of Shigella (Sh.  flenneri lb, 
5;  2a, 21; 2b, 10; 3, 15; 6, 8; var. X, 4; var. Y, 
1 ;  Sh. sonnei, l l ) ,  six strains of Salmonella [S. 
iyphi, 4; S. paratyphi B, 2). 107 strains of E. coli, 
31 strains of Ps. aeruginosa, and 125 strains of Staph. 
nureus. Each strain was isolated from a different 
patient between 1958 and 1961. In addition, E. 
coli, strains B and K-12. were used as  representative 
sensitive parent strains from which resistant strains 
were developed in the laboratory. 
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Test for Chloramphenicol Sensitivity.-The chlor- 
amphenicol sensitivity of each strain was deter- 
mined by the plate-dilution method, using 10 ml. of 
heart infusion agar per plate. The final concentra- 
tions of the antibiotic ranged from 100 to  0.195 
mcg./ml. in twofold dilutions. Each plate was 
inoculated aseptically by streaking with an 18-hour 
broth culture of the appropriate organism, the seed 
culture having been prepared previously by inocu- 
lating 1Om1. of broth with 0.1 ml. of a20-hour culture. 
Plates were observed after incubation for 48 hours 
a t  37". The minimal inhibitory concentration was 
taken as the lowest concentration (mcg./ml.) of 
chloramphenicol required to inhibit visible growth 
completely. 


Organisms were designated sensitive if there was 
no visible growth on plates containing 50 mcg. or 
less chlorarnphenicol per milliliter and were con- 
sidered resistant if there was no inhibition at  a con- 
centration of 50 nicg. or more per milliliter. 


Determination of Ability to Inactivate Chlor- 
amphenico1.-Organisms to be tested for ability to 
inactivate the antibiotic were inoculated into 10 ml. 
of heart infusion broth and incubated a t  35' for 18 
hours. Then to each culture was added an equal 
volume of 0.01 M phosphate buffer solution (pH 
i .0)  containing 100 rncg. of chloramphenicol per 
milliliter, and the tubes were placed in a constant 
temperature water bath a t  43", a t  which bacterial 
inactivation of the drug was maximum. After 20 
hours of incubation, the tubes were heated to  60" 
for 30 minutes, the majority of cells were spun down 
in a centrifuge (5000 r.p.m. for 20 minutes), and the 
potency of the residual unreduced chloramphenicol 
remaining in the supernatants was determined by 
cylinder-plate assays, using Bacillzcs szibtilis PCI 
119 as the test organism. 


Development of In Vitro Resistance to Chlor- 
amphenico1.-Chloramphenicol-resistant strains of 
bacteria were obtained by two methods. 


Increasing Concentration Method.-Bacterial strains 
highly resistant to the antibiotic were produced 
from initially sensitive cultures by successively sub- 
culturing in progressively increasing concentrations 
of the drug, as reported by Coffey, et al. (5), Cavalli, 
et al. (6). Merkel and Steers (2). and others. In 
the present study, Sh. flexneri 2a strain 3195, Sh. 
flexneri 3a strain 11, and E. coli strains 60 and K-12 
were rendered resistant by this technique, subcul- 
tures being made a t  intervals of 2 to 3 days over 
a period of 3 to  5 months. 
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Mixed Culture Method.-Drug resistance is easily 
transferred from E. coli to Shigelh and vice versa 
following mixed cultivation of an appropriate donor 
and an appropriate recipient (7, 8). In this study 
two resistant donor strains and six sensitive recipient 
strains were used as follows: 
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Resistant Donor Sensitive Recipients 
E. coli strain H 


(MIC = 400 
mcg./ml.) ( c )  S. paratyphi B strain 63 


(a )  Sh. Jexneri 2a strain 3195 
( b )  S. typhi strain 375 


Sh.Jerneri 3a strain 
1871 (MIC = 
200 mcg./ml.) 


(a )  E. coli strain 60 
(b )  E .  coli K-12 
( c )  E .  cnli B 


Each donor strain was naturally resistant, i . e . ,  
it was isolated directly from patients. 


One-tenth milliliter from a 20-hour broth culture 
of the donor and a like amount from a similar cul- 
ture of the recipient organism were inoculated into 
a tube containing 5 ml. of heart infusion broth. 
The mixture was incubated (37”) for 20 hours. 
Then a loopful of the culture was streaked on a 
Drigalski agar plate containing 20 mcg. of chlor- 
amphenicol per milliliter for selection of resistant 
organisms. Colonies characteristic of the recipient 
bacteria were isolated, and the chloramphenicol 
resistance of the isolates was determined. 


Reversal of Acquired Resistance.-Since i t  has 
been reported that acriflavine effectively eliminates 
F factor from E .  coli K-12 (9) and is applied for 
elimination of drug-resistance factor in Escherichia 
and Shigella (lo), the agent was tested. 


An overnight broth culture of chloramphenicol- 
resistant organisms was inoculated into a broth 
containing a sublethal concentration of acriflavine 
(5-40 mcg./ml.) and incubated at 37”. After 20 
hours, a loopful of the culture was streaked on a 
nutrient agar plate and then chloramphenicol- 
sensitive colonies were selected by means of the 
replica plating method (11). 


RESULTS AND DISCUSSION 


Naturally Resistant Strains.-The relation be- 
tween susceptibility and resistance to chlorampheni- 
col of all the strains isolated and their ability to 
inactivate the drug are shown in Table I. Marked 
inactivation was observed with virtually all resistant 
strains of Shigella, Escherichia, and Staphylococcus. 
Of the 110 strains of these genera studied, 104 (or 
94.5y0) caused more than Wyo reduction of the 


inhibitory activity of the drug during a 20-hour 
period of contact. Only members of the genus 
Pseudomonas failed to exhibit a correlation between 
resistance and ability to  impair the antibacterial 
activity of the antibiotic substantially. None of 
the 29 resistant strains of Pseudomonas tested caused 
so much as 5070 loss of antibiotic activity. Among 
the 235 sensitive strains (representing five genera 
and including two pseudomonads) that were studied, 
only two strains of Escherichia (0.850/, of the total 
of all sensitive strains) caused more than 507” re- 
duction in the inhibitory activity of chlorampheni- 
col. Therefore, exempting only the 29 resistant 
pseudomonads (7.759h of the total 374 strains tested), 
there appears to be a clear correlation in the organ- 
isms studied between resistance to  chloramphenicol 
and ability to inactivate it. 


Strains with Resistance Acquired In Vitro.- 
Resistant organisms obtained in wityo by isolation 
from cultures serially transferred in broth with in- 
creasing concentrations of chloramphenicol were 
tested for their ability to inactivate the drug. The 
data in Table I1 show that the ability of organisms to 
impair the antibacterial activity of chloramphenicol 
did, indeed, increase with acquisition of resistance as 
reported by others (2, 5). However, the capacity 
of such bacteria to reduce the potency of the drug 
was not so great as that of naturally resistant strains 
of the same species (compare with Table I). 


In other experiments, organisms with “transferred 
resistance,” 2.e.. rendered resistant via the mixed 
culture method described under Experimental, 
were examined for their ability to reduce the potency 
of chloramphenicol. The data are shown in Table 
111. I t  is noteworthy that in all instances chlor- 
amphenicol solutions exposed to the transformed 
organisms, i .e. ,  those carrying “transferred resist- 
ance,’’ lost more than 90% of their antibacterial 
potency. Comparison of relevant data in Tables 
I1 and I11 suggests that, with respect to  the basis for 
resistance, there is a significant difference between 
organisms rendered resistant Yia the serial transfer 
method and those acquiring resistance Yia trans- 
formation (mixed culture method). Three examples 
can be noted. Sh. fEexneri 2a-3195 with initial 
MIC of 0.39 mcg./ml. had no destructive effect on 
ch~ordmphenico~, but when rendered resistant it 
was capable of inactivating the drug. However, 
the degree to  which it did so depended on the 
method used to induce resistance. Organisms 
rendered resistant via transformition (Table I11 ) 
did not acquire a degree of resistance so high as those 


TABLE  RELATION BETWEEN SUSCEPTIBILITY AND RESISTANCE TO CHLORAMPHENICOL AND ABILITY 
OF BACTERIA ISOLATED FROM PATIENTS TO INACTIVATE THE ANTIBIOTIC 


-Number of Strains --- 
Organism Susceptibility‘ 0-25 % 28-5070 51-7570 76-100$ 


Chloramphenicol Inactivation? %- 


Shigella Resistant 45 0 3 10 32 
Sensitive 60 57 3 0 0 


Salmonella Sensitive 6 6 0 0 0 
Escherichia Resistant 44 0 2 8 34 


Sensitive 63 39 22 2 0 
Pseudomonas Resistant 29 23 6 0 0 


Sensitive 2 2 0 0 0 
Staphylococcus Resistant 21 0 1 6 14 


Sensitive 104 93 11 0 0 


a Resistant: no inhibition of growth at chloramphenicol concentration of 50 mcg. or more per milliliter. Sensitive: in- 
b Per cent reduction of chloramphenicol in broth culture of the microorgan. hibition of growth at 50 mcg. or less per milliliter. 


ism. Initial concentration of antibiotic = 50 mcg./ml. 
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TABLE 1V.-Loss OF CHLORAMPHENICOL RESISTANCE 
AND ABILITY TO INACTIVATE CHLORAMPHENICOL IN 
RESISTANT E. coli 60 TREATED WITH ACRIFLAVINE 


Strain MICO % Redb 
Original 0.78 7 


(produced by mixed culture) 50 >90 


(after acriflavine treatment) 3.12 0 


Resistant 


Resistant 


developing resistance during serial transfer (Table 
11), but they developed a far greater capacity for 
inactivating the drug. An analogous phenomenon 
can be seen in E. coli 60. E .  coli K-12 developed the 
same degree of resistance regardless of the method 
used to induce it, but strains with transferred 
resistance (Table 111) exhibited greater increase in 
ability to inactivate chloramphenicol than did 
strains that developed resistance during serial 
transfer. Resistance acquired via transformation 
in the absence of drug (mixed culture method) we 
designate "transferred" to distinguish it from the 
"selective" type of resistance developed by continu- 
ing exposure to  increasing concentrations of the 
antibiotic during a long series of serial transfers. 


Reversal of Acquired Resistance.-It seemed de- 
sirable to  ascertain whether resistance acquired Yia 
transformation could be reversed and, if so, whether 
ability of the organisms to inactivate chlorampheni- 
col would simultaneously be lost. When chlor- 
amphenicol-resistant E. coli 60 derived from the 
sensitive strain Via transformation (Table 111) was 
treated with acriflavine, there was substantial loss of 
resistance and complete loss of ability to inactivate 
the drug (Table IV). 


The data presented above suggest that there are 
a t  least two different mechanisms involved in hac- 
terial resistance to chloramphenicol. I t  seems clear 
that tlie resistance of some organisms can be attrib- 
uted largely, if not entirely, to an inherent (or trans- 
ferred) ability to inactivate the antibiotic, whereas 
in other organisms, e .g . ,  naturally resistant Pseudo- 
monas, inactivation is not a significant factor in 
resistance. It may be suggested that in the latter 
instance resistance depends on the biochemical 
resourcefulness or versatility of the species. 


When the normal or usual pathway from sub- 


TABLE 11.-RELATION BETWEEN INCREASE IN 
CHLORAMPHENICOL RESISTANCE (INDUCED BY 
SERIAL TRANSFER IN INCREASING CONCENTRA- 
TIONS) A N D  ABILITY TO INACTIVATE THE DRUG 


Strain hIICD 70 Kedb MI(? 70 Hedb 
-Original? -Resistant- 


Sh.Jexneri2a-3195 0 . 3 9  0 200 24 
Sh.Jexneri3a-11 1.56 10 100 20 
E .  coli 60 0.73 i 400 35 
E .  ~01 i  K-12 3 .12  5 200 23 


0 Minimal inhibitory concentration of chlorarnphenicol. 
b Per cent reduction of chlorarnphenicol in broth rncg./rnl. 


culture. Initial concentration of antibiotic = 50 rncg./ml. 


TABLE III.-RELATION BETWEEN INCREASED 
~ H L O R A M P H E N I C O L  RESISTANCE (INDUCED BY TRANS- 
FORMATION via MIXED CULTURE METHOD) AND 


CHLORAMPHENICOL INACTIVATION ___ 
-Original-- -Resistant-- 


Strain MIC' 70 Redb MIC' 70 Kedb 
Sh.Jewnrri2a-3195" 0 . 3 9  0 100 >90 
S .  typhi 375' 1.56 5 200 >90 
S . f ~ a r u t y p h i B 6 3 ~  1 .56  0 400 >90 
E .  cali6Od 0.78 7 50 >90 
E .  coli K-12d 3 . 1 2  5 200 >90 
E .  coli Bd 0 . 3 9  10 50 >90 


a Minimal inhibitory concentration of chloramphenicol, 
mcg./ml. b Per cent reduction of chloramphenicol activity 
in broth culture. Initial concentration of antibiotic = 
50 rncg./ml. Donor: E .  cdi H (MIC:400 mcg./ml.; 


red: >go). d Donor: Sh. $ernmi 30-1871 (MIC:200 
mcg./ml.; '%red: >go). 


~ ~~ 


0 Minimal inhibitory concentration of chloramphenicol, 
mcg./rnl. b Per cent reduction of chloramphenicol activity 
in broth culture. Initial concentration of antibiotic = 
50 mcg./ml. 


strate t o  synthesized metabolites essential for 
growth and reproduction is blocked, some strains 
which can circumvent the roadblock by developing 
an adequate alternative pathway will be resistant. 
Figuratively speaking, the organisms will simply 
go around the obstruction without destroying it; 
if it is unable to  develop a satisfactory biochemical 
detour and cannot destroy the roadblock, it will be 
sensitive. On the other hand, a species or strain 
that cannot develop such a detour route may still 
be resistant, if it can remove (or smash its way 
through) the roadblock or, in terms of bacteria 
and antibiotics, can destroy or inactivate the 
antibiotic molecule. Of course, it  is possible that 
in some organisms both mechanisms of resistance 
may operate simultaneously. 


From the present studies it seems that the 
naturally resistant strains of Pseudomonas we iso- 
lated from patients and the resistant strains of 
Sh. jZexneri and E .  coli developed from initially 
sensitive populations by the serial transfer tech- 
nique have the same type of resistance, which stems 
primarily from what was referred to  above as 
resistance due to biochemical versatility. I t  is, 
of course, possible that direct enzymatic attack 
on the antibiotic molecule may also contribute to  
the resistance of some of these strains, but such 
contribution, if any, appears to  have minor signifi- 
cance. On the other hand, naturally resistant 
strains of Shigella, Escherichia, and Stuphylococcus 
isolated from patients and resistant strains of Sh. 
flexneri, S. typhi, S. paratyphi, and E.  coli developed 
Yia the transformation technique seem to owe their 
resistance primarily to  native or transferred ability 
to  destroy the chloramphenicol molecule or other- 
wise block its antibacterial action. These observa- 
tions regarding bacterial resistance to chlorampheni- 
col are reminiscent of the patterns of resistance 
t o  penicillin found in appropriate organisms. 


I t  is proposed that some strains of chlorampheni- 
col-resistant bacteria produce an enzyme that is 
analogous to  penicillinase. Support for the enzy- 
matic nature of the chloramphenicol-inhibiting 
factor has been published (4). Briefly, the sub- 
stance was shown to be active in the pH range 5 
to  8 a t  4 - 4 5 "  but to  be destroyed by heating a t  
60" for 30 minutes. 


SUMMARY 


Three-hundred and seventy-four strains of 
Shigella, Escherichia. Salmonella. Pseudomonas, 
and Staphylococcus isolated from patients in Niigata 
Prefecture were examined for their ability to 
inactivate chloramphenicol. Most chlorampheni- 
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col resistant strains of Shigella, Escherichia. and 
Staphylococcus exhibited such action, but the 
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Determination of Thickness of Walls 
Gelatin Capsules by Radioisotopic 


of Hard 
Means 


By GARNET E. PECK*, JOHN E. CHRISTIAN, a n d  GILBERT‘S. BANKER 


A procedure has been developed for the determination of the thickness of the wall 
sections of hard gelatin capsules. A chlorine-36 source was mounted in the tip of a 
stainless steel capsule dipping pin and was used to observe the differences in thickness 
of the wall sections. Twelve series (replications) of 2 5 determinations each were 
performed. The measurements taken included the weight, area, calculated weight 
per unit area, thickness in inches using a micrometer, and beta count rate. The 
count rates were plotted against the corresponding weight per unit area (mg./cm.*) 
and thickness (in.). Regression curves were prepared using least squares calcula- 
tions. A t test was used to compare the individual slopes of the regression curves 
with the mean slope. The applicability of this method of determining the thickness 


of wall sections of hard gelatin capsules is discussed. 


HE FORMATION of hard gelatin capsules in- 
Tvolves theuse of stainless steel pins which are 
dipped into a liquid gelatin medium, after which 
the formed capsules are slowly dried. Not until 
the drying process has been completed is gauging 
of the wall sections currently possible. If the 
thickness of the drying capsules could be gauged 
early in the drying process, it  would be possible 
to adjust the process more quickly should it 
produce capsules which were not within control 
limits. This would result in a saving of time and 
less loss of product. Furthermore, an isotopic 
method of evaluating capsule thickness as an in- 
process control could conceivably result in an 
automated line operation. 


Some of the more important reported uses of 
radioisotopes in industry apply the principles of 
penetration and absorption of the isotopic radia- 
tions (1). These principles are generally applied 
to the area of thickness gauging. Those radio- 
isotopes which emit beta particles are most fre- 
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quently used. Since they are less penetrating 
than gamma rays, they may be used for measuring 
the thickness of thin films, paper, and plastic 
materials (2). One type of gauging system fre- 
quently employed is based on the principle of the 
change of transmission of beta particles through 
the medium (3). To measure very thin, low 
density materials-such as paper-earbon-14, a 
weak beta emitter, has been used (4). Other 
beta sources that have been used include chlorine- 
36, krypton-85, strontium-90, and thallium-204 
(5-7). Iodine-131 was used to measure the 
thickness of thin films in the vicinity of 1 p (8). 


The purpose of this study was to select and 
evaluate a radioisotope to be used for the thick- 
ness gauging of wall sections of hard gelatin 
capsules based on the principle of beta particle 
absorption. 


EXPERIMENTAL 


The usual method of expressing the thickness of 
thin materials by radioisotopic means is in terms 
of weight per unit area (mg./cm.*). From a study of 
No. 000 hard gelatin capsules, it was found that the 
average weight per unit area of capsule sections was 
14.12 mg./cm.*. Small pinpoint sources of two pure 








Controlled Crystallization of Hydrocortisone 
by Ultrasonic Irradiation 


By ROBERT M. COHN and DONALD M. SKAUEN* 


A procedure has been developed to prepare low micron panicles of hydrocortisone 
by direct crystallization of suitably pre ared supersaturated solutions in an ultrasonic 
field. The solvent system employed &r the preparation of the saturated solutions 
was observed to be a factor in controlling particle size distribution, while the e&cts 
of tenure of ultrasonic treatment and the extent of cooling the saturated solution 
were not as significant. A concurrent study was undertaken to determine the varia- 
bles concerned with d e a i n g  crystal yields. The degtee of crystallization was in- 
creased with ultrasonic treatment and with lower coolant bath temperatures. A 
method was developed to evaluate the effect of decreased cavitation on particle size 


distribution. 


s A RESULT of a series of investigations by A several authors (1-16) it has been es- 
tablished that ultrasonic treatment increases the 
rate and extent of nucleation occurring from 
supersaturated solutions. Furthermore, it has 
been shown that increased nucleation results in 
the formation of smaller crystals. 


The primary objective of this investigation was 
to determine the factors involved in the prepara- 
tion of low micron particles of hydrocortisone' by 
direct crystallization of suitably prepared super- 
saturated solutions in an ultrasonic field. 


EXPERIMENTAL 


Since part of this study was an evaluation of the 
effects of solventson crystallization induced by ultra- 
sonics, one of the first problems was to select several 
solvents with satisfactory, yet slightly different 
solubility characteristics. The solubility of hydro- 
cortisone in a series of solvents over a wide tempera- 
ture range was studied. Isopropyl alcohol, ethyl 
alcohol, and a 50% blend of isopropyl alcohol and 
ethyl alcohol possessed all of the desired characteris- 
tics for this study and were selected as solvents to be 
used throughout. Representative solubility curves 
are shown in Fig. 1. 


For the preparation of the saturated solutions of 
hydrocortisone in the blended solvents a standard 
taper three-holed flask was used. This was fitted 
with a water-cooled reflux condenser, a stirrer, and re- 
movable glass stopper to allow the withdrawal of 
samples. This procedure insured maintenance of 
the specific concentration of the mixed solvents in 
the blend. 


Ultrasonic treatment of various saturated solu- 
tions of hydrocortisone in the three solvents de- 
scribed above was accomplished in the following 
manner with a schematic representation shown in 
Fig. 2. The SonSer* was activated 10 minutes prior 
to beginning a run to allow sufficient warm up of its 
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electrical and mechanical systems. The treatment 
vessel, a 20-ml. beaker, was placed into the coolant 
bath approximately 30 seconds prior to the addition 
of the saturated solution. The tip of the Sonifier 
was positioned relative to the base of the treatment 
vessel with the aid of a 2.3-mm. deep template. Ten 
milliliters of saturated solution were poured into the 
treatment vessel while, simultaneously. the stop- 
watch and Soni6er were activated. Samples were 
treated for 1, 2, 4, or 16-minute periods of time. 
Following treatment, portions of the samples were 
withdrawn for particle size and weight distribution 
analyses. 


In all the test runs that were performed to evaluate 
the selected variables, three coolant temperatures 
were employed. These three temperatures, 25, 
0, and -65" were chosen to allow analysis of the ef- 
fect of reducing the temperature of the saturated 
solutions over an extremely wide range. 


The effect of solute concentration on particle size 
distribution was studied to determine the relative 
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Fig. 1.-Solubility curves of hydrocortisone in the 


selected solvents. Key: 0, isopropyl alcohol; 0, 
ethyl alcohol; 0, blend. 


Fig. 2.-Diagram 
of the msonation 
system. Key: A, 
Sonier; B,thermo- 
meter; C, coolant 
bath; D,treatment 
vessel ; E, template. 
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importance of this factor in sonic-induced crystal- 
lization. Two saturated solutions at different tem- 
peratures were prepared (hence Merent amounts of 
solute per milliliter of solution), crystallized, and 
evaluated. 


One of the iriost important phases of this work 
dealt with determining the effect that ultrasonics has 
lipon the crystallization procedure. Supershirated 
snliitioiis are extremely metastal~lc and. tlius. are 
very sensitive to niechanical shtrk or vibrations. 


Vigorous sonic agitation is one of the most promi- 
nent manifestations of ultrasonic treatment of 
liquids. This is caused by the rarefaction and com- 
pression of ultrasonic waves passing into the solution. 
Consequently, it  can be assumed that improvements 
in the crystallization procedures were not caused by 
cavitation, which is the primary effector in ultra- 
sonic systems, but simply by the vibrational effects 
(stirring) produced by ultrasonics. 


It was thought necessary to establish a suitable 
modification in the original system to reduce or, if 
possible, eliminate cavitation. Then, a comparison 
of the size frequency and weight distributions of the 
crystals prepared in this manner with those pre- 
pared by the normal procedures would serve to  de- 
fine the effect that cavitation produces in these sys- 
tems. That is, if particle size and weight distribu- 
tion data obtained in these modified systems were 
substantially inferior to the data obtained in the 
basic systems, this would indicate that it is sonics 
(cavitation) and not simple stirring that is the pri- 
mary effector. 


Investigators (17-19) have reported that cavita- 
tion can be substantially decreased by treating 
samples under pressures which have been reduced to 
less than 100 mm. Hg. They have observed that the 
ability of an ultrasonic field to  induce emulsion 
formation, increase the rate of sonochemical reac- 
tion, destroy microorganisms, and denature proteins 
is suppressed by subjecting the systems to either 
high or low pressures. 


This phenomenon can be explained in the follow- 
ing manner. Liquids when exposed to  ultrasonics 
are slowly degassed; however, if this treatment is 
initiated while the system is being exposed to re- 
duced pressure, degassing occus quickly and almost 
completely. 


Cavitation is initiated by the expansion and con- 
traction of gas-filled nuclei within a liquid (20); 
therefore, since the concentration of these nuclei is 
significantly reduced in degassed liquids, the com- 
mencement of the catastrophic phase of cavitation 
is substantially hindered. 


In addition, it has been observed that the cata- 
strophic phaseof cavitation occurs whenthetotalpres- 
sures within the cavities exceed the cohesive forces 
of the liquid and the ambient pressure above the 
liquid. In  reduced-pressure systems, the cavities 
collapse, but, because the ambient pressures have 
been reduced, much less energy is imparted to the 
system, and thus characteristic effects of sonics do 
not OCCUT. 


Samples of saturated solutions in isopropanol at 
70' were evaluated in the usual manner regarding 
treatment times and coolant bath temperatures. 
The samples were evaluated at 114-120 mm. Hg and 
at 15-20 mm. Hg. Thus, data were obtained at these 
pressure levels for the evaluation of the effect of re- 
duced pressure on sonic efIicacy. 
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Fig. 3.-Comparison of particle size data of inso- 
nated and uninsonated samples of hydrocortisone in 
a 70' saturated solution in isopropyl alcohol at 0 
and -65". 
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TIME, MINUTES 


Fig. 4 . - - c O m p ~  of particle size data of inso- 
nated and uninsonated samples of hydrocortisone in a 
73' saturated solution in ethyl alcohol at 0 and 25'. 


The Sonifier model 575, was the ultrasonic instru- 
ment utilized in this study. This instrument is of 
the low-frequency (20 kc. per second) piezoelectric 
type and is capable of yielding high-intensity power 
outputs. Throughout the entire investigation, 
maximum power was employed because it was noted 
that at peak power levels the operating efficiency 
of the instrument was at a maximum. 


For the collection of crystalline cake used in par- 
ticle size and weight distribution analysis a Milli- 
pore' filter apparatus containing Whatman No. 42 
filter paper was used. Volumetric portions of the 
treated samples were poured into the funnel, 
vacuum was applied, and the dried cake was ob- 
tained. However, filtration rates were dependent 
upon the particle size of the crystals formed. To 
prevent any change in the particle size distribution, 
a maximum filtration time was established. This 
maximum time, during which no significant particle 
size changes occurred, was approximately 6-8 
minutes. To obtain a significant safety factor. a 
2-minute filtration limit was established. Thus, 
depending on the estimated particle size of crystals, 
various sized volumetric portions (1-6 ml.) of the 
treated samples were placed into the Millipore 
funnel. The cakes of hydrocortisone after separa- 
tion of solvent were weighed on an analytical bal- 
ance. 


The term "mean particle size" which is used 
throughout the paper, refers to an arithmetic mean 
obtained by measuring the longest diameter of the 
observed crystals in a manner similar to that de- 
scribed by Singker (21). The following is a short 
synopsis of the procedures employed by this earlier 
worker. Photographs were taken through the 
barrel of a microscope fitted with a camera adapter. 


* Millipore Filter Corp., Bedford, Mnrs. 
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A 35-mm. black and white film was utilized for re- 
cording the observations. The film was developed 
and projected onto a cardboard grid so prepared 
that  the dimensions of each square of the grid were 
exactly the same. The projector was then placed 
at a specific distance from the cardboard grid. This 
distance was selected so that the calibrated index, 
when projected onto the board, aligned itself with 
the grid in such a manner as to  be exactly super- 
imposed upon it. This calibrated index was pre- 
pared in such a fashion that the distance between 
each line would represent a length of 5 p. Thus, since 
this index was superimposed on the grid, each grid 
represented a square of 5 p. 


A single exposure was taken of each slide prepared 
in the following manner. A small sample of the 
crystalline cake was taken and placed onto the slide. 
The crystals were distributed uniformly with the aid 
of a few drops of a 2% methylcellulose 400 solution. 
The slide was then examined, and a picture was 
taken of what appeared to  be a representative sample 
of the crystal population on that slide. Following 
this, a second slide of the same material was pre- 
pared, examined, and photographed in the exact 
manner. Thus, for each sample two different ex- 
posures were obtained. This method was employed 
to reduce the hazards in measuring only a small per 
cent of the total population. 


Approximately 150 particles were counted from 
each exposure to give a total of 300 measured par- 
ticles per sample. With this many particles and with 
the usual standard deviations (2-4 p )  and the usual 
means (2-7 p).  a 95y0 confidence level could be ob- 
tained between means of 0.5 p. For example, 95y0 
of the time observed, means of 4.5 and 5.0 p will be 
significantly different. 


DISCUSSION 


The evaluation of the factors involved in the 
crystallization of hydrocortisone in an ultrasonic 
field established a number of extremely important 


2 4 6 8 10 12 14 16 
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Fig. 5.-Relationship of particle size data t o  insona- 
tion times of samples of hydrocortisone in a 70" 
siiturated solution in isnpropyl alcohol at 0 and 25O. 
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Fig. 6.--Kelationship of particle size data to in- 
sonation tlmes at 0 and 25" of samplea of hydrocorti- 
sone in a 73" saturated solution in ethyl alcohol. 
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Fig. 7.-Relationship of particle size data to cool- 
ant  bath temperatures of 0 and -65" for msonated 
samples of hydrocortisone in 70 and 58' saturated 
solutions in isopropyl alcohol. 


facts. The results indicated that ultrasonic treat- 
ment played an extremely important part in the 
crystallization of hydrocortisone. It wa5 observed 
that ultrasonics a5ected not only the particle size 
distributions. but also the amount of hydrocorti- 
sone which was induced t o  crystallize. 


The discussion of the effects of ultrasonic treat- 
ment on the crystallization of hydrocortisone has 
been divided into three broad areas. Particle size ef- 
fects are discussed first, followed by a presentation 
of the weight distribution analyses and, finally, a 
discussion of the e5ects of reduced pressure on sonic 
efficacy. 


Before entering into a discussion of the specific ef- 
fects of ultrasonics on the crystallization process, it 
was necessary to substantiate the dects of ultra- 
sonic treatment by comparing data of treated and 
untreated samples. 


Throughout this experiment, controls were run 
under the exact conditions as the treated samples. 
Data were thus obtained which could be used to 
evaluate the effectiveness of ultrasonic treatment 
during crystallization. The data indicate two signifi- 
cant facts; first. that under almost all treatment 
conditions, the rate of the crystallization of the con- 
trols was substantially lower than the treated 
samples. Occasionally. in the controls in which 
crystals did form, the amount of crystallate approxi- 
mated that of the treated samples. In the 72 con- 
trols that were processed, 23 exhibited some crystal- 
lization and. of these 23 samples, only 10 yielded 
approximately the same amount of crystallization 
as treated samples. Thus, it is reasonably safe to 
say that sonics does play a significant part in en- 
hancing the rate of nystallizatioa. 


The particle size distributions of the controls were 
usually larger by a factor of 2 or 3. Figures 3 and 4 
illustrate these particle size &ects. Hence, with re- 
gard to  the two most significant factors that were 
investigated in this problem, reduction in particle 
size distribution and inaeased yield of crystals. 
ultrasonics definitely played a significant role. 


Particle size effects elicited by ultrasonic treat- 
ment of saturated solutions of hydrocortisonecan 
themselves be subdivided. Since this problem has 
been investigated from many daerent facets, the re- 
sults obtained are more illustrative by analyzing 
each section separately. 


The e5& which the length of ultrasonic treat- 
ment had on the particle size distributions of the 
crystallates were almost negligible. Particle size 


INSONATION TIMB, MINUTES 
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data, obtained throughout the study, indicated that 
there were very few cases of actual modifications in 
the particle size distribution of samples which had 
been treated for varying periods of time. A perusal 
of Figs. 5 and 6 clearly indicates this occurrence. 


This effect can probably be explained by considera- 
tion of the treated system. In the treatment vessel 
there is, in addition to the crystals, a supersaturated 
solution containing excess molecules of solute. 
Normally, if the system is not disturbed, these 
crystals grow until they reach a finite size. This 
can be observed in the control experiments. How- 
ever, because son& itself has the ability to cause 
attrition of crystals, the growth effect is hampered. 
In addition, since sonics has beea shown to hacase. 
the extent of nucleation, the degree of supersatura- 
tion of solution is markedly reduced and, thus, there 
is less of a tendency for the growth of crystals to 


The &ect of the different coolant temperatures 
on particle size distribution can be observed in Pigs. 
7 and 8. There is very little difference in the particle 
size distributions obtained at  the Merent tempera- 
tures. ExCept for a few samples prepared with iso- 
propanol, particle size distributions were relatively 
u d e c t e d  by the daerential in temperature of the 
saturated solutions. 


These data Sene to enhance further the impor- 
tance of ultrasonic treatment of saturated solutions 
in invoking fine particle crystallizations. Usually, 
as a supersaturated solution is cooled, the crystals 
become smaller. Hence. when the -65' coolant 
bath was employed, smaller crystals should have 
been formed. Since this was not observed, this 
indicated that sonics was the primary in5uence in 
the preparation of these low micron crystals and not 
the extent of cooling. 


Three solvent systems were employed in this 
study to determine what effect. if any, the solvent 
might have on the formation of low micron crystals. 


A comparison of Figs. 5. 6, and 9 graphically 
illustrates this effect. I t  can be seen readily from 
an analysis of these data that a relationship exists 
between the three solvent systems. The lowest 
particle size distributions are obtained when ethyl 
alcohol is used as a solvent. Crystals obtained from 
isopropyl alcohol are generally the largest, while the 
blend yields crystals intermediate in size between 
the two pure solvents. 


This relationship can be explained on the bask 
of solubility data. Hydrocortisone is most soluble 
in ethyl alcohol, least soluble in isopropyl alcohol, 
and intermediately soluble in the blend. This is the 
exact relationship of the particle size data of the 
solvents. Hence, the particle size distribution of 


occur. 
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Pi. S.-Relationship of particle size data to cool- 
ant bath temperatures of 0 and -65" for insonated 
samples of hydrocortisone in 73 and 61" saturated 
solutions in the blend. 
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Fig. 9.-Effect of the solvent system on the par- 
ticle Size distributions of insonated samples of hydro- 
cortisone in a 73" saturated solution in the blend. 


hydracortisone can be described as being a function 
of the extent of its solubility in each of the solvents. 


This effect is further substantiated by an analysis 
of Figs. 7 and 8, which graphically illustrate particle 
size data as a function of the temperature at which 
the saturated solutions were prepared. It can be 
observed that smaller crystals occurred when the 
hieher temperature saturated solution was treated. 


This relationship can be explained best on the 
basis of known solubility and supersolubility theories. 
Since hydrocortisone is most soluble in ethyl alcohol, 
it is obvious that when these saturated solutions 
are cooled to approximately the same degree as the 
other solvents, they will exist in a higher unstable 
state. Thus, saturated solutions prepared from 
ethyl alcohol would be most prone to nucleate and to 
form Smaller crystals. 


There appears to be a disagreement in the data 
ddved  from this series of experiments when com- 
pared to the data obtained from the &ects of dif- 
ferent coolant temperatures on particle size distribu- 
tions. As previously reported, the Merent coolant 
temperatures did not seem to affect the particle 
size data significantly; but a careful analysis of the 
problem indicates that this is probably not nor- 
mally the case. 


This Occurrence can possibly be explained in the 
following manner. If one considers that a saturated 
solution is prepared with X molecules of solute, then 
there are X number of molecules which, under suita- 
ble conditions. can be caused to nucleate and form 
crystals. However, no matter how low the tem- 
perature is reduced, there are still only X number of 
molecules in the solution to invoke nucleation. If a 
saturated solution is prepmed composed of X + Y 
molecules, then, under the same conditions. X + Y 
molecules are available to nucleate 


I t  has been observed by the authors that nuclei 
formation is strongly enhanced by ultrasonic treat- 
ment. In  addition, it has been reported (22) that 
maximum nuclei formation has been demonstrated 
to be advantageous for the crystallization of low 
micron particles. Thus, the solution that nucleates 
to a greater extent most probably would yield smaller 
crystals. If we assume, as is reasonable in the light 
of the established data, that sonics is the primary 
factor in inducing nucleation, then, even though the 
saturated solutions are exposed to different coolant 
temperatures, a stimulation effect on crystallization 
would occur. Since the systems are induced to 
nucleate by sonics to the same degree, the saturated 
solutions. prepared with more solute (a higher- 
temperature saturated solution)-for example, the 
X + Y saturated solutions-would be more prone 
to nucleate and, therefore, form smaller crystals. 


Ultrasonics has been shown to increase the rate of 
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crystallization of hydrocortisone from saturated 
solutions. 


Since ultrasonic treatment imparts energy to  the 
system in the form of heat, this effect is even more 
significant. It is well known that yields from the 
usual crystallization procedure are primarily de- 
pendent upon the extent of reduction in tempera- 
ture. The larger the temperature differential, the 
more pronounced are the yield d~erent ia ls .  How- 
ever, in almost all of the treated samples, the yields 
were greater than in the untreated samples, even 
though the diflerential in the temperature of the 
treated samples was less. 


The &ect of the length of ultrasonic treatment on 
the amount of the crystallates formed is illustrated 
in Figs. 10 and 11. These data indicate that for 
ethyl alcohol and the blended solvent, increased 
treatment times somewhat increased the amounts of 
the crystallate. For isopropanol, increased yield 
occurred only for the -65" run. It is interesting t o  
note the agreement of these data with the known 
solubility data of the three solvents. Hydrocorti- 
sone is most soluble in ethyl alcohol, least soluble in 
isopropyl alcohol, and intermditely soluble in the 
blend. A review of the data indicates that this is 
the same relationship as the yields of the crystallate. 


The various coolant temperatures employed in 
this study markedly affected the yields of the crystal- 
late In almost every treated sample, the yields of 
the crystallate were directly related to  the coolant 
temperature. That is, when -65" was utilized as 
the coolant temperature, maximum yields occurred, 
and when 25" was employed, minimum yields were 
obtained. This effect was expected because once 
sufficient nuclei are formed, the yields of crystals ob- 
tained in a crystallization procedure are primarily 
dependent upon the temperature effects. 


The amount of crystallate formed was a function 
of the solvent system employed for the crystalliza- 
tion. Hydrocortisone is soluble to  its maximum ex- 
tent in ethyl alcohol. Hence, when the tempera- 
ture of this saturated solution is reduced to the same 
extent as for example isopropanol (lower solubility) 
more crystals would be expected to form. This oc- 
currence was  observed throughout this series of ex- 
periments. The same effect was noted when a com- 
parison of data obtained from the high and low 
saturated solutions of the same solvents was 
evaluated. This series of experiments. dealing with 
the yields of crystals obtained from saturated solu- 
tions which had been treated with sonics, agrees 
quite well with established crystallization principles. 


The h a 1  area investigated dealt with the deter- 
mination of the effects produced by reducing the ex- 
ternal pressure of the system. As previously noted 
(17-19). a reduction in external pressure brings 
about a reduction in sonic efficacy. Employment 
of this procedure should offer information relative 
to the actual effect of ultrasonics on the crystallizrr- 
tion procedures. That is, if the particle size data 
and the yields of crystallates obtained in this series 
of experiments are inferior to the data obtained in 
the normal treated samples, this would indicate that 
sonics &ects (cavitation) are primarily responsible 
for the superior results obtained in the treated 
StUTlpleS. 


A series of experiments clearly defined the effect 
of reduced pressure on particle size distributions. 
The data indicate that, as the external pressure is 
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Fig. 10.-Relationships of crystal yields to insona- 
tion times at 0, -65, and 25' of samples of hydro- 
cortisone in a 70" saturated solution in isopropyl 
alcohol. 
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Fig. 11.-Relationship of crystal yields to insona- 
tion times at 0, -65, and 25" of samples of hydro- 
cortisone in a 73' saturated solution in the blend. 


reduced, the particle size distributions increase. 
Figures 12 and 13 denote this increase in particle 
size distribution as a function of the reduced ex- 
ternal pressure. 


The application of a vacuum to the system to ef- 
fect a reduction in pressure caused an increase in 
the yield of the crystallate. This effect occurred 
even though cavitation was substantially reduced. 
An explanation of this occurrence is based upon 


the fact that the solvent is removed from the system 
because of the reduced pressure, and because of the 
temperature of the treatment vessel. Vacuum 
crystallizations have been successfully employed for 
the preparation of numerous crystalline materials. 
However, as the data indicate, to  achieve increased 
yields of crystallizations, the particle size frequency 
of the crystallate must be sacrificed to some extent. 


SUMMARY AND CONCLUSIONS 


The purpose of this investigation was to evaluate 
the factors involved in the preparation of low micron 
particulates of hydrocortisone by the application of 
ultra sound. A concurrent study was Crrrried forth 
to detmnine tlie variables couccrnctl with iiicreasing 
crystal yields. 


( a )  Ultrasonic treatment of saturated solutions of 
hydrocortisone in isopropyl alcohol, ethyl alcohol, 
and a 50yo v/v blend of these two solvents indicated 
that, under suitable conditions, low micron crystals 
can be obtained. 


( 6 )  The length of ultrasonic treatment of the 
samples has been observed not to  be a factor in af- 
fecting the particle size distributions of the crystals. 


(c) The particle size distributions of samples. sub- 
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saturated solutions in isopropanol. However, the 
amount of crystallate obtained from saturated solu- 
tions in both ethyl alcohol and the blend was en- 
hanced with increased treatment time. 


( h )  The amount of hydrocortisone, which crystal- 
ized from the solvents when subjected to ultrasonic 


treatment was shown to be d i r d y  related to the 
temperature of the coolant bath employed. The 
lower the temperature of the coolant bath, the 
greater the extent of crystallization. 


( i )  The degree of saturation of the solvents was 
observed to d e c t  the amount of hydrocortisone ob- 
tained from treated samples. Greater yields of 
crystals were obtained from more saturated solu- 
tions in the same solvent than from lower ones. 
(j) Decreased cavitation, caused by a reduction 


in the external pressure of the system, was observed 
to yield crystals of larger particle size distribution 
than those obtained from the usual sonic procedures. 


(k) Enhanced yields of crystals were obtained 
from samples treated under reduced pressure. The 
increased amounts of the crystallate were due to the 
removal of the solvents by the applied vacuum. 
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Fig. 12.-The effect of reduced pressure on the 
particle size distribution of insonated samples of 
hydrocortisone in a 70' saturated solution in isopro- 
pyl alcohol a t  -6SO. 
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Fig. 13.-The effect of reduced pressure on the 
particle size distributions of insonated samples of 
hydrocortisone in a 73' saturated solution in ethyl 
alcohol at  Oo. 
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jected to ultrasonic treatment at the various coolant 
temperatures, were quite similar. Except for a few 
samples prepared with isopropanol, particle size dis- 
tributions were relatively unaffected by the dif- 
ferential in temperature of the saturated solutions. 


(d) The solvent system employed for the prepara- 
tion of the saturated solutions was observed to be 
a factor in controlling particle size distributions. 
Crystals obtained from treated saturated solutions 
utilizing ethyl alcohol as the solvent were con- 
sistently smaller in size than those obtained from 
saturated solutions in either the blend or isopro- 
panol. 


(e) The degree of saturation of the solvents was 
observed to affect particle size distribution; the 
higher the level of saturation. generally, the smaller 
the crystals. 


(f) The yields of crystals obtained from samples 
treated with sonics were in almost all cases larger 
than untreated samples. 


(g) The length of ultrasonic treatment was ob- 
served to affect slightly the yields of crystals from 
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The remaining antihistamines all give fluorescent 
products with hydrogen peroxide. The cyclizines, 
N-substituted pyrazines, are similar fluorometrically 
to the substituted picolines. Promethazine, an 
N-substituted phenthiazine, appears to fluoresce 
upon treatment with both hydrogen peroxide and 
cyanogen bromide. Promethazine hydrochloride 
undergoes a rapid decomposition in water resulting 
in a highly colored solution and a definite increase 
in acidity. I t  is possible that the observed fluo- 
rescence was due to  a decomposition product in 
the reaction mixture. 


Four oxidizing agents, potassium bromate, potas- 
sium bi-iodate, potassium periodate, and potassium 
persulfate were investigated in addition to  hydrogen 
peroxide. Hydrogen peroxide provided the highest 
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intensity of fluorescence when thenyldiamine was 
treated with equivalent amounts of each oxidant. 
The fluorescence intensity decreased in the order: 
KIO, > KH( JOJ2 > KBrO, > KpSOa. 


Investigations are being continued on the anti- 
histamines with special attention given to the 
quenching of the cyanogen bromide fluorescence 
and regeneration using hydrogen peroxide. The 
quantitative dependence of antihistamine concen- 
tration on fluorescence intensity and the effect of 
hydrogen ion concentration will be studied. At-  
tempts will be made to determine the mechanisms 
of the reactions. 
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Synthesis of Some Alkyl and Aminoalkyl Esters of 
Azobenzenedisulfonic Acid 


By WILBERT G. WALTER* and TONY E. JONES 


Two homologous series of dialkyl esters rang- 
ing from dimethyl to dibutyl of p-  and m-azo- 
benzenedisulfonic acid were synthesized for 
the first time. In addition, the hydrochloride 
salts of bis-diethylaminoethyl ester of p-azo- 
benzene-4 :4’-disulfonic acid and bis-2-di-n- 
butylaminoethyl ester of m-azobenzene-3 :3’- 


disulfonic acid are reported. 


XCEPT FOR esters, some derivatives of azoben- E zenedisulfonic acid have been reported. In 
1930, some isomeric azobenzenedisulfonchloramides 
(1) were made for consideration as possible anti- 
bacterial agents similar to  the chloramine-T type 
compounds. Later in 1937. azobenzenedisulfon- 
amide (2), with substituted amide groups such as 2- 
pyridyl and 2-thiazolyl which are known to be 
associated with sulfonamide drugs, was studied. 
Also, iodo derivatives of p-azobenzenedisulfonamide 
were prepared for study as radiopaque materials (3). 


The purpose of the work reported here was to  
synthesize and investigate chemically some alkyl 
and aminoalkyl esters of p- and m-azobenzene- 
disulfonic acid. Theobjective wasof interestbecause 
compounds having physiological activity might be 
produced. Azobenzenedisulfonic acid is conceived 
to undergo reduction to give aminobenzenesulfonic 
acid, since compounds such as proiitosil (2’.4’- 
diaminoazobenzene-4-sulfonamide) (4) and azo- 
benzene (5) are known to be reduced to  give sul- 
fanilamide and aniline, respectively. Aminoben- 
zenesulfonic acid is a chemical isostere of amino- 
benzoic acid whose esters constitute an important 
class of local anesthetic compounds; it is also struc- 
turally related to  the sulfonamide type drugs. By 
esterifying with alcohols that are found attached to  
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active local anesthetic compounds of aminobenzoic 
acid-e.g.. diethylaminoethanol (procaine), ethanol 
(benzocaine), propanol (propaesin), n-butanol 
(butesin), compounds with activity of a similar na- 
ture might be produced. While these structure- 
activity relationships can be drawn about the deriva- 
tives, the products have not been subjected to  bio- 
assay to substantiate these inferences. 


A similar method which Stern (1) used to prepare 
m-azobenzene-3:3‘-disulfonic acid is also used here to  
prepare the para and mefa isomers. In 1939, he re- 
ported a procedure satisfactory for preparing po- 
tassium rn-azobenzene-3 :3‘-disulfonate, whereas the 
para isomer was prepared with more difficulty and 
by a different method-the reaction of fuming sul- 
furic acid on azobenzene. Although other methods 
(6) were tried during the course of this work, they 
gave poor yields or a mixture of azo products. The 
methods tried included the reduction of sodium. 
nitrobenzenesulfonate with sodium amalgam and 
the dissolution of azobenzene in fuming sulfuric acid. 
The reaction of chlorosulfonic acid on azobenzene 
also proved unsatisfactory for preparing azobenzene- 
disulfonyl chloride (7). 


The procedure employed to  prepare the ester 
derivatives is as follows. Reduction and coupling 
of sodium nitrobenzenesulfonate (111) using zinc 
dust and potassium hydroxide to  give sodium azo- 
benzenedisulfonate ( IV)  (8 ) ,  and conversion of this 
salt with phosphorus pentachloride to the acid 
dichloride (11), followed by esterification with the 
respective alcohol in anhydrous benzene. 


Because an individual discussion on the prepara- 
tion of each ester or isomeric compound would in- 
volve duplication, it was decided to describe in detail 
the preparation of four compounds representative of 
the group : sodium p-azobenzene-4:4‘-disulfonate, p- 
azobenzene-4:4’-disulfonyl chloride, bis-( ethyl)+ 
azobenzene-4:4’-disuIfonate, and bis(diethylamin0- 
ethyl)-p-azobenzene-4:4’-disulfonate. References 
leading to compounds related to this work are given 
in Table I. 
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K = alkyl or aniinoalkyl group. 
EXPERIMENTAL 


Sodium p-Azobenzene-4 :4'-disulfonate.-Sodium 
p-nitrobenzenesulfonate (100 Gin.) and potassium 
hydroxide (140 Gm.) were dissolved in distilled water 
(1000 ml ) and the solution filtered. On the addi- 
tion of potassium hydroxide, the temperature in- 
creased to %", and the solution turned a dark 
orange. While the mixture was being stirred 
mechanically and maintained at  103-104", six por- 
tions (15 Cni. each) of zinc dust were added in 15- 
minute intervals until the solution became color- 
less. Before each new portion of zinc dust was 
added, the progress of the reduction was followed 
by "spotting" the reaction mixture on filter paper. 
A regular grading of the color, from a faint yellow 
(after the first addition of zinc dust) to orange (azoxy 
condition) until colorless (hydrazo condition), was 
observed. 


The zinc residues were removed by filtration, 
washed with two 50-ml. portions of hot distilled 
water, and the washings added to  the filtrate. The 
hydrazo compound osidized rapidly to the azo com- 
pound on exposure to air as observed when the solu- 
tion became deeply colored. The reaction was aided 
by raising the temperature to  80-90" and mechani- 
cally stirring for 3 hours or until the color had be- 
come constant (dark reddish orange). The com- 
pleteness of the color change could be followed by 
colorimetric comparison. 


The temperature of the solution was raised to  
85" and carbon dioxide passed through the mixture 
for 2 hours. A white precipitate was formed, which 
was removed by filtration; the filtrate was con- 
centrated and chilled. Small orange crystals (32 
Gm.) of sodium p-azobenzene-4:4'-disulfonate were 
collected. Further concentration of the solution 
yielded more of the product. 


Purification was accomplished by dissolving the 
crystals in a solution consisting of 25 ml. of water 
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and 100 ml. of ethanol and recrystallizing. Yield, 
78 Gm. (91.2%). 


p-Azobenzene-4 :4'-disulfonyl Dichloride.-Anh y- 
drous sodium p-azobenzene-4:4'-disulfonate ( 10 
Gin.) was mixed with phosphorus pentachloride 
(20 Gm.) and heated to a temperature of 190" for 
35 minutes. Partial softening, then liquefaction oi 
the mass occurred after 10 minutes. The mass was 
stirred at  intervals with a glass rod to insure a com- 
plete reaction. After the mass developed a con- 
stant dark red, it was slowly poured over ice while 
several small quantities of ice water were added to 
the reaction flask. Crude p-azobenzene-4:4'-di- 
sulfonyl dichloride that formed was broken up, iso- 
lated, and washed with ice cold distilled water until 
free of soluble materials, then dried, and melted at 
217-218" uncorrected. The dichloride compound 
could be recrystallized from most organic solvents; 
benzene, ligroin, and ether were used. Crystalliza- 
tion from benzene yielded a product melting at 219- 
220" uncorrected. Yield, 8.9 Gm. (90.870). (See 
References in Table I.) 


Bis- (ethyl)- p azobenzene -4:4' -disulfonate.-p- 
Azobenzene-4:4'disulfonyl dichloride (1 Gm.) was 
dissolved in anhydrous benzene (140 ml.) and ab- 
solute ethanol (25 ml.), The solution was refluxed 
for 30 minutes, then evaporated under reduced pres- 
sure to one-half of its original volume and chilled. 
The orange crystalline flakes (0.53 Gm.) obtained 
by filtration were air dried. Further evaporation 
of solvent yielded more product (0.20 Gm.) which 
melted a t  155-156" uncorrected. Drying under re- 
duced pressure in the presence of a drying agent 
did not alter the melting point of the ester product. 
Yield, 0.73 Gm. (69.5%). 


Anal.-Calcd. for C&H~~NZO&.: C, 48.24; H. 
4.51. Found: 


Bis- (diethylaminoethyl)- p azobenzene- 4:4'- di- 
sulfonate.-p-Azobenzene-4:4'-disulfonyl dichloride 
(2 Gm.) was dissolved in anhydrous benzene (350 


(See References in Table I.) 


C, 47.84; H, 4.47. 


TABLE ~.--DBRIVATIVES OF AZOBENZENEDISULFONIC ACID R-O&--C~HI-N=N-C$H~-SOZ-R 


b1.p.. o c .  
I< Group Isiuner Uncorrected 


ha ra 
para 219-220" 
para 201.5 to 202' 
bara 15.5156" 


-para 161-162" 
para 156-157" 
para 183.5 to  184" - 


6H"O-- nretd 136137" 


-Calcd., 70- -Found. %- 
Formula C H C H  Ref 


. . . . 11.3.8-11. 1515) -.- "~ - 
CIZH~CIZN~O&- (1; 7; 15, i7) 


C ~ & I ~ N ~ O &  48.24 4.51 47.84 4.47 . . .  
C18H22NzOeS 50.70 5.16 50.78 5.27 . . .  
CinHirNiO~Sl 52.84 5.76 52.20 5.66 . . .  


Cl4HI4N20& 45:47 3.78 45:lO 3.i9 . .  


GiH;;CizN,O& 46.99 5.89 47.43 6.51 


C12H8N2Na20& . , . . . . . . . . . . (1, 8, 12-14) 
Ci?HsCIzNzOrS ( 1 ,  8, 12) 
C,,H,.NqO& 45:47 3 . i8  45109 3.77 . . .  


CH~CH&!HZO--meta 79-80' 
CH,( CHZ)JO-- nteta 7.576" 
[CH3(CH~)al?- nietn 154-155" 


NCH*CH?O- 
H C1 
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rnl.). The solution was warmed to 65". and di- 
ethylan!innethanol(l.24 Chi.)  in anhydrous benzene 
(50 ml.) was slowly added dropwise; no visible reac- 
tion was observed. The reaction mixture was re- 
fluxed for 4 hours at 65'. After this time, the hydro- 
chloride salt which had precipitated was removed 
by filtration, washed with two 50-ml. portions of 
anhydrous benzene, and dissolved in absolute 
methanol (100 ml.). Anhydrous ether was added 
until the solution became slightly cloudy; the solu- 
tion was then storedin a refrigerator (6") for 24 hours. 
The product was recrystallized twice using the above 
procedure. The reddish orange crystals which 
formed (1.03 Gm.) melted a t  184-185' uncorrected. 
The product was not subjected to  further purifica- 
tion. After drying under reduced pressure in the 
presence of a drying agent, the product melted at 
184-185" uncorrected. 


AnaL-Calcd. for &HIIN~O&: C, 46.99; H, 
5.89. Found: C, 47.43; H, 6.51. 


Yield, 1.02 Cm. (25%). 


CONCLUSION 


The synthesis and chemical investigation of some 
alkyl and aminoalkyl esters of p -  and m-azobenzene- 
disulfonic acid have been reported. Two homol- 
ogous series of dialkyl esters ranging from dimethyl 
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to dibutyl and the hydrochloride salts of bis-(2- 
di - n - butylaininoethyl) - rn - azobenzene - 3:3'- 
disulfonate and bis-(diethylaminoethyl)-p-azoben- 
zene-4:4'-disulfonate are reported. Discussion and 
references leading to the preparation of p -  and m- 
azobenzenedisulfonic acids and their chlorides, 
metallic salt, and amide derivatives are also pre- 
sented. The compounds were not subjected to 
pharmacological evaluation. 
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Stability Patterns of Vitamin A in Various Pharmaceutical 
Dosage Forms 


By J. THLJRg CARSTENSEN 


Data resented show that the logarithm of the 
pseufo first-order rate constant for the degra- 
dation of vitamin A when moisture is abun- 
dantly present is linearly related to  the water 


vapor pressure. 


T HAS BEEN established by us through numerous 
experiments that vitamin A in oil solution, 


when stored under an inert atmosphere, follows (a) a 
pseudo first-order degradation scheme and (a) lends 
itself to conventional Arrhenius plotting according 
to Garrett (1). This is exemplified in Figs. 1 and 2. 


I t  has also been established that vitamin A acetate 
and palmitate encased in gelatin, acacia, and like 
substances, upon tableting into conventional un- 
coated tab'ets and/or chewable tablets, follow a 
similar pattern, provided that extrusion is allowed 
for. 


While these facts are easily explained on a ther- 
modynamical basis, we have encountered the somewhat 
surprising phenomenon that in the case where moisture 
is abundantly @resent, the logarithm of the pseudo first- 
order rate constant ( k )  is  linearly related to the water 
vapor pressure ( p ) .  This holds true for water-. 
micelle systems of vitamin A palmitate and also 
vitamin A acetate and palmitate beadlets in sugar 
coated tablets (see Figs. 4 and 5). To verify the 
better fit of a straight line (e.g., the data in Fig. 4). 
the least square fit lines were drawn ( a )  with respect 
to  y = log k = f (1/T) (T being absolute tempera- 
ture) and ( b )  y = log k = f ( p ) .  The sum Z (y f  - 
a xi  - p)*  = 9 is not, in this case. of good com- 


Examples of this are shown in Fig. 3. 
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parative measurement because of the different 
abscissa; however, the relative standard deviation 
of the slopes (a) calculated in cases (a) and ( b )  give 
relative coniparisons of which abscissa gives the 
best linear fit. 


The values Sa/a ( I / T )  = 0.485./3.463 = 0.14 and 
S,/a (P) = 0.000479/0.0132 = 0.036 demonstrate 
numerically what is obvious to visual inspection. 
The important qualitative fact is that in the case of 
f ( l /T)  the intermediate points lie below the ter- 
minal line segment, whereas in case off(p)  the points 
scatter, implying curvature for f ( 1 / T )  but not for 
f (p). There is no ready thermodynamic explana- 
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base, 500,OOO units/ml., stored under nitrogen in 
glass bottles. Plot shows per cent potency retained 
as a function of hours a t  140" C. 








Solubility of Several Solutes as a Function of the 
Dielectric Constant of Sugar Solutions 


By ANTHONY N. PARUTA* 


The solubility of several pharmaceutical solutes has been determined in  sucrose 
solutions of varying concentration. These syrup vehicles possess dielectric con- 
stant values lower than pure water, their respective dielectric constants decreasing 
with increasing concentration. T h e  effect of both the concentration and the di- 
electric constant of sucrose in  syrup vehicles upon the solubility of several solutes 
has been determined. The  solubility of the solutes studied are seen t o  increase 
directly with increasing sucrose concentration and inversely with dielectric constant 


for the range and systems studied. 


HE COMMON USE of syrup vehicles in liquid T pharmaceutical preparations indicates a need 
for determining certain properties of these dissolu- 
tion media. It has often been assumed that a 
given solute will be about equally soluble in water 
and in syrup. To test this assumption, the solu- 
bility of various solutes was determined in sucrose 
solutions of varying concentration. 


The useful concept of the “polarity” of dissolu- 
tion media may be advantageously applicable to  
sugar solutions viQ a parameter which in some 
fashion quantitates “polarity.” The parameter 
chosen was the dielectric constant as a function of 
sucrose concentration. 


The dielectric constant of sucrose solutions has 
been determined by Maryott and Malmberg (1)  
and Akerlof (2). These workers found that the 
dielectric constant of these solutions decreased 
with increasing concentrations of sugar. Simple 
syrup has a dielectric constant of about 60, placing 
it about halfway between water, B = 78. and 
glycerin, e = 42, on the dielectric constant scale. 


As the polarity of the dissolution media decreases, 
i.e., hydroalcoholic mixtures, the solubility of 
semipolar solutes increases, due to a medium of 
more favorable polarity. Increased solubility of 
semipolar solutes in mixtures of pharmaceutical 
solvents of decreasing polarity has been reported 
previously (3-5). 


This study was undertaken to determine the 
solvency characteristics of syrup vehicles and to  
illustrate the polarity-dielectric constant relation- 
ship of dissolution media (6,7). 


EXPERIMENTAL 
Materials.-The solutes used in this study were 


recrystallized from waterethanol mixtures and 
dried to  constant weight a t  40” in a convection 
oven. The solutes studied were quinine alkaloid, 
phenobarbital, PABA, and sulfanilamide. Sugar 
solutions were prepared from commercial sucrose 
in distilled water. Solvents used to establish a 
calibration dielectric constant curve were from 
fresh unopened bottles assuming labeled water 
contents were true values. Calibration values 
were subsequently corrected for water content. 


Equipment.--Sargent chemical oscillometer model 
V, Sargent thermomonitor water bath equipment, 
and Beckman DK-2 ratio recording spectropho- 
tometer were used. 


Dielectric Constant Determinations.-The di- 
electric constant of sucrose solutions, from 10 to 
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80% w/v in 10% steps was determined by the use 
of a Sargent chemical oscillometer. A calibration 
curve was prepared by measuring the apparent 
capacitances of anhydrous liquids of known di- 
electric constants (8). The prepared sucrose solu- 
tions were measured in a 10-ml. cell in the order of 
increasing viscosity. Each solution was deter- 
mined at least three times with about 1 minute 
between each reading. Each successive solution 
was measured in the above fashion after rinsing 
the cell twice with the solution to  be measured. 
Since day-to-day variations were found in the 
calibration curve, water and other solvents were 
also tested on a given day for adjustment of the 
calibration curve. It is interesting to  note that 
these variations led to  a family of calibration curves 
which were continuously parallel over the dielectric 
constant range studied. The dielectric constant 
of the sugar solutions was determined from the 
prepared calibration curve. The relative error 
associated with these determinations and graphical 
interpretation is felt to  be about &0.5% or about 
f 0 . 4  dielectric constant units. 


Solubility Determination.-The solubility of the 
solutes studied was determined in 15-1111. vials at- 
tached to a submerged rotating plastic disk. The 
plastic disk unit was attached to a dispersator 
motor fitted with an aluminum shaft and submerged 
with attached samples in an 8-gal. water bath. 
The temperature of the bath was maintained a t  
24.6 f 0.2’ by a Sargent thermomonitor unit. 
Solubility equilibration was about 72 hours; this 
rather long period was needed because of the rela- 
tively high viscosity of the syrup vehicles. 


Solubility Analysis.-After equilibration, samples 
of appropriate volume were withdrawn through a 
fine glass-wool plug fitted to a pipet with a short 
rubber tube. The pipet was overdrawn, the plug 
removed, and the pipet wiped clean with a towel. 
The sample was placed in a volumetric flask and 
diluted t o  the appropriate volume for subsequent 
analysis. The concentration of solute in solution 
was determined by a Beckman DK-2 spectropho- 
tometer from sample absorbance and previously 
established Beer-Lambert law plots for each solute. 
The absorption maxima for the solutes were as 
follows:, PABA, 270 mp? sulfanilamide, 259 mp; 
quinine alkaloid, 327 my; and phenobarbital, 
269 mp (sh). These absorption maxima were from 
2 to  4 my greater than the values reported in the 
literature. 


RESULTS’AND.DISCUSSION 
The experimentally determined dielectric con- 


stants of sucrose solutions of varying concentration 
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Fig. 1.-A plot of the dielectric constant variation 
of sucrose solutions reported by Maryott ( O ) ,  
Akerlof (0). and the author ( X). 
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Fig. 2.-A plot of the solubility of quinine alkaloid 
in mg./ml. at 25OC. as a function of dielectric 
constant and sucrose concentration. 
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Fig. 3.-A plot of the solubility of p-aminobenzoic 
acid in mg./ml. a t  25OC. as a function of dielectric 
constant and sucrose concentration. 


are shown in Fig. 1 .  The values obtained have 
been converted to the w/w notation from density 
measurements. This was done to show the com- 
parison to  data previously reported (1, 2). The 
values compare favorably with other workers, 
although the data reported by Akerlof are slightly 
lower at higher concentrations. 


The solubility of the solutes used in this study are 
shown in Figs. 2-5. In each case, the solubility 
has been plotted as a function of the dielectric 
constant and sucrose concentration. Each point 
is the average solubility of three runs, the sucrose 
concentration varying from 10 to So% in 10% 
increments. The solubility of each of these solutes 
increases with increasing sucrose concentration or 
decreasing dielectric constant. The use of hy- 
droalcoholic mixtures in increasing or maintaining 
solubility of semipolar solutes in solution is well 
known. In this study, the solubility is increased 
by a series of successive dissolution media of more 
favorable polarity. Thus, the observed increase 


may be explained on the basis of decreasing polarity 
of syrup vehicles as reflected by their respective 
dielectric constants. 


Quinine alkaloid and p-aminobenzoic acid gave 
smooth nonlinear curves when solubility was 
plotted versus either the dielectric constant or 
concentration of these syrup vehicles. These 
curves did not give a fist-order or linear relation- 
ship when the log solubility was plotted weisus the 
dielectric constant. The solubility of the solutes 
in distilled water compared favorably with the 
values reported in the official compendia. 


The solubility of phenobarbital and sulfanilamide 
showed an approximately linear relationship with 
dielectric constants and sucrose concentration. 
The results are shown in Figs. 4 and 5. The rates 
of change of solubility per dielectric constant unit 
for phenobarbital and sulfanilamide were 0.06 
and 0.2 mg., respectively. The solubility of the 
above solutes also compared favorably with values 
reported in the literature. 


The ratio of the solubility of these solutes in 80% 
w/v syrup vehicle relative to distilled water is 
presented in Table I. The ratios vary from a low 
value 1.5 for sulfanilamide to a striking 3.7 for 
quinine alkaloid. 
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Fig. 4.-A plot of the solubility of phenobarbital 
in mg./ml. at 25OC. as a function of dielectric con- 
stant and sucrose concentration. 
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Fig. 5.-A plot of the solubility of sulfanilamide 
in mg./ml. at 25OC. as a function of dielectric 
constant and sucrose concentration. 


TABLE I.-SUMMARY OF THE SOLUBILITY RATIO FOR 
THE SOLUTES STUDIED 


DIELECTRIC CONSTANT SUCROSE CONCN. (W/V)  


-Solubility, mg./ml.- 
B 


A, S O % ' ~ / V  Ratio 


Quinine alkaloid 0 .3  1 . 1  3.7 
Phenobarbital 1 . 0  2 .1  2 . 1  
PABA 4 . 8  8 .6  1 . 8  
Sulfanilamide 8.3 12.3 1 .5  


Solute Water Sucrose B/A 
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This simple study leads to manifold consequences 
which may be advantageously utilized by the 
formulator and researcher. Control of solubility 
as a function of dielectric constant variation might 
have many applications such as increasing the 
solubility of drugs by using additives such as 
sucrose or other sugars. On the other hand, de- 
creased solubility may also be useful in a kinetic 
sense. Since a drug, such as aspirin suspension, 
will only degrade depending upon the amount of 
drug in solution, decreased solubility could lead to  
increased stability to  some degree. This approach 
could be quite useful for aspirin, sulfonamides. 
antibiotics, and other common pharmaceutical 
suspensions. 


Preliminary work indicates that m e t h o d  and 
other viscosity-inducing agents in solution have 
dielectric constants higher than that of pure water. 


Journal of Phrmuceutical Sciences 


These vehicles also possess the proper consistency 
for physical suspension, stability, and palatability. 
Increased chemical stability v i a  decreased solubility 
or increased polarity (dielectric constant) is a 
definite possibility. Studies along these lines are 
being conducted in these laboratories and results 
will be reported in future communications. 
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Effects of Various Growth Regulators on Datura meteloides 
By JAMES H. BENNETT and LEO A. SCIUCHETTI 


Datnra meteloides D.C. was treated during a 4-week period with Amo-1618, CCC, 
AMAB, Phosphon, B995, and CO-11. Growth was not significantly affected by the 
treatments. The  concentration of alkaloids was increased 26  per cent in the roots of 
the Amo- 16 18 group and 17 per cent in  the roots of the Phosphon group. The total 
alkaloid content was increased 2 5  per cent in the leaf-tops of the CO-I 1 group, 32 
per cent in the roots of the Amo-1618 group, and 19per centintherootsofthe B995 
group. Increases of about 18 per cent in  chlorophyll concentration were found in 
the Phosphon, B995, and CO-11 groups. The results of a selective solvent extrac- 


tion of the leaf-tops are reported. 


UMEROUS CHEMICAL COMPOUNDS have been N recently reported to cause a marked decrease 
in stem and petiole elongation (1-9). These com- 
pounds can be conveniently classified into three 
cheniical groups, oiz., the quaternary ammonium 
compounds, the quaternary phosphonium com- 
pounds, and a few selected organic acids. Members 
of the first group include 4-hydroxy-5-isopropyl-2- 
methylphenyl trimethylammonium chloride, 1- 
piperidine carboxylate (Amo-1618), (2-chloroethyl) 
trimethylammonium chloride (CCC), and allyl- 
trimethylammonium bromide (AMAB). Reduction 
of internode length resulting in shorter plants has 
been reported in various plants by treatment with 
Amo-1618 (1-6). CCC (4, 6, 7). and AMAB (6, 7). 
CCC and AMAB have been shown to increase the 
alkaloid content of Nicotiana tabacum L. and de- 
crease that of N .  ruslica L. (6). 


A phosphonium compound which has been re- 
ported to inhibit plant growth is 2,4-dichlorobenzyl- 
tributylphosphonium chloride (Phosphon) (2, 3, 
0, 8, 9). This compound and the three aforemen- 
tioned ones are considered to be antigibberellins 
(1, 3, 6. 9-11). Lockhart (12) concludes that 
Phosphon and CCC retard stem elongation by 
partially blocking the system which provides gib- 
beerellin to  the growth mechanism. Among the 
organic acids reported to retard plant growth are N- 


Received November 4. 1963, from the School of Pharmacy, 
Oregon State University, Corvallis. 


Accepted for publication February 3, 1064. 
Abstracted in part from a thesis submitted by James H. 


Bennett to the Graduate School, Oregon State University in 
partial fulfillment of Master of Science degree requirements. 


Research paper No. 464, School of PhsfmaCy, Department 
of Pharmacognosy, Oregon State University. 


dimethylaminomaleamic acid (CO-11) and N- 
dimethylaminosuccinamic acid (B995) (13). These 
two compounds are closely related to  maleic hy- 
drazide (MH), which is considered by some to be an 
inhibitor of auxin (14,15). 


Since these compounds with reported growth- 
retarding activity had not been tested on Datura 
spp., it  was decided to determine their effects on the 
growth and synthesis of certain chemical constituents 
of Dabra meleloides. In addition, since some of 
these compounds appear to be antigibberellins and 
since gibberellin treatment generally reduces the 
concentration of alkaloids in many medicinal plants 
(16, 17), i t  was of interest to note whether a “growth 
retardant” would cause an increase in the concentra- 
tion of alkaloids of the plants. 


EXPERIMENTAL 


Procedure.-Seventy uniform plants were grown 
under greenhouse conditions in a soil mixture com- 
posed of 1 part sand, 2 parts sandy loam, and 10 Gm. 
of organic fertilizer‘ per gallon can. On July 12, 
1962. Daturas which were about 34 days old were 
labeled according to the following plan for treat- 
ment: Amo-1618-treated plants, CCC-treated 
plants, AMAB-treated plants, CO-11-treated plants, 
B995treated plants, Phosphon-treated plants, and 
control (untreated) plants. Each of the above 
groups consisted of 10 plants. On that date the 
plants were randomly arranged on a greenhouse 
bench, and treatment was instituted. Treatments 


1 Organic Morerop Chas. Lill Co Seattle Wash. Anal. 
-5% total nitrogen,’3% availaxle phosphati, 2% available 
potash. 
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Manufacture of Emulsions by Shock Cooling 
By MORTON W. SCOTT* 


A “shock cooling” technique was used in the preparation of five emulsion systems. 
The shock cooling was achieved by atomizing a heated blend of the emulsion phases 
in a laboratory model s ray dryer operating with chilled inlet air. The test repara- 
tions included an o/w gand lotion, an o/w baby lotion, a w/o cold cream krmula- 
tion, and an o/w cosmetic lotion containing suspended pigments and hydrophilic 
ointment U.S.P. The physical stability of the shock cooled products was equivalent 
to or improved over that of control materials processed by conventional slow cooling 
techniques. The results of this study suggest that the riaciple of shock cooling has 


value in large scale manufacture oPemulsions. 


MULSION SYSTEMS containing waxes, fats, 
and other low melting solids are widely 


used as  dermatological vehicles and in  the formu- 
lation of numerous cosmetic creams and lotions. 
The products generally are prepared by the fusion 
process. Briefly, this involves emulsifying the 
molten oil phase with the aqueous phase at 
elevated temperature (approximately 65 to 
7 5 O ) ,  then slowly cooling the product to room 
temperature. During the cooling step, the emul- 
sion is agitated continuously to insure uniform 
rates of congealing throughout the batch (1-4). 


Slight variations in the conditions of manu- 
facture can alter final emulsion characteristics 
significantly (1, 5 ) .  The rate at which the hot  
emulsion is cooled has been reported to be partic- 
ularly critical (2, 6). Boylan, DeKay, and 
Banker have shown, for example, that  products 
with increased thixotropy and decreased stability 
result as the rate of cooling is increased (7). 
Strianse noted that  emulsion viscosity increased 
with increasing rates of cooling (8); others have 
reported that  the reverse effects can occur ( 5 ) .  


It has been generally accepted that  rapid cool- 
ing promotes the crystallization and separation 
of the higher melting components of the emul- 
sion. This in turn results in products which are 
“grainy” and unstable (9, 10). Consequently, 
slow congealing techniques, although time con- 
suming, laborious, and  inefficient, are  commonly 
employed in practice. 


A reanalysis of the congealing process and of 
the results obtained with nonaqueous systems 
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(1 1-14) suggested, however, that crystal growth 
and similar effects could not occur if the emul- 
sions were subjected to  instantaneous rates of 
cooling. The present study was undertaken, 
therefore, to evaluate the feasibility and poten- 
tial applications of shock cooling techniques in 
the manufacture of emulsion systems. 


EXPERIMENTAL 
Materials.-Five emulsion products were studied 


in the present experiments. The test systems in- 
cluded hydrophilic ointment U.S.P., an o/w baby 
lotion, an o/w hand lotion, a o/w pigmented 
lotion (cosmetic make-up base), and a w/o cold 
cream formulation. The formulas for the latter four 
products are given in Table I. 


All raw materials were U.S.P. or N.F. quality un- 
less otherwise indicated. 


Methods of Preparation-Each emulsion was 
prepared by heating and melting the components of 
the oil phase together at approximately 65” and add- 
ing this phase to the preheated aqueous phase held 
a t  the same temperature.’ The resulting emulsions 
were blended at this temperature for 5 minutes using 
LI loop-type agitator rotating at low speed. 


The hot emulsions were divided into t w o  equal por- 
tions. The first portion was shock cooled. This 
was accomplished by spray congealing the emulsion 
in a Nerco-Niro laboratory model spray dryerz 
operating with the inlet air chilled to approximately 
14”. To maintain the inlet air at this temperature, 
a supply of dry ice was placed at the mouth of the 
inlet duct and allowed to  vaporize into the inlet air 
stream. The centrifugal wheel atomizer was run at  
full turbine air pressure (6 Rg. per cm.).* Liquid 
feed rates to the atomizer were maintained at 15Ck 
200 ml. per minute and resulted in outlet air tem- 
peratures of less than 20”. The products were col- 
lected by cleaning the walls of the spray dryer with a 
rubber spatula. 


The remaining portion of each hot emulsion served 
as the control preparation and was congealed by the 
conventional procedures. This involved the slow 


1 The order of addition was reversed for the baby lotion and 


2 Nichols Engineering and Research, Inc., New York, N. Y. 
cold cream. 
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TABLE I.-COMPOSITION OF TEST EMULSION SYSTEMS 
% by Wt. 


Pigmented 
Phase Component Baby Lotion Hand Lotion Lotion Cold Cream 


Oil Lanolin 1.00 . . .  . . .  . . .  
Cetyl alcohol 2.00 1.25 0.50 . . .  
span 800 2.10 . . .  . . .  . . .  
Tween 800 4.90 . . .  . . .  . . .  I 
Liquid petrolatum, light 34.00 4.00 25.00 56.00 
Silicone 200 fluid* 5.00 . . .  . . .  . . .  
Glyceryl monostearate . . .  0.50 0.50 . . .  
Stearic acid 


Spermaceti 
White wax 
Methylparaben 


I Emcol E g07-Sc 


Atlas G-3694" 


I 
Aqueous 


. .  1.00 . . .  . . .  


. .  0.50 . . .  . . .  
. . .  . . .  0.50 12.50 
. . .  . . .  . . .  12.00 
0.20 0.15 0.20 . . .  
. . .  1.00 


Glycerin . . .  1.00 . . .  . . .  
Propylparaben . . .  . . .  0.05  . . .  
Sodium lauryl sulfate 0.63 . . .  
Titanium dioxide . . .  . . .  12.00 . . .  
Cosmetic red oxide, A6205d . . .  . . .  0.50 . . .  
Sodium borate 0.50 


. . .  . . .  


I Water g.s. 100.00 100 :00 ldd .oo 100.00 


Atlas Powder Co., Wilmington, Del. b 350 Centistoke viscosity, Dow Corning, Inc., Midland, Mich. c Emulsol Corp., 
Chicago. Ill. d Kohnstamm and Co., Inc.. New York, N.  Y. 


cooling of the product to  room temperature with 
continuous mixing applied by the loop-agitator. 
Approximately 1 hour was required to complete the 
preparation by this technique. 


Evaluation.-Shock cooled products were com- 
pared with their controls immediately after prepara- 
tion and periodically during a 2-month storage inter- 
val at 5, 37, 45', and room temperature (27'). 
Samples were subjected also to  freeze-thaw condi- 
tions for 1 week by cycling between -5' (16 hours) 
and 27" ( 8  hours). All products then were trans- 
ferred to  room temperature storage and observed 
during an additional 4-month interval. 


Shock cooled materials and their controls were 
compared by microscopic, visual, and tactile evalua- 
tion. Overall physical characteristics, including 
phase separation, color. texture (graininess), and 
spreadability were observed routinely. 


The rheological characteristics of each product 
when first prepared and after 6-month storage a t  
room temperature were measured using an Epprecht 
viscometer. 8 


RESULTS AND DISCUSSION 
Each of the five emulsion systems was prepared 


successfully by the shock cooling technique. No 
difficulties were experienced in congealing the emul- 
sions in the spray dryer; the entire cooling operation 
was completed in less than 5 minutes. 


Table I1 summarizes the characteristics of the 
shock cooled and control products. The shock 
cooled emulsions were smooth, free of graininess, 
lighter in color, and generally more uniform than the 
control materials. 


Improved dispersion and a greater reduction in 
the particle size of the discontinuous phase was ob- 
tained by the shock cooling technique. This was 
particularly evident with the cold cream formula- 
tion. The majority of particles observed in the 
shock cooled product ranged between 2 and 7 p in 
diameter. The emulsion prepared by the conven- 
tional slow cooling method showed particle sizes 
ranging from 10 to 40 p. Since aliquots of the Same 


tical Co.. Pittsburgh, Pa. 
' Manufactured by J.  W. Fecker Division, American Op- 


hot emulsion were used in preparing both products, 
the changes in particle size necessarily occurred 
during the cooling operations. In the spray con- 
gealing technique, the hot emulsion was subjected to 
atomization and dispersed into droplets with small 
particle size. This, in effect, represented a form of 
homogenization and accounts for the reduced par- 
ticle sizes found in the spray congealed preparation. 
The particles observed in the control product (cold 
cream) were not uniformly spherical, thereby sug- 
gesting that some size enlargement (due to crystal- 
lization or agglomeration) may have occurred during 
the slow cooling process. There were no microscopic 
or macroscopic indications that abnormal amounts 
of air had been trapped in the spray congealed prod- 
ucts. Therefore, the lighter color of the shock 
cooled products was attributed to the decreased par- 
ticle size. 


In  two of the five test systems (the hand lotion 
and the cold cream), the spray congealed products 
were less viscous than their controls. The situation 
was reversed with the pigmented lotion and the 
baby lotion. For the latter formulations, shock 
cooling also resulted in (qualitative) changes in the 
level of thixotropy. Hydrophilic ointment showed 
similar flow characteristics when made by either 
process. 


These results are inconsistent with considerations 
of particle size and presently are not fully under- 
stood, particularly because of the rheological studies 
reported by others for similar products (7, 15). 
The short holding time involved in the shock cooling 
process led to  a reduction in evaporation losses (of 
water) from the emulsions; this may account, in 
part, for the observed differences in product rheology. 


Products prepared by spray congealing generally 
were more stable than their control preparations. 
This was particularly evident in the case of the three 
lotion products.' Except for the hand lotion (made 
by either process), all products were stable under 
freeze-thaw and 5'. Storage at 45' most clearly 


4 These preparations represented formula modifications of 
products with known and satisfactory stability. The emulsi- 
fier systems were altered deliberately to insure that the 
influences of shock cooling would be readily apparent. 
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TABLE ~~.-CHARACTERISTICS OP SHOCK COOLED AND CONTROL PREPARATIONS 


Cooling Particle 
Product Procedurea Si2e.b )r 


C 5-10 
Baby lotion SC 2-5 


Hand lotion sc 2-5 
C 2-10 


c 5-30 
Pigmented lotion sc 2-10 


Cold cream sc 2-7 
C 10-40 


Hydrophilic ointment SC 7-15 
C 10-25 


Color 
05-white 
Tan 
White 
White, off-white 
Pink 
Dark pink 
W i t h  
White, off-white 
White 
White 


Texture 
and Ap- 


pearancec 
U 
NU 
U 
U 
U 
SA 
U 
NU 
U 
U 


-Separation 6- 
Rheologyd 45' 37' RT 
MV.NT 3 2/ 0, 
ST 3 31 0' 
LV. NT 1 1 1  
NT 2 2 2  
MV,ST 2 1 0 
NT 3 2 2  
L V , M T  1 0 0 
M T  1 0 0  
M T  1 0 0  
M T  1 0 0  


a SC = Shock cooled; C = control (cooled slowly). b Particle size range included approximately 75% of total particles 
counted. d MV = More viscous than con- 
trol. LV = less viscous than control; N T  = negligible thixotropy; ST = slight thixotropy; MT = marked thixotropy. 
a Phase separation observed aiter 2 months at 45 and 37' and after 6 months at room temperature, respectively. 0 = No 
phase separation; 1 = trace indications of separation; 2 = moderate separation; 3 = severe separation. / Mold growth 
occurred at these conditions. 


c U = Uniform and smooth; NU = nonuniform; S A  = "streaky" application. 


demonstrated the comparative improvements in 
stability obtained in the shock cooled products. 
The degree of phase separation observed after long 
term storage a t  45', 37'. and room temperature 
served as the final measure of relative stability. 
These observations are summarized in Table 11. 


The rate of cooling established in the spray con- 
gealing process was approximately 13" per 0.1 
second.' This rapidity of chilling precludes ex- 
tensive crystal growth, and it is, therefore, not 
surprising that smooth and grain-free products were 
obtained. In fact, i t  appears that the slow cooling 
rates commonly used in preparing emulsion systems 
would promote rather than inhibit crystallization 
and the separation of components." By applying 
sufficient agitation to the system, however, nuclea- 
tion rather than crystal growth can be induced. 
The required rates of agitation clearly would be 
governed by the congealing rates employed and vice 
versa. These considerations help explain the critical 
relationships which exist in emulsion manufacture 
between the rates of cooling and the intensities of 
agitation ( 1 ,  5). 


The results of the present study showed that 
stable and pharmaceutically elegant emulsions can 
be prepared by shock cooling. The spray congeal- 
ing procedure used to demonstrate the feasibility of 
this approach was fast, simple to control, and repro- 
ducible; nevertheless, the equipment requires 
modification for large scale manufacturing opera- 
tions. The necessity for modification is primarily 
because the conventional spray dryer, as used in this 
study, is not designed for use with liquid and semi- 
solid (outlet) products. For example, it  was diffi- 
cult to clean the unit, and the accumulation of 
product on the chamber walls and in the outlet air 
duct work limited the amount of product that could 
be processed in a single run. The results suggest, 
however, that other spray congealing units (more 
appropriately designed for emulsion applications) or 
the use of other shock cooling techniques which 
minimize particle growth during the cooling step' 
will be valuable in commercial applications. 


175 Gm. (feed) (65' - 20') 
minute Gm. 5 Approximately: 
~~ 


1 minute 130" 
60 seconds second. 


6 It is recognized that controlled degrees of crystallization 
are desired in some cosmetics in order to impart "pearlescent" 
and other characteristics. 


'Such as the use of chilled ointment mills operating at 
close clearance. 


_ _ _ = _ _  


CONCLUSIONS 


The results of this study demonstrate the feasi- 
bility of applying shock cooling techniques in the 
preparation of emulsified creams and lotions. The 
shock cooled products were prepared by spray con- 
gealing and compared favorably in all respects with 
the products made by conventional slow cooling 
procedures. The improved stability and texture 
characteristics and the absence of "graininess" in 
the spray congealed materials was noteworthy, par- 
ticularly because of the generally accepted impres- 
sion that rapid cooling is detrimental to emulsion 
systems. Although the spray congealing procedure 
used in the present experiments was simple to  con- 
trol, reproducible, and resulted in very high cooling 
rates, its usefulness for commercial applications is 
limited. These experiments do suggest, however, 
that other shock cooling procedures, more appropri- 
ately designed for large scale manufacturing opera- 
tions, hold promise for future application. 
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to tumor incidence in the separate groups at the 
termination of each trial and lists the composite re- 
sults of the three trials. These totals were ob- 
tained by combining the corresponding individual 
groups of each trial, thus giving a single “per cent 
tumor” value for the control mice and for each of the 
five cobaltinitrite groups. The effective total of 
mice in each group was, in most cases, less than the 
original number of 60. Obviously, this was due to  
deaths which occurred during the trial period. of 
the 960 mice employed in all three phases of the 
experiment, only 28 died. Mice which died before 
tumors were noted in the group were not counted in 
the effective total. When a death occurred after 
qowths had appeared, the animal was examined for  
the presence of a tumor, and the data obtained were 
incorporated into the final results. No evidence of 
cumulative toxicity was ever apparent throughout 
the experiment; the animals seemed normal in all 
respects. Table IV, which shows the initial and 
final weights of the various groups, fails to  reveal any 
differences that might indicate some toxic manifesta- 
tion. 


Table I11 shows that of 176 control mice (those 
which received only the methylcholanthrene), 82 
developed tumors of 1 mm. or greater in one dimen- 
sion. This corresponds to  a 47% tumor incidence, 
a result which is very close to  the expected value of 
50% and which reconfirms the MCDm of methyl- 
cholanthrene. The mice which had received the two 
lower doses (30 and 40 mg./Kg.), responded to  the 
MCDm with a slight but insignificant decrease in 
tumors. However, at the 50-mg./Kg. dose level 
and higher, a significant reduction of tumor incidence 
was seen. Thus, bi-weekly, intraperitoneal injec- 
tions of 50, 60, and 70 mg./Kg. of sodium cobaltini- 
trite were capable of reducing the per cent of tumor 
bearing mice to 31, 31, and 25, respectively, com- 
pared t o  the 47% control value. 


It is difficult to accept that the reduction in tumor 
incidence is the result of the transient hypoxia pro- 
duced by sodium cobaltinitrite. Periods of meth- 
emoglobinemia which lasted no longer than 3 h o w  
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and were elicited twice weekly certainly should not 
be unquestionably concluded as being the sole cause 
of this tumor inhibition. To reiterate the initial 
statements, the role of oxygen in the inception of the 
cancerization process is obscure, as is the basic 
mechanism of methylcholanthrene-induced carcino- 
genesis. It is quite possible that some metabolic 
effect other than hypoxia is responsible for or con- 
tributes to  the decreased tumor incidence ob- 
served. 


As a consequence of the theory that sulfhydryl 
enzymes may be involved in the induction of chem- 
ically-induced carcinogenesis by a fixation of the 
carcinogen to cellular proteins through sulfur link- 
ages (10) an interesting concept arises. Lusky, el el. 
(11). obtained significant tumor reduction by apply- 
ing dimercaprol (BAL) to  mice during painting with 
3,4-benzpyrene and reasoned that the additional SH- 
groups might compete with cellular SH for the 
carcinogen. Coupling this theory to the report by 
Vollmer and Carey (l2)-that methemoglobinemia 
produced by sodium nitrite and p-amino propio- 
phenone induces an increase in blood SH-enzyme 
levels-leads to  the similar possibility that the in- 
creased SH-groups in the blood might also compete 
with the SH-groups of epidermal cell proteins, there- 
by affecting the neoplastic changes. 
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Nonketol Reduction of Tetrazolium Salts in 
Pharmaceutical Analysis 


By EDWARD F. SALIMt, PETER E. MANNIf, and JOSEPH E. SINSHEIMER 


Nonketol compounds of pharmaceutical ia- 
terest have been tested for reduction of tetra- 
zolium salts; the quantitative applications of 


these reactions have been evaluated. 


N CONTRAST TO most organic compounds, the 
reduction of tetrazolium salts yields highly 
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colored compounds. Based essentially upon this 
property, the production of these formazans by 
various reducing systems has led to a diverse 
range of biological and chemical applications. 
Lakon (1) has used triphenyltetrazolium chloride 
to  detect viability of seeds, while Straus, 
Cheronis, and Straus (2) have applied tetrazolium 
salts in the study of carcinomatous tissue. 


Chemical applications of tetrazolium salts in- 
clude the quantitative analysis of reducing sugars 
(3), ketol steroids (4), and ascorbic acid (5) .  
Rosenkrantz (6) has compared the effect of struc- 
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tural changes on the reactivity of catecholamines 
with blue tetrazolium. Polyhydroxy phenols and 
readily oxidizable thiols have been determined 
qualitatively as a result of their ability to reduce 
tetrazolium salts (7). 


To date, quantitative measurements involving 
tetrazolium salts have dealt primarily with the 
analysis of a-ketols. The  objectives of this study 
were to determine the extent of nonketol reduc- 
tion of tetrazolium salts and to evaluate quantita- 
tive applications in pharmaceutical analysis. 
Included in this investigation are polyhydroxy 
phenols, thiols, active hydrogen compounds, and 
other pharmaceutical reducing agents; that is, 
other compounds easily oxidized in the presence of 
air and light. 


Journal of Pharmaceutical Sciences 


TABLE I.-REACTIVITY OF BLUE TETRAZOLIUM WITH 
POLYHYDROXY PHENOLS 


Absorptivity at 
--Time. min.-- 


Apomorphine 2480 2490 2490 
M.p..  OC. 10 30 60 


u - 1  


EXPERIMENTAL 


Spectrophotometric measurements were niade 
with a Beckman model DU spectrophotometer 
equipped with Bakelite thermospacers. Melting 
points are corrected. 


Reagents.-Blue Tetrazolium Reagent Solution.- 
The 3.3'-(3,3'-dimethoxy-4,4'-biphenylene) bis[2,5- 
diphenyl-2H-tetrazolium chloride] ( Dajac Labora- 
tories) was purified by recrystallization from 
ethanolanhydrous ether (8) until a portion of the 
salt in absolute ethanol showed constant absorbance 
at 254 mp. Twenty-five milligrams of the purified 
salt was dissolved in 10 ml. of U.S.P. ethanol. 


Red Tetraeolium Reagent Solution.-Twenty-five 
milligrams of 2,3.5-triphenyl-2H-tetrazolium chlo- 
ride (Nutritional Biochemicals) was dissolved in 10 
ml. of U.S.P. ethanol. (These solutions should be 
freshly prepared and protected from light.) 


Tetramethylammonium Hydroxide Reagent Solu- 
tion.-Ten milliliters of 10% aqueous solution was 
diluted to 100 ml. with absolute ethanol. 


Test Compounds.-The compounds listed in 
Tables I-IV met the manufacturer's requirement 
for pharmaceutical use and were of official purity 
where applicable. 


S c r e a g  Procedure.-Two milliliters of blue 
tetrazolium reagent solution followed by 2 ml. of 
tetramethylammonium hydroxide reagent solu- 
tion were added to  10 mg. of test compound dissolved 
in 10 rnl. of absolute ethanol. The reaction was 
allowed to  proceed for 60 minutes at room temper- 
ature and quenched by the addition of 1 ml. of 
glacial acetic acid. The absorbance a t  530 mp was 
measured against a reagent blank. 


Rate of Color Development.-From 10 to 400 
mcg. of test compound was dissolved in 10 ml. of 
absolute ethanol and allowed to equilibrate in a 
constant temperature bath at 30.5 f 0.1'. Two 
milliliters of blue tetrazolium reagent solution was 
added, followed by 2 ml. of tetramethylammonium 
hydroxide solution. The absorbance at specified 
time intervals compared to  a reagent blank was 
measured at 530 mp. Solutions were held in the 
thermostated (30.0 f 0.1') cell compartment of the 
spectrophotometer. 
Assay Procedures.-An epinephrine standard 


of 10 mcg. in 10 ml. of absolute ethanol was pre- 


nu 
Epinephrine 
Hexylresorcinolb 
Isoproterenol 


sulfate 
Levarterenol 


bitartrate 
Protokylol 


HCld 
Pyrogallol 
Resorcinol 
Rutin" 


210 dec. 
64-65 
119.5 to 
122.5 


97-101 


172-173 


133t0134.5 
109-110 
206 to209.5 


5250 
328 
3360 


2880 


2460 


3920 
133 
340 


5240 
416 
3380 


2950 


2490 


4140 
378 
617 


5200 
438 
3330 


2950 


2450 


4180 
661 
830 


a Oxidizes in air. Compounds generously supplied by: 
Merck Sharp & Dohmc. Winthrop Laboratoria. 
Lakeside Laboratories. e Parke, Davis & Co. 


TABLE II.-REACTIVITY OF BLUE TETRMOLIUM 
WITH THIOLS 


Absorptivity at 
--Time, min - M.p., OC. or 


(n%S,s) 10 30 80 


1-Cysteine 224dec. 1150 1330 1440 
Dimercaprol (1.5765) 1790 1960 2080 
6-Mercaptopurinea 307-309 dec. . . . . . . 0.9 
Methimazoleb 144-145 7.8 
dl-Penicillamine 196.5 dec. 612 634 643 
Thiamylal" 131-133 .. . . . . 0.2 


Compounds Renerously supplied by: 0 Burroughs Well- 
come & Co. 


TABLE III.-REACTMTY OF BLUE TETRAZOLIUM 
WITH OTHER PHARMACEUTICAL REDUCING AGENTS 


Ir  Eli Lilly & Co. Parke, Dads & Co. 


Absorptivity at 
M.P.. ' C .  or -Time. mrn.-- 


( n 3  10 30 60 
Anthralin" 173-176 783 1010 1100 
Menadione 103.5to 1440 1490 1500 


104.5 
Phytonadioneb (1.5254) 35.0 193 371 
Thiamine HCI 247-249 dec. 7.6 28.0 68.6 
d-a-Tocopheryl (1.4924) . . . . . . 16.1 


acetatec 


Compounds generously supplied by: a Abbott Labora- 
tories. b Merck Sharp & Dohme. R.  P. Sherer. 


pared; a dilution of epinephrine solution (B.P.) of 
comparable strength in absolute ethanol was com- 
pared to  this standard using blue tetrazolium 
reagent solution. The reaction was quenched after 
40 minutes with glacial acetic acid. 


About  80 mg., accurately weighed, of powdered 
25-mg. diethylpropion hydrochloride tablets was 
suspended in 2 ml. of water and diluted to  250 ml. 
with absolute ethanol. A 10-ml. aliquot of filtered 
sample was compared to a diethylpropion hydro- 
chloride standard of 200 mcg. in 10 ml. of absolute 
ethanol using blue tetrazolium reagent solution. 
The reaction was quenched as described above. 


RESULTS AND DISCUSSION 


Nonketol pharmaceutical compounds were 
screened with blue tetrazolium for 60 minutes at 
room temperature. Only compounds which pro- 
duced an absorptivity value over 20, based on the 
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TABLE IV.-REACTIVITY OF BLUE TETRAZOLIUM WITH ACTIVE HYDROGEN COMPOUNDS 


Adiphenine HClc 
Bishydroxycoumarind 
Bromindione' 


Diethylpropion HCP 
Dihyprylone" 
Dimethindene maleate 
Diphenadione' 
Ethotoind 
Furazolidonei 
Glutethimideo 
Methantheline BrC 
Methylphenidate HCIC 
Methyprylonh 
Nitrofurantoid 
Nitrofurazonef 
Phensuximide' 
Piperidolate HCI" 
Potassium penicillin Gi 
Propantheline B+ 


Cycloserine' 


Santonin 
Thiphenamil HCI" 
Tolazoline HCle 
Valethamate B P  
Warfarin sodiump 


M.P., OC. 
113-114 
285-287 
142-144 
147 dec. 
169-174 dec. _ _ _  -. ~ ~ 


101-103 
154 to  156.5 dec. 
145-145.5 
91-92 
268 dec. 
81-8fi _ _  _ _  
171-173 
204-m dec. 
74 to  76.5 
266-257 dec. 
234.5 to 236.5 dec. 
69-70 
193-195 
211-215 dw. 


172-174 
160 to 161.5 


125-127 
174-176 
122.5 to  124.5 
160-162' 


10 
270 
... 
... 
36.1 
75.6 
. . .  
123 


1230 
665 


139 


. . .  


... 


... 


... 
10.5 
33.6 


1180 
119 
... 
138 
... 
462 
.. 
.. 
.. 


Absorptivity at - Time, min.- 
30 
549 
... 
... 
37.2 
224 
. . .  
351 


1230 
1450 


... 


... 
98.4 


43.4 
75.6 


. . .  ... 


1180 
266 


103 


477 


. . .  


... 


. . .  


... 


... 


- 
60 


0.7 
0.2 
36.8 


1.0 


0.04 


0.01 


0.04* 


644 


405 


560 


1210 
2000 


61.6 


18.6 
85.4 
126 
1170 
351 
10.4 
68.6 
0.1 


0.7 
0.02 
0.4 


470 


a First neutralized with tetramethylammonium hydroxide. b Melting point of Warfarin. Compounds generously s u p  
plied by: e Ciba Pharmaceutical Products, Inc. d Abbott Laboratories. a U. S. Vitamin 8 Pharmaceutical Cor . /Eli  
Lilly & Co. P Wm. S. Merrell Co. A Roche La!boratories. i Upjohn Co. I Eaton Laboratories, Inc. t G .  D. &ark & 
Co. I Parke, Davis 81 Co. Lakeside Laboratones, Inc. n Wm. P. Poythrcss & Co. o Ayerst Laboratories, Inc. P Endo 
Laboratories. Inc. 


concentration of reducing agent, were considered 
sufficiently reactive to  be of quantitative interest. 
Those compounds with an absorptivity over 20 were 
examined for rate of color development. Rates of 
reduction of blue tetrazolium by polyhydroxy 
phenols, thiols, and other easily oxidized compounds 
are summarized in Tables 1-111 by the absorptivity 
values at 10,30, and 60 minutes. Also included are 
results for those compounds of low reactivity by list- 
ing the absorptivity a t  60 minutes obtained from the 
screening procedure. 


The reaction of triphenyltetrazolium chloride with 
alicyclic ketones (9) led to an extensive screening of 


;..) 2 a FA _--- _--- B 


TIME (MINUTES) 


Fig. 2.-Rate of color development for 1 X 10- 
M solutions of active hydrogen compounds with 
blue tetrazolium. Key: A, furazolidone; B, 
dimethmdene maleate; C.  phensuximide; and 
D, diethylpropion hydrochloride. 


TIME (MINUTES) 


Fig. 1.-Rate of color development for 1 X 10- 
M solutions with blue tetrazolium. Key: A, 
epinephrine; B. apomorphine hydrochloride; C, 
r u t h ;  D, dimercaprol; E, menadione; F. resor- 
cinol; and G, thiamine hydrochloride. 


active hydrogen compounds. Table I V  summarizes 
the results of this study. Excluded from this table 
were 30 compounds in which the only activation of 
the hydrogen resulted from one or more aromatic 
rings. None of these compounds produced an ab- 
sorptivity greater than 1.0 at 60 minutes. 


Figures 1 and 2 are absorbance versus time graphs 
obtained for representative nonketol pharmaceutical 
compounds tested for rate of color development with 
blue tetrazolium. Figure 3 presents a comparison of 
the reduction of blue and red tetrazolium salts by 
ketol steroids determined under the same conditions 
as nonketols. The reaction of tetrazolium salts with 
steroids, exemplifying an established quantitative 
procedure, serves as a direct comparison to  the com- 
pounds in Figs. 1 and 2. 


Favorable comparison to the steroids concerning 
sensitivity of reaction and stability of color presents 
a strong indication of a successful assay for many 
compounds in Figs. 1 and 2 and others in Tables 
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4 0 ' a n d .  in fact, produced a noticeable decrease in 
stability at this temperature. Although an increase 
in reaction temperature can have analytical signifi- 
cance in some cases, in limited examples it was of 
only minor importance and in the case of cycloseririe 
was actually detrimental. 


The reactivity of nonketol pharmaceutical com- 
pounds had been based exclusively on the reduction 
of blue tetrazolium. However, official monographs 
employing tetrazolium salts specify triphenyl- 
tetrazolium chloride. Rates of color development of 
several ketol and nonketol steroids were determined 
using red tetrazolium. Data for steroids are repre- 
sented in Fig. 3, a comparison of the blue and red 
tetrazolium curves indicates greater color stability 
with blue tetrazolium. This superiority as well as 
the greater sensitivity of blue tetrazolium (4) was 
also exhibited with the nonketol reductions. 


SUMMARY 


Nonketol compounds have been tested for reduc- 
tion of tetrazolium salts. Many compounds were re- 
active in low concentrations, indicating applicability 
to  quantitative analysis in pharmaceutical formula- 
tions. 


Specific procedures have been developed for 
epinephrine solution (B.P.) and diethylpropion 
hydrochloride tablets. 


Nonketol compounds should be recognized as pos- 
sible sources of interference to tetrazolium assays. 


Comparison of blue and red tetrazolium salts using 
ketol and nonketol reductions indicates blue tetra- 
zolium as a superior reagent. 
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Fig. 3.-Rate of color development for 1 X 
M solutions of ketol steroids with: I. blue tetrazo- 
lium -A, cortisone acetate; B, hydrocortisone; 
C, prednisolone acetate; and 11. red tetrazolium 
-D. hydrocortisone; E, prednisolone acetate; 
F, cortisone acetate. 


I-IV. For example, epinephrine (Fig. 1) exhibits 
greater sensitivity than steroids. The quantitative 
determination of epinephrine solution (B.P.) was 
highly satisfactory-ten analyses gave a recovery 
value of 97.54 f 0.64y0 of labeled amount of epi- 
nephrine. 


Diethylpropion hydrochloride (Fig. 2). in contrast 
t o  ketol steroids, represents a compound of lower 
sensitivity and does not plateau within 2 hours. 
Although this compound represents a less ideal ex- 
ample than epinephrine, ten analyses of 25mg. 
diethylpropion hydrochloride tablets resulted in a 
satisfactory recovery of 99.24 f 0.93% of labeled 
amount of diethylpropion hydrochloride. 


A limited study was conducted using more 
vigorous reaction conditions t o  increase absorptivity 
values of compounds which were moderately reac- 
tive to blue tetrazolium. Rates of color development 
for methyprylon, d-a-tocopheryl acetate, and cyclo- 
serine were determined a t  40', other reaction condi- 
tions remaining unchanged. Methyprylon exhibited 
an absorptivity increase from 18.6 to 52.8 at 60 
minutes, while d-a-tocopheryl acetate gave only a 
slight increase from 16.1 to  21.3. Cycloserine, which 
at 30' showed good stability of color but only moder- 
ate sensitivity, did not increase in sensitivity at 
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col resistant strains of Shigella, Escherichia. and 
Staphylococcus exhibited such action, but the 
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Determination of Thickness of Walls 
Gelatin Capsules by Radioisotopic 


of Hard 
Means 


By GARNET E. PECK*, JOHN E. CHRISTIAN, a n d  GILBERT‘S. BANKER 


A procedure has been developed for the determination of the thickness of the wall 
sections of hard gelatin capsules. A chlorine-36 source was mounted in the tip of a 
stainless steel capsule dipping pin and was used to observe the differences in thickness 
of the wall sections. Twelve series (replications) of 2 5 determinations each were 
performed. The measurements taken included the weight, area, calculated weight 
per unit area, thickness in inches using a micrometer, and beta count rate. The 
count rates were plotted against the corresponding weight per unit area (mg./cm.*) 
and thickness (in.). Regression curves were prepared using least squares calcula- 
tions. A t test was used to compare the individual slopes of the regression curves 
with the mean slope. The applicability of this method of determining the thickness 


of wall sections of hard gelatin capsules is discussed. 


HE FORMATION of hard gelatin capsules in- 
Tvolves theuse of stainless steel pins which are 
dipped into a liquid gelatin medium, after which 
the formed capsules are slowly dried. Not until 
the drying process has been completed is gauging 
of the wall sections currently possible. If the 
thickness of the drying capsules could be gauged 
early in the drying process, it  would be possible 
to adjust the process more quickly should it 
produce capsules which were not within control 
limits. This would result in a saving of time and 
less loss of product. Furthermore, an isotopic 
method of evaluating capsule thickness as an in- 
process control could conceivably result in an 
automated line operation. 


Some of the more important reported uses of 
radioisotopes in industry apply the principles of 
penetration and absorption of the isotopic radia- 
tions (1). These principles are generally applied 
to the area of thickness gauging. Those radio- 
isotopes which emit beta particles are most fre- 
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quently used. Since they are less penetrating 
than gamma rays, they may be used for measuring 
the thickness of thin films, paper, and plastic 
materials (2). One type of gauging system fre- 
quently employed is based on the principle of the 
change of transmission of beta particles through 
the medium (3). To measure very thin, low 
density materials-such as paper-earbon-14, a 
weak beta emitter, has been used (4). Other 
beta sources that have been used include chlorine- 
36, krypton-85, strontium-90, and thallium-204 
(5-7). Iodine-131 was used to measure the 
thickness of thin films in the vicinity of 1 p (8). 


The purpose of this study was to select and 
evaluate a radioisotope to be used for the thick- 
ness gauging of wall sections of hard gelatin 
capsules based on the principle of beta particle 
absorption. 


EXPERIMENTAL 


The usual method of expressing the thickness of 
thin materials by radioisotopic means is in terms 
of weight per unit area (mg./cm.*). From a study of 
No. 000 hard gelatin capsules, it was found that the 
average weight per unit area of capsule sections was 
14.12 mg./cm.*. Small pinpoint sources of two pure 
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115 pulse height analyzer,2 and (b)  RIDL model 
200T scaler.' 


Since the model 200T scaler was not lequipped 
with a built-in amplifier, it was necessary to  use the 
amplifier section of a pulse height analyzer. This 
recording system was used for all measurements. 
In order to  observe the measurements visually, an 
auxiliary system was also used which consisted of a 
RIDL model 39-1 spectrum scanner-ratemeter2 and 
a Minneapolis-Honeywell 0 t o  50-mv. recorder.' 
Both recording systems could be operated simul- 
taneously. 


Sample Preparation and Measurement.-The 
gelatin sections used in this study were taken from 
No. OOO hard gelatin capsules manufactured by Eli 
Lilly and Co. This size was chosen because of the 
large sections that were obtained when the capsules 
were cut into rectangular sections. The capsules 
were handled with rubber gloves during the cutting 
and trimming operation. After the sections were 
cut from the walls of the capsules, they were trimmed 


1 
I I 
/-J ::;.v;::::-;E ;: 


rnC..IUIkG R8Nt  


IDUl lCf  - CI'S 
9 


STLII*LfSS S l t C L  CIelULC 
rUI*,*s PI* A- 


Fig. 1 .-Beta detection system and chlorine-36 
source. 


beta particle sources (phosphorus-32 and chlorine-36) 
were observed using a series of aluminum absorbers 
of varying thicknesses expressed in mg./cm.2. An 
aluminum absorber with a thickness of 13.3 mg.; 
crn.? was the closest available to the thickness of the 
gelatin sections measured. This aluminum absorber 
reduced the count rate of the chlorine-36 sample by 
about 30yo compared to the sample counted with no 
absorber. Since the change in count rate was 
19,000 c.p.m., it was thought that adequate sensi- 
tivity of detection of small differences in thickness 
might be achieved with the isotope. The densities 
of aluminum and gelatin are approximately equal ; 
the change in count rate with gelatin sections with 
thickness was expected to  be of a similar magnitude. 
The count rate of the phosphorus-32 sample was not 
appreciably diminished by the same aluminum ab- 
sorber. 


Preparation of Radioactive -.-A stainless steel 
capsule dipping pin. obtained from a producer of 
hard gelatin capsules, was used to  contain the 
source. A cavity was drilled into the tip of a pin 
7/:,2 in. in diameter and ' /s in. deep. Since chlorine- 
36 is normally supplied as radioactive HCI, it was 
necessary t o  prepare a suitable insoluble salt of the 
acid. A 4.092 aqueous solution of mercurous nitrate 
containing 1.07& nitric acid was prepared. The 
labeled HCI was added to  this solution. The mer- 
curous chloride precipitate that formed was heated 
on a steam bath for 1 hour. The supernatant liquid 
was then tested for completeness of precipitation, 
and the volume was reduced to about 1.0 ml. The 
remainder of the liquid was allowed to  evaporate a t  
ronm temperature, resulting in large crystals of 
labeled mercurous chloride. The radioactive ma- 
terial was mounted in the tip cavity of the pin and 
was sealed in place with label glaze.' 


Gauging System.-The normal thickness gauging 
system consists of a source, a detector, and an 
amplifying and recording system (4). The system 
used in this study may be divided into these parts as: 
source, chlorine-36 with an average count rate of 
73,OOO c.p.m. with the detector 2.5 cm. from the 
source; detector, anthracene crystal with a suitable 
photomultiplier and preamplifier (see Fig. 1); and 
amplifying and recording system, (a) RIDL model 
. .  


I Fisher Scientific CII., Chicago. Ill.  


TABLE I.-THICKNESS AND WEIGHT PER UNIT AREA 
MEASUREMENTS OF GELATIN SECTIONS, SERIES 10 


Wt ./Unit Beta 


Sample mg. cm.9 mg./cm.P ness. in. c.p.m. 
Wt. ,  Area, Area, Thick- Count.o 


1 38.7 2.654 14.243 0.0043 54,500 
2 35.8 2.624 13.643 0.0039 56,091 
3 34.1 2.448 13.930 0.0042 55,061 
4 42.7 2.752 15.516 0.0047 52,612 
6 38.0 2.614 14.537 0.0045 53.093 
S 31.8 2.639 14.324 0.0043 541i22 
7 39.1 2.827 13.831 0.0045 53,280 
8 39.1 2.862 13.662 0.0040 56,124 
9 39.8 2.995 13.289 0.0042 54.682 


10 36.0 2.576 13.975 0.0043 54;070 
11 37.5 2.719 13.792 0.0043 54,528 
12 39.1 2.690 14.535 0.0043 54,290 
13 37.8 2.738 13.806 0.0040 55,416 
14 40.7 2.794 14.567 0.0042 54,782 
15 46.3 3.181 14.555 0.0045 53.843 ~. 


16 38.6 2.608 i4.80i 0.0044 541166 
17 40.2 2.907 13.829 0.0040 55,242 
18 37.9 2.924 12.962 0.0039 56,373 
19 38.0 2.723 13.955 0.0043 54;605 
20 39.1 2.608 14.992 0.0043 53.757 
21 36.0 2.693 13.368 0.0041 54i522 
22 34 2 2.500 13.680 0.0040 55,548 
23 39.1 2.818 13.875 0.0044 54,125 
24 38.7 2.854 13.560 0.0040 55,171 
25 39.6 2.884 13.731 0.0040 55,108 


u One 3-minute count was taken for each 


so that the corners were right angles. The sections 
were then weighed and measured with vernier cali- 
pers. The weight per unit area of each section was 
calculated from these data. The sections were 
placed over the radioactive source and a 3-minute 
count taken. A 1-minute count was also taken to 
observe differences in counting time weisus count 
rate. After these measurements were made, a hand 
micrometer was used to  measure the thickness of the 
sections to the nearest 0.0001 in. Twenty-five sec- 
tions were measured and represented one series. 
The capsules used in this study contained 7.001yo 
moisture as determined by Karl Fischer titration of 
1-Gm. samples. 


2 Radiation Instrument Development I.ab.. Northlake. I l l .  
3 Minneapolis-Honeywell Regulator Co., Philadelphia, Pa. 
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TABLE II.--EVALUATION OF GELATIN THICKNESS MEASUREMENTS (COUNTS PER MINUTE versus WEIGHT 
PER UNIT AREA) 


- - 
Slope, Intercept, 1 testc for 


1 14.3982 53,759.84 1,177.452 70,712.95 0.90427 319.957 -0.65253 
2 14.2453 53,810.92 1,149.247 70,182.02 0,72794 454.216 -0,14401 
3 14.3576 53.827.40 1.497.2-56 75.324.60 0.918.56 362.708 -4.&?426 


sb Slopes 
X, Y, 


Series rngJcm.2 c.p.m. c.p.m./mg./cm.l c.p.m. ffxa 


~ . ~ ~ . .  _ . ~  , - - -  ~-~ -~ 4 14.2525 53:999.36 i,ii7.174 69i922.08 0.72984 392.863 0. i3098 
5 14.2006 55,250.00 1,066.583 70.396.12 0.80076 549.981 0.47095 
6 14.1034 541601.88 1,224.573 71i872.52 0.90114 489.658 -0.85850 
7 14.2530 54.798.08 1.129.886 70.902.35 0.80935 751.861 0.00748 
8 14.3250 541653.40 1i004.431 69i041.87 0.59880 401.806 0.94516 
9 14.0901 55,087.00 1,007.208 69,278.68 0.64103 521.677 0.76226 
10 14.0383 54,603.64 1,126.230 70,414.00 0.56601 674.186 0.02118 
11 14.0035 55.000.68 1,091.325 70.283.05 0.77976 451.454 0.34501 
12 13.9992 55i152.84 .983.939 681927.20 0.80347 325.252 1.81982 


a Standard deviation of X. b Standard error of estimate for the universe. c Critical region for I test: f2.069 for a = 
0.05 and n - 2 degrees of freedom. 


RESULTS AND ANALYSIS 
Using gelatin sections cut from the walls of the No. 


000 hard gelatin capsules, 12 series (replications) of 
determinations were made, each series involving 
measurements of 25 different gelatin sections. The 
measurements taken on each of the 300 sections in- 
cluded weight of the section, area, calculated weight 
per unit area (mg./cm.2). thickness using a microm- 
eter, and a 3-minute count of the section over the 
radioactive source. The average count rate for the 
beta source was 73,288 c.p.m. in air. Representative 
data as exemplified by series 10 are shown in Table I .  
With the least squares method, two separate regres- 
sion curves were determined for each of the 12 series, 
one in which X (measured thickness) was in mg. per 
cm.2, and the other in which X was in inches ( Y in 
both cases was the corresponding beta count of the 
section). The necessary calculated values are sum- 
marized in Tables I1 and 111. The regression curves 
of Series 1, 2, 3, and 4 are shown in Figs. 2 and 3. 
I t  should be noted that the individual points are not 
shown because of the great degree of overlapping 
that would result in showing 100 close packed points. 
For this reason Tables I1 and I11 also include the cal- 
culated intercepts for verification of the regression 
curves. 


Nuclear Method Based on Weight/Unit Area.- 
In Table I1 the slopes of the various regression 
curves were summed; the mean slope was deter- 
mined to be 1,131.275 c.p.m./mg./cm.2. The 
standard deviation of the slopes was calculated using 
the equation (9) 


and was 130.480 c.p.m./mg./cm.*. Only the slopes 
of Series 3 and 12 did not fall within one standard 
deviation of the mean slope. A hypothesis was pro- 
posed to  test the calculated slopes against the mean 
of these slopes. To test the hypothesis that each 
slope was either equal or not equal to  the mean 
slope, the following equations were used along with 
the standard deviation of the X parameter of each 
series calculated using Eq. 1 (9) 


Standard error estimate for the universe 


Hypothesis test for the slope 


Only the slope for Series 3 could reject the hypothesis 
that the mean slope was not the true slope for an 
alpha error of 0.05. 


Because of the number of  measurements involved, 
i t  was felt that a composite curve could indicate the 
ability of the method to detect differences in gelatin 
thickness. Figure 4 represents the average slope 
and intercept for the 12 series. Using the mean 
slope, it would indicate that a change of 1 mg./cm2 
would result in a change of 1,131 c.p.m. I t  must be 
remembered that these sections were not absolute 
standards, but samples prepared from market pack- 


TABLE III.-EVALUATION OF GELATIN THICKNESS MEASUREMENTS ( COUNTS PER MINUTE versus 
MICROMETER) 


- 
Slope, Intercept, f test c for 


Series X. in. c.p.m. c.p.m./in. c.p.m. ff*a s b  Slopes 
Y, 


1 0.004352 53,759.84 334.391d 68,312.68 0.000344 290.401 0.00703 
2 0.004256 53,810.92 344.068 68,454.53 0.000255 334.217 1.22316 
3 0.004300 53.827.40 447.773 73.079.07 0.000309 381.407 -2.89425 
4 0.004252 53;000.36 335.684 68i265.55 O.OOO252 726.896 0.70087 
5 0.004180 55.250.00 434.167 73.398.16 0.000219 350.185 -1,81397 S 0.004192 54:60i.88 45i.ii8 73:5i2.73 0.000261 303.279 -3.21956 
7 0.004276 54,798.08 356.267 70,032.04 0.000257 354.829 0.71996 
8 0.004304 54,653.40 326.981 68,726.68 0.000207 243.802 2.08703 
9 0.004152 55.087.00 371.160 70.497.56 0.000200 354.962 0.14162 
10 0.004224 541603.64 409.651 71i907.04 0.000208 357.236 -0.97618 
11 0.004176 55,000.68 361.472 70,095.74 0.000252 293.510 0.63119 
12 0,004156 55,152.84 341.440 69,343.10 0.000232 312.637 1.28712 


o Standard deviation of X. b Standard error of estimate for the universe. c Critical region for f test: f 2 . 0 8 9  for a = 
0.05 and n - 2 degrees of freedom. d Inches X 10-6. 







Fig. 2.-Beta thickness measurements of gelatin 
sections, X in rngJcm.4; Series, 1, 2, 3, and 4. 
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Fig. 3.-Bet;r thickness measurements of gelatin 
sections, X in inches; Series 1, 2, 3. and 4. 


ages of gelatin capsules, and some degree of varia- 
tion in thickness from one end of the section t o  the 
other end was periodically observed. This would 
affect the weight per unit area determinations, 
micrometer readings, and correlation t o  beta ac- 
tivity. Also, all measurements were not made 
under a controlled environment. At  least a degree 
of  the variation seen in the data may simply be 
attributed t o  sample variation as it exists in capsules 
marketed today. 


Nuclear Method Based on Micrometer Thick- 
ness.-From Table I11 the slopes of the various 
regression curves were summed and the mean slope 
was 3i6.181 X lo4 c.p.m./in. (376.181 c.p.m./l X 
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10-4 in.). The standard deviation was calculated 
using Eq. 1 and was 44.635 X lo4 c.p.m./in. It may 
be stated that the slopes from Series 3,5,6,  and 8 did 
not fall within one standard deviation of the mean 
slope, but all slopes did fall within two standard 
deviations. The slopes were tested against the mean 
slope using the same t test mentioned in the previous 
section. The slopes that rejected the hypothesis 
that the mean slope was not the true slope were 
from Series 3, 6, and 8 for an alpha error of 0.05. 


:A composite curve was also prepared for this set of 
12 series. Figure 5 is the result of the average of the 
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Fig. 4.-Beta thickness measurements of gelatin 
sections: mean of all series of count rate versus 
weight per unit area. 
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Fig. 5.-Beta thickness measurements of gelatin 
sections: mean of all series of count rate versus 
micrometer reading. 
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Fig. 6.- Visual recording of beta thickness measurements of gelatin sections, Series, 10. Key: A, source 
count rate with air; B, count rate with gelatin section over source; and C, sample being changed. 


slopes and intercepts. One difficulty in the use of a 
band micrometer is that the degree of pressure ap- 
plied to  the gelatin section may vary from measure- 
ment t o  measurement and from day t o  day. In 
addition, the micrometer reflects the thickness at 
only one point on a place surface, which would 
almost certainly not be the area on the surface 
measured by the collimated beta beam. However, 
only Series 6 shown in Table I11 fell far outside the 
critical region of the t test. 


Visual Observation of Beta Thickness Measure- 
ments.-During the normal operation of the radio- 
isotope counting equipment measurements were also 
recorded on chart paper using a 50-mv. recorder. 
Figure 6 is an example of a simultaneous measure- 
ment obtained with the auxiliary recording equip- 
ment of capsule thicknesses of Series 10. This 
clearly demonstrates the ability of the system to 
detect differences in thickness of the gelatin sections. 
Figure 6 also illustrates the possible variation in 
slopes from one series to the next because of the 
wide band of counting fluctuation. Although the 
counting times shown are 4 minutes per sample. a 
faster recorder speed could be used which would plot 
the thicknesses easily for shorter counting times. 
The speed of the recorder was 45 in. per hour. 


DISCUSSION 


The difficulties in obtaining the standard curves 
for the beta thickness gauging include the degree of 
scattering observed within each series of measure- 
ments and the lack of perfect reproduction of the 
slopes of each regression curve between series. The 
sources of error that may have contributed to the 
scattering are: (a) the small size of the sample 
which could cause errors in weighing and area 
determination of the section; (b) the variation in 
pressure when using the hand micrometer from one 
series to  another; (c) that all measurements were 
not conducted in the same working area; and (d) 
slight variations in thickness from one end of the 
gelatin section to the other. Even though these 
sources of error were present, it is felt that once a 
system is in continuous operation many more 
observations could be made in a short period of time 
to  prove the effectiveness of the method. The visual 
observation of the measurements through the use of a 
recorder clearly indicated that differences in the 
thickness of the gelatin sections could be observed. 


The advantages of the thickness gauging of gelatin 
sections by the use of a beta source of radioactivity 
are: ( a )  nondestructive testing of a hard gelatin 
capsule; (b) in-process measurement of gelatin 


capsules o< gelatin sheets when it is not possible by 
other means, resulting in quicker process adjust- 
ment should the process be out of control; (c) more 
frequent measurement of a sample with less impor- 
tance placed on human manipulations of instruments 
such as a hand micrometer; and ( d )  the in-process 
beta gauging thickness testing technique might be 
incorporated into a system of automatic process 
control. The radioactive source containing pin 
used in this study could also be used in the routine 
laboratory testing of thickness of hard gelatin cap- 
sules as well as for in-process control. This pin 
method would be ideal for the thickness measure- 
ment of the capsule tips and the capsule walls. 


The procedures outlined in this paper could also 
be applied to  the development of isotope methcds 
(isotope selection and procedures design) frr thick- 
ness determinations of other pharmaceutical ma- 
terials, such as bandage materials and assorted 
pharmaceutical films. 


CONCLUSIONS 


It was possible to  detect differences in the thick- 
ness of wall sections of hard gelatin capsulis by beta 
absorption measurements from 12 series of 25 
measurements each when the measurements are 
based on weight per unit area or thickness in inches 
versus beta count. 


In  the measurements based on the weight per unit 
area, a change of 1 mg./cm.a was indicated by an 
average change in beta count of 1,131 c.p.m. 


A change of 0.0001 inch was indicated by an 
average change in beta count rate of 376 c.p.m. in 
the measurements based on thickness in inches. 


The ability to  detect differences in thickness of 
the wall sections of hard gelatin capsules was clearly 
shown by a simultaneous visual observation with a 
recorder. 
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rnl.). The solution was warmed to 65". and di- 
ethylan!innethanol(l.24 Chi.)  in anhydrous benzene 
(50 ml.) was slowly added dropwise; no visible reac- 
tion was observed. The reaction mixture was re- 
fluxed for 4 hours at 65'. After this time, the hydro- 
chloride salt which had precipitated was removed 
by filtration, washed with two 50-ml. portions of 
anhydrous benzene, and dissolved in absolute 
methanol (100 ml.). Anhydrous ether was added 
until the solution became slightly cloudy; the solu- 
tion was then storedin a refrigerator (6") for 24 hours. 
The product was recrystallized twice using the above 
procedure. The reddish orange crystals which 
formed (1.03 Gm.) melted a t  184-185' uncorrected. 
The product was not subjected to  further purifica- 
tion. After drying under reduced pressure in the 
presence of a drying agent, the product melted at 
184-185" uncorrected. 


AnaL-Calcd. for &HIIN~O&: C, 46.99; H, 
5.89. Found: C, 47.43; H, 6.51. 


Yield, 1.02 Cm. (25%). 


CONCLUSION 


The synthesis and chemical investigation of some 
alkyl and aminoalkyl esters of p -  and m-azobenzene- 
disulfonic acid have been reported. Two homol- 
ogous series of dialkyl esters ranging from dimethyl 
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to dibutyl and the hydrochloride salts of bis-(2- 
di - n - butylaininoethyl) - rn - azobenzene - 3:3'- 
disulfonate and bis-(diethylaminoethyl)-p-azoben- 
zene-4:4'-disulfonate are reported. Discussion and 
references leading to the preparation of p -  and m- 
azobenzenedisulfonic acids and their chlorides, 
metallic salt, and amide derivatives are also pre- 
sented. The compounds were not subjected to 
pharmacological evaluation. 


REFERENCES 


( I )  Stern, S . ,  and Taub. A,. THIS J O U R N A L .  28, 1032( 1939). 
(2) Ludwig, B .  J., and Schmelkes, F. C.. U .  S .  pat. 


2,426,313 (August 16, 1947). 
(3) Scudi. J. V.. J .  A m .  Chein. Soc.. 59, 1490(1917) 
(4) Trefouel, J . .  Trefouel. Mme. J.. Nitti. F., and Bovet. 


D.. Compl. Rend. SOC. Biol., 120, 756(1935). 
(5) Elson. L. A.,  and Warren, F. L.,  Biachcnr J . ,  38, 151 


(1944). 
(6) Walter, W. C., "Synthesis of Some Alkyl  and Amino- 


alkyl Esters of Azobenzenedisulfonic Acid." Master of Science 
Thesis. University of Colorado, Boulder. 958. 


(7) Pearl. 1. A,. J .  Olg.,Cham.. 10, 205(1945). 
( 8 )  hlahrenholtz and Gilbert. Ann. .  202. 331(1880). 


Limpricht, H., 1 
Moser, C.. ibid. ,  11. ' 
l a b .  Z. Eleklroci 


(15) Limpricht. H . ,  Ber..'14; 1356(1881). 
(16) Ibid. ,  15, 1155(1882). 
(17) Laar. C.,  abid.. 14, 1928(1882). 


Stability Patterns of Vitamin A in Various Pharmaceutical 
Dosage Forms 


By J. THLJRg CARSTENSEN 


Data resented show that the logarithm of the 
pseufo first-order rate constant for the degra- 
dation of vitamin A when moisture is abun- 
dantly present is linearly related to  the water 


vapor pressure. 


T HAS BEEN established by us through numerous 
experiments that vitamin A in oil solution, 


when stored under an inert atmosphere, follows (a) a 
pseudo first-order degradation scheme and (a) lends 
itself to conventional Arrhenius plotting according 
to Garrett (1). This is exemplified in Figs. 1 and 2. 


I t  has also been established that vitamin A acetate 
and palmitate encased in gelatin, acacia, and like 
substances, upon tableting into conventional un- 
coated tab'ets and/or chewable tablets, follow a 
similar pattern, provided that extrusion is allowed 
for. 


While these facts are easily explained on a ther- 
modynamical basis, we have encountered the somewhat 
surprising phenomenon that in the case where moisture 
is abundantly @resent, the logarithm of the pseudo first- 
order rate constant ( k )  is  linearly related to the water 
vapor pressure ( p ) .  This holds true for water-. 
micelle systems of vitamin A palmitate and also 
vitamin A acetate and palmitate beadlets in sugar 
coated tablets (see Figs. 4 and 5). To verify the 
better fit of a straight line (e.g., the data in Fig. 4). 
the least square fit lines were drawn ( a )  with respect 
to  y = log k = f (1/T) (T being absolute tempera- 
ture) and ( b )  y = log k = f ( p ) .  The sum Z (y f  - 
a xi  - p)*  = 9 is not, in this case. of good com- 


Examples of this are shown in Fig. 3. 
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parative measurement because of the different 
abscissa; however, the relative standard deviation 
of the slopes (a) calculated in cases (a) and ( b )  give 
relative coniparisons of which abscissa gives the 
best linear fit. 


The values Sa/a ( I / T )  = 0.485./3.463 = 0.14 and 
S,/a (P) = 0.000479/0.0132 = 0.036 demonstrate 
numerically what is obvious to visual inspection. 
The important qualitative fact is that in the case of 
f ( l /T)  the intermediate points lie below the ter- 
minal line segment, whereas in case off(p)  the points 
scatter, implying curvature for f ( 1 / T )  but not for 
f (p). There is no ready thermodynamic explana- 
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base, 500,OOO units/ml., stored under nitrogen in 
glass bottles. Plot shows per cent potency retained 
as a function of hours a t  140" C. 
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first-order rate constants of vitamin A palmitate 
beadlets in dry-slugged, mannitol-base, multi- 
vitamin chewable tablet. Log k is plotted against 
reciprocal absolute temperature. 


Fig 4.-Plots 
of the pseudo 
first-order rate 
constant (k = 
month-') for vi- 
tamin A palrni- 
tate beadlets in 
sugar - coated 
tablets. Dotted 
lines are rermlar 
Arrhenius ;lots 
(1/T scale); full 
linesarelog k ws. 
watervapoipres- 
sure (p-scale). 
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first-order rate 
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tate oil in a mul- 
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tion for this. Attempts to relate ( a )  the absolute 
temperature to the water vapor pressure in the 
Arrhenius equation or (b l  relate the water activity 
to the water vapor pressure lead to  equations pro- 
portionalizing log k to log p not p. 


The more deep rooted explanations to  this will be 
the subject of subsequent publications 
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,t1-(~t-Phenyl-c~-3-thenylacetoxy) Ethyldimethylsulfonium Bromide 
as a Potential Antispasmodic 


By HEINO A. LUTS*, W. A. ZUCCARELLOJ, J. F. GRATTANJ, and W. LEWIS NOBLES 


I0 
s,CH3 


'CHI, 


A comparative structure-activity evaluation 
was made to determine the potentiality of 3- 
rnethylthiophene as a possible active isoster 
of an agent which has demonstrated marked 


N 1953, PROTIVA and Exner ( 1 )  reported on the I spasmolytic activity of the sulfonium compound, 
thiospasrnin. 
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thiophene analogs should include the 3-substituted 


antispasmodic activity. H-C-COOCH2CH2-S 


$ ph~maro~ogical  were made by these authors at suggested that a structure-activity study involving 
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Effects of Centrally Acting Drugs on Confinement 
Motor Activity 


By DAVID H. TEDESCHI, PHILIP J. FOWLER, WILLIAM H. CROMLEY, 
JOHN F. PAULS, ROY 2. EBY, and EDWIN J. FELLOWS 


A test procedure is described for use in quantitating the effects of drugs which stimu- 
late or depress central nervous system function. Motor activity of rats is measured 
b photoelectric cells while the rats are confined in a small plastic chamber. The 
c&unber is designed to permit the rats to exhibit “up and down” exploratory move- 
ments but not movement from place to place, i.e., locomotor activity. Dru s tested 
include cllffeine, d-amphetamine, phenmetrazine, methylphenidate, pipradrof, uanyl- 
cypromine, chlorpromazine, prochlor razine, triiluoperazine, and chlordiez- 
epxide. Advantages of the test i n c l u g a  high de tee of reproducibili selec- 
tivity, and sensitivity. Two of the drugs mentione$, namely caffeine anptranyl- 
cypromine, were especially potent by this test, in  spite of the fact that they are essen- 


tially inactive by the conventional photoelectric cell locomotor activity test. 


NE OF THE more useful test procedures 0 available for quantitating the effects of 
drugs on animal behavior involves measurement 
of alterations in motor activity. In general, 
the value of a particular motor activity measuring 
device resides in its sensitivity, selectivity, and 
reproducibility. Devices which utilize the photo- 
electric cell counter, first introduced for this 
purpose by Winter and Flataker (I) ,  have proven 
to be both selective and reproducible for measur- 
ing changes in locomotor activity, i.e., movement 
of animals from place to place. Such devices 
have, however, proven to be of little value in 
quantitating the effects of known central nervous 
system stimulants such as caffeine or tranyl- 
cypromine, which cause only minor overt changes 
in locomotor activity. To quantitate the 
stimulant effects of these compounds it was 
necessary to exaggerate their influence on motor 
activity. This was accomplished by restricting 
the locomotor activity of rats through confine- 
ment in a photoelectric cell activity chamber 
small enough to permit “up and down” move- 
ments of the animals, but not movements from 
place to place. This report is concerned with the 
effects of a variety of drugs on such “confinement 
motor activity” and describes the advantages of 
this approach for the evaluation of drugs in- 
fluencing animal behavior. 


METHODS 


All experitnetits were perfornictl on adult tii:rlc 
albino rats (150-250 Gm.) of the Sl)rdguC-l)dWk!y 
strain. All of the drugs tested werc adtnitiistercd 
by the oral route and were tested at their time of 
peak activity as determined by the confinement 
motor activity (CMA) test. Drugs tested included 
chlorpromazine (Thorazine]), prochlorperazine 
_. - 
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Fig. l.-Schematic diagram of an individual photo- 
electric cell counting chamber. 


(Compazinel), trifluoperazine (Stelazinel), chlor- 
diazepoxide (Librium’), caffeine, d-amphetamine 
(Dexedrine’), phennietrazine (Preludina), methyl- 
phenidate (Ritalin‘), pipradrol (Meratran’), and 
tranybyprornine (Pamatel). Motor activity was 
measured as follows. 


APPARATUS 


The device employed for the measurement of 
changes in motor activity is illustrated in Figs. 1-3. 
It consists of banks of five plastic chambers. The 
dimensions of each chamber are 4.25 X 4.25 X 6 
in.6 They are constructed of 0.25-in. thick clear 
plastic. Each plastic chamber is enclosed in a 
separate rack. Attached to this rack are t w o  
photoelectric cells and two light sources for each 
chamber. The center of each light source is 4.75 
in. from the base of the chamber and 1.5 in. in 
froin each side of the chamber. The centers of the 
light sources are thus approxitnately 1.25 in. apart 
in the same plane. Each pair of photoelectric cells 


a Trademark of Roche Laboratories Division, Hoffmann- 
LaRoche. Inc. 


a Trademark of C e i  Company, Inc. 
4 Trademark of Ciba Pharmaceutical Products, Ioc. 
5 Trademark of Wrn. S. Merrell Company. 
6 In a preliminary series of experiments the height of the 


light heams and size of the plastic chambers were varied. 
On the basis of the results from these experimenls the param- 
eters described above were selected as being optimal in terms 
uf muximum sensitivity and reproducibility. 
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for a period of 25 minutes rather than 16 minutes. 
This test interval is based on a series of experiments 
performed on d-amphetamine which is described 
under Results. Only counts taken during the last 
10 minutes of this 25-minute period are evaluated. 
The stimulant dose-200 (SDw) is defined as the 
dose of drug which causes a 200% increase in the 
average 10-minute counts of treated rats, over and 
above the average 10-minute count of control rats 
tested concomitantly. 


Procedure for Statistical Analysis of Data 
Graphs were made for each of several drugs by 


plotting the mean count of activity at each dose 
against log dose. The resulting log dose-response 
curves were consistently concave upward. Further- 
more, it was noticed that there was a delinite tend- 
ency for the variability of the activity counts to 
increase as the mean activity count increased. 
These two observations suggested that a transforma- 
tion of the activity counts would be necessary for 
proper analysis of the data. A logarithmic trans- 
formation provided dose-response curves of satis- 
factory linearity and uniformity of variability 
among daerent groups. 


For each drug a straight line was fitted to the 
mean log activity counts VMSUS log dose by the usual 
least-squares procedure. The parameters of thii 
straight line and the mean log activity count of the 
control group were used to estimate the dose of the 
drug which would produce the desired change in 
activity from control counts by means of the 
following fomulas: 


Fig. 2.-Photograph of a bank of five photoelectric 
cell counting chambers. 


is connected to a single counter so that interruption 
of one or both light beams resnlts in a single count. 
The top of each chamber is closed with a Wire 
screen. A weight is attached to the screen to 
prevent the rat from raising it. A tray covered 
with paper is fitted under each bank of five cham- 
bers. The paper is changed after each occupancy 
to maintain an environment as constant as possible. 
Two hinged lids, one covering the front and one the 
back of each bank of five chambers, are closed to 
provide a minimum of light input from the room 
and to cut down distraction for the animals placed 
in the individual chambers. 


Procedure for Testing Compounds Effecting a 
Reduction in Motor Activity 


A group of 70 rats is randomly divided into seven 
groups. Five groups containing 10 rats each are 
treated with various doses of the drug under in- 
vestigation. The sixth and seventh groups con- 
taining 10 rats each are pooled to make a group of 
20. These are treated with equivalent volumes of 
the vehicle employed, water or tragacanth depending 
on solubility of the drug, and serve as controls. 
A t  the time of peak drug dect, determined by this 
same procedure, the rats are placed in the activity 
counting chambers for a period of 15 minutes. 
This test interval was selected on the basis of a 
series of experiments on chlorpromazine which is 
described under the Results section. The depressant 
dose-50 ( DDW) is defined as the dose of drug effective 
in reducing the average 15-minute counts of the 
treated rats to 5 0 ~ o  of the average lbminute counts 
of the control rats tested concomitantly. 


Procedure for Compounds Producing an Increase 
in Mowr Activity 


The procedure is similar to that described for 
motor activity depressants, except that the rats are 
placed in the chambers 15 minutes before the time 
of peak drug effect and are kept in the chambers 


1 


or 
- 0.30103 - a 


b . r c ~  = log DDm = 


In these formulas j,, is the mean log activity count 
of the control group, a is the intercept, and b is 
the slope of the fitted straight line; 0.47712 is log 3 
and 0.30103 is log 2. The form of this estimate 
made possible the use of Fieller’s theorem (2) to 
calculate fiducial limits for the log SDw or log DDw 
and thus for the SDm or DDM itself. Application 
of this theorem resulted in the following formula for 
the fiducial limits: 


! 


Fig. 3.-Wuing dm- 
gram for photoelectric 
ccll and counter cir- 
cuitry. 
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In this formula x refers to log dose; it is assumed 
that k doses were tested with ni animals receiving 
the ith dose and n. animals in the control group; 
X is thus the mean log dose tested. The symbol s 
stands for the pooled within-group standard devia- 
tion of the log activity counts. The symbol t 
stands for the value of Student's 6 with degrees of 
freedom appropriate to s and at the chosen signifi- 
cance level (for our purposes this was the 5% 
level). SS. is customarily known as the corrected 
sun1 of squares for log dose and is computed as 
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terms have been defined above. In accordance 
with common practice, g was ignored if its value 
was 0.05 or less, and this resulted in the following 
simpler formula for the fiducial limits: 


where xi is the logarithm of the ith dose. The 
term g is computed as 


g = t2st/baSS. 


It provides an indication of the significance of 
the slope of the dose-response curve, and all of its 


Although either of the fiducial limit formulas can 
be simplified somewhat in particular situations, 
the form in which they are presented here applies 
to any spacing of the doses and any inequality in 
number of animals per dose. 


RESULTS 
Determination of Optimum Periods of Both 
Acclimation i n  the Chamber and Actual Testing 
in the Chamber 


Two Series of trial experiments, each consisting of 
seven different tests, were performed on d-amphet- 


TABLE I.-~NFLUENCE OF VARYING ACCLIMATION PERIOD AND TEST PERIOD ON SD2w OF d-AMPHETAMINE 


Ratio: 
Upper Confidenee 


Limit 
Acclimation Lower Cwfidmce 
Period, Min. Test Period, Min. SDm (Q5% Piducid Limits) mg./Kg. Oral Limit 


None 0-15 12.6 (2.5 to2800) 1,032.0 
2.7 (0.9 to 17.5) 19.2 
4.1 (1.1 to87.3) 80.8 
7.1 (1.5 to 517.8) 340.6 
5.2 (0.9 to 4899) 5,512.0 
l.i'(O.6 to 10.3) 17.4 
7.7 (0.2 to302.5) 1,681 .o 


Sone 


5 


15 


0-25 


G15 


16-25 


None Ratio of 
16-25 min. count 
0-5 nlin. count 


_ _ _  .- 


2.2 (0.8 to 11.0) 
1.0 (0.4 to 2.9) 
1.6 (0.6 to 5.6) 
2.7(0.9 to21.7) 
2.0 (0.5 to32.5) 
0.8 (0.3 to 2.8) 
2.4 (0.9 to  11.9) 
0.7 (0.2 to 5.2) 
0.7 (0.2 to 2.5) 
1.1 (0.4t04.5) 
1.5 (0.6 to 6.5) 
0.9 (0.3 to 5.2) 
0.8 (0.3 to 3.3) 
1.4 (0.5 to 9.3) 


13.7 
6.2 
8.7 
25.3 
62.5 
8.0 
13.4 
31.7 
11.2 
11.3 
11.1 
19.3 
12.2 
21.7 


0.17 (0.04 to0.46) 10.7 
0.24(0.1lto0.47) 4.1 
0.46 (0.23 to 0.93) 4.0 
0.44 (0.22 to  0.93) 4.3 
0.39 (0.05 to  0.89) 16.3 
0.19 (0.06 to 0.47) 4.4 
0.36 (0.15 to  0.80) 8.4 
0.063 (O.ooo03 to  0.3'3;3tL) 12,528.8 
0.128(0.0268 to 0.3519) 13.1 
IJ . CrlO (0.274 to 1 .(X2) t i .  1 
l).;wJ (0.152 to 0.XIO) 5.3 
0.249 (0 0 0 5  l o  4 ,379X) 9.418.1 
0.1687 (0.010 t o  I Z i 6 X )  1,241.3 
0.2476 (0.0528 to 0.8083) 15.3 
0.0571 (I).rn to 0.2950) 1,011.0 
0.1238 (0.0308 to 0.3142) 10.2 
0.6044 (0.2988 to 1.2956) 4.3 
0.3211(0.1377to0.6949) 5.0 
o.%i (0.0030 to i.6679j 
0.1387 (0.0034 to  0.7203) 
0.2291 (0.0635 t00.6228) 


552. G 
209.0 
9.8 
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PERIOD AND TBST PERIOD ON DDw FOR CHLOR- 
TABLE II.-INFLVBNCB OF VARYING ACCLIMATION 


PROMAZINE 


Ratio: 
U pcr 


Congdeoce 
l imit  
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which reduce motor activity may be tested against a 
background of increased activity and, conversely, 
drugs which increase motor activity may be tested 
against a background of markedly redcced activity. 
These alterations in baselme activity are more or 
less “physiological” in nature in contrast to increases 
or decreases in baseline activity which are brought 
about by drug treatment, nociceptive stimulation, 
etc. Another, perhaps more practical, advantage of 
this test method is the compactness and relatively 
small cost of the equipment involved. Ten CMA 
testing chambers cost about the same as two con- 
ventional photoelectric cell counting chambers; 
the latter are 13 in. in diameter and contain six 
light sources and six photoelectric cells. Similarly, 
10 CMA chambers occupy the same amount of 
space as two conventional counting chamhers. 


The stimulant effects reported for caffeine and 
tranylcypromine testify to the enhanced sensitivity 
of the CMA test procedure. Ca5eine was tested 
previously in doses of 5 to  350 mg./Kg. by the 
conventional photoelectric cell method (Tedeschi, 
unpublished observation) and was ineffective in 
producing an increase in lccomotor activity. In- 
deed, a graded decrease in activity was observed in 
doses of 100 to 400 mg./Kg. This is in sharp 
contrast to the 200% increase iaused by caffeine 
in the CMA test at a dose of 5mg./Kg. Similarly 
Green and co-workers (3) reported that daily 
administration of tranylcypromine to rats in a dose 
of 5 mg./Kg. twice a day failed to produce a con- 
sistent or significant effect on motor activity. 
These workers employed the conventional photo- 
electric cell counting chamber described above. 
As shown in Table 111, an oral dose of 5 mg./Kg. 
of tranylcypromine in the CMA test was effective 
in producing a 200% increase in activity. 


d-Amphetamine was especially potent in the 
CMA test. Its SDM of 0.24 mg./Kg. makes it at 
least 10 times as potent as any of the other stimu- 
lants tested. It is of interest that in the conven- 
tional motor activity test, an oral dose of 5 mg./Kg. 
of d-amphetamine induces only a 40% increase in 
activity (Tedeschi, unpublished observations). 


Acclimation Test LOW- 
Period, Period, DD.w (9570 Fiducid Confadame 
Min. Min. Limts) mn./Ks. Ord Limit 


None 0-15 3.8 ( i . 9 0  7.2) 3 .8  
5 .0(2.2 to 11.4) 5.1 
4.8 (2.5 to 9.0) 3.6 
6.4 (3.0 to 14.4) 4.8 
3 .8  (1.7 to 7.8) 4 .5  
6 .2  (3.0 to 13.1) 4.3 
3 .0  (1.4 to 6.0) 4.2 


5 6-15 4 .5 (1 .5  to 13.5) 9.0 
5.0(1.1 to21.8) 19.0 
3.8 (1.2 to 6.9) 3 .5  


2 .6  (0.8 to 7.0) 9 . 3  


2 .0  (0.8 to 4.6) 5 .9  


6.1 (2.7 to 14.4) 6 .3  


6.4 (2.4 to 18.3) 7.7 


amine and chlorpromazine, respectively. Rats 
treated orally with various doses of d-amphetamine 
were placed in the chambers 15 minutes after drug 
administration; counts were then taken at &minute 
intervals for a total of 25 minutes. Rats treated 
orally with various doses of chlorpromazine were 
placed in the chambers 270 minutes after drug 
administration. Counts were also recorded for these 
animals at &minute intervals for a total of 25 
minutes. In both instances groups of 20 control 
rats were tested concomitantly. 


Mean counts, averaged for the seven tests, were 
determined for each dose of drug tested for each 
interval analyzed. In addition, the ratios of mean 
counts for two different intervals, again averaged 
for the seven tests, were also determined. The 
mean counts for a specific interval or the ratios of 
mean counts for two different intervals were then 
plotted against log dose and evaluated graphically. 
On the basis of this preliminary analysis several 
intervals or ratios of intervals which demonstrated 
a reasonable dose-response relationship were selected 
for a detailed statistical analysis. The results of this 
analysis are presented in Tables I and 11. It is 
apparent from the data presented that maximum 
potency with minimum variability occurred in the 
tests on d-amphetamine when the rats were accli- 
mated for a period of 15 minutes and tested 10 
minutes thereafter. In the case of chlorpromazine, 
the optimum test period was 15 minutes with no 
period of acclimation. 


A number of stimulants and depressants were 
cvaluated by these procedures; the results of these 
esperitnents are prescntcd ill Tables I11 arid IV. 
respectively. 


DISCUSSION 


The principle involved in nieasuring the motor 
activity of rats iu a restrirtcd area of movement 
hiu: several inherent advanttages. h t s  placed iii 
such an environment demonstrate exaggerated 
attitudes of behavior involving increased exploration 
during the beginning of their confinement and 
markedly reduced exploration or complete inactivity 
toward the end of their confinement. Thus, drugs 


TABLE III.-sTWULANT DOSE-200 FOR vARl f .~Us  
CENTRAL NERVOUS SYSTEM STIMULANTS 


Pretreatmeot SDm (95% Fiducid 
Compd. Time.O Mio. Limits) mg./Kg. Oral 


Caffeine 75 5.1 (1 .5 to  15.8) 
d-Amphetamine 15 0.24 (0.11 to  0.47) 
Pheometrazine 16 4 . 2  (1.7 to  9.7) 
Methylphenidate 15 5 . i  (2.5 to 9.7)’ 
Pipradrol 15 3 .0 (1 .0 to8 .8 )  
Tranylcypromine 525 5.0 (3.1 to  8.2)  


ORefers to the time after drug administration thal the 
rats were placed in the counting clvamhers. Cnnnls wcrc 
recorded during a 10-minute interval lolluwiiig a 15-miuulc 
uceliurslion priucl in the chamber. 


‘I‘ARLIZ 1 V.--.QUANTITATlUN OF THE EFFECTS ON 
CONFINEMENT MOTOR ACTIVITY OF VARIOUS 


CENTRAL NERVOUS &STEM DEPRESSANTS IN RATS 


Pretreatment DDM (95% Piducid 
Compd. Time, Mio. Limits) mp./Kg. Oral 


C hlorpromazine 270 6.8 (4.5 to 10.4) 
Prochlorperazine 270 4.3 (2.3 to  8.7) 
Tri fluoperazine 300 1.2 (0.6 to 3.5) 
Chlordiazepoxide 60 13.2 (6.6 to 25.4) 


- - -- -- 







1050 Journal of PharmacMltiCal ScitncCs 


tioned compounds, respectively, 1.0 (0.5-3.0), 3.6 
(1.9-7.3), and 6.1 (4.0-9.3) mg./Kg: Although 
the DDy's by the CMA test are consistently less 
than the DDu's by the conventional procedure, 
there is no significant difference in potency for any 
one drug between the two tests. 


REFERENCES 
(1) Winter, C. A., and Flataker, L., J .  Pharmacol. ExpU. 
(2) Finne D. J.. "Probit Analysis," 2nd ed., Cambridge 


Thnop. ,  103,93(1951). 


Univasitv fi ess. London. 1952. 


The CMA test is also effective for quantitating 
the effects of drugs which reduce motor activity. 
The sensitivity of this test for the three pheno- 
thiazines evaluated is not, however, significantly 
greater than that of the conventional photoelectric 
cell method. For example, it was previously re- 
ported (4) that trifluoperazine, prochlorperazine. 
and chlorpromazine had oral DDm's of 1.5 (0.9-5.71, 
5.3 (3.5-8.8). and 8.5 (5.2-16.5) mg./Kg. These 
doses were expressed in terms of the bases of these 
compounds and should, of course, be compared 
with their DDw's in terms of the base by the CMA 
test. Conversion of DDm's in Table IV to bases 
resulted in the following for the above-men- 


(3) Green H . Sawyer ' J I.., Erickson R. W., and Cook, 


(4) TedeJchi. D. H., Tedeschi. R. E.. and Fellows, E. J.. 
L., Proc. Soc: E&. Bior.'M'ed., 109.347(i962). 


Arch. Inlnn. Pharmacodyn., 132, 172(1961). 


Extrapolation of Appearance of Tablets 
and Powders from Accelerated Storage Tests 


By J. THURO CARSTENSEN, J. B. JOHNSON, W. VALENTINE*, 
and J. J. VANCE 


A desaiptive system for tablet and powder appearance utilizing uistimulus re- 
flectances allows formal treatment of appearances. Cases are cited where responses 


to accelerating conditions can be treated by hrhenius treatment. 


E HAVE, for a period of years, attempted to W find a standard means of describing the 
appearance of a tablet in a numerical fashion, 
and to find "average" storage times at 55,45, and 
37' which would correspond to 2 years at 25'. 
Fully realizing that this will vary from com- 
pound to compound, it is nevertheless important 
to  have a standard storage period if a large num- 
ber of compounds have to be screened for com- 
patibility with common tablet ingredients. 


Several investigators (1-4) have found dyed 
liquid or tablet decompositions to be first order 
in part or in toto, in response to light and heat 
stress. 


The question of whether a white tablet or pow- 
der mixture would adhere to such a scheme has 
been treated below by (a) visual observation and 
use of a suitable scoring system and by (b) 
reflectance measurements. 


EXPERIMENTAL. 


A s  Ijart o f  lr rwtiiic. ctmpatibility prugraiii, tlic 
compatibility of iicw iiivesligirticmal rimpouiids 
with various cscipiciits ur lubricants is tested iii 
thc followiiig iiiaiiiicr. 'The drug is tiiixcd aiitl 
ground with thc ercipicnt in questioii. a id  lralf of 
the powder mixture is transferred to glass vials 
which are plugged and sealed. To the other half 


Received November 11, 1963. from Hoffmann-LaRoche. 
Inc., Nutlry, N.  J. 
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is added 5% water, eareful mixing is performed 
in a mortar, and the moist mix is transferred to 
vials as above. The plugged aluminum sealed vials 
are wax sealed to insure an adequate moisture 
barrier. As shown in Table 11, 11 such two-com- 
pooent systems are prepared. In addition, the 
drug is set up per sc. The ratio of drug to excipient 
is 1:5 by weight, or, in the case of lubricants, 20: 1. 
The samples are stored a t  55, 37, 25, and 5' and 
observed at  various time intervals. The acceler- 
ated samples are stored a t  5' after 10 days a t  55' 
and 2 months at 37" to enable retrieval of the 
sample at  later times for further comparison. 


The following Scoring system is used: 
Degree of Cdor.-I, Unchanged; 2, hardly 


noticeable darker; 3, very slightly darker; 4, slightly 
darker; 5, darker; 6, much darker (color change). 
When change toward lighter color occurs. a similar 
scoring system is used. 


Degree of Fineness.-& Unaltered; 2, very slight 
particle size increase, does not adhere to glass, 
flow characteristics slightly altered from control ; 
3, slight increase in particle size, movement not 
quite free flowing, and/or tendency for particks t C J  


adhere to glass; 4. definitely increased in particle 
six, but still free flowing (like a granulation); 
5. cakecl--does not move or moves as aii ciitity 
l r i i t l  discrrtc lwticks tlrtccta1)lc; 6, fluidized atid 
wliclified--iio discrete Iwticlvs tletecbble. 


In the cast of the photoiiietric rcflcctaiicc iiieasure- 
iiieuts a Color Coder1 was used. P l a t - f d  kvelled 
tablets of two different drugs (a) one contaiiring 
60 mg. of active drug per 170-mg. tablet weight 


in.) and (b) one containing 1 mg. of active 
drug per 100 mg. tablet weight (l/, in.) were ex- 


1 Automatic Control Devices, Bethel, Conn. 
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This simple study leads to manifold consequences 
which may be advantageously utilized by the 
formulator and researcher. Control of solubility 
as a function of dielectric constant variation might 
have many applications such as increasing the 
solubility of drugs by using additives such as 
sucrose or other sugars. On the other hand, de- 
creased solubility may also be useful in a kinetic 
sense. Since a drug, such as aspirin suspension, 
will only degrade depending upon the amount of 
drug in solution, decreased solubility could lead to  
increased stability to  some degree. This approach 
could be quite useful for aspirin, sulfonamides. 
antibiotics, and other common pharmaceutical 
suspensions. 


Preliminary work indicates that m e t h o d  and 
other viscosity-inducing agents in solution have 
dielectric constants higher than that of pure water. 


Journal of Phrmuceutical Sciences 


These vehicles also possess the proper consistency 
for physical suspension, stability, and palatability. 
Increased chemical stability v i a  decreased solubility 
or increased polarity (dielectric constant) is a 
definite possibility. Studies along these lines are 
being conducted in these laboratories and results 
will be reported in future communications. 
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Effects of Various Growth Regulators on Datura meteloides 
By JAMES H. BENNETT and LEO A. SCIUCHETTI 


Datnra meteloides D.C. was treated during a 4-week period with Amo-1618, CCC, 
AMAB, Phosphon, B995, and CO-11. Growth was not significantly affected by the 
treatments. The  concentration of alkaloids was increased 26  per cent in the roots of 
the Amo- 16 18 group and 17 per cent in  the roots of the Phosphon group. The total 
alkaloid content was increased 2 5  per cent in the leaf-tops of the CO-I 1 group, 32 
per cent in the roots of the Amo-1618 group, and 19per centintherootsofthe B995 
group. Increases of about 18 per cent in  chlorophyll concentration were found in 
the Phosphon, B995, and CO-11 groups. The results of a selective solvent extrac- 


tion of the leaf-tops are reported. 


UMEROUS CHEMICAL COMPOUNDS have been N recently reported to cause a marked decrease 
in stem and petiole elongation (1-9). These com- 
pounds can be conveniently classified into three 
cheniical groups, oiz., the quaternary ammonium 
compounds, the quaternary phosphonium com- 
pounds, and a few selected organic acids. Members 
of the first group include 4-hydroxy-5-isopropyl-2- 
methylphenyl trimethylammonium chloride, 1- 
piperidine carboxylate (Amo-1618), (2-chloroethyl) 
trimethylammonium chloride (CCC), and allyl- 
trimethylammonium bromide (AMAB). Reduction 
of internode length resulting in shorter plants has 
been reported in various plants by treatment with 
Amo-1618 (1-6). CCC (4, 6, 7). and AMAB (6, 7). 
CCC and AMAB have been shown to increase the 
alkaloid content of Nicotiana tabacum L. and de- 
crease that of N .  ruslica L. (6). 


A phosphonium compound which has been re- 
ported to inhibit plant growth is 2,4-dichlorobenzyl- 
tributylphosphonium chloride (Phosphon) (2, 3, 
0, 8, 9). This compound and the three aforemen- 
tioned ones are considered to be antigibberellins 
(1, 3, 6. 9-11). Lockhart (12) concludes that 
Phosphon and CCC retard stem elongation by 
partially blocking the system which provides gib- 
beerellin to  the growth mechanism. Among the 
organic acids reported to retard plant growth are N- 
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dimethylaminomaleamic acid (CO-11) and N- 
dimethylaminosuccinamic acid (B995) (13). These 
two compounds are closely related to  maleic hy- 
drazide (MH), which is considered by some to be an 
inhibitor of auxin (14,15). 


Since these compounds with reported growth- 
retarding activity had not been tested on Datura 
spp., it  was decided to determine their effects on the 
growth and synthesis of certain chemical constituents 
of Dabra meleloides. In addition, since some of 
these compounds appear to be antigibberellins and 
since gibberellin treatment generally reduces the 
concentration of alkaloids in many medicinal plants 
(16, 17), i t  was of interest to note whether a “growth 
retardant” would cause an increase in the concentra- 
tion of alkaloids of the plants. 


EXPERIMENTAL 


Procedure.-Seventy uniform plants were grown 
under greenhouse conditions in a soil mixture com- 
posed of 1 part sand, 2 parts sandy loam, and 10 Gm. 
of organic fertilizer‘ per gallon can. On July 12, 
1962. Daturas which were about 34 days old were 
labeled according to the following plan for treat- 
ment: Amo-1618-treated plants, CCC-treated 
plants, AMAB-treated plants, CO-11-treated plants, 
B995treated plants, Phosphon-treated plants, and 
control (untreated) plants. Each of the above 
groups consisted of 10 plants. On that date the 
plants were randomly arranged on a greenhouse 
bench, and treatment was instituted. Treatments 


1 Organic Morerop Chas. Lill Co Seattle Wash. Anal. 
-5% total nitrogen,’3% availaxle phosphati, 2% available 
potash. 
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TABLE  CONCENTRATION OF ALKALOIDSO IN Datum PLANT PARTS 


c-Leaf-Tops- -Stems-- -- Roots- - 
Control, Control, Control, 


Treatment mg./Gm. % mg./Gm. % mg./Gm. % 
Control 
Amo-1618 
AMAB 
Phosphon ccc 
B-995 
co-11 


4.18 ... 3.33 5.95 
3.78 90.3 3.43 103: 0 7.48 125: 6 
4 .00 95.7 3.20 96.2 6.42 107.9 
4.65 108.9 3.80 114.3 6.98 117.2 
4.55 108.9 3.32 99.9 6.13 102.9 
3.73 89.1 3.48 104.5 6.58 110.5 
4.60 110.1 3.32 99.9 6.45 108.4 


O Alkaloids were calculated as scopolamine. 


TABLE II.-ToTAL ALKALOID CONTENTO OF Datum 


-Leaf-Top- ---Stems - --Roots-- --Per Plant-- 
Control, Control, Control, Control, 


Treatment mg. % mg. % mg. % mg. % 
Control 
Amo-1618 
AMAB 
Phosphon ccc 
B-995 
co-11 


18.68 ... 13.39 15.65 47.72 


19.08 102.1 13.86 103.5 17.78 113.6 50.72 106.3 
21.43 114.2 14.78 110.4 16.12 103.0 52.33 109.7 
21.79 116.6 14.11 105.5 16.31 104.2 52.21 109.4 
17.68 94.6 13.57 101.3 18.56 118.6 49.81 104.4 
23.32 124.82 13.78 102.9 17.22 110.0 54.32 113.8 


17.50 93.7 14.89 iii:i 20.64 i3i:g 3 . 0 3  i i i : i  


Calculated from dry weight aud alkaloid aualysur data: per plant - leaf-tops + stems + roots. 
TABLE III.-CHLOROPHYLL CONTENT4 I N  LEAF-TOPS OF D d W U  Plants 


d o r o p h y l l  a- -Chlorophyll b--  
Treatment mg./Gm. Control, % mg./Gm. Control, % 
Control 
Amo-1618 
AMAB 
Phosphon ccc 
B995 
co-11 


2.54 
2.17 
2.26 
3.00 
2.64 
2.92 
2.73 


. . .  
81.9 
89.0 


118.1 
103.9 
115.0 
107.4 


2.27 
2.07 
2.09 
2.74 
2.28 
2.52 
2.23 


. . .  
91.2 
92.1 


120.8 
100.4 
111.0 
98.2 


Based upon the  enalysis of LGm. samples from a pool of 10 planta per group. 


with Amo-1618, CCC, AMAB, CO-11, and B995 
consisted of spraying the plants to  run-off with 
aqueous solutions containing lo00 p.p.m. of the 
chemicals.' Paper shields were employed to pre- 
vent the spray from contacting the soil. Due to its 
phytotoxicity when applied to  the aerial parts of 
plants (3). the Phosphon' was applied in the form of 
a soil drench. Each plant of this group received 
100 mg. of the chemical. Subsequent applications 
of the chemicals were made at weekly intervals for 
a period of 4 weeks. The habit of the plants was 
observed daily during this time. Height measure- 
ments were taken at 2-day intervals. On the day 
prior to  harvesting (August 11) the plants were 
examined for the number of flowers, the number and 
sue of capsules, the number of internodes, and the 
stem diameter. The division of the plants into 
their morphological parts at harvest time, fresh and 
dry weight determinations, pulverization, and 
storage of the powdered material were conducted in 
a manner previously described ( 18). 


Growth Eff ects.-Statistical analysis of height 
and dry weight data indicated no significant changes 


* The authorr are indebted to Dr. Paul C.  Merth Cm s 
Protection Research Branch, U.S.D.A., Beltsville. Md.. &r 
the SUDDIV of Amo-1618. CCC. AMAB. end CO-11 employed 
in thi idudy and to Dr. J. A. Riddell, Naugatuck Chemical 
Co., Bethen , Conn.. for the supply of BQQ6. 


1 The t d n i c d  grade of Phosphon was furnished through 
the eourtesy of Dr. Charler R. Donning, Agr. Chem. Group, 
Virginia-Carolina Chemical Corp., Richmond, Va. 


from the treatments. However, the B995 and CO-11 
groups were about 90 and %yo, respectively, as tali 
as controls. This would indicate slight retardation 
of stem elongation. No significant changes were 
noted at harvest time in the number of flowers and 
capsules or in the stem diameters of the variously 
treated groups. 


Analysis for Alkaloids.-The alkaloid analyses, 
performed on pooled samples by the Brummett- 
Sciuchetti method (17), indicated variable trends 
(Table I). Two extractions were made per group, 
and each group was analyzed in duplicate. When 
duplicate determinations did not agree, two further 
extractions were performed on each group. The 
concentration of alkaloids in the roots of the Amo- 
1618 group increased about 26%. Increased 
concentrations, varying from 9 to  17%, were found 
in the organs of the Phosphon group (Table I). 
Likewise, increases of approximately 10% were 
noted in the roots of the B995 group and in the 
leaf-tops of the CO-11 group. 


Total plant Alkaloids.-The total alkaloids per 
plant and per plant organ were obtained by multi- 
plying the dry weight of the plant part by the per 
cent of alkaloids obtained from the alkaloid analyses 
and expressing the results in milligrams (Table 11). 
The following increases were noted in total al- 
kaloid content: 32% in the roots of the Amo-1618 
group, 26% in the leaf-tops of the CO-11 group, 
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19:'<, in tlie roots of the B995 group, and 17% in the 
leaf-tops of the CCC group. It is of interest to note 
that all organs of the AMAB, Phosphon, CCC. and 
CO-11 groups indicated higher total alkaloid cow 
tent than the controls. 


Chlorophyll Content.-The analysis for chloro- 
phyll content was conducted by a modification (17) 
of the method described by Gjerstad (19). A mini- 
mum of two duplicate determinations was carried 
out on each sample. Although no apparent macro- 
scopic differences were observed in the green color of 
the leaves of t h e  treated groups, an effect was found 
when the leaf-tops were analyzed for the concentra- 
tions of chlorophyll a and b (Table 111). Plants 
treated with Amo-1618 exhibited a b u t  a 197; 
reduction in chlorophyll a and a 9y0 decrease in 
chlorophyll b. Decreases of a smaller magnitude 
were also found in the AMAB group. Significant in- 
creases of about 20%) were noted for both pigments 
in the Phosphon group. The B995 group detuon- 
strated a similar trend. 


Selective Solvent Extraction.-To determine the 
effects of the growth regulators on various other 
plant constituents, an abbreviated selective solvent 
extraction was performed by following the general 
sequence of solvents proposed by Dragendorff (20). 
The method employed 2-Gm. samples of dried 
leaf-tops material. This material was completely 
extracted in a Soxhlet continuous extraction ap- 
paratus with the following sequence of solvents: 
petroleuni ether U.S.P., anhydrous ether C.P. 
grade, alcohol U.S.P. (92.3f% w/w), and distilled 
water. The weights of the dry extracts were ob- 
tained by evaporation of the solvent on a water 
bath followed by oven drying at 48.5" for 24 hours. 
No significant differences were foundin the petroleum 
ether or ether extractives of the treated groups. 
However, the alcohol-soluble extractives of the 
Phosphon and CO-11 groups were increased over 
controls 37 and 25y0. respectively. The general 
trend was a higher content of alcohol-soluble ex- 
tractive in all treated groups. Increases of 18, 25, 
and 44yo were noted in the water-soluble extrac- 
tives of the CCC, Amo-1618, and CO-11 groups, 
respectively. A 17% decrease was noted in the 
Phosphon group. 


DISCUSSION AND CONCLUSIONS 


The principal response of sensitive plants to 
"growth retardants" is a reduction in internode 
length, resulting in shorter plants. Plants from all 
treated groups were shorter than controls. There 
appeared to be an apparent retardation of growth, 
indicated by the reduced height of the treated 
groups. However, when height and dry weight 
data were subjccted to statistical analysis, the dif- 
ferences were insignificant. 


An interesting aspect of the experiment was an 
increased concentraticn of alkaloids in many of the 
organs of the treated groups. The 26% increase in 
the roots of the Amo-1618 group was considered 
significant. All treated groups synthesized more 
total alkaloids per plant. The total alkaloids in 
the leaf-tops were increased about 15, 17, and 25y0 
in the Phosphon, CCC, and CO-11 groups, re- 
spectively. The total alkaloids of the roots were 
increased by all treatments. The increases of 32%, 
in the Amo-1618 group and 19% in the B995 group 
were considered significant. Previous investigations 
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demonstrated that gibberellin treatmelit usually 
induces a reduction hi the concentrations of alka- 
loids in the aerial parts of Daluras (16-18). Several 
workers (1, 3, 6, 9-11) consider Amo-1618, CCC. 
AMAB, and Phosphon to be antigibberellins. Thus, 
it appears that there is a relationship between 
gibberellin action, growth, and alkaloid synthesis. 
In this experiment some of the growth retardants 
increased alkaloid synthesis. This suggests that 
the effects of some of the chemicals employed were 
antigibberellin in nature regarding alkaloid synthesis. 
This tends to confirm the reports of other inves- 
tigators that some of these compounds are anti- 
gibberellin in nature (1,3,6,9-11). 


Of the chemicals employed, Amo-1618 and Phos- 
phon induced tlie greatest changes in plant composi- 
tion. The former caused a 267;, increase in root 
alkaloid concentration, a 327Z increase in total 
root alkaloid content, a 28% increase in the water- 
soluble extractive, and a 199; decrease in the con- 
centration of chlorophyll a. Phosphon induced 
increases in the concentration of alkaloids in all the 
plant organs and caused an increased total alkaloid 
content in the morphological parts of the plant. 
Furthermore, about a 2075 increase was found in 
the chlorophyll a of this group and a 37y0 increase 
in the alcohol-soluble extractive. Appreciable 
differences from controls were also noted in the CO- 
11, CCC, and B995 groups. The following in- 
creases were found in the CO-11 group: 25% in 
the total leaf alkaloids, 25% in the alcohol-soluble 
extractive. and 44% in the water-soluble extrac- 
tive. All of the organs of the CCC group indicated 
increased total alkaloid content. Increases of 17% 
in total lcaf alkaloid content and 18% in the water- 
soluble extractive were noted. A higher concentra- 
tion of chlorophyll a and a 19% gain in total root 
alkaloids were found in the B995 group. 


I t  is the authors' opinion that more pronounced 
effects, especially on internode elongation, might 
have been induced if a five to tenfold increase in 
the concentration of the chemicals had been em- 
ployed or if the plants had been treated and har- 
vested at  an earlier stage of plant development. 
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Lined and Unlined Rubber Stoppers for 
Multiple-Dose Vial Solutions I 


Sorption of Preservatives and Leaching of Extractives 


By LEON LACHMAN, PRAVIN B. SHETH, and TIBOR URBANYI 


The protective action of epoxy lining on rubber stoppers of natural, neoprene, and 
butyl rubber was evaluated against unlined stoppers of the same composition for 
sorption of reservative from vial solutions and extractives leached from closures 
into the sofution. For the preservatives tested-namely, P-chloro-8-phenylethyl 
alcohol and its nonchlorinated analog, phenylethyl alcohol-no protective action 
against sorption was exhibited by the lined closures. The solutions used in the ex- 
tractives study were water, 10 per cent ethanol, 50 per cent polyethylene glycol 300, 
50 per cent N,N-dimethylacetamide, and 2 per cent benzyl alcohol. The lining on 
the closures was found to afford protection against leaching. For both the sorption 


and extractives studies, the butyl rubber closures exhibited optimal stability. 


ECENT PUBLICATIONS from this laboratory and R others have shown that rubber closures used 
for multiple-dose vial solutions can b e  detri- 
mental to the stability of the vial contents 
through sorption of materials from solution 
(1-7) or through the action of closure extractives 
on the solution (7-10). To alleviate these in- 
adequacies, one approach used by certain rubber 
stopper manufacturers is to line the closure sur- 
face that will come in contact with the vial solu- 
tion with a lacquer containing polymeric mate- 
rials as its major component. 


Lacquered stoppers have been in use as closures 
for multiple-dose vial solutions for about 5 years. 
However, reports relative to the effectiveness of 
the linings against sorption of materials from 
solution into the rubber and leaching of extrac- 
tives from the rubber by the solution appear to be 
lacking. 


Accordingly, this study was initiated to 
determine the degree of protection against sorp- 
tion and leaching contributed to the rubber stop- 
per by an epoxy lining. Lined and unlined 
natural, neoprene, and butyl rubber stoppers 
were used in the evaluation. The sorption 
characteristics were tested with aqueous solutions 
of the preservatives, phenylethyl alcohol and 
p-chloro-B-phenylethyl alcohol, stored in multi- 
ple-dose vials. The leaching tendencies of 10% 
ethanol, 50% polyethylene glycol 300, 50% N, N- 
dimethylacetamide, 2% benzyl alcohol, and 
water on the stoppers were evaluated. Identifi- 
cation of the extractives leached from the stoppers 
was performed. 


EXPERIMENTAL 
Materials.-p-Chloro-8-phenylethy l alcohol, Ciba, 


b.p. 8 0 - 8 3 O ;  phenylethyl alcohol, Eastman Organic 
Received May 20, 1963. from the Research Department, 


Ciba Pharmaceutical Co., Summit. N. J. 
Accepted for publication June 14. 1983. 
Presented to the Scientific Section A.PH.A.. Miami Beach 


meeting, May 1963. 


Chemicals; thiazole type accelerator; substituted 
butylphenol. diphenylamine, substituted carbamic 
acid, thiuram, thiazole dicarbamate reaction prod- 
uct, imidazoline type accelerator, from rubber 
manufacturer were employed. 


Polyethylene glycol 300, Union Carbide; N,N-  
dimethylacetamide, E. I. du Pout; benzyl alcohol, 
reagent grade, Fisher Scientific Co., double distilled 
at Ciba; 0.275M citric acid-sodium phosphate buffer 
of pH 4.0; natural rubber, neoprene rubber, and 
butyl rubber stoppers, epoxy lined and unlined, 13 
mm., West Co.; U.S.P. type 1, 10-ml. clear ampuls 
and vials, Kimble Glass Co. ; three-piece aluminum 
caps for vials, West Co.. No. 13-30 were also 
utilized. 


Equipment.-Beckman model DU spectrophotom- 
eter, Cary model No. 11 recording spectrophotom- 
eter, Beckman model G pH meter, and micro- 
distillation apparatus (as described in an earlier 
report) (7) were employed. 


Preparation of Ampuls, Vials, and Stoppers.- 
These units were washed and dried in accordance 
with the methods described in a previous publication 
from our laboratories (6). 


Sorption of Preservative from Solution.-To 
evaluate the effectiveness of the epoxy lining 
against sorption of antibacterial preservatives from 
vial solutions, lined and unlined closures of the  Same 
basic rubber formulations were used. The pre- 
servative solutions used in the evaluation were 
0.3% p-chloro-8-phenylethyl alcohol and 0.5% 
phenylethyl alcohol prepared on a weight-to- 
volume basis with water for injection buffered to a 
pH of 4.0. Each preservative solution was filtered 
through a medium porosity sintered-glass filter 
before filling into 10-ml. clear glass ampuls and 
vials. The ampuls were closed by customary pull 
sealing technique with an oxygen-gas &me. The 
vials of each preservative solution were divided into 
six equal parts and stoppered with epoxy lined and 
unlined natural, neoprene, and butyl rubber stoppers. 
The stoppered vials were then sealed with three- 
piece aluminum caps at a constant head pressure of 
50 p.s.i. with a hydraulic capper. The preservative 
solutions in the ampuls and vials were placed into 
constant temperature cabinets regulated at  25. 40, 
50, and 60 f 1.5'. 


Half of the vials were stored upright and half 
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Natural Rubber 
Natural Rubber" 
Zinc oxide 
Stearic acid 
Microcrystalline wax 
Sulfur 
Thiazole-type accelerator 
Thiuram-type accelerator 
Substituted butylphenol 


. . .  


. . .  


TABLE I.-CLOSURE COMPOSITION 


Neoprene Rubber 
Neoprene rubbee 
Natural rubber 
Aluminum silicate 
Zinc sulfide 
Barium sulfide 
Iron oxide 
Zinc oxide 
Magnesium oxide 
Stearic acid 
Light mineral oil 
Diphenylamine 
Imidazoline-type accelerator 
Thiazole-type accelerator 


Butyl Rubber 
Butyl rubber" 
Aluminum silicate 
Zinc oxide 
Iron oxide 
Stearic acid 
Sulfur 
Thiazole-type accelerator 
Substituted carbamic acid 
Butoxy phosphate 


. . .  


. . .  


a Rubber content: 9S.8% of total composition, * Rubber content: 43% of total composition--38.3% neoprene and 4.6% 
natural. C Rubber content: 48.1% of total composition. 


inverted. A t  designated time intervals, samples 
were withdrawn and evaluated for loss in preserva- 
tive content. 


Rubber Closure Extractives.-To determine the 
effectiveness of the epoxy lining on the three com- 
position closures against leaching of unreacted 
materials and reaction products from the rubber 
stoppers into the vial solution, several solvents 
used in practice for the formulation of injectable 
preparations were employed. These include water, 
lOO/b ethanol, 50% polyethylene glycol 300, 50yo 
N,N-dimethylacetamide, and 2% benzyl alcohol. 
These solvents were filled into 10-ml. clear glass 
vials; each set of vials for a particular solvent was 
divided into six parts. These were then stoppered 
with the unlined and epoxy-lined natural, neoprene, 
and butyl closures. The stoppered vials were then 
sealed with three-piece aluminum caps a t  a constant 
sealing head pressure of 50 p s i .  with a hydraulic 
operated capper. Half of each of these vials were 
autoclaved in an inverted position at 115" for 6 hours 
a t  10 p.s.i., the other half were autoclaved in an 
upright position at  115" for 30 minutes a t  10 p.s.i. 


After treatment a t  these two conditions, the solu- 
tions in the vials were scanned spectrophotometri- 
cally to obtain the ultraviolet absorption curve of 
the rubber extractives. 


Identification of Extractives.-In order to  obtain 
a qualitative identification of the rubber closure 
extractives, the accelerators, activators, antioxi- 
dants, and possible reaction products for the three 
rubber compositions used in this study were ob- 
tained. These materials were dissolved in the 
solvents used for the extractives study and their 
ultraviolet absorption spectra determined. 


Analytical Method.-Phenylelhyl Alcohol.-The 
concentration of preservative was determined by 
pipeting 3 ml. of solution into a microsteam dis- 
tillation apparatus and the sample steam distilled to 
25 ml. The absorbance was measured a t  257 mp 
where A (1% 1 cm.) = 18. 


p- Chloro-8-phenylethyl Alcohol.-Residual preserv- 
ative was determined by pipeting 2 ml. of solution 
into the microsteam distillation apparatus and the 
sample steam distilled to  25 ml. Absorbance was 
measured a t  267 mp where A (1% 1 cm.) = 22. 


TABLE II.-EFFECTIVENESS OF EPOXY LINING ON XEOPRENE RUBBER STOPPERS AGAINST SORPTION OF 
~-CHLORO-,~-PHENYLETHYL ALCOHOL PROM VIAL SOLUTIONS REPRESENTED AS PER CENT RESIDUAL 


PRESERVATIVE 


Temp., 2S0 C. - ,  Temp., 40' C. 
Time, Upright Inverted Upright Inverted 
Days 1.- Pb L P AC L P L P A 


0 . .  . .  . .  . .  100 . .  . .  . .  . .  . . .  
2 96 96 91 91 100 96 96 87 87 98 - 
f . .  . .  . .  . . .  . .  . .  . .  . .  . . .  
9 95 93 81 81 91 89 74 75 97 


11 95 95 81 79 97 91 92 74 75 97 
14 93 91 79 79 99 89 89 74 73 99 
28 91 92 76 73 101 85 85 68 68 99 
43 92 91 73 74 101 i 9  80 65 63 99 
56 88 89 83 72 99 79 79 61 62 99 
84 86 87 69 70 101 79 79 61 62 99 


Days L P L P A L P L P A - 96 96 85 86 99 96 96 85 85 98 
7 . .  . .  . .  . . .  . .  . .  . . .  


70 98 
71 99 


99 
'O 70 


11 86 88 70 72 99 83 83 
14 82 84 72 71 99 81 81 
28 80 i 8  63 62 99 72 72 61 61 
43 i l  72 58 59 98 65 66 56 57 101 
56 70 69 56 57 100 61 62 53 53 101 
84 . .  61 54 54 102 56 56 50 51 104 


- 7 Temp., SOo C. 7 ,  -Temp., 60° C. 
Time, Upright Inverted Upright Inverted 


> 


9 86 88 i 2  75 . . .  83 83 74 72 . . .  


L = Epoxy lined. P = Plain. A = Ampul. 
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TABLE III.-EFFECTIVENESS OF EPOXY LINING ON NATURAL RUBBER STOPPERS AGAINST SORPTION OF 
~-CHLORO-~~-PHENYLETHYL ALCOHOL FROM VIAL SOLUTIONS REPRESENTED AS PER CENT RESIDUAL PRE- 


SERVATIVE 


Time, 
Days 


0 
3 
5 


10 
12 
14 
28 
34 
56 
84 


Time, 
Days 


3 
5 


10 
12 
14 
28 
34 
56 
84 


P Upright 
La 
. .  .. 
97 97 
97 97 
97 97 
96 97 
97 96 
94 96 
93 94 
93 94 
91 91 


-Temp., 25' C.- 
Inverted 


L P 


91 93 
89 92 
88 91 
88 91 
87 91 
82 87 
83 86 
83 79 
78 80 


P 


A= 
100 
99 


101 
103 
101 
101 
101 
100 
102 
99 


Temp., 50' C. 


L P L P A 
94 97 86 88 98 
94 94 81 86 100 
91 91 78 80 99 
91 93 79 81 97 
89 89 76 80 100 
82 84 74 75 100 
79 79 69 74 100 
75 78 69 72 101 
70 73 68 68 101 


Upright Inverted 


Temp., 40' C. - 
Upright Inverted 


L P L P A 
. .  . .  . .  . .  . . .  
96 96 88 89 99 
94 95 82 89 99 
94 94 81 84 99 .~ .~ _ _  
93 94 81 s4 100 
93 93 80 82 100 
87 88 75 78 100 
84 86 74 76 100 
87 90 74 75 101 
77 78 70 75 100 


Temp., 80' C. 


L P L P A 
92 94 84 86 98 


Upright Inverted 


-~ -~ -~ _ _  _ _  
90 93 80 82 100 
86 88 76 80 100 
84 87 75 78 100 
82 84 73 76 100 
74 79 68 74 100 .. ~ . .  


74 73 68 68 100 
69 71 64 65 101 
63 62 59 63 101 


a L = Epoxy lined. * P = Plain. A = Ampul. 


RESULTS A N D  DISCUSSION 
The effectiveness of the epoxy lining on natural, 


neoprene, and butyl rubber stoppers against sorp- 
tion of antibacterial preservatives from solution and 
leaching of extractives from the stoppers by several 
solvents used in injectable formulations was in- 
vestigated. The formulations for the three different 
rubber stoppers used in this investigation are not the 
same as used in our previous studies (6, 7) because 
of required modifications to  permit the application 
of the epoxy lacquer. The composition and per 


cent rubber content of these stoppers is presented in 
Table I. 
Sorption Studies.-The sorption tendencies of the 


epoxy lined and unlined rubber stoppers were 
evaluated with vial solutions of phenylethyl alcohol 
and p-chloro-B-phenylethyl alcohol buffered to a 
pH of 4.0. These two preservatives were chosen 
for this study since their partition tendencies 
between rubber and solution are substantially differ- 
ent, with the chlorinated analog favoring rubber t o  a 
much larger extent than phenylethyl alcohol (7). 


TABLE IV.-EFFECTIVENESS OF EPOXY LINING ON BUTYL RUBBER STOPPERS AGAINST SORPTION 
OF ~-CHLORO-&PHENYLETHYL ALCOHOL FROM VIAL SOLUTIONS REPRESENTED AS PER CENT RESIDUAL 


PRESERVATIVE 


Temp., 25O C. 7 ,  Temp., 40' C. 
Time, Upright Inverted Upright Inverted 
Days La Pb L P Ad L P L P A 


0 
3 
7 
8 


10 
13 
16 
28 
42 
50 
84 


. .  ... 
97 100 
99 100 
97 100 
98 99 
97 99 
96 97 
97 98 
97 98 
95 96 
95 97 


. .  . . .  100 
97 100 100 
96 98 100 
96 99 100 
97 99 100 
95 98 101 
95 98 100 
94 99 99 
95 99 100 
93 97 100 
95 97 100 


. .  
96 
98 
97 
97 
96 
93 
94 
93 
92 
91 


. .  
99 
98 
99 
98 
99 
96 
94 
95 
94 
94 


. .  . .  ... 
97 99 100 
96 98 100 
94 98 100 
95 97 100 
95 97 100 
93 95 99 
93 97 99 
93 96 100 
91 96 99 
93 99 99 


Temp., 50" C. Temp., 60" C.- 
Time, Upright Inverted Upright Inverted 
Days L P L P PCI A L P L P PC 


3 96 99 94 99 ... 101 96 97 96 97 .. 
7 97 97 95 97 . . .  100 95 96 95 96 . . 
8 95 97 94 97 ... 99 95 96 93 96 _ -  .. _ -  - .  .. . .  .. .. ._ 


16 96 97 95 97 _ . .  166 95 96 95 96 . . 
13 95 96 93 97 . . .  100 95 96 93 96 . . 
16 94 95 93 97 . . .  99 93 96 92 95 . . 
28 94 94 93 98 . 99 92 94 92 97 . . 
42 93 96 93 100 98 99 93 95 92 100 97 
50 94 91 91 103 97 100 90 93 91 107 95 
84 93 94 .91 103 96 100 90 93 91 104 96 


0 L - Epoxy lied. b P = Plain. PC = Plain corrected. A - Ampul. 


A 
100 
100 
98 


100 
99 
97 


100 
100 
99 


101 
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The data for the butyl closures given in Table IV 
appear to  show that the vials stoppered with unlined 
closures are increasing in preservative concentration 
with time, instead of decreasing or remaining a t  
initial concentration. The same stoppers having 
the epoxy lining show the expected decrease in 
preservative concentration with storage. This 
would indicate that an extractive from the unlined 
closure is entering the vial solutions and influencing 
the analysis for residual p-chloro-j3-phenylethyl 
alcohol. This is not surprising, in light of our 
recent report (7). where we had experienced this 
situation with benzyl alcohol. 


The effect of closure extractive on the absorption 
characteristics of p-chloro-6-phenylethyl alcohol in a 
buffered solution stored in vials stoppered with the 
butyl rubber closures is shown in Fig. 1. By com- 
paring the curve for zero time and storage at 60" 
for 52 days, it  is obvious that the absorbance differ- 
ence between 260 and 275 mp changes greatly. 
This effect a t  260 and 275 mp causes a concurrent 
effect at 267 mp, the absorption maximum used for 
the preservative analysis. 


The equations developed to correct for the inter- 
ference of rubber closure extractive on the analysis 
for residual p-chloro-j3-phen ylethyl alcohol were 


C =  D -  [ ( X - A ) + ( Y - X ) + K ]  
where X is lower than Y 


C = D -  [ ( X - A ) - ( X -  Y ) + K l  
where X is higher than Y and C = corrected 
absorbance at 267 mp; D = uncorrected absorb- 
ance at 267 mp; A = absorbance a t  275 mp for 
standard solution; B = absorbance a t  260 mp for 
standard solution; X = absorbance a t  275 mp for 
test sample; Y = absorbance at 260 mp for test 
sample; and K = A - B = 0.09. 


Using the above equation. the data for the butyl 
rubber a t  the elevated temperatures were recalcu- 
lated and are presented as corrected values in 
Table IV. These data now represent the true loss 
in concentration of preservative due to the closure 
effect. 


I .'' \ I , 260 e ' t  &\?+ 
215 


WAVELENGTH, m p  


Fig. 1.-Plots showing the influence of butyl 
rubber extractives on the absorption characteristics 
of p-chloro-j3-phenylethyl alcohol. 


The data in Tables 11-IV summarize the sorption 
tendencies of the lined and unlined closures for 
p-chloro-j3-phenylethyl alcohol from vial solutions 
stored at several temperature conditions. I t  is 
evident from the results in these tables that the 
epoxy lining imparts no protective action against 
preservative sorption by the three different compo- 
sition closures for vials stored upright or inverted. 
Only for the neoprene closures do the vial solutions 
stored in an inverted position show greater loss of 
preservative than for the vials stored upright. The 
vial solutions stoppered with the neoprene closures 
showed the greatest loss in preservative concen- 
tration, while the vials stoppered with the butyl 
closures showed the least. The vials stoppered with 
the natural rubber closures showed losses in pre- 
servative content between that found with the other 
t w o  closures. Since there was no diminution of pre- 
servative concentration in the ampul solutions, the 
loss in the vial solutions must be attributed to  
closure effect. 


TABLE V.-EFFECTIVENESS OF EPOXY LINING ON NEOPRENE RUBBER STOPPERS AGAINST SORPTION OF 
PHENYLETHYL ALCOHOL FROM VIAL SOLUTIONS REPRESENTED AS PER CENT RESIDUAL PRESERVATIVE 


7- Temp., 25' C. 7 ,  Temp.. 40' C. 
Time, Upright Inverted Upright Inverted 
Days La P L P A6 L P L P A 


0 
3 
5 
7 


10 
14 
28 
42 
56 
84 


Time, 
Days 


3 
5 
7 


10 
14 
28 
42 
56 
a4 


97 97 
99 98 
97 97 
96 96 
95 96 
95 95 
90 94 
94 93 
93 93 


Upright 
L P 


97 96 
97 95 
95 96 
93 93 
92 90 
89 89 
86 87 
85 88 
84 82 


97 97 
97 99 
96 98 
95 95 
94 95 
94 94 
93 94 
92 93 
91 92 


-Temp., 50° C.- 
Inverted 


L P 
95 95 
95 95 
94 95 
93 92 


82 80 


100 . .  . .  
99 97 96 .~ ~. 


101 97 97 
100 97 95 
100 94 94 
100 93 93 
99 91 93 
100 92 89 
100 88 89 
97 88 87 
7 -  


Upright 
A L P 
99 95 95 


100 95 95 
98 94 94 
99 93 93 
99 90 90 90 .. .. 


87 87 
100 85 84 


r 5  86 99 83 83 
100 78 80 


95 95 
96 97 
97 95 
92 93 
93 93 
90 92 
89 89 
88 88 
86 86 


Temp., 60' C.- 
Inverted 


L P 
94 95 
93 94 
93 94 
89 89 
88 88 
86 86 
84 84 
81 82 
79 80 


. . .  
99 


100 
100 
99 
99 
100 
99 
99 
97 - 
A 
99 


100 
LOO 
100 
99 


100 
300 
101 
103 


a 1~ = Iipoxy lined. h P = Plain. C A = Ampul. 
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TABLE VI.- EFFECTIVENESS OF EPOXY LINING ON NATURAL RUBBER STOPPERS AGAINST SORPTION OF 
PHENYLETHYL ALCOHOL PROM VIAL SOLUTIONS REPRESENTED AS P E R  C E N T  RESIDUAL PRESERVATIVE 


r Temp., 2Bo C. . Temp.. JOo C. 
Time. Upright Inverted Upright Inverted 
Days L" Pb I. P AC 1, P I. P A 


0 . .  . .  . .  . .  100 . .  . .  . .  . .  ... 
3 98 98 98 98 100 97 97 97 97 99 
7 98 98 98 98 100 97 97 98 96 99 


10 98 98 97 97 100 96 97 95 96 100 
14 98 98 98 98 100 96 96 96 96 100 
28 97 96 96 97 100 94 94 94 95 99 
42 96 96 95 96 99 94 92 90 93 98 
56 96 96 95 96 100 93 91 92 91 99 


Days L P L P A 1. P L P A 
3 98 96 96 96 99 96 98 95 96 98 
7 96 96 95 96 99 94 94 94 95 98 


10 95 95 94 96 100 94 94 9.1 94 1 nn 


Temp., 50' C. Temp., 60" C.--- 
Time, Upright Inverted Upright Inverted 


-~ _ _  _ -  - -_  ~. .. ~~ 


14 96 96 94 95 100 94 94 94 94 101 
28 93 96 92 92 100 89 89 88 89 100 
42 89 90 87 88 98 84 85 84 83 99 
56 88 88 86 87 102 81 82 81 83 101 


L = Epoxy lined. P = Plain. A = Ampul. 


A comparison of phenylethyl alcohol loss from 
vial solutions stoppered with the epoxy lined and 
unlined closures is presented in Tables V-VII. I t  
is evident from the results shown in the tables that, 
as in the case for the chlorinated analog, the epoxy 
lining on the closures affords no protection against 
sorption of phenylethyl alcohol from the vial 
solutions. For this preservative, both the natural 
and neoprene stoppers cause about the Same loss of 
phenylethyl alcohol from solution and, again, the 
butyl rubber closure shows the least tendency to 
absorb the preservative. Compared to  the chlorin- 
ated analog, phenylethyl alcohol is absorbed by the 
closures to a lesser degree. This can be explained by 
the relative tendencies of these two preservatives to 
distribute between rubber and water, the chlorin- 
ated analog favoring rubber to a greater extent than 
phenylethyl alcohol (7). 


A situation was observed for this preservative 
similar to that which existed for p-chloro-8-phenyl- 
ethyl alcohol with vials stoppered with butyl rubber 
closures. Table VII shows that the vial solutions 
(stored a t  the elevated temperature conditions and 
stoppered with the unlined butyl rubber closures) 
exhibited an increase in assay for residual preserv- 
ative with storage, instead of the expected decrease 
or maintenance of initial concentration. This is 
indicated by absorption curves presented in Fig. 2. 
Here again the extractives being leached from the 
rubber stoppers by the preservative solution in the 
vials were interfering with the analysis for preserv- 
ative content. Using the equations derived for 
p-chloro-b-phenylethyl alcohol, corrections were 
made for the influence of closure extractives on 
residual preservative assays. 


For this preservative, C and D of the equation 


TABLE VII.-EFFECTIVENESS OF EPOXY LINING ON BUTYL RUBBER STOPPERS AGAINST SORPTION OF 
PHENYLETHYL ALCOHOL FROM VIAL SOLUTIONS REPRESENTED AS P E R  C E N T  RESIDUAL PRESERVATIVE 


c Temp., 25' C. 7 ,  Temp., 40' C. - 
Time, Upright Inverted dprirht Inverted 
Days La @ L P Ad L P L P PCC A 


0 . .  . .  . .  100 . .  . .  . .  , . .  . .  . . 
2 98 98 98 99 98 98 98 98 98 . .  99 
5 99 99 99 99 99 98 99 98 98 . .  99 
8 97 99 97 98 99 98 99 97 98 . .  97 


99 99 99 99 9 9 9 9  99 98 99 . .  99 
15 99 99 99 99 98 98 99 . .  99 
28 99 99 99 99 100 99 99 98 99 . .  99 
l3 99 98 


42 98 99 99 99 100 98 99 98 101 98 99 
56 98 99 101 99 9 9 9 9  99 99 99 . .  99 
84 . .  . .  .. 


. . .  


. . .  ... .. . .  .. .. . . .  . .  
Temp., 50° C. - ,  - Temp., 60" C. - 


Time, Upright Inverted Upright Inverted 
Days L P L P PC A L P L P PC A 


2 98 98 97 98 . . 99 98 99 98 99 . . 98 
5 99 100 98 99 . . 99 97 99 98 97 . . 99 
8 97 97 97 98 . .  100 97 99 97 98 . . 99 


13 99 99 98 99 . . 99 99 99 97 102 98 99 
15 99 99 99 99 . .  99 97 99 98 101 99 99 
28 97 98 98 101 98 99 97 98 97 112 95 99 
42 98 98 97 110 96 99 98 99 97 110 94 99 
56 98 98 99 99 .. 99 99 99 99 115 95 100 
84 . .  . . .  . .  . . .  . .  . . .  . .  . . . .  . . .  .. . . .  


-- 
I. =* Epoxy lined. * P = Plain. PC = Plain corrected. A = Ampul. 
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from epoxy lined and unlined stoppers when used on 
multiple-dose vials was also investigated. 


A representative ultraviolet absorption spectrum 
for the extractives found in the vial solutions con- 
taining water, and stoppered with natural rubber 
closures, is given in Fig. 3. The curves in this figure 
indicate that considerable absorbance is present and 
more than one peak in the curve exists. For each 
solvent the lined closures gave considerable pro- 
tection against leaching of extractives as evidenced 
by a two to threefold decrease in absorbance given 
by the solvents from the vials stoppered with the 
lined closures compared with the solvents from 
vials stoppered with unlined closures. This is 
clearly shown in Table VIII, which summarizes the 
absorbance values at the peaks in the curves for the 
extractives found in the solvents from the three 
rubber stopper compositions tested. It is evident 


tl. w t 3 7  181 3m 


WAVELENGTH, mp 


Fig. 2.-Plots showing the influence of butyl rub- 
ber extractives on the absorption characteristics of 
phenylethyl alcohol. 


Fig. 3.-UI- 
traviolet absorp- 
tion curve of 
leached extrac- 
tives. Rubber, 
natural; sol- 
vent, water; 
storage condi- 
tion, 6 hours a t  
115' C., vialin- 
verted. 


WAVELENGTH, mp 


were measured a t  257 mp, A a t  268 mp, and B a t  
248 mp, and K had a value of 0.06. The recalculated 
data showing the true loss of phenylethyl alcohol are 
presented in Table VII as the corrected values. 
These data are now representative of the loss in 
preservative concentration due to  closure effect. 


These findings regarding the ineffectiveness of the 
epoxy lining on rubber stoppers toward preservative 
sorption from solution were recently substantiated 
in a report by Garnet ( l l ) ,  who studied the effect of 
closures on antiseptics in biological products. He 
found that lacquered rubber stoppers did not solve 
the problem of loss of thiomersol from vaccine 
solutions. He reasoned that this lacquer was 
ineffective because the lacquer membrane was semi- 
permeable and too fragile to withstand the slight 
distortion brought about by manipulation. 
Leaching of Extractives.-The influence of several 


solvents commonly employed in the preparation of 
injectable solutions on the leaching of extractives 


A I  


WAVELENGTH, mp 


Fig. 4.-Plot showing ultraviolet absorption 
spectra of extractives leached from the closures after 
retreatment. Rubber, natural; solvent, water; 
storage condition, 3 hours at 115' C., vial inverted, 
second treatment. 


WAVELENGTH, mp 


Fig. 5.-Ultraviolet absorption spectra of extrac- 
tives leached from the rubber stopper after auto- 
claving for 30 minutes a t  11.5" C.. 10 p.s.i. Rubber, 
natural; solvent, N,N-dimethyl acetamide (50%); 
storage condition, 30 minutes a t  115' C. upright. 


from the data in the table that the protection afforded 
by the epoxy lining on the neoprene stoppers is 
considerably less than that found for the natural 
rubber. 


The butyl rubber closures exhibit the least tend- 
ency for extractives to be leached into the solvents. 


TABLE VIII.--ABSORBANCE VALUES OF EXTRACTIVES LEACHED BY SEVERAL SOLVENTS IN 10-ml. VIALS 


POSITION AT 115" C. FOR 6 HOURS 
FROM EPOXY LINED AND UNLINED RUBBER STOPPERS AFTER AUTOCLAVING THE VIALS I N  A N  INVERTED 


-Neopren+--- - Natural - - ,  Butyl--- 
Wave- Wave- Wave- 
length, Absorbance length, Absorbance length, Absorbance 


Solvent mP P L mfi P L mp P L 
Water 232 2.01 1.59 310 1.59 0.52 . . .  . . .  . . .  


Ethanol, 10% 232 2.30 1.85 312 2.49 0.73 . . .  . . .  . . .  
Benzyl alcohol, 2% . . .  . . .  . . .  312 2.36 0.71 . .  . . .  . . .  


256 0.67 0.62 ... . . .  ... . . .  . . .  . . .  
275 0 .55  0.49 . . .  . . .  . . .  . . .  . . .  . . .  


50% 282 0.99 0.43 . . .  . . .  . . .  


232 1 .38  0.60 


PEG 300, 50% 232 1.81 l..40 325 1.26 0.44 250 0.23 0.26 


N,N-Dimethylacetamide, 275 1.39 1.14 325 3.80 1.52 280 . . .  0.08 
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TABLE IX.-ABSORBANCE VALUES OF EXTRACTIVES LEACHED BY SEVERAL SOLVENTS IN 10-ml. VIALS FROM 
EPOXY LINED AND UNLINED RUBBER STOPPERS AFTER AUTOCLAVING THE VIALS IN AN UPRIGHT POSITION 


AT 115' C. FOR 30 MINUTES 


--Neoprene---- -Natural-- --Butyl- 
Wave- Wave- Wave- 
length, Absorbance length, Absorbance length, Absorbance 


mu P L mu P L m u  P L Solvent 
Water 232 0.60 0.30 . : .  . . .  . . .  . . .  . . .  . . .  
Ethanol, 10% 232 0.76 0.51 230 0.09 0.11 . . .  . . .  . . .  
Benzyl alcohol, 2% . . .  . . .  . . .  312 0.07 0.03 . . .  . . .  . . .  
PEG 300, 275 0.03 0.03 325 0.16 0.04 . . .  . . .  . . .  
N,N-Dimethylacetamide, 


50% . . .  . . .  . . .  325 0.31 0.02 . . .  . . .  . . .  


In fact, with four out of the five solvents investi- 
gated, essentially no extractives were leached from 
the rubber. Only with the 50% polyethylene glycol 
300 solvent is there significant extractive leached 
from the closure. With this solvent the same 
amount of extractive is in thevial solutions stoppered 
with the l i e d  and unlined closures. 


Treatment of the natural rubber closures used in 
the 6-hour autoclave experiment with water for in- 
jection for an additional 3 hours under the same 
temperature condition resulted in additional ex- 
tractives coming into the water as shown by the 
absorption curves in Fig. 4. This illustrates the 
presence of considerable extractives in the rubber 
available for leaching by the solutions in the vials. 


To  determine whether normal autoclaving con- 
ditions cause extractives to  be leached from the 
closures, lined and unlined stoppers were used with 
the vial solutions containing the solvents and auto- 
claved in an upright position at 115", 10 p.s.i. for 30 
minutes. A representative ultraviolet absorption 
curve fot the extractive found in the vial solutions 
containing 50% N,N-dimethylacetamide and stop- 
phed  with natural rubber closures is shown in 
Fig. 5. The data in Table I X  summarize the re- 
sults obtained with the three closures and Several 
solvents . 


The natural rubber stoppers exhibit extractives 
in four out of five solvents, the neoprene stoppers in 


three out of five solvents, and the butyl rubber 
stoppers exhibit no extractives in any of the five 
solvents. Here, as under the more drastic testing 
conditions, the epoxy lining affords greater pro- 
tection against leaching for natural rubber than 
neoprene rubber. 


Although the epoxy lining employed for the three 
closures was the same, it is interesting that the 
lining afforded greater protection to  the natural 
than the neoprene rubber stoppers against the 
leaching of extractives by the solvents used in this 
study. This may be explained on the basis that 
after the lacquer is applied to the rubber stoppers 
they require a curing period at elevated tempera- 
tures. During this period, it is possible for in- 
gredients in the rubber formulation to enter the 
lining and subsequently influence the properties of 
the lining on the closures. Consequently, although 
the lacquer applied on the three different rubber 
stoppers is the same, the lining that results after 
curing of the lacquer on the rubber may possess 
different properties, depending on what materials 
migrated into the lining from the stopper com- 
position. 


IdeatiBcation of Extractives.-In an attempt to  
identify qualitatively the extractives leached from 
the three composition closures by the several 
solvents, the formulation of these closures was 
studied to  determine which ingredients would tend 


TABLE X.-~LTRAVIOLET ABSORPTION MAXIMA OF RUBBER CLOSURE INGREDIENTS 


-Wavelength, mp- 
50% N.N- 


2% Benzyl Dimethyl 
Alcohol Acetamide 


10% 
Ethanol 


232 


50% Polv- 
ethylene 


Glycol 300 Rubber Stopper 
Neoprene 


1 Imidazoline-type accelerator 
2 Thiazole-type accelerator 


Water 


232 
. . .  


232 
255 
320 


. . .  . . .  
312 320 


275 
275 
285 ... 285 3 Diphenylamine antioxidant 


1 Thiazole accelerator 
Natural 


... . . .  


312 
232 


312 
232 


312 325 257 
325 
230 . . .  


275 
... 


. . .  
275 ... 


. . .  . . .  
275 275 
282 282 


2 Thiuram accelerator 
3 Substituted butyl phenol antioxidant 


1 Thiazole-type accelerator 
Butyl 


2i5 
282 


312 
232 


312 
232 
. . .  


312 325 257 
325 . . .  
230 
277 


. . .  
282 
258 
. . .  


. . .  
282 282 2 Substituted carbamic acid accelerator 


3 Thiazole dicarbamate reaction product 


282 
258 
. . .  ... 


... . . .  


. .. 294 


... 282 ... 275 


... 


... ... ... ... 
... ... 
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to  give absorption in the ultraviolet region of the 
spectrum. Samples of these ingredients were ob- 
tained from the rubber stopper manufacturer, and 
ultraviolet absorption spectra were obtained on these 
ingedients in the solvents studied. The absorption 
peaks obtained are summarized in Table X. With 
this information available, it was possible to 
identify the ingredient or ingredients being extracted 
by the solvents in contact with the rubber closures 
used on the vials. 


For the neoprene closures, the material respon- 
sible for the absorption a t  232 mp was the primary 
accelerator (imidazoline type) in the rubber formula. 
The agent responsible for absorption at 256 and 275 
mp is the secondary accelerator (thiazole type). 


In the case of the natural rubber stoppers, the 
absorption a t  230-232,312, and 325 mp is due to the 
primary accelerator (thiazole type). The absorp- 
tion at  282 m r  is caused by the antioxidant used in 
the rubber formulation. a substituted butyl phenol. 


For the butyl rubber stoppers, the absorbance at 
250 mp is caused by the secondary accelerator 
(thiazole type). The absorbance at 280 mp is 
caused by the primary accelerator, a substituted 
carbamic acid. 


I t  is important to realize that in addition to the 
extractives that have been identified, there may be 
others present in the solvents. These would be 
materials that do not give an absorption curve in the 
ultraviolet region of the spectrum. 


From the results obtained in this investigation, it 
is evident that lacquered closures are ineffective in 
preventing the sorption of materials from solution, 
are partially effective in preventing extractives from 
being leached from the rubber by solvents used in 
the formulation of parenteral solutions. In addi- 
tion, it appears that the effectiveness of the epoxy 
lining against leaching of extractives may be de- 
pendent upon the rubber composition on which the 
lining is applied. 


Appreciable extractives can be leached from the 
vial stoppers under normal autoclaving conditions. 
Subsequent storage o f  these vials a t  room tempera- 
ture for the shelf-life of pharmaceuticals, which 
nowadays is considered to be approximately 3 
years, would no doubt cause further leaching of 
extractives into solution. Since, for the most part, 
the materials extracted from the closures by the vial 
solutions are reactive chemicals, they can cause 
serious stability, toxicity, and assay problems with 
the vial contents. Accordingly, before selecting a 
rubber stopper composition for a vial solution, the 
closure must be evaluated as to its sorption and 
extractive characteristics with the solution with 
which it will be used. This is now of particular 
importance in light of the proposed regulations on 
drugs issued by the Food and Drug Administration 
on February 14, 1963 (12). which state under 
Section 133.13b that pharmaceutical manufacturers 
“make adequate provision to determine the stability 


of prodtrcts in containers in which they are marketed 
to insure among other things, that the container is 
non-reactive and non-absorptive to  the drugs.” 
Pharmaceutical and rubber closure manufacturers 
can no longer disregard the importance of the 
closure on the stability, toxicity, and assay of the 
parenteral solution for which it is to be used. 


SUMMARY 
Epoxy-lined and unlined closures of the same 


composition were evaluated regarding their relative 
sorption and leaching of extractives characteristics. 
Aqueous buffered solutions of the preservatives 
phenylethyl alcohol and p-chloro-0-phenylethyl 
alcohol filled into multiple-dose vials and stoppered 
with the lined and unlined closures were used for the 
sorption studies. In the leaching investigation, 
several solvents commonly used in parenteral 
formulations were evaluated with the lined and un- 
lined stoppers. The solvents used were water, 10% 
ethanol, 2% benzyl alcohol, 50yo polyethylene 
glycol 300, and 50% N,N-dimethylacetamide. The 
results obtained were: 


The epoxy lining is ineffective as a barrier 
against closure sorption of the preservatives from 
solution. 


The lining for the most part is effective in 
reducing the amount of extractives being leached 
from the closures. The degree of effectiveness is 
dependent upon the closure composition. 


Of the three rubber compositions evaluated, 
the butyl rubber exhibited the least tendencies 
toward sorption of preservative from solution and 
the leaching of extractives into solution. 
4. The extractives leached from the natural, 


neoprene, and butyl rubber closures by the several 
solvents were identified and found for the most part 
to  be the accelerators used in the rubber formula- 
tions. 
5. The extractive leached from the unlined butyl 


rubber closure interfered with the analysis for the 
preservatives. The lined closures of the same 
composition did not exhibit this interference. 


Extractives were found to be leached from the 
closures under normal autoclaving conditions used 
for multiple-dose vial solutions-namely, 115”, 10 
p.s.i. for 30 minutes. 
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Evaluation of Polymeric Materials I 


Screening of Selected Polymers as Film Coating Agents 


By BILL J. MUNDEN, H. GEORGE DEKAY, and GILBERT S. BANKER 


A procedure has been developed for the systematic evaluation of mechanical, thermal, 
and stability properties of polymeric materials through the study of unsupported 
films. Films of selected vinyl, acrylic, and cellulosic polymers were prepared by the 
knife edge a plicator method and the mercury substrate technique. The mercury 
substrate tecgnique afforded superior control of film thickness and facilitated film 
removal. Films that were very permeable to water vapor were rather impermeable 
to oxygen and vice versa. This relationship is discussed as it relates to a combination 
of the hydrophilic-lipophilic and pore theories of film structure. The unsupported 
vinyl films possessed superior mechanical properties of those tested. Moisture ab- 
sorption by the polymer films was negligible. There was no discernible decomposi- 
tion according to infrared analysis of the films, due to thermal, photo-oxidation, 


and/or aging effects. 


ARMACEUTICAL PREPARATIONS are required 
E y  law and ethics to contain the ingredients 
advertised and the poiency specified by the 
manufacturer. The first condition is easily ful- 
filled, but drug potency often presents a problem. 
The manufacturer also encounters the difficulty 
of overcoming unpleasant drug tastes and odors. 


The decomposition of most drugs can be classi- 
fied either as hydrolysis or oxidation. Both of 
these degradation reactions are catalyzed by at- 
mospheric effects. This has led to the use of 
dehydrated products sealed in ampuls and pro- 
tective coatings for solids. Sugar and gelatin 
were among the first and most popular protective 
coatings for solids, but had the disadvantage of 
merely delaying degradation of the product. 
Pharmaceutical preparations such as sugar 
coated tablets have a pleasant taste and odor but 
do not necessarily contain the original potency 
specified. 


This disadvantage of the sugar coating has led 
to the investigation of other types of protective 
coatings, such as the film coat. Film coating of 
tablets on an industrial scale first occurred in 
1954 when Abbott Laboratories introduced 
their “Filmtab.” Since then a more general 
and concentrated interest in this technique has 
existed. 


Film coatings may be defined as thin pliable 
layers of a physiologically acceptable coating 
composition. Additives in a film coat may 
include plasticizers, which make the plastic 
film former more flexible, and colorants, flavors, 
and surfactants which facilitate spreading. 
Modifier materials, such as soluble waxes, are 
added to affect film solubility or pliability (1-3). 


Due to the great increase in the number of 
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polymeric materials developed in recent years, an 
examination of these new polymers and their 
properties for application in pharmaceutical 
coating is appropriate. An improved method of 
evaluation is proposed in this work. Films of 
the polymers were cast and subjected to evalu- 
ation for water vapor transmission, oxygen per- 
meability, water absorption, durability, mechani- 
cal, and thermal and photo-oxidation effects. 


Some of the possible advantages of the experi- 
mental method proposed by this study are: 
(a) the polymers are evaluated for their pharma- 
ceutical coating properties without interference 
from modifying additives; (b) a more rapid and 
comprehensive screening of new polymers is 
provided; and (c) the results can provide a logi- 
cal basis for the selection of the modifying addi- 
tives in  the coating formulation. 


EXPERIMENTAL 


Initial Screening Procedure.-Various polymeric 
materials currently being used in the plastics indus- 
try were screened for their film forming characteris- 
tics and were classified according to chemical type. 
A second screening was performed on the basis of 
oral toxicity and method of drying of the film (air 
dry, forced dry, or baked), and the following groups 
of polymers were selected for further study on this 
basis (4): acrylate, alkyd, cellulose acetate butyr- 
ate, cellulose nitrate, chlorinated paraffin, chlori- 
nated rubber, cyclized rubber, hydrocarbon, maleic, 
oleoresin, polyamide, polyester, silicone, silicone 
alkyd, polystyrene, styrenated alkyd, vinyl acetate, 
vinyl alcohol, vinyl butyral, and vinyl chloride 
acetate. 


The following solvent system was selected after 
analyzing solvent systems suggested by various 
manufacturers and after studying the Antonides, 
Fennell, and Peirano investigations (5-7), butyl 
alcohol, 25%; butyl acetate, 25%; and acetone, 
50%. Formulations were prepared containing the 
particular polymer and the proposed solvent system 
to yield a 10% solution by weight of the polymer. 
Clean microscope slides were dipped into the poly- 
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Elastic deformation then is calculated from the 
beginning portion of the curve and denotes the 
ability of a film to return to its original dimensions 
after being extended. The portion of the curve from 
A t o  B (where the sample breaks) is a measure of 
plastic deformation. Here the strain is not im- 
mediately recoverable. A rough measure of tough- 
ness can be found by measuring the area under the 
curve. This represents the work required to break 
the test material (LO). 


Lever and Rhys (10) classify materials as (a) 
soft, w e a k s h o w  low modulus of elasticity, yield 
point, and low elongation a t  break; ( b )  hard, 
brittle-high modulus of elasticity, no well defined 
yield point, and low strain a t  break; ( c )  soft, tough- 
low modulus of elasticity, low yield point, and high 
strain at break; (d) hard, strong-high modulus of 
elasticity, yield point, and moderate stress and 
strain at break; and (e) hard, tough-high modulus 
of elasticity, yield point, stress and strain a t  break. 
Kinney illustrates some of these physical stress- 
strain relationships as shown in Fig. 3 (11). 


Film samples cast on the mercury pool in a Petri 
dish were cut t o  a uniform size of 1 X 5 in. using a 
razor knife. This size test sample allows a 1-in. 
width and a 3.5-in. gauge length. Stress-strain 
curves were determined using an Instron TM strain 


Fig. 1.-Knife edge 
applicator. 


r91 ”IDdQy,” 


ADJUSTIN0 SCREW 


11 LJ 


mer solutions to a depth of approximately 3 cm. 
The coated slides were then observed at 25’ for 
noticeable film formation. 


Film test strips to evaluate the polymers further 
were prepared with a brass film casting knife which 
was designed according to  specifications suggested 
by the Hercules Powder Co. (See Fig. 1.) The 
casting knife permitted rapid preparation of films of 
fairly uniform thickness. The apparatus consisted 
basically of a knife edge supported by a frame 
mounted on two runners. A precise gap could be 
set between the knife edge and the casting surface 
by using screw adjustments. A smooth plane such 
as a chromium surface was suggested as ideal for the 
casting surface (8). The knife, sliding on the sup- 
port runners, was drawn over the pool of film solu- 
tion, leaving a wet film of fairly uniform thickness. 
The films were air dried. 


An alternate method was investigated using 
Petri dishes and casting the films on a mercury sur- 
face (mercury substrate technique). This method 
produced films with a controlled constant thickness. 
A known quantity of the 10% polymer solution was 
diluted with acetone to  approximately 25 ml. to  
facilitate spreading. The film thickness could be 
varied by varying the volume of the 10% polymer 
solution used in the 25 ml dilution. 


Mechanical Properties.-The stress-strain rela- 
tionship of solid materials is comparable to the vis- 
cosity property of liquids. The stress-strain rela- 
tionship is an expression of resistance of a solid to di- 
mensional change. 


Tensile stress (9) is defined as the load per unit 
area of original cross section a t  any given moment. 
It is usually expressed in force per unit area. The 
maximum tensile stress during the test is called the 
tensile strength. Gauge length is the initial length 
of the test specimen, while elongation is the increase 
in sample length produced by a tensile load and is 
usually measured at the moment of film rupture. 
Elongation is expressed in a linear dimension 
(inches); percentage elongation is the per cent 
conversion. Strain is the change in length per unit 
of original length. 


With a graph, Lever and Rhys (10) explained the 
general pattern of the elastic modulus, which can be 
calculated from the slope of the curve where stress 
and strain are proportional and is an indication of 
the stiffness of the test material. (See Fig. 2.) In Fig. 
2 the yield point A is a measure of the material’s 
strength. It is also a measure of the resistance of 
the material under test to  permanent deformation. 


Fig. 2.--Stress- 
strain relation- 


ship. 


m 
V 


STRAIN ( E )  --C 


Fig. 3.-Ma- 
terial classifica- 
tion according to t stress - strain 
re la t ionship  s. 
Key: (a )  soft and 
hard; (b)  weak 
and brittle; (c) 
strong and 
tough; (d)  hard 
and strong. 


tester’ with the CT crosshead, which has a range of 1 
to 200 lb. The crosshead speed was 0.2 in. per 
minute. 


“For solids, Hooke’s law states that the tension is 
proportional to  the extension or ‘stress is proportional 
t o  strain,’ where stress is the force per unit area 
(F/A) and strain is the ratio of the extension 
produced to the original length (l/L). Hence 
(F X L)/(A X 1) = Constant generally denoted by 
E and is called Elastic Modulus (12).” The elastic 
modulus (elasticity) was calculated using this 
formula. Since the Instron strain tester reads in 
the English system of weights, E was calculated in 
this system, then converted to  the metric system 
using the conversion factor of 68947. 


Linear expansion of the films was measured by the 
ASTM test No. D 1042-54. Film strips were cut 1 
in. wide and 6 in. long and inscribed as prescribed by 
the American Society for Testing and Materials. The 
inscribing distance was 100 mm. Holes were 
punched in one end of the film strips, and the strips 
were suspended from cross rods. The marked test 
samples were then subjected to  93% relative hu- 
midity and 40’ for 24 hours. A saturated solution 
of ammonium phosphate was used to  produce the 


1 Iostroo Eng indog  Corp.. Canton. Mass. 
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relative humidity for the test. After 24 hours, the 
films were again inscribed and the distance measured. 
Any change in length was observed and measured 
with a calibrated microscope at X10 power. The 
same test samples were then subjected to 00' for 
24 hours and again measured under the microscope. 


Film test samples in a thickness range of 5 t o  10 
mm. were cut using a 1 by 3 in. microscope slide as a 
template. They were then immersed in artificial 
gastric and intestinal fluids to determine solubility 
and/or enteric properties. A sample was placed in 
a vertical position in each chamber of the U.S.P. 
tablet disintegrator and completely submerged in 
artificial gastric 0uid at 37". The U.S.P. disinte- 
gration apparatus disks were not used since the film 
strips tended t o  adhere t o  them. The end point was 
complete solution of the film. After 3 hours, the 
gastric 0uid was removed and replaced with arti- 
ficial intestinal fluid. To confirm the results, three 
test samples were run for each polymer. 


Thermal Properties.-Test samples were cut and 
were mounted on sample holder cards. These cards 
are the same dimensions as the calibration card for 
the Perkin Elmer model 21 spectrophotometer. 
The infrared spectrum was initially recorded for 
each polymer and after a 2-month interval to note 
any changes produced by temperature and aging. 


Stability Properties.-Water Vapor Permeabil- 
ity.-A modification of ASTM:E96-53T was devel- 
oped to  measure water vapor transmission. Through 
the use of ASTM designed cups* and controllM 
humidities on both sides of the film, the water vapor 
transmission was determined. The test was con- 
ducted with 0% relative humidity inside the cup 
(maintained by Drierite)' and 93% relative humidity 
outside a t  room temperature. The 93% relative 
humidity was maintained with a saturated solution 
of ammonium phosphate in a paper chromatography 
jar, 10 in. in diameter and 18 in. deep. The cups 
were weighed initially and then every 2 hours over a 
24-hour time period, the water vapor transmission 
was calculated from the straight line portion of the 
plot of moisture gain uersus time. Water vapor 
transmission is usually expressed as the number of 
grams of moisture gain per 24 hours per square 
meter. Preliminary data indicated that weighing 
the films every 4 hours over a 12-hour period was 
adequate, and this procedure was subsequently 
followed. Utsumi (13) has suggested the following 
water vapor transmission formula: Q = ( WL)/ (S )  
where W = Gm. of water/24 hours, L = film thick- 
ness in cm., S = surface area in cm.', and Q = 
weight of water in Gm.cm. thickness/cm.* area a4 
hours. 


The American Society for Testing Materials 
suggests the following formula for calculating the 
water vapor transmission: WVT = (g X 24)/ 
(1 X a )  where g = weight gain or loss, in grams, 
a = exposed area in square cm., t = time, in hours, 
during which g was observed, 24 = to  convert the 
actual weighing time, t, to  the time basis of 24 
hours. 


Since Utsumi's formula took the thickness of the 
film sample into consideration, it was used in this 
investigation. 


Oxygen Permeability.-The method of determin- 
ing oxygen permeability of the films involved the 


* Thwing Albert Instrument Co., Philadelphia. Pa. 
8 W. A. Hammond, Drierite Co.. Xenia, Ohio. 
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complexation of oxygen by pyrogallic acid in an 
alkaline solution (14). The following reagent was 
used in this study: pyrogallic acid, 4 Gm.; sodium 
hydroxide, 10 Gm.; and distilled water q.s. ad. 
1000 ml. Test tubes were filled to a volume of 35 ml. 
with the reagent solution and sealed with the films 
under oxygen free conditions as provided by high 
purity nitrogen. The quantity of oxygen passing 
through the films was determined by the Beckman 
model B spectrophotometer at room temperature. 
The wavelength of 425 mfi was used as suggested by 
Williams, et al. (14). The presence of oxygen was 
also noted visually by the change of a nearly colorless 
solution to  varying shades of brown and then to  
black. The quantity of oxygen present was meas- 
ured at intervals of 30 minutes until a constant rate 
of gain was reached. The oxygen permeability 
was calculated according to the first equation. 


TABLE I.-~OLYMERS USED I N  THIS STUDY 


Chemical 
Designation 


Acrylate and 
methacrylate 


Alkyd 
Cellulose acetate 


butyrate 
Chlorinated 


paraffin 
Chlorinated 


rubber 
Coumarone 


Oleoresin 
modified 


Phenol modified 


Vinyl acetate 


Vinyl butyral 
Vinyl acetate/ 


stearate 
Vinyl chloride 


copolymer 


Polyvinyl ethyl 
ether 


Styrene 


Silicone 


Trade Name Film 
and Formation 


ManufactureP (Free Film) 
Lucite 42 (1 )  Yes 
Lucite 44 (1) Yes 
Lucite 46 (1 )  YeS 
Sytm H-3 (2) No 
'/a Second Butyrate Yes 


No Clorowax 70 (4) 


Parlon (5) No 


(3) 


Nevidene (6)  
Neville R16-A ( 6 )  
Picco 450-L (7) 
Carbawl6 (8) 
Carbasol30 (8) 
Staybnte Ester 10 (5) 
Cellolyn 102 (5) 
Pentalyn A (5) 
Pentalyn 802A (5) 
Nevillac Hard ( 6 )  
F.C.D. 101 ( 9 )  
Gelva V-15 (10) 
&lva C-B.V'-lo (10) 
V i a c  El-52 (11) 
Bakelite AYAF (12) 
Lemac 541-20 (13) 


Flexbond B-142 (11) 
ButvW B-90 (10) 


No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
No 


Exon 470 (15) Yes 
Exon 471 (15) Yes 
Exon 497 (15) YeS 
Bakelite EDBM (12) No 


Lytron 810 (15) No 
Lytron 820 (15) No 
S.R. 83 (16) No 
F.C.D. 16 (9) No 
R. 82 (1.2') No .- ~. 


Neville-li8-123 ( 6 )  No 
Bakelite VMCH (12) No 
Piccoflex 100 (7) No 
Bakelite VAGH (12) Yes 


The manufacturer of the polymer is designated by the 
number in parenthesis: I ,  E. I. du Pont de Nemours & CO: 
2, Jones-Dahney Co.; 3, Eastman Chemical Products, 1nc.l 
4. Diamond Alkali Co.; 5. Hercules Powder Co.; 6. Neville 
Chemical Co.; 7, Pennsylvania Industrial Chemical Corp.; 
8 C. J. Osborn CO: 9, France, Campbell, and Darling; IO. 
Shawingan Resins 'brp.;  If, Colton Chemical Co.; I t ,  
Union Carbide Corp.; 13, The Borden Chemical Co: 14, 
Firestone Plastics Co.; 15. Monsanto Chemical Co.; a i d  16. 
Schenectady Resins Div. 
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TABLE II.-EVALUATION OF STRESS-STRAIN RELATIONSHIPS AND LINEAR EXPANSION 


Stress-Strain Relationships 7 


Tensile Linear Expansion- 


Polymer x 10-1 cm. dyne/cm.' dgne/cm.' Elongation X 10-8 cm. 93% R.H. At 60'C. 


Elasticity Stren t h  Film (yo Elongation) 
x 1% % Thickness At 40'C. 4- 


Film 
Thickness X 100 


Lucite 44 2.54 2.484 0.436 68.5 5.59 2.19 5.00 
Lucite 46 2.00 4.3% 1.630 1 .7  5.08 -1.00 3.30 
Gelva V-15 1.83 5.614 2.642 4 . 5  4.57 3.00 . . .  
Gelva C-3, V-10 0.970 4.117 2.429 8 . 9  . . .  . . .  . . .  
Bakelite AYAF 0.710 5.508 1.642 3 .7  3.05 2.10 0.60 
Lemac 541-20 0.990 3.861 2.455 4 . 2  4.06 -2.70 . . .  
ButvW B-90 1.65 1.735 5.390 27.1 4.32 0.27 -0.92 
Exon 471 2.21 0.705 2.375 3 .1  5.59 1.80 -8.00 
Exon 497 0.380 7.023 1.587 2 . 1  5.84 -0.30 -2.90 
Bakelite VAGH 0.990 5.984 2.153 2 . 4  . . .  . . .  . . .  


Photo-Oxidation.-The procedure of determining 
photo-oxidation was the same as that used to meas- 
ure the effect of temperature upon the polymers. A 
sample card was prepared as previously described 
for each polymer and an initial spectrum recorded. 
The sample cards were then exposed to  indirect sun- 
light passing through a north window. Infrared 
spectra were again recorded after a 2-month inter- 
val had elapsed. 


Moisture Absorption.-Test samples were pre- 
pared as previously described, placed in relative 
humidity chambers, and weighed at definite time 
intervals. The per cent moisture absorbed was cal- 
culated on a weight basis, and the time required for 
maximum absorption was determined. Relative 
humidity chambers were constructed using large 
battery jars covered with glass plates. Holes were 
punched in one end of the film strips, and the strips 
were suspended from cross rods. The film strips 
were subjected to  10, 52, and 93% relative humidity 
using saturated solutions, respectively, of zinc 
chloride, magnesium nitrate, ammoniuni phosphate, 
and were weighed a t  weekly intervals. The Serdex' 
relative humidity meter was used to  check the rela- 
tive humidity. 


Coating of Tablets.-In order to evaluate each 
polymer for coating efficiency on a moving tablet 
bed, film hardness, and effect upon disintegration 
time, selected film coatings were applied to placebo 
tablets. The following formula was selected for the 
placebo tablets: calcium sulfate, 40% ; lactose, 
40%; starch, 20%, granulating agent: starch 
paste, 10%; and lubricant: magnesium stearate, 


Tablet disintegration and friability were used to  
measure durability, ease of handling, and tablet 
firmness. To check these properties, tablets were 
coated, and disintegration and friability tests were 
conducted. The tablets were coated with a 10% 
solution of the polymer using the solvent system 
previously mentioned. One per cent sorbitan mo- 
nooleate: was added to facilitate spre:tding on the 
tablets. A 0.1% concentration of FD&C yellow 
No. 4 was added to  permit visualization of tablet 
coating. A standard 12-in. coating pan revolving 
at  36 r.p.m. was used, and the coating solution was 
ladled on the moving tablet bed. 


The disintegration tests were conducted according 
to the manner prescribed by the U.S.P. XVI for 
uncoated tablets using both artificial gastric and 


1%. 


4 Serdex, Inc.. Boston, Mass. 
5 Marketed as Arlacel 80 by the Atlas Powder Co , Wil- 


mington. Del. 


intestinal fluids. A blank was determined using 
uncoated tablets. 


The friability test was conducted according to the 
method suggested by Perlman (15). This test 
utilizes a metal can ( 5 1 / 4  in. in diameter and 8 in. 
high) containing three 1-in. metal baffles. The 
tablets were placed in the can, and the can was 
sealed with plastic electrical tape. The tablets 
were rotated on a jar mill rolling machinee 
for 5 minutes a t  90 r.p.m. 


RESULTS AND DISCUSSION 


Experimental work was conducted to  evaluate 
selected polymeric substances for use as pharma- 
ceutical film coating agents. After preliminary 
screening the polymers listed in Table I were selected 
for further evaluation. 


Further screening using the film casting knife 
indicated that 13 polymers formed free unplasticized 
films. A free unplasticized filni was defined as an 
unsupported sheet of film containing no additives 
such as plasticizers or alloying agents. These re- 
sults are also shown in Table I. 


At the end of the preliminary screening the 13 
polymers forming free films (Table I )  were selected 
for further evaluation of properties of interest in 
pharmaceutical film coating. 


Evaluation of Mechanical Properties of Free 
Films.-Experimental work was conducted to obtain 
a comparison of the flexibility and toughness of the 
polymers evaluated. The polymers were evaluated 
for modulus of elasticity, tensile strength, and per 
cent elongation; the results are shown in Table 11. 


Lever and Rhys (10) indicated that tension tests 
gave reasonably accurate information when em- 
ployed under definite test conditions. The tests 
cannot be considered significant when the applica- 
tion conditions differ widely. It appears from this 
that these properties are best evaluated when one is 
modifying an original formulation and desires to 
know the effect of such modifications. Polymers 
could also be compared if the same test conditions 
were used. 


For use in film coating, the per cent elongation 
and tensile stress should both be high in relative 
value. .4 polymer having these properties would 
produce a strong and tough film, which is especially 
desirable in tablet coating. The value of the elastic 
modulus could be either high or low, dependingupon 
the intended application of the polymer. A higher 
value denotes a harder film (e.g., tablet coating), 


0 Paul Abbe, Little Falls, N. J. 
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TABLE III.-EFFBcT OF SOLVENT UPON STRESS-STRAIN RELATIONSHIPS 


Film Elasticity Tensile Strength 
Thickness x lo( x lo, % 


Polymer Age x 10- cm.' dyne/cm.' dyne/cm. 1 Elongation 
Exon 471 4 mo. 2.21 0.705 2.375 3.1 


2 days 1.55 0.884 0.294 74.5 
Butvar B-90 4 mo. 1.65 1.735 5.390 27.1 


2 days 1.47 2.378 ... over 125 


samples may have been chip resistant and resilient 
in the laboratory. 


When the results from Tables I1 and I11 were com- 
pared to  those of Utsumi (13), it was found that his 
synthesized polymers exhibited a somewhat greater 
elastic modulus (the higher the elastic modulus, the 
stiffer the film). Some of the. difference may be 
attributed to  the different methods used as well as 
the different polymers employed. 


The linear expansion of the film test samples was 
in the order of &3% as shown in Table 11. Lucite 
46, Exon 497, and L-emac 541-20 probably would 
be unsuitable for film coating where both high 
temperature (40") and high relative humidity 
(93y0) are involved. Any shrinkage in a film would 
be likely to cause a film coating on a pharmaceutical 
product to  fissure and become unacceptable. It is 
interesting t o  note that the linear dimensions of 
Butvar B90 and Exon 471 test samples increased 
slightly upon exposure t o  high relative humidities, 
but decreased when subsequently exposed to  high 
temperature (60'). The only difficulty in evaluat- 
ing polymers using this method is that some samples 
are not able to  be measured accurately due t o  


while a lower value indicates a soft and more flexible 
film (c.g.. spray bandage). 


Table I1 shows that most of the elastic moduli 
were lou dyne/cm.' with 2 to  10% elongation. It 
appeared from the data presented that nearly all 
of the polymers would have application as film 
coating agents. Lucite 44 has a low tensile strength 
when compared to  the other polymers and might be 
unsuitable. The data in Table I1 resulted from 
samples that had been aged approximately 4 months. 
Table I11 indicates that residual solvent can have 
an effect upon the mechanical properties of a poly- 
mer and indicates that these tests should be con- 
ducted on aged films. 


The tensile strength for Butvar B-90 is unavail- 
able because the film did not break under the test 
conditions. The extension limit of the testing 
procedure was exceeded. This also accounts for the 
approximate value for the per cent elongation. 
As was expected, the film samples became more 
flexible but less tough due to  the residual solvent 
being present (16). This could account for the fact 
that commercial film coated pharmaceuticals often 
chip and crack easily upon aging, while freshly coated 


TABLE IV.-PERMEABILITY OF FREE FILMS TO WATER AND OXYGEN 
(Gm.cm./cm.' 24 HOURS) 


Sample Water Sample Oxygen 
Thickness Permeability Av. Thickness Permeability Av. 


Polymer X 10-lcm. x 10-1 X 10-1 X IO-'cm. x lo-' x lo-' 
Exon 497 


Exon 470 


0.432 
0.406 
0.950 
0.910 
0.900 
0.432 
0.381 
0.457 
0.482 


1.11 
1.48 
1.95 


1.29 3.10 
0.915 
0.915 


1.80 
1.65 
2.70 
2.30 


1.33 
4.25 
4.97 


23.8 
19.0 
14.9 


1.33 


4.61 1.85 
1.51 
2.32 
2.05 


1.77 


2.18 


4.47 


7.91 


6.16 


Butvar B-90 


Lucite 44 


Bakelite VAGH 


Lucite 46 


Lemac 541-20 


21.4 


16.0 


6.06 


14.8 


8.00 


9.85 


4.91 
4.04 
8.18 
7.64 
6.01 
6.31 
8.40 
8.60 
7.90 
7.89 
8.96 
8.32 


10.9 
10.4 
8.90 
9.63 
8.25 


13.8 
14.8 
16.7 


17.2 
6.41 
5.70 


13.9 
15.6 


0.127 
0.102 
1.75 
1.96 
0.356 


0.990 
0.970 
2.10 
1.96 
1.10 
0.990 


1.27 


8.48 
7.52 


9.85 


0.331 
1.02 
1.47 


8.10 
Lucite 42 


1.44 
1.55 
1.02 


8.39 
Gelva V-15 1.32 


2.39 


0.740 


2.20 
2.30 


5.86 
3.34 


5.80 


1.27 
1.60 
9.48 
8.09 


2.27 
1.79 


0.810 
0.483 
0.787 


4.60 


5.80 
10.1 


8.94 


14.3 


Bakelite AYAF 


Exon 471 


Gelva C-3, V-10 


0.711 
2.34 
2.03 
2.59 
0.991 
2.54 
1.57 
1.27 
1.52 


1.16 


8.78 
2.70 
2.20 


. 
19.2 
16.3 
74.0 
56.8 


17.4 
1/2 Second Butyrate 0.330 


0.380 2.03 
74.4 68 4 
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too small to  permit passage of the water molecule. 
Films which are lipophilic and contain very small 
molecular holes would have a small rate of both 
water and oxygen permeability, such as Exon 497 
and 470. This would be a desirable property of a 
film coating agent. Conversely, a hydrophilic 
film with large pores would be highly permeable to  
both water and oxygen. 


Moisture Absorption.-Experimental work was 
conducted to evaluate the effect of relative humidity 
upon the film properties of the polymers. The film 
samples were weighed at 2, 4, 8, and 12-week inter- 
vals, and the average weight change was determined 
for each sample. The polymers were neither affected 
by changes in relative humidity, nor did they absorb 
moisture during the test period. The standard de- 
viations of the weight changes were also determined. 
The statistical t-test values for the mean differences 
were determined at the 99% confidence level ac- 
cording to the procedure outlined by Davies, et al. 
(18). 


No statistically significant increases in moisture 
absorption were determined for film samples ex- 
posed to any of the three relative humidities. 
Exon 471 when exposed to  10% relative humidity 
exhibited a 1.5y0 average increase in weight over the 
12-week period. This was the greatest increase in 
moisture content of any of the polymers studied at 
the three relative humidities. 


Some of the polymers decreased in average weight 
over the test period. This can occur due to the 
gradual evaporation of any remaining residual sol- 
vent. The greatest decrease was .81% average 
weight loss by Gelva V-15 when exposed t o  93% 
relative humidity. There were no visual differences 
in the samples. This magnitude of moisture 
absorption correlates with the results obtained by 
Goodman (8) for ethyl cellulose, representative of a 
typical water insoluble polymer. 


Evaluation as  Tablet Coating.-Coating solutions 
were prepared as previously described. Initially, 
some preliminary work was conducted using a small 
wire basket, and the tablets were dipped into the 
coating solution. This method in its cursory evalua- 
tion was unsatisfactory. No dusting powder was 
used so that the tablets could be evaluated for the 
apparent effectiveness of the polymer coating alone. 
Tackiness was present with some of the coatings 
and was appreciable in the films of Butvar B-90. 


TABLE V.-PHYSICAL PROPERTIES OF FILM COATED 
TABLETS 


Disintegration Rate 
Artificial Artificial 


Friability Gastric Intestinal 
Polymer Coat Loss Fluid Fluid 


curling and/or melting of the film at the higher 
temperature (60'). Bakelite AYAF and Exon 471 
exhibited the least dimensional distortion at an 
elevated temperature or at an elevated tempqature 
and humidity. I t  would appear that these polymers 
would be suitable as pharmaceutical coating agents. 


Film test strips were cut as previously described 
and placed in artificial gastric and intestinal fluids 
to  determine solubility and/or enteric properties. 
All of the polymers were insoluble in both artificial 
gastric and intestinal fluids, except Bakelite AYAF 
and Gelva C-3,V-10 which exhibited possible enteric 
properties. From this it would appear that those 
polymers which are insoluble would not be suitable 
for film coatings unless modified with other agents. 
However, it  is possible that all coated products do 
not disintegrate by dissolution of the coating, but 
some release the medicament according to  the water 
permeability of the coating. Experimental data 
that support this hypothesis will be shown in a 
later section. 


Evaluation of Thermal Properties of Free Films.- 
Test samples of the polymers were prepared as previ- 
ously described and evaluated for their temperature 
stability a t  25, 40, and 60' for a period of 2 months. 
Visual examination of the films disclosed no physical 
changes during that period of time. Infrared spec- 
tra were also recorded for each of the polymers 
initially and after storage. Comparison of the 
spectra disclosed no differences and/or formation of 
new peaks. I t  was concluded that there was no 
decomposition of the films. 


Evaluation of Stability Properties of Free Films.- 
Water Vapor Transmission and Oxygen Permeabil- 
ity.-The water vapor transmission and oxygen per- 
meability of the polymers have been determined by 
the procedure outlined in the Experimental section. 
The magnitude was in the order of lo-' to  lo-' 
Gm.cm./cm.* 24 hours as shown in Table IV. 


The values for water permeability all fall within a 
range which indicates that they would be suitable 
film coating agents (13) according to the value for 
shellac of 8.813 X lo-* Gm.cm./cm.* 24 hours, 
which has been suggested as a control for maximum 
permissible water vapor transmission. 


One might assume that these films would be as 
effective against oxygen as they are against water 
vapor transmission, although no experimental work 
was found in the literature to  indicate what range of 
oxygen permeability was satisfactory for the pre- 
vention of auto-oxidation of film coated drugs. 
Future work along these lines will be undertaken. 


It appears from Table IV that there was an inverse 
relationship between the water vapor transmission 
and oxygen permeability. The noticeable excep- 
tions were the values for Exon 497 and 470 which 
were low in both cases and Gelva C-3,V-10 which 
wiis high. The following hypothesis is offered to  
cxplain this rclationship. The water vapor perme- 
ability of a free film has been shown to be dependent 
upon the number of polar groups that the polymer 
contains (17). 


Polymers that contain hydrophilic groups at- 
tract the water molecule and cause it to  pen- 
trate more readily than those with lyophilic 
groups. The "Pore Theory" could be applicable 
to the method of oxygen permeability. Since thc 
oxygen molecule is smaller than the water molecule, 
it cdn penetrate molecular holes in the film which are 


Uncoated tablets 3 0 4 5 % ~ .  40Sec. 
Gelva C-3. V-10 0107% 480 150 
l/z Second Butyrate 0.37 i 0  60 
Bakelite VAGH 0.56 180 60 
Exon 471 0.78 120 90 
Exon 470 1.13 135 180 
Lucite 44 1.20 420 300 
Gelva V-15 1.42 240 270 
Lucite 42 I .43 300 240 
Exon 497 1.46 225 90 
Lemac 541-20 2.23 210 300 
Lucite 46 2.47 1 80 180 ~. 


Butvar R-90 (5%) 6.67 80 NO 
Bakelite AYAF 12 85 2 10 240 
Butvar B-90 (10%) 20.20 . . .  . . .  
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It was necessary to  dilute the solution of Butvar 
B-90 to  a 5’30 concentration to  facilitate tablet coat- 
ing. To evaluate the durability, ease of handling, 
and coating friability, disintegration and coating 
friability tests were conducted as described in the 
Experimental section. The results are shown in 
Table V. 


The disintegration tests were conducted using a 
different sample of tablets for each of the artificial 
fluids since the tablets quickly disintegrated. It is 
believed that the film coated tablets disintegrated 
by means of water vapor transmission through the 
film with the transmitted water, reacting with the 
starch that was present in the tablets. 


A 10% coating solution of Butvar B-90 and Bake- 
lite AYAF produced a coating that was rather fri- 
able. All of the other tablets lost only a small 
percentage of their coating. 


Correlation of Screening Procedure with a Formu- 
lated Product.-A coating formulation was devel- 
oped from information obtained by the above screen- 
ing procedure. The mercury substrate technique 
was employed using various concentrations of di- 
ethyl phthalate and sorbitan monooleate6 from 8 to 
30% of each by weight of the polymer. Exon 470 
was selected as the film former. Visual examination 
of the cast films indicated that the following formula 
was superior t o  any of the others for use with Exon 
470: Exon 470, 5%; diethyl phthalate, 20% by 
weight of the polymer; Arlacel 80, 2%; FD&C 
red No. 3, o.050/0; isopropyl alcohol, 25%; butyl 
acetate, 40%; and acetone, q s .  ad., 100%. 


The coating formulation was applied t o  placebo 
tablets in a 12-in. coating pan using a Binks airless 
spray system.’ A nozzle tip with a 40’ dispersion 
and a 0.009-in. opening was used, and the wlution 
was applied under a pressure of 30 p.s.i. The follow- 
ing formula was selected for the placebo tablets: 
calcium sulfate, 90%; starch, 10%; granulating 
agent: methylcellulose 1500, 3% solution; and 
lubricant: talc, 3%. 


The disintegration and friability tests were con- 
ducted according t o  the procedure outlined in the 
Experimental section. The placebo tablets disinte- 
grated in approximately 55 minutes in either artificial 
gastric or intestinal fluid, while the coated tablets 
disintegrated in approximately 2 hours and 15 
minutes and 2 hours and 50 minutes, in the respective 
fluids. There was 1.98% coat loss. The tablets had 
a smooth glossy appearance and retained their 
original design and shape. 


SUMMARY AND CONCLUSIONS 
This investigation has led to  the development 


of a screening procedure to  evaluate unsupported 
polymeric films for their mechanical, thermal, and 
stability properties. 
2. The results can provide a logical basis for the 


selection of the modifying additives in the coating 
formulation. 


1. 
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7 Binks Manufncturing Co., Chicago, 111. 


3. Unsupported film test samples of each poly- 
mer were prepared by two different methods-knife 
edge applicator and mercury substrate technique. 
The mercury substrate technique was superior 
because control of film thickness and film removal 
was easier. 


The 13 polymers remaining after the primary 
screening were evaluated according to  the physical 
and mechanical properties of: elastic modulus, 
tensile strength, linear expansion, and solution rate. 
The following polymers appeared to  be superior of 
the 13 tested: (a) 1/2 Second Butyrate, ( b )  
Bakelite AYAF, (c) Lucite 44, (d) Gelva V-15, and 
(c) Exon 470. 
5. There was no discernible decomposition of 


any of the 13 polymers due to  thermal, photo- 
oxidation, and/or aging effects according to  infrared 
analysis. 


Evidence that an inverse relationship may 
exist between the water permeability and oxygen 
permeability of the free films could be explained by 
a combination of the hydrophilic-lipophilic and pore 
theories. 


7. Moisture absorption by the polymers was 
negligible. 


8. Nearly all of the films appeared to  be appli- 
cable as film coating agents based upon friability 
and disintegration studies. Butvar B-90 and Bake- 
lite AYAF produced a highly friable coating and 
would not be suitable. 


4. 


6. 
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Effect of Deuterium Oxide 
Growth of Peppermint 


Histological Effects 


By F. A. CRANE, M. I. BLAKE, R. A. UPHAUS, 


on the 
I1 


and J. J. KATZ 


Representative sections of leaf, stem, and root of peppermint plants grown in 70 per 
cent D20 nutrient were examined microscopically; comparison was made of the 
significant histological features with sections from lants grown in an aqueous 
nutrient. The major effect of deuterium on the growrhPof peppermint appears to be 
inhibition of cell divisions. Parenchyma cells are enlarged and vascular tissue ap- 
pears to be reduced in the deuteriated plants. In  general, the effects were more pro- 
nounced i n  growing tissues than i n  tissue exposed to deuterium after differentiation 


had occurred. 


N A PREVIOUS paper (1) the morphological 
effects of deuterium oxide on the growth of 


peppermint were reported. Peppermint plants 
were conveniently grown in 250-ml. Erlen- 
meyer flasks by liquid culture technique. The 
concentration of D20 in the nutrient solution was 
varied from 0 to  100’70. When the fully grown 
plants were harvested, samples of each plant 
part were killed in Randolph’s modification of 
the Navashin fixing solution (2) and reserved 
for histological studies. While the histological 
effects were noted in  all plants grown with D20 
concentrations in the nutrient up  to  lOO’%, 
comparison was made here only between the con- 
trols and the plants grown in iOyo D2O nutrient. 
Plants grown on intermediate D20 concentrations 
showed effects in the same direction as the iOyo 
plants, but to a proportionately lesser extent. 
Consequently, we compared the plants grown in 
the highest D20 concentrations to the controls. 
Significant growth was not observed in plants 
grown in DxO concentrations above iO% as 
reported earlier (l),  and these plants were there- 
fore not subjected to histological examination. 
It should also be noted that plants grown in 
nutrient containing 70% D2O showed a n  uptake 
of 35y0 deuterium when the water obtained from 
combustion of the dried plants was analyzed for 
deuterium content. This represents organically 
I)ound exchangeable and nonexchangeable deu- 
terium. The maximum histological effects de- 
scribed here thus result from the replacement 
by deuterium of about one-third of the hydrogen 
normally present in the tissue. 


In  this study representative sections of leaf, 
stem, and root of peppermint plants grown in 
iOc% D2O nutrient were examined microscopi- 
cally and comparison of the significant histological 
__- 
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features was made with comparable sections from 
plants grown in an aqueous nutrient. 


EXPERIMENTAL 
Five peppermint plants (Menthn p iper i fu )  were 


grown on a nutrient containing i07; DzO by the 
technique reported in the previous paper in this 
series. Three plants were groan in an aqueous 
medium and served as the controls. All plants were 
harvested after 50 days, a t  which time tlie controls 
went into the flowering stage. The plant parts 
studied for their histological response to D20 in the 
nutrient included immature leaf (the smallest leaf 


Fig. 1.-Transverse sections of immature leaves 
taken near apex of plants growing on (top) H20 
nutrient solution and (bottom) 7Oy0 D20 nutrient 
solution. Both sections are taken from the midrib 
of the leaf. The magnification ( X  100) is the same 
in both cases. 


612 







Vol. 53, No. 6, June 1964 613 


Fig. 2.-Trans- 
verse sections of 
mature leaves taken 
near the base of the 
primary stem of 
plants growing on 
(top) HzO nutrient 
solution and (bot- 
tom) SOYo D20 nu- 
trient solution. 
Magnification IS 
the same in both 
cases ( X  loo). 


a t  the apex discernible to the naked eye), mature 
leaf (near the base of the primary shoot), immature 
stem (directly below the pair of immature leaves 
under study), mature stem (directly above the 
mature leaf under study), and root (a section taken 2 
cm. below the origin of the root on the stem base). 


The tissues mentioned in the previous paragraph 
were dehydrated through a n  ethanol-xylol series and 
were imbedded in Tissuemat (55') paraffin. They 
were sectioned at 20 p thickness with a Spencer No. 
820 rotary microtome. The sections were mounted 
on slides by Mayer's albumin fixative and were 
stained with Safranin 0 and Fast Green. They 
were permanently mounted in Canada balsam. The 
different histological features were measured in 
microns using an ocular micrometer for both the 
control and the 70% D20 plant tissues. Photo- 
micrographs of the sections of the plant parts were 
made with a Leitz Orthomat microscope camera and 
are shown in Figs. 1-5. 


RESULTS AND DISCUSSION 
Leaf.-Figures 1 and 2 show a photographic 


comparison of leaf sections of the control and the 


70y0 D20 plant. Table I summarizes measurements 
of the major histological features of representative 
sections of both young and mature leaves. 


The young blade of the deuteriated plant is about 
twice as thick as the control. In the mature leaf 
this effect is much less pronounced, though still 
significant. The midrib shows little difference in 
thickness in response to  deuteriation. However, 
there is a drastic reduction in midrib width and in the 
number of vascular elements, mainly xylem vessels 
and tracheids, which differentiated in the presence of 
D2O. The dimensions of the tissues comprising the 
bulk of the leaf blade are greater in the deuteriated 
leaf-apparently the result of larger cells. Differ- 
ences in all cases are more marked in the young leaf 
than in the mature leaf. Since the mature leaves 
had already gone through the earlier phase of their 
elongation cycle before the effect of D20 was exerted 
on them, they do not exhibit differences so striking 
as those of the young leaf. 


Deuterium oxide affects the kinetics of reactions 
involved in metabolism and thus interferes with the 
normal biochemistry of the plant. Of major 
significance is interference with cell division. Gross 
and Spindel (3) have recently treated a t  length the 
subject of inhibition of mitosis by deuterium. Stein 
and Forrester (4) studied the recovery of corn root 
cells after a 48-hour exposure to 80% DzO solution 
and concluded that D20 blocks cell division at inter- 
phase and metaphase. Flaumenhaft, et nl. (5). 
Chorney, el al. (6 ) .  have observed that certain algae 
grown in a fully deuteriated medium are substan- 
tially larger than cells grown in water. Crespi, 
et al. (7). reported that algae transferred from an 
H2O culture to  99.6% DtO nutrient solution con- 
tinued to grow, but cell division appeared to  be 
strongly inhibited. Henderson (8) points out that 
one of the effects of D20 on nucleic acids in vitro is 
impaired DNA strand separation which implies pos- 
sible interference with DNA synthesis and cell divi- 
sion in uiuo. We have observed that the growth of 
peppermint plants under the stress of D20 is con- 
tinuous, although it proceeds a t  a reduced rate com- 
pared to the controls. I t  appears that cell division 
is indeed severely impaired. The tissue cells tend 
to become greatly enlarged as a result of the inhibi- 


TABLE  COMPARISON OF HISTOLOGICAL MEASUREMENTS IN LEAF FROM PEPPERMINT GROWN IN 70% 
D20 NUTRIENT AND IN AQUEOUS NUTRIENTS 


c- Young Lea- 7 Mature Leaf- - 
Blade thickness 101.7 f 0.1* 195.6 f 0 . 4  161.0 i 0 . 2  223.6 f 0.6  
Midrib thickness 235.7 f 0 . 9  229.4 f 0 . 3  367.3 f 0 . 8  377.6 f 0.1  
Epidermal thickness 


Upper 12.9 f 0 . 2  24.0 f 0 . 3  14.4 f 0 . 9  18.9 f 0 . 4  
Lower 10.2 f 0 . 7  17.5 f 0 . 6  8 . 8  & 0 . i  13.5 f 0 . 6  


Feature H,O 70% DtO HtO 70% DiO 


Palisade layer 
Cell height 
Cell width 


Soonav meso~hvll 


37.7 f 0 . 4  69.0 f 0 . 4  
8 . 9 f 0 . 1  17.6 f 0 . 8  


73.6 f 0 . 4  
15.5 f 0 . 3  


85.8 f 0 . 6  
14.9 f 0 . 4  


Cefi-diamekr- 44.3 f 0 . 2  90.8 f 0 . 2  57.0 i 0 . 4  80.5 f 0 . 5  


Height 89.2 f 0.9  82.1 f 0 . i  122.0 f 0 . 9  127.9 f 0 . 3  
Width 207.4 f 0.8 57.1 f 0.6 218.0 f 0.6  198.7 f 0 . 4  


Midrib vascular bundle 


No. of oil glands 
on surface" 


One-celled 13.0 f 0 . 2  10.0 f 0 . 1  3 . 2  f 0.1 3 . 5  f 0.1 
Eight-celled 6.9 f 0 . 2  5 . 5 f 0 . 1  1 . 0  f 0.1 5 . 0  f 0.2  
a All measurements are in microns, and each represents the average of at least 10 samples taken from not less than three 


Data are averages different sections. 
of at least 10 samples. 


b Standard deviation. c Based on a surface area of 6.60 X 0.02 mm. in all sections. 
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number of eight-celled trichomes noted in the com- 
parison of mature leaves. 


Stem.-Figures 3 and 4 show typical sections of 
stem from the controls and plants grown in 70% DzO 
nutrient. Both young and mature stems were com- 
pared. The histological measurements are shown 
in Table 11. 


The data in Table I 1  indicate that the effect of 
D20 in the young stem is essentially opposite to that 
found in the mature stem. I n  the young deuteriated 
stem, all of the features measured were larger than 
comparable measurements of the control stem. All 
growth occurred in the young stem after the plant 
was exposed to D20 in the nutrient, whereas in the 
mature stem, most of the development took place 
prior to the exposure to DzO. 


The young stem section (cut a few millimeters be- 
low the shoot apex) from the plant grown in 70% 
DzO nutrient was about twice the diameter of the 
control section measured in both concave and convex 
directions. The epidermis had more than twice the 
thickness, and large colenchyma hundles developed 
on all corners of the young deuteriated stem. A 
similar effect is evident with the large corner vascular 
bundles. Width of the cortex was doubled in the 
DzO stem, and the width of the pith was much 
greater than in the control. Elongation of individual 
cells of pith and cortex occurred to a greater extent 
in the deuteriated stem. 


The mature stem sections, obtained near the base 
of the erect stem, reflect growth responses to stimuli 
that exerted their influence mainly before the effect 
of Dz0 could have operated to change the pattern of 
development. All cell divisions were complete, and 
the tissue was largely differentiated, except for that 
which occurred by way of further growth of the 
cambium in the vascular hundles. The cambium, a 


Fig. 3.- 
Transverse sec- 
tions of imma- 
ture stems 
taken near apex 
of plants grow- 
ing on (top) HzO 
nutrient solu- 
tion, and (bot- 
tom) 70% D20 
nutrient solu- 
tion. Magnifi- 
cation is the 
same in both 
cases ( X  100). 


tion of cell division. Impaired cell division and cell 
enlargement probably (but not necessarily) are 
directly related, since osmotic effects may also be 
important in cell enlargement. 


The data in Table I indicate a marked increase in 
the size of palisade parenchyma and spongy meso- 
phyll cells. This increased cellular volume has re- 
sulted in a decrease in the volume of intercellular 
atmosphere in the leaf. To compensate, the leaf 
has produced a greater number of stomata per unit 
area of leaf surface. Microscopic exanhation of the 
leaf surface indicated that in the deuteriated plant 
there were about 25y0 more stomata per unit area, 
thus permitting more rapid gas exchange a t  the 
epidermal surface. 


The reduced rate of growth in the plant grown in 
D20 nutrient was reflected in a greatly reduced rate 
of transpiration, evidenced by the smaller amounts 
of nutrient solution taken up by the plant as well as a 
lower requirement for tissue water to maintain the 
turgidity of the cells. A reduction in the develop- 
ment of vascular bundles in the deuteriated plant 
accompanied decreased transpiration of nutrient 
fluid. 


I t  is apparent from Table I that in the young leaf 
there are fewer one-celled and eight-celled glandular 
trichomes in the deuteriated leaf. The number of 
trichomes is based on a count in an equal surface 
area in all sections. The glandular trichomes are 
produced a t  the apical menstem and develop while 
the leaves are still meristematic. Since it appears 
that 1120 interferes with cell division, a reduced 
number of presumptive glandular trichomes are 
initiated in the meristematic leaf. The effect is 
accentuated because the deuteriated leaves are sub- 
stantially smaller than the corresponding control 
leaves. The effect on the glandular trichomes in the 
mature leaf is quite different. Since the mature 
leaves were meristematic prior to the exposure of the 
plant to DzO, the number of presumptive glandular 
trichomes should have been the same in both the 
deuteriated and control mature leaf. Since the 
deuteriated leaves are smaller than the correspond- 
ing leaves of the control, the larger number of glands 
per unit surface area is to be expected. However, it 
is difficult to account for a fivefold increase in the 


Fig. 4.-Transverse sections of mature stems 
taken near the base of plants growing on (top) HzO 
nutrient solution and (bottom) 70% DzO nutrient 
solution. Magnification is the same in both cases 
( X  loo). 
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TABLE II.-COMPARISON OF HISTOLOGICAL MEASUREMENTS IN STEM FROM PEPPERMINT GROWN IN 70y0 
Do0 NUTRIENT AND IN AQUEOUS NUTRIENT" 


Young Stem- 7 Mature Stern- - 
70% DIO Feature HrO 7070 Dz0 HzO 


Stem width 
Convex to convex 807.0 f 5.2* 1437.5 f 10.7 2728.7 f 3 . 4  2050.0 f 26.8 
Concave to concave 587.0 i 8.0 1247.3f23.2 2 6 9 9 . 0 f 2 . 8  1 7 8 2 . 0 f  16.8 


Epidermal thickness 9 .3  f 0.2  20 .8f  0 . 2  20.9 f 0.2  17.3 f 0 . 3  
Collenchyma ridge 


Lenath 242.0 f 3.0  272 .Of  3 . 5  313.0 f 2 . 2  3 5 4 . 0 f  4 .0  
Widih 119.0 f 2.7 2 0 7 . 6 3 ~  3 . 1  159.0 f 1 . 6  177.4 f 1.8 


Corner vascular bundle 
thickness 83.1 f 0.9 115.0f 0.9 496.2 f 1.4  1 7 6 . 2 f  1 . 7  


Xylem thickness 53.7 f 0.8 68 .4f  0.6 367.5 f 3.0 1 3 4 . 6 f  1 .5  
Phloem thickness 29.4 f 0 . 4  4 6 . 6 3 ~  1 . 2  128.7 f 2 . 2  4 1 . 6 f  0 . 4  
Cortex width, convex side 112.6 f 2.0 2 2 3 . 8 f  2 .0  261.8 f 2 . 4  223.0 f 2.4 
Pith width 682.3 f 2.5 890.03= 1.0 1 7 5 8 . 0 f 0 . 3  1 3 9 7 . 2 f  0 .6  
Single cortical cell 


Length 
Width 


33.6 f 0.4 3 5 . 7 f  0 . 3  43.5 f 0 . 7  4 2 . 0 f  0 . 4  
27.7 f 0.3 2 9 . 9 f  0.4 66.0 f 1.2  4 7 . 9 f  1 . 1  


Single pith cell 
Length 72.8 f 1.0 86.4f 0 . 6  153.4 f 4 . 7  1 2 4 . 0 f  1 . 7  
Width 62.8 f 1.2 72.7f  0 . 8  122.4 f 2 . 9  9 3 . 2 f  1 .6  


No. oil glands on surfacec 
One-celled 27.3 f 0.6 21.6% 0.4 2 .3  f 0.1  6 .0  i 0 . 3  
Eight-celled 16.0 f 0.6 11.9f  0 .3  1 . 5  f 0.1  3 . 6 f  0 . 2  


a All measurements are in microns, and each represents the average of at least 10 samples taken from not less than three 
Data are averages different sections. 


of at least 10 samples. 
b Standard deviation. c Based on a surface area of 3.76 X 0.02 mm. in all sections. 


layer of meristematic cells, continued to  give rise to 
new vascular tissue in the control, while Dz0 in- 
hibited divisions in this lateral meristem as i t  did 
with primary meristematic tissue a t  the shoot apex. 
The corner vascular bundles in the mature DnO stem 
were about one-third the size of that in the control. 
In fact, the control stem enlarged to greater dimen- 
sions than the D2O stem in all features except the 
collenchyma ridge. The pith and cortical paren- 
chyma of the D2O mature stem were over 80% the 
dimensions of the control. Individual cells of the 
pith and cortex of the mature stem were also larger 
in the control than in deuteriated stems- 
more significantly in the pith. 


Tissue sections selected for study from the control 
and deuteriated plants were taken a t  the same 
levels in relation to  the apex and base of the stem. 
However, it should be noted that while on the aver- 
age the control plants elongated about sixfold over a 
50-day period, the D2O stems at most doubled in 
size. Thus, the cells near the apex of the Dg0 
stem were further along in their pattern of differen- 
tiation than the comparable cells near the apex of 
the control stem. The lack of elongation of the stem 
in the deuteriated plant gives the impression that 
the control stem has been compressed to  the length 
observed in the D20 stem. This would, in effect, 
account for the larger dimensions reported in Table 
11 for the young deuteriated stem and would also 
explain the greater amount of growth noted in the 
mature control stem compared with the mature D10 
stem. The young deuteriated stem section appears 
biologically older than the control section under 
study. The mature stem sections, however, are 
biologically similar in age, and this study demon- 
strates clearly the inhibitory effects of D20 in the 
environment. 


The collenchyma ridge in the DIO mature stem 
was lOyo greater in both dimensions than the 
corresponding control mature stem. Collenchyma 
serves a supporting function in the plant and de- 
velops by elongation from primary cells of the shoot 


apex along the corners of the square stem. Elonga- 
tion of these cells is apparently not inhibited so 
much as other tissues by the presence of D20, and 
since no new cell divisions occur in this tissue once it 
is formed, the elongation rates mentioned above ex- 
plain the increased size of the collenchyma ridge. 
Enlargement in the collenchyma ridge is due largely 
to cellulose thickenings laid down along adjacent 
cell walls. It appears that D20 does not greatly 
inhibit the formation of cellulose; in fact, cell walls 
appear more rigid and distinct than the correspond- 
ing cell walls of control plant parts. However, it  
w a s  noted that the cement-like intercellular carbo- 
hydrate material (calcium pectate) which imparts 
toughness and resiliency to the stem is produced in 
greatly reduced amounts. The deuteriated stem 
was very brittle and easily broken, whereas control 
plants could be handled without damage. 


The number of volatile oil-containing glandular 
trichomes of the stem followed the pattern observed 
in the leaf. Since glandular trichomes are formed a t  
the apical meristem and mature during the early 
differentiation of both leaf and stem, any factor 
such as DpO which inhibits cell divisions at the 
meristem limits the formation of these epidermal 
cellular outgrowths. In the young DzO stem there 
is a reduction in number per unit area of both one- 
celled and eight-celled glands when compared to the 
control stem. The effect is approximately the same 
in both types of glands. Once the stem has formed 
and developed, the spatial arrangement of the glands 
is a function of the degree of elongation of the stem. 
Since the D20 stem did not elongate to the degree 
that its comparable control did, the glands were not 
as far apart, and the number of glands present in a 
comparable area was slightly greater, as would be 
expected. Again, the relative increase in both 
types of glands was about the same; the eight-celled 
gland count was not unusually high as observed in 
the leaf section. 


Root.-Photomicrographs of root sections of con- 
trol and plant grown in 70% D20 nutrient are shown 
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Fig. 5.-Transverse sections of mature roots takeii 2 cm. below the junction of adventitious root and 
Magni- stem basc of plants growing on (left) H20 nutrient solution, (right) i 0 %  D?O nutrient solution. 


fication is approximately the same in hoth cases ( X  100). 
in Fig. 5. 'The histological measurements o f  the 
significant features are listed in Table 111. 


The root sections were cut from mature roots a t  a 
level 2 cm. below the point of origin from the 
stem hase. Young root (from apex) was not 
studied because of problems in infiltrating and 
sectioning. 


The diameter o f  the control root was significantly 
larger than that o f  the 707; D20 root. However, 
tlie diameter o f  the stele in the two was alniost 
identical. The cortes tissue in the control was over 
twice as thick its the deuteriated root. Cortical 
cells of the I)# root Iiud relatively thick cellulose 
walls that  remaitictl well organized during sectioning. 
The corresponding cells of the control had niuch 
thinner walls which ruptured easily during handling. 
The large intercellular air chambers between cortical 
cells appear to he a normal feature of peppermint 
roots, particularly when grown in liquid culture. 


The number of primary xylem units in the stele 
was essentially the sanie; the wall thicknesses were 


TAULE I11 .- COMPARISON OF HISTOLOGICAL 
MEASUREMENTS IN ROOT FROM PEPPERMINT GROWN 
IN SO% D20  NUTRIENT A N D  IN AQUEOUS NUTRIENT" 


----Mature Root--- 
I'caturc H10 70'7, rm 


Root diameter 
Stele diameter 
Epidermal thickness 
Cortex thickness 
Endoderiiial thick- 


No. of primary 
ness 


xylem units across 
stele 


Phloem area 
Length 
Width 


1087.5 f 5 . 6 "  
336.2 f 2 . 2  


44 .4  f 4 . 1  
3 8 1 . 9 f 3 . i  


24.5 f 0 . 4  


11.9*0.1 


121.4 f 2 . 8  
48.2 f 0.9 


T16.5 rt 0 . 7  
332.4 f 2 . 6  
38.8 + 0 . 6  


187.8 f 3.8 


2 2 . 8  f 0 .5  


13 .1  f O . l  


156.4 & 2 . 3  
54.6 + 1 . 4  


No. of cells across 
cortex 9.6 f 0 .1  7 . 0  f 0.0 


0 All measurements are in microns, and each represents 
the average of at  least 10 samples taken from not less than 
three ditTerent sections. b Standard deviation 


not significantll- different in the two cases. It is 
expected, therefore, that  the endodermis, the single 
cellular layer marking the boundary of the stele, 
should also be the same in both cases. 


There were a few cell layers of secondary xylem 
evident between primary xylem and phloem of the 
control root which had not developed in the D20 
grown root. This characteristic and the similar 
observation with tlic leaf and stem of the deuteriated 
plant indicate impairment in cell division, resulting 
in fewer cells in the cortex and in all the tissues 
arising from the cambium. 


SUMMARY 
Ikutcriurii oxide appears to exert its effect on the 


growth of peppermint, observed by histological 
examiiiation, by inhibiting cell division presumably 
as a result of the disturbance of the rates of enzy- 
matically controlled biosynthetic reactions. Paren- 
chyma cells generally are enlarged with consequent 
changes in leaf and stem dimensions and other struc- 
tural effects. I'ascular tissue appears t o  be reduced 
in the deuteriated plants. The deuterium effects 
are more pronounced in growing tissues than in 
tissue exposed to  deuterium after differentiation 
occurs. 


Thus, deuterium is observed to esert a profound 
effect on both the macroscopic and microscopic mor- 
phology of the plant. The effects are complex and 
before generalizations can be profitably attempted, 
examination of other plant species is necessary. 
Such studies are now being conducted. 
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tioned compounds, respectively, 1.0 (0.5-3.0), 3.6 
(1.9-7.3), and 6.1 (4.0-9.3) mg./Kg: Although 
the DDy's by the CMA test are consistently less 
than the DDu's by the conventional procedure, 
there is no significant difference in potency for any 
one drug between the two tests. 


REFERENCES 
(1) Winter, C. A., and Flataker, L., J .  Pharmacol. ExpU. 
(2) Finne D. J.. "Probit Analysis," 2nd ed., Cambridge 


Thnop. ,  103,93(1951). 


Univasitv fi ess. London. 1952. 


The CMA test is also effective for quantitating 
the effects of drugs which reduce motor activity. 
The sensitivity of this test for the three pheno- 
thiazines evaluated is not, however, significantly 
greater than that of the conventional photoelectric 
cell method. For example, it was previously re- 
ported (4) that trifluoperazine, prochlorperazine. 
and chlorpromazine had oral DDm's of 1.5 (0.9-5.71, 
5.3 (3.5-8.8). and 8.5 (5.2-16.5) mg./Kg. These 
doses were expressed in terms of the bases of these 
compounds and should, of course, be compared 
with their DDw's in terms of the base by the CMA 
test. Conversion of DDm's in Table IV to bases 
resulted in the following for the above-men- 


(3) Green H . Sawyer ' J I.., Erickson R. W., and Cook, 


(4) TedeJchi. D. H., Tedeschi. R. E.. and Fellows, E. J.. 
L., Proc. Soc: E&. Bior.'M'ed., 109.347(i962). 


Arch. Inlnn. Pharmacodyn., 132, 172(1961). 


Extrapolation of Appearance of Tablets 
and Powders from Accelerated Storage Tests 


By J. THURO CARSTENSEN, J. B. JOHNSON, W. VALENTINE*, 
and J. J. VANCE 


A desaiptive system for tablet and powder appearance utilizing uistimulus re- 
flectances allows formal treatment of appearances. Cases are cited where responses 


to accelerating conditions can be treated by hrhenius treatment. 


E HAVE, for a period of years, attempted to W find a standard means of describing the 
appearance of a tablet in a numerical fashion, 
and to find "average" storage times at 55,45, and 
37' which would correspond to 2 years at 25'. 
Fully realizing that this will vary from com- 
pound to compound, it is nevertheless important 
to  have a standard storage period if a large num- 
ber of compounds have to be screened for com- 
patibility with common tablet ingredients. 


Several investigators (1-4) have found dyed 
liquid or tablet decompositions to be first order 
in part or in toto, in response to light and heat 
stress. 


The question of whether a white tablet or pow- 
der mixture would adhere to such a scheme has 
been treated below by (a) visual observation and 
use of a suitable scoring system and by (b) 
reflectance measurements. 


EXPERIMENTAL. 


A s  Ijart o f  lr rwtiiic. ctmpatibility prugraiii, tlic 
compatibility of iicw iiivesligirticmal rimpouiids 
with various cscipiciits ur lubricants is tested iii 
thc followiiig iiiaiiiicr. 'The drug is tiiixcd aiitl 
ground with thc ercipicnt in questioii. a id  lralf of 
the powder mixture is transferred to glass vials 
which are plugged and sealed. To the other half 


Received November 11, 1963. from Hoffmann-LaRoche. 
Inc., Nutlry, N.  J. 


Accepted for ublication January 2, 1964. * Present adcfmss: Vick Chemical Company. 


is added 5% water, eareful mixing is performed 
in a mortar, and the moist mix is transferred to 
vials as above. The plugged aluminum sealed vials 
are wax sealed to insure an adequate moisture 
barrier. As shown in Table 11, 11 such two-com- 
pooent systems are prepared. In addition, the 
drug is set up per sc. The ratio of drug to excipient 
is 1:5 by weight, or, in the case of lubricants, 20: 1. 
The samples are stored a t  55, 37, 25, and 5' and 
observed at  various time intervals. The acceler- 
ated samples are stored a t  5' after 10 days a t  55' 
and 2 months at 37" to enable retrieval of the 
sample at  later times for further comparison. 


The following Scoring system is used: 
Degree of Cdor.-I, Unchanged; 2, hardly 


noticeable darker; 3, very slightly darker; 4, slightly 
darker; 5, darker; 6, much darker (color change). 
When change toward lighter color occurs. a similar 
scoring system is used. 


Degree of Fineness.-& Unaltered; 2, very slight 
particle size increase, does not adhere to glass, 
flow characteristics slightly altered from control ; 
3, slight increase in particle size, movement not 
quite free flowing, and/or tendency for particks t C J  


adhere to glass; 4. definitely increased in particle 
six, but still free flowing (like a granulation); 
5. cakecl--does not move or moves as aii ciitity 
l r i i t l  discrrtc lwticks tlrtccta1)lc; 6, fluidized atid 
wliclified--iio discrete Iwticlvs tletecbble. 


In the cast of the photoiiietric rcflcctaiicc iiieasure- 
iiieuts a Color Coder1 was used. P l a t - f d  kvelled 
tablets of two different drugs (a) one contaiiring 
60 mg. of active drug per 170-mg. tablet weight 


in.) and (b) one containing 1 mg. of active 
drug per 100 mg. tablet weight (l/, in.) were ex- 


1 Automatic Control Devices, Bethel, Conn. 
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posed to (i) one month at 55'. (i i)  3 months a t  
45', (iii) 6 months at 37'. ( i u )  room temperature, 


TABLE I . - R E ~ w . T ~  OF DRUGS @* se AFTER PRO- 
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and (u) 5'. The samples stored at  the elevated 
temperatures were frozen (for reference) after the 
prescribed periods were elapsed. Samples were 
retrieved after (a) 10 months and (6) 21 months 


tions) of all samples. 
LONGED ROOM TEMPERATURE STORAGE AND 10 DAYS reflectance measmemenq taken (ten duplia- 


AT 56" -- c. 


RESULTS AND DISCUSSION Time at 
Room 


Temp., Room Temp. 10 dnys at GS0 C. 
Compd. No. Mo. Dry Wet Dry Wet Table I shows the results of the drug pcr se after 


1 27 1 4 1 prolonged room temperature storage and after 10 
days at 55' for 20 +emically unrelated drugs. I t  2 27 3 3 1 
is quite apparent that, on the average, 10 days at 3 27 5 1 2 
55' is not so strenuous a test as prolonged room 


4 26 1 3 1 
5 26 1 5 2 2 
0 
7 
8 
9 


25 1 1 1 1 temperature storage. 
25 1 1 1 1 In the case of a dry powder, c.g., 100 mg. in a 
25 1 1 1 1 10-d. vial, the moisture loss required to saturate 
25 1 3 1 2 the space above the powder at 55" would be about 
22 4 6 4 1 mg. and would, even With hermetic seals, give 


rise to drying of the powder. This might explain 21 1 2 1 
the dry phenomena in Table I. but not the wet. 21 5 4 5 
In Table I1 each category (wet, dry, 25', 55') 


20 1 1 1 
20 1 1 1 1 
20 1 1 1 2 has been tabulated for the twocomponent systems 
19 1 3 1 4 described above. It is also apparent here that the 
18 3 1 2 2 10 days a t  55' do not adequately represent (on the 
18 1 1 1 1 average) prolonged room temperature storage. 
18 4 6 2 The total scores are listed in the last column. 


Each category (wet, dry, 25'. 55") has a highest 17 
38 49 31 38 possible score of 12 X 20 X 6 = 1440 and a mini- 


mum possible score of 240. The increases for 


1 - - 1 - 1 - 


TABLE II.<ATEGOIUBS FOR TWO-COLIPONENT SYSTEMS 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


Totals 


17-27 MO. 10 m y a  
at 2Q0 C, nt Qbo C. 


WorSe worse 


-Totd sfor- 


25O 6 5 0  
38 31 
49 38 
34 30 
43 35 


Identical 
15 
9 
16 
15 


Drug per se 


Drug + 
mag. stearate 


Drug + 
a. stearate 


Drug + 
stearic acid 


Dntg + 
talc 


aad  washed 
talc 


M g  + 
lactose 


+ 
CaHPO. 
anhydrous 


Drug + 
cornstarch 


Drug +. 
mannitol 


Drug 4- 
terra alba 


Drug + 
sugar 4x 


Drug + 


4 
8 
3 
4 


Dry 
5% Ha0 


13 
12 


4 
5 


37 32 
38 35 


15 
7 


6 
11 


0 
2 


42 31 
60 38 
38 30 
45 34 
44 31 
49 35 


DrJr 
5% H20 
Dry 
5% H20 


F ! H I O  


Dry 
5% Hz0 
Dry 
5% 


14 
10 


5 
8 


1 
2 


12 
10 


12 
9 
12 
9 


12 
10 
10 
8 
14 
11 
12 
9 


8 
9 


0 
1 


5 
7 
6 
8 


3 
4 
2 
3 


38 32 
65 56 
46 36 
66 53 


5 
5 


39 34 
40 37 
39 31 
47 45 
41 28 
60 45 


7 
7 
6 
6 
6 
7 


41 34 
63 61 


TABLE III.-F&GRRSSION CONSTANTS 
~~~ 


R;*? 
Stornge, Toul Incrase %Retention 


Days Retreatmeat score d (R) Lor R 
447 207 83 1 .Q19 1.22 x 10-4 
380 140 88 1.944 MI x 10-4 


665 at 25' Dry 
375 69 1.839 2.42 x 10-4 10 at 55' Dry 


10 at 55' +5% H2O 512 272 77 1.887 113 x 10-4 
685 at 25' +5% HIO 615 
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TABLE IV.-RESULTS OF TABLET A STORED FOR 
6 MONTHS AT 37" c. 


Test 
No. X Y z X + Y + Z  X y P  


1 80.8 77.0 72.8 230.6 35.04 
2 83.0 79.0 74.8 236.8 36.05 
3 87.0 82.8 78.0 247.8 36.11 
4 83.2 79.2 75.0 237.4 35.05 
5 84.2 80.0 75.2 239.4 35.15 
0 85.8 81.8 76.8 244.4 35.11 
7 86.0 82.0 77.5 245.5 35.03 
8 84.2 80.2 75.5 239.9 35.10 
9 86.8 82.5 77.8 247.1 35.13 


10 86.0 82.5 77.0 245.5 35.03 


0 X = 35.08; S.D. x % 0.05; S.D. X Y 0.02. 


The above system is subjective and the photo- 
metric measurements reported in the following 
were initiated in an attempt ( a )  to eliminate the 
subjectivity and (b) to allow extrapolation. 


Before discussing the photometric results of 
Tables V and VI i t  might be appropriate to investi- 
gate the reproducibility of the instrument. It was 
found that positioning of the tablet greatly in- 
fluenced the X, l', and 2 component (but not the 
percentages referred to below by small letters, 
x. y, and z) (5-7). A special holder was therefore 
constructed allowing precise positioning, horizontally 
and vertically. Since, however, rotation and tablet- 
to-tablet variation would also be Significant., the 
ten tests run on each storage condition were run on 


TABLE V.-DRUG B 


Mo. .%-Value, look 'I;e?* '''IT OK-I S t o r 4  % Log x Log %/ma (Mo.-I) 
5 ... 21 34.44 1.53706 0.00000 


55 3.05 1 34.59 1.63859 0.00151 1.51 Z O .  7 
45 3.145 3 34.59 1.53859 0.00151 0.50 * 0.23 


3.225 6 34.66 1.53958 0.00252 0.42 f 0.12 37 
3.355 21 34.59 1.53895 0.00189 0.09 f 0.03 25 


,I so value used for rtfamce. 


TABLE VI.-DRUG A 


5 ... 21 34.78 1.54133 
55 3.06 1 35.06 1.54481 0.00348 3.48'2 0.7 
45 3.145 3 36.08 1.54481 0.00348 1.15 f 0.23 
37 3.225 6 35.07 0.54404 0.00361 0.62 f 0.12 
25 3.355 16 34.88 1.54258 0. 00125 0.08 f 0.04 


a 5 O  value used for reference. 


each category are shown as d in Table 111. The 
per cent retention of initial appearance is expressed 
as R = (1200 - d)/12.0, and the logarithm of R 
is also shown. The regressions shown in the last 
column of Table 111 are R = ( l / t )  (2-log R). 
where 1 is time in days. 
Hence, 10 days at 55" would correspond to 


560/1.22 = 459 days a t  room temperature (on the 
average) for the dry samples and 1130/2.42 = 467 
days at 25" for the samples containing water. 
The storage period at 56" corresponding to 2 yean 
at room temperature would be 0.089/0.0056 = 15.9 
days, and for the sample containing water would 
be 0.177/0.0113 = 15.6 days. 


Whether such a semilogarithmic treatment is 
justified cannot be asserted from the treatment 
above, but the fairly close correlation between the 
two correlation times. 15.9 days for the dry samples 
and 15.6 days for the moist samples, is an indicatioo 
of its utility. I t  would appear that for rapid screen- 
ing by the visual procedure 16 days at 55" would 
be the most meaningful storage time on the average. 
In relation to the rule of thumb that "reaction rates 
double to triple with each 10" increase in tempera- 
ture," (8) this average rule does not give the same 
result as above since storage times in this case 
should be in an 8:l  to 27:l ratio between 55 and 
25". 


I t  is realized that grand averaging, as carried 
out above, has limitations, and that individual 
drugs may deviate from the calculated optimal 
storage periods. 


Dyr 
u# +m 46 $20 3:~s 3+0 


Fig. l.-Lo&thm of apparent rate constants 
R of drug B. taken from Table V plotted as a function 
of reciprocal absolute temperature. 


1 
dhlt' 


p y 39 3;m qs Jn, J?a 
Fig. 2.-Logarithm of apparent rate constants R 


of druy A, taken from Table VI plotted as a function 
of reciprocal absolute temperatwe. 
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TABLE VII.-TABLETS OF ALGINIC ACID WITH 4% 
MAGNESIUM STEARATZ 


MIS A1 
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2 35.768 35.084 0.00884 
3 35.879 35.009 0.01066 
4 35.876 34.890 0.01210 
6 36.295 34.947 0.01644 
f i  36.2366 34.893 O.OB89 _ _  _ _ _  _ _  _._ .~__.  


7 36.904 34.906 0.02417 
8 37.457 34.942 0.03018 


Fig. 3.-Alginic acid tablets. x-Values of re- 
flectance are plotted as log X / X O  versus days a t  
70'. xo being the original reflectance x-value. 


is obeyed, (b) that degradation is by zero-order 
mathematics. and (c )  that the sum of the X, Y, and 
2 components (denoted E below) is relatively time 
independent. In this case 


log %/a = log x - log & - log I: + log 4 
CU log x - log & = k'cd 


where Cd is some measure of the "decomposed 
substance." If a first-order pattern is adhered to, 
then the above would also hold true in the initial 
stages Since log (1 - y )  'v -7, where y is any 
small number. For larger values, first-order re- 
lations would have to be tested as 


log z/ro a Cd = 8( 1 - e e r )  or (0 )  


(c) log 1; [logx]/ = (log a + log8) - 0.43 a6 


Hence. if a linear relationship of type (c) is ob- 
served, the degradation would follow a first-order 
pattern. The above presupposes that the drug 
goes from white to some x value in degrading. 
The subsequent data justify this approximation. 


TABLE VIII.-AVERACB %-VALUES OF COMFQUND C TABLETS 


Days at Sum of 5% 
?OD Values Av. i log * / f a  log i A log */At 1. Days 
4 185.06 37.012 0.02541 1.58834 


0.00296 3 . 5  
3 183.80 36.760 0.02448 1.56538 


2 182.11 36.422 0.02043 1.56136 
O.OO402 2 . 5  


0.00779 1 . 5  
1 178.87 35.774 0.01264 1.55357 


0 173.74 34.748 0 1.54093 
0.01264 0 . 5  


ten different tablets. The results of tablet A 
stored for 6 months at 37" are shown in Table 1V. 


The standard deviations of this set hence are 
0.02% for the average R and 0.05% for the indi- 
vidually measured x-value. Standard deviations 
for the other storage conditions are comparable and 
for simplicity the above values (which are in h e  
with the reading accuracy of the instrument) have 
been used for the analysis below. 


The results of the various storage conditions are 
shown in Tables V and VI. The data have been 
treated assuming the change in the %-value to be 
zero order. R is calculated from two points only, 
so the plots are average plots. 


Since l/t x log x/xo is the parameter evaluated, 
the relative error of this term is of significance. 
where x is the r-value a t  time 1. xo is the reference 
x-value (in this case the sample stored a t  5"). 
The values are all close to 34 5 and hence log 34.64 - 
log 34.50 = 0.0005 would be a measure of the error 
on both log x and log XO. using 2 X 0.0270 = 0.04% 
as the standard error of x .  


The error of log x - log ~0 hence would he lo-' 
4 2 5  + 25 = 0.0007 (9). The tolerances so calcu- 
lated are listed in the last column of Tables IV and 
V, and are also shown in the Arrhenius graphs, 
Figs. 1 and 2. 


A provision for the above is that (a) Beer's law 


Fig. 4.-Compound C tablets. Average x-values 
of five lots plotted as logarithmic increase plotted 
versus days stored at  70". 
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TABLE IX.-COMPOUND C 
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4 0.00425 0.1343 
3 0.00721 0.2278 
2 0.01 123 0.3548 
1 0.01902 0.  ti008 


Tablets were made of an alginic acid2 containing 
4% magnesium stearate. Since these tablets were 
difficult to make of even thickness (and hence 
would be difficult to position). initial values were 
taken of each tablet tested. Tablets were placed 
at 70’ and withdrawn after various time periods 
with the results shown in Table VII (all figures 
being averages of 10). 


These values are shown graphically in Fig. 3 
and demonstrate the zero or first-order nature of 
the change. 


As an example of a “degradation” of the first- 
order type, a third compound, denoted C, was 
tableted. 


These tablets were stored at 70’ for 1, 2, 3, and 
4 days; the average x-values from five batches are 
listed in Table VIII. As Fig. 4 shows, the log 
x/x0 uersw 1 relationship is not linear in this case. 
The derivative function (a/&) [log 21 is shown by 
midpoint differences in Table VIII and the log 
[(a/&)  log^] } is seen to be linearly related to time 
as shown in Fig. 5. To plot this conventionally, 
log r at full conversion (denoted log I - )  would 
have to be known. From Fig. 5 a is 0.490 and 
@ is calculated from the intercept to be 0.03166. 


A t  the asymptote of graph 4 the factor (1 - 
e d 8 )  will be 1 (1  = w). Thus log 2, - log xo 
equals @ = 0.03166, and the relations can now be 
expressed in a conventional manner (lo), in that 
what appears as “fraction retained” on a first- 
order ordinate in this case would be 


log R, - log R log I, - log 3 p I -- 
log e, - log 20 0.03166 


Values of p are L9bulated for compound C in 
1 M z e t e d  as Laoddgine P 2235 by Edward Mendell Co.. 


Inc., Yonkers, N .  Y. 


Fig. 6.-Compound C tablets. Degradation at 
70’ expressed as logarithm of per cent “retained” 
versus days stored at  70’. 


Table IX and the logarithmic relationship log 
p = -&Y is quite evident from Fig. 6. 


SUMMARY 
An average storage time for evaluation of tablet 


appearances of 16 days at  55’ corresponds to 2 
years at room temperature as judged by 2G different 
drugs. 


Photometric reflectance measurements may be 
used to describe tablet appearances. 


Photometric x, y. or z-value changes appear to be 
first order or zero order and may be extrapolated 
by formal Arrhenius treatment. 
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Fig. 3.-Rate constants (k = week-') for pseudo 


first-order rate constants of vitamin A palmitate 
beadlets in dry-slugged, mannitol-base, multi- 
vitamin chewable tablet. Log k is plotted against 
reciprocal absolute temperature. 


Fig 4.-Plots 
of the pseudo 
first-order rate 
constant (k = 
month-') for vi- 
tamin A palrni- 
tate beadlets in 
sugar - coated 
tablets. Dotted 
lines are rermlar 
Arrhenius ;lots 
(1/T scale); full 
linesarelog k ws. 
watervapoipres- 
sure (p-scale). 
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Fig. 5.-Plots 


P (mm. Hg) of the pseudo 
first-order rate 


7 I I T 1 1 I 1 I - constants(k)for 


tate oil in a mul- 
tivitamin drop 
(Tween, micelle, 
glycerin, water). 


om- \y\\"- Dotted lines are 
/ regular Arrhen- 
/ ius plots (1/T- 


" scale); full lines ;,,A, arelogkvs. water 
vapor pressure 


Lo (?-scale). TWO 


,> ,>, J 1  ,., 3 ,  -:,$ different formu- 
lations (same vi- 


10s/T t a m i n  A r a w  
m a t e r i a l )  a r e  
shown. 
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tion for this. Attempts to relate ( a )  the absolute 
temperature to the water vapor pressure in the 
Arrhenius equation or (b l  relate the water activity 
to the water vapor pressure lead to  equations pro- 
portionalizing log k to log p not p. 


The more deep rooted explanations to  this will be 
the subject of subsequent publications 
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,t1-(~t-Phenyl-c~-3-thenylacetoxy) Ethyldimethylsulfonium Bromide 
as a Potential Antispasmodic 


By HEINO A. LUTS*, W. A. ZUCCARELLOJ, J. F. GRATTANJ, and W. LEWIS NOBLES 


I0 
s,CH3 


'CHI, 


A comparative structure-activity evaluation 
was made to determine the potentiality of 3- 
rnethylthiophene as a possible active isoster 
of an agent which has demonstrated marked 


N 1953, PROTIVA and Exner ( 1 )  reported on the I spasmolytic activity of the sulfonium compound, 
thiospasrnin. 


Received April 12. 1963, from the School of Pharmacy, Since that time, several structural modifications 
have been made. Neesby and his associates (2) in University of Mississippi. University. 
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Graduate School, University of Mississippi, in partial fulfill- several compounds, found favorable 
ment of Doctor of Philosophy degree requirements. * Present address: StructurcActivity Research, IUC., therapeutic ratios for these derivatives. It has been 
Oxford. Miss. 


thiophene analogs should include the 3-substituted 


antispasmodic activity. H-C-COOCH2CH2-S 


$ ph~maro~ogical  were made by these authors at suggested that a structure-activity study involving 
Smith, Miller and Patch, Inc.. New York, N. Y. 
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thiophene analog (3. 4). It is the purpose of this 
paper to present data on the synthesis of the latter 
compound and an evaluation of its biological 
activity. 


The sulfonium salt which serves as the basis for 
this paper was prepared by reacting phenyldiethyl- 
malonate ( I )  with 3-thenylbromide (11) in ethanol 
in the presence of sodium. The compound thus 
formed (111) was then decarboxylated to yield a 
substance (IV); this was subsequently reacted with 
flchloroethylmethylsulfide ( 5 )  (V), yielding the 
compound (VI). The quaternary salt of this agent 
was formed with methyl bromide to yield the com- 
pound (VII). 


PHARMACOLOGY 
The antispasmodic activity of the 3-methylthie 


phene analog was compared with that of the cyclo- 
hexenyl derivative and of atropine. The findings, 
together with the formulas of each, are presented 
below. 
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HV- C- o - CH~-  CH~-  7Q BP 
CH3 


Compound VII . -&(  a-Phenyl-a-3-thenylacetoxy) 
Ethyldimethyl sulfonium Bromide 


I 


CHs 


CDS-216.-Dimethylsulfonium Ethyl-a-phenyl- 
a-(2,3-cyclohexenyl) Acetic Acid Bromide (3) 


H 
H~c-C-H~ o CH.-OH 


Ii I - 0  I 1  / 


I 
N-CHI HC-0-C-C 


I 
H 


H 
H2C - C 4 H 2  


H~c-C-H, o CH.-OH 


Atropine 


PHARMACOLOGIC STUDIES 
Acute Toncity.-The median lethal dose (LDa) of 


compound VII, when administered intraperitoneally 
in mice, was estimated to be 93 mg./Kg. The LDm 
of dimethylsulfonium ethyl-a-phenyl-a-(2,3-cyclo- 
hexenyl) acetic acid bromide (hereafter designated 
CDS-216) was 72 mg./Kg. Mice receiving toxic 
doses of compound VII exhibited tremors, mydri- 
asis. increased respiratory rate, and clonic convul- 
sions. Death appeared to result from respiratory 
arrest. 


In Vitro Spasmolytic Action-Isolated Rabbit 
Ileal Segment.-The ability of compound VII to  
antagonize the spasmogenic effect of acetylcholine 
was only one-twentieth that of CDS-216 or atropine. 
It would appear that substitution of the cyclo- 
hexenyl group of CDS216 with methylthiophene 
was followed by a marked reduction in antispas- 


13-Thenylbromide 
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(1) 


General Scheme of Synthesis 


modic activity. Like atropine, compound VII re- 
duced both the tonus and amplitude of contraction 
of normal smooth muscle. 


Antagonism of the Effects of Carbaminoylcholine 
(Carbachol) or Faradization of the Peripheral End of 
the Sectioned Right Vagus Nerve.-Compound VII. 
whenadministered intravenously in pentobarbitalized 
rabbits at dose levels of 0.5 to  1.0 mg./Kg., affected 
a slight, transient reduction in the hypermotility of 
the ileum, in situ, induced by carbachol(6). These 
dose levels of compound VII prevented the cardiac 
slowing following stimulation of the vagus nerve. 
Again, the effect was evanescent in nature. In the 
main, compound VII possessed only one-tenth to  
one-twentieth the activity of either CDS-216 or 
atropine in these tests. 


Tremorine Antagonism.-Since the antitremorine 
activity of many compounds parallels their cholino- 
lytic action, the ability of compound VII to  prevent 
the tremors and/or lacrimation following tremorine 
administration was examined (7). Whereas atro- 
pine and CDS-216 prevented both the tremors and 
the lacrimation at dose levels below 1 mg./Kg., com- 
pound VII did not have effect on the tremors when 
given at dose levels as high as 40 mg./Kg., although 
lacrimation could be prevented at dose levels of 10 
mg./Kg. and above. Substitution of the methyl- 
thiophene with the cyclohexenyl moiety was fol- 
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lowed by increased ability to  antagonize tremors and 
lacrimation induced by tremorine. 


Inhibition of the Chromodacryorrhea Induced by 
Acetyl-,%methylcholine (Mecholyl).-Compound 
1'11 antagonized the action of Mecholyl on the para- 
sympathetic effector cells of the accessory lacrimal 
glands in the rat. The median protective dose 
(PDr,o) of compound VII was 1.4 mg./Kg.. while that 
for atropine was shown to be 0.3 mg./Kg. In this 
test, compound VII was approximately one-fifth 
as active as atropine, but only slightly less active 
than CDS216 (PDs of 0.9 mg./Kg.). 


Mydriatic Action.-Compound VII, when applied 
topically to the cornea of the rabbit, did not have 
effect on pupillary diameter a t  concentrations to 
1.0%. CDS-216, a t  a concentration of l.O%, caused 
only slight mydriasis; atropine, a t  a concentration 
of 0.5%, produced maximal pupillary dilation. 


Effect on Hexobarbital Hypnosis.-When admin- 
istered a t  several dose levels, compound VII did not 
alter either the time of induction or the duration of 
sleep produced by hexobarbital. 


Other Pharmacologic Actions.-Compound VII  
was devoid of significant analgesic activity and 
possessed no local anesthetic action. I t  exerted 
neither an adrenolytic effect nor a potentiating 
action on the pressor response to l-epinephrine. and 
did not antagonize the vasodepressor action of 
histamine. At the dose levels employed, compound 
V I I  appeared to potentiate the action of serotonin 
on the isolated rat uterus. 


EXPERIMENTAL' 


~~Phenyl-a-3-thenylacetic Acid.-This agent was 
prepared by standard malonic ester synthesis, namely 
by refluxing 24.1 Gm. (0.1 mole) of the sodium salt 
of phenyldiethylmalonate with 17.6 (0.1 mole) of 
3-thenylbromide (8) in ethanol. After reflux- 
ing for 12 hours, the reaction mixture was filtered 
and the solvent evaporated. The residue was 
then saponified with alcoholic KOH and the alcohol 
evaporated and the residue acidified with hydro- 
chloric acid. The resulting mixture was then ex- 
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tractcd twice with 100 ml. OF benzene and dried over 
potassium carbonate. After filtering and evaporat- 
ing the benzene, the residue was heated in high- 
vacuum to yield a semisolid. Recrystallization of 
this material from benzene-petroleum ether gave 
crystals melting a t  93O; yield, 38%. 


Anal.-Calcd. for CIIHIZGS: C, 67.25; H, 5.24; 
S, 13.80. Found: C, 67.32; H, 5.27; S,  13.72. 


&( a-Phenyl-a-3-thenylacetoxy ) Ethyldimethyl- 
sulfonium Bromide.-Ten grams (0.04 mole) of 
a-phenyl-a-3-thenylacetic acid was reacted with 0.92 
Gm. (0.04 mole) of sodium in 75 ml. of isopropanol. 
This was then refluxed for 30 minutes and 7.0 Gm. 
(0.06 mole) of 0-chloroethylmethylsulfide added 
over a period of 30 minutes with good stirring. 
The reaction mixture was then refluxed for 24 hours; 
the salt formed was separated by filtration and the 
solvent removed by distillation. The residue was 
dissolved in 20 ml. of methanol and 15 Gm. (0.18 
mole) of liquid methylbromide added. The reaction 
mixture was then allowed to stand a t  room tempera- 
ture for 5 days in a sealed container. After boiling 
away both the methanol and the unreacted methyl- 
bromide, the residue was triturated with anhydrous 
ether. A crystalline product was formed in 729;. 
yield; m.p. 1O(t10lo. 


And-Calcd. for C17H21Br02SZ: C, 50.87; H, 
5.27; Br, 19.19; S, 15.98. Found: C, 50.72; H, 
5.36; Br, 20.10; S, 15.il. 


SUMMARY AND CONCLUSIONS 
Substitution of the cyclohexenyl group of com- 


pound CDS-216 with a methylthiophene grouping 
affected adversely the antispasmodic activity and 
did not alter the toxicity appreciably. 
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Identification of Ethinamate, Ethchlorvynol, and Methylparafynol 
By W. N. FRENCH 


0 Procedures for the identification of ethin- 
amate, ethylchlorvynol, and methylparafynol 
by derivative formation are described. T h e  
acid catalyzed rearrangement of ethchlor- 


vynol gave 3-ethyl-2-penten-4-ynal. 


EW PROCEDURES are available in the literature F for the identification of ethinamate (I), eth- 
chlorvynol (II), and methylparafynol(II1). 


Ethinamate has been identified by general tests 


dNHz C G C H  
I 


for unsaturation and the presence of a terminal HCGC- - ~~ 
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Determination of Hyoscyamine Hydrobromiae 
in a Multicomponent Tablet 


By ELLIOT B. BECK, MELVIN H. PENNER, and JOSEPH M. TALMAGE 


The quantitative assay of hyoscyamine hy- 
drobromide in a multicomponent tablet 
formulation is described. T h e  method con- 
sists of tablet treatment with sulfuric acid, 
an ether extraction from an alkaline aqueous 
solution, followed by quantitative column 
chromatogra by to separate the alkaloid from 


the nonafkaloidal tablet components. 


HE DETERMINATION of the parasympatholytic al- T kaloid, hyoscyamine hydrobromide, in a h a r ~  
analgesic, antispasmodic, sedative tablet combina- 
tion‘ proved to be a formidable problem. The 
problem was amplified by the minimal dosage per 
tablet of 0.3 mg. of the alkaloid to 150 mg. of 
phenazopyridine hydrochloride.* No problems were 
encountered due to the presence of 15 mg. of buta- 
barbital. 


Phenazopyridine hydrochloride is measured at its 
ultraviolet absorption peak at 240 mp in aqueous 
acid without prior separation. Butabarbital can be 
assayed by triturating the tablets with methanol, 
extracting an acid solution with chloroform, re- 
extracting the chloroform with sodium hydroxide, 
and finally determining the ultraviolet absorption 
at 240 mp. The assay procedures for butabarbital 
and phenazopyridine hydrochloride were precise and 
accurate. 


Separation of hyoscyamine hydrobromide and 
phenazopyridine hydrochloride by liquid-liquid 
extraction proved difficult because the phenazo- 
pyridine hydrochloride distributed itself between 
both phases. Phenazopyridine hydrochloride also 
interfered with the usual methods of alkaloid 
quantitation. Thus, simple acid-base titration 
methods (1, 2), titration with picric acid (3), 
extraction and colorimetry of the picrate salt (4), 
precipitation with ammonium reineckate (5), and 
estimation by ultraviolet absorption spectroscopy 
yielded invalid results because of interference 
due to phenazopyridine hydrochloride. Attempts 
at reducing the azo linkage in phenazopyridine 
hydrochloride with TiCb (6) or Na&O, similarly 
proved unsatisfactory. 


I t  became apparent that a complete separation of 
the two compounds was required to assure an accu- 
rateassay for the solanaceous alkaloid. Chromato- 
graphic methods of analysis were investigated and 
limited success was achieved using a unidimensional 
multisolvent paper technique, This method con- 
sisted of chromatographing the mixture in an ethyl 
acetateacetic acid-water solvent system in which 
hyoscyamine hydrobromide has an R, value of 
0.00 and most of the phenazopyridine hydrochloride 
migrates down the paper. The papergram is then 
placed in n-butanol-acetic acid-water where the 
alkaloid has an R, value of 0.65. This method 
gave incomplete recoveries because of the difiiculty 
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in preparing a sufficiently concentrated extract of 
the tablet to allow for proper spotting on the paper 
chromatogram. 


A liquid-liquid partition chromatographic column 
method was evolved based upon experience gained 
with paper chromatographic methods. A descrip- 
tion of this method along with results obtained 
follows. 


PROCEDURE 


Reagents.-Bufer pH 7.-Dissolve 10 Gm. of 
KHrPO4 in 500 ml. of distilled water, adjust to 
DH 7.0 with 1 N NaOH, and dilute to  1 L. with 
distilled water. 


Buffer +H II.2.-Dissolve 1 Gm. of NaaPOd in 1 L. 
of distill& water and adjust to  pH 11.2. 


Ethyl AcetutelAcetic Acid/ Water Chromatographic 
Solvent.-Equilibrate 990 mi. of ethyl acetate, 10 
ml. of glacial acetic acid, and 50 ml. of water in a 
separator and allow the phases to separate. Save 
both phases; the upper layer is used as the mobile 
phase and the lower layer as the stationary phase. 
Sodium Picrate Reagent.-Dissolve 1 Gm. of 


picric acid in 50 ml. of distilled water, adjust pH 
to 7.0 with 1 N NaOH, and dilute to 100 ml. with 
water. 


Sample Preparation.-Determine the average 
weight of not less than 15 tablets and reduce them 
to a fine powder. Weigh accurately a portion of the 
powder equivalent to about 3 mg. of hyoscyamine 
hydrobromide and transfer it to a 100-ml. centri- 
fuge tube. Add 60 ml. of 1 N H&O. and heat the 
sample on the stearn bath for 1 hour with occasional 
agitation. Centrifuge the suspension and filter 
the supernatant liquid through a medium porosity 
sintered-glass funnel into a 100-ml. volumetric flask. 
Wash the centrifuge tube with an additional 20 ml. 
of 1 N H90,, resuspend the solids, and repeat the 
centrifugation. Filter the supernatant liquid 
through the same funnel into the volumetric h s k  
and dilute to volume with 1 N HnSO,. Pipet a 25-ml. 
aliquot into a separator, make alkaline (about p H  9) 
with 10% NHdOH, and extract with 1 X 75 and 
2 x 50 ml. of ether. Evaporate the combined 
ether extracts to about 20 ml. on the steam bath 
with a current of air directed above the solution. 


Standard Preparation.-Dissolve 60 mg. of 
hyoscyamine hydrobromide N.F. in 200 ml. of 1 N 
HzSO4 and dilute a 10-ml. aliquot to 100 ml. with 
1 N H&O4. Pipet a 25-ml. aliquot into a separator, 
make alkaline (about pH 9) with 10% NHdOH, 
and proceed as directed for the sample. 


Column Preparation.-Mechanically stir 10 Gm. 
of Solka-Floc BW-40 (Gurntly Brown Co.) with 
200 ml. of the mobile phase for about 15 minutes; 
then add 5 ml. of stationary phase and stir for an 
additional 30 minutes. Place a pledget of glass 
wool into a chromatographic column (150 X 25 mm.) 
and pack the column with the adsorbant to  a height 
of 50 mm. using positive pressure. Place a pledget 
of glass wool on top of the column bed and wash 
the column with 20-30 ml. of mobile phase. 


Chromatographic Development.-Quantitatively 
transfer the prepared sample and standard to 
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CHCla layer carefully through glass wool. Extract 
the combined CHCt  layers with 2 X 35 ml. of 
pH 11.2 buffer collecting the buffer solution in 100- 
ml. volumetric &asks. Dilute to  volume with pH 
1 1.2 buffer. 


Determine the absorbance of the sample and 
standard solutions versus pH 11.2 buffer at lambda 
maximum about 355 mp in a suitable spectro- 
photometer using matched 10crn. cells. These 
values are inserted into 


A. sample wt. 20 
A- - Av. tablet wt. std. wt. x - -  


mg. hyoscyamine HBr/tablet (Eq. 1) 


where A and A. are the absorbances at 355 mp of 
the sample and standard, respectively. 


DISCUSSION 
To evaluate the precision and accuracy of the 


method, synthetic mixtures of hyoscyamine hydro- 
bromide and tablet formulation mixtures were 
prepared and assayed. The results of this study are 
shown in Table I. 


Three individual lots of tablets were assayed in 
triplicate for hyoscyamine hydrobromide. The 
results of this study are shown in Table 11. 


RESULTS 
A precise and accurate method has been developed 


for the determination of hyoscyamine hydrobromide 
in a tablet formulation. The method is generally 
applicable to other combinations of alkaloids and 
amines. The method circumvents the interference 
due to  am substances which exhibit atypical liquid- 
liquid partition characteristics. 


The method can be easily manipulated and lends 
itself quite readily to routine control measure- 
ments. 


SUMMARY 
A method has been presented for the separation 


and assay of small amounts of hyoscyamine hydro- 
bromide in complex tablet mixtures by partition 
column chromatography. The method has accuracy 
and precision well within the limits required for 
good quality control and stability testing. 
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TABLE 1.-RESULTS OF ASSAY OF SYNTHETIC 
MIXTURES 


Analysis % Analysis % 
NO. Recovery No. Recovery 
1 98.3 9 102.8 
2 100.3 10 104.3 ~- 
3 99.1 11 103.5 
4 99.5 12 101.4 
5 100.3 13 96.5 
6 100.7 14 103.3 
7 99.0 15 93.9 
8 104.3 - 
X = 100.4% (X - x)’= 121.6 
u = 3.0% 30 = 9.0% 


TABLE II.-RESULTS OF TRIPLICATE ASSAYO FOR 
HYOSCYAMINE HYDROBROMIDE 


Analysis 
No. 


1 
2 
3 


1 
2 
3 


1 
2 
3 


-9 
ma./Talhet 


Tablet A 
0.300 
0.290 
0.306 


Tablet B 
0.293 
0.295 
0.300 


0.296 
0.304 
0.294 


Tablet C 


Recovery. 
% of Theoretical 


100.0 
96.7 
102 * 0 


97.6 
98.4 
100.0 


98.8 
101.5 
98.0 


The average essay is 99.2% f 1.8% of the theoretical 
value. 


separate columns, washing the vessel with small 
increments of mobile phase and collect the eluate 
at a flow rate of approximately 3 ml./minute. When 
the vessel has be& washed free of phenazopyridine 
hydrochloride (absence of yellow color), wash the 
column with an additional 100 ml. of mobile phase. 
Discard these washings. Elute the column with 
0.1 N HCI and collect in a 100-ml. volumetric flask 
until just up to volume, remove the organic phase 
with a syringe, and dilute to volume with an ad- 
ditional portion of 0.1 N HCl which has passed 
through the column. 


Color Development.-Adjust a 25-1111. aliquot of 
each sample and standard to  pH 7 with 1% NHlOH 
and transfer each solution quantitatively to sepa- 
rators using 25 ml. of pH 7 buffer. Add 3 ml. 
of sodium picrate solution to each separator and 
extract with 3 X 25 ml. of CHClr, filtering each 
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Simple Determination of Some Acid Salts of Organic Bases 
By TATJANA BIkAN-FIiTER and ANTONIJA ANDREC 


The  present official methods of analyses for preparations containing acid salts of 
organic bases, when based on the determination of the isolated base, are time con- 
suming and tedious. An extraction procedure based on the basic hydrolysis of the 
organic salt i n  the presence of magnesium oxide was used to convert the salt to the 
corresponding free base, which was then titrated directly with an acid. T h e  method 
was applied to tablets containing certain alkaloids or some other organic salts. 


HE ASSAY of acid salts of organic bases official in T the majority of pharmacopeias is based on the 
determination of the liberated base which involves 
prior extraction fiom the salt carried out by the 
classical procedure in alkaline media with organic 
solvents using separators. Although these proce- 
dures are satisfactory assay procedures, they have 
several disadvantages. The number of manipula- 
tions involved not only makes the procedure tedious 
and time consuming, but also allows for more 
sources of error. 


The purpose of this study was to  develop a rapid, 
accurate, and simple method for the determination 
of acid salts of organic bases which could be applied 
to the control of tablets containing such salts. 
In the procedure developed in this study the salts 
were determined by using a simple extraction pro- 
cedure based on the basic hydrolysis of the salt in 
the presence of magnesium oxide, making possible a 
direct titration of the liberated base with standard 
acids. 


EXPERIMENTAL 
Reagents 


Chloroform, ethylacetate, ether, glacial acetic acid, 
and ethanol (96y0) reagent grade, were employed. 
Magnesium oxide was used for chromatography 
(Merck AG, Darrnstadt). U.S.P. Crystal violet 
indicator solution and methyl red indicator solution 
and B.P. methyl red-methylene blue indicator solu- 
tion were employed. Codeine phosphate, papaver- 
ine hydrochloride, chlorpromazine hydrochloride. 
and amphetamine sulfate were commercial samples of 
U.S.P. quality. 


Determination of Salts 
Codeine Phosphate.-Accurately weigh approxi- 


mately 0.3 Gm. of codeine phosphate, transfer into a 
glass crucible G,d; l  add 0.5 Gm. magnesium oxide 
and moisten only slightly with a few drops of water. 
Mix well with the aid of a glass rod and extract the 
alkaloid base with four 10-ml. portions of chloro- 
form. Evaporate the chloroform from the filtrate 
to dryness by heating on a steam bath, dissolve the 
residue in 10 ml. glacial acetic acid, and titrate the 
liberated base with 0.1 N perchloric acid to a dis- 
tinct blue color using crystal violet as indicator. 
Perform a blank determination on the solvents and 
make any correction necessary. 
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TABLE I.-DETERMINATION OF SALTS 


salt 
Codeine phosphate 


Pbarma- 
copeia Proposed 


Method Method 
99.1 102.2 


101.7 ~~ . 


101.8 
Papaverine hydrochloride 97.3 101.2 


101.0 
101.4 


Chlorpromazine hydrochloride 99.0 98.9 
99.2 
98.7 


Amphetamine sulfate 98.7 99.8 
99.5 


100. 1 


TABLE II.-DETERMINATION OF TABLETS 


Theoretical Recovery 
Content 


Tablets mg./Tablet Tablet 
Codeine 300.0 296.0 98.7 


phosphate 295.0 98.4 
302.0 100.4 


PaDaverine 40.0 39.7 99.25 
6 ydrochloride 39.6 1111.0 


39.2 97.4 


hydrochloride 256.0 101.8 
Chlorpromazine 250.0 253.0 101.2 


Amphetamine 75.0 73.8 98.8 
sulfate 73.5 98.0 


Papaverine Hydrochloride.-Papaverine hydro- 
chloride was determined in the same way as de- 
scribed for Codeine Phosphate. 


Chlorpromazine Hydrochloride.-Approximately 
0.2 Gm. of chlorpromazine hydrochloride is ex- 
tracted in the same way as described for Codeine 
Phosphate, with five portions each of 10 ml. ether. 
Evaporate the ether from the filtrate, dissolve the 
residue in 2 ml. ethanol, add 20 ml. of 0.1 N hydro- 
chloric acid and 15 ml. of water, and titrate the ex- 
cess of acid with 0.1 N sodium hydroxide using the 
mixed indicator solution methyl red-methylene blue. 
The titration of the extracted base can be carried 
out also in nonaqueous media (glacial acetic acid 
solution) with 0.1 N perchloric acid using crystal 
violet as indicator. 


Amphetamine Sulfate.-Approximately 75 mg. 
of amphetamine sulfate is extracted in the same 
manner as described for Codeine Phosphate,. with 
four portions each of 10 ml. ethylacetate. After 
adding to the filtrate 40 ml. of glacial acetic acid, 
the liberated base is titrated with 0.1 N perchloric 
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determinations are recorded in Table 11. Experi- 
ments were carried out with standard tablets pre- 
pared in this laboratory. 


SUMMARY 


A simple method for the determination of certain 
acid salts of organic bases, based on the basic hydrol- 
ysis of the salt in the piesence of magnesium oxide 
has been described. The proposed method proved 
to be a rapid, simple, and accurate one that makes 
it especially useful for routine work. 


Examinations on the possibilities of the applica- 
tion of this procedure to  other pharmaceutical prep- 
arations will be carried out and reported in a 
subsequent communication from this laboratory. 


acid to a distinct blue color, using crystal violet as 
indicator. 


For purposes of comparison, codeine phosphate, 
chlorpromazine hydrochloride, and amphetamine 
sulfate were assayed by the methods official in B.P., 
while papaverine hydrochloride by that official in 
Ph.Dan. Results of these experiments are recorded 
in Table I. 
Determination of Salts in Tablets 


Codeine phosphate, papaverine hydrochloride, 
chlorpromazine hydrochloride, and amphetamine 
sulfate in tablets are determined in the same manner 
as directed in the assay of the salts, the quantity of 
the powdered tablets being equivalent to  the stated 
amount of the corresponding salt. Results of these 


Antimicrobial Properties of Aliphatic Thiosemicarbazones 
By M. MANOWITZ and G. WALTER 


A series of thiosemicarbazones of saturated and a,&unsaturated aliphatic aldehydes 
w a s r p a r e d  and tested in uitro for activity against various bacteria, yeasts, and 
mol s. Antimicrobial potency was found to  depend on  chain length and was reatly 
enhanced by the presence of a n  unsaturated linkage. Thiosemicarbazones ferived 
from unsaturated aldehydes with chain lengths C-10 to  C-12 were the most active 


against the microorganisms tested. 


HE TUBERCULOSTATIC PROPERTIES of thiosemi- T carbazones have been investigated extensively 
since the initial publication by Domagk and co- 
workers (1). A large number of thiosemicarbazones 
have been prepared and tested for these properties; 
however, their effect on other microorganisms has 
received only limited consideration (2-5).  Benns, 
et al. (6). determined the antifungal activity of 40 
thiosemicarbazones against Aspergillus niger and 
Chuetomium globosum and found the most effective 
compounds were derived from aliphatic aldehydes. 
Preliminary observations in our laboratories have 
demonstrated interesting antibacterial properties for 
certain aliphatic thiosernicarbazones; a further study 
of the antimicrobial spectrum of a more extensive 
series of these compounds was indicated. For this 
purpose, thiosemicarbazones of saturated and un- 
saturated aliphatic aldehydes were prepared and 
tested against various bacteria, yeasts, and molds. 


EXPERIMENTAL 


The thiosemicarbazones of the C-4 through C-12 
straight chain saturated aldehydes and of the C-4 
through C-13 q9-unsaturated aldehydes, with the 
omission of the C-5 unsaturated compound, were 
included in this investigation. The thiosemicar- 
bazones were prepared by usual methods described 
in the literature (3). 


Antimicrobial Tests.-The antimicrobial proper- 
ties of the compounds were determined by agar 
dilution technique employing the following organ- 
isms: Staphylococcus aureus, ATCC 6538; S.  e@r- 
midis, ATCC 155; Bacillus sublilis, ATCC 9372; 
Escherichia coli, ATCC 11229; Proteus nulgaris. 
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ATCC 9920; Pseudomonas aeruginosa; Bacterium 
ammonirrgenes, ATCC 68'il; Pityrosporum wale; 
Candida albicam, ATCC 10231 ; Trichophyton 
mentugrophytes, ATCC 9129; and Microsporum 
audouini, ATCC 11347. 


Twofold serial dilutions of the compounds were 
prepared in alcohol (S.D.30) and 0.2-ml. aliquots of 
each dilution added to 20-ml. tubes of molten agar. 
The contents of the tubes were thoroughly mixed and 
poured into sterile Petri plates. Dextrose tryptone 
extract agar was employed for the bacteria and 
Sabouraud's dextrose agar was used for the yeasts 
and molds. 


Bacterial inoculum consisted of 1-100 distilled 
water dilution of a 24-hour, tryptic soy broth culture 
grown at 35". Yeast inoculum was prepared by 
washing a 3-day-old slant of the organism with 10 
ml. of distilled water and diluting the suspended cells 
1-100 with distilled water. Mold inoculum consisted 
of a conidial suspension from the surface growth of a 
7-day slant of the organism in 20 ml. of distilled 
water. Plates were inoculated by placing 1 drop 
(0.007 ml.) of the inocula on the surface of the 
hardened agar media with the aid of an Accu- 
Drop dispenser. * Inoculated plates were incubated 
a t  35' for bacterial tests and at 30" for yeasts and 
molds. Examination of the plates for the presence 
of growth was made after incubation periods of 48 
hours for the bacteria, 4 days for the yeasts, and 14 
days for the molds. 


RESULTS 


Results of the microbiological tests are summa- 
rized in Table I. None of the compounds was active 
against the Gram-negative bacteria ( E .  coli, Ps .  
aeruginosa, Pr.  vulgaris) and therefore these organ- 
isms were not included in the table. The data 
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Kinetic Study on Stability of Fluprednisolone 
Acetate in Aqueous Solution 


By E. H. JENSEN and D. J. LAMB 


The shelf-life of a potential formulation of fluprednisolone acetate was predicted 
from kinetic measurements. Subse uent assay of samples stored at ambient tem- 
peratures confirmed the predicted staility. The degradation of the steroid ester to 
products devoid of the 17-dihydroxyacetone moiety followed a two-step sequence: 
ester -* alcohol - degradation products. The kinetics of this pathway were inter- 
preted on the basis of consecutive first-order reactions. Quantitative thin-layer 


chromatography was used to determine the two major components in solution. 


CCELERATED STUDIES on the stability of drugs A in solution have been used extensively in 
attempts to predict the approximate shelf-life of 
potential pharmaceutical products. Several in- 
vestigators have reported on the stability of 
steroids in solution (1-5). It has been shown 
that although the steroidal A-ring is subject to 
degradation, it is essentially a photolytic process 
and may be ignored in stability studies and in 
finished products, provided adequate protection 
from light is afforded. The rate of degradation of 
the 17-dihydroxyacetone moiety of cortical 
steroids in solution, however, is affected by its 
immediate environment, ie., of buffers, oxygen 
tension, pH of the solution, type of steroid, 
concentration, etc. Ideally, the effect of each 
component on the rate of decomposition may be 
determined independently and subsequently 
combined to yield an expression capable of 
predicting the shelf-life of a finished formulation. 
However, such an approach is quite time con- 
suming. In product development it is often 
preferred to select what may appear to be a 
superior formulation based upon certain estab- 
lished criteria, then determine the stability of 
the active ingredient in this preparation. 


Fluprednisolone acetate' has been found to 
possess strong antiinflammatory activity, both 
systemically and topically. This property made 
it a suitable candidate for incorporation into 
ophthalmic preparations. A kinetic study on the 
stability of fluprednisolone acetate in solution 
was undertaken to determine whether the 
steroid was sufficiently stable for consideration 
in ophthalmic solutions. 


Previous reports on steroid esters have sug- 
gested that the side chain degradation of these 
coinpounds may involve hoth hydrolysis of the 
ester linkage and degradation of the dihydroxy- 
acetone side chain (6, i ) .  


~~ 
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I t  was assumed that partially degraded solu- 
tions of fluprednisolone acetate would contain 
fluprednisolone acetate, fluprednisolone, and some 
unknown steroid degradation products. The 
presence of the side chains in fluprednisolone 
acetate and fluprednisolone may be determined 
by the tetrazolium assay. Degradation products 
without the dihydroxyacetone side chain do not 
react to this test. Thus, the tetrazolium pro- 
cedure may be used for determination of the total 
amount of fluprednisolone (acetate + alcohol). 
However, to meet the objectives of studying both 
the hydrolysis and the side-chain degradation, 
it was necessary to determine the relative amounts 
of each of the steroids. This was done by 
utilizing thin-layer chromatography in combina- 
tion with the tetrazolium assay. 


EXPERIMENTAL 


Preparation of Solution 
The solution under study was fluprednisolone 


acetate, 0.5 mg./ml.; polysorbate 80, 60 mg./ml.; 
sodium chloride U.S.P.. 6.5 rng./ml. ; phenylmer- 
curic nitrate N.F., 0.025 mg./ml.; neomycin sul- 
fate,5.75mg./ml.; waterforinjectionUSP. q.s.  ad. 
1.00 ml. The pH of the solution was 7.20. The 
solution was filled into 5-ml. ampuls which were 
sealed and placed in constant temperature oil baths 
at temperatures ranging from 40 to  70'. 


A t  requisite time intervals, ampuls were removed 
from the baths and assayed. 


Assays 
Total F1uprednisolone.-The total fluprednisolone 


(acetate + alcohol) content was determined by the 
blue tetrazolium procedure (8). 


tetrazolium (Fisher certified reagent) dissolved in 3A 
alcohol in a concentration of 5 mg./ml. 


A dilution of 10% aqueous tetramethylammonium 
hydroxide with 3A alcohol ( 1  : 10). 


REFERENCE STANDARD sOLUTrONs.-~~utions of 
fluprednisolone (reference standard) and flupred- 
nisolone acetate (reference standard) in 3A alcohol 
in concentrations of 10 mcg./ml. 


Procedure.-A 2.00-ml. aliquot of t h e  ophthalmic 
solution was diluted with 2 ml. of water and extracted 


Reagents.-BLIJE TETRAZOLIUM soLUrroN.-Bhle 


TETRAMETHYLAMMONIUM HYDROXIDE SOLUTION.- 
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with three 25-ml. portions of chloroform. The 
chloroform layers were separated, filtered through 
cotton, and collected in a 100-ml. volumetric flask. 
The volume was made up to 100.0 ml. with chloro- 
form. A 10.0-ml. aliquot of the chloroform solution 
was evaporated to  dryness in vacuo. The dry 
residue was dissolved in 10.0 ml. of 3A alcohol. 
Exactly 1.00 ml. of the blue tetrazolium solution was 
added, followed by 1.00 ml. of tetramethylam- 
monium hydroxide solution. Exactly 45 minutes 
after the addition of the former solution, 1.00 ml. of 
glacial acetic acid was added to quench further color 
formation and to  stabilize the color already formed. 
The absorbance of the solution was measured a t  525 
mp in a Beckman DU spectrophotometer with a 
reagent blank in the reference cell. Parallel runs 
on standard solutions of fluprednisolone and flupred- 
nisolone acetate were carried out for each sample 
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the assays was checked on freshly prepared solutions 
of fluprednisolone acetate and fluprednisolone of 
known concentrations. The solutions were mixed in 
various proportions and then assayed by the proce- 
dures outlined above. The results are shown in 
Table I. 


The results show that the separation of flupred- 
nisolone and fluprednisolone acetate in the assay is 
quite complete. The accuracy of the determination 
of the major component is within *2y0 of theory. 


RESULTS A N D  DISCUSSION 


I t  has been reported in the literature that the 
hydrolysis of steroid esters is pH dependent (6, 7). 
Therefore, in the present study it was necessary to  
stabilize the pH of the solution in order to  eliminate 
the effect of this variable. Neomycin sulfate pro- 
vided sufficient buffer effect to maintain the pH 
within 0.6 unit of the initial pH of 7.20. 


The assay procedures described above were 
applied to the individual samples to determine at  
each temperature the concentrations of flupred- 
nisolone and fluprednisolone acetate in solution as a 
function of time. A semilog plot of the concentra- 
tion of fluprednisolone acetate versus time is shown 
in Fig. 1. The linear relationships indicate that the 
disappearance of fluprednisolone acetate is first order 
with respect t o  drug concentration. The corre- 
sponding rate constants, k,. were calculated and are 
listed in Table 11. 


The main objective of the study was to  determine 
the suitability of the fluprednisolone acetate solution 
as a potential product. For this reason, it was of 
interest to estimate the rate constant, k,, at 25". 
This was done by extrapolation from the higher 
temperature data while the study was in progress, 
and k, was determined to  be 0.0081 days-'. This 
estimate was later verified by actual experimentation 
at 25O, and the identical value was obtained. Using 
this value for k,, it was calculated that a t  room 
temperature 10% of the fluprednisolone acetate 
would degrade in 13 days (b.90 = 13 days), a 
period too short to  consider the ophthalmic solution 
a potential product. 


Examination of the assay results showed that the 
decrease in the concentration of fluprednisolone ace- 
tate was accompanied by an increase in the concen- 
tration of fluprednisolone which reached a maximum 
and then decreased (Fig. 2). This pattern suggested 
that consecutive first-order reactions were involved 
and that fluprednisolone acetate was hydrolyzed to  
fluprednisolone which then subsequently decom- 


assayed. 
Seoaration of Fluorednisolone and Fluoredniso- 


lone 'Acetate by ThinILayer Chrornatograp&.-Four 
milliliters of the ophthalmic solution were extracted 
with three 25-ml. portions of chloroform. The 
chloroform extracts were combined, evaporated to 
dryness, and redissolved in ethylene dichloride- 
methanol (1: 1) to  a total volume of 1.00 ml. Ex- 
actly 25 pl. of this solution was spotted on a thin- 
layer chromatography plate coated with silica gel G 
in a thickness of 250 p. The plate was developed in 
a mobile phase of chloroform-methanol (9: 1 v/v) 
for 80 minutes and dried a t  40' for 5 minutes. 
(Using this procedure, the approximate R, values 
for fluprednisolone and fluprednisolone acetate are 
0.12 and 0.50, respectively.) The positions of 
fluprednisolone and fluprednisolone acetate on the 
plate were located by viewing the plate under a 
Mineralight, model SL 2537. The silica gel areas 
containing the steroids were scraped off the plate 
separately with a razor blade and collected in small 
Buchner sintered-glass funnels. The silica gel was 
then eluted with 3A alcohol and the solution filtered 
through the glass funnel. The volume of the fil- 
trate was made up to 10.0 ml., and the steroid con- 
tent was determined by the blue tetrazolium proce- 
dure described above. 


The absorbance readings for fluprednisolone and 
fluprednisolone acetate, respectively, indicated the 
relative proportions of the two steroids in the 
original sample. By applying this proportionality 
figure to  the total fluprednisolone assay, the absolute 
amounts of fluprednisolone and fluprednisolone ace- 
tate in the sample were calculated. Absorptivity 
values for the calculations were determined from 
parallel assays of standard solutions of flupred- 
nisolone and fluprednisolone acetate. 


Verification of Assay Procedures.-The validity of 


TABLE I. -RECOVERY OF FLUPREDNISOLONE AND 
FLUPREDNISOLONE ACETATE FROM SOLUTIONS OF 
THE Two STEROIDS OF KNOWN CONCENTRATION 


--Steroid in Soh.,- -Steroid Recovered,- 
mmoles/L. mmoles/L. 


Fluprd- Flupred- 
Flupred- nisolone Flupred- nisolone 
nisolone Acetate nisolone Acetate 


0 1.226 0.012 1.218 
0.632 0.920 0.642 0.917 
1.262 0.613 1.244 0.630 
1.893 0.307 1.928 0,287 


w 
2 
Y 


Fig. 1.-First-order plot of the disappearance of 
fluprednisolone acetate from aqueous solution at 
various temperatures. 


2.624 0 2.587 0 
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TABLE 11. -RATE CONSTANTSO POR DEGRADATION 
OF FLUPREDNISOLONE ACETATE IN AQUEOUS 


SOLUTION 


Temp..  kI, k!. 
" C .  days-' BN... . K days-1 


70 0.186 0.494 0.513 0.0952 
62 0.113 0.501 0.497 0.0560 
54.3 0.06i8 0.493 0.516 0.0350 
47 0.0339 0.505 0.495 0.0168 
40 0.0250 No maximum . . . . . .  
25 0.0081 No maximum . . . . . .  


-__ 
(I These are pseudo first-order rate constants since both 


reactions are pH dependent. 
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Fig. 2.-Typical plot showing the changes in con- 
centrations of fluprednisolone and fluprednisolone 
acetate in solution as a function of time (tempera- 
ture 70'C.). 


posed to further degradation products. This is 
shown schematically in 


Fluprednisolone 
( A  ) 


acetate - 
ki 
fluprednisolone - products 


( B )  kz (C) 


where k l  and k ,  are first-order rate constants. 


pressed by the differential equations 
The rate of change in the system may then be ex- 


Equation 1 may be integrated to  give 
A = A d - k l l  (Eq. 4) 


or 
kit 


2.303 


Thus, kt may be obtained by plotting log A versus 


Equation 2 may be integrated to give 


log A = - - f log A ,  


where A 


time as shown in Fig. 1. 


= initial concentration of A .  


To obtain rate constaut, k?, Eqs. 4 and 5 are 
transformed using dimensionless parameters and 
variables as described by Frost and Pearson (9). 
Let a = A/A, ;  fJ = B / A . ;  q = krl; and K = kJk1 
then Eqs. 4 and 5 hecome 


a = e--P (Eq. 6) 


Fig. 3.-Typical plot of fJ  vs. (1-a) (temperature 
i 0  O C. ). 


- 2 0  


2 9  30 31 3 2  3 3  34 + .I01 
Fig. 4.-Arrhenius plot of the rate constant data 


(Ea.kl = 14.2 Kcal./mole; Eu.k2 = 15.2 Kcal./ 
mole). 


When j3 is plotted versus (1 - a), a curve is ob- 
tained which goes through a maximum, the position 
of which depends on K. By using Eq. 7 and setting 
d p / &  = 0, it is found that qmx. = lnK/(K - 1). 


The value of fJ  at the maximum is 


pmx. = K K / ( I - K )  (Eq. 8) 


Determination of fJmnx. is carried out graphically 
by plotting j3 weisus (1 - a) and reading the value of 
fJ  at the maximum off the graph. A typical plot of 
B versus (1 - a) is shown in Fig. 3. The value for 
fJmX. is used for the determination of K from Eq. 8.' 
The rate constant, kl, was determined from Eq. 4. 
Thus, it is possible to determine rate constant, ky, 
from kl = K X k l .  


Values of k2 and corresponding values of fJmx. and 
K are listed in Table 11. An Arrhenius plot of the 
rate constant data is shown in Fig. 4. 


The fact that the pathway of degradation of 
fluprednisolone acetate follows a consecutive first- 
order reaction sequence implies that the 17-dihy- 
droxyacetone side chain is, in effect, protected by 
substitution a t  the 21 position. However, in the 
case of fluprednisolone the acetate ester does not 
afford adequate protection to  assure stability in 
aqueous, neutral solution. 
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1 Equation 8 may be solved ronveniently with an electronic 
computer. In the absence of a comyriter. K may be deler- 
mined gruphically. A curve is constructed fnim & I .  8 using 
I< as the ubscissa and Pmlu as the ordinate, assigning dillerent 
values lor K. and calculating the corresponding values for &.,. K may then be determined from the graph as the 
abscissa value which corresponds to the ordinate value of 


as determined from Fig. 8. 








Sustained-Release Principle in Human 
Subjects Utilizing Radioactive Techniques 


By R. L. BOGNER and J. M. WALSH 


Radioactive tracer studies were conducted i n  six human volunteers utilizing tritium- 
labeled phenylephrine to determine tritium blood levels obtaining at various time 
intervals after oral administration of the usual dosage form, the hydrochloride salt of 
the drug, and of a sustained-release preparation containing the drug as a protocolloid 
tannate com lex. T h e  results obtained from three subjects receiving each prepara- 
tion s h o w e l  that a sustained-release form rovided a plateau-sha ed blood level 
curve, whereas the hydrochloride salt rapixly yielded a high pea! concentration 
which dropped comparatively sharply thereafter. The technique of incorporating a 
radioactive drug in  different dosage forms and tracing the radioactivity in  humans 


can assist the development of sustained-release drug preparations. 


URING THE PAST several years, an increased 
interest in long acting oral therapeutic 


agents has developed. The theoretical benefits 
derived from long acting medication are extension 
of optimal therapeutic effects and better dosage 
control and more uniform blood levels, with a 
consequent reduction in the incidence of un- 
desirable side effects from intermittently high 
and low levels. Several types of oral sustained- 
release preparations have been devised in 
attempts to achieve these goals. However, the 
inadequacy of quantitative studies of drug ab- 
sorption after orally administered sustained- 
release preparations have prompted criticism of 
the claims made for some of these products. 
Much of the supportive evidence have been 
projected from subjective observations in human 
therapy. Animal studies are of limited value in 
predicting gastrointestinal absorption in man, 
particularly over an extended number of hours. 


The present report describes results obtained 
using the radioactive tracer technique to follow 
the appearance of a drug in plasma and urine of 
humans after oral administration of a sustained- 
release preparation based on the use of proto- 
colloidal tannate complexes of therapeutic 
amines. I n  practice, a n  amine tannate, usually 
in combination with polygalacturonic acid, 
serves to provide the drug reservoir. Physical 
and chemical characteristics and in ilitro studies 
of this type of therapeutic amine complex have 
been described (1  ). 


The drug chosen for this study was plienyl- 
cphrine made radioactive by random tritium 
labeling. Comparisons N-ere made of plasma 
levels of tritium radioactivity following oral 
administration of tablets containing tritium- 
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labeled phenylephrine as the hydrochloride and 
as the protocolloid tannate complex. The 
radioactive technique provides a sensitive and 
specific means of following absorption from the 
gastrointestinal tract into the systemic circulation 
and excretion I& the kidneys. 


EXPERIMENTAL 


Radioactive Phenylephrine Hydrochloride.- 
Phenylephrine hydrochloride was randomly labeled 
by the Wilzbach (2) gas exposure technique. A 
5 Gm. quantity of solid, finely divided compound 
was exposed a t  27" to 10 curies of tritium gas at a 
pressure of 0.39 Atm. for 2 weeks. Labile and 
adsorbed tritium atoms were exchanged by dissolv- 
ing the initial tritiated product in water (5  Gm. 30 
ml.) and removing the water with vacuum at room 
temperature. This exchange in a hydroxylic sol- 
vent was repeated, and the specific activity of the 
product was found to he 74.2 pc. per mg. Sub- 
sequently, an acidic methanol solution of the amine 
salt was chromatographed on Amberlite CG-45 
type I resin, eluted with acidified ethanol and re- 
crystallized from isopropyl alcohol. Repeated 
recrystallizations yielded a product with a constant 
specific activity of 11.4 pc. per mg., m.p. 143-144O. 
Paper chromatography and radioscanning demon- 
strated one radioactive peak as shown in Fig. 1. 


Radioactive Phenylephrine Tarmate.-A 0.3-Gm. 
quantity of phenylephrine-Ha hydrochloride was 
dissolved in 2 ml. of distilled water, and a solution of 
60 mg. sodium hydroxide in 2 ml. of distilled water 
was added to liberate phenylcphrine-H3 base which 
was kept from precipitating by warming the solution. 
A solution of 0.57 Gm. of tannic acid N.F. in 3 ml. of 
water was added to the warm solution of amine 
base; a brown gummy precipitate formed. This 
precipitate was ground in a mortar with ice, the mix- 
ture was filtered, and the finely dispersed solid 
material was washed repeatedly with cold water. 
The product was dried in wucuo at  approximately 60" 
to yield a dry, free-flowing, light tan powder with a 
specific activity of 4.14 pc. per mg. and containing 
29.87, phenylephrine-H3 basc. 


Radioactive Tablets.-The tritium-labeled forms 
of phenylephrine hydrochloride and phenylephrine 
tarinate were processed into radioactive tablet dosage 
forms by Irwin, Neisler and Co. on a single-punch 
experimental tablet machine. The radioactive 
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Fig. 1 -Radioscan of pa9er chromatogram of phenylephrine-H hydrochloride 
TABLE I.-FEATURES OF SUBJECTS 


Subject Sex Age Radidactive Tablet 
A Female 39 Phenylephrine-H3 tannate 
B Male 75 Phenylephrine-H3 tannate 
C Male 54 Phenylephrixie-H3 tannate 
D Fernale 50 Phenylephrine-H3 hydro- 


E Male 63 Phenylephrine-Ha hydro- 
chloride 


chloride 
F Male 29 Phenylephrine-H3 hydro- 


chloride 


tannate tablets were identical to commercial forms,] 
except that the stable nonradioactive content of the 
tannate of phenylephrine was replaced by 26.3 mg. 
(7.84 mg. phenylephrine-HS base) of the radioactive 
form of the drug representing 109 pc. The hydro- 
chloride of radioactive phenylephrine was utilized in 
an analogous tablet for comparison in which 9 mg. 
of hydrochloride provided 7.39 mg. phenylephrine-Ha 
base equivalent to 102.5 pc. 


Preliminary Animal Studies.-Preliminary studies 
on plasma levels and urinary clearances of radio- 
active phenylephrine were carried out with two dogs 
after administration of the hydrochloride and tan- 
nate forms of the drug. The hydrochloride, as ex- 
pected, was more rapidly both absorbed and elimi- 
nated during the test periods. Data from this pre- 
liminary screening served as bases for obtaining the 
required authorization to perform the human 
studies . 


Administration to Human Volunteers.-The 
radioactive tablets were administered to six volun- 
teers by Dr. Campbell Moses, Addison H. Gibson 
Laboratory, University of Pittsburgh. The fea- 
tures of the subjects are recorded in Table I. 


All subjects had been admitted to the hospital for 
observations and diagnosis; subsequent studies re- 
vealed no abnormalities associated with disorders of 
absorptive or excretory functions. 


Three subjects ( A ,  B,  and C) were each given a 
single tablet of phenylephrine-Ha tannate and three 
other subjects (D, E, and F) were each given a single 
tablet of phenylephrine-Ha hydrochloride. All 
doses were given on an empty stomach at 8 a.m. with 
4 ounces of water following an overnight fast. 
Breakfast was served a t  9 a.m.. lunch at 1 p.m., and 
dinner a t  5 p.m. Blood samples were obtained 
from each subject a t  1, 2, 4, 6, 8, 12. 24, and 48 
liours post-ingestion; plasma was immediately 
separated by centrifugation. Urine was collected as 


I The product Rynatan contains 25 mg. phenyleph4ne 
tannate, 8 rng. chlorpheniramine tannate, 2s mg. pynlamtne 
tannate. and 32 mg. polygalacturonic acid plus inert excip- 
ients 


TABLE II.-PLASMA LEVELS OF TRITIUM RADIO- 
ACTIVITY FOLLOWING ORAL .IDMINISTRATION OF 


H a  HYDROCHLORIDE TABLETS 
PHENYLEPHRINE-H3 TANNATE A N D  PHENYLEPHRINE- 


- - .- 


Subject 


Tannate 
A 


B 


c 


Hydrochloride 
D 


E 


F 


Time, 
hr. 


1 
2 
4 
6 
8 


12 
1 
2 
4 
6 
8 


12 
1 
2 
4 
6 
8 


12 


1 
2 
4 
6 
8 


12 
1 
2 


6 
8 


12 
1 
2 
4 
6 
8 


12 


4 


~~ 


Plasma 
Tritium, 


d . p. m ..) ml . 


955 
2190 
2785 
1935 
1000 
880 
990 


1960 
2800 
3660 
1950 
1410 
785 


3550 
4160 
4860 
3380 
3400 


5300 
2860 
4105 
3750 
3450 


100 
4500 
5290 
1500 
1450 
2200 


100 
8570 
7470 
6350 
4670 
4100 
900 


liqiiivalent 
Phenyl- 


eplirine,a 
mcg.;ml. 


0.031 
0.071 
0.091 
0.063 
0.032 
0.029 
0.032 
0.064 
0,091 
0.086 
0.063 
0.047 
0.025 
0.115 
0.135 
0.158 
0.110 
0.111 


0.172 
0.074 
0.133 
0.122 
0.112 
0.003 
0.146 
0.171 
0,049 
0,047 
0.071 
0,003 
0.278 
0.243 
0.206 
0.152 
0.133 
0 .  (Y29 


a Calculation based upun the assumpti ) I I  that the specific- 
activity of the radiJactive material in the plasma was identical 
to the specific activity of the administered material 


voided, and cumulative 34-hour collections were ob- 
tained. 


Analyses.-The total tritium radioactivity of 
each plasma sample was determined by a liquid 
scintillation counting technique. The procedure 
involved addition of 0.1 to 0.2 ml. plasma to 1 ml. of 
hydroxide of Hyamine 1O-X* and subsequent addi- 


1 M solution in methanol. Marketed by Rohm and Haas, 
Philadelphia, Pa. 
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concentrations” in humans following oral ingestion of 
phenylephrine-Ha tannate tablets. 


The average plasma levels of the subjects receiving 
the hydrochloride and of those receiving the tannate 
are plotted in Fig. 2; the individual responses are 
shown in Figs. 3 and 4. 


The 24hour urine excretion of tritium radio- 
activity from each subject may be seen in Table 111. 


DISCUSSION 
Examination of the average curves and the indi- 


vidual curves reveals relationships which are 
significant to the action of the sustained-release 
principle. Phenylephrine provided as the usual 
rapidly soluble salt form (hydrochloride) was quickly 
absorbed from the human gastrointestinal tract with 
resulting high blood levels attained by the first and 
second hours; appreciable levels were still present 
after 8 hours, but between the eighth and twelfth 
hours, the concentrations dropped off rapidly. The 
tannate complex provided a more gradual rise in 
tritium blood levels with a plateau rather than a 
sharp peak in the 2 to 8-hour range and with re- 
markably stable maintenance of blood level con- 
tinued through the twelfth hour. Consistent indi- 
vidual blood levels were obtained in these humans 
with the sustained-release preparation, although the 
hydrochloride showed wide individual variations. 
Despite the use of only six humans, the measure- 
ment technique relates the variations in readings 
clearly to individual variations in absorption and 
elimination. 


Figure 2 should be considered as a reflection of the 
relative absorption characteristics of drug from the 
two preparations and not as a suggestion of recom- 
mended absolute drug levels. The quantitative 
blood values obviously can be varied by variation in 
the absolute dosage. The shape of the two curves 
relative to one another is the point of primary 
significance. 


The excretion data illustrated even more dra- 


TIME AFTER ADMINISTRATION, hr. 
Fig. 2.-Average plasma levels of tritium radio- 


activity following oral administration of phenyl- 
ephrine-Ha hydrochloride and tannate tablets. Key: 
0. hydrochloride; 0, tannate. 


TIME AFTER ADMINISTRATION, hr. 
Fig. 3.-Plasma levels of tritium radioactivity fol- 


lowing oral administration of phenylephrine-Ha 
hydrochloride tablets. Key: 0, subject D; 0, sub- 
ject E; A, subject F. 


tion of 0.5 ml. ethanol and 15 ml. toluene-phosphor 
(0.6% PPOP and 0.02% POPOP’). The samples 
were counted in a Packard Tri-Carb liquid Scintilla- 
tion spectrometer with counting chamber set at 3”, 
discriminator set a t  10-100. and at voltage corre- 
sponding with the peak tritium counting rate. All 
sample counts were corrected for background and 
counting efficiency as determined from internal 
standards. Results were expressed as disintegra- 
tions per minute per milliliter (d.p.m./ml.). 


Urine concentrations of tritium were also deter- 
mined by liquid scintillation counting. Aliquots of 
1 ml. of urine were placed in counting Vials with 15 
ml. dioxane-phosphor (0.7% PPO, 0.005% POPOP. 
and 8% naphthalene). All sample counts were 
again corrected for background and efficiency. 


RESULTS 


The plasma levels of tritium radioactivity in each 
of three humans following oral administration of 
phenylephrine-HS hydrochloride tablets are listed in 
Table 11. The tritium levels include the contribu- 
tions from tritium-labeled phenylephrine as well as 
any tritium-containing metabolites. The tritium 
levels are also represented in terms of “equivalent 
phenylephrine concentrations” based upon the 
assumption, for purposes of calculation, that 
the specific activity of the radioactive material in the 
plasma was identical to  the specific activity of the 
administered phenylephrine-Ha. 


Table I1 also shows corresponding plasma levels of 
tritium radioactivity and “equivalent phenylephrine 


* 2 5-Diphenyloxazole. 
4 1 ~4-Bis-2-(5-phenylo~lyl-beozene).  


TIME AFTER ADMINISTRATION, hr. 
Fig. 4.-Plasma levels of tritium radioactivity fol- 


lowing oral administration of phenylephrine-Ha tan- 
nate tablets. Key: ., subject A; 0, subject B; A. 
subject C. 


TABLE III.-URINARY EXCRETION OF TRITIUM 
RADIOACTIVITY 


Administered 
Radioactivity 


Excreted 
Subject Drug Form in 24 hr., % 


A Phenylephrine-Ha tannate 12.4 
B Phenylephrine-Ha tannate 15.9 
C Phenylephrine-H* tannate 13.3 
D Phenylephrhc-H3 hydrochlo- 37.2 


E Phenylephrine-HS hydrochlo- 20 .O 


F Phenylephrine-H3 hydrochlo- 69 .O 


ride 


ride 


ride - 
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Blood levels of tritium radioactivity in humans 
following oral ingestion of the ordinary hydrochloride 
dosage form followed a characteristic pattern of 
rapid rise and fall; blood levels following adminis- 
tration of a tannate complex dosage form rose more 
slowly but appeared to be more sustained. 
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matically than did the blood levels that absorption 
and excretion of phenylephrine from the hydrochlor- 
ide show very wide individual variations, whereas the 
tannate complex sustained-release form showed an 
unusual degree of consistency of performance. 


SUMMARY 
Tritium-labeled phenylephrine hydrochloride and 


tannate were prepared and incorporated into ordinary 
and sustained-release type dosage forms, respec- 
tively. 


Electrochemical Oxidation of 
Chlorpromazine Hydrochloride 


By F. HENRY MERKLE and CLARENCE A. DISCHER 


The electrolytic oxidation of chlorpromazine hydrochloride has been studied. 
Controlled potential coulometry has shown the chlorpromazine undergoes a two- 
electron oxidation in dilute aqueous acid media. In 9 N sulfuric acid two successive 
one-electron oxidations, involving a stable semiquinone free radical intermediate, 
are identifiable. Polarographic studies with a rotating platinum electrode confirm 
the occurrence of two separate one-electron oxidation steps in  9 N sulfuric acid. 
The coulometricaliy determined n values are in agreement with these observations. 
Reaction mechanisms are proposed for the electrolytic oxidation of chlorproma- 
zine under various conditions of acidity. Spectral absorbance curves are presented 


as supporting evidence for the indicated reaction mechanisms. 


H E  OXIDATION of chlorprcmazine hydro- potential coulometry as  a quantitative analytical 
Tchloridei by cerium (IV), iron (111), perman- technique for chlorpromazine and its oxidized 
ganate, and hydrogen peroxide as  well as  by forms in the presence of one another. 
photo-irradiation has been reported (1-3). 
I t  has also h e n  shown that  the intermediate 
species in the oxidation of chlorpromazine exists 
as  a free radical (4). More recently, the existence 
of stable semiquinone free radicals of chlor- 
promazine and other N-substituted phenothiazine 
derivatives has been demonostrated (5). How- 
ever, because of the inherent difficulties in the 
quantitative determination of the free radical 
species, their study has been restricted consider- 
ably. 


This study was undertaken to  establish an 
oxidation mechanism for chlorpromazine hydro- 
chloride in aqueous media. Since chlorproma- 
zine and its oxidation products are electrolytically 
active, controlled-potential coulometry offered 
a direct approach for this study. The oxidation 
at a platinum anode has proved to  be a n  ex- 
tremely useful method for the production of the 
intermediate free radical species. Moreover, this 
study indicates the possible use of controlled- 


Received June 28, 1!)63. from the College of Pharmacy, 
Rutgers-The State University. Newark, N. J. 


Accepted for publication September 18, 1963. 
I Chlorpromazine hydrochloride and chlorpromazine 5- 


oxide were supplied by Smith Rline and French Laboratories, 
Philadelphia, Pa. 


INSTRUMENTATION 


An electronic controlled-potential coulometric 
titrator, model (2-2005 ORNL, was used to perform 
the electrolyses (6). Oxidations were performed in a 
cell designed to accept a cylindrical wire mesh rotat- 
ing platinum electrode ( 1  in. diameter X 2 in. 
height) and approximately 100 nil. of solution. The 
reference (S.C.E.) and auxiliary (working cathode) 
electrodes were separated from the sample solution 
by agar plugs and fritted glass diaphragms. A 
triplet vacuum tube voltmeter, model 805, with a 
7-in. scale served as the readout device.* Polaro- 
grams were obtained on the Sargent model XXI 
recording polarograph. An H-type cell was used 
with a rotating platinum microelectrode. A satu- 
rated calomel reference electrode was separated from 
the sample portion by an agar plug and fritted-glass 
diaphragm. 


PROCEDURE AND RESULTS 


Controlled Potential Data.-When chlorpromazine 
hydrochloride is electrolyzed at a potential of ap- 
proximately +O.X v. aersus S.C.E. in 1 N sulfuric 
acid under an atmosphere of nitrogen, the solution 
gradually assumes a deep red. A s  the electrolysis is 


In the latter stages of this study readout voltages were 
measured with a Non-Linear Systems model 184 A digital 
voltmeter. 








Central Nervous Depressants VIII 
Structure-Activity Relationship of Some New Azlactones 


By P. K. SHARMA, M. K. MENON, and P. C. DANDIYA 


Five azlactones having trimethoxybenzene structure were synthesized and their in- 
fluence on blood pressure of anesthetized dogs, spontaneous motor activity of rats, 
pentobarbird hypnosis, and conditioned avoidance response in trained rats were 
studied. All the compounds possessed mild central nervous system depressant ac- 
tion. Two compounds-namely, azl.ctone of 3,4,5-trimethoxybenzylamino-2,3,5- 
trimethoxyanoamic acid and pzluwne of 3,4,~-uimethoxy~~lenrylamiao-p-di- 
methylaminocinnamic acid-exerted a transient hypotensive action. A structure- 


activity relationship has been indicated. 


INCB THE structure of reserpine was estab- s lished, the problem of synthesis of reserpine 
analogs has been investigated by various workers, 
to search for compounds of simpler chemical 
structure having similar pharmacological actions 
but devoid of undesirable side dects. The 
reserpine molecule possesses an indole nucleus 
and a trimethoxybenzene group in its chemical 
structure; it was assumed that compounds built 
upon these structures may reproduce the phar- 
macological activities of reserpine. Lassalo 
and Jordan (6), Ramasastry and Lassalo (9), 
Borsy (2), and Dandiya et al. (4) have synthe- 
sized some compounds having trimethoxybenzene 
as the basic structure. Dandiya et al. (4) have 
also studied the structure-activity relationship 
of the compounds synthesized by them. An- 
other interesting development in this field was 
the isolation of two active principles of Acorus 
calamus, a plant indigenous to India. Both 
of these principles, asarone and 8-asarone, are 
simple trimethoxybenzene derivatives (1) and 
exerted marked central nervous depressant effects 
(3). 


Lately, in the course of investigations of new 
compounds with actions on the central nervous 
system, trimethoxybenzoyl-glycine-diethylamide 
(Riker 548, trimeglamide) has also been shown 
to possess tranquilizing properties (1 1). 


Since Riker 548 could be considered as a deriva- 
tive of a saturated azlactone, Robison and 
Schueler (10) have worked out the pharmacolog- 
ical activity of a number of azlactone derivatives 
and reported that they were capable of prolonging 
the duration of hexobarbital-induced hypnosis in 
mice, although by themselves, these compounds 
exhibited convulsant properties. 


Since most of the compounds of the azlactone 
series have a prominent action on the central 
nervous system, it was considered desirable to 


Received December 9 1963 from the Department of 
Pharmacoloy, S.M.S. Mhcd i)oUege, Jdpur, India. 


Accepted or publieatton February 6 1964 
This roject was partly financed by ihc Indian Council of 


MedicafRescarcb. Ansari Nagar, New Delhi. 


synthesize a few azlactones possessing a tri- 
methoxy group in the benzene ring. These az- 
lactones (Table I) were prepared by reacting the 
substituted glycine with the appropriate alde- 
hyde in the presence of acetic anhydride and 
sodium acetate. 2,4,5-Trimethoxy- and 2,3,4- 
trimethoxybenzaldehyde were prepared by the 
method described by Deohra (5). 


EXPERIMENTAL 


Chemical.-The following four intermediary 
compounds were prepared. 
2,4,5-Trimethmybendduhy&.-F~eshly distilled 


POClt (15 ml.) was added to dimethylformamide 
(10 ml.) previously cooled to 6'. The mixture was 
then added to 1.2.4-trimethoxybenzene (16.7 Gm.), 
dissolved in dimethylformamide (10 ml.), and 
heated on a steam bath for 4 hours. The mixture 
was diluted with water. neutraliized with sodium 
bicarbonate, and allowed to stand for 1 hour. 
It was then filtered and washed with water and 
recrystallized from hot water (m.p. 114'. 2,4- 
din i t rophenylhyde ,  m.p. 252'). 
2,3,4-Trimethoxybenzal&hyde.-A mixture of 


POClt (15 ml.), dimethylformamide (10 ml.), and 
1,2,3-trimethoxybenzene (16.7 Gm.) in dimethyl- 
formamide (10 ml.) was heated on a steam bath for 
2 hours, then diluted with water and neutralized 
with sodium bicarbonate. I t  was filtered quickly 
after refrigerating overnight, washed with cold water, 
and recrystallized with hot water (m.p. 37". 2,4 
dinitrophenylhydre,  m.p. 177-178'). 


Reparation of Substituted Azlactone.-The fol- 
lowing five compounds were synthesized. 


Comwnd I.-(Azlactone of a-Acetylamiio-2,4,5- 
trhethoxy cinnamic Acid).-A mixture of 2,4,5- 
trimethoxybenzaldehyde (10 Gm.), acetylglycine 
(7 Gm.), acetic anhydride (5 ml.), and anhydrous 
sodium acetate (4.1 Gm.) was warmed on a water 
bath with Occasional shaking for 15-20 minutes, and 
the whole mixture was boiled for 1 hour and cooled 
by refrigeration for 4 hours. The mass was then 
stirred with 60 ml. of cold water, filtered, and 
recrystallized from carbon tetrachloride (m.p. 
1W108', yield 7.5 Gm.). 


Rd.-Calcd. for C. 60.64; H, 5.41; N, 5.05. 
Found: C. 61.25; H, 5.93; N, 5.68. 


CompOUnd Ir.-(Azlactone of 3.4.5Trimethoxy- 
benzoyl-a-amino-2,4.5-trimethoxycinnamic Acid).- 
A mixture of 2,4,5-trimethoxybenzaldehyde (10 
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Gm. 1, 3,4,5-trimethoxybenmylglycine (12.4 Gm.), 
acetic anhydride (7 ml.), and anhydrous sodium 
acetate (4.5 Gm.) was warmed with shaking for 10 
minutes. then boiled for 1 hour, cooled in the re- 
frigerator overnight. stirred with cold water, and 
filtered. Recrystallized from auhon tetrachloride 
(nt.p. 19.5197", yield 6 Gm.). 


Annl.-Calcd. fur C. 61.53; H, 5.36; N, 3.243. 
Found: C, 60.97; H, 5.75; N, 3.15. 
Compound HI.-( Azlactone of a-Acetylamino- 


2,3,4-trimethoxycinnamic Acid).-A mixture of 
2.3,4-trimethoxybenzaldehyde (10 Gm.). acetyl- 
glycine (7 Gm.), acetic anhydride (5 ml.), and 
anhydrous sodium acetate (4.1 Gm.) was taken and 
subjected to the procedure mentioned above (m.p. 
198-199', yield 8 Gm.). 


Anal.-Calcd. for C, 60.64; H, 5.41; N, 5.05. 
Found: C,60.96; H.5.53; N, 5.25. 


Compound IV.-(Azlactone of 3.4.6-Trimethoxy- 
benzoylaminocinnamic Acid).-A mixture of redis- 
tilled benzaldehyde (4 Gm.), 3,4,5-trhethoxy- 
benzoylglycine (8.5 Gm.), acetic anhydride (7 ml.), 
and anhydrous sodium acetate (2.5 Gm.) was 
warmed for 1!j-20 minutes with occasional shaking 
and boiled for 45 minutes. It was then cooled in a 
refrigerator for 4 hours, stirred with 100 ml. of 
water, filtered, and recrystallized from ethyl acetate 
and liq. petroleum (m.p. 158-l59', yield 2.5Gm.). 


Anal.-Calcd. for C, 67.25; H, 5.01; N, 4.12. 
Found: C,66.98; H.5.03; N.4.25. 


Compound V.-( Azlactone of 3,4.5-Trimethoxy- 
benzoyl-aamino-pdimethylaminocinnamic Acid).- 
A mixture of pdimethylaminobenzaldehyde (7.5 
Gm.), 3,4,5trimethoxybenzoylglycine (12.5 Gm.), 
acetic anhydride (7 ml.), and anhydrous sodium 
acetate (4 Gm.) was warmed for 10 minutes, boiled 
for 1 hour, cooled in the refrigerator overnight, 
stirred with a minimum volume of water, filtered 
with suction and recrystallized from carbon tetra- 
chloride (m.p. 194195', yield 3.8 Gm.). 


AnaZ.-Calcd. for C, 68.47; H, 5.97; N. 3.80. 
Found: C, 68.40; H,5.88; N,3.56. 


Pharmacological Study.-The compounds were 
ndminiitered as a fine suspension in 3% plysorbate 
80. Control experiments were always performed 
with the solvent-treated animals. 


Blood Pressure of Anesthetized Dogs.-Ten mongrel 
dogs were anesthetized with morphine (5 mg./Kg.) 
and urethane (1.4 Gm./Kg.) administered mtra- 
muscularly. The left common carotid artery was 
cannulated. and blood pressure was recorded on a 
slowly moving kymograph. The compounds (10 
mg./Kg.) were administered through the cannulated 
femoral vein; changes in blood pressure were 
Obserped. 
Spontaneous Motor Actkity.-Fifteen albino rats 


(HatTkine) were employed for each experiment. 
They were divided into three groups of five animals 
each and kept in individual cages. The first group 
of animals was treated with the compound (50 
mg./Kg.), the second group received 3 mg./Kg. of 
chlorpromazine, and the third group was treated 
with the solvent which served as control. The 
animals were observed for 4 hours; changes in 
spontaneous activity and effect of tactile stimuli on 
their activity were compared with the control 
animals and to chlorpromazine-treated animals. 
All injections were made intraperitoneally. 


Pmrtobarbital HypMsis.-A set of 30 alhino mice 
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(Haffkine) was employed for each experiment. 
They were divided into three groups of 10 animals 
each. Group I was treated with pentobarbital 
sodium (40 mg./Kg.). Groups I1 and I11 were 
pretreated with the solvent and the compound 
(20 mg./Kg.), respectively. Pentobarbital was 
injected 15 minutes after the pretreatment. The 
injections were made intraperitoneally. The 
sleeping time of each individual mouse was the 
time taken by the animal to regain the righting re- 
flex from the time it was lost after the administration 
of the anesthetic agent. The average sleeping time 
of the control group of animals was compared with 
the sleeping time of the group which received the 
compound in addition to pentobarbital sodium. 


CondztMncd Avoidance Response.-This experi- 
ment was similar to that employed by Dandiya and 
Sharma (3). Albino rats were trained to jump 
on the wall of a special cage when a bell rang to 
avoid an electric shock which followed. Two types 
of responses were observed-the conditioned avoid- 
ance response (CAR), in which the animal jumped 
after hearing the bell, and the escape response, in 
which the animal jumped only after the electric 
shock. Ten trained rats in which CAR was de- 
veloped were employed for each experiment. The 
compound was administered intraperitoneally in a 
dose of .50 mg./Kg., and the effect on the CAR was 
observed a t  1-hour intervals for 4 hours. 


RESULTS 


The results of pharmacological screening are 
given in Table I. 


Maximum potentiation of pentobarbital hypnosis 
was shown by compound 111, in which the sleeping 
time was increased by 80%. which was statistically 
significant. Although compounds I and I1 raised 
sleeping time, due to pentobarbital, the dect was 
not significant. The other two compounds (IV and 
V) were comparatively ineffective in influencing 
the sleeping time of mice. 
All of the compounds exerted a moderate in- 


fluence on the conditioned avoidance response of 
trained rats. In this experiment maximum d e c t  
was shown by compound 111. Thirty per cent of 
the animals lost CAR, the escape response being 
unaffected. Other compounds blocked CAR in 20% 
of the animals. In addition to the loss of CAR in 
20% of the animals, compound I also blocked the 
escape response of these animals. 


There was no marked change in the spontaneous 
activity of rats treated with these compounds. 
Moderate depression, indicated by decreased alert- 
ness to tactile and auditory stimulus. was more 
marked in animals treated with compound I. 
Compound V had a slight stimulant action in rats. 


None of these compounds showed marked effect 
on blood pressure of anesthetized dogs. A transient 
hypotensive effect was observed in dogs in which 
either compound I11 or V was administered. 


DISCUSSION 


Compared to many other trimethoxybenzene 
derivatives, the azlactones exerted only m i n i 1  
d e c t  on the cardiovascular system. Compounds 
like 2,4.5-trimethoxy-l-propenylbenzene ( 12), N- 
acetyl 3.4,5-trimethoxybenzamide (7). and 3,4,5- 







20% 


tritnethoxy amphetamine (8) have been reported to 
exert moderate hypotensive action in anesthetized 
:tiiiiii:iIs. Trimegl:rrnide, which can be considered 
as :iii ari:ilog of azlactone, also exerts only a nioclcrate 
arid transient fall iri blcml pressure ( 1  1 ). The 
relative absence o f  cnrdiovsscular action may be 
ntlvantageiious bccnuse these compounds m:iy bc 
more specific in their central effect. 


The effect of these compounds on spontanenus 
motor activity, pentobarbital hypnosis, and con- 
ditioned avoidance response shows that all of the 
five compounds exerted a mild central nervous sys- 
tem depressant action. Compound 111 was more 
potent and, in addition to its effect on t h e  three 
above-mentioned experiments, it  also exerted a mild 
and transient hypotension. The effect on con- 
ditioned response is noteworthy because of the spe- 
cific blockage of CAR without affecting escape re- 
sponse. Only compound I acted in a nonspecific 
way in blocking both CAR and escape response. 


A study of the structure activity relationship has 
shown that substitution of R1 and RI by trimethoxy- 
phenyl group does not bring about marked change 
in pharmacological activity. Substitution of the 
methyl group at position Rz and the 2,4,5-trinieth- 
oxyphenyl group at position RI prolongs the pento- 
barbital sleeping time. A study of compounds I 
and 111 has shown tha t  trimethoxy groups at 2,3,4- 
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position in RI  substitution exert a hypotensive effect 
as opposed when trimethoxy groups are attached 
to 2.4.5-position. Substitutioii of 3.4.5-trimeth- 
osyphenyl group at R2 position does not bring about 
change in the biological activity in the molecule. 
Siibstitution of p-diiiiethyhminoplietiyl group at  
position K I  with 8,4,5-triniethoxyphenyl group a t  
position RI in the compound exerts a hypoteiisive 
effect with slight increase in spontaneous activity. 
These properties are not present when the substit- 
uent is the plienyl group at the R position. 
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Incorporation of Proline-C14 into the Principal 
Alkaloids of Dutzcru stramonium var. 


tutulu and Duturu innoxiu 
By GERALD SULLIVAN 


Proline-C1' made available to root cultures of 
Datura stramonium L. variety tatula Torrey 
and Datwra innoxia Miller was incorporated 
into hyoscyamine and sco olamine. Root 


growth was affected i n  L t h  species. 


XTENSIVE RESEARCH has been accomplished 
on the genus Datura in  an attempt to  


elucidate the biosynthetic pathway or pathways 
t o  alkaloid production. Various amino acids 
have been used to gain clearer and more precise 
information concerning the production of alka- 
loids. James (1) reported significant increases 
in alkaloid content when Atropa belladonna L. 
leaves were supplied 1-arginine and I-ornithine. 
Later, van Haga (2), working with sterile root 
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cultures of A .  belladonna, confirmed that  addi- 
tional amounts of arginine and ornithine yielded 
increased alkaloid production. However, these 
and other investigators (2-4) found proline to be 
ineffective in increasing the plant production of 
hyoscyamine. Work in this laboratory (5) on 
D. stramortiurn variety tatula in which glutamic 
acid was added to isolated root cultures caused 
a n  increase in  growth of the roots and a small 
bu t  statistically significant decrease in alkaloid 
content of the roots. In this instance it is possi- 
ble that the glutamic acid entered the  citric acid 
cycle, contributing t o  growth, but  not the 
ornithine cycle, leaving unaffected tropane alka- 
loid production. Other' work in this laboratory 
(6) on the same species showed that  tested 
quantities of l-proline inhibited total alkaloid 
production in isolated root culture, but  in  one 
concentration appeared to change relative concen- 
trations of hyoscyamine and scopolamine in favor 
of scopolamine. This latter work suggested that 
proline plays a dynamic role in  the synthesis of 
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lowed by increased ability to  antagonize tremors and 
lacrimation induced by tremorine. 


Inhibition of the Chromodacryorrhea Induced by 
Acetyl-,%methylcholine (Mecholyl).-Compound 
1'11 antagonized the action of Mecholyl on the para- 
sympathetic effector cells of the accessory lacrimal 
glands in the rat. The median protective dose 
(PDr,o) of compound VII was 1.4 mg./Kg.. while that 
for atropine was shown to be 0.3 mg./Kg. In this 
test, compound VII was approximately one-fifth 
as active as atropine, but only slightly less active 
than CDS216 (PDs of 0.9 mg./Kg.). 


Mydriatic Action.-Compound VII, when applied 
topically to the cornea of the rabbit, did not have 
effect on pupillary diameter a t  concentrations to 
1.0%. CDS-216, a t  a concentration of l.O%, caused 
only slight mydriasis; atropine, a t  a concentration 
of 0.5%, produced maximal pupillary dilation. 


Effect on Hexobarbital Hypnosis.-When admin- 
istered a t  several dose levels, compound VII did not 
alter either the time of induction or the duration of 
sleep produced by hexobarbital. 


Other Pharmacologic Actions.-Compound VII  
was devoid of significant analgesic activity and 
possessed no local anesthetic action. I t  exerted 
neither an adrenolytic effect nor a potentiating 
action on the pressor response to l-epinephrine. and 
did not antagonize the vasodepressor action of 
histamine. At the dose levels employed, compound 
V I I  appeared to potentiate the action of serotonin 
on the isolated rat uterus. 


EXPERIMENTAL' 


~~Phenyl-a-3-thenylacetic Acid.-This agent was 
prepared by standard malonic ester synthesis, namely 
by refluxing 24.1 Gm. (0.1 mole) of the sodium salt 
of phenyldiethylmalonate with 17.6 (0.1 mole) of 
3-thenylbromide (8) in ethanol. After reflux- 
ing for 12 hours, the reaction mixture was filtered 
and the solvent evaporated. The residue was 
then saponified with alcoholic KOH and the alcohol 
evaporated and the residue acidified with hydro- 
chloric acid. The resulting mixture was then ex- 
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tractcd twice with 100 ml. OF benzene and dried over 
potassium carbonate. After filtering and evaporat- 
ing the benzene, the residue was heated in high- 
vacuum to yield a semisolid. Recrystallization of 
this material from benzene-petroleum ether gave 
crystals melting a t  93O; yield, 38%. 


Anal.-Calcd. for CIIHIZGS: C, 67.25; H, 5.24; 
S, 13.80. Found: C, 67.32; H, 5.27; S,  13.72. 


&( a-Phenyl-a-3-thenylacetoxy ) Ethyldimethyl- 
sulfonium Bromide.-Ten grams (0.04 mole) of 
a-phenyl-a-3-thenylacetic acid was reacted with 0.92 
Gm. (0.04 mole) of sodium in 75 ml. of isopropanol. 
This was then refluxed for 30 minutes and 7.0 Gm. 
(0.06 mole) of 0-chloroethylmethylsulfide added 
over a period of 30 minutes with good stirring. 
The reaction mixture was then refluxed for 24 hours; 
the salt formed was separated by filtration and the 
solvent removed by distillation. The residue was 
dissolved in 20 ml. of methanol and 15 Gm. (0.18 
mole) of liquid methylbromide added. The reaction 
mixture was then allowed to stand a t  room tempera- 
ture for 5 days in a sealed container. After boiling 
away both the methanol and the unreacted methyl- 
bromide, the residue was triturated with anhydrous 
ether. A crystalline product was formed in 729;. 
yield; m.p. 1O(t10lo. 


And-Calcd. for C17H21Br02SZ: C, 50.87; H, 
5.27; Br, 19.19; S, 15.98. Found: C, 50.72; H, 
5.36; Br, 20.10; S, 15.il. 


SUMMARY AND CONCLUSIONS 
Substitution of the cyclohexenyl group of com- 


pound CDS-216 with a methylthiophene grouping 
affected adversely the antispasmodic activity and 
did not alter the toxicity appreciably. 
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Identification of Ethinamate, Ethchlorvynol, and Methylparafynol 
By W. N. FRENCH 


0 Procedures for the identification of ethin- 
amate, ethylchlorvynol, and methylparafynol 
by derivative formation are described. T h e  
acid catalyzed rearrangement of ethchlor- 


vynol gave 3-ethyl-2-penten-4-ynal. 


EW PROCEDURES are available in the literature F for the identification of ethinamate (I), eth- 
chlorvynol (II), and methylparafynol(II1). 


Ethinamate has been identified by general tests 


dNHz C G C H  
I 


for unsaturation and the presence of a terminal HCGC- - ~~ 
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TABLE I.-2,4-DINITROPHENYL.HYDRAZONE DERIVATIVES 


- - Crude Product---- -- --___ Crystallized Product - 
Parent Compd. Yield, Yo M.P., OC. M.p.. "C. Amax. (EtOH) ed 


Ethinamate 50 196-199 204-205" 373 2 6 , W  
32,800 


Meth ylparafynol 35 180-185 195-196" 370 26,50P 
Ethchlorvynol 70 119-121 123-124 375 


~~ ~~ " Reported m.p. 2 h e  (9) and l9O-20lo (10).  *Reported value Am=. at 377 mr, c = 26,oOp (9). Reported, m.p. 198.5' (9). 
In this table'and subseauent discussion. e is defined as the molechar extinction coefficient. I.c., the absorbance of a 1 M solu- 


tion. 


acetylenic group (l) ,  by chromatographic (2-4) and 
crystallographic (5) techniques, and by derivative 
formation (6). The infrared spectrum of eth- 
chlorvynol has been published (i), and methyl- 
parafynol has been characterized by derivative 
formation (8,9). 


This paper describes some procedures permitting 
the identification of the above compounds both in 
pure form and in commercial preparations. 


EXPERIMENTAL 


2,4Dinitrophenylhydrazine Reagent.-Slowly 
add 25 ml. of water to  a solution of 2.0 Gm. of 2.4- 
dinitrophenylhydrazine in 20 ml. of sulfuric acid 
while gently swirling and cooling the flask contents 
in a water bath. Dilute with 50 ml. of alcohol. 


Preparation of Z,&Dinitrophenylhydrazone Deriv- 
atives.-Dissolve 100 mg. of the acetylenic com- 
pound in 10 ml. of 2.4-dinitrophenylhydrazine re- 
agent and place in a water bath a t  50-55' for 4 
minutes (ethchlorvynol), 1 hour (ethinarnate), or 3 
hours (methylparafynol). Remove the solution 
and let stand at  room temperature for 30 minutes. 
Filter off the reaction product with suction and wash 
with 70% ethanol. Crystallize the derivative from 
ethyl acetate (ethinamate) or from ethanol (methyl- 
parafynol and ethchlorvynol). The results are 
shown in Table I. 


Preparation of +Nitrobenzoate Esters of Eth- 
chlorvynol and Methylparafpo1.-Add 1 M equiva- 
lent of p-nitrobenzoic acid (for ethchlorvynol, 230 
mg.; for methylparafynol, 340 mg.) to a solution of 
200 mg. of the acetylenic carbinol in 5 ml. of dry 
pyridine and warm the mixture on a steam bath to  
dissolve the carboxylic acid. Add 2 M equivalents 
of p-toluenesulfonyl chloride (for ethchlorvynol, 
525 mg.; for methylparafynol, 780 mg.) and heat 
the solution on a steam bath for 40 minutes. Cool 
the solution, and pour with stirring into 50 ml. of 
ice-water mixture. Filter off the brown solid. wash 
with water, and crystallize from aqueous alcohol. 
Ethchlorvynol yields 0.35 Gm. (87%) of reaction 
product, m.p. 87.5 to 88.0". On recrystallization, 
the melting point is raised to 89.0 to  89.5'. Methyl- 
parafynol yields 0.425 Gm. (84'%) of product, 
m.p. 64-66". On recrystallization, the melting 


point is raised to  71.0 to 71.5' [reported, m.p. 
72" (8 ) ] .  


Preparation of J-Ethy1-2-penten-4-yaL-Stir a 
solution of freshly distilled ethchlorvynol (b.p. 72- 
73"/10 mm.) in 15 ml. of acid reagent (prepared by 
mixing 25 ml. of water. 20 ml. of sulfuric acid, and 
50 ml. of ethanol) under nitrogen a t  40' for 5 min- 
utes. A yellow oil separates after about 3 minutes. 
Continue stirring a t  room temperature for 15 
minutes, whereafter the mixture has become deep 
red. Pour into 40 ml. of ice-water and extract with 
petroleum ether (30-60'). Wash the extract with 
5'7& sodium bicarbonate solution, dry over an- 
hydrous magnesium sulfate, and evaporate under 
reduced pressure. Distillation of the residual oil 
under reduced pressure yields 2.62 Gm. (88%) of a 
pale yellow liquid, b.p. 48.5 to 49.5"/7 mm., 7'; = 
1.4851, which darkens on exposure to  light and air. 


The infrared spectrum of the compound in carbon 
tetrachloride shows absorption peaks at 3300 cm.-' 
(ECH), 2740 cm.-l (-CHO), 2100 cm.-" (-C= 
C-), 1675 cm.-l (unsaturated carbonyl), and 16CO 
cm. -l (conjugated double bond). The ultraviolet 
spectrum in ethanol shows broad absorption in the 
235-260 mp region ( 6  - 5500) with Xmrx. at 240 
mp, 6 = 5900. 


Treatment of the above product with 2.4-dinitro- 
phenylhydrazine in acidic (HCI) alcohol yields a 
derivative identical to  that obtained directly from 
ethchlorvynol. 


And-Calcd. for ClaH12N404: C, 54.14; H, 
4.20; N, 19.43. Found: C, 54.59; H, 4.26; N, 
18.87. 


Treatment of the product with semicarbazide in 
aqueous alcohol yields a semicarbazone derivative, 
m.p. 179.5" dec. 


Anal.-Calcd. for CsH1IN8O: C, 58.16; H, 6.71; 
N, 25.43. Found: C, 57.80; H, 6.90; N, 25.61. 


DISCUSSION 
The acid catalyzed rearrangement of tertiary- 


acetylenic carbinols to  a,p-unsaturated ketones is 
known as the Rupe reaction. The reaction appears 
to proceed either by a dehydration-hydration 
mechanism or by a straight acid-catalyzed rearrange- 
ment, depending upon reaction conditions (10-12). 


TABLE II.-HOMOLOGS OF 2-PENTEN-4-YNAL 


0 0 0 
I1 I1 II 


HC=C--C=CH-CH HCS-C=CH-CH HCEC-C=CH-CH 
I 


CIHI 
I 
CHI H 


(14) (13) 


I 


M.p. or b.p. m.p. 19" b.p. 53-54'/20 mm. b.p. 48-49"/7 mm. 


2,4-Dinitrophenylhydrazone, m.p. 150" dec. 145" 125' 


Semicarbazone. m.p. . . .  180" dec. 179' dec. 


U. V. Spectrum Am=. ( m p ) ;  c (EtOH) 257.5 18,000 261.5 12,500 240 5,9009 


U. V. Spectrum Am=. (mr ) ;  t . . .  385 33,500 375 32,800 


u. V. Spectrum A,. (mp); c ... 292 32,500 289 31,000 
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H OH H OH 
I I  H t l l  


I<2C---CK-C~-CH -+ IlzC-CK--C == CHz + 
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Using p-nitrobenzoic acid and p-toluenesulfonyl 
chloride in pyridine (8, 15). the tertiary alcohols are 
readily esterified to form the corresponding deriva- 
tives in excellent yield. With ethchlorvynol, yields 
of about %yo are obtained after heating the reaction 
solution on a steam bath for 40 minutes or more. 
Shorter reaction times of 10, 20, and 30 minutrs 
give crude yields of 34,52, and 7275, respectively. 


The above procedures were used successfully for 
the identification of ethinamate and ethchlorvynol 
in pharmaceutical preparations. Ethinamate can 
be readily isolated from tablets by chloroform es- 
traction, removal of the solvent, and crystallization 
of the residue froni petroleum ether. Identification 
is then made by melting point determination and 
infrared analysis and confirmed by preparation of 
the 2,4-dinitrophenylhydrazone derivative. Eth- 
chlorvynol is identified by dissolving the contents of 
one capsule in a small amount of alcohol and 
treating with 2.4-dinitrophenylhydrazine reagent. 
Alternatively, the contents of one capsule may be 
dissolved in chloroform, the chloroform solution 
washed with water, dried with anhydrous mag- 
nesium sulfate, and evaporated under reduced 
pressure. The residue readily forms the p-nitro- 
benzoate derivative. 
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Using an acidic 2,4-dinitrophenylhydrazine re- 
agent (9), rearrangement and derivative formation 
occurs in one step. Ethinamate and methyl- 
parafynol react as expected to yield a derivative of 
the corresponding a,&unsaturated methyl ketone. 
With ethchlorvynol. however, rearrangement to a 
carbonyl compound seems to proceed through an 
:tllylic 1.3-shift of the hydroxyl group with sub- 
sequent loss of hydrogen chloride leaving the 
acetylenic group intact 


OH 
I H+ 


HC=C--C--CH=CHCI __f 


I - H20 
C2Ha 


0 HzO 
HCfC-C-CH=CHCI - 


I - H +  
CzHs 


OH .~ 


1 -HCI 
HCEC-C=CH-CHCl- 


I 
I 


C:H5 


0 
II 


HCgC-C=CH-CH 
I 


CIH, 
IV 


Analytical and spectral data are in agreement 
with structure IV. The mode of formation of the 
compound is analogous to  that of 3-methyl-2- 
penten-4-vial from 3-methyl-l-chloro-l-penten-4- 
yn-3-01 by allylic rearrangement (13). The prop- 
erties of compound I V  are compared with those of 
its homologs in Table 11. 
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Communications- 
Free 2,4-Dihydroxy-7-methoxy- 
1,4-benzoxazin-3-one in Maize 


Sir: 


Since the discovery that  methoxybenzoxazo- 
h o n e  (MBOA) is formed during the  extractive 
treatment of wheat or maize plants (1) from 8,4- 
dihydroxy - 7 - methoxy - 1,4 - benzoxazin - 3 - 
one (aglucone), which is enzymatically released 
from its glucoside when the  fresh plant tissue is 
disintegrated, the presence or absence of MBOA 


in uninjured maize tissue has been a matter of 
controversy between Beck et al. (2) and ourselves. 
We found no MBOA when the enzymes of the 
maize seedlings (Early Albert and a sugar maize 
variety, grown in a greenhouse) were destroyed 
by  immersing the intact plants in boiling water 
or in  cold alcohol (1). Only small amounts of 
free aglucone were present in 1 to 2-month-old 
plants, and free aglucone could not be detected 
in young seedlings. 


The large amounts of MBOA found by Beck 
et 01. (2) would imply a qualitative difference in 








Comparison of Triphenyltetrazolium and Blue Tetrazolium 
for Determination of Prednisolone 


By FRIEDA M. KUNZE and JOEL S. DAVIS 


Blue tetrazolium (3,3 ’-&anisole bis[4,4‘-(3,5-diphenyl)tetrazolium chloride]) 
and 2,3,5-triphenyltetrazolium chloride are compared as colorimetric reagents 
for the assay of prednisolone. The &ect of oxygen, light, temperature, and base 
concentration on the rate of color development and the stability of the blue tetra- 
zolium reaction were investigated and found to be negligible. The procedure is 


applicable to other adrenocortical steroids. 


NUMBER of investigators have reported tha t  the A Mader and Buck (1) triphenyltetrazolium 
procedure for the determination of adrenocortical 
steroids described by the U.S.P. XVI gave poor re- 
producibility even though precise timing of the 
reaction was observed and meticulous care was tak’en 
in the cleaning of glassware. Johnson et al. (2) 
demonstrated the effect of oxygen, light, and base 
concentration on both the intensity of color and the 
rate of its formation with pure hydrocortisone, 
hydrocortisone acetate, prednisolone. and fludro- 
cortisone; they recommended a procedure to 
control variance due to these factors. Callahan 
ct d. (3) extended this study and applied the pro- 
cedure to tablet formulations. They concluded, 
“The conditions found necessary to obtain satis- 
factory reproducibility are use of low actinic glass- 
ware, complete evaporation of the chloroform 
extracts under nitrogen, use of smaller tetramethyl- 
ammonium hydroxide concentration and its addition 
last, flushing the empty part of the flasks containing 
the reagent solution with nitrogen, development of 
the color in a 30° water bath, and the use of ethanol 
with controlled water content, such as U.S.P. 9570 
ethanol.” Whiie we found that Callahan’s pro- 
cedure would give reproducible results, it was hoped 
that a simpler method of equally acceptable ac- 
curacy could be developed for the routine analyses 
of pharmaceuticals. 


The use of blue tetrazolium as a colorimetric 
reagent for steroid determinations has been re- 
ported in the literature with varying degrees of 
success. A rapid and sensitive blue tetrazolium 
procedure was published by Rechnagel and Litteria 
(4). Reproducible results were obtained when these 
precautions were observed: recrystallization of the 
blue tetrmlium from ether, the use of twice redis- 
tilled ethanol, the substitution of ethauolic sodium 
hydroxide solution for tetramethylammonium 
hydroxide solution, and restriction of the water 
content of the reaction mixture using anhydrous 
ethanol. In  their study of those factors which in- 
fluence the triphenyltetrazolium reagent, Johnson 
et al. (2) also compared that reagent with blue 
tetramlium. They concluded that the advantages 
of greater sensitivity and freedom from interference 
by oxygen of the blue tetrazolium reagent are more 
than outweighed by the disadvantages of high and 
conthuously varying blank readings. Smith and 
Halwer (5) used blue tetrazolium as one means of 
characterizing triamcinolone and the related 10 
alpha hydroxy steroids. Because of the instability 
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of the blue tetramlium solution, they recommended 
that the reagent be prepared fresh daiiy. 


Johnson and Francois (6) reported the successful 
use of Dajac B.T. brand blue tetrazolium without 
further purification for steroid studies. We investi- 
gated this particular reagent for its suitability in 
routine analyses. The reagent proved to be both 
sensitive and stable; a solution stored for 3 months 
in the dark showed no change in color development. 
The absorption of colors was proportional to con- 
centration of the steroid in the 50-450 mcg. rang- 
examined. The maximum deviation was O . i %  
from the mean in 126 analyses of U.S.P. prednisolone 
reference standard made over a 5-week period. 


Reagents 
We used the following reagents: alcohol U.S.P., 


95%; blue tetrazolium solution-dissolve 50 mg. of 
blue tetrazoliuml in 10 ml. of alcohol by warming in 
a hot water bath and swirling; cool, filter, and pro- 
tect solution from light. Dilute tetramethylam- 
monium hydroxide-dilute 1 ml. of U.S.P. test 
solution to 20 ml. with alcohol. 


Assay 
Standard Reparation.-Using an accurately 


weighed amount of U.S.P. reference standard cor- 
responding to the steroid under study, prepare an 
alcohol solution containing about 10 mcg./ml. 


Sample Preparation.-For bulk steroids, prepare 
as directed under Standard Preparation. Transfer 
20.0 ml. of the solution to a glass-stoppered 50-ml. 
conical flask for color development. For tablet 
preparations, weigh and finelj powder not less 
than 10 tablets. Weigh accurately a portion of 
powder equivalent to about 5 mg. of the active 
ingredient and transfer it to a 125-ml. separator 
with the aid of 15 ml. of water. Extract the 
steroid using four 25-ml. portions of chloroform, 
filtering each portion through chloroform-washed 
glass wool into a 250-ml. volumetric flask. Add 
chloroform to volume and mix. Pipet 10 ml. of this 
solution into a glass-stoppered 50-ml. conical flask, 
evaporate the solution to dryness on a steam bath 
with a gentle current of air, cool, and dissolve the 
residue in 20.0 ml. of alcohol. 


Color Development.-Into separate glass-stop- 
pered 50-ml. conical flasks, pipet 20.0 ml. of the 
Standard Preparation and 243.0 ml. of alcohol to 
serve as a blank. To these k k s  and to the flask 
containing the Sample Preparation, add 2.0  ml. 
of blue tetrazolium solution and mix. Add 2 .0  
ml. of dilute tetramethylammonium hydroxide and 
mix. Allow the solutions to stand in the dark for 


EXPERIMENTAL 


1 Dajac B. T., the Borden Co. Philadelphia. Pa., has 
been founh satisfactory and was u&d for these studies. 
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TABLE T.-RECOVBRY O F  PREDNISOLONE FROM 
TABLETS IN PER CENT OF LABEL CLAIM 


U.S.P. U.S.P. 
XVI Method XVI Method Blue 
Modification Modification Tetrawlium 


A B Procedure 


Analyst A 
Day 1 100.5 96.7 99.6 


99.7 96.0 99.5 


YO minutes and. with a suitable spectrophotometer, 
determine the nbsorbances of the sample and 
standard solutions at the point of maximum ab- 
sorbance at about 525 mji relative to  the reagent 
blank. 


DISCUSSION 


Melting point specifications and infrared and 
ultraviolet spectra do not distinguish between lots 
of blue tetrazolium suitable for steroid assay and 
those yielding a high blank and low color develop- 
ment. A simple suitability test is required prior to 
use of a new lot of this reagent. The absorbance of 
the colors developed must be proportional to the con- 
centration of steroid; when assayed as directed 
under Color Deve!opment, the absorbance of the 200- 
mcg. level of hydrocortisone, corrected for the 
reagent blanks, should be no less than 0.500. 
Examination of nine lots of blue tetrazolium ob- 
tained from four different distributors indicates that 
such a test excludes unsuitable blue tetrazolium and 
yet allows considerable latitude for lot to lot varia- 
tion. A high blank per se (above 0.100) does not 
necessarily preclude use of a particular lot of reagent. 
Of nine lots examined, two had absorbance blank 
values of 0.111 and 0.127, four were between 0.030 
and 0.060, and three were unsuitable. 


Those factors which have been reported to affect 
the intensity and stability of colors obtained with 
triphenyltetrazolium salts were studied and applied 
to  the blue tetrazolium procedure. A series of tests 
using prednisolone showed that flushing the flasks 
with nitrogen prior to color development increased 
the color intensity by about 2%. Since reproducible 
absorption values were obtained without such 
nitrogen treatment, this precautionary step was 
eliminated. The use of a 1:lO dilution of tetra- 
methylammonium hydroxide instead of the 1 : 20 
dilution specified in the method gave no significant 
change in the absorbance values. Within the time 
interval examined, the order of the addition of the 
base and the color reagent has no effect on these 
values. Variations in room temperature between 
22’ and 30’ did not affect reproducibility of the re- 
sults. The use of actinic glassware showed no 
advantage over the use of clear glass when the solu- 
tions in the latter were protected from sunlight and 
incandescent light. Exposure to sunlight greatly 
increased the values obtained for the blanks when 
clear glass was used. In  view of these observations, 
we recommend that direct sunlight be excluded 
from the laboratory when the reagents are added to 
the solutions and when the spectrophotometric 
measurements are being made. While the color 
developed with prednisolone and blue tetrazolium 
continued to  increase in intensity over 18 hours, the 
rate of color development had decreased after 90 
minutes to  a point where it had negligible effect on 
the results. 


RESULTS 


Comparison of the U.S.P. XVI method modifica- 
tions A and B represents work completed in this 
laboratory as a portion of a collaborative study de- 
signed and conducted by The Upjohn Co. 
Modification A reverses the order of the addition of 


Day 2 100.3 99.6 100.4 
100.3 99.6 100.5 


Day 3 101.1 99.6 101.1 
100.4 98.7 100.9 


Analyst B 
Day 1 98.7 100.9 100.5 


96.6 102.4 100. 1 
Dav 2 99.5 101.0 101.2 


98.7 99.8 101.2 
Day 3 100.3 102.9 101.3 


100.0 102.2 101.1 
Max. range 96.6 to 96.0 to 99.5 to 


101.1 102.9 101.3 


triphenyltetrazolium and tetramethylammonium 
hydroxide. Modification B incorporates the pre- 
cautions recommended by Callahan. The blue 
tetrazolium procedure was added to the study by 
the authors so that all three techniques could be, 
studied under similar conaltions. In each analysis. 
250 mcg. of prednisolone was used. The concentra- 
tions used were too high for optimum absorbance 
values for the blue tetrazolium reaction; however, 
it  was felt that comparison would be simplified and 
additional variables avoided if equal aliquots of the 
same solutions were used throughout. The three 
methods were compared on three different days by 
two analysts. Each analyst prepared separate 
standards and weighed and extracted two samples 
of ground tablet formulation on each test day. 
Colors were developed in duplicate. 


The results of this study are presented in Table I. 
While the results by all three procedures showed fair 
reproducibility, those obtained by the blue tetra- 
zolium method were by far the most consistent. 
This fact and the ease with which this procedure can 
be applied would make it appear to be the method of 
choice. 


The blue tetrazolium reaction is applicable to  
other adrenocortical steroids. I t  was used to 
quantitate those fractions isolated by paper chro- 
matography in the procedure “Determination of the 
Major Component of Some U.S.P. Adrenocortical 
Steroids” which is presented in a separate paper (7). 
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determinations are recorded in Table 11. Experi- 
ments were carried out with standard tablets pre- 
pared in this laboratory. 


SUMMARY 


A simple method for the determination of certain 
acid salts of organic bases, based on the basic hydrol- 
ysis of the salt in the piesence of magnesium oxide 
has been described. The proposed method proved 
to be a rapid, simple, and accurate one that makes 
it especially useful for routine work. 


Examinations on the possibilities of the applica- 
tion of this procedure to  other pharmaceutical prep- 
arations will be carried out and reported in a 
subsequent communication from this laboratory. 


acid to a distinct blue color, using crystal violet as 
indicator. 


For purposes of comparison, codeine phosphate, 
chlorpromazine hydrochloride, and amphetamine 
sulfate were assayed by the methods official in B.P., 
while papaverine hydrochloride by that official in 
Ph.Dan. Results of these experiments are recorded 
in Table I. 
Determination of Salts in Tablets 


Codeine phosphate, papaverine hydrochloride, 
chlorpromazine hydrochloride, and amphetamine 
sulfate in tablets are determined in the same manner 
as directed in the assay of the salts, the quantity of 
the powdered tablets being equivalent to  the stated 
amount of the corresponding salt. Results of these 


Antimicrobial Properties of Aliphatic Thiosemicarbazones 
By M. MANOWITZ and G. WALTER 


A series of thiosemicarbazones of saturated and a,&unsaturated aliphatic aldehydes 
w a s r p a r e d  and tested in uitro for activity against various bacteria, yeasts, and 
mol s. Antimicrobial potency was found to  depend on  chain length and was reatly 
enhanced by the presence of a n  unsaturated linkage. Thiosemicarbazones ferived 
from unsaturated aldehydes with chain lengths C-10 to  C-12 were the most active 


against the microorganisms tested. 


HE TUBERCULOSTATIC PROPERTIES of thiosemi- T carbazones have been investigated extensively 
since the initial publication by Domagk and co- 
workers (1). A large number of thiosemicarbazones 
have been prepared and tested for these properties; 
however, their effect on other microorganisms has 
received only limited consideration (2-5).  Benns, 
et al. (6). determined the antifungal activity of 40 
thiosemicarbazones against Aspergillus niger and 
Chuetomium globosum and found the most effective 
compounds were derived from aliphatic aldehydes. 
Preliminary observations in our laboratories have 
demonstrated interesting antibacterial properties for 
certain aliphatic thiosernicarbazones; a further study 
of the antimicrobial spectrum of a more extensive 
series of these compounds was indicated. For this 
purpose, thiosemicarbazones of saturated and un- 
saturated aliphatic aldehydes were prepared and 
tested against various bacteria, yeasts, and molds. 


EXPERIMENTAL 


The thiosemicarbazones of the C-4 through C-12 
straight chain saturated aldehydes and of the C-4 
through C-13 q9-unsaturated aldehydes, with the 
omission of the C-5 unsaturated compound, were 
included in this investigation. The thiosemicar- 
bazones were prepared by usual methods described 
in the literature (3). 


Antimicrobial Tests.-The antimicrobial proper- 
ties of the compounds were determined by agar 
dilution technique employing the following organ- 
isms: Staphylococcus aureus, ATCC 6538; S.  e@r- 
midis, ATCC 155; Bacillus sublilis, ATCC 9372; 
Escherichia coli, ATCC 11229; Proteus nulgaris. 
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N. Y.  
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ATCC 9920; Pseudomonas aeruginosa; Bacterium 
ammonirrgenes, ATCC 68'il; Pityrosporum wale; 
Candida albicam, ATCC 10231 ; Trichophyton 
mentugrophytes, ATCC 9129; and Microsporum 
audouini, ATCC 11347. 


Twofold serial dilutions of the compounds were 
prepared in alcohol (S.D.30) and 0.2-ml. aliquots of 
each dilution added to 20-ml. tubes of molten agar. 
The contents of the tubes were thoroughly mixed and 
poured into sterile Petri plates. Dextrose tryptone 
extract agar was employed for the bacteria and 
Sabouraud's dextrose agar was used for the yeasts 
and molds. 


Bacterial inoculum consisted of 1-100 distilled 
water dilution of a 24-hour, tryptic soy broth culture 
grown at 35". Yeast inoculum was prepared by 
washing a 3-day-old slant of the organism with 10 
ml. of distilled water and diluting the suspended cells 
1-100 with distilled water. Mold inoculum consisted 
of a conidial suspension from the surface growth of a 
7-day slant of the organism in 20 ml. of distilled 
water. Plates were inoculated by placing 1 drop 
(0.007 ml.) of the inocula on the surface of the 
hardened agar media with the aid of an Accu- 
Drop dispenser. * Inoculated plates were incubated 
a t  35' for bacterial tests and at 30" for yeasts and 
molds. Examination of the plates for the presence 
of growth was made after incubation periods of 48 
hours for the bacteria, 4 days for the yeasts, and 14 
days for the molds. 


RESULTS 


Results of the microbiological tests are summa- 
rized in Table I. None of the compounds was active 
against the Gram-negative bacteria ( E .  coli, Ps .  
aeruginosa, Pr.  vulgaris) and therefore these organ- 
isms were not included in the table. The data 
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TABLE  ANTIMICROBIAL ACTIVITY OF THIOSEMICARBAZONES 


R-C=N-NH-C-NH2 
I1 
S 


I 
H 


Minimum Conco., mcg./ml.. Completely Iohibiting Growth of Organisma 
Compd. No. R .%a. S.c. B.s. B.a. P.o. C.a. T.m. M.a. 


I CHI( CHI k Xb X X X X X 
I1 CHI(CHI)I X X X X x 8t.X 


I11 CHa(CH2)r X X X X X X 
IV CHa(CHs)s X X X X X X 
V CHs(CHt)a X X X X X X 
VI CHa(CH2 )1 loo 50 100 x X X 
VII CHa(CHsh 12.5 12.5 25 X X X 
VIII CHa(CH2)o 12.5 12.5 12.5 12.5 x X 
IX  CHs(CHr)io X X X X X X 
X CHsCH-CH X X X X X X 
X I  CHd CH. bCH=CH a 5 0  25 .!in 1 0  x X _. ~. _ -  __. ---1\ ----I- - _ _ _  
XI1 CHI( CH:)aCH--CH 50 50 100 50 100 x 
XI11 CH:(CHz)"X=CH 12.5 6.25 12.5 12 .5  50 50 
XIV CHdCH*hCH=CH 3.12 3.12 6.25 6.25 25 25 xv CH;ICH;j;CH=CH 1.56 .78 1.56 1.56 x 100 - _. -, - -,- -~ 
XVI CHI(CH*)~CH=CH - .78  .78 .78 1.56 x X 
XVII CHa(CHl)sCH=CH .78 .39 .78 .78 x X 
XVIII CHa(CH*)pCH=CH x X 50 50 X X 


50 
100 
100 
50 
50 
100 
100 
100 
X 
X 
50 
100 
25 
12.5 
3.12 
3.12 


X 
X 


50 
50 
50 
50 
50 
100 
50 
50 
X 
X 
50 
50 
12.5 
3.12 
1.56 
3.12 
100 
X 


S.a. = S. aurcus; S.c. = S. cpidcrmidis; B.s. = B. sublilis; B.a. = B.  ammoniagcncs; 
b I denotes growth at 100 mcg./ml. 


P.o. - P .  ouale; C.a. = C. albicans 
T.m. = T. mmfagrophyfcs; M.a. - M. audouini. 


demonstrated that the thiosemicarbazones of the 
a,B-unsaturated aldehydes were more potent anti- 
microbial agents than the thiosemicarbazones of the 
corresponding saturated aldehydes. Activity 
against Gram-positive bacteria, in the unsaturated 
group, increased with increasing chain length from 
C-4 through C-12, then abruptly decreased a t  C-13. 
Compounds XV, XVI, and XVII were the most 
effective against the bacteria, inhibiting growth at  1 
mcg./ml. or less. The unsaturated thiosemi- 
carbazones also demonstrated a corresponding chain 
lengthactivity effect against the molds but only up 
through C-11 (Compound XVI). Activity against 
yeasts for this group was exerted by Compounds 
XII, XIII, XIV, and XV. 


Most of the saturated thiosemicarbazones pos- 
sessed slight activity against T. mentagrophytes and 
M .  audouini (50-100 mcg./ml. range); however, 
all were inactive against the yeasts and Gram-nega- 
tive bacteria. Among the saturated compounds, 
only Compounds VI, VII, and VIII inhibited the 
growth of the Gram-positive bacteria. 


Microbiological tests were also conducted on the 
individual aldehydes from which the thiosemi- 
carbazones were prepared. Results of these tests de- 
monstrated activity against T. mentagrophytes and 
M. audouini at the 50-100 mcg./ml. range for most of 
the unsaturated aldehydes and for undecanal and 


dodecanal. None of the aldehydes was effective 
against bacteria or yeasts a t  the highest concentra- 
tion tested (100 mcg./ml.), except 2-dodecenal which 
inhibited the growth of Gram-positive bacteria at  
50 mcg. /ml. 


DISCUSSION AND SUMMARY 
This study has revealed that considerable activity 


is present among the thiosemicarbazones of aliphatic 
aldehydes. It is evident that the presence of an 
a,B-unsaturated linkage in the aldehyde from which 
the  thiosemicarbazone is derived markedly enhances 
the effectiveness of these compounds. There is an 
apparent structure-activity pattern displayed by 
this series of compounds that is a function of the 
chain length of the molecule. Thiosemicarbazones 
prepared from aldehydes with chain lengths C-10 
to C-12 demonstrated the greatest activity against 
the bacteria and molds tested, 
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Rate of Solute Transport out of Emulsion Droplets 
in Micron Size Range 


By WILLIAM I. HIGUCHI 


An experimental verification of the theory for rate of external-phase-diffusion-con- 
trolled solute transport from emulsion droplets in  the micron size range ha* been 
carried out. The  Coulter counter was employed to  follow the change in  size dis- 
tfibution in  aqueous sodium chloride solutions of dibutyl hthalate droplets with 
time. T h e  rate was proportional to particle radius a c c o r i n g  to theory, and the 
diffusion coefficient of dibutyl phthalate calculated from data and theory agreed well 
with the Stokes-Einstein law predictions. The  effect of the presence of a water im- 


miscible component in  the dibutyl phthalate droplet was also studied. 


s PART OF the p r o g a m  on the behavior of A dispersed systems in these laboratoriec the 
transport of solute out of emulsion droplets is 
under study. This problem has bearing on a 
number of important pharmaceutical situations. 
I n  many instances the understanding of the 
release rate of a drug from orally and parenterally 
administered emulsions may be critically de- 
pendent on a consideration of factors associated 
with this phenomenon. It is also important in 
the understanding of the physical degradation 
process in emulsions taking place Yia molecular 
diffusion (1). 


This report gives the results of a n  experimental 
examination of the theory for the  diffusion- 
controlled dissolution from small droplets. The  
method of study is simple and unique. It 
should be useful in similar studies of more 
complex systems. 


THEORY 


Recently (2,3), the theory for the rate of diffusion- 
controlled dissolution and growth of small spherical 
particles was examined. Although the equations 
were aimed at and applied to dissolution and growth 
from solid particles, the same model may be em- 
ployed here. The expression for the steady state 
rate, G, may be written 


G = 4uaD AC 


Here D is the diffusion coefficient of the solute in the 
external phase, a is the droplet radius, and AC is the 
difference between the solute concentration a t  the 
surface but on the external phase side' and the solute 
concentration in the external phase but far away 
from any droplet. According to theory, Eq. 1 
is in reality a limiting equation valid when hydro- 
dynamic effects on the solute diffusion near the 
droplets become negligible. Thus, for large par- 
ticles ( 5  50 #) (because even small shearinn in the 


(Eq. 1) 


- 
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meeting, May 1983. 
1 For external phase diffusion-controlled proc- this 


surface concentration would be in equilibnum with the 
droplet and therefore would be the solubility. This means 
furthermore, that no concentration gradients in the droplei 
and no interfacial barriers are present. 


external phase may alter the concentration gradients 
in a region within a few particle diameters of a 
droplet and because sedimentation or creaming 
effects would be more important) Eq. 1 would not 
be expected to  be always in quantitative agreement 
with experiments. However, for smaller particles 
( 2 1 p )  Eq. 1 would be expected to  be obeyed even 
under moderate amounts of agitation and shear due 
to  gravitational forces.' 


If the droplet is substantially one component, we 
may equate G t o  the rate of change in mass of the 
droplet, i.e. 


where m is the mass of the droplet, ' / 3 ~ a ' p .  p is the 
density of the droplet, and t is time. Combining 
Eqs. 1 and 2 and integrating we obtain as before 
(2,3) 


where AC is positive for growth and negative for 
dissolution. 


It should be mentioned that Eq. 3 was recently 
(3,4) incorporated into the theory for the dissolution 
rate of a finely divided powder. Comparison of this 
theory with data on micronized methylprednisolone 
was satisfactory. However, some deviations were 
observed. This suggested that a much better test of 
Eq. 3 would be provided by suitably selected emul- 
sion droplets. 


EXPERIMENTAL 


General Consider$tions.-The primary aim of 
this work was to test Eq. 3 with emulsion droplets. 
I t  was decided to  employ the Coulter counter' to 
follow the time change in the number and size 
distribution of an emulsion of a slightly miscible 
liquid in aqueous media. The instrument is 
uniquely able to  count and size particles con- 
veniently and rapidly in the size range of 4 . 5  p 
and above. 


Dibutyl phthalate was selected as  the oil phase 
because the water solubility (miscibility) of this 
material in water appeared to  be small enough so 


* It is assumed that interfacial turbulence, spontaneous 
emulsification. and gross droplet distortion effects are absent. 
Also it is assumed that no reactive agents are present in the 
external phase other than the main external phase com- 
ponent itself. 


8 Coulter Industrial Sales, Chicago, Ill. 
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conducted to see the effects of an immiscible second 
component in the oil phase. 


The Coulter counter was calibrated with mono- 
dispersed polystyrene latex particleso as in the 
previous work (5, 6). The 50-p aperture tube was 
used in the present studies. 


From 5 to  100 pl. of the emulsion was pipeted 
into 100 ml. of the Abbottl 0.90% sodium chloride 
solution for injection contained in a 150-ml. beaker 
ready in counting position. Temperature was 
maintained at  25.0 f 0.5". Slow (-50 r.p.m.) 
to moderate (-300 r.p.m.) stirring of the saline 
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Fig. 1.-Coulter counter data showing changes 
in cumulative counts with time at various threshold 
settings when 5 pl. of the dibutyl phthalate emulsion 
was pipeted into 100 ml. of saline. 
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Fig. 2.-Coulter counter data showing changes 
in cumulative counts with time at various threshold 
settings when 50 pl. of the dibutyl phthalate 
emulsion was pipeted into 100 ml. of saline. 


that dissolution would not occur too rapidly accord- 
ing to Eq. 3, yet large enough so that at a con- 
venient droplet concentration the witer would not 
become saturated (i.e.. AC -+ 0 )  before an appre- 
ciable change in sizes occurred. 


Procedure.-Fisher reagent grade tiibutyl phthal- 
ate was distilled a t  115" under reduced pressure. 
Approximately 1% by weight of this material in 
O.lOyo aqueous sodium lauryl sulfate' was emulsi- 
fied by about 10 minutes of ultrasonic irradiation 
generated by the Acoustica cleaning unit (model 
DK-l25AH, 40 kc).6 Dibutyl phthalate containing 
various amounts of hexadecane was also emulsified 
in this manner. These latter experiments were 


200 


0 '  
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Fig. 3.-Cumulative size distribution curves 
constructed from the data in Fig. 1. These il- 
lustrate the dissolution of the dibutyl phthalate 
droplets with time. 
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Fig. 4.-Cumulative size distribution curves 
constructed from data in Fig. 2 showing dissolution 
of the dibutyl phthalate droplets with time. 


solution was provided during and after the addition 
of the aliquot of emulsion. This was achieved by a 
conventional glass stirrer (blade length 3 cm., 
width 0.8 cm., and a t  maximum pitch) positioned 
a t  a slight angle and driven from above the beaker. 
A timer was initiated after the addition, and both 
the counts per sample volume and the times were 


A highly purified snmple kindly supplied to us by Pro- 
fessor K.  J. Mysels. 


6 Acoustica Associates, Inc., Mineola. N. Y. 


0 Kindly supplied to us by Dr. J. W. Vanderhoff, Dow 
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recorded a t  various settings of the threshold dial. 
The time period for counting the usual sample 
volume of 0.05 ml. was about 5 seconds; the time 
between counts was about 25 seconds. Count rates 
were always sufficiently low so that coincidence 
errors were negligible. 


The solubility (miscibility) of dibutyl phthalate 
in saline was determined by pipeting 0.10, 0.20, and 
0.50 ml. of dibutyl phthalate into 100 ml. of the 
saline and shaking vigorously for periods up to 48 
hours at 25.0 f 0.5". Samples were removed 
from time to time, centrifuged, diluted 1:l with 
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Fig. 5.-Plots of cumulative counts us. diameter 


squared showing fit of data to  the diffusion con- 
trolled theory for small droplets; 5-pl. run, obeys 
ai' = aio* - 1.2 x lo-'Y. 
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Fig. 6.-Plots of cumulative counts us. diameter 
squared showing fit of data to  theory; 50-pl. case. 


ethanol and assayed a t  266.5 mp with a Beckman 
DU spectrophotometer. A constant value of 1.20 
(* 0.10) X 10- Gm. per ml. was obtained for all 
three mixtures a t  sufficiently long times. 


Dissolution rate runs were also carried out on 
dibutyl phthalate emulsions prepared in 0.10% 
polysorbate 208 solutions. These were run in both 


ton. Del. 
8 Marketed as Tween 20 by the Atlas Powder Co. .  Wilming- 
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Fig. 7.-Cumulative count curves showing dibutyl 
phthalate release from droplets initially containing 
12.5y0 hexadecane. 
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Fig. 8.-Cumulative count curves showing dibutyl 
phthalate release from droplets initially containing 
25% hexadecane. 


plain saline and in saline containing 0.1% poly- 
sorbate 20. 


RESULTS AND DISCUSSION 
Pure Dibutyl Phthalate Case.-Figures 1 and 2 


give the Coulter counter data obtained when 5 and 
50 pl., respectively, of the 1% dibutyl phthalate 
emulsion (0.10% sodium lauryl sulfate) were pipeted 
into 100 ml. of saline solution. These results were 
quite reproducible and independent of the stirring 
rate over a range of more than a factor of two. 


Interpolated values from the smoothed curves in 
Figs. 1 and 2 were used to  construct the constant 
time plots of the cumulative particle size distribution 
curves shown in Figs. 3 and 4. The background 
saline blank counts of 200 counts per ml. for the 
1.93 p setting. 30 counts per ml. for the 2.79 ,I 
setting, and zero blank for the other settings were 
subtracted from the Figs. 1 and 2 data prior to  
making the Figs. 3 and 4 plots. Numerical differen- 
tiation of the t = 50 seconds curves in Figs. 3 and 4 
shows that only about one-half of the total dibutyl 
phthalate can be accounted for in the sizes greater 
than 1.93 p. 


If Eq. 3 is applicable to  the present data, it  is 
apparent that plots of cumulative count (ordinate) 
versus the square of particle size (abscissa) should 
give curves that are displaced along the abscissa 
with time but without changes in shape. Further- 
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i.e.,  about 5 X 10-6’%. Solubility determinations 
indicated no increases in solubility with this amount 
of surfactant in the saline. 


A few runs were made with 0.10% polysorbate 20 
in the saline dissolution media. Dissolution rates 
were greater by about a factor of about two than 
those rates found in pure saline. Attempts were 
made to  measure the solubility of dibutyl phthalate 
in these polysorbate solutions, but constant results 
were not obtained. Solution concentrations gener- 
ally continued to increase slowly with time. Con- 
centrations as great as 25 to 50 times greater than 
the solubility in pure saline were observed, yet the 
dissolution rates were only a factor of two or so 
greater. This would be consistent with Eq. 3 
only if it can be assumed that the diffusion co- 
efficients involved are much smaller than the above 
values for pure saline. This is reasonable (7) if the 
diffusing species are primarily large swollen micelles 
of dibutyl phthalate in polysorbate 20. After the 
centrifugation step in the solubility measurements 
of dibutyl phthalate in 0.10% polysorbate 20 it was 
observed that the supernatant liquid possessed a 
bluish tint when viewed in indirect light, suggesting 
the presence of colloidal species. More definitive 
work is planned on the effect of colloids on transport 
rates. 


Other Cases.-Results of runs with dibutyl 
phthalate containing various amounts of hexa- 
decane are given in Figs. 7-9. In all of these cases 
dissolution begins at about the same rate as the 
pure dibutyl phthalate emulsion droplets. How- 
ever, the rates slow up and stop when nearly all of 
the dibutyl phthalate is released from the droplets, 
leaving behind mostly pure hexadecane. It can be 
seen (particularly from Figs. 7 and 8) that the 
smaller emulsion droplets tend to reach the final 
state more rapidly than the larger droplets. In 
experiments where 100 pl. or more of the emulsion 
was added to  the saline solution, this situation 
resulted in a “rebound” phenomenon, i.c., the small 
particles gave up more than their equilibrium share 
a t  early times, but regained their overlosses at later 
times. This was apparently not significant in the 
experiments with 50 pl. of emulsion because the 
solution buildup of dibutyl phthalate was not very 
great. 


To explain these results quantitatively with 
dibutyl phthalate containing hexadecane it would be 
necessary to  know (a) the distribution coefficient 
of dibutyl phthalate for the hexadecane-water pair 
and ( b )  the partial molal (or specific) volumes for 
dibutyl phthalate in dibutyl phthalate-hexadecane 
solutions. This information may be incorporated 
into Eqs. 1 and 2 to  give an expression analogous to  
Eq. 3. 
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Fig. 9.-Cumulative count curves showing dibutyl 
phthalate release from droplets initially containing 
50yo hexadecane. 


more, such displacements should be constant with 
time if AC is constant. In  Figs. 5 and 6 the same 
data are plotted in this manner. In accordance 
with Eq. 3 it can be seen that any two points on a 
given curve move horizontally a t  the same rate. 
In the 5 pl. results (Fig. 5 )  the displacements with 
time are constant and obey 


ail = uio2 - 1.2 X 10-’’t (Eq. 4) 


where ai, and ai are the radii of droplet i at time t = 
0 and t = t ,  respectively. The constancy of the 
time coefficient was not unexpected in this instance 
because A C  was not expected to  decrease by more 
than 5y0, even when all of the droplets were dis- 
solved. 


By comparing Eq. 4 with Eq. 3 we obtain D = 
(0.60 X p)/AC. Since p = 1.04 for dibutyl 
phthalate and AC = 1.20 X lo-’ Gm. per ml., we 
obtain D = 5.2 X 10- cm.* set.-' Now from the 
Stokes-Einstein relation we have 


kT D = -  
Gnus 


where k is the Boltzmann constant, T is absolute 
temperature, u is the viscosity, and s is the hydro- 
dynamic radius of the dibutyl phthalate molecule. 
For the present case T = 298.2”K, k = 1.38 X 
10-16 ergs deg.-l molecule-’, Y = 0.0091 poise, and 
s = 4.7 X lo* cm. The value for s was estimated 
from the equation ‘ / a rsap  = M / N ,  where M is the 
molecular weight of dibutyl phthalate and N is 
Avogadro’s number. Thus we obtained from Eq. 5 
D = 5.1 X cm.’ sec.-l which agrees well with 
the above value calculated from the rate experiment 
and Eq. 3. 


The 50-pI. runs (Fig. 6) did not show a constant 
dissolution rate. Comparison of Figs. 5 and 0 
show that between 50 and 100 seconds the rate of 
dissolution in the 50-$1. run was about 70% of the 
5-pl. run value. Then the rate steadily decreased 
to  about 5096 of the 5-pl. run value. I t  is note- 
worthy that even though A C  varied in the 50-pl. 
run, the dependence on a was consistent with Eq. 3. 


Essentially identical results were obtained with 
emulsions of dibutyl phthalate prepared using 0.10% 
polysorbate 20 as the emulsifying agent. This was 
expected as the amount of surfactant in either 
case was very small in the saline dissolution media, 
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Blood levels of tritium radioactivity in humans 
following oral ingestion of the ordinary hydrochloride 
dosage form followed a characteristic pattern of 
rapid rise and fall; blood levels following adminis- 
tration of a tannate complex dosage form rose more 
slowly but appeared to be more sustained. 
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matically than did the blood levels that absorption 
and excretion of phenylephrine from the hydrochlor- 
ide show very wide individual variations, whereas the 
tannate complex sustained-release form showed an 
unusual degree of consistency of performance. 


SUMMARY 
Tritium-labeled phenylephrine hydrochloride and 


tannate were prepared and incorporated into ordinary 
and sustained-release type dosage forms, respec- 
tively. 


Electrochemical Oxidation of 
Chlorpromazine Hydrochloride 


By F. HENRY MERKLE and CLARENCE A. DISCHER 


The electrolytic oxidation of chlorpromazine hydrochloride has been studied. 
Controlled potential coulometry has shown the chlorpromazine undergoes a two- 
electron oxidation in dilute aqueous acid media. In 9 N sulfuric acid two successive 
one-electron oxidations, involving a stable semiquinone free radical intermediate, 
are identifiable. Polarographic studies with a rotating platinum electrode confirm 
the occurrence of two separate one-electron oxidation steps in  9 N sulfuric acid. 
The coulometricaliy determined n values are in agreement with these observations. 
Reaction mechanisms are proposed for the electrolytic oxidation of chlorproma- 
zine under various conditions of acidity. Spectral absorbance curves are presented 


as supporting evidence for the indicated reaction mechanisms. 


H E  OXIDATION of chlorprcmazine hydro- potential coulometry as  a quantitative analytical 
Tchloridei by cerium (IV), iron (111), perman- technique for chlorpromazine and its oxidized 
ganate, and hydrogen peroxide as  well as  by forms in the presence of one another. 
photo-irradiation has been reported (1-3). 
I t  has also h e n  shown that  the intermediate 
species in the oxidation of chlorpromazine exists 
as  a free radical (4). More recently, the existence 
of stable semiquinone free radicals of chlor- 
promazine and other N-substituted phenothiazine 
derivatives has been demonostrated (5). How- 
ever, because of the inherent difficulties in the 
quantitative determination of the free radical 
species, their study has been restricted consider- 
ably. 


This study was undertaken to  establish an 
oxidation mechanism for chlorpromazine hydro- 
chloride in aqueous media. Since chlorproma- 
zine and its oxidation products are electrolytically 
active, controlled-potential coulometry offered 
a direct approach for this study. The oxidation 
at a platinum anode has proved to  be a n  ex- 
tremely useful method for the production of the 
intermediate free radical species. Moreover, this 
study indicates the possible use of controlled- 
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INSTRUMENTATION 


An electronic controlled-potential coulometric 
titrator, model (2-2005 ORNL, was used to perform 
the electrolyses (6). Oxidations were performed in a 
cell designed to accept a cylindrical wire mesh rotat- 
ing platinum electrode ( 1  in. diameter X 2 in. 
height) and approximately 100 nil. of solution. The 
reference (S.C.E.) and auxiliary (working cathode) 
electrodes were separated from the sample solution 
by agar plugs and fritted glass diaphragms. A 
triplet vacuum tube voltmeter, model 805, with a 
7-in. scale served as the readout device.* Polaro- 
grams were obtained on the Sargent model XXI 
recording polarograph. An H-type cell was used 
with a rotating platinum microelectrode. A satu- 
rated calomel reference electrode was separated from 
the sample portion by an agar plug and fritted-glass 
diaphragm. 


PROCEDURE AND RESULTS 


Controlled Potential Data.-When chlorpromazine 
hydrochloride is electrolyzed at a potential of ap- 
proximately +O.X v. aersus S.C.E. in 1 N sulfuric 
acid under an atmosphere of nitrogen, the solution 
gradually assumes a deep red. A s  the electrolysis is 


In the latter stages of this study readout voltages were 
measured with a Non-Linear Systems model 184 A digital 
voltmeter. 
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Fig. 1 .-Ultraviolet spectral absorbance curves in 
1 N sulfuric acid. Key: curve 1, chlorpromazine 
5-oxide generated electrolytically from chlorpro- 
mazine; curve 2, chlorpromazine hydrochloride. 


continued beyond this point, the solution becomes 
progressively lighter. When the oxidation is com- 
plete, as indicated by a negligible background cur- 
rent, the solution is again colorless. The final color- 
less oxidation product was shown to be chlorproma- 
zine 5-oxide by comparison of its ultraviolet ab- 
sorption spectrum with that of the purematerial, Fig. 
1. Equation 1 depicts a proposed oxidation of chlor- 
promazine to chlorpromazine 5-oxide cia the colored 
free radical intermediate 


CLP -* CLP* + CLP-0 + 2e- (Eq. 1) 


where CLP represents chlorpromazine, CLP-0 rep- 
resents chlorpromazine 5-oxide, and CLP* repre- 
sents the colored free radical intermediate. The 
current-time integrals for a series of oxidations indi- 
cates an n value of 2.0, Table I. 


When the electrolysis is interrupted a t  some point 
before completion and allowed to stand for 1000 to  
2000 seconds under a nitrogen atmosphere, the red 
slowly fades. However, if the electrolysis is re- 
sumed, the red again intensifies. This process could 
be repeated many times during the course of a single 
electrolysis. The initial electrolysis current ob- 
served after standing is significantly larger than the 
current observed a t  the time when the electrolysis 
was interrupted. 


These observations indicate that the unstable red 
free radical intermediate undergoes disproportiona- 
tion, producing an electrolytically oxidizible species. 
Equation 2 is proposed for this disproportionation 


2CLP* -* CLP + CLP-0 (Eq.2)  
(dark red) (colorless) (colorless) 


The changes observed in the ultraviolet spectrum 
of the electrolytically generated free radical support 
this reaction. Samples of chlorprornazine were oxi- 
dized electrolytically to maximum color (a dark 
red solution). The solution was then allowed to 
stand under nitrogen until the color faded. The 
ultraviolet spectrum of this solution was identical 
to that of an equimolar mixture of chlorpromazine 
and chlorpromazine 5-oxide, Fig. 2. Moreover. 
comparison of the ultraviolet spectra of the electro- 
lytically generated free radical and that obtained 
using crystalline free radical, prepared as described 
in a previous report (7), indicate they are the same 
species. 


M Loo 


w a m m i n  Y Y  


Fig. 2.-Ultraviolet spectra demonstrating the 
free radical disproportionation in 1 N sulfuric acid 
of the electrolytically generated product. Key : 
curve 1, spectrum immediately after generation; 
curve 2, spectrum after 15 minutes standing; 
curve 3, spectrum after 1 hour standing; curve 4, 
spectrum after 5 hours standing; curve 5, spectral 
curve of a synthetic equimolar mixture of chlorpro- 
mazine and chlorpromazine 5-oxide. 


TABLE I.-n VALUES OBTAINED BY CONTROLLED-POTENTIAL ELECTROLYSES 


Sample 


Moles 
Taken, 
x l o - '  


Supporting 
Electrolyte, 


HrSO4 Conditions 
E us. 


S.C.E. n values 
CLP HCIa 1.407 1 N  Oxidationc + 0 . 7  1.96 
CLP HCP 1.407 9 N  Oxidationc +0 .5  0.98  
CLP * 1.407 9 N  Oxidation' + l . O  1 .oo 
CLP HCP 1.407 9 N  Oxidationc +1 .o 2.00 
CLP* 1.407 9 N  Reductionc +0.2 0.98 
CLP-0 HClb 1.346 1 N  Reductiond -1 .0  1.92 


a Based on a molecular weight of 355.33. b Based on a molecular weight of 371.33. c Rotating platinum gauze electrode. 
d Mercury pool electrode. 
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$0.2 v.  zvrsus S.C.E , the complete reduction of the 
free radical (CLP*) was possible (see Eq. 5). 


CLP* + c---. CLP (Eq 5 )  


The coulometrically determined tl values for the 
reactions. represented by Eqs. 3 and 4, show that 
each is a single-electron oxidation step, while tlie 
reaction represented by Eq. 5 indicates a one-elec- 
tron reduction (Table I ) .  Ultraviolet spectral ab-  
sorbance curves confirni the selective oxidation or 
reduction of the electrolytically produced free radical 
to chlorpromazine 5-oxide arid chlorpromazine, re- 
spectively (Fig. 3). 


In  contrast to the two single oxidation steps occur- 
ring in 9 N sulfuric acid, the over-all reaction taking 
place in dilute aqueous acid media (1 N sulfuric acid) 
may now be represented 


+0.7 v.  
2 CLP __+ 2 CLP* + 2e- (Eq. 6) 


CLP + I CLP-0 
(spontaneous) 


The free radical, as produced by oxidation, undergoes 
spontaneous disproportionation to  form chlorproma- 
zine and chlorpromazine 5-oxide. This explains the 
n value of 2, observed when the electrolysis is con- 
ducted under these conditions 


Polarographic Data.-To demonstrate further the 
effect of the supporting electrolyte on the oxidation 
potentials of CLP and CLP*, polarographic studies 
were undertaken using a rotating platinum miero- 
electrode. Polarograms obtained using 1 N sulfuric 
acid as the supporting electrolyte showed a single 
wave, with a El/, of +0.6 v. versus S.C.E. When 
9 N sulfuric acid was used, there appeared to be a 
separation of the single wave into two waves, with 
El/, values of +0.37 and +0.95 v., respectively. 
Tlie proposed reaction for the former is given by 
Eq. 3. That for the latter, somewhat less informa- 
tive due to background current, is indicated by 
Eq. 4. The shift in half-wave potentials as a func- 
tion of the supporting electrolyte is shown in Fig. 4. 


Small additions of the crystalline free radical to  
solutions of chlorpromazine in 9 N sulfuric acid re- 
sulted in the appearance of a reduction wave with a 
El/, of approximately +0.3 v. versus S.C.E. The 
second oxidation wave was more clearly defined as 


11 . . . .  1 . . . * 1 * ' . '  
250 YK) 


WHELLUOTM Y U  


Fig. :<.-The ultraviolet spectral absorbance 
curves in 9 N sulfuric acid. Key: curve 1, chlor- 
prornazine hydrochloride; curve 2, electrolytically 
produced free radical; curve 3, electrolytically pro- 
duced chlorproniazine 5-oxide. 


Tlie complicati~iy tlis1)roportionatiori of tlie free 
radical intermediate could be repressed by using 9 N 
sulfuric acid as the supporting electrolyte. A one- 
elcctrori oxidation step could be isolated when 
electrolyzed at  a potential of +0.50 v. versus S.C.E. 
(see Eq. 3j. If after cotiipletc oxidation to the free 


C1.P .+ CLP* + e - 


radical. :IS iridirated by negligible residual current, 
the potential of the working electrode was increased 
to approximately +1.0 v. versfts S.C.E., the oxida- 
tion of the free radical species proceeds by a second 
one-electron step to the corresponding 5-oxide (see 
Eq. 4). If instead the potential of the working 


CI,P* - CLP-0 + e-  


(Eq. 3) 


(Eq. 4) 


plntinuin electrode W:LS loweretl t o  approxiniately 


Fig. 4.-Polarograms 
obtained by the oxidation 
of chlorpromazine. Key: 
curve 1, 1 N sulfuric acid 
supporting electrolyte; 
curve 2, 9 N sulfuric acid 
supporting electrolyte. 


E vs. S.C.E. v o m  
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Fig, 5.-POh?OgramS 
demonstrating the effect 
of small additions of the 
solid free radical of chlor- 
promazine to  the polaro- 
graphic cell using 9 N 
sulfuric acid as the sup- 
porting electrolyte. Key: 
curve 1, no solid free radi- 
cal added; curve 2, first 
addition of solid free radi- 
cal; curve 3, second ad- 
dition of solid free radical. 


the concentration of added free radical was in- 
creased. This confirmed that the second wave was 
due to  the oxidation of the free radical intermediate. 
The effect of addition of crystalline free radical is 
shown in Fig. 5. 


SUMMARY 


The coulometric oxidation of chlorpromazine in 
dilute aqueous acid solution was shown to  proceed 
through a single-electron oxidation step to  a colored 
free radical. This red free radical was shown to dis- 
proportionate rapidly to form chlorpromazine and 
chlorpromazine 5-oxide. This fact was verified by 
observing the changes in the ultraviolet absorption 
spectrum within a given period of time. 


When chlorpromazine was electrooxidized in 9 N 
sulfuric acid, the free radical intermediate stabilized. 
Under these conditions it was possible to oxidize 
selectively chlorpromazine and chlorpromazine free 


radical, depending on the oxidation potentials se- 
lected. The reduction of chlorpromazine free radi- 
cal was accomplished with equal facility. 


Coulometrically determined n values are in com- 
plete agreement with the proposed oxidation-reduc- 
tion reactions. Polarographic data demonstrated 
the effect of 9 N sulfuric acid in stabilizing the free 
radical intermediate, thereby enabling the selective 
oxidation or reduction of the species present. 
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tritnethoxy amphetamine (8) have been reported to 
exert moderate hypotensive action in anesthetized 
:tiiiiii:iIs. Trimegl:rrnide, which can be considered 
as :iii ari:ilog of azlactone, also exerts only a nioclcrate 
arid transient fall iri blcml pressure ( 1  1 ). The 
relative absence o f  cnrdiovsscular action may be 
ntlvantageiious bccnuse these compounds m:iy bc 
more specific in their central effect. 


The effect of these compounds on spontanenus 
motor activity, pentobarbital hypnosis, and con- 
ditioned avoidance response shows that all of the 
five compounds exerted a mild central nervous sys- 
tem depressant action. Compound 111 was more 
potent and, in addition to its effect on t h e  three 
above-mentioned experiments, it  also exerted a mild 
and transient hypotension. The effect on con- 
ditioned response is noteworthy because of the spe- 
cific blockage of CAR without affecting escape re- 
sponse. Only compound I acted in a nonspecific 
way in blocking both CAR and escape response. 


A study of the structure activity relationship has 
shown that substitution of R1 and RI by trimethoxy- 
phenyl group does not bring about marked change 
in pharmacological activity. Substitution of the 
methyl group at position Rz and the 2,4,5-trinieth- 
oxyphenyl group at position RI prolongs the pento- 
barbital sleeping time. A study of compounds I 
and 111 has shown tha t  trimethoxy groups at 2,3,4- 
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position in RI  substitution exert a hypotensive effect 
as opposed when trimethoxy groups are attached 
to 2.4.5-position. Substitutioii of 3.4.5-trimeth- 
osyphenyl group at R2 position does not bring about 
change in the biological activity in the molecule. 
Siibstitution of p-diiiiethyhminoplietiyl group at  
position K I  with 8,4,5-triniethoxyphenyl group a t  
position RI in the compound exerts a hypoteiisive 
effect with slight increase in spontaneous activity. 
These properties are not present when the substit- 
uent is the plienyl group at the R position. 


REFERENCES 
(1) Baxter, R. M., cf al.. Nulure. 185, 466(1960). 
(2) Borsy. J., Arch. Infcrn.  Pharmncodyn., 126, 426 


(iofini ,.".,",. 
(3) Dandi a,  P. C.. and Sharma, J. D.. Indian J .  Mrd.  


Rcs., 50, 46(1i62). 
(4) Dandiya. P. C., Sharma, P. K. ,  and Menon, M. K. ,  


ibid. .  50, 750(1962). 
( 5 )  Daleepsing, D., Ph.D. Thesis, University of Liver- 


pool. 1959. ~ 


(6)  Lassplo, A., and Jordan, W. D.. J .  Org. Chrm., 21, 
805(1958). 


(7) Menon. M. K., and Dandiya. P. C., lnd ian  J .  Mnf. 
Rcs.. 61, 1037(1963). 


(8) Peretz, D. I.. J .  Menfal Sci., 101,317(1955). 
(9) Ramasastry, B. R., and Lassalo. A., J .  Org .  Chrm., 23, 


1577(1958). 
(10) Robison, G. A., and Sfhueler. F. W., TIIIS JOURNAL. 


50. 602f1861). 
i l l )  Sharma, J. D.,  and Dandiya, P. C . ,  Arch. I n f c r n .  


(12) Sharma. J. D., and Dandiya. P. C.,  Indioji  J .  M r d .  
Pharmacodyn.. 137,218(1902). 


Rm.. 50, Gl(l962). 


i l l )  Sharma, J. D.,  and Dandiya, P. C . ,  Arch. I n f c r n .  


(12) Sharma. J. D., and Dandiya. P. C.,  Indioji  J .  M r d .  
Pharmacodyn.. 137,218(1902). 


Rm.. 50, Gl(l962). 


Incorporation of Proline-C14 into the Principal 
Alkaloids of Dutzcru stramonium var. 


tutulu and Duturu innoxiu 
By GERALD SULLIVAN 


Proline-C1' made available to root cultures of 
Datura stramonium L. variety tatula Torrey 
and Datwra innoxia Miller was incorporated 
into hyoscyamine and sco olamine. Root 


growth was affected i n  L t h  species. 


XTENSIVE RESEARCH has been accomplished 
on the genus Datura in  an attempt to  


elucidate the biosynthetic pathway or pathways 
t o  alkaloid production. Various amino acids 
have been used to gain clearer and more precise 
information concerning the production of alka- 
loids. James (1) reported significant increases 
in alkaloid content when Atropa belladonna L. 
leaves were supplied 1-arginine and I-ornithine. 
Later, van Haga (2), working with sterile root 
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cultures of A .  belladonna, confirmed that  addi- 
tional amounts of arginine and ornithine yielded 
increased alkaloid production. However, these 
and other investigators (2-4) found proline to be 
ineffective in increasing the plant production of 
hyoscyamine. Work in this laboratory (5) on 
D. stramortiurn variety tatula in which glutamic 
acid was added to isolated root cultures caused 
a n  increase in  growth of the roots and a small 
bu t  statistically significant decrease in alkaloid 
content of the roots. In this instance it is possi- 
ble that the glutamic acid entered the  citric acid 
cycle, contributing t o  growth, but  not the 
ornithine cycle, leaving unaffected tropane alka- 
loid production. Other' work in this laboratory 
(6) on the same species showed that  tested 
quantities of l-proline inhibited total alkaloid 
production in isolated root culture, but  in  one 
concentration appeared to change relative concen- 
trations of hyoscyamine and scopolamine in favor 
of scopolamine. This latter work suggested that 
proline plays a dynamic role in  the synthesis of 
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tropanealkaloids. Cromwell(7) found that  proline 
stimulated formation of hyoscyamine in A .  
belladonna roots when injected into the stem. 
In the same plant Schermeister el al. (8) found 
that proline was present in large amounts and 
accumulated in roots when the alkaloid con- 
centration declined. These workers also found 
that  neither arginine nor ornithine was present 
in detectable quantities and concluded that pro- 
line was a more direct precursor of the tropane 
alkaloids. Katz et ul. (9) reported that  l-proline- 
CI4 was a precursor of hydroxyproline and keto- 
proline in the actinomycin peptides formed by 
Streplomyces antibioticus. Steward and Pollard 
(10) found tha t  proline can be directly utilized 
in protein synthesis. When proline-C14 was 
supplied to growing tissue cultures of carrot root 
phloem, almost all of the radioactivity was found 
in the proline and hydroxyproline residues of the 
tissue protein, very little CI4 being lost as COz. 
More recently, Miller and Kempner (11) found 
that  proline-Ci4 was incorporated into the pro- 
tein by  Candida utilis. The ready incorporation 
of carbon from proline into carrot explants has 
been shown by Pollard and Steward (12), who 
demonstrated that radioactive carbon supplied 
as proline can be detected in the protein 15 min- 
utes after its addition to the external solution. 


From the work cited above it appeared obvious 
that  further study was necessary t o  elucidate the 
role of proline in  the biosynthesis of the tro- 
pane alkaloids. This is the purpose of this in- 
vestigation. The  study was limited to  the two 
principal alkaloids of Datura, hyoscyamine and 
scopolamine. Of the two Datura species chosen 
for this investigation, each produces these alka- 
loids but differ in the relative quantity of each pro- 
duced (13-1 0). D. stramonium L. variety tatula 
Torrey produces primarily hyoscyamine, whereas 
D. innoxia Miller produces primarily scopolamine. 


EXPERIMENTAL. 


Growth and Processing of Root Cultures.-The 
methods a d  procedures followed in this portion of 
the investigation were those developed and utilized 
by French and Gibson (5). The seeds were obtained 
from plants grown in the Washington State Univer- 
sity pharmacy greenhouse. The seeds of 11. stra- 
uionium variety tatula and J ) .  innowia were sterilized 
with 3'%, hydrogen pcroside and shaken on a Kahn 
automatic shaker for 25 and 15 niinutes. resptr- 
tively. The sterilized seeds were placed in Petri 
dishcs in the incubator for gcrininatiou at 25 to 2;' 
using sterik techniques. Upon germination, the 
young root radicle (1.0 to 1.5 cm. in length) was cut 
from the seed and placed in the appropriate nutrient 
solution. The root was allowed to grow for 7 days, 
then transferred to fresh nutrient solution and al- 
lowed to grow for 7 more days. The root was then 
removed and blotted dry on a paper towel, placed 
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in a tared glass vial, and dried at  55 to 60' until 
constant weight was obtained. 


The control root cultures were grown in White's 
nutrient solution (li); the esperimental root cul- 
tures were grown in the same nutrient supplemented 
with: ( a )  0.001 mg. of unlabeled I-proline per 50 ml. 
of nutrient solution, ( b )  0.001 mg. of uniformly 
labeled I-proline-C14 1 per 50 ml. of nutrient solution, 
and (c )  0.002 mg. of uniformly labeled I-prolinc-Cl4 
per 50 ml. of nutrient solution. 


Extraction and Separation of Alkaloids.-The ex- 
traction apparatus employed for this procedure was 
devised by French and Gibson (18). The powdered 
root was placed in the extractor and moistened with 
a few drops of a 1 : 1 solution of 10% ammonia and 
95y0 alcohol. The moistened powder was allowed 
to stand for 1 hour. One milliliter of chloroform for 
every milligram of powdered root was poured into 
the solvent reservoir up to a maximum of 25 ml. 
The rate of flow of the solvent through the extractor 
was regulated to coincide with the evaporation of the 
chloroform on the warm counting planchet. The 
counting planchet was heated to a temperature of 68 
to 60" by a hot plate. Upon completion of the es- 
traction, the counting planchet was allowed to  cool 
to room temperature and radioactivity determined. 


The separation of the alkaloids was accomplished 
using thin-layer chromatography. The total alka- 
loid extract was subjected to five 200-p1. washings of 
chloroform. A 25-pI .  portion of each chloroform 
washing was placed on a thin-layer plate. An 8 by 
3 by l/g in. glass plate with 0.5-mm. thickness of 
silica gel G* was employed. The thin-layer plate 
was then developed with the developing solvent of 
15 ml. of diethylamine and 85 ml. of chloroform. 
The developing times varied between 55 and 60 
minutes. A t  the conclugion of the developing 
period, the chromatographic plate was removed and 
placed in an air circulating oven for 30 minutes a t  
55 to 60'. The plate was removed from the oven 
and allowed to cool. I t  was then sprayed with iodo- 
platinic acid reagent (19). The alkaloids appeared 
as dark purple spots. The hyoscyamine and sco- 
polamine spots were removed from the plate by re- 
moving all the silica gel from around the spots, using 
a spatula and a camel's hair brush, the alkaloid spots 
were scraped and brushed into separate counting 
planchets. The planchet containing the alkaloid on 
the silica gel was wetted with 1 drop of distilled 
water and stirred with a micro spatula until a uni- 
form slurry was formed. The planchet was then 
placed under an infrared heating lamp and dried for 
5 minutes. After cooling, the planchet was ready 
for counting. 


Determination of Radioactivity of the Alkaloids.- 
The detection and recording of the activity of the 
radioactive alkaloids was accomplished with a 
windowless Nuclear-Chicago D-47 gas flow counter 
mid a Nuclear-Chicago tnodel 181 13 scalcr. Nuclear- 
Chicago "Q-gas" (98.i'x, helium, 1.3'fi, butane) was 
uscd. The plaiicliet coiitaiiiirig the radioactive 
alkaloid was inserted into the Icad-shielded counting 
chamber and counted for a period of 30 minutes a t  
Y Ib. pressure arid 1300 v. The counts recorded by 
tlic scaler were converted and recorded as counts per 


' Obtained Irwm Nuclear-Chicago Corp.. Des Plainc?;, 111. 
2 R .  Merck AG , Dal-instadt. Gel-many (obtained from 


Briakmann Instruments, Inc.. Great Neck, Long Island. 
N. Y.). 


- -~ 
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Fig. 1.-D. stramonium variety tutula root culture 
grown in control nutrient solution. 


Journul of Pharmaceutical Sciences 


Fig. 2.--0. innoxiu root culture grown in control 
nutrient solution. 


3,-D, stramonium variety tatub root culture Fig. 4.--0. innoxiu root culture grown in 0.001 w. 
grown in 0.001 mg. of unlabeled I-proline per 50 nil. Of per ml' Of soluti"'" 
uf solution. 


Iiig. 5.--0. stranionium variety tatula root cul- 
ture grown in 0.001 mg. of radioactive I-proline per 
50 ml. of solution. 


Fig. G.-D. innosia root culture grown in 0.001 rng. 
of radioactive I-proline per 50 ml. of solution. 
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Fig. 7.-D. stramonium variety tutula root cul- Fig. 8.-D. innoxiu root culture grown in 0.00:! 
mg. of radioactive I-proline per 50 ml. of solution. ture grown in 0.002 mg. of radioactive I-proline 


per 50 ml. of solution. 


Fig. 9.-Autoradiogram of two-dimensional, thin- 
layer chromatographic separation of the com- Fig. 10.-Autoradiogram of two-dimensional, 
ponents of an extract of a D. stramonium variety thin-layer chromatographic separation of the com- 
tntula root culture grown in a solution containing ponents of an extract of a D. innoxia root culture 
radioactive proline. Key: A, hyoscyamine; B, grown in a solution containing radioactive proline. 
scopolamine. Key: A, hyoscyamine; B, scopolamine. 


TABLE I.--~)ATA NOR DRY W ~ r c i i ~  OF Kuors OF D. strcmonizrnr VARIETY tutula AND L). iirnuwie GROWN IN 
CON1.RUL AND ~ ' R ~ ) l , I N E - ~ O R T I P I E U  NUTRIENT SOLUTIONS 


- - _ _ _ _  ~ ___ - ___- 
95%. Cuntidcnce Intcival .  tng. NI , .  01 l < ~ i s -  . - hlran,  my.- -- --Vatiancc- -- 


0 11 
$111- D .  D .  D. 


slramoniuin D slra u. monium i n -  moniuti  in-  slramonium D .  
Nutrient %In. ta tu ln  nosia tntula noxio lafirla innoxia lafula rnnoxia 


Control 102 107 14.6 9.2 52.81 14.19 16.0-13.3 9,+9.5 
Proline, O.OU1 mg. 30 IS 16.5 7 . 0  21.59 11.02 17.3-13.7 7.9-6.1 


50 1111. 


50 ml. 
Proline," 0.001 rng. 46 22 17.9 7.0 29.30 5.1 19.5-16.3 8.0-6.0 


Proline," 0.002 mg. I1  12 10.9 5.6 8.84 6.23 12.9-8.9 7.0-4.2 


Radioactive. 
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minute. The background count throughout this in- 
vestigation ranged from 23 to 29 counts per minute. 


Autoradiography was also employed in this inves- 
tigation for the determination of the radioactivity 
of the individual alkaloids to amplify the direct- 
count data. X-ray exposure holders were con- 
structed to  conform to  the size of the 8-in. square 
thin-layer chromatogram plates. All procedures 
were performed in a photography dark room. The 
developed thin-layer chromatogram was inserted 
into the X-ray exposure holder and 2 in. cut from 
the 8 by 10-in. Kodak medical X-ray, tinted, safety 
base, duplitized, no-screen film. The 8-in. square 
film was then placed directly on the thin-layer 
chromatogram and the X-ray exposure holder se- 
curely closed to prevent any light leakage. The 
sealed holder was weighted down and stored in a 
dark dry cabinet for an exposure period of 30 days. 
At the conclusion of the exposure period, the ex- 
posed film was removed from the holder and de- 
velopcd for 5 minutes in Kodak D19 developer solu- 
tion. The resulting autoradiograms showed that all 
the alkaloids separated from the extract were 
radioactive. 


A two-way autoradiogram was run for D. stra- 
nionium variety tatula and D. innoxza extracts of 
roots grown in 0.002 mg. of 1-proline-CL4 in 50 ml. 
of media for 2 weeks. The first and second de- 
veloping phases were, respectively, 10:90 and 15:85 
of diethylamine:chloroform. Exposure time was 5 
months. 
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The dry weight determinations indicate that D. 
stramonium variety tatula control roots had a mean 
dry weight of 14.6 mg.; roots grown in 0.001 mg. 
unlabeled proline, 15.5 mg.; roots grown in 0.001 
mg. labeled proline, 17.9 ing.; and roots grown in 
0.002 mg. labeled proline, 10.9 mg. D. innoxia con- 
trol roots showed a mean dry weight of 9.2 mg.; 
roots grown in 0.001 mg. unlabeled proline, 7.0 mg. ; 
roots grown in 0.001 mg. labeled proline, 7.0 mg.; 
and roots grown in 0.008 mg. labeled proline, 5.6 
mg. These results are summarized in Table I. 


Radioactivity determinations of isolated hyo- 
scyamine and scopolamine of both species are shown 
in Tables I 1  and 111. It is obvious that the roots 
of  both species were able to incorporate and metabo- 
lize the radioactive carbon of proline into hyoscya- 
mine and scopolamine. It is also interesting to note 
that  D. stramonium variety talula which produces 
predominantly hyoscyamine incorporated more pro- 
line into this compound than into scopolamiiie. 
The ratio of radioactivity of hyoscyamitie compared 
to scopolamine approaches 2 :  1. However, in D .  
innoxia, wherc the plant produces predominantly 
scopolamine, more proline is incorporated into this 
compound. The ratio of radioactivity is hyoscya- 
mine compared to  scopolamine approaches 1 :2. 
This difference in proline incorporation in the two 
species is further borne out by the autoradiograms, 
Figs. 9 and 10. 


DISCUSSION 


From this study and a previous OIIC (6),  the con- 
clusion that  exogenous proline affects metabolisni 
in the Datzua species testcd can be made. This ef- 
fect is seen both in the habit of growth of the roots 
and total root growth. The response is associated in 
snnie unknown way with the concentration of  the 
supplied exogenous proline, in this investigation 
made more complex by the degree of radioactivity of 
the supplied proline. The inhibitory action of 


RESULTS 


D. strumonzi~m variety tat& atid D. innowiu con- 
trol roots grown in White's media are shown in Figs. 
1 and 2. Roots grown in unlabeled I-proline arc 
shown in Figs. 3 and 4. in I -p ro l i i~e -C~~  in Figs. 5 
and 6, and in double strength I-pr01ine-C'~ in Figs. 
'7 and 8. The autoradiograms of the root extracts 
are shown iii Figs. 9 and 10. 


TABLE II . -DRY WEIGHT AND RADIOACTIVITY OF ALKALOIDS OF D. stranzoniu;n VARIETY tatula ROOTS 
CROWN IN 0 . 0 1  nig. LABELED PROLINE PER 50 nil. OF SOLUTION 


- 


Ibot Wt.,  --Counts Per Min."- lioot Wt , _- -Counts Per Min.-- 
Rwt No. mg. Hyoscyamine Hyoscinr Root No .  my. Ilyoscyamine Hyoscine 


1 10.0 12 17 54 15.8 31 16 ~~ ~. . 


2 11 .9  16 i9  25 i f . 0  21 
3 19 .6  14 16 26 21 .5  "7 
4 11.4 25 8 27 27.1 11 
5 31.1 22 30 28 20 .3  21 13 
6 30.2 12 5 29 2 0 . 6  39 10 
7 21 6 33 25 30 23 0 33 20 
8 9 2  30 11 31 24 1 3 2 m 
9 23 7 28 42 3% 15 9 40 13 
10 8.5 10 18 33 14 .8  32 16 
11 18.9 18 15 3 4 19 9 36 1; 
12 15.8 34 
13 12 3 27 
1 -1 1 9 .  (i 1 :1 
15 15.4 31 
16 11 .o "!) 
17 24 . x 41 
18 14 ." 8 
19 I R . 2  81 
''0 21.1 "8 
"1 13.2 1 3  
"2 20.2 26 
23 10.2 12 


Mean 


23 
I )  
3 
:I 


29 
21 
0 


17 
9 
9 


13 
0 


35 14.5 
36 1 8 . X  
37 23 . 9 
38 1 3  .I) 
:;!) lli x 
4 0  l ! l .X 
41 19.3 
4" 16.0 
4 3 3 5 . 2  
41 12 .8  
15 18.9 
46 14.8 


17.9 


34 12 
18 21 
41 I X  
2fi 15 
"L' "I 
50 It; 
41 1 <I 


R 


'(i 12 
20 
26 15 


- 
I 


- ~ ~~~ 


a Hulf-hour counts 







Vol. 53, No. 9, September 1964 


TABLE III.-DRY WEIGHT AND RADIOACTIVITY OF 
D. innoria ROOTS GROWN IN 0.001 mg. LABELED 


PROLINE PER 50 ml. OF SOLUTION 


Root Wt.. -Counts per Min.a-- 
Root No. mg. Hyoscyamine Hyoscine 
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1 
> 
1 


377 
6 . 6  


2 
7 


6 
7 


3 9.2 5 8 
4 3 . 2  n 0 -~ 5 8 . 8  9 16 
G 7 . 7  3 15 
7 10.0 9 23 
8 8 . 6  8 13 
9 5.9 2 4 . .  - 


10 4 . 2  2 7 
11 6.5 0 2 
12 4.9 2 5 
13 5 . 5  1 9 
14 1 1 . 3  7 13 ~~ ~ 


15 7 . 5  6 16 
16 5 . 8  0 0 
17 9 .3  7 23 
18 3 . 5  3 2 
19 8.9 G 16 
20 8 . 9  12 18 
21 6 . 4  0 0 
22 7 . 5  1 9 


Mean 7 . 0  4 10 


a Half-hour counts. 


amino acids on plants is not new (20,21). Klein and 
Linser (22) found that in cut tobacco plants in 
proline-containing nutrient media the nicotine con- 
tent increased in leaves and decreased in stems in 
some instances; whereas in others the media in- 
creased the nicotine content of both stenis and 
leaves. The mechanism of these functions is un- 
known. 


Some insight into the fate in plants of exogenous 
proline has been supplied by studies utilizing pro- 
line-C1‘. The ready incorporation of carbon from 
proline in carrot explants has been shown by Pollard 
and Steward (12). They concluded from this study 
that the proline which enters the cell is either incor- 
porated immediately into protein or, escaping this 
fate, is respired away. That the bulk of the proline 
appears as protein rather than as carbon diohide sug- 
gests that protein synthesis, or a t  least the synthesis 
of proline-containing protein, occurs in the non- 
particulate cytoplasm fraction before the proline 
ever gets to the principal site of the respiratory 
process-namely, the mitochondria1 particles. 


Thus, it  can be anticipated that proline from an 
erogenous source is incorporated into the metabolic 
pool of D. stramonium variety talula and D. innoxia. 
This is borne out by several observations. The dried 
roots of each are highly radioactive. The extract 
prepared as described in this paper is highly radio- 
active, but less so tlian the entire root. The Iiyo- 
scyamine and scopolamine as well as other un- 
idciitified compounds are radioactive, separating 


out oil tlie chroniatogram as evidenced on the auto- 
radiograms. The hypothesis that proline enters 
into the normal metabolism of the plant also is sug- 
gested by the fact that in the “hyoscyarnine plant” 
(D. slramonium variety tutula) the greater radio- 
activity was in the hyoscyamine, whereas in the 
“scopolamine plant” (D. innoxia) the greater radio- 
activity was in the scopolamine. 


SUMMARY 


When Z-proline-C14 was supplied to isolated roots 
of D. stramonium variety tutula and D. innoxia, 
growth was stimulated in the former using 0.001 mg. 
per 50 ml. of nutrient solution; however, growth was 
inhibited in the former a t  the 0.002-mg. concentra- 
tion. Inhibition of growth was seen in D. innoria a t  
both levels of concentration. 


The radioactive proline was picked up from the 
solution by the roots of both species and incor- 
porated into hyoscyamine and scopolamine. The 
D.  slramonium variety tatula roots which produce 
primarily hyoscyamine, compared to  scopolamine, 
incorporated more radioactive proline into the 
principal alkaloid. D. innoxia roots which produce 
primarily scopolamine, compared to hyoscyamine, 
incorporated more radioactive proline into the 
principal alkaloid. There is evidence that the pro- 
line enters into the metabolism of these plants, pos- 
sibly by way of protein. The work suggests that 
proline is an important compound utilized by these 
plants in the biosynthesis of the tropane alkaloids. 
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H OH H OH 
I I  H t l l  


I<2C---CK-C~-CH -+ IlzC-CK--C == CHz + 
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Using p-nitrobenzoic acid and p-toluenesulfonyl 
chloride in pyridine (8, 15). the tertiary alcohols are 
readily esterified to form the corresponding deriva- 
tives in excellent yield. With ethchlorvynol, yields 
of about %yo are obtained after heating the reaction 
solution on a steam bath for 40 minutes or more. 
Shorter reaction times of 10, 20, and 30 minutrs 
give crude yields of 34,52, and 7275, respectively. 


The above procedures were used successfully for 
the identification of ethinamate and ethchlorvynol 
in pharmaceutical preparations. Ethinamate can 
be readily isolated from tablets by chloroform es- 
traction, removal of the solvent, and crystallization 
of the residue froni petroleum ether. Identification 
is then made by melting point determination and 
infrared analysis and confirmed by preparation of 
the 2,4-dinitrophenylhydrazone derivative. Eth- 
chlorvynol is identified by dissolving the contents of 
one capsule in a small amount of alcohol and 
treating with 2.4-dinitrophenylhydrazine reagent. 
Alternatively, the contents of one capsule may be 
dissolved in chloroform, the chloroform solution 
washed with water, dried with anhydrous mag- 
nesium sulfate, and evaporated under reduced 
pressure. The residue readily forms the p-nitro- 
benzoate derivative. 
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Using an acidic 2,4-dinitrophenylhydrazine re- 
agent (9), rearrangement and derivative formation 
occurs in one step. Ethinamate and methyl- 
parafynol react as expected to yield a derivative of 
the corresponding a,&unsaturated methyl ketone. 
With ethchlorvynol. however, rearrangement to a 
carbonyl compound seems to proceed through an 
:tllylic 1.3-shift of the hydroxyl group with sub- 
sequent loss of hydrogen chloride leaving the 
acetylenic group intact 


OH 
I H+ 


HC=C--C--CH=CHCI __f 


I - H20 
C2Ha 


0 HzO 
HCfC-C-CH=CHCI - 


I - H +  
CzHs 


OH .~ 


1 -HCI 
HCEC-C=CH-CHCl- 


I 
I 


C:H5 


0 
II 


HCgC-C=CH-CH 
I 


CIH, 
IV 


Analytical and spectral data are in agreement 
with structure IV. The mode of formation of the 
compound is analogous to  that of 3-methyl-2- 
penten-4-vial from 3-methyl-l-chloro-l-penten-4- 
yn-3-01 by allylic rearrangement (13). The prop- 
erties of compound I V  are compared with those of 
its homologs in Table 11. 
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Communications- 
Free 2,4-Dihydroxy-7-methoxy- 
1,4-benzoxazin-3-one in Maize 


Sir: 


Since the discovery that  methoxybenzoxazo- 
h o n e  (MBOA) is formed during the  extractive 
treatment of wheat or maize plants (1) from 8,4- 
dihydroxy - 7 - methoxy - 1,4 - benzoxazin - 3 - 
one (aglucone), which is enzymatically released 
from its glucoside when the  fresh plant tissue is 
disintegrated, the presence or absence of MBOA 


in uninjured maize tissue has been a matter of 
controversy between Beck et al. (2) and ourselves. 
We found no MBOA when the enzymes of the 
maize seedlings (Early Albert and a sugar maize 
variety, grown in a greenhouse) were destroyed 
by  immersing the intact plants in boiling water 
or in  cold alcohol (1). Only small amounts of 
free aglucone were present in 1 to 2-month-old 
plants, and free aglucone could not be detected 
in young seedlings. 


The large amounts of MBOA found by Beck 
et 01. (2) would imply a qualitative difference in 
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half the amount in experiment la. Also, traces 
of MBOA were found. 


(c) A third sample was immersed in ethanol a t  
room temperature and analyzed as before. This 
time aglucone and MBOA were found in about 
equal amounts; the combined amount was of the 
same order of size as the amount of aglucone in 
experiment la. 


II.-A second harvest was made when the 
seedlings were about 20 cm. high. 


A sample was crushed and extracted with ether. 
Aglucone was found, but not MBOA. 


El.-To decide whether the MBOA found in 
experiments Ib and Ic  was present in the plants 
together with the aglucone or was formed during 
the analysis, a sample of plants from the second 
harvest (kept frozen at -20' for about 3 months) 
was crushed in the frozen state, and the press 
juice collected at 0 to + 3 O .  The juice was im- 
mediately centrifuged at 12000 g. for 30 
minutes, between 0 and 2'. The supernatant 
was freeze-dried; the dry residue, mixed with 
granular calcium sulfate as a drying agent, was 
then extracted with dry peroxide and alcohol-free 
ethyl ether at +loo (270 mm. Hg) for 6 hours. 
The chromatogram obtained from the concen- 
trated ether extract, with 2% acetic acid in 
water as solvent, showed the presence of aglucone, 
but no MBOA. The U.V. spectra obtained on 
eluting the spots with ether were consistent with 
this result. On repetition of this experiment, the 
same result was obtained. The paper chromato- 
gram is shown in Fig. 1. 


From these results it is concluded that MBOA 
is not present in fresh plant tissue even of the 
resistant maize inbred W 22, but that the free 
aglucone is present in appreciable concentration 
in this maize variety and, accordingly, may vary 
widely in different maize strains. The aglucone 
which has antifungal properties may thus be the 
resistance factor in maize (4). 
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Fig. l.-Solvent 2% AcOH in water. Key: E,  
plant extract corresponding to 1 Gm. fresh weight; 
A,  pure aglucone; M, pure MBOA. The contoured 
spots were dark in U.V. light. Color of aglucone 
with FeCb-blue. The numbers on the chromatogram 
indicate the zones eluted for U.V. spectrometry. 
Key: 1, unknown; 2 and 3, spectrum identical with 
that of pure aglucone; 4, no absorption, indicating 
the absence of MBOA. Concentration of eluate 
from which U.V. spectrum was measured corresponds 
to 1 Gin. fresh weight in 3 ml. of ether. 


the maize varieties analyzed by us. It was, how- 
ever, shown that the transformation of free aglu- 
cone into MBOA readily takes place in alcohol 
or in the presence of aluminum oxide (1,3). The 
MBOA found by Beck et d. after treatment of 
the intact plants with liquid air and alcohol and 
chromatography on aluminum oxide could thus 
have been formed partly or totally from the aglu- 
cone, if the plants contained this in free form. 
In  this case, there would be only a quantitative 
difference between the plant varieties. 


To elucidate this problem, the following experi- 
ments were made using maize seeds (resistant 
maize inbred W 22) 


1.-The seedlings were grown on the field and 
harvested when about 7 cm. high. 


(a) A sample was crushed at about loo, allowed 
to warm to room temperature for enzymatic split- 
ting of the glucoside, and extracted with ether. 
The extract was analyzed for MBOA and the 
aglucone as described earlier (1) (by paper chro- 
matography). No MBOA was found, but the 
aglucone was present in an amount of about 700 
mcg./Gm. fresh weight. 


(b) Another sample was immersed in solid COz- 
ethanol mixture immediately after the plants were 
harvested. The amount of aglucone was about 


1 Kindly provided by Dr. =ward E. Smissman. 








N,N’-Thiocarbonylbis(Cyc1ic Nitrogen Heteroparaffins) 
By RONALD E. ORTH 


A series of thioureas, in  which the two amido nitrogens are incorporated into sepa- 
rate r in  s, are prepared by the action of thiophos ene on hetercyclic amines. T h e  
infraredspectra are studied and the data correlatefwith that of prior investigations. 


The results of preliminary pharmacological testing are reported. 


HIOUREA and its many derivatives have proven T their therapeutic effectiveness in a variety of 
well-known pharmaceuticals (1). Incorporation of 
thiourea into cyclic structures tends to lower the 
toxicity of the parent compound (2). Though 
many of these cyclized thioureas are known, few 
attempts have been made to synthesize both of the 
amido-nitrogens of thiourea into separate rings 
(3). N,N’-Thiocarbonyldipiperidine was first syn- 
thesized from dipiperidyl thiuram disulfide (4) ; 
in 1924, a method for preparing symmetrically 
tetra-substituted thioureas was introduced by 
Dyson ef al. (5). Rjeds’ recent synthesis of N,N‘- 
thiomrbonylbis(3.5dimethylpyrazole) and N.N’- 
thiocarbonyldiimidamle is the first preparation of 
N, N’di-N-heteroaromatic thiocarbonyl com- 
pounds (6). 


This investigation deals with the synthesis of a 
number of symmetrical N, N’-thiocarbonylbis- 
(cyclic N-heteroparaffins) such as Fromm prepared 
(4) by a modified version of the Dyson method 
(5). 


must be made very slowly. The amine hydro- 
chloride separates as an insoluble solid and is re- 
moved from the ethereal or acetone solution by 
filtration after the reaction is completed. The 
filtrate is decolorized with charcoal, dried over 
anhydrous sodium sulfate, and evaporated to  either 
a thick viscous yellow-brown oil or a low-melting 
white or yellow solid, depending on the specific case. 
The product is vacuum distilled at low pressures 
(near 1 or 2 mm.). The oils are washed with 
ligroin repeatedly, and the solid products recrys- 
tallized from ethanol. Yields of about 50yo are the 
rule. (See Table I.) 


Infrared Spectral Information.LAll the com- 
pounds show strong absorption at or nwr  1480 
cm.-1, and this band is assigned to the -N-C=S 
moiety. Weak absorption in the 660 to  667 cm.-* 
is also assigned to this moiety. A band in the 
region 1360 to 1370 cm.-’ is believed due to  the 
C=S group. Absorption in the 1280 to  1300 cm.-l 
region appears to be caused by the N-C group (7). 
Absorption for the X e d  N,N’-thiocarbonylbis 


TABLE I.- N,N’-THIOCARB~NYLBXS (CYCLIC NITROGEN HE~ROPARAFFINS) 
S >-!-a 


N.N’-Substituted 7% CQ- 7% €ID- -70 Na-- -70s~-  
M.p.. C. Thiocarbonyls Calcd. Obs. Celcd. Obs. Calcd. Obs. Calcd. Obs. 


Dipyrrolidyl- 58.7 58.7 8.70 8.82 15.2 16.2 17.4 17.1 127-28 
Dipiperidyl- 62.2 62.2 9.45 9.44 13.2 13.4 15.1 14.9 
Bis( 2-ethylpiperidyl)- 67.2 67.2 10.5 10.6 . . .  . . . . . . . . . 150-160/2 mm.D 
Bis( 2-methylpiperidyl)- 64.9 65.2 10.0 10.1 11.7 11.1 146-154/2 mm.* 
Bis(3-methylpiperidyl)- 65.0 65.0 10.0 9.97 11.7 1l.i 13.3  13.2 148-158/4 mm.* 


Dimorpholyl- 50.0 50.3 7.40 7.89 13.0 12.9 14 .8  14.6 89-90 
Bis( 1,2.3.4-tetrahydroiso- 


Bis( 1,2,3,4-tetrahydro- 


Bis( 4-methylpiperazy1)- 54.5 54.9 9.10 9.49 23.1 22.3 13.2 13.1 82-4 


quinoly1)- 74.0 73.4 6.49 6.49 9.09 8.84 10.4 10.3 173-75 


quinoly1)- 74.0 73.7 6.49 6.49 9.09 8.93 10.4 10.0 168 


a Duplicfte C. H, N. and S by Dr. G. Weila  and Dr. F. B. Straus. M i c r o a d f l d  Laboratory. Oxford, England. *Yellow 
to brown oil. 


EXPERIMENTAL 


General Synthesis, Isolation, and Purification 
of the N,N’ - Thiocarbonylbis(cycUc N - hetero- 
par&s).-Two-tenths mole of the corresponding 
cyclic amhe is dissolved in 100 ml. of ether (or 
acetone), and placed in a three-necked reaction 
flask fitted with a separator, reflux condenser, and 
stirrer. The flask is placed in an ice bath; 0.06 
mole of thiophosgene is dissolved in 50 ml. of ether 
or acetone and added dropwise from the separator 
to the reaction flask, stirring constantly. Reflux 1 
hour past the addition of the last drop of thio- 
phosgene solution. Heating will be necessary 
during this last hour of mflux. The reaction is 
violent at the start, so the thiophosgene addition 
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N-heteroaromatics is in the same regions for the 
major bands as the compounds used in this research 
(6). 


Re- Pharmacology.-The investigation 
of in d r o  anthelmintic, C.N.S., schistosomicidal, and 
trichomonacidal activity, as well as a broad anti- 
bacterial screening has led to negative expectations. 
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Individual Rodent Observation Cages for Pharmacodynamic Studies 
By T. LAMAR KERLEY, BARBARA L. CARTER, and JAMES R. BRISCOE 


A useful new plastic caging system for mice 
that offers the advantages of being simple to 
construct, inexpensive, and easy to clean and 
use is described. Its greatest advantage is  
that it provides an effective way to observe 
large numbers of mice in  pharrnacodynarnic 


studies. 


HE OBSERVATION of large numbers of mice T individually has always been a problem for 
pharmacologists in drug evaluation programs. 
Steel wire mesh cages with hinged metal tops for 
such procedures have frequently been used. With 
standard laboratory cages, it has been difficult not 
only to  observe mice during a procedure, but also 
to remove them at  the conclusion of the work. The 
cages are usually expensive and difficult to clean. 


Often a study, such as the determination of the 
acute toxicity of a compound, would require the use 
of as many as 100 or more such cages. Such 
large numbers make it almost impossible for 
even a highly skilled observer to  note responses of 
the individual animal. Because mice tend to  cling 
tightly to  wire mesh materials and frequently 
bite into the cage during a convulsive death, removal 
of the animals at the end of an experiment is, a t  
least, an inconvenient procedure. Moreover, the 
auditory stimulus from the noisy opening of a metal 
cage lid frequently induces convulsions prematurely 
in certain studies. A very satisfactory solution to 
the problem was found with multiconipartmental 
cage units made of transparent plastic. 


MATERIALS 


The cages illustrated in Fig. 1 were constructed 
of l/4 in. clear acrylic plastic, each compartment 
measuring 1 X 4 X 1 in. Because of the frequent 
use of groups o f  10 mice, the cages were assembled 
with 10 compartments per unit, making an overall 
size of 211/? X 103/4 X 4l/, in. For observational 
convenience, the cage units were hung on an upright 
plywood backboard with conventional hangers avail- 
able a t  hardware stores. A single brass spring-re- 
turn hinge was used for each door with a I/d-in. air 
space a t  each side. The air space also provided 
for convenient opening of the doors. In our labora- 
tories, doors have been constructed to  open either 
from the top or from the bottom, according to  in- 
dividual preference. The details of construction 
are illustrated in Fig. 2. It should be noted that 
the plywood board on which the units are hung forms 
the back of the cage. This feature simplifies both 
construction and cleaning. The cleaning difficulties 
encountered with the individual cages have been 
reduced to a simple removal of a plastic unit from the 
hanger which is washed with hot water from a hose. 
To prevent the formation of rust, brass screws and 
hinges were used. Prinr to  assembly, the spring 
hinges werr  sprayed with a clear protective plastic 
coating as i1 rust-preveiitive measure; replaceliierlt 
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Fig. 1.-Typi- 
cal arrange- 
ment of cage 
units in use. 


Fig. 2-Line 
drawing of cages 
showing con- 
struction de- 
tails. 


has seldom been necessary. Some possible modi- 
fications include the construction of larger units 
for larger rodents and installation of feeding and 
watering devices for experiments where longer 
periods of caging are desired. 


Among the experiments suitable for this arrange- 
ment are anticonvulsant studies using chemoshock 
techniques, routine toxicologic studies, barbiturate 
sleeping time determinations, and other experiments 
requiring temporary storage of mice between drug 
treatment and another procedure. 


Wax pencils have been convenient for marking the 
occurrence of convulsions or other pertinent events 
upon the cage door as the event occurs. For ex- 
ample, by sitting in front of a group of these units, 
one investigator can conveniently observe and mark 
the occurrence of convulsions in as many as 50 or 
more mice. Other apparent applications include 
tlie intravenous injection of mice accomplished by 
pulling the tail of the animal through the side space 
of the door. We have not observed an alteration c ~ t  
drug toxicity due to aggregation of mice as occurs 
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Each unit weighs about 8 Ib. and can be constructed 
in most laboratory shops for a cost of less than $12. 
for materials. The only similar cages that we 
have found in use were those reported by Moos, et 
ul.(l), where plastic cages for solitary housing of 
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in a report by Burch (2). The caging units have 
been in use in our laboratory for about 3 years 
and have become an indispensable laboratory item. 
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Circular Thin-Layer Chromatography of Tetracyclines 
By GOVIND J. KAPADIA and G. SUBBA RAO 


A simple circular thin-layer chromatographic method is described for the separa- 
tion of hydrochlorides of tetracycline, oxytetracycline, and chlortetracycline em- 
ploying three sequestering agents-viz., disodium ethylenediaminetetraacetate, 
tartaric acid, and oxalic acid. Better resolution has been achieved by the use of 
disodium ethylenediaminetetraacetate in  the stationary phase and n-butanol satu- 


rated with water as the mobile phase. 


LTHOUGH PAPER PARTITION chromatography of A tetracyclines has been reported by several 
workers (1-lo), thin-layer chromatography (TLC) 
of these antibiotics has only been recently in- 
vestigated. Nicolaus. Coronelli, and Binaghi (11) 
have studied the chromatography of several tetra- 
cyclines with various solvent mixtures by ascending 
TLC. They were, however, unsuccessful in resolv- 
ing more than two tetracyclines by a single solvent 
system on one chromatogram. 


The property of tetracyclines of forming chelate 
complexes with metallic ions suggests that such com- 
plexation might occur between these antibiotics and 
the metallic ions of the adsorbent and/or calcium 
sulfate added as the binder. I n  such a case, seques- 
tering agents possibly could effect the separation of 
these compounds. The use of disodium ethylenedi- 
amhetetraacetate (EDTA) and oxalic acid has been 
promising in the chromatography of certain naturally 
occurring polyphenolic compounds that showed 
strong chelating property (12). These sequestering 
agents might also be employed in the resolution of 
tetracyclines by TLC. 


This report presents the results of preliminary 
work in which three sequestering agents-ie., 
EDTA, tartaric acid, and oxalic acid were used- 
and the separation of hydrochlorides of tetracycline, 
oxytetracycline, and chlortetracycline was studied. 
For the development of chromatograms the circular 
TLC technique of Bryant (13) was modified. The 
separation of the three antibiotics was achieved by 
employing all the three sequestering agents, although 
better separation was accomplished with EDTA. 


EXPERIMENTAL. 


Apparatus.-The Desaga-Brinkmann apparatus 
for TLC (applicator model “S 11”) distributed by 
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Brinkmann Instruments, Inc., Great Neck, Long 
Island, N. Y., was used for the preparation of plates. 
Glass plates (20 X 20 cm.) with I/* in. hole drilled at 
the center of each were utilized. Pyrex Petri dishes 
(diameter-14 cm., height-2.5 cm.) were employed 
as the solvent containers for the development of 
chromatograms. The adsorbent used was silica gel 
G (made according to Stahl by Merck, A. G., Darm- 
stadt, Germany, and distributed by Brinkmann). 


Preparation of Plates.-Tecknique A.-A slurry 
of 30 Gm. of silica gel G and 60 ml. of water was 
made in a dry mortar. This was poured into the 
applicator and coated over five plates which were 
then dried at room temperature for 15 minutes. 
The plates were further activated in an oven at 105- 
110’ for 1 hour and stored in a vacuum desiccator. 
The adsorbent layer was kept constant a t  standard 
250 ~.r thickness. 


Technique B.-Nine grams of EDTA was dis- 
solved in 60 ml. of water and, using 30 Gm. of silica 


Fig. 1.-Separation of tetracycline ( T ) ,  oxy- 
tetracycline (0). and chlortetracycline ( C) hydro- 
chlorides on silica gel G plate admixed with di- 
sodium ethylenediaminetetraacetate, using n-bu- 
tan01 saturated with water as the solvent. 








Kinetics of Hydrolytic Degradation in 
Unbuffered Solutions 


Theoretical Analysis of Autocatalytic Processes Controlled 
Primarily by Specific Acid Catalysis 


By NICHOLAS G. LORD1 and STEPHEN F. BARON 


The kinetics of degradation of neutral and acidic molecules which form acidic prod- 
ucts in unbdered solutions has been considered. The validity of the analytic solu- 
tions for autocatalytic cases involving specific acid catalysis in competition with 
specific base catalysis or spontaneous degradation has been verified through analog 
simulation of the reactions. Since the time required for 10 per cent degradation of 
a drug is of pharmaceutical interest, the effect on this parameter of variation in initial 
concentration of drug, rate constants, and dissociation constants of reactants and 
products was investigated. The equations resented may be applied to the estima- 
tion of drug stability under the conditions xescribed, if the relevant kinetic param- 


eters are known. 


HE PROBLEMS involved in treating stability in 
Tpharmaceutical systems in which the products 
influence the course of degradation have not been 
considered in detail. In his comprehensive 
review of pharmaceutical stability, Garrett (1) 
suggests that ". . . autocatalytic degradation 
may need special treatment. . ." to apply the 
principles of stability prediction which have been 
elaborated. Kinetic mechanisms involving auto- 
catalysis have been described for certain autox- 
idations (2), biochemical processes (3), and 
thermal degradations (4, 5). The degradation 
of amyl nitrite (6) has been shown to be auto- 
catalytic. It is also well known that the "spon- 
taneous" hydrolysis of esters in aqueous solution 
is autocatalytic, the catalyst being the acid 
formed upon hydrolysis. In this respect, Zawid- 
zki (7) has reported studies of the autocatalytic 
hydrolysis of alkyl sulfates and Dawson and 
Lowson (8, 9) that of ethyl acetate. General 
theoretical treatments of autocatalytic kinetics 
have been presented by Zawidzki (10) and Reed 
and Berkson (11). The latter have discussed the 
application of the "logistic" function to auto- 
catalytic processes. 


This study considers the kinetics of homo- 
geneous degradation of drugs in unbuffered sys- 
tems which are subject to specific acid and/or 
base catalysis and form acids and/or bases as 
products. Sound kinetic technique dictates that 
stability analysis of such drugs be carried out 
in buffered solutions to simplify interpretation of 
experimental data and to extract the maximum 
information from the study concerning mech- 
anism of reaction and pH of optimum stability. 


Received June 10, 1983, from the College of Pharmacy, 
Rutgers. The State University, Newark, N. J.  


Accepted for publication August 29. 1963. 
Presented to the Pharmacy Section, American Association 


for the Advancement of Science, Philadelphia meeting. 
December 1962. 


However, there are instances where it may 
prove undesirable to prepare buffered pharma- 
ceutical systems containing these drugs. General 
acid and/or base catalysis may prove sufficiently 
severe so that buffering actually results in 
decreased stability when compared to the un- 
buffered system. Buffers may be incompatible 
with the drug or with other components of the 
preparation. In other instances, the pH of 
maximum stability may be too high (>lo) or too 
low (<2) to permit effective buffering for op- 
timum stability. Drugs of a high order of 
stability are often formulated in unbuffered 
systems. Drugs of a low order of stability may 
be used in unbuffered solution forms which are 
prepared prior to use and may often have been 
stored for periods of several weeks. It would 
seem desirable to have a valid means for pre- 
dicting the possible extent of degradation in 
such instances as well as for kinetically analyzing 
data obtained in the absence of pH control. 
Although Zawidzki and Dawson have developed 
theoretical treatments for some specific cases of 
the type under consideration, no prior sys- 
tematic quantitative treatment of cases of this 
sort has otherwise been reported. 


The specific cases dealt with in this report 
concern the hydrolytic degradation of neutral 
and acidic molecules which form acidic products. 
Examples of the model reactions included in 
this report are listed in Table I. Although the 
theory has been developed assuming only 
hydrolytic degradation, the proposed models 
may apply to other kinds of degradative processes 
as well. 


Differential equations descriptive of the models 
have been derived and solved analytically. The 
complexity of some of the solutions obtained 
prohibit their ready application to practical 
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TABLE I.-MODEL REACTIONS TREATED 
- _____ 


pH-Determining 
Case Reactant Product Examples Ref. 


I Neutral" molecule Strong acid Ethyl trifluoroacetate (12) 


I1 Neutral" molecule Weak acid Ctioline esters (13) 


N - - H +  + .4- 


N + H A t C I I + + A z -  
Alkyl sulfates 


I l l  Weak acid Weak acid Acylsalicylates (15) 
HA, + HA2 Alkyl-dl-a-(3-piperidyl)- ( 1 0  


H +  + A,-  H +  + A?- (18) 
11 11 phenylacetates 


u Neutral in the sense of acidity, not charge. 


problems, necessitating some degree of approx- 
imation. An analog computer was used to 
simulate the models and thus generate the 
experimental data required to test the validity 
and useful range of the computational techniques 
developed which may have specific application 
to  stability prediction in pharmaceutical systems. 


THEORY 


A generalized differential equation describing the 
rate of irreversible hydrolytic reactions in unbuffered 
solutions in the absence of general acid and base 
catalysis may be written (1) 


where ka is the bimolecular rate constant charac- 
terizing the specific acid-catalyzed degradation, koa 
is the bimolecular rate constant characterizing the 
specific base-catalyzed degradation, and ko is a 
first-order rate constant which may characterize the 
spontaneous reaction of a drug with the solvent or 
an intramolecular catalysis. [XI may be consid- 
ered to  be a neutral, acidic, or basic species of react- 
ing drug. I t  will prove more convenient to write 
this rate expression in the form 


(Eq. Ib) 
where a = kO/kx and b = koaKw/ka. 


The problem reduces to  defining hydrogen ion 
concentration [H+] in terms of reactant concen- 
trations and appropriate constants to  arrive at dif- 
ferential equations which are amenable to integra- 
tion and computer simulation. Degradations of 
the type discussed in this report may be followed in 
practice by measuring changes in pH or reactant 
concentration. Equations describing the degrada- 
tion rate may be written as functions of either or 
both these parameters. In general, equations will 
be expressed here in terms of concentration of 
undegraded drug. 


The development which follows is based on the 
premise that the bulk of the observed degradation 
in the systems studied will be the result of specific 
arid catalysis, a t  least in systems which are initially 
neutral or weakly acidic. The existence of acids 
initially in the system, specific base catalysis, and/or 


first-order degradative processes in this view serve 
primarily to  initiate degradation and thus deter- 
mine the length of the induction period observed 
before degradation significantly begins to accelerate. 
Systems which are perturbed by the presence of 
bases are not specifically considered in this report. 
In these instances, specific base catalysis and first- 
order processes may account for significant degrada- 
tion. 


Case I. Homogeneous Degradation of Neutral 
Molecules Which Form Strong Acids.-In this case' 
the hydrogen ion formed in the degradation will be 
reduced by the hydroxyl ion present in solution. In 
pure water 


or 


[H+J2 - ( [ N o ]  - [N])[H+] - KW = 0 (Eq. 2a) 


where [N] is the concentration of undegraded drug 
at any time t and [NO] its concentration a t  t = 0. 
The positive root of Eq. 2a is 


Since it will prove generally true that [NO] >> Kw, 


[H+l - "01 - "1 (Eq. 26) 


during the bulk of the degradation; a t  t = 0 


[H'] = [Ho] = K w " ~  (Eq. 2d) 


in pure aqueous solution. 
tuted in Eq. l b  which is then integrated* to give 


Equation 2c is substi- 


[[No]2 + a[No] + b ] k d  + constant (Eq. 3a) 
1 All derivations have been made in terms of concentrations 


rather than activities. thus oresuminr constancv of ionic 
srrFugthduring t h e  degradation. 


2 The integration was carried out using integral No. 99 as 
listed in  :,he Table of Integrals "Handbook of Chemistry and 
Physics 43rd ed.. The Chemical Rubber Publishing Co., 
Clevelahd. Ohio. 1961. up. 254-280. Equations 36 and 36 
were obtained by substitution in intepals No. 87 and 88. 







Vol. 53, No. 4, April 1964 411 


TABLE II.-PARTICULAR SOLUTIONS OF EQ. Ib (HOMOGENEOUS DEGRADATION OF NEUTRAL MOLECULES 
WHICH FORM STRONG ACIDS) 


Condition A. 
IN01 - ”1 


IN1 
a = b = O  


“01 - [N] + a  
“1 b = O  


I n X -  Y = I n Z + C k a f  Y Z C Equation 


0 


0 


“01 4” 


a Equation characteristic of second-order autocatalytic processes (1 I ,  19). 


TABLE III.-PARTICULAR SOLUTIONS OF EQ. l b  (HOMOGENEOUS DEGRADATION OF NEUTRAL MOLECULES 
WHICH FORM WEAK ACIDS) 


Condition A B Y Z Equation 


1 


4iT - 2 


0 1 3 c  


0 14 


D Given by Eq. loo. b Given by Eq. 11 or 2d. c Dawson and Lowson (9) had derived Eq. 13 expressed in terms of prod- { ((Kad4 -l-WKad 
uct rather than reactant concentrations. d D = (A - B) - (A + B) 


If a2 > 4b the integral will have the value 


If 4b > a* the integral will be 


Particular solutions of Eq. 3a that apply to situa- 
tions in which only specific acid catalysis, specific 
acid catalysis and first-order degradation, or specific 
acid and specific base catalysis are involved result 
when a = b = 0, b = 0, or a = 0, respectively. 
These are listed in Table 11. 


In  systems free of acid prior to  degradation [Ho] 
is given by Eq. 2d. If strong acid is initially present, 
[Ho] becomes equal to its concentration, and [No] is 
increased by the amount of acid present. On the 
other hand, if a weak acid HA0 with a dissociation 
constanta K ~ o  is present in solution at a fixed con- 
centration CO, then [H+] = [OH-] + [&-] + 
[No] - [ N .  Therefore 


8 D i d a t i o n  constants are assumed to be classical in form 
so that  ail [H+] functions may be expressed in terms of 
stoichiometric concentrations. If apparent dissociation con- 
stants Ra’ are used then the substitution Ka = Ka’/fH 
must be made. Also‘note that  the thermodynamic ion prod- 
uct of water Ktu = ~HJoH.Kw. /H and JOH are the activity 
coefficients of hydrogen and hydroxyl IOU. 


“01 - “I + 
2 [H+] = 


d { [ N O l  - “ I ) * +  4[KaoC0 + Kw) (Eq. 7 a )  


assuming CO - [HAo]. At t = 0, 


The contribution of the weak acid to the rate of 
degradation will be significant only during the early 
stages of the reaction if [Ho] << NO; otherwise [Ho] 
must be added to  [NO] wherever it appears in Eqs. 
4 6 . 4  


When only specific base-catalyzed degradation is 
considered, Eq. la reduces to -(dN/dt) = ROHKW- 
“I / [  [NO]  - [N] ) integration of which leads to  


This equation may be modified in the manner dis- 
cussed when applied to systems containing acid prior 
to  the initiation of degradation. 


Homogeneous Degradation of Neutral 
Molecules Which Form Weak Acids.-Assuming 
that a weak acid HA0 other than the product HA, of 


Case II. 


‘This constitutes an approximation of Eq. ?a which is 
necessary, since one cannot readily arrive a t  an exact solution 
to Eq. l b  employing Eq. ?a. 







412 Journal of Pharmaceutical Sciences 


g 1.0 
2 
2 0.8 U 


a 


b 


4 20 - 2 
L 


.Q 


10 


0 
0 5 10 15 


7 x 1 0 - 2  
Fig. 1 .-Computer simulated degradation (ac- 


cording to Eq. 4) of a neutral compound subject only 
to specific acid catalysis in unbuffered solution. 
Degradation product is a strong acid; [ N O ]  = 0.01 
Af. Fraction of undegraded reactant (curve A) ,  
[N]/[No], and rate of degradation (curve B), 
d( N ) / d r ,  are shown as a function of the time param- 
eter T = knt. Inset shows pH variation with 7 


for this system. 


the degradatiou is also present in solution a t  a fixed 
concentration CO = [HAo] + [Ao-I, the [H+] func- 
tion characteristic of this system may be derived 
in the following manner. Since [H+] = [As-] + 
M 0 - l  + [OH-] or 


and [NO] - [ N ]  = [HAI] + [A,-] therefore, 


[H+14 - Kaz (IN01 - IN1 - IAs-11 - 


where [ N O ]  is the initial concentration of reactant, 
and Ka2 and Kao are the dissociation constants of 
the product and other acid present in the system. 
It may be further assumed that during the course of 
the degradation IA2-1 > 20 [Ao-1 and [A2-1 >> 
[OH-], so that [A,-] - [H+]. The resulting 
quadratic expression can then be solved for [H '1, 
the positive root of which is 


[H+] = K a P  {a - KaP2/2)  (Eq. 10a)  


where p = \(Ka2/4) -I- (Kw/Kaz) + (Kao/Kas)X 
Co + [NO]). If Kaz << [NO], then 


[H+] = Ka2"' 4- (Eq. lob)  


Kao {Co - [&-I 1 - KW = 0 (Eq. 96) 


A t t  = 0 


(Eq. 11) 


in the presence of weak acid, or IH+I is defined by 
Eq. 2d in its absence. 


Substitution of Eq. 1Oa in Eq. l b  results in a dif- 
ferential equation which adequately represents all 
significant features of the model. Its solution6 
takes the form 


6 Equation 12 was derived by the method of partial frac- 
tions and subsequent application of integral No. 29 and 93 
(see F d n o l c  2). 


z 2 0.2 
6 
E 0.0 
4 
- 


0 10 20 30 40 50 60 
7 x lo-* 


Fig. 2.-Computer simulated degradation (ac- 
cording to Eq. 13) of a neutral compound subject 
only to specific acid catalysis in unbuffered solution. 
Degradation product is a weak acid, pK& = 4.0; 
[No] = 0.01 M. Fraction of undegraded reactant 
(curve A ) ,  [N]/[Np], and rate of degradation (curve 
B), d[N]/dz, are shown as a function of the time 
parameter knt. Curve C represents the theoretical 
course of degradation according to  Eq. 16. Inset 
shows pH variation with 7 for this system. 


1 


0.001 0.01 0.1 1.0 
[NO] - MOLBS/L. 


Fig. 3.-Dependence of the time required for 10% 
degradation of neutral compounds in unbuffered 
solution on the initial reactant concentration ( [NO]) 
and product acidity (pK&). Key: - , 710- 
values computed from Eqs. 4 (pKa2 - m )  and 13 


values computed from Eqs. 4 (pK& - m )  and 
13 (pK& 4 and 6) assuming [Ho]  = M; and 
- t 0-, ~~o-values computed from Eq. 16 (pK&, 4 
and 6) assuming [Ho] = 10- M. 


A h  (fi + d P n )  - 


(pK& 2 4 )  assuming [Ho] = lO-'M; - - - -  710- 


B l n ( d j  - -)+ 


. .  


- d( dF=-m - s IS - "I1 + A m +  Y 


Ka21'2kAt + constant (Eq. 12) 
where the constants A, B, A, and y are complex func- 
tions of K a p ,  8, a,  and b. Table 111 lists particular 
solutions of Eq. 12 for cases where a = b = 0, 
b = 0, and a = 0, Eqs. 13-15, respectively. 


The differential equation6 which results when Eq. 
a This equation is basically the one reported by Zawidzki 


(7) to characterize the rate of hydrolysis of potassium 
methane sulfate. 
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" 0 


rl 4 


m rl 


106 is substituted in Eq. lb leads to a solution of the 
same form as Eq. 12, but with less complex coeffi- 
cients. For the particular case where a = b = 0, 
the solution may be written as 


If only specific base catalyzed-degradation is 
considered, i.e., kH = RO = 0, then integration of the 
reduced form of Eq. la substituted by Eq. 10a re- 
sults in 


Equation 17 can be reduced to a first-order expres- 
sion, if B - [NO], which applies during the very early 
stages of degradation, since tanh-14;  - &when 
x < 0.07. 


Homogeneous Degradation of Weak 
Acids Which Form Weak Acids.-The pH of a solu- 
tion of a weak acid HAI with dissociation constant 
Kal prior to degradation and in the absence of other 
acids of comparable or greater strength will be 
determined by the concentration of that acid. If 
upon degradation another weak acid HA, with 
dissociation constant Ka2 is formed, the pH of the 
system will shift in proportion to the relative values 
of the respective dissociation constants as well as 
to the extent of degradation. Let [All = [HAI] + 
[A1-] be the concentration of reactant and [At] = 
[HA,] + [Az-] the concentration of product at any 
time t. During the course of degradation, the [H+] 
function may be represented by [H+] = [AI-] + 
[A,-]. Therefore 


[H+IP - Kal[HAJ - Ka,[HAn] = 0 


Case III. 


(Eq. 18a) 
Since [Ao] - [All = [HA,] + [A,-] where [A01 is 
the reactant concentration a t  t = 0 


[H+Iz - Kal([AII - [&-I) - 
Ka~{[Aol - [All - (A'-]) = 0 (Eq. 18b) 


To simplify Eq. 18b one of two limiting assump- 
tions may be made. If we assume that Ka, >Kal, 
the pH of the system will be determined largely by 
the dissociation of the product, except during the 
early stages of degradation. Furthermore, since 
[HA11 >> [AI-1, except during the latter stages of 
degradation, Eq. 186 can be revised to 


whose root is 
IH+1 = fr jK%+ 4Ka~lAol - 4 ( K a ~  - Kal)[A11 - 


Kaz/2 (Eq. 19a) 


or 
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where B = { Kar/4 + [Ao]) and e = 1 - Kal/Ka2. 
The properties of Eqs. 19a and 19b can readily be 


ascertained by considering two limiting conditions. 
If Kal = Ka2, then e = 0 and Eq. 19a reduces to 
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RESULTS AND DISCUSSION 
Solvolysis Rates. Acidity. and Concentration.- 


The essential features of the specific acid-catalyzed 
hydrolysis of a neutral niolecule in solution uncom- 
plicated by the existence of competitive spontaneous 
or specific base-catalyzed reactions are expressed 
by Eq. 4 if the degradation product is a strong acid 
and Eq. 13 if a weak acid.' Figures 1 and 2 show 
the S-shaped curves characteristic of autocatalytic 
processes as they would be observed in reactions of 
the type described in the absence of acid other than 
that derived from the degradation. In these in- 
stances the reaction is initiated by [H+] resulting 
from the dissociation of water. These curves may 
be viewed as limiting cases indicative of the slowest 


2.0 t / I  0.1 


which gives the [H+] of a solution of reactant prior 
to degradation. The pH of the solution will be con- 
stant and the degradation will be first order. On 
the other hand, if Ka, >' 100Ka1, then e - 1 and 
Eq. 19b reduces to 


[H '1 = KaZ1/* (dB - [AI] - Ka?1/2/2) (Eq. 20b) 


which is of the same form as Eq. 1Oa. Comparison 
of Eqs. 196 and 10a indicates that Eqs. 13-15 also 
apply to the degradation of weak acids in hornog- 
eneous systems when appropriate changes in sym- 
bols are made, e.g., e.[A1] replaces [ N ] ,  etc. 


If the degradation product were a weaker acid 
than the reactant, i . e . ,  Kal > Kaz, the pH of the sys- 
tem would he largely determined by the reactant 
concentration, except during the fatter stages of 
degradation. I t  follows from Eq. 18b that in this 
inL tance 


[H+] = KalU2 { .\/s + f [ A l ]  - Ka11/2/2] (Eq. 21a) 


where B = { Ka1/4 + [Ao]Ka2/Kal] and f = 1 - 
Ka2/Kal. 


[H+] = Kall'z { d a ]  - K a 1 ~ / ~ / 2 )  (Eq. 216) 


Solutions of Eq. l b  substituted by Eq. 21a similar in 
form to Eqs. 13-15 may be derived. 


More than one weak acid may be formed in a 
degradation. The pH of the system will be con- 
trolled by the strongest acid present as long as 
sufficient differences in dissociation constants exist. 
If HA, on degradation forms HA, and HAS, assuming 
that Kaz > Ka3 and Kal, a [H+] function can be 
derived so that 


___ 


If Kal >\ 100Ka2, then f - 1 and 


1.5 


1.0 


0.5 


0.2 B 


0.5 3 2 


0.7 = g z  
0.9 % 
0.95 g 


0.3 2 
0.4 5 


0.6 


0.8 


0.98 
0.0 1 ' .  * ' I I . J  1 .oo 


7 x 1 0 K  
Fig. 4.-Analysis, using Eq. 16, of computer simu- 


lated degradation of neutral compounds which form 
weak acids as products and are subject only to 
specific acid catalysis in unbuffered solution: curve 
A ,  pKa, = pKao = 4.0, [NO] = 0.01 M ,  CO = 0.0044 
M,j3 = 0.0144 M ,  K = -2.0; curve B,  pKa2 = 4.0, 
0 = [No] = 0.1.M, K = -2.0; curve C, PI-& = 
4.0, B = [No] = 0.01 M, K = -2.4ii; curve D, 
Key: 0 represent values computed from Eq. 16; 
dashed lines represent the theoretical slope for each 
case 3 d=/2. 


0 5 10 


PI;& = 2.0, 6 = [No] = 0.1 M ,  K = -1.204. 


This function should adequately describe the pH 
shift in homogeneous systems, except during the 
early stages of degradation. I t  reduces to Eq. 196 
if Kaz >' 100 Kar. 


EXPERIMENTAL 


Equation l b  with appropriate [H +I functions sub- 
stituted was programmed and solved on an analog 
computer. Programs were designed so that changes 
in reactant concentration, hydrogen-ion concentra- 
tion, or overall rate of degradation could be followed 
with respect to time. The effect of variation in the 
following parameters on the kinetics of degradation 
was investigated : (a) dissociation constants of 
reactants and products, ( b )  initial concentration of 
rcactants, (c) spontaneous or hydroxyl ion-catalyzed 
reactions iii parallel with hydrogen ion-catalyzed 
degradation, and (d) concentration of weak acid other 
than reactant or product. Computer solutions and 
results computed from the analytical solutions 
generally agreed to within better than f2';/o (the 
range o f  error anticipated with the particular com- 
puter and components employed) when crosschecked, 
thus supporting their validity. 


degradation rate observable for the particular condi- 
tions they represent. Data are plotted as a function 
of a time parameter 7 = k ~ t .  The time scale is 
defined so that it is independent of the actual value 
of the rate constant ka. 


The most important feature of an autocatalytic 
process is its induction period. Reactions charac- 
terized by Eqs. 4 and 13 significantly begin to  ac- 
celerate only when the hydrogen-ion concentration 
becomes a significant fraction (ca. of the react- 
ant concentration. As shown by the insets in Figs. 
1 and 2, the bulk of the observed pH shift takes 
place during the induction period. For cases repre- 
sented by Eq. 4, the time course of degradation is 
symmetrical, the rate of degradation being a maxi- 
mum at [ N ]  = 1 / 2 [ N ~ ]  (curve B ,  Fig. 1) .  Degrada- 
tions better represented by Eq. 13areunsymmetrica1, 
the rate being a maximum at  [ N ]  = */3[No] (curve 
B,  Fig. 2).8 
__- 


I Dawson and Lowson have established the validity of Eq. 
13 by application to the autocatalyzed hydrolysis of ethyl 
acetate (9). 


8 One can readily demonstrate that d [ N ] / d l  will be a rnaxi- 
mum at [N] - p/a B by differentiation of the equation - ( d -  
[ . V ] / d f )  = k ~ [ H + ] [ , v ] ,  where ( H + ]  is given by Eq. l ob .  In 
the example described h-- Fig. 2, @ = [ N o ] .  
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A convenient measure of the induction period 
which is also a pharmaceutically significant param- 
eter is the time required for 10% degradation, i .e . ,  


Data comparing 
the magnitude of decreases in T ~ O  produced by in- 
creases in product acidity and reactant concentra- 
tion are shown in Fig. 3. If [NO] - [ N ]  < 10 Kap, 
Eqs. 13 and 4 give substantially the same result. 
The acid can be considered to be effectively 100~o 
dissociated, thus behaving as a strong acid. 


If acid other than that owing to  the degradation is 
initially present in the system, it can be seen from 
the definition of 8 (Eq. 1Oa) that its effect would be 
to increase [NO] by the amount Ka&/Ka2 as well as 
decrease the initial pH (Eq. l l ) ,  thus acting to re- 
duce the induction period. The weak acid normally 
present in aqueous solution will be carbonic acid 
(pK1 6.35 a t  25') which results from solution of 
atmospheric carbon dioxide. A good grade of dis- 
tilled water in equilibrium with a normal atmos- 
phere has a pH - 5.5. For this system the product 
K*Co will be a value too small to change 8, 
yet significant enough to reduce 710 because of its 
effect on the initial pH of the system. The extent 
of reduction in 7 1 0  produced by carbonic acid con- 
taminated water compared to  carbon dioxide-free 
water is also shown in Fig. 3. The magnitude of 
this effect is an inverse function of [ N O ]  and a direct 
function of Ka2. 


When a weak acid decomposes to form another 
stronger weak acid, the pH of the solution is 
initially fixed at  a value determined by the concen- 
tration and acidity of the reactant (Eq. 20a). TIO 


will be shortened in proportion to the relative values 
of the two dissociation constants involved. No 
actual induction period will exist if the initial pH of 
the system is low (<4) or if Kal/Kaz > 0.01 (e < 1). 
Equation 19b was derived assuming that the dis- 
sociation of reactant was negligible. This assump- 
tion fails if the reactant concentration is small 
( 4 . 0 1  M). Equation 196 predicts that the [H+] 
during the early stages of degradation can be smaller 
than the [Ha] calculated for the system (Eq. 2Oa), 
particularly if c < 1. The initial small increase in 
pH which should be observed is indicative of the 
shifting in control of acidity of the system from react- 


in terms of the time parameter. 
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ant to product. A good example is acetylsalicylic 
acid which is cited in Table IV. This table lists 
relevant kinetic parameters for several compounds 
of the types considered in this report and compares 
predicted Ilo%-values for autocatalytic and pseudo- 
first-order (at constant [H+] = [Ha]) processes. 
If 10% degradation has taken place in an 0.01 M 
solution of aspirin, the calculated [H +] of the system 
is 1.25 X M, whereas [Ho] is 1.37 X lo-* M .  
The effect is small enough so that pseudo-first order 
degradation can be assumed for purposes of analysis. 
If 50% degradation has taken place, [H+] is 2.05 X 
10-3 M, indicating that the reaction rate is now con- 
trolled by the acidity of the salicylic acid. An 
equation of the form of Eq. 13 then more accurately 
describes the process. 


If the functional group being hydrolyzed is not 
acidic, one would generally expect that a t  least one 
of the degradation products of a weak acid would 
be stronger acid or one comparable in strength to the 
reactant. If an acidic group is degraded, acids 
weaker than the reactant may only be formed. 
One example of this type is phosphoramidic acid 
(see Table IV)  which would exhibit a negative auto- 
catalytic effect upon degradation in unbuffered solu- 
tion since the [H +] continually decreases in propor- 
tion to the degree of reaction. 


Equation 13 is cumbersome; computations made 
with it are involved. Unfortunately, the less com- 
plex Eq. 16 will not give a valid prediction of 710, 


since the assumption upon which it is based (in 
effect that the dissociation of the product is negli- 
Bibleg) fails in the early stages of degradation. The 
degree of error observed in calculating +lo using Eq. 
16 is shown in Fig. 3 ;  it decreases in proportion to 
product pKa and reactant concentration. A com- 
parison of the form of solutions obtained for Eqs. 13 
and 16 is shown in Fig. 2 (curves A and C, respec- 
tively). These curves illustrate the failure of Eq. 
16 to account for the induction period accurately, 
because it makes no provision for the initial state of 
the system. However, Eq. 16 may have applica- 
tion to  the analysis of stability data obtained in the 
absence of pH control when autocatalytic processes 
of the type described are involved. It predicts 
that a straight line with slope equal to R@Kazt/2 
will be obtained if tanh-l( 1 - [XI / p )  is plotted as a 
function of time. Plots of this type are shown in 
Fig. 4 which illustrates the limitation of the tech- 
nique: reactant concentration must be large (1  - 
0.1 M), and only data corresponding to the latter 
stages of degradation should be weighted. These 
liniitations may be overcome in part if the acid 
degradation product is initially added to the system 
so that p = [ X O ]  + CO (the concentration of added 
acid). Dawson and Lowson (8 )  have derived an 
equivalent form of Eq. 16 which they applied to a 
study of the acetic acid catalyzed hydrolysis of ethyl 
acetate. 


Competitive First-Order and Hydroxyl Ion-Cata- 
lyzed Processes.-Specific base-catalyzed or spon- 
taneous degradation also result in reduction of the 
autocatalytic induction period. Figure 5 shows the 
course of degradation if i t  is only specific base- 
catalyzed. These curves are characterized by a 
rapid initial rate of degradation which decreases in 
proportion to the acidity of the product. When 


0 5 10 15 


Fig. 5.--Computer simulated degradation of a 
neutral compound subject only to specific base 
catalysis in unbuffered solution: curve A ,  degrada- 
tion product is a strong acid (defined by Eq. 8), 
[No]  = 0.01 M; curve B ,  degradation product is a 
weak acid pKa2 = 4.0 (defined by Eq. 17), [NO] = 
0.01 M. Curve C represents a first-order degrada- 
tion shown for purposes of comparison. 


7 x lo-'' 


9 This assumption is implicit in the derivation of equations 
generally used for estimating pH (21). 
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Temperature and Solvent Effects.-The effect of 
temperature on the autocatalytic rate process will 
depend upon the degree of thermal variation of the 
dissociation constants of all acid species present 
(including the solvent) and on the energies of 
activation of the reactions involved. The dissocia- 
tion constant may increase or decrease with tem- 
perature depending upon the nature of the acid and 
the temperature range (22). However, the effect is 
sufficiently small in the case of carboxylic acids to be 
neglected. The significant increase in acidity of 
water observed a t  elevated temperatures will be 
reflected as an increase in value of b (Table IV). 
The relative dependency of autocatalytic degrada- 
tion on hydroxyl-ion catalysis is thereby increased. 


The solvent effects which can be analyzed are 
those owing to  moderate changes in dielectric con- 
stant and ionic strength. Their influence on the 
rate constant has been detailed by Garrett (1). I t  


both specific base-catalyzed and acidcatalyzed 
processes are in competition, the rate of degradation 
passes through a minimum (Fig. 6) which corre- 
sponds to that point in time where the reaction 
changes from one controlled by the pOH of the sys- 
tem to one controlled by the pH. At this point 
[H+]  = v% (the catenary of the pH-rate profile), 
since the rates of specific acid and base catalysis are 
equal. The tan-' terms which appear in Eqs. 6 
and 15 significantly influence computations only in 
the vicinity of the minimum.1° 


The relative importance of specific base catalysis 
in influencing the overall degradative rate is meas- 
ured by the b-value, a few examples of which are 
listed in Table IV to show the range in values which 
may be observed. Figure 7 shows the variation in 
T,O as a function of b at different levels of product 
acidity and reactant concentration. Comparison is 
made with rlo-values computed assuming pseudo- 
first order kinetics a t  constant [H+] = [Ho]. If b 
has a relatively large value, the system will be more 
stable in unbuffered solution than when maintained 
a t  constant pHo; if it has a small value, the system 
will be less stable in unbuffered solution. 


Where spontaneous hydrolysis is important in 
initiating degradation, the initial rate will be first 
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Fig. 6.-Computer simulated degradation (accord- 
ing to Eq. 6) of neutral compounds ( [No]  = 0.01 M )  
which form strong acids as products and are subject 
to both specific acid and base catalysis: curve A ,  
b = lo-'; curve B, b = 10-0 ;  and curve C, b = 


For purposes of comparison, k H  was adjusted 
so that sw-values were equal. Key: - , repre- 
sents plots of fraction of undegraded reactant as a 
function of 7 ;  - - -  - , represents plots of rate of 
degradation, d [ N ] / d r ,  as a function of 7. 


order. Its relative importance in the overall 
degradation is measured by the a-value (see Table 
IV). Figure 8 shows the variation in T ~ O  as a func- 
tion of a a t  different levels of reactant concentration 
and product acidity. It gives an indication of the 
effective range of application of Eqs. 5 and 11. I t  
should be rioted that phosphoramidic acid would 
show transit ion from autocatalytic to first-order 
control as its degradation proceeded, in contrast to  
the data presentcd in Fig. 8. 


T x lo-* 


10 Dawson and Lowson (9) divided their analysis of the 
autocatalytic degradation of ethyl acetate into two stages 
In the first stage they evaluated the combined catalytic 
uction of hydrogen-ion and hydroxyl-ion by numerical solu- 
tion of the differential equation. They employed a form of 
Eq. 13 in their analysis of the second stage which dealt with 
only hydrogen-ion catalysis. 
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Fig. 7.-Computed 710-values shown as a function 
of b = k o H k w / k H :  curves A ( [ N o ]  = 0.1 A4) and 
D ( [ N o ]  = 0.001 M ) ,  degradation product is a 
strong acid, defined by Eq. 6; curve B ( [ N O ]  = 
0.1 M), degradation product is a weak acid (pKat = 
4.0), defined by Eq. 15; curves C ([NO] = 0.1 M )  
arid E ([NO] = 0.001 M), degradation product is a 
weak acid (pKa2 = 6.0). defined by Eq. 15. Curve 
F represents Tlo-values computed assuming pseudo- 
first order degradation at constant pH = pHo = 
7.0. Curve C represents values computed assuming 
pseudo-first order degradation a t  constant pH = 
p d b .  


should be noted that  increases in ionic strength 
tend to  increase the apparent dissociation constants 
of weak acids; decreases in dielectric constant tend 
to decrease them (22). Since the present theory has 
been developed in terms of the classical dissociation 
constant, the exact analysis of these effects requires a 
knowledge of fa and  OH for the specific system being 
studied (see Footnote 3). In most practical work 
activity coefficients can be assumed to be unity. 
The effect of changing ionic strength as a conse- 
quence of degradation cannot readily be quantified. 
Observed deviations from results predicted for auto- 
catalysis, owing to changes in ionic strength, will be 
especially significant if the degradation product is a 
strong acid and the reactant concentration is large. 


CONCLUSIONS 


The validity of the equations which have been 
presented to describe autocatalytic degradation in 
systems of the type considered in this report depend 
on the validity assigned to the [H+] functions 
derived. For purposes of estimating stability (as 
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measured by I IO%) in unbuffered aqueous pharma- 
ceutical systems, the exact expressions (e.g., Eqs. 
13-15) must be employed. The examples of com- 
puted tloyo-values shown in Table IV indicate that  
significant errors can be made in estimates of stability 
if pseudo-first order degradation is assumed. 


The models discussed fail to take into account 
general acid and base catalysis or reversible reac- 
tions such as those which might be observed in 
simple ester hydrolysis. However, these effects 
certainly can be neglected for estimation of t107”. 
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Fig. 8.-Computed Tro-values shown as a function 
of a = ko/ke:  curves A ([NO] = 0.1 M) and D 
([NO] = 0.001 M), degradation product is a strong 
acid, defined by Eq. 5; curve B ([NO] = 0.1 M ) ,  
degradation product is a weak acid (pKa2 = 4.0), 
defined by Eq. 14; curves C ( [ N o ]  = 0.1 M) and 
E ([NO] = 0.001 M), degradation product is a weak 
acid (pKat = 6.0), defined by Eq. 14. Curve F 
represents 710-values computed assuming pseudo- 
first order degradation at constant pH = pHo = 7.0. 


Other cases can be considered, such as degradation 
of neutral molecules or weak bases which form weak 
bases as products and are subject primarily to speafic 
base catalysis in unbuffered solution. Treatment 


of these cases leads to solutions of the same form as 
those described for Cases ZI and ZZZ. 


The power of the analog computer as a tool in 
analyzing cases of this sort can readily be ascer- 
tained by noting the complexity of the solutions ob- 
tained to the differential equations. The computer 
will prove especially useful in analyzing systems 
where analytical solutions cannot readily be arrived 
at-for example, cases complicated by reversible 
reactions. 
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Effect of Antiemetics and Other Compounds on 
Protoveratrine Induced Emesis in Dogs 


By LAWRENCE C. WEAVER, ELIZABETH RAHDERT, ALICE B. RICHARDSt, 
and BENEDICT E. ABREU$ 


Several known antiemetics and other compounds were evaluated for their ability to 
prevent protoveratrine induced emesis in  dogs and found to be ineffective. 


ROTOVERATRINE produces a potent reflex 
Pvasodepressor effect in dogs and humans (1). 
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However, the range between the therapeutic and 
the toxic dose is quite narrow (2), and it is often 
difficult to obtain good clinical results without 
some side effects; the major side effects are 
nausea and vomiting. Alterations in the pro- 
toveratrine nolecule to increase the margin be- 
tween effectiveness and nausea have been at- 
tempted (8). A second approach has been 
directed at the prevention of nausea and vomit- 
ing by the administration of antiemetic agents. 








Synthesis of Some Tricyclic Analogs of Tetracycline 
By HOWARD J. SCHAEFFER and GIRISH B. CHHEDA 


Several tricyclic analogs of the tetracyclines were prepared through the Diels-Alder 
reaction. 1,4-Naphthoquinone was combined with l-acetoxy-1,3-butadiene to give 
the adduct, 1-acetoxy-1,4,4a,9a-tetrahydroanthraquinone-9,~0. Hydride reduction 
of the key adduct gave l-acetoxy-I,4,4a,9,9a, 10-hexahydro-9-hydroxy- 10-ketoanthra- 
cene. This product, after several subsequent reactions, gave two isomeric 1,4,4a,- 
9,9a,10 - hexahydro - 9 - hydroxy - 9 - 0 - (2‘ - tetrahydro yranyl) - 1,10 - dioxo- 
anthracenes. The attempted Diels-Alder condensation orthese isomers with 1- 
acetoxy- 1,3-butadiene did not generate tetracyclic isomers. The synthesis and stereo- 


chemical assignment of these and other tricyclic compounds are described. 


NUMBER OF the attempted syntheses of A linear tetracyclic compounds related to the 
naturally occurring antibiotics have employed 
multiple Claisen or Michael-type condensations 
for the construction o f  one or more rings of the 
desired tricyclic or tetracyclic compounds 
(14 ) .  It appeared that linear tetracyclic com- 
pounds could be synthesized from a properly 
activated intermediate by the Diels-Alder re- 
action. Therefore, using model compounds, we 
initiated a study of the synthesis of certain 
tricyclic and tetracyclic compounds in which the 
Diels-Alder reaction is employed. 


The reaction of l-acetoxy-l,3-butadiene (5) 
with l,.l-naphthoquinone was chosen as the first 
step in our study. The condensation of the 
diene and 1,d-naphthoquinone proceeded 
smoothly in refluxing benzene solution to give 
the adduct (11) in good yield ( 6 ,  7). The facile 
condensation of the diene with 1,4-naphtho- 
quinone suggested that the diene must be pre- 
dominantly trans, since it has been established 
that cis-1-substituted dienes are extremely 
sluggish in the Diels-.l\lder reaction and generally 
undergo polymerization (8-10). 


The spatial configuration of the adduct (11) 
has been assigned on the following grounds. On 
the basis of the well-known stereospecificity of the 
Diels-Alder reaction, we can assume that the 
newly formed ring in the adduct was cis-fused. 
The combination of the diene and quinone should 
proceed through the transition state (I) generally 
accepted for the Diels- Alder reaction, and thus 
would lead to an adduct with the stereochemistry 
as shown in 11.‘ The steric orientation of the 
hydrogen a t  C, with respect to  bridgehead hydro- 
.- ~ 
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1 The chemical name for the adduct, according to the 
numbering shown in 11, is I-acetoxy-l .J.4a.ga-tetrahydro- 
anthraquinone-9.10. This numbering of the tricyclic corn- 
p u n d s  is followed throughout the text. 


OAc 
I 


gens is capable of being derived from the classic 
“Alder-Stein Rules” (1 1). Few examples of 
similar steric situation can be cited. Woodward 
and his associates (12) have established that the 
adduct prepared from vinylacrylic acid and 
quinone has the stereochemistry shown in 111. 


111 IV 
Bloom (13) has proved that the stereochemistry 
of the adduct prepared from p-methoxytolu- 
quinone and piperylene is correctly described by 
structure IV.  Inhoffen and his associates (14) 
have made similar assumptions in assigning the 
stereochemistry of the ad.duct prepared from 
juglone2 and l-acetoxy-l,3-butadiene as shown 
in V. 


V 
From this knowledge we are most probably 


justified in assigning the stereochemical con- 
figurations of the three asymmetric centers in the 
adduct as shown in 11. 


Some preliminary studies with the key adduct 
(11) served to characterize its functions and gave 
valuable information about its reactivity in acidic 
and basic media. Treatment of the adduct with 
dilute solutions of methanolic ammonia or sodium 


2 Juglone is r,-hydroxynaphthatliiiniine- I ,  1 
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methoxide in methanol resulted in spontaneous 
elimination of acetic acid with concomitant oxida- 
tion of the alicyclic ring to give a quantitative yield 
of anthraquinone9,lO. These results establish that 
the acetate group of 11 cannot be removed until 
the activating effects of the keto groups have been 
removed. Therefore, a number of attempts were 
made to convert the ketone functions into their 
corresponding ketal by allowing I1 to  react with 
ethyl orthoformate or with ethylene glycol catalyzed 
with p-toluenesulfonic acid or boron trifluoride; 
however, in all cases the only product which was 
isolated was anthraquinone-9,lO. 


Several attempts were made to convert the 
tricyclic adduct into a tetracyclic adduct by allowing 
I1 to react with an excess of l-acetoxy-1,3-butadiene 
or 2,3-dimethyl-1,3-butadiene with and without a 
catalytic amount of aluminum chloride, but the only 
product which could be isolated was anthraquinone- 
9.10. Thus, it became apparent that a reduced form 
of adduct I1 would be more valuable for further 
synthetic studies. 


When I1 was hydrogenated using a palladium-on- 
charcoal catalyst, not more than 2 mol. equivalents of 
hydrogen could be introduced. A tetrahydro 
derivative (VI) of the adduct was obtained in a 4570 
yield, suggesting reduction of the double bond and 
of only one keto group. The infrared spectrum sup- 
ported this data, in that it exhibited carbonyl ab- 
sorption at 1690 an.-' and an hydroxyl peak at 
3450 cm.-l; in addition, the ester carbonyl peak 
was lowered to 1715 cm.-' from 1740 cm.-' in the 
adduct (11). This lowering was probably due to 
the hydrogen bonding between the generated 
hydroxyl and the carbonyl group of the acetate, 
thus indicating that the reduction might have oc- 
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I1 


OH 
VIII 
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fi HOAc 


OAc 


XI 


curred at C9. To establish that the reduced product 
had the structure VI, rather than the alternate 
possibility in which the hydrogenation had oc- 
curred at C ~ O ,  it was converted into a diol (VII) by 
treatment with a solution of methanolic ammonia. 
The limited solubility of the diol (VII) in boric acid 
solutions thwarted the study of changes in pH of 
boric acid solutions containing the diol (VII). 


In addition to the indication from infrared spectra, 
certain preliminary chemical studies suggested that 
in the catalytic reduction of the adduct (II), the 
hydroxyl group was generated a t  C9. To establish 
unequivocally that the hydroxyl group of acetoxy 
alcohol (VI) was located a t  C9, we studied the prep- 
aration of an isopropylidene derivative in a model 
compound which definitely had hydroxyls at CI and 
Cp. The model compound was the triol (VIII) 
which was readily prepared in good yields by 
catalytic reduction of the diol (VII) with a rhodium- 
on-alumina catalyst. When the triol was stirred 
in an acetone solution containing anhydrous copper 
sulfate and a catalytic amount of sulfuric acid, an 
excellent yield of the desired isopropylidene deriva- 
tive was obtained. Similarly, when the diol (VII) 
was stirred with acetone using a method identical to 
that for the model compound, a good yield of the 
isopropylidene derivative (IX) of the diol was ob- 
tained. The infrared spectra of the isopropylidene 
derivatives exhibited characteristic absorption at 
1380 cm.-l for gem-dimethyl group. These results 
established that the structure VII was correct for 
the diol and that the acetoxy alcohol obtained by 
catalytic reduction of the adduct I1 had structure 
VI. 


We found that during the alkaline methanolysis of 
acetoxy alcohol VI the cis-ring juncture was equili- 


OH O H  


OH OH 
VII 
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IX 
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brated to trans. This was demonstrated as follows. 
The diol VII ,  when treated with one equivalent of 
acetic anhydride in pyridine gave a monoacetate 
(X) which melted a t  145146". The infrared 
spectrum supported its gross structure since it 
exhibited peaks at  3490, 1735, and 1660 cm.-l. 
The monoacetate ( X )  was thus clearly different 
from the acetoxy alcohol ( V I )  obtained from the 
adduct (11). The monoacetate (X) was reacetyl- 
ated with excess acetic anhydride in pyridine; 
a diacetate (XI )  wasobtained. m.p. 172". Similarly, 
when acetoxy alcohol ( V I )  was  acetylated, a dif- 
ferent diacetate (XII)  was obtained, m.p. 158'. 
The infrared spectra of these two diacetates showed 
peaks for acetate and carbonyl groups but were not 
identical. The production of two different diace- 
tates can be rationalized if i t  is assumed that during 
the removal of the acetate, the cis-ring juncture of 
\'I underwent isornerization to trans. Paren- 
thetically, it was found that the methanolysis of 
acetoxy alcohol ( V I )  by sodium methoxide gave the 
same isomerized diol (VII). 


The introduction of asymmetry a t  CS in \'I 
through catalytic reduction necessitates the as- 
signment of configuration of this center relative to 
the configuration at  the other asymmetric centers. 
Most probably the attack during catalytic reduction 
would occur on  the convex face of the adduct (11). 
and thus the stereochemical orientation of the 
asymmetric centers in the acetoxy alcohol ( V I )  
would be as depicted in VI .  


Methanolysis of acetoxy alcohol (VI)  by 
niethanolic ammonia resulted in isomerization of 
position C,,. Hence, the stereochemistry of the diol 
would be as assigned in formula VII .  Because of 
this isomerization, the structure S for monoacetate 
is questionable with respect to the relative positions 
of acetate and hydroxy group. However, the 
stereocheniistry of monoacetate would remain as 
shown in formula X. Stereochemically. the diace- 
tates XI and XI1 differ a t  positions CI., XI being 
trans-fused and XI1 being cis-fused. 


The stereochemical assignments of the triol 
(VIII) follow from that of the diol (VII),  with the 
assumption that the attack during the reduction of 
Clo would occur on the a-face of the diol. Similarly, 
the steric orientations of the isopropylidene diol IX 
and the isopropylidene triol are capable of being 
derived from the parent compounds. The forma- 
tion of six-membered isopropylidene derivatives 


H QOAc 
OAc 


XIV 


from the diol and the triol besides proving the rela- 
tive positions of hydroxyls offers support to the as- 
signment of the c is  configuration to the C1 and Ce 
h ydroxyls. 


After observing the results of the catalytic hydrog- 
enation of the adduct (11), we became interested in 
investigating the chemical reduction of 11. When 
the adduct was allowed to react with an excess of 
lithium aluminium hydride, two products were 
obtained: ( a )  an acetoxy alcohol (XIII) and ( b )  
a product whose elemental analysis indicated that 
i t  was a dioLS The acetoxy alcohol (XIII) ex- 
hibited a peak a t  1715 cm- '  for ester carbonyl and 
a t  1690 cm.-' for a ketone. The position of acetate 
absorption was again lowered due to hydrogen 
bonding as it was in the hydroxy acetate (VI) ,  
suggesting that most probably the ketone which was 
in the vicinity of acetate has been reduced. To 
establish the position of the hydroxyl group in 
XIII, it was converted to the diol (XV)  by treat- 
ment with methanolic ammonia. The diol (XV), 
when stirred in acetone containing copper sulfate 
and a catalytic amount of sulfuric acid, formed the 
isopropylidene derivative which exhibited infrared 
absorptions a t  1380 cm.-' for the gem-dimethyl 
group, a t  1690 cm.-l for carbonyl, and at  1660 cm.-l 
for a double bond. The formation of the isopro- 
pylidene derivative t h u s  established the structure 
of the reduction product as that shown in XIII. 


The preparation of the acetoxy alcohol (XIII) by 
lithium aluminum hydride reduction of I1 resulted 
in variable and frequently low yield of the desired 
product. Therefore, other methods OF reduction of 
11 were sought. After several variations, it  was 
found that sodium borohydride reduction of I1 
gave the acetoxy alcohol (XIII) in 657, yield. 


For stereochemical studies, the alcohol (XIII)  
and the diol (XV) were allowed to react with an 
excess acetic anhydride in pyridine. The alcohol 
XI11 gave a diacetate (XIV), m.p. 182", and 
showed the expected peaks at 1735 cm.-l for ester 
carbonyl, a t  1690 cm.-' for a ketone, and 1650 cm.-' 
for a double bond. However, the diacetate (XVI) 
obtained from the diol (SV) melted a t  160-161" 
and exhibited the corresponding peaks a t  1745, 
1680, and 1660 cm.-' in its infrared spectrum. 
These results indicate that alcohol XI11 underwent 


3 Since we were interested mainly in the acetoxy alcohol 
(XIII), extensive structural work was not carried out on the 
diol. It was shown, however, that the diol was not merely 
deacetylated XIXI (see text for structural studies on XIII). 
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an isomerization from a cis-ring juncture to a trans 
one during the treatment with methanolic ammonia 
in preparation of the diol (XV). That XI11 had a 
cis-ring juncture was shown by the fact that cata- 
lytic hydrogenation of the double bond in XI11 
gave VI in excellent yields. 


The assignment of the stereochemistry of the 
hydroxyl at Ce in XI11 is based on the following 
considerations. It has been shown by Beyler and 
Sarett (15) that reduction of cis-l,4-diketodecalin 
with lithium aluminum hydride gives only that diol 
in which the hydroxyl groups are trans to the bridge- 
head hydrogen atoms. Furthermore, it can be 
assumed from Cram's principle of asymmetric re- 
duction (16) that the attacking group would enter 
from the least hindered side of the molecule. These 
data permitted us to assign the stereochemistry of 
the product obtained by the lithium aluminum 
hydride reduction of the adduct (11) as that shown 
in XIII. Inhoffen and his associates have also 
shown that the ring junctures remain cis after lithium 
aluminum hydride reduction of similar type of com- 
pounds (14). 


The stereochemistry of the diol (XV) has been 
assigned as shown in XV from its progenitor XIII, 
which isomerizes at C b  during ester hydrolysis. 
Thus, the diacetates XIV and XVI should be 
epimers at &, diacetate XIV being cis-fused. The 
formation of an isopropylidene derivative from diol 
(XV) supported the cis orientation of CI and CO 
hydroxyls. In addition, XV on catalytic hydrog- 
enation of the double bond was converted into VII, 
thereby supporting the assignment of the trans- 
ring juncture in XV. 


The results of catalytic as well as chemical reduc- 
tion of the adduct I1 indicate that the Co carbonyl 
is f a r  more reactive than the Clo carbonyl, in spite 
of its being partially shielded by the Cl acetoxy 
group. These observations prompt us to suggest 
that there may be participation by a neighboring 
acetoxy group in these reductions. For example, in 
the case of reductions with metal hvdrides the 
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dienophile in Diels-Alder reaction, it became neces- 
sary to block the free hydroxyl group of acetoxy 
alcohol (XIII). When a slurry of acetoxy alcohol 
in anhydrous ether was stirred with 5 mol. equivalents 
of dihydropyran using p-toluenesulfonic acid as a 
catalyst, excellent yields of blocked material (XVIII) 
were obtained. Our choice of pyran as a blocking 
group was based on the fact that it would be stable 
if basic media, but easily removed in acid. The 
blocked ester (XVIII), as expected, did not show 
absorption for hydroxyl group in infrared spectrum, 
but exhibited other predicted absorptions for an 
ester, ketone, and ether. As expected, when XVIII 
was allowed to  react with lithium aluminum hy- 
dride, the keto group at CIO and the acetoxy group 
at CI were reduced to alcohol functions. 


When the ppanylated ester (XVIII) was hy- 
drolyzed with 1 mol. equivalent of sodium hydroxide, 
two isomeric alcohols were obtained in almost equal 
yields (XIX and XX). The combined yield of the 
two isomers was about 40%. The residual syrup 
contained more of the low melting isomer (XX), 
as shown by infrared and oxidation studies, but i t  
was difficult to separate by crystallization. The 
use of sodium methoxide and potassium hydroxide 
did not increase the yields of alcohols. Methanolic 
ammonia and n-butylamine did not remove the 
ester. 


Isomerization studies were done in an attempt to 
determine the stereochemical differences of these 
two alcohols. When a methanol solution of the 
alcohol XIX was equilibrated in presence of 1 mol. 
equivalent of sodium hydroxide at reflux tempera- 
tures, 84% of the unchanged alcohol XIX was re- 
covered. In a similar experiment on the isomer XX 
the recovery of unchanged alcohol was very low. 
These experiments, though inconclusive, indicate 
that the high melting isomer XIX may be trans- 
fused and the isomer XX may be cis-fused. 


adduct (11) may pass through the 
0 


transition state 


XVII 
XVII wherein a six-membered ring may be formed. 
Inhoffen and his colleagues (14) have observed 
similar cases in the Grignard reactions of the qui- 
none adducts with l-acetoxy-l,3-butadiene. 


For the attempted synthesis of tetracyclic com- 
pounds, the acetoxy alcohol (XIII) was a key inter- 
mediate, since it is substituted in a manner that 
ring C could be converted into a dienophile. As a 
preliminary study for preparing tetracyclic com- 
pounds, we attempted to condense 1-acetoxy-1'3- 
butadiene with the acetoxy alcohol (XIII); how- 
ever, only starting material was recovered. The 
use of aluminum chloride to catalyze this condensa- 
tion did not give better results. To carry out the 
reactions contemplated for the construction of a 


XI11 " XVIII 


xx XXII 
It was necessary to  oxidize the free hydroxyl 


to obtain a dienophile from these alcohols. When 
the high melting alcohol (XIX) was stirred with a 
chromium trioxide-pyridine complex in pyridine 
solution, a crystalline oxidation product (XXI) was 
obtained in moderate yield. The product melted at 
113' and exhibited infrared absorption at 1680 
cm.-' for carbonyl, 1620 ern.-' for a double bond, and 
1135 cm. for ether. When the low melting alcohol 
(XX) was oxidized by a similar procedure, a dif- 
ferent oxidation product (XXII) was obtained. 


suitable intermediate which could serve as a good This product has a melting.point of 146-147", and 
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hydrogenated using 0.1 16 Gm. of rhodium-on- 
alumina catalyst in a Parr hydrogenator at an initial 
pressure of 50 p.s.i. The uptake of hydrogen 
stopped when 5.05 mmoles has been absorbed. 
The catalyst was removed by filtration, and the 
colorless filtrate was evaporated in vacuo. The 
white crystalline residue was recrystallized from a 
mixture of methanol-water and gave 0.782 Gm. of 
the desired product, m.p. 221". Conceritration of 
the mother liquor gave an additional 92 mg. of the 
desired product, m.p. 230". The yield was 0.874 
Gm. (74.6Yp). 


Three recrystallizntions of the crude product 
from methanol-water gave the analytical material, 
m.p. 2 2 0 - 2 2 1 O .  y in ern.-' (KBr ) :  3200-3250 
(OH); 2925 (CH).  


Anal.-Calcd. for Cl4H1803: C, 71.79; H ,  7.75; 
Found: C, 71.67; H, 7.82. 


Isopropylidene Derivative of 1,2,3,4,4aI9,9a,10- 
Octahydro-l,9,10-trihydroxyanthracene.-To a solu- 
tion of 0.117 Gm. (0.499 inmole) of V I I I  in 55 ml. of 
acetone were added 1 drop of sulfuric acid and 200 
mg. of anhydrous copper sulfate. The reaction 
mixture was stirred for 72 hours at room temper- 
ature. After removing the copper sulfate by filtra- 
tion, the filtrate was concentrated in VQCUO at 20" to 
about half of the original volume. The concentrate 
was poured into 25 ml. of cold 2y0 sodium bicdr- 
bonate solution and refrigerated overnight. The 
white crystalline product was isolated by  filtration, 
0.070 Gm. (51.27,), m.p.  162-163". The mother 
liquor was extracted with ether which, after drying 
over magnesium sulfate, then evaporation in 
vucuo yielded 0.028 Gm. of the crystalline material, 
m.p. 162-163". The total yield was 0.098 Gni. 


After three recrystallizations of the crude product 
from ethanol-water the analytically pure product 
was obtained, m.p. 162'. y in cm.-' (KBr):  
3500 (OH); 1385 (gem-dimethyl); 1110 (C-0-C). 


.4nal.-Calcd. for CI,H&: C, 74.42; H, 8.08. 
Found: C, 74.4:; H, 8.14. 


Isopropylidene Derivative of 1,2,3,4,4a,9,9a,lb 
Octahydro-l,9-dihydroxy-lO-ketoanthracene (IX).- 
T o  a solution of 0.232 Gm. (1.00 inmole) of \'I1 in 15 
nil. of acetone were added 1 drop of sulfuric acid and 
0.065 Gm. of anhydrous copper sulfate; the reaction 
mixture was stirred for 66 hours at room tempera- 
ture. After removing the copper sulfate by filtra- 
tion, the filtrate was poured into 15 ml. of cold 2% 
sodium bicarbonate solution and refrigerited for 1 
hour. The white crystalline product was isolated 
by filtration: yield, 0.178 Gm. (61.9%), m.p. 
155". The mother liqiior was extracted with ether 
which was then evaporated i n  vncuo. Kecrystalliza- 
tion nf the solid residue from ethanol-water yielded 
0.024 Gm.. m.p. 153". The yield was 0.202 Gin. 
(73.7%) o f  the desired material. 


Recrystallization of the crude materiil from 
ethanol-water gave the analytical sample, m.p. 
156". y in cm.-' (KBr):  1685 (C=O); 1600 
(aromatic); 1380 (gem-dimethvl); 1105 (C--0-C). 


Annl.-Calcd. for Cl,H2~Oa: C, 74.97; H, 7.40. 
Found : C. i5.11; H. i.49. 


iso- l(9)-Acetoxy- 1,2,3,4,4a,9,9a,lO-octahydro- 
9(1) - hydroxy - 10 - ketoanthracene (X).-To a 
solution of 2.32 Gm. (10.0 mmoles) of VII  in 25 ml. 
of pyridine was added 0.992 ml. (1.07 Gm., 1.05 
mmoles) of acetic anhydride. The reaction mixture 


(71 .5fj&). 


i t  displayed infrared absorptions at 1690,1675 cm. 
for carbonyl, and 1120 cm.-l for ether. The 
formation of two different oxidation products (XXI 
and XXII) from the two isomeric alcohols (XIX and 
XX) suggests that  the alcohols as well as the 
oxidation products differ most probably in ring 
juncture. 


Attempted Diels-Alder reaction of S X I  with 
l-acetoxy-1,3-butadiene under a wide variety of 
reaction conditions did not give the corresponding 
tetracyclic compound; a product which was formed 
in low yield in this reaction had an enipirical formula 
of C1,HmO4 and appears to be a stereoisomer of the 
starting material ( S K I ) .  The attempted Lliels- 
Alder reaction of S X I I  and 1-acetoxy-1.3-butadiene 
resulted in decomposition if high temperatures were 
employed, and the desired product could not be 
isolated. At low temperatures no reaction occurred. 
Thus, neither S S I  nor S X I l  served a s  a useful 
dienophile in  the Iliels-Alder reaction. 


EXPERIMENTAL' 
1 - Acetoxy - 1,2,3,4,4aI9,9a,10 - octahydro - 9- 


hydroxy-lbketoanthracene (VI).-A solution of 
2.70 Gin. (10.0 mmoles) of I1 (6) in 200 ml. of ethanol 
was hydrogenated using 0.270 Gni. of a 57, pal- 
ladium-on-charcoal catalyst in a Parr hydrogenator 
a t  an initial pressure of 38.8 p.s.i. Hydrogenation 
was continued until n o  more hydrogen was absorbed 
(19.2 minoles). The catalyst was removed by 
filtration ; the pale yellow filtrate was decolorized 
with ctiarcoal and evaporated in vacuo. The 
syrupy residue was  crystallized from a mixture of 
benzene-hexane and gave 1.26 Gni. (45.9'170) of 
the desired product, m.p. 126". After three re- 
crystallizations of the crude material from a mixture 
o f  benzene-hexane, the analytically pure material 
was obtained, m.p. 13&131°. y in cm.-l (KBr ) :  
3450 (OH);  1715 (C=O acetate); 1690 (C=O). 


,,,. .. 249.5 mfi, ( C  X 7.06. 
Atml.s-Calcd. for C I ~ H I ~ O ~ :  c, 70.04; H, 6.61. 


Found: C, 70.18; H, 6.64. 
1,2,3,4,4a,9,9aI10 - Octahydro - 1,9 - dihydroxy-10- 


ketoanthracene (VII).-To a solution of 5.49 Gni. 
(20.0 mmnles) of \'I in 50 ml. of methanol was added 
100 ml. of 3.7r/;, (w/v) ammonia in methanol. The 
mixture was allowed to stand at room temperature 
for 40 hours. The pink solution was decolorized 
with charcoal; the filtrate was evaporated under re- 
duced pressure and gave 4.13 Gm. of crystalline 
solid. After crystallization from methanol, the 
crude product gave 2.12 Gm. of the desired product, 
m.p. 163". Concentration of the mother liquor 
gave an additional 1.08 Gm. of the same material. 
m.p. 163'; yield, 3.20 Gm. (70,0(;+,). After three 
recrystallizations of the crude material from meth- 
anol, the pure sample was obtained, m.p. 162-163". 
y iii C I I ~ : ~ ~ ~  (KBr): 3250 (OH);  1685 (C-=O); 
1600 (aromatic). 


Anal.-Calcd. for C1~H1603: C, 72.29; H, 6.91. 
Found: C, i2.64; H, 7.06. 


1,2,3,4,4a,9,9a,10 - Octahydro - 1,9,10 - tri- 
hydroxyanthracene (VIII).-A solution of 1.16 Gi~ i .  
(5.00 niinoles) of VII  in 200 ml. of ethanol was 


Xcrhnnol 


A':::,~~ 247 mp, ( C  x 10-3) 12.2. 


4 The ultraviolet spectra were determined on a Perkin- 
Elmer model 4000 A spectrophotometer; the infrared spectra 
were determined on a Perkin-Elmer 137 spectrophotometer. 
The melting points were determined on a Koller Heizbank 
and are corrected. 


L The analyses reported in this paper were performed by 
Galhrniih Mlcroanalytical Laboratories, Knoxville, Tenn. 
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was allowed to stand a t  room temperature for 47 
hours and then heated under reflux for 20 minutes. 
The reaction solution was poured into ice-water and 
was left in a refrigerator for 40 hours. The desired 
monoacetate crystallized and was isolated by filtra- 
tion; yield, 1.43 Gm. (52.2%), m.p. 137-138". 


Two recrystallizations of the crude product from 
benzene-hexane raised the melting point to  145- 
146'. y in ern.-' (KBr): 3490 (OH); 1735 ( C 4  
ester); 1660 (C=O); 1600 (aromatic); 1225 


Anal.-Calcd. for ClaHlsOl: C, 70.04; H, 6.61. 
Found: C. 70.68; H, 6.69. 


is0 - 1,9 - Diacetoxy - 1,2,3,4,4a,9,9a,10 - octa- 
hydro-10-ketoanthracene (XI) (Equilibrated).-To a 
solution of 0.274 Gm. (1.00 mmole) of X in 2 ml. of 
pyridine was added 0.3 ml. of acetic anhydride. The 
reaction mixture was allowed to  stand a t  room 
temperature for 1 day, then poured into ice-water. 
After refrigeration for 2 hours, the white crystalline 
product was isolated by filtration; 0.294 Gm. 
(93.0%), m.p. 174'. Recrystallization of this 
material from benzene-hexane gave 0.220 Gm. 
(69.5y0) of the desired product, m.p. 174'. Con- 
centration of the mother liquor gave an additional 
0.030 Gm. of the same material, m.p. 174". The 
yield was 0.250 Gm. (79.2%). 


Two recrystallizations of the crude product from 
ethanol gave the analytical material, m.p. 172O. 
y in  cm.-'(KBr): 1735(C=Oester); 1680(C=O); 
1600 (phenyl); 1230 (C-0 ester). 


Anal.-Calcd. for ClsHmOb: C, 68.33; H, 6.37. 
Found: C, 68.04; H, 6.41. 


1,9 - Diacetoxy - 1,2,3,4,4a,9,9a,10 - octahydro- 
10-ketoanthracene (XII) (Nonequilibrated).-To a 
solution of 0.274 Gm. (1.00 mmole) of VI in 2 ml. of 
pyridine was added 0.3 ml. of acetic anhydride. 
The reaction mixture was allowed to  stand a t  room 
temperature for 1 day, then poured into ice-water. 
After refrigeration for 2 hours, the white crystalline 
product was isolated by filtration (0.291 Gm.), 
m.p. 148". After recrystallization of the crude 
product, 0.150 Gm. (m.p. 159") of the desired pro- 
duct was obtained. The filtrate, after concentra- 
tion, gave 0.030 Gm. of the desired material, m.p. 
155'. 


After two recrystallizations of the crude material 
from ethanol, the pure product was obtained, m.p. 
158-159'. y in cm.-' (KBr): 1740 ( C = O  ester); 
16i5 (C=O); 1600 (aromatic); 1225 ( C - k s t e r ) .  
XCth.DOI m.r. 247.5; ( 6  X 11.0. 


Anal.-Calcd. for CI8H2005: C, 68.33; H, 6.37. 
Found: C, 68.35; H. 6.49. 


1 - Acetoxy - 1,4,4a,9,9a,10 - hexahydro - 9 - hy- 
droxy-Wketoanthracene (=I).-To a stirred solu- 
tion of 0.283 Gm. (7.50 mmoles) of sodium boro- 
hydride in 100 ml. of 95% ethanol was added with 
stirring over a period of 4 to 5 minutes a warm solu- 
tion (at 40') of 4.05 Gm. (15.0 mmoles) of I1 in 160 
ml. of 95% ethanol. The reaction mixture was then 
stirred for 2 hours at room temperature. After 
cooling the reaction mixture in an ice bath, about 
20 Gm. of ice and 60 ml. of water were added. After 
5 minutes of additional stirring, 15 ml. of 5% hydro- 
chloric acid was added; the whole reaction mixture 
was stirred for 15 minutes. The mixture was then 
cooled and filtered to remove the insoluble anthra- 
quinone, 0.490 Gm. (15.7%). Concentration of the 
filtrate to a volume of about 80 ml. caused the 


(C-0-ester). 


The yield was 0.180 Gm. (56.5%). 
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crystallization of the desired product which was 
isolated by filtration; yield, 2.65 Gm. (65.076) of 
XIII, m.p. 146147'. 


Two recrystallizations of the crude material from 
benzene-hexane gave the pure product, m.p. 149- 
150". y in cm.-' (KBr): 3490 (OH); 1715 (C=O, 
ester); 1690 (C=O); 1650 (C=C, sh); 1600 (aro- 
matic); 1240i(C-+ester). X"'2GP' 250, ( e  X 
9.09. TLC (silica gel) (CHC4) one spot. 


Anal.-Calcd. for ClsHlcOd: C, 70.57; H, 5.93. 
Found: C, 70.37; H, 6.12. 


Lithium Aluminum Hydride Reduction of 1-Ace- 
toxy- 1,4,4a,9a-t etrahydroanthraquinon e-9,lO. -To a 
refluxing solution of 8.11 Gm. (30.0 mmoles) of I1 in 
470 ml. of ether was added with stirring a slurry of 
1.13 Gm. (30.0 mmoles) of lithium aluminum 
hydride in 550 ml. of ether over a period of 20 
minutes. At the end of 2.5 hours of refluxing with 
stirring, the reaction mixture was cooled and 200 ml. 
of cold water was added, followed by the addition of 
55 ml. of 5% hydrochloric acid. The mixture was 
stirred for a few minutes and then separated; the 
aqueous layerwas extracted with ether (6 X 100 ml.). 
The organic phase, combined with ethereal extracts, 
was washed with 5% sodium bicarbonate solution 
(3 X 20 ml.), dried over magnesium sulfate, then 
concentrated in V ~ G U O  to  about 40 ml. The 
precipitate of the crystalline diol, iso-l,4,4a,9,9a, 
lO-hexahydro-l,9-dihydroxy-lO-ketoanthracene, was 
isolated by filtration; yield 1.93 Gm. (27.9%), m.p. 


The mother liquor gave, after concentration and 
cooling, 0.966 Gm. (11.8%) of XIII ;  m.p. 147- 
148'. 


Two recrystallizations of the diol from methanol 
gave the pure product, m.p. 165-166'. 
(KBr): 3470, 3325 (OH); 1665 (C=O); 1650 
(C=C sh); 1600 (aromatic). TLC (silica gel) 
(CHCla) one spot. 


Anal.-Calcd. for ClrHIdO3: C, i3.02; H, 6.12. 
Found: C. 72.85; H, 6.19. 


1,4,4a,9,9a,10 - Hexahydro - 1,9 - dihydroxy - 10- 
ketoanthracene (XV).-To a solution of 2.72 Gm. 
(10 mmoles) of XI11 in 100 ml. of methanol was 
added 75 ml. of 3.770 (w/v) ammonia in methanol. 
After allowing the reaction mixture to  stand at room 
temperature for 23 hours, the solution was filtered 
to remove 150 mg. of anthraquinone. The Ntrate 
was evaporated in vacuo; the crude residue was dis- 
solved in methanol, decolorized with charcoal, then 
allowed to crystallize from methanol. The desired 
product was isolated by filtration; yield, 1.43 Gm., 
m.p. li0'. The mother liquor after concentration 
gave 0.203 Gm. of the same diol, m.p. 168-169"; 
the total yield of the diol was 1.63 Gm. (70.8%). 


After two recrystallizations of the crude product 
from methanol-water, the analytical sample was 
obtained, m.p. 171-li2". y in ern.-* (KBr): 
3390(OH); 1685(C=O), 1650(C=Csh); 1600(aro- 
matic). Xer2;l250; ( c  X 10.7. TLC (silicagel) 
(CHCL) one spot. 


Anal.-Calcd. for C,HlrOa; C, 73.02; H. 6.13. 
Found: C, 72.96; H, 6.22. 


Isopropylidene Derivative of 1,4,4aI9,9a,10-Hexa- 
hydro-l,9-dihydroxy-lO-ketoanthracene.-To a so- 
lution of 231 mg. (1.00 mmole) of XV in 25 ml. of 
acetone was added 1 drop of concentrated sulfuric 
acid and 150 mg. of anhydrous copper sulfate. The 
reaction mixture was stirred for 66 hours at room 


163- 164 O .  


y in 
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three crops. Thus the total yield of SVII I  was 
6.49 Gm. (73.0%). 


Three recrystallizations of the crude product from 
methanol-water gave the analytical sample, m.p. 
130'. y in ern.-' (KBr): 1750 (C=O ester); 
1695 (C=9); 1655 (C=C sh); 1600 (aromatic); 
1235 (C-0 ester); 1075, 1030 (-C--O-C ether). 
TLC (silica gel) (CHC13) one spot. 


And-Calcd. for CzLHzdOj: C, 70.76; H, 6.79. 
Found: C. 70.92; H, 6.97. 


1,4,4a,9,9a,10 - Hexahydro - 1,9,10 - trihydroxy- 
9 - 0 - (2' - tetrahydropyrany1)anthracene.-To a 
stirred suspension of 570 mg. (15.0 mmoles) of 
lithium aluminum hydride in 170 ml. of ether was 
added over a period of 2 minutes a solution of 3.56 
Gm. (10.0 mmoles) of XVIII in 170 ml. of ether. 
After stirring for 8 hours a t  room temperature, the 
reaction mixture was chilled and 150 ml. of water 
was added. The mixture was stirred for 30 minutes, 
and 1% hydrochloric acid (100 ml.) was added; 
stirring was continued for an additional 15 minutes. 
The aqueous layer was separated from the ether 
phase and extracted with ether (3 X 100 ml.). 
The ether extracts were combined and washed with 
2.5% sodium bicarbonate solution (2 X 40 ml.) 
and then with water (2 X 50 ml.). The ether was 
dried over magnesium sulfate and evaporated in 
vacuo to a syrupy residue (3.48 Gm.). The residue 
was  triturated with ether which caused the crystals 
of a desired product to appear. Filtration of the 
mixture gave 1.03 Gm. (32.6%) of crystalline white 
material, m.p. 158-160". For analysis a small 
sample was recrystallized first from benzene and 
then from methanol; m.p. 161-162'. y in cm.-' 
(KBr): 3300 (broad) (OH); 1650 (C=C); 1010 
(C-0-C ether). 


Anal.-Calcd. for Cl~H21O1: C, 72.12; H, 7.64. 
Found: C, 72.11; H, 7.41. 


1,4,4a,9,9a,10 - Hexahydro - 1,9 - dihydroxy 
9 - 0 - (2'-  tetrahydropyranyl) - 10- ketoanthracene 
(XIX) and (=).-To a solution of 10.7 Gm. (30.0 
mmoles) of XVIII in 300 ml. of methanol was added 
a solution of 1.26 Gm. (31.5 mmoles) of sodium 
hydroxide in a mixture of 105 ml. of methanol and 
45 ml. of water. The reaction solution was heated 
under reflux for 6 hours. The mixture was cooled 
and filtered to remove anthraquinone (60 mg.). 
The filtrate was diluted with water (400 ml.) and con- 
centrated under reduced pressure to about 500 ml. 
which caused the crystallization of the yellow prod- 
uct, 5.51 Gm. melting over a wide range (122- 
128'). The filtrate was extracted with ether 
(5  X 200 ml.), and the combined extracts were 
washed with water (2 X 100 ml.). The ether was 
dried over magnesium sulfate and evaporated in  
vucuo. There was obtained 3.40 Gm. of a residual 
oil. 


Recrystallization of 5.51 Gm. of the yellow prod- 
uct and crystallization of the syrup from methanol 
gave in two crops 1.60 Gm. (17.27') of the high 
melting alcohol (XIX), m.p. 159-161'. 


Several recrystallizations of the crude high melting 
alcohol (XIX) from methanol gave a pure product, 
m.p. 162-163'. y in cm.-' (KBr): 3500 (OH); 
1695 (C=O); 1660 (C=C sh); 1600 (aromatic); 
1120, 1020 (C--0-C pyran). A e ~ ~ ~ ~ ~ ~ '  251, (f X lW3) 
10.7. 


And-Calcd. for CIPHPOd: C, 72.58; H, 7.05. 
Found: C, 72.52; H,  7.07. 


TLC (silica gel) (CHCl,) one spot. 


temperature. The copper sulfate was removed by 
filtration, the filtrate was poured into 20 ml. of cold 
1 yc sodium bicarbonate solution. After cooling the 
solution, the crystalline white solid which separated 
was isolated by filtration; yield 111 mg., m.p. 
154". The filtrate was extracted with ether, which 
was then evaporated in  vacuo. The residue, after 
two recrystallizations from ethanol-water yielded 
20 mg. of the desired material, m.p. 151'. The 
total yield of the isopropylidene derivative was 137 
mg. (51.0%). 


Recrystallization of the crude material first from 
ethanol-water and then from acetone-water gave the 
analytical sample, m.p. 155156". y in c m - '  
(KBr): 1380, 1200, 773 (C-(CH&); 1690 (C=O); 
1660 (C=C); 1600 (aromatic). A':::p'247, ( e  X 1Wa) 
11.8. 


Anal.-Calcd. for C I ~ H I ~ O J ;  C. 75.53; H, 0.71. 
Found: C, 75.15; H, 7.01. 


1,4,4a,9,9a,10 - Hexahydro - 1,9 - diacetoxy - 10- 
ketoanthracene (XIV).-To a solution of 504 mg. 
(1.85 mmoles) of XI11 in 8 ml. of pyridine was added 
2 ml. of acetic anhydride. The reaction mixture was 
allowed to stand a t  room temperature for 48 hours, 
then poured into 20 nil. of cold water. The mixture 
rapidly crystallized when placed in a cold room for 
4 hours. The crystalline XIV was isolated by 
filtration; yield, 537 mg. (96.0%). m.p. 180'. 


Recrystallization of the crude material from 
ethanol gave the analytical sample, m.p. 182". 
yincm.-'(KBr): 1735(C=Oester); l690(C=O); 
1650 (C=C sh); 1260 (C-0- ester). 


Found: C, 68.93; H, 5.56. 
is0 - 1,4,4a,9,9a,10 - Hexahydro - 1,9 - diacetoxy- 


10-ketoanthracene (XVI).-To a solution of 224 mg. 
(0.974 mmole) of XV in 5 ml. of pyridine was added 
1 ml. of acetic anhydride. The reaction mixture was 
allowed to stand at room temperature for 48 hours, 
then poured into 15 ml. of cold water. The solution, 
which crystallized immediately, was cooled in a 
refrigerator for a 4.5-hour period and filtered. X 
241-mg. (79.00/,) quantity of white needles of XVI, 
m.p. 160-161', was obtained. Recrystallization of 
the crude product from ethanol did not change the 
melting point. y in cm.-' (KBr): 1745 (C=O 
ester); 1680 (C=O); 1660 (C=C sh); 1225 
(C-0- ester). 


And-Calcd. for ClsHlaO,: C, 68.77; H, 5.77. 
Found: C, 68.86; H, 5.98. 


1 - Acetoxy - 1,4,4a,9,9a,10 - hexahydro - 9 - hy- 
droxy - 9 - 0 - (2' - tetrahydropyranyl) - 10 - keto- 
anthracene (XVIII).-A mixture of 6.87 Gm. (0.025 
mole) of XIII, 10.5 Gm. (0.125 mole) of dihydro- 
pyran, and 0.15 Gm. of p-toluenesulfonic acid in 25 
ml. of anhydrous ether, was stirred for 5 hours a t  
room temperature. At the end of 5 hours, the 
reaction was chilled in an ice-bath and the desired 
product was isolated by filtration, washed with 
ether, and dried in  vucuo at room temperature; 
yield 4.83 Gm., m.p. 129'. The filtrate was washed 
with 5y0 sodium bicarbonate solution (2 X 5 ml.), 
then with water (2 X 5 ml.). The ethereal solution 
was then dried over magnesium sulfate and evapo- 
rated in v a c m  to a thick syrup which crystallized 
after cooling. The crystalline product was isolated 
by filtration; 2.20 Gm., m.p. 120-122'. Ke- 
crystallization of this crude material (2.20 Gm.) 
gave 1.66 Gm. of desired product, m.p. 129-130' in 


And-cakd. for CiaH1806: C, 68.77; H, 5.77. 
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After separation of the above high melting isomer 
(XIX), the mother liquors, when allowed to  crys- 
tallize further, gave 2.04 Gm. (21.5%) of another 
isomer (XX), m.p. 127-128'. 


For analysis, a small sample of low melting 
alcohol (XX) was recrystallized five times from 
methanol. There was obtained a pure product, 
m.p. 128-129'. y in cm.-' (KBr): 3500 (OH); 
1680 ( C d ) ;  1650 (C=C sh); 1040, 1060. 1120 
(-C--O-C pyran); k"'&!' 247, ( 6  X 11.0. 
TLC (silica gel) (CHC4) one spot. 


Anal.--Calcd. for C~QH&: C, 72.58; H, 7.05. 
Found: C, 72.85; H,  7.30. 


1,4,4a,9,9a,lO - Hexahydro - 9 - hydrozy - 9 - 0- 
(2' - tetrahydropyranyl) - 1, 10 - dioxoanthracene 
(XXI).-To a solution of 1.88 Gm. (6.00 mmoles) of 
XIX in 30 ml. of pyridine was added 61 ml. of solu- 
tion of chromium trioxide-pyridine complex (17) in 
pyridine containing 1.19 Gm. (11.9 mmoles) of 
chromium trioxide (three times the required quan- 
tity). The dark brown reaction mixture was then 
stirred for 10 hours a t  room temperature. Ether 
(250 ml.) was added to  the reaction mixture which 
was then stirred for 10 minutes. The precipitated 
red material was removed by filtration. The 
filtrate was washed with water (2 X 100 ml.), dried 
over magnesium sulfate, evaporated i n  vacuo, 
and gave 1.45 Gm. of residual syrup. The residue 
was dissolved in ethanol, treated with charcoal, and 
allowed to crystallize. There was obtained 1.01 
Gm. (54.0yo) of crystalline product, m.p. 108- 
110'. Two recrystallizations of the crude product 
from ethanol gave the pure product, m.p. 111-113' 
(oil bath). y in an.-' (KBr): 1680 (-0); 
1620 (C=C); 1600 (aromatic); 1250, 1135, 1035 
(-C-0-C ether); X-Ep' 235 (broad), ( e  X 10-8) 
13.2. TLC (silica gel) (CHCla) one spot. 


Anal.-Calcd. for CiQHmOd: C, 73.05; H, 6.45. 
Found: C, 73.27; H, 6.56. 


A chloroform solution of 1,4,4a,9,9a, 10-hexahydro- 
9-hydroxy-1,lO-dioxoanthracene XXI was shaken 
with 5% hydrochloric acid and then evaporated 
in vacuo to  a syrupy residue. Crystallization of 
the residue gave a 1,4.4a,9,9a-lO-hexahydro-Q-hy- 
droxy-1,lO-dioxoanthracene, m .p. 152-153 O. 


Recrystallization of this product from methanol 
gave the pure product, m.p. 155156". y in cm.? 
(KBr): 3525 (H); 1690 ( C o d ) ;  1660 (C=O 
conjugated); 1600 (aromatic); 1620 (C=C sh). 


And-Calcd. for C14H&: C, 73.67; H, 5.29. 
Found: C, 73.36; H, 5.44. 


1,4,4a,9,9a,lO - Hexahydro - 9 - hydroxy - 9 - 0- 
(2' - tetrahydropyranyl) - 1, 10 - dioxoanthracene 
(=).-By an oxidation procedure similar to that 
used for XIX, 2.51 Gm. (8.00 mmoles) of X X  gave 
2.04 Gm. of a semisolid residue. Recrystallization 
of the residue from ethanol gave 1.11 Gm. (44.8%) 
of XXII. m.p. 144-145'. Two recrystallizations 
of the crude material from ethanol gave a sample for 
analysis, m.p. 146-147". y in cm.-l (KBr): 
1690, 1675, (C=O). 1620 (C=C weak); 1600 
(aromatic); 1300, 1120, 1030 (C-0-C ether); 
X*th.aOI -+ 247, ( E  X 10-8) 11.2. 


Ad.-Calcd. for CIQH&: c ,  73.05; H, 6.45. 
Found: C, 73.18; H, 6.47. 


Attempted Diels-Alder Reaction of 1,4,4a,9,9a,10- 
Hexahydro - 9 - hydroxy - 9 - 0 - (2' - tetrahydro- 
pyranyl)-l,l0-dioxoanthracene (=).-A mixture 
of 234 mg. (0.750 mmole) of XXI and 448 mg. (4.50 
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mmoles) of l-acetoxy-1,3-butadiene in 20 ml. of ben- 
zene containing 10 mg. of hydroquinone was heated 
in a steel bomb at 130" for 66 hours. The cooled 
reaction mixture was evaporated in vacuo. The 
residue was triturated with cyclohexane, and a small 
amount of insoluble material was removed by 
filtration. Hexane was added to  the filtrate which 
caused the separation of 12 mg. (3.5%) of a crys- 
talline product, m.p. 137-140'. Two recrystalliza- 
tions of the crude product from ether-petroleum 
ether gave the analytical sample which appears to be 
a stereoisomer of the starting material (XXI), 
m.p. 147-149'. y in cm.-' (KBr): 1690 (C=O); 
1650 (C=C sh); 1600 (aromatic). 


Anal.-Calcd. for cloHmO4: C, 73.05; H, 6.45. 
Found: C, 73.10; H, 6.61. 


No further pure products could be obtained from 
the filtrate. 


Conversion of 1-Acetoxy- 1,4,4a,9,9a, 1 O-hexa- 
hydro-9-hydroxy-10-ketoanthracene (XIII) into 1- 
Acetoxy - 1,2,3,4,4a,9,9a,10 - octahydro - 9 - hy- 
droxy-10-ketoanthracene (VI).-A solution of 1.09 
Gm. (4.00 mmoles) of XI11 in 200 ml. of ethanol was 
hydrogenated using 108 mg. of 5% palladium-on- 
charcoal catalyst in a Paar hydrogenator a t  an 
initial pressure of 50 p s i .  Hydrogenation was 
continued until no more hydrogen was absorbed. 
The catalyst was removed by filtration. and the 
filtrate was evaporated in vucuo. There was ob- 
tained 1.10 Gm. ( 101 %) of crude crystalline residue. 
The crude material was recrystallized from methanol 
and gave 641 mg. (58.8%) of l-acetoxy-l,2,3,4,4a, 
9.9a.10-octahydro - 9 - hydroxy- 10- ketoanthracene 
(VI). m.p. 127-128'. An additional recrystalliza- 
tion of the product from ethanol gave the pure 
material, m.p. 128-129", mixed m.p. 128-129" with 
an authentic sample of VI. 


Conversion of 1,4,4a,9,9a, 1 0-Hexahydro- 1.9-di- 
hydroxy-lO-ketoanthracene (XV) into 1,2,3,4,4a,9,- 
9a,10 - Octahydro - 1,9 - dihydroxy - 10 - keto- 
anthracene (VII).-By a hydrogenation procedure 
similar to that described above, 161 mg. (0.693 
mmoles) of XV was hydrogenated and gave 75 
mg. (47%) of crude VII, m.p. 156-159". Two 
recrystallizations of the crude product from 
methanol gave the pure sample, m.p. 162-163", 
mixed m.p. 162-163'. with an authentic sample of 
VII. 
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Hydrolysis of Idoxuridine 
By LOUIS J. RAVIN, CHARLES A. SIMPSON, ALFRED F. ZAPPALA, 


and JOHN J. GULESICH 


Data are presented for the hydrolytic degradation of idoxuridine (5-iodo-2 '-deoxy- 
uridine) in aqueous solution over a wide range of hydrogen ion concentration (pH 


1.3 to 12.0). The over-all reaction rate was experimentally equal to  R, 


'' K, + IH+l 
idoxuridine at p H  6.0 was found to be approximately 25 Kcal. per mole. A 
probable pathway for the hydrolysis of idoxuridine in  acid and alkaline solution is 


discussed. 


lH+l + 


+ R3 K* [OH-]. The heat of activation for the hydrolysis of 
IH'I + K a  


K, 
K. + IH+l 


DOXURIDINE (.5-iado-:!'-deoxyuridine) has been 
reported to be an effective chemotherapeutic 


agent for the treatment of herpetic keratitis (1). 
Its rhemical, biological, and pharmaceutical 
properties have been described previously (2). 
Results of clinical studies have also been re- 
ported (3, 4). There are several reports that 
discuss the enzymatic pathways for the metabo- 
lism of idoxuridine and related prirnidines (5-7). 
However, the literature is lacking in  information 
concerning its chemical degradation. The scope 
of the present work was concerned with the 
hydrolytic degradation of idoxuridine in acidic 
and alkaline solution. 


EXPERIMENTAL 


Materials.-The idoxuridine, 5-iodouraci1, 2'- 
deoxyuridine, and uracil used in this study were ob- 
tained from California Corporation for Biochemical 
Research, Los Angeles, Calif. All reagents used 
were of analytical grade. 


Apparatus.--A Cary model 11 recording spectro- 
photometer, Beckman zeromatic pH meter, constant 
temperature oven, and Pyrex glass chroniatographic 
columns 19 mm. in diameter and 25 cm. long fitted 
with a stopcock were used. 


Chromatographic Columns.-The chromato- 
graphic columns were packed according to the pre- 
viously described procedure (8). 


Assay.--A satisfactory partition chromatography 
systeni was developed and subsequently used to 
separate the ingredients of the hydrolyzed samples 
(8). A typical chromatogram of a known equimolar 
mixture of idoxuridine, 5-iodouracil, 2'-deoxyuridine. 
and uracil is shown in Fig. 1. The chromatogram of 
a n  artificially decomposed sample is also shown in 
Fig. 1. The rcsults indicate that idoxuridinc can hc 
seliaratctl from its brozkdou II  products by this 
prcccdurc. 


Hydrolysis Experiments.- 111 niost cases the fol- 
lowing procedure was used: 100 mg. (@.~JkB mole) 
of idosuridine was dissolved in to0 ml. ( I T  the ap- 
propriate buffer solution. The soh tiori was plarcd 
. _  
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in 10-nil. ampuls. The ampuls were sealed and 
heated at  60' in a constant temperature oven 
Ampuls were removed at the appropriate time inter - 
vals, cooled, and analyzed. 


RESULTS AND DISCUSSION 


Order of Reaction.-The rate of disappearance of 
idoxuridine from the solution was an over-all first- 
order reaction with respect to  idoxuridine at  pH 
values from 1.3 to 12.0 at constant temperature. 
There was a linear relationship between time and 
logarithm of residual idoxuridine concentration as 
shown in Fig. 2. The observed rate constants a t  the 
respective pH values are listed in Table I. There 
was no significant change in the apparent first-order 
rate constant when the initial concentration of 
idoxuridine was varied. 


Primary Salt Effect.-A primary salt effect should 
be expected where a reaction between two charged 
species is involved in a hydrolytic process. Since 
idoxuridine exists primarily in the unionized form in 
highly acidic and relatively neutral solutions, one 
would expect that the primary salt effect would be 
negligible. Experiments carried out a t  pH 1.3 and 
6.3 showed that there was no primary salt effect. 
However, at pH 19.0, where idoxuridine exists in the 
ionized form, a primary salt effect was expected. 
This was borne out during the study so that all 


0 


z 
$ 0  


2 


s 


% 


Fig. 1 .-Comparison of partition chromatograms 
for a known equimolar mixture of idoxuridinr and 
its possible degradation products and an artificially 
dcgradcd sample stored for 18 months a t  37". 
0.1 N IICl was used as  the internal pliase; a mixture 
consisting of five parts chloroform and one part n- 
butanol was used as the eluant. Uata for the 
known mixture were previously reported (8). 
Key: 0 known mixture; 0, artificially degraded 
sample. 
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Fig. 2.-Plot showing the over-all first-order 
character of the hydrolysis of idoxuridine a t  dif- 
ferent pH values at 60". For the actual runs, the 
pH was adjusted as follows: 0.1 Nhydrochloric acid 
(pH 1.3). 0.02 M citrate (pH 3.3). 0.036 M phos- 
phate (pH 6.3, 6.7, 7.2, 7.5). 0.06 M borate (pH 
8.2). and 0.1 N NaOH (pH 10.0, 11.0, and 12.0). 


experiments a t  pH values above 10.0 were carried 
out in solutions adjusted to constant ionic strength 
with sodium chloride. 


pH Dependence.-The pH-rate profile indicated 
in Fig. 3 shows the relationship between pH and the 
observed reaction rate over a pH range from 1.3 to 
12.0. The nature of the curve suggests that the 
over-all degradative rate for the hydrolysis of 
idoxuridine represents a summation of the following 
reactions: 


ki 


k? 


kn 


Idoxuridine -+ products 


Idoxuridine - -. products 


Idoxuridine- + OH- -+ products 


The over-all reaction velocity is equal to the sum 
of the rates of these reactions and can be represented 
by 


Ka [OH-] (Eq. 1) 


The theoretical rate of disappearance of idoxuri- 
diiie was calculated for the pH range of 1.3 to 12.0 
using the following coefficients in the above rate 
equation: kl = 0.0015 hour-'; kl = 0.0105 hour-'; 
ka = 0.5600 hour-'; K. (acid dissociation constant) 
= 10".o.' The calculated rate appears as the solid 
line in Fig. 3. I t  is in good agreement with the  
experimental I y determined rate . 


The data indicate that the rate of breakdown is 
independent of pH over the range 1.3 t o  6.3. In 
this region [H+]  is high compared to K.; therefore, 


KS 
Ks + IH+] 


and ka 
K. 


K, + IH+l 
the values of k2 


[H+l [OH-] are negligible cotiilnrLd to k ,  -___ 
IH+l + k: 


and iuay be omitted. thus 


-k "K.+ [H+] 


Between pH 6.3 and appruxiniately 9.0 there is :L 
sharp increase in the observed reaction rate. This 
coincides with an increase in the ionized forin i n  


K. [OH-] is still ncgligible in K a  + IH+I 
solution. 


1 Determined spectrophotometrically at 60". 


TABLE  EXPERIMENTAL RATE CONSTANTS FOR 
THE HYDROLYSIS OF IWXURIDINE AT 60' C. 


Observed First-Order Rate 
P H  Constant hr.-I  X 103 
1 . 3  1.51 
3 . 3  1 .51  
6.3 
6 . 7  
7.2 
7 . 5  
8.2 


10.0 
11.0 
12.0 


1.51 
2.44 
3.31 
5.73 
8.80 


10.35 
10.90 
16.70 


" Initial concentration. 0.075% (0.0021 M ) .  


this region. 
be expressed as 


Thus in pH range 6.3 to 9.0, Eq. 1 may 


Ka - (Eq. 3) [H+1 
[H+] + I(, " K. + [H+] 


kotm. = kl 


Between pH 9.0 and 11.0 the observed reaction 
rate tends to level off. In this region idoxuridine 
exists mainly in the ionized form. kl  is small com- 
pared to k? and ka. and the [OH-1 is low. which 


K. 
Ka [H+l 


' H + l -  and ka 
IH+1 + Ka makes the values of kl 


[OH-] negligible compared to k2 


they may be disregarded giving 


K. 
K. + [H+] '  and 


(Eq. 4) 
K. 


koba. = kz ____ 
Ka + [H+I 


Above pH 11.0 the reaction rate increases rapidly. 


is negligible and may be [H+l  
IH+l + K. In  this region k l  


eliminated from Eq.'l  which may be written 


In  this pH range the reaction is base catalyzed and 
changes from first order to pseudo first order. 
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TABLE II.-COMPARISON OF APPROXIMATE Rj  
VALUES OBTAINED FOR IDOXURIDINE, SOME Pos- 
SIBLE DECOMPOSITION PRODUCTS: AND AN ARTI- 
FICIALLY DECOMPOSED ALKALINE SOLUTION OF 


IWXURIDINE 
______ 


Journal of Pharmaceutical Sciences 


a t  the riboside linkage to form 5-iodouracil. Gar- 
rett and Suzuki (10) presented data suggesting 
that uracil was the principal product of hydrolysis 
in strong acid solution. Uracil was not detected in 
an appreciable amount under the conditions of our 
study. I n  alkaline solution the ultraviolet absorp- 
tion spectrum disappears, suggesting that the py- 
rimidine ring is destroyed. Since some 2’4eoxy- 
uridine is found, the pathway for degradation may 
liroceed through 2’-deoxyuridine. 


Temperature Dependency.-Rate constants for 
the over-all disappearance of idoxuridine were ob- 
tained over the temperature range from 25 to 60’ a t  
pH 6.0. A typical Arrhenius-type plot of the data is 
presented in Fig. 4. From these data the apparent 
heat of activation for the process was determined as 
approximately 25 Kcal. per mole. 


Artificially Decomposed 
Known Alkaline Soln.. 


Material S o h .  ( p H  10.0) 
Unknown . . , 0.00 (significant ) 
?’-Deoxyuridine 0.28 0.28 (sinall) 
Uracil 0.33 
Idoxuridine 0 34 0 36 (laige) 
2-Deoxyribose 0.42 . . .  
&Iodouracii 0.65 ... 


I I 


‘0 .3001 100 


I 3.0 31 L 3 2  3 3  
I /T  I los 


Fig. 4.-Typical Arrhenius-type plot showing 
the temperature dependency for the hydrolysis of 
idoxuridine at pH 6.0. 


Probable Pathway for the Hydrolysis of Idoxuri- 
dine.-Data were presented in an earlier report (9) 
indicating that 5-iodouracil and 2-deoxyribose were 
the principal products formed during the hydrolysis 
of idoxuridine in acid solution. Preliminary work 
has indicated that alkaline hydrolysis at pH 10.0 
results in a complex mixture. A paper chroma- 
togram of this mixture (system: pH 8 buffer-2- 
methyl-3-butyn-2-01) showed that the principal 
breakdown product is one which has lost its ultra- 
violet absorption characteristics (U.V. absorbance) 
but retained its deoxyribose moiety (gives a red 
coloration with cysteine in sulfuric acid). This sug- 
gests that the pyrimidine ring has been destroyed. 
2’-Deoxyuridine was also found to be a product of 
alkaline hydrolysis. This is indicated in Table 11, 
which contains a comparison of the R ,  values of 
idoxuridine, some possible decomposition products, 
and an artificially decomposed alkaline solution (pH 
10.0) of idoxuridine. The R, values were obtained 
by payer chroniatographic analysis using a n- 
butaiiol-3 N atiunoiiia systetri. 


On the I):tsis of tltc 1)rcvious tlat;r (9) we C;LII as- 
sume that idoxuridillc is hydrolyzed in acid solution 


SUMMARY 


( a )  The hydrolysis of idoxuridine was first order 
with respect to idoxuridine over a wide range of 
hydrogen ion concentration (pH 1.3 to 12.0). 


( b )  T h e  over-all rate of disappearance of idoxuri- 
dine in aqueous solution as a function of pH can be 
described using 


Ks [OH-] + K,+ [H+J 


A theoretical pH-rate profile calculated using the 
above equation is in good agreement with the experi- 
mentally determined values. 


(c) The probable pathway for the hydrolysis is 
presented. The data suggest that Siodouracil is 
the principal product of acid hydrolysis. Alkaline 
hydrolysis results in a complex mixture containing 
2’-deoxyuridine and a compound with no ultraviolet 
absorption spectrum. The data suggest that the 
pyriniidine ring is destroyed during alkaline hydroly- 
sis. 


( d )  The heat of activation (AH.) for the reaction 
was approximately 25 Kcal. per mole a t  pH 6.0, 
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Sensitive Biological Tests for Medical Grade Plastics 
I. Toxicity of Organo-Tin Stabilizers 


By MARCEL NIMNI 


Tissue implantation and the measurement of inflammation by the dye emravasation 
technique are sensitive and rapid methods for screening plastics for toxicity. The  
subcutaneous and the intramuscular implantation of polyvinyl chloride plastics 
contaming organo-tin stabilizers produces severe local tissue reaction. T h e  degree 
of extravasation of trypan blue at the site of the injection of a suitable plastic extract 
is also an indication of compatibility with animal tissues. Mineral oil was found 
to be a suitable, nonirritating agent for extracting the plastic. The same techniques 
are suitable for screening raw materials before incorporation into the plastic form- 
ulation. Tin  stabilizers, such as dibutyltin dilaurate, caused irritation i n  dilutions 


as great as 1 :10,000. 


LASTIC MATERIALS, because of their versatility P and low cost, find increasing usage in the 
pharmaceutical and medical fields (1). To keep 
pace with varying needs in diversified applications, 
the plastic industry has developed many different 
formulations (2, 3). It has been of primary im- 
portance to investigate carefully among other prop- 
erties, the biological inertness of the plastics which 
contact drugs or tissues. Sensitive bioassay pro- 
cedures are used to  detect any toxic effects of the 
plastic resins themselves, as well as of the ingredients 
which may be added to  the basic polymers for 
purposes of stability, flexibility, or coloring. The 
effectiveness of the subcutaneous or intramuscular 
implantation in animals, as a means of detecting 
acute and chronic toxicity of plastics, has been re- 
ported previously (4-8). 


Herewith are described our results obtained using 
the rat and the rabbit as test animals: (a) tissue 
reactions caused by the subcutaneous injection of 
small amounts of plastic additives or implantation 
of plastic materials (polyvinyl chloride) containing 
such additives, and (b) a sensitive technique for 
rapidly detecting an inflammatory response by 
measuring the increased capillary permeability of 
intravenously injected dye at the site of the intrader- 
ma1 injection of a plastic extract. 


EXPERIMENTAL 
Tissue Implantation.-Wistar rats and New 


Zealand white rabbits were used as test animals. 
Rats were implanted subcutaneously with test 
samples under light ether anesthesia. After shaving 
the dorsal area, a transverse incision through 
the skin was made in the lumbar region. Using 
the blunt end of a forceps, the skin was separated 
from the underlying connective tissue, and the 
plastic sample was positioned using another forceps 
in the subcutaneous tissue, not closer than 30 mm. 
from the wound. The incision was sutured with 
11-mm. nickel-silver wound clips. 


Rabbits were anesthetized with thiopental sodium 
(20 mg./Kg.) and ether. For routine testing, 
intramuscular implants were made with an auto- 
matic pellet implanter' at the level of the dorsal 
paravertebral musculature. In some instances, 
larger sections were implanted surgically. In all 
instances, the procedures were performed in an 
aseptic manner. 


Recdved Jaouary 17 1964 from Biological Control 
Laboratories, Don B e t ,  In;/Phoxmasd Laboratories, 
Inc Glendale C d f .  


A b p t e d  fo; publication February 25 1%. 
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At the end of the experimental periods, either 4 
days, 1 week, 2 weeks, or 2 months, the animals were 
sacrificed and the areas observed for macroscopic 
changes. The plastic specimen and its surrounding 
tissue were fixed in neutral formalin solution for 
histologic examination. 


A 1% solution of trypan blue in normal saline 
(0.9% sodium chloride in distilled water) was used 
to measure local inflammatory response by the 
degree of dye extravasation. Extracts of plastics 
were prepared by autoclaving (121' for 60 minutes) 
10 Gm. of plastic, cut into small particles, in 10 ml. 
of mineral oil. Normal saline extracts were pre- 
pared in a similar way. The dorsa of the rabbits 
were carefully clipped to  remove hair and 0.1 ml. of 
the extract was injected intradermally with a 27- 
gauge needle. A 20% ethanol solution was used as 
a control irritant. Fifteen minutes after the last 
intradermal injection, the 1% dye solution was in- 
injected intravenously at a level of 1 ml./Kg. 
Response was graded on the basis of amount of dye 
accumulation a t  the injection site and classified as 
none, mild, moderate, and marked (9). The 
response with 20% ethanol was considered as 
marked inflammation. 


Commercially available dibutyltin dilaurate and 
other organo-tin stabilizers from various sources 
were tested. Dilutions of these compounds were 
made prior to injection, using mineral oil, and were 
sterilized before use. 


RESULTS 


The tissue reaction, from a subcutaneous implant 
of polyvinyl chloride containing a tin stabilizer, is 
shown in Fig. 1. This specimen had been main- 
tained in situ for 1 week. At that time, the animal 
exhibited swelling of the area as well as all the other 
signs which accompany an i n h m a t o r y  reaction. 
On exposing the subcutaneous tissue, a large capsule 
was visible surrounding the implant; there was 
evidence of increased vascularization and fluid ac- 
cumulation. Intramuscular implantation of similar 
plastic caused tissue reactions evidenced by a whitish 
zone of necrotic tissue surrounding the sample. 
These reactions have been described and illustrated 
by previous investigators (7, 8). Figure 2 shows a 
transverse section of a tin stabilized plastic sample 
surrounded by necrotic epidermis and fat. There 
is an abscess formation walled oii by a thick layer of 
proliferating fibrous tissue. The white area is 
caused by retraction of the plastic during the process 
of h t i o n .  


Figure 3 shows the subcutaneous tissue of a rabbit 
at a site of injection of 0.1 ml. of dibutyltin dilaurate. 
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injection of different extracts of the plastics and 
stabilizers were also determined. Vital dyes, when 
injected intravenously, become bound to plasma 
proteins, and their accumulation in the treated skin 
sites reflects the degree of inflammation. Table I 
summarizes the observations made in this con- 
nection. 


It can be Seen that the irritating plastic containing 
a tin stabilizer gave a marked positive reaction soon 
after the injection of the dye when the extract was 
made using mineral oil as a solvent. Using normal 
saline, the reaction was scarcely visible and would be 
termed nonirritating. Plastics without tin gave no 
signs of tissue reaction irrespective of oil or saline 
extraction. 


Dibutyltindilauratecauseda markedinflammatory 
response even when considerably diluted in mineral 
oil. Dilutions of 1:1O,OOO still gave evidence of 
inihmmation. It should be pointed out that this 
mineral oil solution is insoluble in body fluids; 
presumably, therefore, the tissue reaction occurs 
with those molecules of solute which are on the 
DeriDherv of the infiltratinn fluid. This makes 


Fig. 1.-Fibrous connective tissue capsule walling 
off a tin-containing plastic which has caused 
a significant inflammatory reaction, 1 week follo-g 
its subcutaneous implantation. - -  - - 


these concentrations in a mineral oil vehicle com- 
parable to that in a plastic formulation which is 
maintained in contact with tissues. 


Fig. 2.-Photomicrograph showing a plastic form- 
ulation stabilized with an organo-tin compound, sur- 
rounded by proliferating granulation tissue, abscess 
formation, necrotic epidermis, and fat. 


After 24 hours, the area showed signs of necrosis, 
edema, hemorrhage, multiple cystic spaces, and 
fibrinous exudate. Eosinophils with occasional 
polymorphonucleocytes surrounded the area. The 
whole picture is suggestive of an acute allergic 
reaction. 
As a Part Of this investigation. the changes in 


capillary permeability caused by the intradermal 


~ i ~ .  3.+3ubcutaneous and muscular tissues of 
rabbit following the injection of 0.1 ml. of dibutyltin 
dilaurate. The response is indicative of an acute 
allergic reaction. 


TABLE ~.-INPLAMMATORY RESPONSEO 


Degree of Inflammoto Ruponscb 
Recorded at Different $me Intervals----------. 


Sample Dilution 10 Min. 20 Min. 30 Min. 60 Min. 120 Mia. 
Mineral oil (MO) . . .  0 0 0 0 0 
Normal saline (NS)  ... 0 0 0 0 0 
Tin-containing plastic in MO ... ++ +++ +++ ++++ ++++ 
Tin-containing plastic in NS . . .  0 0 + + 
Tin-free plastic in MO . . .  0 0 0 0 
Tin-free plastic in NS . . .  0 0 0 0 0 
Dibutyltin dilaurate 1:50 ++ +++ ++++ ++++ ++++ 


+ 
0 


1:loo ++ +++ +++ +++ +++ 
1:lOoo ++ ++ ++-t t + +  +++ 
1:mo ++ ++ ++ ++ +++ 
1:looOo 0 0 + t +  ++ 


Tin-containing stabilizer A 1:lOOO ++ ++ +++ ++++ ++++ 
Tin-containing stabilizer B 1:lOoo 0 +++ -t++ ++++ ++++ 
Tin-containing stabilizer D 1:lOoo 0 ++ +++ ++++ +++-I- 


Tin-containing stabilizer E 1:lOOo ++++ ++++ ++++ ++++ ++++ 
Tincontaining stabilizer F 1:lOoo ++ ++ ++ ++ ++ 


ethanol . . .  ++++ ++++ A+++ ++++ ++++ 
a Mensurd by the degree of dye extravpsation caused by the subcutaneous injection of plastic utrpctpbles and of diEamt 


h Degree of inflammatory response: 0. none; +. slight; + +, moderate; 4- + +, concentrations of organa-tin stabilizers. 
marked; + + + +, severe. 
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DISCUSSION 


formulation, added for stabilization purposes, 
renders the plastic irritating to animal tissues. 
Its subcutaneous as well as intramuscular implanta- 
tion in rats or rabbits causes a severe tissue reaction, 
reflected by edema, cellular necrosis, proliferating 
granulation tissue. as well as encapsulation by 
fibrous tissue. 


These results confirm the observations of previous 
investigators which indicate that the tissue im- 
plantation technique is one sensitive means of 
determining the suitability of plastic formulations 
for medical applications. Our findings indicate 
that the rat is a satisfactory animal for routine 
testing of plastics as  well as the raw niaterials pro- 
posed for their formulation. 


Implantation reveals tissue reaction, if any, within 
2 to 4 days, whereas inertness is reflected by excellent 
tolorance during many weeks of implantation. 


The subcutaneous implantation of solid materials 
and the injection of liquid constituents are valuable 
in screening the ingredients which are compounded 
for the different formulas. Macroscopic as  well as 
microscopic examination of the areas of contact are 
of immediate importance in determining the nature 
of the response. 


The degree of dye extravasation, a t  the site of 
intradexmally injected extracts to the rabbit, was a 
rapid and sensitive method for detecting toxicity. 
Extracts, prepared by autoclaving the plastics in 
test with mineral oil, increased the sensitivity of the 
method. Using this method, it was determined 
that dilutions of 1 : 10,000 of organo-tin stabilizers 


The presence of organo-tin compounds in a plastic . 


Journal of Pharmaceutical Sciences 


still were able t o  cause an infiammatory response. 
In this connection it should be mentioned that di- 
butyltin dilaurate has recently shown to be terato- 
genic when injected into the yolk sac of fertile eggs 
prior to  incubation (10). Because of this reactivity 
in tissue, plastics with organo-tin compounds 
should not be used in applications involving intimate 
and/or prolonged contact with tissue, in view of 
other effective stabilizers that do not cause reaction. 


In addition to  the test described, it is also re- 
conimended that all plastic materials which shall be 
in contact with tissue or body fluids be screened for 
the presence of pyrogens, vasomotor activity, 
antigenicity, ocular irritation, hemolytic effects, 
chronic toxicity in various species, and in Gtro with 
isolated muscle systems. 


Additional work continues in this area. The 
author would like to  stress the importance of 
biologically screening the individual constituents 
that are used in making up all formulations as well as 
testing the completed plastic formulation. 
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Thimerosal as a Preservative in Biological Preparations I. 
Application of Polarography to the Determination of Thimerosal 


in Aqueous Solutions and Vaccines 
By J. BIRNER and J. ROS. GARNET 


Thimerosal, in the low concentration com- 
monly used as an antiseptic and bacteriostatic 
agent in biological preparations such as 
vaccines, may be determined polarograph- 
ically and rapidly and with a degree of ac- 
curacy comparable to  that obtained by the 


commonly used agar-cup technique. 


T HAS BEEN observed that the concentration of I thimerosal’ added to vaccines and other bio- 
logical preparations diminishes with storage (1). 
The loss has been attributed to absorption of the 
substance by the rubber with which the containers 
are often sealed or to physical or chemical interaction 
with one or another of thr components of the rubber. 
.4lthough there is general agreement that reduction 
(If its concentration does occur, methods for the 
precise measurement of the extent of the reduction 
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have been largely dependent upon biological tech- 
niques. 


In some earlier studies in these laboratories, the 
bacteriostatic activity of antiseptics was measured 
by the well-known agar-cup assay method. With 
this technique, the growth of selected micro- 
organisms (Staphylococcus aureus, strain B313, and 
Bacillus sublilis, strain 8236. of the National Type 
Culture Collection) on nutrient agar is inhibited 
within a zone, the diameter of which is approxi- 
mately proportional t o  the concentration of anti- 
septic placed in the cup. 


A comparison of the clear zone formed by a 
chosen volume of the sample and equal volumes of 
standard concentrations of the thimerosal affords a 
measure of the concentration of the antiseptic in 
the sample-hence, a measure of its diminution. 


However. the present authors have used for some 
time a polarographic method (2) which they con- 
sider preferable for speed and accuracy to the 
rather cumbersome biological method. It is being 
applied successfully with routine samples having a 
thimerosal content of not less than 20 p.p.m. 
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Each unit weighs about 8 Ib. and can be constructed 
in most laboratory shops for a cost of less than $12. 
for materials. The only similar cages that we 
have found in use were those reported by Moos, et 
ul.(l), where plastic cages for solitary housing of 
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in a report by Burch (2). The caging units have 
been in use in our laboratory for about 3 years 
and have become an indispensable laboratory item. 
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Circular Thin-Layer Chromatography of Tetracyclines 
By GOVIND J. KAPADIA and G. SUBBA RAO 


A simple circular thin-layer chromatographic method is described for the separa- 
tion of hydrochlorides of tetracycline, oxytetracycline, and chlortetracycline em- 
ploying three sequestering agents-viz., disodium ethylenediaminetetraacetate, 
tartaric acid, and oxalic acid. Better resolution has been achieved by the use of 
disodium ethylenediaminetetraacetate in  the stationary phase and n-butanol satu- 


rated with water as the mobile phase. 


LTHOUGH PAPER PARTITION chromatography of A tetracyclines has been reported by several 
workers (1-lo), thin-layer chromatography (TLC) 
of these antibiotics has only been recently in- 
vestigated. Nicolaus. Coronelli, and Binaghi (11) 
have studied the chromatography of several tetra- 
cyclines with various solvent mixtures by ascending 
TLC. They were, however, unsuccessful in resolv- 
ing more than two tetracyclines by a single solvent 
system on one chromatogram. 


The property of tetracyclines of forming chelate 
complexes with metallic ions suggests that such com- 
plexation might occur between these antibiotics and 
the metallic ions of the adsorbent and/or calcium 
sulfate added as the binder. I n  such a case, seques- 
tering agents possibly could effect the separation of 
these compounds. The use of disodium ethylenedi- 
amhetetraacetate (EDTA) and oxalic acid has been 
promising in the chromatography of certain naturally 
occurring polyphenolic compounds that showed 
strong chelating property (12). These sequestering 
agents might also be employed in the resolution of 
tetracyclines by TLC. 


This report presents the results of preliminary 
work in which three sequestering agents-ie., 
EDTA, tartaric acid, and oxalic acid were used- 
and the separation of hydrochlorides of tetracycline, 
oxytetracycline, and chlortetracycline was studied. 
For the development of chromatograms the circular 
TLC technique of Bryant (13) was modified. The 
separation of the three antibiotics was achieved by 
employing all the three sequestering agents, although 
better separation was accomplished with EDTA. 


EXPERIMENTAL. 


Apparatus.-The Desaga-Brinkmann apparatus 
for TLC (applicator model “S 11”) distributed by 
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Brinkmann Instruments, Inc., Great Neck, Long 
Island, N. Y., was used for the preparation of plates. 
Glass plates (20 X 20 cm.) with I/* in. hole drilled at 
the center of each were utilized. Pyrex Petri dishes 
(diameter-14 cm., height-2.5 cm.) were employed 
as the solvent containers for the development of 
chromatograms. The adsorbent used was silica gel 
G (made according to Stahl by Merck, A. G., Darm- 
stadt, Germany, and distributed by Brinkmann). 


Preparation of Plates.-Tecknique A.-A slurry 
of 30 Gm. of silica gel G and 60 ml. of water was 
made in a dry mortar. This was poured into the 
applicator and coated over five plates which were 
then dried at room temperature for 15 minutes. 
The plates were further activated in an oven at 105- 
110’ for 1 hour and stored in a vacuum desiccator. 
The adsorbent layer was kept constant a t  standard 
250 ~.r thickness. 


Technique B.-Nine grams of EDTA was dis- 
solved in 60 ml. of water and, using 30 Gm. of silica 


Fig. 1.-Separation of tetracycline ( T ) ,  oxy- 
tetracycline (0). and chlortetracycline ( C) hydro- 
chlorides on silica gel G plate admixed with di- 
sodium ethylenediaminetetraacetate, using n-bu- 
tan01 saturated with water as the solvent. 
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Identity of the bands was achieved by  individually 
chromatographing each antibiotic. 


In the chromatograms in which solvent systems 
BTW and BOW were employed, marked circular 
portions were observed. These were due to  the 
organic acids used in the solvent mixtures as revealed 
by spraying 0.5% ethanolic Congo red solution. 
Blue Circular areas of average radii 3.5 cm. and 4.5 
cm. were seen with BTW and BOW systems, re- 
spectively, when average solvent movement was 6.5 
cm. from the center. When sprayed with ferric 
chloride solution, these areas were a lighter yellow 
compared to the rest of the plate. 


RESULTS 


Figure 1 shows the separation of the three tetra- 
cyclines using BW solvent system and EDTA in the 
adsorbent. Table I lists the average R, values of 
the compounds obtained with all the three solvent 
systems. The values were highest with BOW and 
lowest with BW/EDTA. In these two cases the 
differences in Rj values of oxytetracycline and 
chlortetracycline were the same. However, better 
separation was achieved with BW/EDTA where the 
bands obtained were sharp. With BOW the bands 
were broad and some spreading occurred. As a 
result of this the resolution was not as clear, although 
each of the two separated distinctly from the tetra- 
cycline. The spreading of the bands with BTW 
was much less, and a satisfactory separation of the 
antibiotics was observed. Comparison of chromato- 
grams indicated that a better resolution of the 
compounds was achieved using BW/EDTA. 
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TABLE I. - R, VALUES 


-Solvent System- 
Antibiotic BW/EDTA BTW BOW 


Tetracycline HCI 0.23 0.26 0.38 
Oxytetracycline HCI” 0.27 0.31 0.46 
Chlortetracycline HCI 0.30 0.35 0.49 


Oxytetracycline base also resolved from the mixture of 
tetracycline and chlortetracycline hydrochlorides with the 
same average Hf value as that of its hydrochloride. 


gel G, plates were prepared as in Technique A .  In 
this case the plates were dried a t  room temperature 
for 30 minutes before placing in an oven. 


Solvent Systems.-The organic phases of the 
following mixtures were used as the mobile solvents: 
n-butanol-oxalic acid-water (100 ml.: 5 Gm.: 100 
ml.)-BOW, n-butanol-tartaric acid-water (100 
ml.: 6 Gm.: 100 Inl.)-BTW. and n-butanol satu- 
rated with water-BW. 


The plates prepared by Terhnique A were de- 
veloped by solvent systems BOW and BTW. those 
by Tcrhnique B were developed by solvent system 
BW. 


Sample Application.--Any adhering adsorbent in 
the central hole of the plate was cleared by piercing 
through with a capillary. A solution of equal 
quantities of the hydrochlorides of the three tetra- 
cyclines in methanol was applied around the cir- 
cumference of the hole using a lambda pipet so 
that 20 mcg. of each compound was deposited. 


Development Technique.-A paper “wick” 
(length-11/8 in., diameter--’/8 in.) was made by 
rolling a piece of Whatman No. 1 filter paper (2’12 X 
1 in.). This was inserted in the hole a t  the adsorb- 
ent side of the plate. The plate was then placed 
adsorbent side down over a Petri dish containing 50 
ml. of developing solvent so that the “wick” dipped 
in it and the plate hole became the center of the 
dish. The hole on the clear side of the plate was 
covered with a vial. The movement of the solvent 
front was clearly visible; when it reached 6.5 cm. 
from the center, the plate was removed. 


Detection.-The antibiotics were revealed on the 
chromatograms by spraying the plates with 5% 
methanolic solution of ferric chloride (4). The 
reagent gave dark grayish bands with each com- 
pound. Before spraying with ferric chloride, three 
yellowish-green fluorescent bands were visible 


, under ultraviolet light. These bands were located 
at the same position where colored bands were 


I seen after spraying with the chromogenic reagent. 
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measured by I IO%) in unbuffered aqueous pharma- 
ceutical systems, the exact expressions (e.g., Eqs. 
13-15) must be employed. The examples of com- 
puted tloyo-values shown in Table IV indicate that  
significant errors can be made in estimates of stability 
if pseudo-first order degradation is assumed. 


The models discussed fail to take into account 
general acid and base catalysis or reversible reac- 
tions such as those which might be observed in 
simple ester hydrolysis. However, these effects 
certainly can be neglected for estimation of t107”. 


417 
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Fig. 8.-Computed Tro-values shown as a function 
of a = ko/ke:  curves A ([NO] = 0.1 M) and D 
([NO] = 0.001 M), degradation product is a strong 
acid, defined by Eq. 5; curve B ([NO] = 0.1 M ) ,  
degradation product is a weak acid (pKa2 = 4.0), 
defined by Eq. 14; curves C ( [ N o ]  = 0.1 M) and 
E ([NO] = 0.001 M), degradation product is a weak 
acid (pKat = 6.0), defined by Eq. 14. Curve F 
represents 710-values computed assuming pseudo- 
first order degradation at constant pH = pHo = 7.0. 


Other cases can be considered, such as degradation 
of neutral molecules or weak bases which form weak 
bases as products and are subject primarily to speafic 
base catalysis in unbuffered solution. Treatment 


of these cases leads to solutions of the same form as 
those described for Cases ZI and ZZZ. 


The power of the analog computer as a tool in 
analyzing cases of this sort can readily be ascer- 
tained by noting the complexity of the solutions ob- 
tained to the differential equations. The computer 
will prove especially useful in analyzing systems 
where analytical solutions cannot readily be arrived 
at-for example, cases complicated by reversible 
reactions. 
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Effect of Antiemetics and Other Compounds on 
Protoveratrine Induced Emesis in Dogs 


By LAWRENCE C. WEAVER, ELIZABETH RAHDERT, ALICE B. RICHARDSt, 
and BENEDICT E. ABREU$ 


Several known antiemetics and other compounds were evaluated for their ability to 
prevent protoveratrine induced emesis in  dogs and found to be ineffective. 


ROTOVERATRINE produces a potent reflex 
Pvasodepressor effect in dogs and humans (1). 
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However, the range between the therapeutic and 
the toxic dose is quite narrow (2), and it is often 
difficult to obtain good clinical results without 
some side effects; the major side effects are 
nausea and vomiting. Alterations in the pro- 
toveratrine nolecule to increase the margin be- 
tween effectiveness and nausea have been at- 
tempted (8). A second approach has been 
directed at the prevention of nausea and vomit- 
ing by the administration of antiemetic agents. 
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ORAL ADMINISTRATION 
TABLE I.-I<ELATIVE EMETIC POTENCIES OF VERATRUM ALKALOIDS IN DOGS FOLLOWING INTRAVENOUS AND 


Emetic Dose 50 -- 
7- l n t r a v e n o u p -  Oral 
No. No. 


Drug Dogs EDw, mcg./Kg. Slope Dogs EDw, mcg./Kg. Slope 
Protoveratrine A 29" 3.24 1 . 6  24 3 .4  1.5 


Protoveratrine B 40 3.63 1.4 20 20.0 1 . 3  
(2.63 t 0 3 . 9 9 ) ~  (0.9 to  3.0) (2.9 to 4.0) (1.3 to 1 .7 )  


(3.03 to 4.36) (1 .1  to 1 .8)  (15.9 to 25.2) (0 .9  to 2 .1)  


(3 .38 to 4.32) 
P A  B 3ia 3.82 1.3 . . .  . . .  . . .  


( 1 . 1  to 1 . 5 )  


a From Abreu, Richards, Alexander, and Weaver (19.54). 95% confidence limits. 


This report explores the feasibility of the latter 
procedure. 


METHODS 


Adult mongrel dogs, unselected as to sex, were 
used in all experiments. They were maintained on 
an adequate diet consisting of canned horse meat 
and dry pellets with water given ad libitum, except 
during the period of testing. 


Stock solutions of protoveratrine .4 and protovera- 
trine B were prepared by dissolving a sufficient 
amount of each in its stochiometric equivalent of 
glacial acetic acid, then adding sufficient distilled 
water to make a 0.1%. concentration of the base. 
These stock solutions were refrigerated and dilutions 
freshly prepared from them prior to  each experiment. 
A commercially available solution of the provera- 
trines A and B (PAB)' was used. 


The emetic doses for 50% of animals ( EDw) and 
their slopes were calculated by the method of Litch- 
field and Wilcoxon (4). 


An emetic dose of protoveratrine A was injected 
a t  different rates and in different volumes of solvent 
to  determine the importance of these factors on the 
Occurrence of the side effects which usually accom- 
pany its adniinistratioii. 


In some experiments the intravenous (i.v.) pro- 
toveratrine A challenge (6 mcg./Kg.) was repeated at 
15, 30, 40, 120, or 135-minute time intervals to  
determine whether there was a development of toler- 
ance to  certain responses, particularly the convulsive 
(collapse and leg extension) and emetic effects, upon 
repeated administration. 


Several drugs with known and unknown anti- 
emetic properties were tested for their ability to pre- 
vent protoveratrine A emesis in dogs. All animals 
were observed for 60 minutes following the injection 
of protoveratrine A (5.6 mcg./Kg., i.v.). The 
procedure for the preliminary evaluation of 4'- 
fluoro - 4( 1 - [4 - hydroxy - 4-(4'-chIoro)-phenylpiper- 
idino] )-butyrophenone (haloperidol) can best be 
followed by referring to  Table IV. A subsequent 
experiment was performed in which three dogs each 
received orally 1 ,2 ,  5, 10, and 20 mg./Kg./day for 4 
days each and then were challenged 4 hours after 
final dose with protoveratrine A. 


Dogs being used to establish dosage levels of 
pipcracetazinez for chronic toxicity studies were 
tested to  determine the effects of piperacetazine on 
protoveratrine .I emesis. One dog each received 


1 Veralba Pitman-Moore C o .  brand of protoveralrines A 
and B. coniaining 53% A and 47 B standardized chemically, 
both for tutal alkaloids and for A and B content. 


2 Available from the Pitman-Moore Co.  for experimental 
use under the trademark, Quide. 


TABLE II.-EFFECT OF ALTERING CONCENTRATION 


TO PROTOVERATRINE ADMINISTRATION 
AND/OR INJECTION RATE ON UNTOWARD RESPONSES 


Proto. A, 6 mcg./ 
-Kg.. i.v.a-- 


Vol.. Rate, 
Dog ml. sec. 
0 0.42 


i . O  5 . 0  
K a .  5 . 0  - 
8 0.46 - -  


I . t  5.0  
Kg. 5 . 0  


6 . 5  5 .0 
Kg. 5.0 


10.6 5 . 0  
Kg. 5.06 


0 0.39 


8 0.64 


2 
30 
30 
2 


30 
30 
2 


30 
30 


2 
30 
30 


Collapse 
and/or 
con- 


vulsions + 
0 
0 
0 + + + 
0 + + + 
0 


Saliva- 
tion Onset 


Diarrhea Eme- 
and/or sis. 


Urination min. + 11 + 3 + 4 + 6 + 4 + 3 + 15 + 5 + 4 + 6 + 2 + 60 


a Time between protoveratrine A injections in the same 
dog was 48 hours or more. A portion of the drug went 
subcutaneously. 


orally 0.1, 0.25, 0.5, or 1.0 mg./Kg./day for 7 days, 
respectively, then 0.5, 1.25, 2.5, or 5.0 mg./Kg./day 
for 14 days, followed by 7 days without drug, and 
finally 2.5, 5.0, 2.5, or 5.0 mg./Kg./day for 7 days. 
They were challenged with protoveratrine A 2 hours 
after the last dose. Two additional dogs received 5 
mg./Kg./day of piperacetazine for 21 or 44 days. 
The first dog was challenged after 6 and 21 days; 
the other dog was challenged after 44 days. 


P.4B (6.3 mcg./Kg.) was employed as the emetic 
agent in the final experiment of this series. The 
challenging dose was administered to six dogs after 
chl~rphenoxamine~ (10 mg./Kg., i.v.) and simul- 
taneously with reserpine (32 mcg./Kg., i.v.) in an- 
other six dogs. 


RESULTS 


The emetic potencies of the veratrum alkaloids in 
dogs following intravenous and oral administration 
are shown in Table I. I t  is readily apparent that 
there was no  significant difference among the emetic 
potencies of the three preparations following intra- 
venous administration or between the two routes of 
administration following protoveratrine A. On the 
other hand, protoveratrine B was considerably l e s  
active following oral administration. 


Neither the rate of injection nor volume of solvent 
administered consistently altered the side effects 
usually seen atter the intravenous injection of an 
emetic dose of protoveratritie A. The side effects 
usually observed in the customary order of their ap- 
pearance were: collapse, tonic extension of all legs, 
__-. 


a Available from Pitman-Moore Co. under the trademark, 
Phenoxene. 
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TABLE III.-EPFEcT OF DRUGS ON PROTOVERATRINE 
A INDUCED EMESIS IN DOGS 


central nervous system depressant side effects from 
haloperidol appeared during the 5 mg./Kg./day 
dosage and continued throughout the remainder of 


Drug 


Perphenazine 


Piperace tazine 
Pipamazine 
Prochlor- 


perazine 


Triflupro- 
mazine 


Trimetho- 
benzamide 
hydrochlo- 
ride 


Meclizine 


Atropine sul- 


Nicotinic Acid 


fate 


P-275' 


D-, 
mg./Kg. Route 


Antiemetics 
0 . 1  i.v. 
0 . 1  i.v. 
0 . 1  i.v. 
1.5b i.g. 
0.002 i.v. 


0 . 1  i.v. 
0.25 I.V. 


5.0 S.C. 
25.0 i.g. 
50.0 i.g. 


100.0 i.g. 


5.0 i.v. 


Miscellaneous 
1.0  i.v. 
1 .0  i.v. 
2 . 0  i.v. 


10.0 i.v. 
10.0 i.v. 


250.P i.g. 


Inter- 


min. 
V,,* 


15 
35 
60 
60 
30 


15 
20 


5 
60 
60 
40 


10 


45 
60 
15 
10 
20 
60 


No. 
Emesis/ 


No. 
Dogs 


1/1 
2/2 
1/1 
4/4 
3 /3 


1 /2 
2/2 


2/3 
1 12 
2/2 
2/2 


3/3 


3/3 
3/3 
3/3 
2/4 
2/3 
4/4 


the experiment. 
Complete protection against protoveratrine A 


induced emesis was obtained in the four dogs receiv- 
ing increasing dosage of piperacetazine but not by 
the other two dogs. Subsequent attempts to  control 
protoveratrine emesis have not been successful; the 
conclusion is that chronic administration is also 
ineffective . 


Chlorphenoxamine and reserpine were each 
successful XO/, of the time in preventing PAB- 
induced emesis. 


DISCUSSION 


- 


Protoveratrines A and B are very potent hypo- 
tensive and emetic agents in the dog. Protovera- 
trine A is equally potent as an emetic by the intra- 
venous and oral routes. On the other hand, proto- 
veratrine B is only one-fifth as potent as an emetic 
by the oral as by the intravenous route. Similar 
findings have been reported for protoveratrine B in 
the human (5). 


It is interesting that neither the rate of injection 
nor the volume of solution containing the emetic 
dose of protoveratrine A were critical within the 
limits of this test. Furthermore. successive doses a t  


*Between drug adminiseation and protoveratrine A (5.6 


N.N-Diisopropyl- 


Various intervals produced emesis but not COnVUlsiVe 
mcg./Kg. i.v.) challenge. Dose repeated three times- type activity in six of seven cases. These results do 
N'-n-butyl-N'-dieth ylaminoethylurea. not conflict with earlier work of a similar nature (6). challenge'60 minutes after last dose. 


TABLE IV. -EFFECT OF HALOPERIDOL ON PROTOVERATRINE A INDUCED EMESIS IN Docs 


--Dog 1- -Dog 2-- -Dog 3- -Dog 4----. --Dog 
D a y H " p b E C H P E H P E H P E H P E  


1 0 + + l o o +  o m +  + 2 0 0 +  + 2 0 0 +  0 
2 0 0 0 0 0 0 1 0 0  0 0 1 0 0  0 0 0 0 0 
3 0 0 0 0 0  0 1 0 0 0  0 2 0 0 0  0 0 0  0 
4 200 + + o +  + l o o +  0 2 0 0 +  4- o +  + 
5 0 0 0 0 0  0 0 0  0 0 0  0 0 0  0 
6 0 0 0 0 0  0 0 0  0 0 0  0 0 0  0 
7 0 0 0 0 0  0 0 0  0 0 0  0 0 0  0 
8 200 + + l o o +  + 1 8 0 +  0 2 0 0 - k  + 2 @ +  4- 


a Haloperidol dose in mcg./Kg., i.v.--chdlenge 60 minutes after drug. Protoveratrine A: +, 5.6 mcg./Kg., i.v.; 0, no 
drug. C Emesis: +, present; 0, absent. 


some convulsive-like activity, urination, diarrhea, 
salivation, and emesis. Often these effects occurred 
in such a rapid sequence that it was difficult to 
determine which came first. The results are pre- 
sented in Table 11. 


When the protoveratrine A challenge (6 mcg./Kg., 
i.v.) was repeated after an interval of 15, 30, 40, 
120, or 135 minutes, all dogs vomited regardless of 
the time interval. Of the seven dogs used in this 
experiment, six vomited after the first injection of 
protoveratrine A. Only the dog which failed to 
vomit after the first dose showed the convulsive 
movements after the second protoveratrine A dose. 


None of the compounds tested proved to alter 
significantly the emetic effects of protoveratrine A 
(Table 111) under the conditions of the experiment. 
For the most part, none of the other side effects were 
altered by these compounds. As expected, atropine 
prevented the salivation usually observed. 


Haloperidol was inconsistent in preventing proto- 
veratrine A induced emesis (Table IV) in the 
exploratory investigation and uniformly unsuccess- 
ful in preventing emesis and convulsive activity in 
the three dogs used in the subsequent study. Toxic 


The investigator should not be misled by the 
constancy of emesis observed in data reported in 
Table 11. Although most dogs showed emesis 
following a dose of about 6 mcg./Kg., we have found 
dogs who failed to  respond or did so inconsistently. 
Thus, protection as first obtained with chronic 
administration of piperacetazine must be viewed 
with suspicion until several dogs are used. 


That many agents have been reported to reduce 
the susceptibility of the dog to  the emetic effect of 
apomorphine is well documented. On the other 
hand, no compound has been found successful in 
preventing emesis induced by protoveratrine A in 
the dog. A decade ago chlorpromazine was shown 
to be effective against apomorphine (7-9) but not 
veratrum ( 10). More recently, chlorpromazine, 
triflupromazine, perphenazine, and fluphenazine 
were also found effective against apomorphine 
induced but not veratrum induced emesis (11). 
We confirmed this work for triflupromazine and per- 
phenazine. Furthermore, three additional pheno- 
thiazines (pipamazine. piperacetazine, and prochlor- 
perazine) were shown to be ineffective against proto- 
veratrine induced emesis. 
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Compounds other than phenothiazines were also 
investigated for their ability to block protoveratrine 
induced emesis. Three potent antiemetic agents, 
haloperidol, meclizine, and trimethobenzamide (12, 
13) were found to  be without effect. Similarly, 
atropine, nicotinic acid, and P-275, which have not 
been reported to  be antiemetic, were ineffective. 
Furthermore, chlorphenoxamine and reserpine did 
not consistently block PAB emesis. Other workers 
(6, 14) have reported that parasympatholytics 
(atropine, scopolamine, and methantheline), a gang- 
lionic blocker (tetraethylammonium), a sympatho- 
mimetic (ephedrine), an antihistaminic (dimenhy- 
drinate) and reserpine failed to prevent veratrum 
emesis in dogs. 


Until more data are forthcoming on the mech- 
anism of the emetic action of protoveratrine A,  the 
inability of potent antiemetics t o  prevent the effect 
will remain obscure. 


SUMMARY 


Protoveratrine .4 is equally potent as an emetic 
agent by the intravenous and oral routes. On the 
other hand. protoveratrine B is only one-fifth as 
potent orally as by the i.v. route. 


Neither the rate of injection nor the volume of 
solution containing the emetic dose of protoveratrine 
A is important with respect to modifying the side 
effects which usually accompany the intravenous 
injection of the drug. 


Journal of Pharmaceutical Sciences 


Acute tolerance does not develop to  the emetic 
action of protoveratrine A. Six out of seven dogs 
which responded to  a challenging dose also vomited 
when the dose was repeated after an interval of 15, 
30, 40, 120, or 135 minutes. Tolerance developed 
to  the convulsive-like effects. 


None of the drugs tested in this study were effec- 
tive in preventing protoveratrine induced emesis in 
dogs. 
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Gas Chromatography of Esters of Plant Acids 
and Their Identification in Plant Materials 


By HARMON M. KELLOGG, E. BROCHMANN-HANSSEN, 
and A. BAERHEIM SVENDSEN* 


The gas chromatographic retention data of methyl and ethyl esters of a number of 
common plant acids are reported. Special emphasis is placed o n  the acids of the 
Krebs cycle. Of four liquid phases used, Apiezon L appears to  be most generally 
appljcable and the only one which permits satisfactory separation of fumarate and 
succinate. The esters of citric acid and isocitric acid (lactone) are teadil separated 
o n  all four columns. The  method has been used for identification of &e acids in 
various plant materials. It is sensitive and selective and should be valuable for bio- 
chemical studies concerning the production and function of organic acids in plants. 


LANTS CONTAIN a large number of organic P acids, some of which may be characteristic of 
certain plant families. Others, such as a group 
of di and tricarboxylic acids, are found more 
widely distributed throughout the vegetable 
kingdom and are usually referred to  simply as 
the plant acids. 


In 1937, Krebs and Johnson (1) showed that  -~ 
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these acids play a central role in cellular respira- 
tion, and the series of reactions which are in- 
volved is known as the Krebs cycle. Some of the 
acids of the Krebs cycle, such as succinic, fu- 
maric, malic, and  citric acids, are found in ap- 
preciable concentrations in practically every 
type of plant material. Most of the others are 
present only in small amounts and require sensi- 
tive and specific methods for their detection. 
The  keto acids, particularly oxaloacetic acid, are 
unstable and may easily be lost during the isola- 
tion procedures commonly used for plant acids 
and may thus escape detection. The  enzymes 








Determination of Moisture Content of Lactose 
by Neutron Thermalization 


By GARNET E. PECK*, JOHN E. CHRISTIAN, and GILBERT S. BANKER 


A procedure has been developed for the determination of moisture in an organic 
material by the thermalization of neutrons. The method developed utilized com- 
mercially available equipment designed for depth moisture determinations of soils. 
The moisture content of three series (replications) of water in lactose U.S.P. was 
determined at various concentration levels by the neutron method and by two 
official methods (gravimetric and Karl Fischer titration). The number of thermal 
neutrons produced at the various moisture concentrations prepared were plotted 
against the corresponding moisture content indicated by each of the two official 
moisture determination methods. Regression curves were prepared using least 
squares calculations. With f tests it was shown that the means of the slopes of the 
three series were estimates of the true slope of the regression curves, and 0.95 con- 
fidence limits were also set on  the slopes. The applicability of this new method of 


determining the moisture content of pharmaceutical systems is discussed. 


N THE PREPARATION and evaluation of pharma- I wutical products numerous methods of analy- 
sis are used to control the  quality of the finished 
product. The control procedures for pharma- 
ceutical products include in-process controls as 
well as the final release of the  products for patient 
consumption. A determination which is critical 
in pharmaceutical processing of solids is the de- 
termination of moisture content. This deter- 
mination usually requires the removal of a repre- 
sentative sample from a large mass of material 
with one of the official methods of the U.S.P. 
heing used t o  determine the moisture content 
(1). A method has been developed for the 
sampling of large volumes of soil in silu (2-4), 
using a probe containing a radioactive source. 
The method determines both bound and un- 
bound water. The purpose of this study was to  
evaluate this method with commercially available 
equipment for possible pharmaceutical applica- 
tions in systems containing organic compounds. 
Since the proposed method is based on the ther- 
malization of fast neutrons by  the hydrogen 
atoms of water, i t  was necessary to investigate 
the ability of the nuclear system t o  measure the 
change in hydrogen atom content due to added 
water in the presence of large amounts of hydro- 
gen atoms present in organic medicinals. 


The moisture measurements by  this nuclear 
method depend on the moderation of fast neu- 
trons by the hydrogen atoms of water producing 
slow or thermal neutrons which are detectable 
by a boron trifluoride detector ( 2 ) .  The number 
of slow neutrons resulting from the moderation 
is directly proportional to  the number of hydro- 
gen atoms in the sample. Since the density of 
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the material being studied would determine the 
amount of hydrogen atoms observed by  the 
neutron source per unit volume, it is  necessary 
to  observe the relative density. The amount 
of absorption and backscattering of gamma rays 
by the outer electrons of the  atoms in  a given 
sample is a measure of the material's density (2). 
The amount of backscattering is inversely propor- 
tional to  the density. In  this study the gamma 
source was used only to observe any  large changes 
in sample density. 


EXPERIMENTAL 
Since lactose is commonly used as a diluent and 


filler in many solid pharmaceutical preparations, it 
was chosen to  represent organic substances com- 
monly encountered in the manufacture of medicinals. 
Because of the sphere of influence of the neutron 
source used in this study, which was 12 in. in water, 
it was necessary to work with a 40 Kg. sample. 
Figure 1 illustrates the system used for the moisture 
determination procedure. The samples were evalu- 
ated in a standard container 35 cm. in diameter 
and 66 cm. deep. Supports were placed inside the 
drum to hold an access tube required to permit the 
insertion of the depth moisture and density probes. 
The supports also served to  insure reproducible 
geometry of the system. The size of the container 
was within the limits suggested by previous work 
with sand, earth, and cement (5). The nuclear 
equipment used in this study was obtained from the 
Nuclear-Chicago Corp., Des Plaines, 111. It consisted 
of their model P 19 depth moisture probe, model P 20 
depth density probe, and model 2800 portable 
scaler. 


The moisture probe is 15 in. in length and 11/2 in. 


Fig. 1 .-Moisture 
gauging equipment 
and sample container. 
Key: 1,  scaler; 2, 
graduated cable; 3, 
attached external 
timer; 4, sample con- 
tainer and access tube; 
and 5 ,  neutron probe 
inside paraffin shield. 
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TABLE I.-CALIBRATION DATA FOR THE MOISTURE 


DETERMINATION OF LACTOSE, SERIES 3 


-Moisture Content- Neutrone GammaC 
Method Method Count, Count. 


Sample la zb c.p.m. c.p.m. 
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1 5.0734 0.10 10,381.25 22,048.20 
2 5.4479 0.48 10,616.25 22,310.15 
3 6.0835 1.10 10.635.50 22,358.15 


1 W. J. Fitzpatrick Co., Chicago, Ill. 


/' I 


I .  I 
4 6.4655 1.70 10,761.25 22,256.55 
5 6.7794 2.30 10,569.50 22,373.80 
6 8 0475 3.10 11.026.75 22.660.90 8153g8 4100 , - - -  - 
7 ii i610. 60 22,563.55 
8 9.3001 4.90 11,987.05 22,443.35 
9 10.4767 5 .35  11i837.70 22,379.00 


10 11.0067 5.70 12,503.80 22,423.70' 
11  11.4877 6.70 12.923.95 22.401.60 ~~ 


12 ii.9584 6.90 i2:928.65 22;418.60 
13 12.1929 7.60 12,722.45122,539.30 
14 12.5308 8.70 13.318.05 22.297.95 
15 12.7883 8.80 131239.75 221374.00 


0 Karl Fischer titration. in per cent. * Moisture balance 
method, in per cent. Average of five 4-minute counts. 


in diameter. The probe consists of the neutron 
source (radium-beryllium), detector, and preampli- 
fier. The neutron output of the source was 6.78 
X lo* neutrons per second. A boron trifluoride 
slow neutron detector is used in the probe. The 
probe is connected to  the scaler with a cable which 
is graduated every 2 in. When not in use, the probe 
is stored in a paraffin shield. The density probe 
consisted of a gamma source (2.83 mc. of cesium- 
137). detector (three G. M. tubes), and a preampli- 
fier. I t  was also connected to  the scaler with a 
graduated cable. The portable scaler supplied 
has a built-in timing device; this timer was not 
accurate enough for this study. A Liebil-Flar- 
shein, model 42 motor driven time switch was con- 
nected to  the leads to the built-in timer. The scaler 
was operated in the A-C position. 


Moisture Determination Procedure.-Certain pre- 
liminary observations were necessary before the 
final procedure was established. To insure that the 
system was operating properly, the moisture probe 
was inserted into a 20 gal. tank (1-6 in. in diameter 
and 18 in. deep) containing water. This water 
sample was used to study the effect of the height of 
the probe in the sample and to check the system 
before measuring lactose samples. In water the 
probe was operated at a height 4 in. from the bot- 
tom of the water container and 6 in. from the bot- 
tom of the sample container for the lactose. These 
heights gave the maximum readings for the respec- 
tive samples. To check the reproducibility of the 
neutron count rate, the sample container was filled 
with lactose and counts were taken at the 6-in. 
level on 3 successive days. On each occasion the 
neutron probe was inserted to  the appropriate 
level, counts taken, and the probe removed. Simi- 
lar measurements were made in water. For 
the density measurements the position of the 
probe in the sample was a t  a height 4 in. from the 
bottom. All measurements were within the normal 
counting error of the respective systems. 


Standard Curve Preparation.-The lactose used 
in this study was powdered by passage through a 
No. 60 mesh screen using the Fitzpatrick comminu- 
tor, model M,' with the hammers forward. The 
material was placed in the sample container and 
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Fig. 2.-Standard curve for the moisture deter- 
mination of lactose: neutron counts vs. moisture 
balance. Key: ., Series 1;  A, Series 2; and 0, 
Series 3. 
nuclear measurements were taken. After removal 
of the lactose from the sample container, it  was 
divided into two batches of 20 Kg. each. Distilled 
water was added to  each batch and mixed using a 
Stokes 21 AA mixera for 20 minutes. The batches 
were combined and passed through a suitable ween  
(No. 12 to  No. 4 depending upon the amount of 
moisture added) using the Stokes oscillating granu- 
lator, model 43 A.* This was done to  insure further 
complete distribution of the added water within the 
lactose. The moistened samples were stored in a 
single plastic bag for 24 hours before measurements 
were made with the probes. At low moisture con- 
tents this storage period was very important-to 
be certain that the added water was in equilibrium 
throughout the lactose sample. The following step- 
wise procedure was used for preparation and obser- 
vation of the samples: 
The lactose was added to  the standard container by 


carefully scooping to avoid the entrapment of 
large voids within the container. 


A 2-02. composite sample was removed during the 
filling of the sample container for moisture deter- 
mination by the Karl Fischer method and the 
moisture balance method. 


The container was then shaken by hand t o  remove 
void spaces in the large sample volume. 


The density probe was checked in its shield against 
the standard source (five 4-minute counts taken) 
after a 30 minute warm-up time and was then in- 
serted into the sample via the access tube. 


Five 4-minute counts were taken with the probe 4 
in. from the bottom of the container. 


The moisture probe was connected to  the scaler, and 
the system warmed up for 30 minutes. 


Five 4-minute counts were taken in the water tank 
with the probe inside an access tube and 4 in. 
from the bottom. 


The probe was then placed in the sample container 
filled with the lactose, and five 4-minute counts 
were taken. After the density readings were 
taken, the density was adjusted by further shak- 
ing of the sample container to  bring the density 
value close to  a previous sample. 


RESULTS AND ANALYSIS 
To state that it is possible to  determine the mois- 


ture content of an organic substance such as lactose, 
F. J.  Stokes Corp.. Phitadelphia, Pa. 
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TABLE I1 .-EVALUATION OF MOISTURE CALIBRATION DATA FOR LACTOSE 
__- - -_ 


Limits' on 
Series U P  ,* 1 teste Sloped Slopes 


Karl Fischer Method 
1 
2 
3 


1 
2 
3 


2.0988 309.265 
2.1506 203.741 
2.5086 232.545 


0.02618 397.361 zk85.2297 
0.52519 409.175 f52 .8375 


-0.57986 382.449 f 51.6993 
Moisture Balance Method 


2.2669 348.818 -0.0145 360.693 f95.2322 
2.3875 276.665 0.1278 365.156 f64.6296 
2.8388 235.585 -0,0911 359.04i zk46.2847 


a Standard deviation of X (moisture content). b Standard error of estimate for the universe. 
d Slope in c.p.m. per 1.0% water content. 


c Critical region for t test: 
a 0.95 confidence limits for f2.160 for ~1 = 0.05 and t2 - 2 degrees of freedom. 


slopes: b f k.~m s/uId/N. 


utilizing the principle of neutron thermalization, 
it must first be shown that a useful calibration curve 
can be prepared. Lactose contains sufficient hydro- 
gen atoms (C12H22011.H20) to  produce a significant 
slow neutron count by itself when dry. In this 
study lactose was moistened with water and the 
change in slow neutron count was observed at the 
various moisture levels. Three series (replications) 
of the measurements were made. An example of 
the data collected in this study is given in Table I. 
The samples used to  determine the moisture con- 
tent by the Karl Fischer titration and the moisture 
balance were taken from the same composite samples 
of each series. Figure 2 is a plot of the slow neutron 
count for each sample versus the per cent moisture 
content obtained using the moisture balance. The 
equations for each series as determined by least 
squares calculations are 


Series 1 
Series 2 
Series 3 


Y = 10,192.595 + 360.693 X 
Y = 10,169.221 + 365.156 X 
Y = 10,190.250 + 359.047 X 


Because of the closeness of these values, it is im- 
possible to  show more than one regression curve for 
the data found in Fig. 2. This would indicate that 
the total reproducibility of this calibration method 
is satisfactory. A hypothesis was proposed to 
test the calculated slopes against the mean of these 
slopes. To test the hypothesis that each slope 
was either equal or unequal to  the mean slope the 
following equations were used (6): 


Standard deviation of X 


Standard error estimate for the universe 


Hypothesis test for the slope 


(Eq. 3) f n - 2 = -  b - bmom 


SUE 


U* dn 


Table I1 is a summary of the results of the calcula- 
tions. The t test used in this study was based on a 
0.95 confidence level and n - 2 degrees of freedom. 
From these data it may be stated that the hypothe- 
sis cannot be rejected and that the slopes are equal, 
since all calculated 1 test values fall within the criti- 
cal region. Therefore, when the moisture content 
was determined by the moisture balance method, 


each change of 1 yo moisture content was represented 
by an average change in slow neutron count of 361 
c.p.m. as indicated by the calculated average slope. 


Figure 3 represents another expression of the data 
from the three series of measurements, with the 
neutron counts being the same as  the above, but the 
moisture content having been determined by Karl 
Fischer titration. The equations for the regression 
curves were also determined by the least squares 
method and are 


Series 1 
Series 2 
Series 3 


Y = 7,908.187 - 397.361 X 
Y = 8,169.249 - 409.175 X 
Y = 8,281.084 - 382.449 X 


Table I1 illustrates the results from the same 1 test 
used for the moisture balance method. Again, for 
the three series of measurements the hypothesis 
that the slopes were equal to  the mean slope could 
be accepted. Therefore, it  may be stated that when 
the moisture content was determined by the Karl 
Fischer titrations, each change of 1% moisture 
content was represented by an average change in slow 
neutron count of 396 c.p.m. as indicated by the 
calculated average slope. 


It is possible to  set confidence limits on the calcu- 
lated slopes using the following equation (6) 


Table I1 shows the calculated 0.95 confidence limits 
with n - 2 of freedom. All the slopes fall within 


7 0  MOISTURE-KARL FISCHER TITRATION 


Fig. 3.--Standard curve for the moisture deter- 
mination of lactose: neutron counts vs. Karl Fischer 
titration. Key: ., Series 1 - - - - - - -; A, Series 2 


-; 0, Series 3 -. _ . _ . _ .  
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the limits, regardless of which slope is used to  set 
these limits. This would indicate that any of the 
slopes of the regression curves are good estimates of 
the true slope, b’. 


Table I includes the scattered gamma readings 
taken with the depth density probe. These meas- 
urements were made to  observe and control, if 
necessary, the density within a given series of 
measurements. An attempt was made to correct 
for apparent differences in density within a series 
and from one series to  the other; but when the cor- 
rections were applied, no improvements in the cali- 
bration curves resulted. 
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DISCUSSION 


The neutron thermalization method of determin- 
ing moisture in organic materials has two limita- 
tions that should be mentioned. First, the system 
used in this study requires a rather large sample. 
This is because the sphere of influence of the neutron 
probe is large, being 12 in. in water. Lactose, with 
its large number of hydrogen atoms per molecule, 
has a sphere of influence for the neutron source 
close to  the value for pure water. If the sample 
size is inadequate, the neutron source will sample 
material outside the sample container. The sample 
size required for lactose was about 40 Kg. 


The second principal limitation of this method is 
the complexity of achieving a satisfactory standard 
curve for the substance under study. A degree of 
scattering of the points of the calibration curves 
may be expected, requiring that a larger number of 
points be determined for the standard curves re- 
quired for each compound or mixture. Some of the 
sources of error that may contribute to  the scattering 
of the points are (a) a nonuniform incorporation of 
the added water, ( b )  variations in sample packing, 
(c) the normal slow neutron detection error which is 
about I%, ( d )  the error in the determination of 
moisture content by the moisture balance or the 
Karl Fischer titration, and (e) any slight variation 
in geometry of the probe within the sample. 


These errors may or may not be additive. How- 
ever, with a sufficient number of samples at various 
moisture concentrations, a suitable calibration 
curve can be obtained which is reproducible. 


The advantages of the neutron thermalization 
method for moisture determination are: ( a )  
nondestructive testing of the test sample, (b )  adapt- 
ability to continuous and automated programs, 
(c) elimination of the removal of small composite 
samples from large volumes of material with a con- 
comitant reduction in sampling problems and sample 
error, and ( d )  the measurement of a system for an 
acceptable or unacceptable moisture level. 


In certain pharmaceutical systems the neutron 
probe could be used simply to  indicate an acceptable 
or unacceptable moisture concentration and would 
not require a complete calibration curve for various 
materials. The elimination of the need of removal 
of a composite sample from a quantity of material 
would be time saving as well as more accurate. 


The increase in accuracy of the moisture determina- 
tion would be because the neutron probe analyzes 
a much larger sample because of its large sphere of 
influence. Most conventional methods analyze a 
small sample. 


Two special areas of application are proposed. 
First, incoming bulk chemicals could be analyzed 
quickly and easily for moisture content by simply 
inserting an access tube, lowering the neutron probe, 
and measuring the slow neutron count rate. This 
would require only a simple calibration over a rather 
narrow range. Second, the use of the neutron 
probe for in-process control could enjoy wide appli- 
cation. For example, it  would be possible to  mount 
the probe inside the shaft of a large dough mixer or 
on one of the walls of the mixer. The neutron source 
could be then exposed a t  desired intervals to  deter- 
mine the extent of moistening taking place. This 
system could be calibrated for water or for other 
hydrogen containing moistening agents. 


CONCLUSIONS 


1. It was possible to prepare a calibration curve 
for the determination of moisture content of lactose 
by neutron thermalization using commercially 
available equipment. 


The calibration curves for the moisture de- 
termination of lactose were prepared by plotting the 
slow neutron count versus the moisture determined 
by the moisture balance and by Karl Fischer titra- 
tion. The best reproducibility was obtained using 
the neutron count versus the moisture balance for 
evaluation. However, acceptable reproducibility 
was obtained when the calibration curves were based 
on the Karl Fischer titrations. 


A hypothesis test that  the individual slopes 
(replications) were equal to  the mean slope resulted 
in an acceptance of the hypothesis for the calibra- 
tion curves based on the moisture balance method 
or the Karl Fischer titration. 


In either case i t  was possible to  set 0.95 confi- 
dence limits on the slopes. 


For the series in which the moisture content 
was determined by the moisture balance a change of 
1 % moisture content was on the average indicated 
by a change in neutron count of 361 c.p.m. 


For the series in which the moisture content 
was determined by the Karl Fischer method a 
change of 1% moisture content was on the average 
indicated by a change in neutron count of 396 
c.p.m. 


2. 


3. 


4. 


5. 


6. 
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Laxatives I1 


Relationship Between Structure and Potency 


By MAX H. HUBACHER and SIDNEY DOERNBERG 


T h e  Relative Laxative Potency of a series of compounds was determined. These 
were mainly phenols containing certain groupings. W e  find two phenolic HO- 


groups, preferably in  the configuration (p) HO-C&-&-C&&-OH (p') in  the syn- 


thetic organic laxatives most commonly employed commarcially. The  two exhibiting 
the highest otency also contained a mtrogen ring. The  Macaque monkey (Mucaca 
mulatta an8M. speciosu) gave the most consistent and meaningful potency values, 


data which could be applied successfully to humans in  laxative action. 


N A PREVIOUSLY published paper on this subject I ( l ) ,  the observation was recorded that of 36 
compounds tested, only those which had at least 
two phenolic hydroxyl groups had laxative 
properties, preferably those with the grouping a 
in their molecule. In  the present work, this 
concept was explored further with the preparation 
and testing of additional compounds. 


Included in this investigation were three 
phthaleins-an isomer of 0-(4,4'-dihydroxybenz- 
hydryl) benzyl alcohol, the latter previously 
found t o  be an excellent laxative (1); a mono-, 
di-, and tetrahydric alcohol; commercially avail- 
able sennoside (2), which is a mixture of the 
naturally occurring glucosides extracted from 
senna; and other compounds having either of 
the groupings a, b, c, a!, or e in their molecule. 


OH OH 


a 


CH 
II 


-C- 
I 


-C- 
I 


d 
/ N \  


b 


-c- 
I 


/N\ 
e 


~ 
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Methods of preparation are given for new 
compounds or for known compounds when the  
method either gives a better product or a better 
yield than the published one. 


LAXATIVE POTENCY 


The laxative potency of these compounds was 
determined on monkeys, as previously described 
(1). Until recently, the rhesus monkey (Macaca 
mulath) was used exclusively because of the close 
similarity to human reaction to laxatives. Re- 
cently, Kling and Orbach (3), also Hensley and Rich- 
mond (4), described their experiences with a sub- 
species, Macaca specwsa or stump-tailed monkey. 
On the basis of their findings regarding the anatom- 
ical and behavioral characteristics of this species, 
it  was decided to  determine their suitability as 
a subject in laxative potency tests. 


Results show that this animal makes an excellent 
subject and compares favorably with rhesus mon- 
keys. Their response to laxatives is consistent, 
they take their doses willingly, are more docile and 
more resistant to infection than the rhesus monkey. 


The laxative potency was determined by the equi- 
effective dose method, compared to the same dose of 
a phenolphthalein N.F. XI, whose purity and laxa- 
tive response had been determined on animals and 
humans. The doses were administered in food, 
mixed with cereal, or placed in wedges of apple, 
banana, melon, etc. The bottom of the cages are 
provided with a raised grid with 0.5-in. mesh open- 
ing, so that the soft stools are deposited on the sup- 
porting tray and can be easily counted. Three 
consecutive days of hard stools must intervene be- 
tween administration of doses. If the initial dose 
produces no soft stools, it  is increased by 1 mg./Kg. 
increments a t  3-day intervals until a response of 
from two to five soft stools over a 3-day period is 
obtained. This dose is a direct relationship to the 
Unit Standard Dose for that animal and the Relative 
Laxative Potency (R.L.P.) is expressed in units 
obtained by the formula 


R.L.P. = 
Minimum Laxative Dose of Standard in mg./Kg. 
Minimum Laxative Dose of Unknown in mg./Kg. 


This method is somewhat modified from previ- 
ously published procedures (5-7) and has given con- 
sistent and comparable results. 


For our purpose, a compound whose R.L.P. was 
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less than 0.1, i.e., if a dose 10 times the minimum 
effective dose of phenolphthalein X.F. X I  did not 
produce laxative effect, the compound was innctivc 
for practical purposes. 


EXPERIMENTAL1 
Preparation of Compounds 


Phenolthymolphthalein or 3-(4Hydroxyphenyl)- 
34 2-methyl-4-hydroxy-5-isopropyyphenyl )phthalide 
(I).-A mixture of 60.5 Gni. (0.1 mole) of thyrnol,2 
48.4 Gm. (0.2 mole) CJf 2-(+hydrosybenzoyl)ben- 
zoic acid (IO), 20 Gm. of anhydrous zinc chloride, 
and 0.16 ml. of concentrated sulfuric acid was 
stirred for 2 hours a t  120'. Dilute hydrochloric 
acid then was added and the unreacted thymol was 
steamed out (28 Gm.). The crude phthalein (70.5 
Gm., n1.p. 270-2i5") was dissolved in 1600 nil. of 
boiling ethanol. On cooling, four crops of crystals 
totaling 67.8 Gm. (9OC~,), m.p. 2884-286", were 
obtained. 


The pure phthalein ( I )  formed colorless needles, 
melting a t  285-286" [Ghatak (11) gives a m.p. of 
231-232" and Kilt (12) gives a I I I . ~ .  of 276" for this 
phthalein] ; it dissolved in normal sodium hydroxide 
with a deep purple color. 


And.-Calcd. for Cz4Hn04: C, 76.98; H, 5.92. 
Fciund: C, 77.14; H, 6.27. 


Subjecting 7.5 Gm. of I to the Friedlander 
oxime splitting ( lo) ,  yielded 1.4 Gm. of 2-(4-hy- 
droxybenzoy1)benzoic acid and 1.1 Gm. of an amine, 
m.p. 17i-l7So, which was identical with P-isopropyl- 
4-amino-5-methylphenol (13). This finding proves 
that both HO-groups in I are in the para position 
to the center carbon aton: of the triphenylrnethane 
molecule. 


Diacetylderivative of 1.-This compound, re- 
crystallized from ethanol, formed colorless crystals 
melting at 156.3 to 157.1". 


Anal.-Calcd. for C&?BOK: C, 73.36; H, 5.67; 
mol. wt. 458. Found: C, 73.28; H, 5.37; mol. wt. 
480. 


The Dimethylether of 1.-This compound, pre- 
pared from I by either the methyl iodide or the 
dimethyl sulfate method, after crystallization from 
419; ethanol (1 Gm. in 240 nil.) formed colorless, 
fine needles. melting at 141.3 to 142.1" [Kin (12) 
reported a m.p. of 122'1. 


And-Calcd. for C~KH~KOA: C, 77.58; H, 6.51. 
Found: C, 77.20; H, 6.22. 


Phenolcatecholphthalein or 3-(p-Hydroxyphen- 
y1)-3-(m,p-dihydroxypheny1)phthalide (II).-This 
phthalein was not easily purified since it did not 
crystallize readily. Therefore, patience was needed 
to obtain seed crystals. 


The following procedure gave a good product in 
fair yields. A mixture of 22.0 Cm. (0.2 mole) of 
catechol, 48.4 Gni. (0.2 mole) of 2-(4-hydroxy- 
benzoy1)benzoic acid (10). 20 Gm. anhydrous zinc 
chloride, and 0.1 ml. of concentrated sulfuric acid 
were stirred for 2 hours a t  120'. To remove the 
dark, sticky mass from the flask, it was refluxed 
with 200 ml. of ethanol until dissolved, requiring 1 to 
2 hours. The solution was poured into 1 L. of water. 
The precipitated, pliable mass became hard after 
standing for several days (56-61 Gm., m.p. 192- 


1 All melting points are corrected. Molecular weights 
determined by the Signer method as described by Clark (8 ) .  
Color designations are by the Munsell color system (9). 


This is an excess of lOO'% over theory, the excess acting 
as a solvent. 
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198"). I t  was crystallized from 50y0 acetic acid 
(1 Gm. in 2 nil.) or from 20% ethanol (1 Gm. in 
20 ml.), stirring the solution while cooling a t  a rate 
o f  1" an hour; 45-.50 Gin. (67-iVX)). m.p. 203-2Mio, 
was obtained. 


Sometimes, even after seeding, no crystals could 
bc ihtaiiircl. 111 srich c:ises, the antorphous mass 
was acetylatetl :inti the purified trincetyl derivative 
hytlriolyzed :is described below. 


The pure pheno~catecho~pht~la~ein (TI) melted 
a t  203.5-208.0° [Ghatak (11) recorded a m.p. of 
148-149", while Kin (12) could not obtain it in 
crystalline form]. 


And.-Calcd. for CmHlaOs: C, 71.85; H, 4.22; 
mol. wt. 334. Found: C, 71.48; H,  4.46; mol. wt. 
339. 


The dark reddish-brown solution of I1 in 1 N 
sodium hydroxide turned brown on exposure to air 
a t  25" for several weeks, and 2-(4-hydroxybenzoyl)- 
benzoic acid was isolated from the solution. 


The trimethylether of I1 was obtained as a non- 
crystallizable oil. 


Tnacetylderivative of 11.-This compound was 
prepared from 11, acetic anhydride, and a trace of 
sulfuric acid. After crystallizations from ethanol 
(1  Gni. in 16 ml.), it  melted a t  154.5 to 155.6" 
[Kin (12) recorded a m.p. of 148'1. 


AnaZ.--Calcd. for C ~ K H ~ O R :  C, 67.82; H. 4.38; 
mol. wt. 460. Found: C, 67.45; H, 4.73; mol. wt. 
451. 


This triacetylderivative was best hydrolyzed by 
refluxing for 1.5 hours a solution of 6 Gm. in 30 ml. 
of ethanol and 0.05 nil. of sulfuric acid. The sol- 
vent was evaporated in vacuo and 100 ml. of 
water was added to the residue. The amorphous 
precipitate of I1 slowly became crystalline. 


Alkaline hydrolysis is not recommended because 
of the instability of I1 in alkaline solutions. 


Phenoltoluenephthalein or 3-(p-Hydroxyphenyl)- 
3-(p-tolyl)phthaIide III.-A mixture of 48.0 G I ~ .  
(0.2 mole) of o-(p-toluoy1)benzoic acid (14). 28.2 Gm. 
(0.3 mole or 50% excess) of phenol. 20 Gm. anhy- 
drous zinc chloride, and 0.5 ml. concentrated sul- 
furic acid were stirred for 8.5 hours at 120-125". 
The hot, viscous reaction mass was poured into 1 L. 
of water, removing the part adhering to the flask 
with hot ethanol. The crude phthalein was washed 
five times with hot water, cooling and decanting the 
water each time. The phthalein (60-65 Gm., m.p. 
121-140"), which now had become hard, was 
crystallized from acetic acid (1  Cm. in 2.5 ml.). 
If no seed crystals are available, then crystallization 
may not set in for many weeks. Two crops of 
crystals, totaling 37.3 to 41.8 Gm. (5+6670), m.p. 
149-153", were obtained. 


This phthalein may also be crystallized from ben- 
zene (1  Gm. in 8 ml., recovery 9373, from which 
solvent i t  crystallizes with 1 mole of solvate benzene, 
which it loses slowly at 25', rapidly at 120'. Calcd. 
for C21HlaOa . CKHK: benzene 19.8y0; loss a t  120": 
20.4 f 1.1%. 


The pure I11 melts at 154.1 to 155.9". 
And-Calcd. for C Z ~ H ~ K O ~ :  C, i9.73; H. 5.10; 


mol. wt. 316. Found: C, 79.70; H, 5.90; mol. wt. 
319. 


A solution of I11 in 5 N sodium hydroxide is 
colorless, whereas a solution in sulfuric acid is 
orange. 111 is very soluble in acetone, ethanol, 
n-butanol, cyclohexanone, and in chloroform. 
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TABLE I.-COMPOUNDS AND THEIR LAXATIVE POTENCY 


NO. 
1 


11 
I l l  
IV 


V 
VI 


VII  


VIII  


IX 


X 
X I  


XI1 


XI11 


XIV 


xv 
XVI  


XVII  


XVIII  


X I X  


xx 
X X I  


X X I I  


XXII I  


XXIV 


xxv 
XXVI 


XXVII 


XXVlII  


X X I X  


xxx 


X X X l  


X X X l l  


Con- 
tains 


Name Group Prepn. 
Phenolthymolphtbaldn 
Phenolcatecholphthalein 
Phenoltoluenephthalein 
0-(4-Hydroxy-4 '-methylbenz- 


hydryl) benzoic acid 
Pyromellityl alcohol 
3,6- Dibydroxy-9-xanthone 
1 ,I-Bis(p-hydroxypheny1)- 


cycloherane 
2-Phenyl-4-(p-hydroxybenzyl- 


idene) -5-oxazolone 
p-Hydroxybenzylidene- 


hydrazide of the bis(p- 
hydroxyphenyl) acetic 
odd 


2- (p-Hydroxystyry1)pyridine 
2,6-Bis(p-hydroxystyryl)- 


pyridine 
2- (9-Hydroxypheny1)-1 ,3- 


indandione 
0-  (2,4-Dihydroxybenzhydryl)- 


benzoic acid 
0- (2,4- Dihydroxybenzhydryl) 


benzyl alcohol 
Ricinoleyl alcohol 


Phthalyl alcohol 


Sennosides Sandoz 


10.10-Bis(P-hydroxyphenyl) - 
4,4'-Dihydroxybenzil 


Ethyl bis(p-hydroxypheny1)- 
acetate 


Hydrazidr of the bis(p- 
hydroxypheny1)acetic acid 


4,4'-Dihydroxytriphenyl- 
acetic acid 


4.4'- Dihydroxytetraphenyl- 
methane 


1,5-Bis(p-hydroxyphenyI)- 
1,4-pentadiene-:l-one 


4.4 '- Dihydroxychalcone 
Z-(p-Hydroxybenzylidene) - 


I -indanone 
2- (p-Hydroxybenzylidene) - 


1.3-indandione 
2 4  0- Hydroxybenzoyl) - 1.3- 


indandione 
01- (p-Hydroxybenzylidene) - 


hippuric acid 
3. Phen yl-4- (P-hydroxybenryl- 


idene) -5f4)-isoxazolone 
2 4-I>iamino-6(p hydroxy- 


styryl)-s-triarine sulfate 
di(p-Hvdroryphenyl)-(2- 


pyridyl) methane 


9-anthrone 


... 


. . .  


. . .  


... 


... 


... 
a 


L 


a, c 


d 
d 


... 
J 


... 


... 


... 


. . .  


. . .  


a 


... 


a 


a, c 


a 


a 


b 


b 
b 


b 


... 
C 


b. d 


d 


a. c 


Described in text 


Potency 
(N.F. 


Phenol- 
M.p.. phthalein 
C. cor. = 1 )  


285-286 
203.5 to 208.0 
154.1 to 155.9 
221.7 to 222.5 


191.2 to 191.8 
>320 


187.8 to 188.9 


221.5 to 221.9 


262.5 to 263 0 


216.4 to 217.4 
258.5 to 259.0 


177.1 to 178.1 


Hubacher, M. H., J. Org. Chcm., 23,1402 186.9 t o  187.4 


Ibid. I6Y.8 to 170.4 


Marketed as  Aldol by Archer-Daniels- Colorless oi 


Nystrorn. R. F.. and Brown, W. G., J .  63.6 to 64.1 


A mixture of equal parts Sennoside A and 220-250 


Blicke, F. F., and Pate1ski.R. A., J .  A m .  311-314 


Huharher. h3. H., J .  Org. Chcm., 24,1960 250.2 to 251.4 


Ibid. 163.8 to 165.7 


Nathansohn, G.. ibid.. 26, 1421(1961). 252.0 to 253.6 


J. Mcd. Chcm.. 7 ,  671(1964). 257-259 d e .  


(1958). 


Midland Co.. Cleveland, Ohio 


A m .  Chcm. Soc.. 69, 1198(1947). 


B (2) 


Chem. SOL, 60, 2636(1938). 


(1959). 


Gomberg, M., and Jickling, R.  L., J .  A m .  


Zincke. T.. and Muhlhausen. G.. Bn.. 245.6 to 246.1 


201.2 to 202.1 
Feuerstein. W . ,  ibid.. 34, 413(1801). 222.3 to 224.6 


v. Kostanecki. S., and Ldczkowski. 240.8 to 242.2 


Horton. R. L., and Murdock, K. C., J. 280-283 dec. 


Erlenmeyer, E., Jr., and Halsey, J. T.. 238-240 dec. 


Wahl. A.. and Meyer. A., Compl. Rend., 213 . O  to 213.5 


294-296 
Chcm. Soc., 37, 2580(1915). 


36, 131(1903). 
Vorliinder. l)., ibid.. 58. 128(1925). 


i b i d ,  30, 2141(1897). 


Org. Chrm.. 25, 940(1960). 


Ann. ,  307, 140(1899). 


146, 639CI908). 
v. Humnicki. Zcnlrolbl., 11, 706(1907). 290 


239-241 Karl Thomae, G.m.b.H.. Brit. pat. 730,- 
through Chcm. Abslr., 50,  6515f 243; 


(1966). 


Inactive 
1.4 
2 0  


Inactive 


Inactive 
Inactive 
Inactive 


Inactive 


Inactive 


Inactive 
Inactive 


Inactive 


Inactive 


2 . 1  


Inactive 


Inactive 


6.1 


Inactive 


Inactive 


Inactive 


Inactive 


Inactive 


Inactive 


Inactive 


Inactive 
Inactive 


Inactive 


Inactive 


Inactive 


Inactive 


Inactive 


2-1 


When 5 Gm. of I11 and 25 Gm. of KOH were 
heated in a small distilling flask for 5 minutes a t  
225", toluene distilled off. From the cooled melt 
dissolved in water, 0.91 Gm. benzoic acid and 0.44 
Gm. p-hydroxybenzoic acid were isolated. 


Acetylderivative of IIL-This compound, pre- 
pared from I11 and acetic anhydride, was obtained 
as an oil which became crystalline on rubbing with 
ethanol. It was purified further by dissolving it 


in absolute ether (1 Gm. in 10 ml.); on adding 
petroleum ether (10 ml.) to the solution. fine needles 
were obtained, which melted at 93-97". 


Anal.-Calcd. for C2aHla04: C, 77.08; H, 5.06. 
Found: C, 77.17; H, 5.16. 


Methylether of In.-This compound was made 
from I11 by either the dimethyl sulfate or methyl 
iodide method. I t  was crystallized from ethanol 
(1 Gm. in 2 ml.) or from absolute ether (1 Gm. in 8 
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ml.), formed rectangular plates, and melted a t  94- 
99". 


Anal.-Calcd. for CZ2H1903: C, 79.91; €1, 5.49; 
mol. wt. 330. Found: C, 80.32; H, 5.61; nloi. wt. 
357. 


Phenoltoluenephthalin or 0-(4-Hydroxy-4 -meth- 
ylbenzhydryl Benzoic Acid (IV).-To a solution of 
15.8 Gm. of I11 in 60 ml. of 2.5 N sodium hydroxide, 
5.0 Gm. of powdered Raney alloy (Ni-AI) was 
added over a period of 1 hour. The temperature 
of the reaction solution went up to 45-55". The 
mixture was stirred for another 30 minutes, the 
nickel filtered off, and the filtrate acidified. The 
washed precipitate was redissolved at  25" in 110- 
140 ml. 2 N sodium carbonate, the aluminum hy- 
droxide filtered off, and the filtrate acidified. The 
crude acid (15.0 to 15.8 Gm., m.p. 19tk211°) was 
crystallized from 41% ethanol (1 Gm. in 20 ml.) or 
from 5Oy0 acetic acid (1 Gm. in 30 ml.). By sub- 
limation a t  190" and 10-p pressure, and crystallizing 
the sublimate from 41% ethanol (1 Gm. in 31 ml.), a 
very pure acid ( I V )  was obtained, colorless needles 
melting at 221.7 to 222.5". Its solution in dilute 
alkalies is colorless. I t  was very soluble in acetone 
and ethanol, soluble in acetic acid, and insoluble 
in water, benzene, or chloroform. 


Anal.-Calcd. for CZIHISO~: C, 79.21; H, 5.70; 
mol. wt. 318. Found: C, 79.26; H,  5.i8; neut. 
equiv. 315. 


The Acetylderivative of 1V.-3.18 Gm. of I V ,  
0.5 Gm. of anhydrous sodium acetate, and 5 ml. of 
acetic anhydride were heated for 1 hour to  120". 
The compound was recrystallized from ethanol ; 
crystals were also obtained by adding petroleum 
ether (6 ml.) to its solution in benzene (1 Gm. in 
6 ml.). This acetylderivative formed colorless 
crystals melting a t  179.7 to 181.0'. 


And-Calcd. for Cz3H~O4: C, 76.64; H, 5.59. 
Found: C, 76.51; H, 5.08. 


2-Methyl-% acetoxy- 19(p - acetoxypheny1)anthra- 
cene (IVa).-When 0.05 ml. concentrated sulfuric 
acid was added to  a suspension of 3.18 Gm. of IV 
in 5 ml. of acetic anhydride, the mixture became hot, 
and a dark green, clear solution was obtained. It 
was heated for a few minutes a t  100". cooled, and 
the crystal mush poured on ice. The greenish 
crude compound, after crystallization from ethanol 
(1 Gm. in 46 ml.) or from acetone, formed faint 
yellow crystals, m.p. 180.8 to 182.0'. Its solutions 
exhibited bluish fluorescence. 


And-Calcd. for C~~HZ,,O,: C, i8.11; H, 5.24. 
Found: C, 78.23; H, 5.41. 


A suspension of 5.0 Gm. of IVa in 5 ml. of ethanol 
and 26 nil. of 2 N sodium hydroxide was refluxed for 
2 hours. On acidification of the dark solution, an 
amorphous, dark precipitate was obtained (3.2 
Gm.). Since it could not be made to crystallize, i t  
was mixed with 20 Gm. zinc dust and heated in an 
atmosphere of hydrogen to  300". The small 
quantity of sublimate, after several crystallizations 
from ethanol, formed needles of faint yellow, m.p. 
1i5.3 to 176.1'. 


And.-Calcd. for C16HloO~: C, 81.08; H. 4.53. 
Found: C, 81.03; H, 4.66. 


This compound was proved, by the mixed melting 
point method, to  be 2-methylanthraquinone. 


Pyromellityl Alcohol or 1,2,4,5-Tetrahydroxy- 
methylbenzene (V).-The isolation of this alcohol 
is difficult because of its insolubility in organic sol- 
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vents and its great solubility in water. Therefore, 
the specified quantities of water and acid must be 
used. Our method of isolation of this alcohol is 
siinpler than that described by Benniiig aud Gross- 
kinsky (15). 


The thimble of an extraction apparatus was 
charged with 12.4 Gm. (0.4 mole) of pyromellitic 
acid tetramethyl ester (m.p. 141-142') and the 
flask contained a solution of 9.2 Cm. LiAlH, in 
400 ml. of absolute ether. After the thimble con- 
tent was dissolved. refluxing was continued for an 
additional 20 hours. Then 160 ml. of water was 
added dropwise, a t  the same time distilling out the 
ether, and finally 90 nil. of 10 N sulfuric acid to 
dissolve the aluminum hydroxide. The warm 
solution was cooled overnight to  room temperature, 
and the crystals which had formed were filtered off 
and washed with a little ice water. 


The dried compound (6.7 to 8.3 Gni.) was purified 
by extracting i t  in a thimble extractor with (i0 tnl. 
of methanol. The crystals formed ill the solvent 
weighed 6.5 to 6.9 Gm. (80-8i%,), 1n.p. 190-191'. 


This alcohol also could he crystallized from 
water (1 Gm. in 5.4 nil.) or sublimed a t  195' and 
6-p pressure. I t  melted a t  191.2 to 191.8" [litera- 
ture 191-192' (15)j. 
3,6-Dihydroxy-O-xanthone (VI).-A slurry of 3.0 


Gm. of 2,2',4,4'-tetrahydroxybenzophenone (1n.p. 
197-200') in 30 ml. of water was heated a t  220- 
230' in a sealed tube for 14 hours. The cooled 
mixture contained long needles (2.62 Gm.) which 
when crystallized from a considerable quantity of 
20% ethanol, formed fine silky needles which did 
not melt even a t  320". Its alkaline solutions ex- 
hibited strong bluish fluorescence. Its diacetyl- 
derivative melted at 206.5 to 207.0' (from ethanol) 
[literature 204" (16)]. 
1,l-Bis(p-hydroxypheny1)cyclohexane (VII).- 


This compound was prepared in 20'z yield by con- 
densing phenol with cyclohexanone in the presence 
of concentrated sulfuric acid. After crystalliza- 
tions from 1,2-dichloroethane (1 Gm. in 17 ml.) 
and drying at  120°, VII melted a t  183", theii solidi- 
fied and melted again a t  187.8 to 188.9' [literature 
186" (17)]. 
2-Phenyl4(p-hydroxybenzylidene)oxazol- 5 -one 


(VIII).--This conipourid has been made in low yields 
either by demethylation of its methyl-ether or by 
heating (~-l~ytlroxyber~zylidet~e)hippuric acid ;it 


The following method produced pure VII I  
in high yields: (p-liydroxybenzy1idene)hippuric 
acid (14.15 Gm., m.p. 238" dec.) (19) and 25 iul. o f  
thionyl chloride were heated slowly to 85" until 
evolution of HCI ceased. The excess SOCIZ was 
distilled off in uacuo. The yellow cake was treated 
with 50 ml. of benzene and filtered: 10.7 to 11.1 
Gm. (80-8570) VIII, m.p. 215218', was ob- 
tained. 


After crystallization from 1,4-dichloroethane 
(1 Gni. in 50 ml.) or sublimation a t  200" and 6, 
pressure, VIII was obtained as crystals of strong 
yellow color, melting a t  221.3 to221.9". Itssolution 
in 0.1 N sodium hydroxide was unstable a t  room tem- 
perature. The initially strong orange of the solu- 
tion soon faded and on acidification, (p-hydroxy- 
benzy1idene)hippuric acid precipitated. 


Propionylderivative of VII1.-This compound 
niade from 1'111. propionic acid, and :i drop of con- 


200" (18). 
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of water, and 3 ml. of sulfuric acid was kept for 12 
hours at 110-120". The yellow compound, after 
crystallization from isopropanol, melted at 258.5 
to 259.0", formed yellowish-orange crystals and dis- 
solved in aqueous alkali with a strong green color. 
For analysis, it  was dried at 150" in high vacuum. 


Anal.-Calcd. for GIHI,OzN: C, 80.00; H, 5.39; 
N, 4.44. Found: C, 79.14; H, 5.61; N, 4.43. 
2-(p-Hydroxyphenyl)-l,J-indandione (=I).-A 


10.0-Gm. quantity of 2-(p-anisyl)-1,3-indandione 
[m.p. 154-155" (22)] and 20.0 Gm. of pyridirie 
hydrochloride were heated for 2 hours a t  180". The 
cooled melt was dissolved in water, the solid filtered 
off, washed, dried (9.2 to 9.4 Gm.), and crystallized 
from 1.2-dichloroethane (1 Gm. in 20 ml.). The 
compound formed faint yellowish needles, which 
melted at 177.1 to 178.1" to a red melt. The color 
of its solution in 0.1 N sodium hydroxide was dusky 
red. The crystals contained solvate solvent which 
they lost at 100". 


Anal.-Calcd. for ClsHloO~ . 3 CICH~CHzCl: 
Dichloroethane 17.2. Found: loss of weight a t  
100" = 17.1. A sample dried a t  100" in vacuo 
was analyzed: ClsHloOs: C, 75.62; H, 4.20; mol. 
wt. 238. Found: C, 55.13; H, 4.19; mol. wt .  248. 


DISCUSSION 


Many compounds prepared and found to be 
inactive, namely VII, VITI, XVIII, XXIII, and 
XXIV, were reported by Schmidt and Seeger (23) 
to  be active when tested on rats in rather huge doses. 
Unfortunately, many compounds in the literature 
described as laxatives, actually are inactive in humans. 
Therefore, in evaluating these substances, it  must 
be emphasized again that the test animals and 
dosages must be considered. 


The distinct laxative action of sennosides, the 
principal active ingredient isolated in pure form from 
senna (2), was confirmed as being six times more 
potent than phenolphthalein. 


None of the ten compounds having either grouping 
b, c, or d in their molecule was active. 


The two phthaleins, I1 and 111, possess laxative 
properties. I t  was surprising that 111, which has 
only one HO-group, was active. 


centrated sulfuric anhydride, after crystallization 
from considerable ethanol, formed fine, light yellow 
needles melting at 161.2 to 161.8'. 


Anal.-Calcd. for C19H1504N: Theory: C, 71.02; 
H, 4.70; N, 4.35. Found: C, 70.92; H, 4.51; N, 
4.83. 


p-Hydroxybenzylidenehydrazide of the Bis(p 
hydroxyphenyl) Acetic Acid (=).--A solution of 
2.53 Gm. of the hydrazide of the bis(p-hydroxy- 
pheny1)acetic acid (20) (n1.p. 252.1 to  253.1") and 
1.22 Gm. p-hydroxybenzaldehyde in 25 ml. of 41% 
ethanol were refluxed for 2 hours. The fine needles 
(3.57 Gm.) were crystallized from 20% ethanol 
(1 Gm. in 35 ml.). Pure IX sintered at 215-220". 
loosing thereby 5.070 water (theory for C~~H&JSO,-  


H 2 0  = 4.7% HzO), then melted at 262.5 to 
263.0". 


Anal. (of compound dried at 220" in vacua)-- 
Calcd. for GlHleN2Or: C, 69.61; H, 4.9i; N, 
7.73. Found: C, 69.70; H, 5.13; N. 7.40. 
2-(4--Hydroxystyryl)pyridine or rl'-Hydroxystil- 


bazole (X).-A solution of 18.6 Gm. (0.2 mole) of 
a-picoline, 24.4 Gm. (0.2 mole) of p-hydroxybenz- 
aldehyde, and 41 Gin. (0.4 mole) of acetic anhydride 
were refluxed for 12 hours (153-160'). The un- 
reacted picoline and acetic acid were distilled off 
in c-acuo. After adding 150 ml. of 3 N HCI and 
refluxing for 1 hour, water was added and the solution 
adjusted to pH 7. The greenish-gray precipitate 
weighed 21.7 Gm. (55%) and melted a t  197-207". 


Crystallized from ethanol (1 Gm. in 18 ml.) and 
then sublimed at 200' and 631 pressure, X melted 
at 216.4 to 217.4O [literature 219-220" (21)]. The 
compound had a faint yellow tinge, dissolved in 0.1 
N NaOH with a light yellow and in 0.1 N HCI with 
a light greenish color. 


Acetyldenvative of X.-This was prepared from X, 
acetic anhydride, and a trace of sulfuric acid. I t  
was crystallized by adding petroleum ether to its 
saturated benzene solution. It melted at 109.2 to  
110.3". 


Anal.-Calcd. for Cl&&N: C, 75.31; H, 5.43; 
N, 5.85. Found: C, 75.67; H, 5.35; N, 6.02. 
2,6-Bis(p-hydroxystyryl)pyridine (=).-A mix- 


ture of 2.6-bis(P-acetoxystyryl)pyridine (30.0 Gm. ; 
n1.p. 183-184") (21) in 90 ml. of acetic acid, 30 nil. 


A 
LP=1.0 


B 
LP = 2.9 


C 
LP = 21 


6 
D 


LP312 
Scheme I 


0 


E 
LP=0.4 







lo72 Journal of Pharmaceutical Sciences 


Of thc four mono- and polyhydric alcohols tested, 
namely V, XIV, XV, and XVI. only the one which 
also has two phenol hydroxyls (XIV) showed distinct 
laxative properties. I t  is noteworthy that its posi- 
tion isomer, compound B in Scheme I, had previ- 
ously been found to be a good laxative (1). These 
findings indicate that the phenolic HO-group is of 
greater importance than the alcohol hydroxyl, and 
that new laxatives might be found among the di- 
phenolic benzyl alcohols. 


Scheme I shows the structural formulas of the 
five synthetic organic compounds which are being 
used presently as active ingredients in commercial 
laxatives: 


Phenolphthalein (A).-This is the most widely 
used of the five, is odorless, tasteless, and practically 
devoid of untowaid effects. Studies on various 
animals have attested repeatedly to its low order 
of toxicity, all investigators having failed to establish 


Phenolphthulol (9) (1. 27).-This is used mainly 
in West Germany under the name of Egmol, and 
likewise is nontoxic (26). 


3,3-Bis( p-aceloxyphenyl)oxindole ( C) (28).-This 
compound is known as Isacen and is the most potent 
of all five. Baum el 01. (29) claimed to have detected 
“diphenylisatin” or deacetylated compound C in 
canned prune juice. Neither we nor others were 
able to detect any 3,3-bis(p-hydroxyphenyl)oxindole 
in such juice. A private communication3 states: 
“An exhaustive examination of prune juice failed to 
reveal the presence of isatin derivatives. Bioassays 
for the laxative effect of prune fractions have shown 
that the laxative action is in the fraction containing 
magnesium.” 


Bis(p-atetoxyphenyl)-(2-pyridyl)methane (D) (23, 
27).-Thk is known as Dulcolax. the newest laxa- 
tive, and is administered rectally as well as orally. 
1,8-Dihyd~oxyanth~aquinone (E) (30).-This com- 


pound is known under such names as chrysazin, 
Istin, Istizin, dantheon, or Dorbane. is related 
to the naturally occurring laxatives such as emodine, 
chrysophanic acid, and rhein, all of which have 
HO-groups in position 1 and 8 of anthraquinone. 


It is interesting to note that compounds A, B, 
and C were first synthesized by A. Baeyer, but their 
therapeutic value was discovered much later by 
others. 


Compounds A, B, C, and D contain group a, 
which has been called the laxaphoric group (31), 
and in addition, a third ring, benzene or pyridine, 
attached to the center C atom. Acetylation of the 
two HO-groups decreases the potency, exemplified 
by compounds C and D, which possess only half the 
potency of the parent compounds. 


The two nitrogen containing compounds, C and 
D, are the most potent laxatives and contain group 
e. Recently, Schmidt and Seeger (32) synthesized 
several derivatives of 1.4-benzoxazo1ine with group e 
in their molecule. They found compound F to have 
approximately three times the potency of phenol- 
phthalein when tested on rats. 


LDm (24-26). 


8 Letter dated July 18. 196.7, from the Fruit and Pharma- 
cology Laboratories, Western Regional Research Laboratory, 
Albany, Calif. 


m0-c0CH3 


F 


Our compounds with group e, IX  and XXI, were 
inactive. Schraufstatter (33) synthesized four 
compounds with group e and found them all to be 
devoid of laxative properties. 


Several other compounds with the laxaphoric 
group a are good laxatives, i e . ,  4.4’-dihydroxytri- 
phenylrnethane, the 1.8- and the 2,l-phenolnaph- 
thaleins ( l),  and several compounds described by 
Schmidt and Seeger (23). However, the majority 
of compounds with group a, made and tested by us 
and others, were inactive. 
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DISCUSSION 


formulation, added for stabilization purposes, 
renders the plastic irritating to animal tissues. 
Its subcutaneous as well as intramuscular implanta- 
tion in rats or rabbits causes a severe tissue reaction, 
reflected by edema, cellular necrosis, proliferating 
granulation tissue. as well as encapsulation by 
fibrous tissue. 


These results confirm the observations of previous 
investigators which indicate that the tissue im- 
plantation technique is one sensitive means of 
determining the suitability of plastic formulations 
for medical applications. Our findings indicate 
that the rat is a satisfactory animal for routine 
testing of plastics as  well as the raw niaterials pro- 
posed for their formulation. 


Implantation reveals tissue reaction, if any, within 
2 to 4 days, whereas inertness is reflected by excellent 
tolorance during many weeks of implantation. 


The subcutaneous implantation of solid materials 
and the injection of liquid constituents are valuable 
in screening the ingredients which are compounded 
for the different formulas. Macroscopic as  well as 
microscopic examination of the areas of contact are 
of immediate importance in determining the nature 
of the response. 


The degree of dye extravasation, a t  the site of 
intradexmally injected extracts to the rabbit, was a 
rapid and sensitive method for detecting toxicity. 
Extracts, prepared by autoclaving the plastics in 
test with mineral oil, increased the sensitivity of the 
method. Using this method, it was determined 
that dilutions of 1 : 10,000 of organo-tin stabilizers 


The presence of organo-tin compounds in a plastic . 
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still were able t o  cause an infiammatory response. 
In this connection it should be mentioned that di- 
butyltin dilaurate has recently shown to be terato- 
genic when injected into the yolk sac of fertile eggs 
prior to  incubation (10). Because of this reactivity 
in tissue, plastics with organo-tin compounds 
should not be used in applications involving intimate 
and/or prolonged contact with tissue, in view of 
other effective stabilizers that do not cause reaction. 


In addition to  the test described, it is also re- 
conimended that all plastic materials which shall be 
in contact with tissue or body fluids be screened for 
the presence of pyrogens, vasomotor activity, 
antigenicity, ocular irritation, hemolytic effects, 
chronic toxicity in various species, and in Gtro with 
isolated muscle systems. 


Additional work continues in this area. The 
author would like to  stress the importance of 
biologically screening the individual constituents 
that are used in making up all formulations as well as 
testing the completed plastic formulation. 
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Thimerosal as a Preservative in Biological Preparations I. 
Application of Polarography to the Determination of Thimerosal 


in Aqueous Solutions and Vaccines 
By J. BIRNER and J. ROS. GARNET 


Thimerosal, in the low concentration com- 
monly used as an antiseptic and bacteriostatic 
agent in biological preparations such as 
vaccines, may be determined polarograph- 
ically and rapidly and with a degree of ac- 
curacy comparable to  that obtained by the 


commonly used agar-cup technique. 


T HAS BEEN observed that the concentration of I thimerosal’ added to vaccines and other bio- 
logical preparations diminishes with storage (1). 
The loss has been attributed to absorption of the 
substance by the rubber with which the containers 
are often sealed or to physical or chemical interaction 
with one or another of thr components of the rubber. 
.4lthough there is general agreement that reduction 
(If its concentration does occur, methods for the 
precise measurement of the extent of the reduction 


Keceived Februnry 4. 1964. from the Commonwealth 
Serum Laboratories. Melbourne, Victoria, Australia. 


Accepted for publication March 6 .  1964. 
I Thimerosal, sodium ethylmercurithiosalicylate, is  official 


in the “British Pharmacopoeia” as Thiomersal. It  is 
trademarked as Merthiolate. 


have been largely dependent upon biological tech- 
niques. 


In some earlier studies in these laboratories, the 
bacteriostatic activity of antiseptics was measured 
by the well-known agar-cup assay method. With 
this technique, the growth of selected micro- 
organisms (Staphylococcus aureus, strain B313, and 
Bacillus sublilis, strain 8236. of the National Type 
Culture Collection) on nutrient agar is inhibited 
within a zone, the diameter of which is approxi- 
mately proportional t o  the concentration of anti- 
septic placed in the cup. 


A comparison of the clear zone formed by a 
chosen volume of the sample and equal volumes of 
standard concentrations of the thimerosal affords a 
measure of the concentration of the antiseptic in 
the sample-hence, a measure of its diminution. 


However. the present authors have used for some 
time a polarographic method (2) which they con- 
sider preferable for speed and accuracy to the 
rather cumbersome biological method. It is being 
applied successfully with routine samples having a 
thimerosal content of not less than 20 p.p.m. 
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Standard curves for thimerosal in aqueous solution 
and in triple antigen and pertussis vaccines were 
established in the following manner. 


Standard Curve for Thimerosal in Aqueous Solu- 
tion.-Three reference solutions containing re- 
spectively 50, 25, and 12.5 parts of thimerosal per 
million of deionized water were prepared from a 
O . O l ~ o  solution which in turn was derived from a 1% 
stock solution. 


Ten milliliters of reference solution were pipeted 
into a dry test tube, and 2 ml. of 0.1 N potassium 
nitrate and 1 ml. of 0.1% gelatin were added. The 
contents of the tubes were mixed and, after transfer 
to a dry polarographic cell, freed from oxygen by 
bubbling in oxygen-free nitrogen. 


Polarograms of each of the four standard concen- 
trations were recorded and the standard curve was 
plotted from the values obtained. (See Fig. 1, curve 


Standard Curve for Triple Antigen Vaccine.-A 
standard curve for a series of comparable concentra- 
tions of thimerosal in triple antigen was constructed 
in the same manner. 


RESULTS AND DISCUSSION 
In constructing the standard curve for thimerosal 


in triple antigen, i t  was noted that the values regis- 
tered for a concentration of 12.5 p.p.m. were less 
than those to  be expected by extrapolation of the 
curve for higher values. Hence, values for the assay 
of thimerosal in solutions containing this quantity or 
less represent only a qualitative indication of the 
presence of the antiseptic. Values registered in this 
region of the curve indicate that the “limit” of 
assay is about 20 p.p.m., and anything less than 12.5 
p.p.m. can only be regarded as indicating the pres- 
ence of a trace. 


The standard curve for pertussis vaccine was 
essentially identical with that derived from triple 
antigen. 


Figure 2 shows two polarograms, curve B rep- 
resenting that of an aqueous solution containing 100 
parts of thimerosal per million and curve A the 
“blank”-a solution of the same composition, 
except that it lacked thimerosal. In curve B only 
the first thimerosal wave, appearing at -0 . i5  v. 
half-wave potential, is shown. 


Figure 3 represents comparable polarograms re- 
corded for solutions in which triple antigen vaccine 
is substituted for water as the diluent. Curve B 
represents a solution of thimerosal in the vaccine and 
curve A the thimerosal-free blank. Replacement of 
triple antigen by pertussis vaccine furnishes solutions 
giving an analogous picture. 


SUMMARY 
The polarographic method of assay makes it 


practicable to  determine quickly low concentrations 
of thimerosal in aqueous solution or in vaccines. 
provided the antiseptic is present in an amount not 
less than 20 p.p.m. Using standard curves, 
thimerosal concentrations in unknown strength 
above this limit are capable of being determined to  
within 5%. 
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Fig. 1.-Standard curve for thimerosal. Key: A, 
in water; B, in triple antigen vaccine. 


t o  Fig. 2.-Key: 
A, 10 ml. of 
water + 2 ml. of 


yo* 1 ml. of 0.1% 
I gelatin (blank); 


B, 10 ml. of 100 
mcg./ml. of thi- 5 


18.2 merosal in water + 2 ml. of 0.1 N 


o -M -14 -1.5 -24 of 0.1% gelatin. 


0.1 N KNOI + fW P 


0 6  KNOI + 1 91. 


W T E N l U L  t n .  S.C.E)VOLlS 
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Fig. 3.-Key: A, 10 
ml. of triple antigen 
vaccine + 2 ml. of 0.1 
N KNOI + 1 ml. of 


I 0.1% gelatin (blank); 
B, 10 ml. of 100 mcg./ 


L ml. of thimerosal in triple antigen vaccine H O I  +2ml.of0.1 NKNO, 
-!- 1 ml. of 0.1% gela- 


f O-’ 


0.6 


0.1 
E 


0 6  tin. 
0 -05 -1.0 -1.5 
POTENTIAL L l S  SCL.1 VOLTS 


EXPERIMENTAL 
Equipment.-A Tinsley self-recording polarograph 


was used at  damping 3 with an H-type cell 
against a saturated calomel electrode and a saturated 
potassium chloride/agar bridge maintained at 25 f 
0.5’, in a thermostatically controlled water bath. 


The drop time in open circuit in distilled water 
was 4.4 seconds per drop. The M value of mercury 
was 2.10 mg. per second. 


Procedure.-Estimations were carried out in 
duplicate in 10-ml. quantities of the sample, to  
each of which was added 2 ml. of 0.1 N potassium 
nitrate in glassdistilled deionized water to serve 
as supporting electrolyte and 1 ml. of 0.1% gelatin 
as maximum suppressor. 


Two waves characteristic of thimerosal were 
registered at -0.75 v. and -1.35 v., respectively, 
but for our purposes, only the first wave (shown in 
Fig. 2) was used for measurement. Figure 3 shows 
the comparable polarogram for triple antigen.’ 


f Triple antigen is an alternative name for diphtheria, 
tetanus, and pertussis vwane  B.P. 








Effect of 8-Diethylaminoethyl Diphenyl-n-propyl Acetate 
(SKF 525-A) on the Plasma Concentration of 


C * 4-Labeled Neuromuscular Blockers 
By FLOYD R. DoMERt  and W. PINTO-SCOGNAMIGLIO 


Although pretreaunent with SKP 525-A 
potentiates the intensity and duration of 
neuromuscular blockade, it did not alter 
significantly the lasma radioactivity of dogs 
fven Cl4-1abelea decamethonium (CIO) or 


is (dimethylaminobutoxy) 1,4-benzene di- 
iodomethylate (1815, I.S.) or rabbits given 


1815 I.S. 


MONC THE many biological actions of 8-diethyl- A aminoethyl diphenyl-n-propyl acetate (SKF 
525.4) (1, 2) that of affecting neuromuscular trans- 
mission and muscular contraction was fist reported 
by Navis, et al. (3). SKF 525-A was shown to 
potentiate greatly the blockade caused by a number 
of compounds possessing neuromuscular activity 
(4). This latter group of workers proposed the 
theory that the SKF 525-A caused its potentiation 
by displacing the neuromuscular blocking agent 
from nonspecific receptors to  the neuromuscular 
junction. Subsequent work in  uitro with a nitro- 
cellulose membrane indicated that SKF 525A 
indeed is quite potent in its ability to  displace a 
neuromuscular blocker (5). 


The present report deals with another attempt to  
elucidate the mechanism of action of SKF 525A 
in potentiating neuromuscular blockade. The ap- 
proach was that of using a C"-labeled neuromuscular 
blocking agent and measuring the radioactivity in 
the blood of dogs and rabbits. 


CI4-Labeled decamethonium (ClO), 0.2 mg./Kg., 
or bis(dimethy1aminobutoxy) 1,4-benzene diiodo- 
methylate (1815. I.S.), 0.2 mg./Kg., were adminis- 
tered to dogs anesthetized with chloralose as previ- 
ously described (4). Blood samples were taken 
from the femoral vein at 1, 2, 4, 7, 10, 15, and 30 
minutes after the C14CI0 administration. At 45 
minutes a second dose of the CL4CI0 was given. 
Plasma samples were prepared and counted in a 
refrigerated liquid scintillation counter as previ- 
ously described (6). A 10 mg./Kg. dose of SKF 
525-A was given intravenously 10 minutes before 
the first dose of radioactive C10 or 1815, I.S. in the 
test experiments. Table I gives the results obtained 
in a pair of dog experiments with the SKF 525-A 
pretreatment. The circulating blood level of the 
neuromuscular blocking agent was higher than in 
the control animal during the first 4 minutes. Sub- 
sequently, it decreased more rapidly than in the 
control. Similar results were obtained in dogs given 
C14-labeled 1815, IS. 


Rabbits were anesthetized with urethane (1.5 
Gm./Kg. s.c.), given artificial respiration throughout 
the experiment, and C*' 1815. I S .  (0.25 mg./Kg.) 
was given intravenously. Blood samples wefe ob- 
tained from the heart at 1, 5, and 10 minutes. At 
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20 minutes, a second dose of the CI4 1815, I.S. was 
given and a second series of blood samples taken 
a t  1, 5. and 10 minutes. The test animals were 
given SKF 525-A (10 mg./Kg. i.v.) 10 minutes prior 
to the first administration of C14 1815, I.S. Table 
I 1  gives the results obtained in five rabbit experi- 
ments. There was no significant difference in the 
circulating blood level of radioactive neuromuscular 
blocker between control animals and those pre- 
treated with SKF 525-A ( p  > 0.2). However, the 
treated animals did have slower rates of decrease 
in blood radioactivity. 


The fact that there was no elevation in the 
circulating blood level of CI4-labeled neuromuscular 
blocking agents in the rabbit or the dog would a t  
first appear to be contrary to  the hypothesis of dis- 
placement from nonspecific receptors to  the neuro- 
muscular junction. However, this need not neces- 
sarily be the case. Waser (7) using C14-labeled 
calabash curarine found that pretreatment with 
SKF 525-A doubled the amount of radioactivity 
found in the end-plates of mice diaphragms. This 
indicates directly that there is an increased inter- 
action between the labeled compound and the end- 
plate in the pretreated animals. Similarly, in our 
experiments, the SKF 525-A pretreatment could 
have increased the affinity of the receptors for the 
labeled compound without affecting the total num- 
ber of receptors involved. This would result in a 
decrease in the amount of circulating radioactive 
compound. Another possibility could be that the 
neuromuscular receptors represent such a small 
percentage of all the body receptors that the change 
caused by the SKF 525-A would be too small to be 
detected by our procedure. Finally, the theory 
advanced by Paton (8) that the rate of attachment 


DECAMETHONIUM IN DOGS 
TABLE I . - h A S M A  LEVELS OF C"-LAEELED 


-C 1 'C 10, mcg. /ml.- 
Pretreated 


Time, with SKF 
Injection min. ControlD 525-A0 


SKF m5- i  10 mg./Kg. 
1.v. -10 . .  


CfiClO, 0.2 mg./Kg. i.v. 0 . . . ... 
1 3.05 3.53 
2 1.61 2.71 
4 1.28 1.59 
7 1.93 1.39 


10 1.78 1.08 
15 1.63 0.76 
30 1.37 0.44 


CWlO, 0.2 mg./Kg. i.v. 45 . . . . . .  
46 2.95 3.85 
47 2.39 3.08 
49 2.02 2.06 _. - .~ ~ 


52 1.17 1.74 
55 1.24 1.32 
60 1.32 1.06 
75 1.18 0.67 


a Each column represents the results obtained in n single 
dog experiment. 
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TABLE II.-PLASMA LEVELS OF C"-LABELED 1815,I.s. IN RABBITS 


Clc 1815, 1,s.. mcg./ml. 
Injection Time, min. Control Pretreated with SKF 625-A 


Mean f S.E." Mean f S.E." 
S K F  525-A, 10 mg./Kg. i.v. - 10 . . .  . . .  


0 . . .  . . .  
C14 1815, I.S. 0.25 mg./Kg. i.v. 


1 3.22 * 0.73 2.71 f 0.70 
5 1.48 f 0.29 1.52 f 0.66 


10 0.94 f 0.34 1.26 f 0.45 
20 . . .  . . .  


Cl4 1815, I S .  0.25 mg./Kg. i.v. 
21 
25 


3.44 f 1.57 
2.04 f 0.99 


4.40 f 1 . 4 1  
3.01 f 1.58 


30 1.78 f 1.01 2.76 f 1.80 


a Five rabbits used in each case. 


to, and detachment from, receptors is iniportant for 
stimulation would also be compatible with the 
present findings. This would mean that the SKF 
525-A is increasing the rate at which the neurornus- 
cular blocker-receptor combination is being made 
and broken without having influence on the total 
amount of drug being present. 


Evidence that SRF 525-A itself has an effect upon 
neuromuscular transmission and receptor excita- 
bility have been found by a number of authors 
(3, 9, 10). This makes it quite difficult to separate 
clearly the action(s) of SKF 525-A involved in the 
observed potentiation of neuromuscular blocking 
agents. Further attempts will be necessary to  
clarify this problem. 
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Synthesis of N-Substituted and N,N'-Disubstituted Benzyl 
Derivatives of 5,5  -Disubstituted Barbiturates 


By EDWARD J. ROWE and MELVIN H. WEINSWIG 


N-Substituted and N,N'-disubstituted bentyl derivatives of barbital, phenobarbital, 
and amobarbital have been synthesized by the use of a strongly basic anion-exchange 
resin. The barbiturate is hrst absorbed on the resin and the resin then agitated 
mechanically with an ethanol solution of benzyl chloride. The  reaction proceeds at 


room temperature. The  yields in all cases ranged from 50 to  80 per cent. 


N A PREVIOUS REPORT (1) a method was described I for the synthesis of benzyl ethers of a variety 
of phenols by the use of a strongly basic anion- 
exchange resin. The method involved the reaction 
of the phenolate form of the resin with benzyl 
chloride. This report presents an analogous method 
for the synthesis of N-benzyl and N,N'-dibenzyl 
derivatives of three 5,5-disubstituted barbituric 
acids (phenobarbital, barbital, and amobarbital). 
The synthesis of these derivatives involves the re- 
action of the barbiturate form of a strongly basic 
anion-exchange resin with benzyl chloride. The 
resin employed is based on polystyrene and contains 
quaternary atninoiiiuin groups. The reaction pro- 
ceeds at room temperature. A tnixture of N-benzyl 
and N,N'-dibenzyl derivatives is obtained from the 
reaction. Sepnration of the derivatives is based 
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upon the solubility of the N-benzyl derivative in 
dilute alkali. Table I summarizes the benzyl 
derivatives of phenobarbital (5-ethyl-5-phenyl bar- 
bituric acid), barbital (5.5-diethyl barbituric acid), 
and atnobarbital (5-ethyl-5-isoamyl barbituric acid) 
prepared by the use of a strongly basic anion-ex- 
change resin. The yields are based upon the amount 
of the barbiturate converted to  the N-benzyl and 
N,N'-dibenzyl derivatives. The N,N'-dibenzyl de- 
rivative is the main product when an equivalency 
of the resin in the OH form is used with the barbitu- 
rate form and the quantity of the benzyl chloride 
is doubled. 


EXPERIMENTAL 


Resin heparation.-Dowex 1x4 '  supplied com- 
mercially in the chloride form (20-50 mesh) was 
converted to its hydroxyl form by the usual column 


1 Manufactured by Dow Chemicel Co.,  Midland, Mich., 
and purchased from J. T. Baker Co.. Phillipsburg, N. J. 
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Compounds other than phenothiazines were also 
investigated for their ability to block protoveratrine 
induced emesis. Three potent antiemetic agents, 
haloperidol, meclizine, and trimethobenzamide (12, 
13) were found to  be without effect. Similarly, 
atropine, nicotinic acid, and P-275, which have not 
been reported to  be antiemetic, were ineffective. 
Furthermore, chlorphenoxamine and reserpine did 
not consistently block PAB emesis. Other workers 
(6, 14) have reported that parasympatholytics 
(atropine, scopolamine, and methantheline), a gang- 
lionic blocker (tetraethylammonium), a sympatho- 
mimetic (ephedrine), an antihistaminic (dimenhy- 
drinate) and reserpine failed to prevent veratrum 
emesis in dogs. 


Until more data are forthcoming on the mech- 
anism of the emetic action of protoveratrine A,  the 
inability of potent antiemetics t o  prevent the effect 
will remain obscure. 


SUMMARY 


Protoveratrine .4 is equally potent as an emetic 
agent by the intravenous and oral routes. On the 
other hand. protoveratrine B is only one-fifth as 
potent orally as by the i.v. route. 


Neither the rate of injection nor the volume of 
solution containing the emetic dose of protoveratrine 
A is important with respect to modifying the side 
effects which usually accompany the intravenous 
injection of the drug. 
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Acute tolerance does not develop to  the emetic 
action of protoveratrine A. Six out of seven dogs 
which responded to  a challenging dose also vomited 
when the dose was repeated after an interval of 15, 
30, 40, 120, or 135 minutes. Tolerance developed 
to  the convulsive-like effects. 


None of the drugs tested in this study were effec- 
tive in preventing protoveratrine induced emesis in 
dogs. 


REFERENCES 


(1) Goodman, L. S. .  and Gilman, A., “The Pharmacologic 
Basis of Theraoeutics.” 2nd. ed.. The MacMillan Co.. New 
York N . Y  1955. 


($1 A&, B. E., Richards, A. B . ,  Alexander, W. M., and 
Weaver, L. C.,  J .  Pharmacol. Expt l .  Therap., 112,73(1954). 


(3) Weaver, L. C.. Jones, W. R.. and Kupchan. S. M..  
THIS JOURNAL, 51, 1144(1982). 


(4) Litchfield, J. T . .  Jr., and Wilcoxon, F.,  J .  Pharmacol. 
E x p f l .  Therap., 96, 99(1949). 


( 5 )  Winer. B. T. .  New E n d .  J .  Mcd. ,  255, 1173(1956). 
(6) Swiss, E. D.. J .  Phormacol. Expt l .  Therap., 104, 76 


(1952). 
(7) Courvoisier. S . ,  Fournel. J., Ducrot, R. .  Kolsky, U. .  


and Koetschet, P . ,  Arch. Inlcrn. Pharmacodyn., 92. 305 
(1953). 


(8) Rosenkilde, H. ,  and Govier, W. M.. J .  Pharmacol. 
E x p f l .  Therap., 120, 375(1957). 


(9) Boyd, E. M. .  and Cassell. W. A,, ibid., 119,390 (1957). 
(10) Brand. E. D.. Harris. T .  D.. Borison. H. L.. and 


Goodman, L. 8.. ibid.; 110, 86(1954). ’ 


Craver B. N. rbrd. 131 130(1961). 


R. E. .  i b i d . ,  126; 276(1959f. 


91 l ( l961) .  


(11) Laffin, R.,J. ,  Papandrianos, D .  P.,  Burke, J. C., and 


(12) ‘Schalllk W: Heise G. A., Keith, E. P., and Bagdon, 


(13) Janssen, P .  A. J.. and Niemeggers, C., Nature, 190, 


(14) Gourzes, J. T.. Proc. Soc. Ex@.  Biol. Med. .  89. 57 
(1955). 


Gas Chromatography of Esters of Plant Acids 
and Their Identification in Plant Materials 


By HARMON M. KELLOGG, E. BROCHMANN-HANSSEN, 
and A. BAERHEIM SVENDSEN* 


The gas chromatographic retention data of methyl and ethyl esters of a number of 
common plant acids are reported. Special emphasis is placed o n  the acids of the 
Krebs cycle. Of four liquid phases used, Apiezon L appears to  be most generally 
appljcable and the only one which permits satisfactory separation of fumarate and 
succinate. The esters of citric acid and isocitric acid (lactone) are teadil separated 
o n  all four columns. The  method has been used for identification of &e acids in 
various plant materials. It is sensitive and selective and should be valuable for bio- 
chemical studies concerning the production and function of organic acids in plants. 


LANTS CONTAIN a large number of organic P acids, some of which may be characteristic of 
certain plant families. Others, such as a group 
of di and tricarboxylic acids, are found more 
widely distributed throughout the vegetable 
kingdom and are usually referred to  simply as 
the plant acids. 


In 1937, Krebs and Johnson (1) showed that  -~ 
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these acids play a central role in cellular respira- 
tion, and the series of reactions which are in- 
volved is known as the Krebs cycle. Some of the 
acids of the Krebs cycle, such as succinic, fu- 
maric, malic, and  citric acids, are found in ap- 
preciable concentrations in practically every 
type of plant material. Most of the others are 
present only in small amounts and require sensi- 
tive and specific methods for their detection. 
The  keto acids, particularly oxaloacetic acid, are 
unstable and may easily be lost during the isola- 
tion procedures commonly used for plant acids 
and may thus escape detection. The  enzymes 
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required for the various steps of the Krebs cycle 
have also been identified in higher plants (2). 


Certain plant acids helonging to  the Krebs 
cycle tend to accumulate in special plant families. 
Isocitric acid, for example, is found in large con- 
centration in succulents of the Crussuluceae 
family; before its chemistry and biological 
significance was known, it was commonly re- 
ferred to  as crassulacean malic acid (3). Aco- 
nitic acid has been found in many plants, but is 
present in large amounts in Aconitum sepkn- 
frionde L. (4). Such an accumulation of indi- 
vidual plant acids indicates that there is a partial 
block of a particular step in the cycle due per- 
haps to a low enzyme concentration or the 
presence of a n  enzyme inhibitor (2). 


TABLE L-RELATIVB RETENTION TIMES OF METHYL 
ESTERS OF PLANT ACIDS 


- 
7 Stationary Liquid - 
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Eater 
Oxalate 
Malonate 
Succinate 
Fumaiate 
Oxaloacetate 
Malate 
a-Ketoglutarate 
Tartrate 
Aconitate 
Citrate 
Lactoisocitrate 
Temp.. "C .  
Inlet pressure 


p.s.i. 
Outlet Bow rate, 


ml./min . 
Carrier gas 
Support, mesh 
Liquid phase, yo 
Malate time, 
W/W 


rnm. 


SE-3W 
0.09 
0 20 
0.39 
0.36 
0.66 
1.00 
1.85 
3.15 


10.42 
15.73 
21 20 
55 


20 


74 
Argon 
6@80 


4 


6 . 1  


Apiuon L 
0 14 
0 22 
0 4 3  
0 48 
1 M C  


l o o  
1 60 
2 55 
4 5 6  
6 08 


10.33 
122 


30 


Nitrogen 
60-W 


15 


5 9  


Craig 
E s t e r b  


0.19 
0.23 
0.29 
0.28 


1.00 
1 12 
2 8 0  
2.06 
4.16 


11.50 


. . .  


182 


25 


. . .  
Nitrogen 
60-80 


10 


6 . 5  


8 Methyl silicone lymer. General Elccvic Co b Butane- 
c T c  sample appeared t o  dccurnpow on the diol succ in~te  


column; no well defined peak was obtained. 


Three dicartmxylic acids commonly found in 
plants are not components of the Krebs cycle- 
oxalic, malonic, and tartaric acid. It has been 
postulated that  oxalic acid may be formed from 
glycolic acid Vin glyoxylic acid ( 2 ) .  One might 
also speculate concerning the function of malonic 
acid which is a highly specific inhibitor of 
succinic dehydrogenase. 


For biochemical studies of the plant acids, it  is 
imperative to have analytical methods which are 
suitable for qualitative and quantitative deter- 
mination of micro quantities. The most common 
method for isolation of plant acids is based on 
precipitation with lead acetate or lead subacetate, 
followed by liberation of the free acids by hydro- 
gen sulfide. The individual acids may then be 
identified and determined by fractional precipita- 
tion or by fractional distillation of their esters. 
However, neither of these methods produces 
complete separation nor permits determination 
of an acid present in small quantities. The ester- 
hydrazide method of Franzen, el al. (5, 6), repre- 
sents a considerable advancement. More recent 
work (7) has made use of fairly specific micro 
methods based on chemical and enzymatic reac- 
tions. Ion-exchange resins and paper partition 
chromatography have in many instances given 
excellent results (8,9). However, the separation 
of individual acids is often not sufficient to  iden- 
tify and determine small amounts of certain acids 
in the presence of large amounts of others. 


I t  would seem that  gas-liquid chromatography 
might offer considerable advantages over the 
methods presently used. I t  is extremely rapid 
and sensitive, highly selective, and lends itself 
equally well to qualitative and quantitative 
analysis. Furthermore, it  permits determination 
of trace components of a mixture. Gas chroma- 
tography was developed by Martin and James 


TABLE 11.-RELATIVE RETENTIOX TIMES OF ETHYL ESTERS OF PLANT ACIDS 


r Stationary Liquid - 
Ester SE-30 Apiezon L I gepal a Craig Ester 


Oxalate 0.18 0.21 0.13 0.19 
Malonate 0.26 0.30 0.20 0.26 
Maleate 0.49 0.54 0.35 0.39 
Succinate 0.54 0.57 0.26 0.33 
Fumarate 0.56 0.67 0.26 0.32 
Malate 1 .OO 1 .m 1.00 1 .oo 
a-Ketoglutarate 1 85* 1 .42b . . .  1 . 2 2  
Tartrate 2.03 1 8 6  . . .  2.90 
Aconitate 10.61 5.46 . . .  2 . 1 5  
Citrate 12.72 6.35 . . .  4 25 
Lactoisocitrate 17.08 7.07 
Temp, O C .  80 150 
Inlet pressure, p.s.i 20 
Outlet flow rate, ml./min. 67 


30 
. . .  


. . .  
130 
20 


100 


~ - _  
10.17 


182 
25 


. . .  
carr ier  gas Argon Nitrogen Argon Nitrogen 
Support, mesh 60-80 60-80 60-80 @80 
Liquid phase, o/c w/w 4 15 5 10 
Malate. min 3 . 6  4.3 6 . 8  4 . 7  


NoeylphenoxypolyethyIcneoxy-ethanol. b Major peak. 
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Fig. 1.-Gas chrom- 
atogram of the ethyl es- 
ters of nine plant acids 
on Apiezon L. The ex- 
perimental conditions 
are shown in Table I. 


M IN U T E S  


(10) in 1952 as a tool for studying fatty acids. 
Since that time, it has become so widely used 
that i t  has practically displaced all other methods 
for routine analysis of fats and oils and for bio- 
chemical research concerning fatty acids. Much 
less work has been done with gas chromatography 
of di and tricarboxylic acids. James, et al. (1 I) ,  
determined the structure of unsaturated fat ty  
acids by oxidative degradation followed by esteri- 
fication and gas Chromatography of the dicar- 
boxylic acids produced. Nowakowska, et al. 
(la), and Miwa, et al. (13), used gas chromatog- 
raphy to separate and identify the dicarboxylic 
acids formed during oxidation of fats and oils. 
The dicarboxylic acids present in cigarette smoke 
were identified and determined quantitatively by 
Quin and Hobbs (14). In his book on gas 
chromatography, Bayer ( 15) refers to  unpublished 
work dealing with gas chromatographic separa- 
tion of methyl esters of certain di and tricarboxy- 
lic acids belonging to  the Krebs cycle. 


EXPERIMENTAL 


Esterification of Plant Acids.-Ethyl esters were 
produced by refluxing the dried acids with anhy- 
drous ethanol containing 5% of hydrogen chloride. 
With small samples of acids (10 to 20 mg.), the 
esterification appeared to be complete in about 2 
hours. The reaction mixture was evaporated almost 
to dryness in a rotating vacuum evaporator. The 
residue was transferred to  a small separator, 5 ml. of 
water was added, and the ester was extracted twice 
with 10 ml. of ether. The combined ether extracts 
were washed with a little sodium bicarbonate solu- 
tion, dried over anhydrous sodium sulfate, and 
evaporated t o  dryness under reduced pressure a t  
room temperature. 


The methyl esters were synthesized by three 
different methods, all of which gave satisfactory re- 
sults with most acids. The method which appeared 
to be most generally applicable was esterification 
with diazomethane. The microscale procedure de- 
scribed by Schlenk and Gellerman (16) produced 
methyl esters in good yield from most of the acids. 
Depending on the nature of the acid, the esterifica- 
tion was complete in from 10 to 30 minutes. Side 
reactions may occur with special acids unless the 
reagent concentration is carefully controlled. Keto 
acids gave rise to by-products by reaction between 


55. ro' lb IOO' IW' r e w m u m ~ n  


Fig. 2.-Temperature programmed gas chroma- 
togram of methyl esters of plant acids on silicone 
rubber SE-30, 4%. 


diazomethane and the keto group. These acids 
were best esterfied with methanol catalyzed by 
boron trifluoride (17). The acid (10 to 100 mg.) was 
dissolved in 3 ml. of BFI-methanol reagent in a test 
tube, and the solution was heated gently on a 
steam bath for 2 minutes, then cooled under running 
water and transferred to a small separator with the 
aid of about 5 ml. of water. The ester was extracted 
twice with 10 ml. of ether. The combined ether 
extracts were dried over a little anhydrous sodium 
sulfate, filtered, and evaporated to dryness a t  room 
temperature under reduced pressure. This method 
appeared to  be effective with most of the acids 
studied, but gave low yield with tartaric acid. 


The third method used for production of the 
methyl esters was similar to  the procedure described 
for the ethyl esters. The keto acids showed con- 
siderable decomposition by this method, evidenced 
by the appearance of several peaks on the gas 
chromatogram. However, the other acids gave 
methyl esters in good yield. 


Isocitric acid is not known as the free tricarboxylic 
acid in a crystalline state. When evaporated and 
dried, the acid loses water and is converted to  the 
lactone (3). Isocitric acid lactone and its barium 
salt are commercially available. On esterification, 
both compounds gave esters which had the same 
retention times as the corresponding authentic di- 
ethyl and dimethyl esters of lactoisocitric acid.' 


Isolation of Acids from Plant Materials.-Ten 
grams of finely ground plant materials was extracted 
twice with 100 ml. of warm ethanol each time. The 
combined extracts were evaporated to dryness under 
reduced pressure, the residue was dissolved in about 
25 ml. of water, and filtered. The filtrate was 
heated to about 60'. and a saturated solution of 
lead acetate was added until no further precipitation 
took place. Lead subacetate solution was then 
_____ 


1 We are indebted t o  Professor A Nordnl of Oslo Uni- 
versity for supplying us with these authentic esters. 
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added in the same way. The total lead precipitate 
was filtered off, washed with water, suspended in 50 
ml. of 50% ethanol, and the free acids were regener- 
ated with hydrogen sulfide. The lead sulfide was 
removed by filtration, and the filtrate evaporated to  
dryness in a rotating vacuum evaporator at a low 
temperature. The last traces of moisture were re- 
moved by addition of absolute ethanol and evapora- 
tion to  dryness. This procedure was repeated 
twice. The acid residue was esterified as described 
above. 


Gas Chromatography of Esters of Plant Acids.- 
Two gas chromatographs were used for the work re- 
ported here. One was a Barber-Colman model 15 
gas chromatograph equipped with an argon ioniza- 
tion detector (50 gc. of Ra-226). The columns for 
this instrument were glass U-tubes, 4 f t .  long and 4 
mm. in inside diameter. The other instrument was 
a Wilkins HY-FI gas chromatograph having a 
hydrogen flame ionization detector and stainless 
steel columns, 6 f t .  long and in. in outside diam- 
eter. Gas-Chrom P was used as the solid support. 
It was washed with concentrated hydrochloric acid, 
methanolic potassium hydroxide, dried, and treated 
with hexamethyldisilazane (18). The dried and 
siliconized support was coated with the liquid phase 
as described by Homing, et al. (19). When the 
stationary phase was nonpolar, such as Apiezon or 
silicone rubber SE-30, a coating of 0.1% of poly- 
ethylene glycol 9000 was applied prior to  the main 
liquid phase (18,ZO). This did not seem to alter the 
retention data, but markedly reduced tailing of the 
polar hydroxy esters. The ester sample was in- 
jected into the flash heater, maintained at 175O, with 
a Hamilton microsyringe. The usual sample was 0.5 
pl. of an acetone solution containing 2 to 10 mcg. of 
each ester. If the flash heater temperature was 
much above 175”, certain decomposition reactions 
could sometimes be observed. Malic acid esters, 
for example, under such conditions produced three 
peaks, due to  partial dehydration to  maleate and 
fumarate. 


RESULTS AND DISCUSSION 


The gas chromatographic retention data of the 
esters of 12 di and tricarboxylic acids are given in 
Tables I and 11. Maleate is included because of its 
structural relationship to  fumarate, although the 
acid has never been isolated from plant materials. 
A typical gas  chromatogram of esterified plant acids 
is illustrated in Fig. 1. Temperature programing is 
useful in speeding up the elution of aconitate, cit- 
rate, and isocitrate and producing sharper peaks. 
Figure 2 represents a temperature programed gas 
chromatogram on silicone rubber SE-30. 


It is apparent from Tables I and I1 that the 
greatest number of esters could be separated on 
Apiezon L. This stationary phase was, further- 
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more, the only one that produced satisfactory separa- 
tion of succinate and fumarate. The geometric iso- 
mers, maleate and fumarate, were separated as the 
ethyl esters on all four columns. Maleate and 
succinate, however, could only be separated on polar 
columns. Citrate and lactoisocitrate showed great 
differences in retention times. 


The acetone solutions of the esters are unstable 
and should be gas chromatographed without much 
delay. The esters of the keto acids and the hydroxy- 
acids are particularly subject to decomposition in 
solution. After a day or two, several gas chroma- 
tographic peaks were produced indicating substances 
which were not present in the original solution. 


The plant acids were isolated from Celtis occiden- 
tulis, Urticaceae, as described above. The following 
acids were identified: oxalic, malonic. fumaric, suc- 
cinic. malic, citric, and isocitric. 


The dried roots of Angelica archangelica L. subsp. 
noruegica, Umbelliferue, contained oxalic, mabnic. 
fumaric, succinic, malic, aconitic, and citric acid. 
This corresponds to  the acids identified in this plant 
by fractional distillation of the esters, followed by 
hydrolysis and paper Chromatography of the Iiber- 
ated acids (21). 


A fraction of ethyl esters from Sempervivurn tec- 
torum L., Cra~sulaceae,~ showed the presence of suc- 
cinic, nialic, citric, and isocitric acids. 
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Solubility of Benzoic Acid and Related Compounds 
in a Series of n-Alkanols 


By F. A. RESTAINO* and A. N. MARTIN 


The solubilit of benzoic acid and esters ofp-hydroxybenzoic acid were determined 
in a series oln-alkanols, and Hildebrand's solubility parameters were assigned to 
these compounds. The  experimental results were compared with the theoretical 
solubility calculated from the Hildebrand equation for regular solutions. Fair 
agreement was found for methyl and ethyl p-hydroxybenzoic acid, but pro yl and 
butyl p-hydroxybenzoic acid and benzoic acid agreed less favorably. Hildegrand's 
equation appears most applicable to solvents whose solubility parameters are quite 
similar to those of the solutes; it is strictly applicable to nonpolar rather than polar 


systems. 


HERE IS scarcely anything more important 
Tfor a practicing chemist than a knowledge of 
solubilities, but  unfortunately he finds i t  more 
difficult to  predict the solubility o f  a substance in  
a given solvent than to  predict almost any other 
property. An attempt to remove this difficulty 
was made by Hildebrand and Scott ( I )  who de- 
veloped equations restricted to nonpolar solvents. 
Negoro, et al. (?), have applied the Hildebrand 
treatment to  pharmaceutical solutions. Chert- 
koff and Martin (3) showed that  Hildebrand's 
equation for regular solutions is  applicable to 
some polar systems where the polarity of solvent 
and solute are not significantly different from one 
another. This observation together with Bur- 
rell's (4 ,  5 )  series of articles entitled "solubilitv 
parameters" and Mortimer's (6, 5) adaptation of 
Hildebrand's idea of internal pressure encouraged 
further investigations o f  the Hildebrand-Scott 
equation in polar solvents. 


Therefore, this investigation was undertaken 
to determine the solubility of benzoic acid and 
the esters of p-hydroxybenzoic acid in  a series 
of n-alkanols at 25' and to  compare these with 
the solubility predicted by Hildebrand's equation. 


A regular solution, one in which heat is ab-  
sorbed on mixing but no entropy change occurs, 
was assumed to  apply for the solutions studied. 
..\ modified form of Hildebrand and Scott's (1) 
equation was used and applied to the systems 
studied. The equation is 


- A H / ,  ( T ,  - T )  
4.575 (T,,,TF-.- log *: = - 


(a, - a?)'&? (Eq. 1) V2 


4.575 T 
-~ 


where x2 is the mole fraction solubilitv of solute, 
AH', is the heat of fusion of the solute at its 
melting point, T, is the absolute melting tem- 
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perature of the solute, T is the absolute tempera- 
ture of the solution studied, &, and &* are the 
solubility parameters of solvent and solute, 
respectively, is the volume fraction of solvent, 
and V ,  i s  the molar volume of the supercooled 
solute. 


The solubility parameter is defined by Hilde- 
brand and Scott (8) as  the square root of the 
internal pressure of the substance. I t  is a meas- 
ure of polarity so that  the more polar a substance, 
the greater is its solubility parameter. The 
solubility parameters of the solvents are known 
and are listed in Table I. The parameters, the 
heats of fusion, and the molar volumes of the 
solutes must be determined before Hildebrand's 
equation can be applied. 


EXPERIMENTAL 


Reagents.-Normal propyl alcohol, Fisher certi- 
fied reagent grade (b.p. 96.9 to 97.2'); n-amyl 
alcohol, Fisher certified reagent grade (b.p. 136.2 to 
138.1"); and n-butyl alcoliol, Fisher certified reagcnt 
grade (b.p. 116.6 to 117.8') wcre used without 
further purification. Normal hexyl alcohol, East- 
man Organic Chemicals (b.p. 156.5 to 15i.5") and 
n-octyl alcohol, Eastrnan Organic Chemicals (b.p. 
194-195') were redistilled. 


A purified grade of Parasepts (esters of p-hydroxy- 
benzoic acid), methyl, ethyl, propyl, and butyl ob- 
tained from Heyden Newport Chemical Corp. were 
recrystallized from chloroform until a sharp melting 
point was obtained. Benzoic acid, Fisher certified 
reagent, was also recrystallized from chloroform. 


Procedure.--A slight excess o f  solid was added to 
approximately 40 nil. of a solvent contained in a 
screw-top bottle. A closure was made with alurni- 
num foil, the top fixed tightly over the foil, and thr 


TABLE  SOLUBILITY PARAMETERS OF SOLVENTS 
AT 25" C." 


Solvent 
n-Propanol 
n-Butanol 
n-Pentanol 
n-Hexanol 
n-Octanol 


Parameter 
11.9 
11.4 
10.9 
10.7 
10.3 


a Taken from (9).  
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whole sealed with several turns of electrical tape. 
The bottles were shaken in a constant temperature 
bath ( Wilkens-Anderson Lo-Temp bath) a t  the 
desired temperature f0 .05” for 48 hours. The 
equilibrated solutions were then removed, filtered, 
and samples taken. 


The analysis was done gravimetrically and spectro- 
photometrically on a Beckman model DU spectro- 
photometer at a predetermined wavelength. 


The densities of the saturated solutions were 
determined with calibrated pycnometers. 


RESULTS 


hi attempt was first made to assign Hildebrand’s 
“solubility parameter” to the compounds studied. 
Since the solubility parameters ( 6  values) of the sol- 
vents were known, a plot of mole fraction solubility 
wersus 6 value of the solvents showed a maximuni 
solubility which is assumed to correspond approxi- 
mately to the 6 parameter of the solute (see Figs. 1 
and 2). The fact that the 6 value of the solvent a t  
maximum solubility yields the 6 value of the solute 
has been discussed in an earlier paper (3). The 
parameters for the solutes ranged from 10.9 to 11.3 
a t  25”. The value of 11.2 determined for henzoic 
acid by this method is in agreement with the value, 
11.3, reported by Chertkoff and Martin (3). The 6 
values are in doubt in most cases by about f O . l .  
The 6 value for butyl parasept is particularly diffi- 
cult to establish because of the absence of a sharp 
maximum, as seen in Fig. 2. Other techniques must 
be used, one of which will be presented in a later re- 
port, for determining satisfactory 6 values when the 
solubility data fails to produce a sharply defined 
maximum. 


The heats of fusion for the esters of p-hydroxy- 
benzoic acid were determined using Walden’s method 
(10). He observed that A H ,  = TmK, where AHIis 
the heat of fusion, T, is the melting point of the 
solid, and K is a constant. Walden found that K 
had a value of about 13.5 for many organic com- 
pounds. Mortimer ( l l ) ,  however, showed how K 
varied, depending upon the class of compounds. 
With this in mind, the heats of fusion for the esters 
of p-hydroxybenzoic acid were determined from a K 
obtained from the heat of fusion of benzoic acid (13). 
The constant K was determined as: A H f  of benzoic 


0.10- 10 I I 12 13 14 IS 


SOLUBILITY PARAMETER OF SOLVENTS 


Fig. 1.-Determination of the solubility parameter 
of benzoic acid and esters of p-hydroxybenzoic acid 
at 25OC. Key: @, methyl p-hydroxybenzoate; 
0, ethyl p-hydroxybenzoate; 0 ,  propyl p-hydroxy- 
benzoate; 8 ,  butyl p-hydroxybenzoate; 0, ben- 
zoic acid. 
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SOLUBILITY PARAMETER OF SOLVENTS 


Fig. 2.-Determination of the solubility parameter 
of butyl p-hydroxybenzoate at 25°C. 


acid = 4302 cal./mole, Tm of benzoic acid = 395.16, 
and K = 4302/395.16 = 10.89. If one assumes that 
the entropy of fusion and subsequently the crystal 
packing for each compound used were similar, then 
the heats of fusion can be calculated using the con- 
stant, K = 10.89. These were then labeled “ap- 
parent” heats of fusion and can be found in Table 11. 


TABLE II.-APPARENT HEATS OF FUSION 
Ester M.p., O C. AH,’ 


Methyl 126.5 4352 
Ethyl 116.5 4243 
Propyl 96.5 4026 
Butyl 70.0 3737 


To substantiate the use of K = 10.89, other com- 
pounds with similar structures were sought, ix., 
compounds with approximately the same substit- 
uent groups, corresponding in size, shape, and elec- 
tronegativity to the hydroxyl group in the para 
position of benzoic acid. The only compound found 
for comparison was p-aminobenzoic acid. Using the 
K calculated, the heat of fusion for this compound 
was determined to be 5027 cal./mole. This value 
was in agreement with that reported in the literature 


Since the molar volume of the supercooled solid 
required in Hildebrand’s equation is extremely 
difficult to obtain, it became necessary to  use the 
“apparent molar volumes.” These values were 
obtained (14) from knowledge of the densities and 
weights of solution, the density of solvent, and from 
the weight of solute. The apparent molar volume 
of benzoic acid thus determined was 101 ml./mole. 
This value was in agreement witn the molar volume 
of the supercooled benzoic acid as reported in the 
literature (3). Accordingly, the apparent molar 
volumes of the parasepts should be in fair agreement 
with the molar volume. The apparent molar 
volumes of the compounds are reported in Table 111. 


( ml. /mole) 


(13). 


TABLE III.-APPARENT MOLAR VOLUMES AT 25” c. 


Compd. V+ 
Methyl p-hydroxybenzoate 121 
Ethyl p-hydroxybenzoate 140 
Propyl p-hydroxybenzoate 158 
Butyl p-hydrox ybenzoate 176 
Benzoic acid 101 


a The values reported are the average of several values o b  
tained from the various solvents used. 


Knowing the heats of fusion, the solubility param- 
eter, and the molar volumes of the solids, one can 
now use Hildebrand’s equation to calculate the pre- 
dicted solubilities. Equation 1 was used for all 
calculations; the results appear in Table IV. 
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TABLE ~\'.-sOLUBILITY DATA AT 25" c. 


Density Gm./Gm. S.S. Solvent 


n-Propanol 
n-Butanol 
n-Pentanol 
n-Hexanol 
n-Octanol 


n-Propanol 
n-Butanol 
n-Pentanol 
n-Hexanol 
n-Octanol 


n-Propanol 
n-Butanol 
n-Pentanol 
n-Hexanol 
n-Octanol 


n-Propanol 
n-Butanol 
n-Pentanol 
n-Hexanol 
n-Octanol 


tz-Propanol 
n-Butanol 
n-Pentanol 
n-Hexanol 
n-Octanol 


Methyl p-Hydroxybenzoate 
0.9221 0.2951 
0.8885 0.2622 
0.8891 0.2458 
0.8811 0.2052 
0.8672 0.1473 


Ethyl p-Hydroxybenzoate 
0.9079 
0.9071 
0.8961 


0.3626 
0.3398 
0.2987 


0.8888 0.2604 
0.8780 0.2065 


0.9204 0.4363 
0.9146 0.3940 
0.9059 0.3623 
0.8992 0.3265 
0.8869 0.2655 


0.9724 0.6466 


Propyl p-Hydroxybenzoate 


Butyl p-Hydroxybenzoate 


0.9592 
0.9527 
0.9467 


0.6005 
0.5579 
0.5292 


0.9291 0.4565 
Benzoic Acid 


0.8986 
0.8963 
0.9007 


0.3182 
0.2960 
0.2885 


0.8786 0.2311 
0.8708 0.1219 


Mole Fraction 
Observed Calcd. 


0.141 
0.147 
0.159 
0.147 
0.129 


0.171 
0.187 
0.184 
0.178 
0.170 


0.305 
0.311 
0.217 
0.216 
0.207 


0.361 
0.365 
0.364 
0.371 
0.360 


0.187 
0.203 
0.226 
0.201 
0.129 


0.140 
0.152 
0.155 
0.153 
0.143 


0.175 
0.185 
0.184 
0.179 
0.162 


0.244 
0.263 
0.269 
0.267 
0.255 


0.423 
0.434 
0.437 
0.435 
0.418 


0.159 
0.167 
0.166 
0.163 
0.150 


The volume fraction of the solvent, 61, was 
generally assumed to be 1 as a first approximation. 
Then using the X I  calculated, a new dl was obtained. 
This process of iteration was used until r 2  became 
constant, as described by Chertkoff and Martin (3). 


DISCUSSION 


The results in Table IV show good agreement be- 
tween the observed solubility and that calculated 
from Hildebrand's equation for the methyl and 
ethyl esters of p-hydrosybenzoic acid, but the agree- 
ment for the propyl and butyl esters of p-hvdroxy- 
benzoic acid and benzoic acid were not so good. It 
must be noted that the calculation involves the use 
of onc point from the experimental curves (the masi- 
mum) for obtaining the 6 value of the drug. There- 
fore, the theoretical or predicted solubilities are not 
completely independent of the experimental values, 
except in the case of benzoic acid. 


The Hildebrand equation also may be used for 
predicting the solubility of a compound in mixtures 
of solvents where the 6 values of the two solvents are 
not too different from one another and the 6 value of 
the mixed solvent system is not ton far removed 
from the value of the solute. This can be shown 
from the data obtained for the solubility of benzoic 
acid (6 = 11.2) in a solvent mixture of n-octanol 
(6 = 10.3) and n-propanol(6 = 11.9). The param- 
eter of the solvent mixture is calculated to be 11.1. 
I f  we assume the molar volumes of the solvents to 
be additive, then the molar volume of the mixture 
will be 117 ml./mole. Substituting the necessary 
values in Eq. 1, the predicted mole fraction solu- 


bility for benzoic acid is 0.168. The observed mole 
fraction solubility was 0.164. Therefore, the per 
cent deviation from the predicted value is 2.4. 


If we try to predict the solubility of the same 
compound in solvents with 6 values on either side of 
that of the solute and with values of the individual 
solvents differing widely from each other, then we 
encounter greater differences between predicted and 
observed solubilities. For example, suppose we 
wish to  predict the solubility of benzoic acid in a 
mixture of n-hexane (6 = 7.3) and ethanol (6 = 
13.01) whose value is 11.3. The predicted solu- 
bility for this system is 0.228, while the observed 
solubility is 0.170.* The per cent deviation from 
the predicted value now becomes 25.5. 


The results reported here further substantiate the 
findings of Chertkoff and Martin (3) with respect to 
predicting the solubility of drugs in various solvents. 
The Hildebrand 6 value seems to  be a satisfactory 
parameter for estimating drug solubilities, and when 
the 6 values of a large number of drugs and solvents 
are eventually determined and tabulated, presum- 
ably i t  will be a simple matter to  choose a satisfac- 
tory solvent or solvent mixture for maximum solu- 
bility of a given drug. However, the methods and 
principles suggested here must be checked for other 
classes of drugs, and a table of values for these corn- 
pounds must be calculated or determined experi- 
mentally. Experimental determination of the solu- 
bility in a series of solvents (the alcohols used here 
should prove satisfactory as hydrogen-bonded sol- 


1 Reported by Chertkoff and Martin (3); however, Burrell 


XData were taken from Chertkoff and Martin (3). 
(9) reports the 6 value of ethanol as 12.7. 
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CONCLUSION 


The Hildebrand equation appears most applicable 
to hydrogen-bonding solvents whose solubility 
parameters are quite similar to  those of the solutes; 
in such cases, it will give a fair estimate of the drug 
solubility even though the system is a polar one. 
Optimum solubility may he obtained by using a mix- 
ture of solvents having a composite 6 value equal to 
that of the solute, but when using a mixed solvent 
system, the observed solubility will, in general, be 
somewhat less than that predicted by the Hildebrand 
equation. 
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Factors Influencing the Properties of Films 
Used for Tablet Coating I 


Effects of Plasticizers on the Water Vapor Transmission of 
Cellulose Acetate Phthalate Films 


By LEON LACHMAN and ARGE DRUBULIS 


The water vapor transmission of thin plasticized cellulose acetate phthalate films 
was studied at 90, 76, and 52 per cent relative humidities. The effect of the plasti- 
cizers, triacetin, diacetin, diethyl phthalate, dimethyl phthalate, Citroflex-2, Citroflex- 
A2, and dibutyl tartrate on this property was determined. In general, a decrease 
followed by an increase in  water vapor transmission was observed with increasing 
plasticizer concentration. T h e  concentration at which the water vapor transmis- 


sion is at a minimum appears to be the same for all the plasticizers investigated. 


HE USE OF polymeric substances, such as 
Tceliulose acetate phthalate, for coating 
tablets and particles has been widely accepted in  
recent years. The  reports tha t  have appeared in 
the pharmaceutical literature during this time 
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have dealt primarily with the  development of 
polymeric substances as film formers (1-6), the 
formulation of film forming agents for use in 
tablet and particle coating (7-12), the  develop- 
ment of test procedures for film coated tablets 
(13-15), and the improvement of processes for the 
application of these agents onto pharmaceutical 
dosage forms (16-20). 


Although work in the above areas has been 
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PHARMACEUTICAL CHEMISTRY 


N 1963, PROGRESS of the chemical aspects of I pharmaceutical science was reviewed in 
several publications. New products released 
during 1962 were the topic of reviews by deHaen 
(599) and Tice (600). It was pointed out that 
the new chemical entities released by the Ameri- 
can drug industry h 1962 were fewer than in any 
year of the last decade. Another writer cited 449 
references in a survey of the research progress in 
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EDITOB’S NOTS: Part I of this review appeared in the 
July issue, Taro Jonnnu, 53,696(1964). 


synthetic medicinals and natural substances in 
1961 (601). Bucher also reviewed new develop- 
ments in pharmaceutical chemistry with examples 
of products marketed in Germany (602). Prob- 
lems of drug research were the theme of another 
report (603). Sources of potential drugs were 
treated in other publications (604-606). 


Pharmaceutical applications of azulenes (607) 
and antitussives (608) have been analyzed. The 
synthesis, properties, and uses of some new 
barbiturates were described (609). Vitamins and 
amino adds in the Japanese pharmaceutical in- 
dustry were discussed in a paper on pharmaceuti- 
cal nutritive preparations (610). Blazek reviewed 


847 
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matic molecules with neutral polymers and poly- 
anions (639) were reported. The use of various 
water-soluble copolymers to form salts with 
penicillins was examined (6411). Research on 
theoretical aspects of polymer association and 
hydrogen bonding has  been conducted (641). 
Polymer-solvent interaction in polymer solutions 
was also noted (642). Phase equilibria for a 
polymer-solvent-nonsolvent system were pre- 
sented by Nakagaki and Sunada (643). In an- 
other paper the acid behavior of carboxymrthyl- 
cellulose was disclosed (644). 


,Maurer investigated particle-size distribution 
in polymer solutions (845). The effect of ir- 
radiation on the change in molecular weight dis- 
tribution in polymers was described (646). In 
another publication a kinetic study of gelatin 
cross-linking by formaldehyde and glyoxal was re- 
vealed (647). Filtration of silica dispersions 
flocculated by high polymers was studied (648). 
Hermans reported a method for derivation of the 
molecular weight distribution of a polymer sys- 
tem from the sedimentation equilibrium (649). 
Also published was a procedure for the determi- 
nation of sedimentation coefficients in rapidly 
equilibrating polymerizing systems (6.50). 


Antibiotics-Two general reviews of ant i -  
biotics with several references were published 
(6.51, 652). During 1963 the tetracycline anti- 
biotics were reviewed in four different publica- 
tions (653-6.56) ; these publications, citing many 
references, included the history, chemistry, 
pharmacy, and pharmacology of these drugs. 
S e w  developments in the penicilliiis were dis- 
cussed by Lhoest (65i);  and Uri reviewed the 
cephalosporins, antibiotics similar in structure to  
penicillin (658). A new iron-containing antibi- 
otic, succinimycin, was reported by Haskell, et al. 
(6.59). Other new antibiotics disclosed in the 
literature last year were cirramycin (660) and 
monazomycin (661). Sugawara, et al. (662), and 
Sugawara (663) presented studies on protomycin, 
a new antibiotic of the cycloheximide group 
which is active against Endameba histolytica. 


Leeson, et al., recorded the thermodynamic pKa 
values for the three dissociation constants of 
three different tetracycline molecules (664). 
The variation of pKa' values of tetracyclines in 
dimethylformamide-water solvents was also in- 
vestigated (665). The crystal structure of 
chlortetracycline hydrochloride was confirmed 
(666), and the identity of cephalothin sodium was 
established through crystallography (667). 


Nuber, et al., examined variation in capacity of 
batches of corn-steep liquor to  enhance the 
microbiological yields of antibiotics and cyanoco- 
balamins (668). Another article was concerned 


phenothiazine derivatives in pharmacy (611), 
and Petrow surveyed steroid progress for the year 
1962 (G12). Consideration of the potential of 
enzymes for topical application also appeared in 
the literature during 1963 (613). I n  another 
article, the  chemistry, pharmacology, and phar- 
macy of gold compounds were reported (614). 
.4 summary on stereochemistry with pharma- 
ceutical illustrations was published (615) ; 74 
references were cited. 


The composition of spermaceti (616) and mon- 
tan wax (617) has been determined. Christie, 
et al., elucidated the structure of butolic acid, a 
hydrolytic product of shellac resin (618). Some 
low-boiling constituents of peppermint oil were 
investigated by McCarthy, et ul. (619). A re- 
view of separation methods, structure, and uses of 
glycyrrhizic acid and its derivatives was pub- 
lished (690)  The preparation of tocopherol con- 
centrates from wheat germ by three different 
methods (621), and the isolation and crystalliza- 
tion of human insulin (622) have been reported. 


David, el a1 , noted the physicochemical char- 
acteristics of some important sulfonamide de- 
rivatives (623), and Garrett dealt extensively 
with the physical chemistry of complex trans- 
formations of the antibiotic, porfiromycin (624). 
An investigation of the stereochemistry of cyclo- 
heximide and its degradation products was 
printed (625). I n  a paper on the stereochemistry 
of steroids, hydrogenation of 1 1b-hydroxy-A8-de- 
hydroestrone was described (626). Three ar- 
ticles on antacids were found: Briksen, et al., 
investigated the antacid properties of calcium, 
magnesium, and aluminum salts of water-in- 
soluble aliphatic acids (627); in another paper, 
the acid-neutralizing velocity of synthetic alumi- 
num silicate and dried aluminum hydroxide gel 
was studied (6%) ; the  third publication was con- 
cerned with critical in vitro factors in the evalua- 
tion of gastric antacids (699) .  Mirimanoff, et al., 
reported on the salt formation between theophyl- 
line and phenylmercuric hydroxide (630). Solu- 
tion phase interaction between nicotinamide and 
ascorbic acid was examined by Guttman and 
Brooke (63 1). A liquid-liquid extraction method 
for concentration of aqueous solutions has  also 
been described (632). The elution of vitamin BIZ 
from carbon cake was considered by Kosaka 


Polymers.-The chemical and  physical prop- 
erties of polymers and their applications in 
pharmacy have been reviewed by  Allisson (634) 
and Autian (635, 630). Studies of the interac- 
tions between polyvinyl alcohol and procaine 
hydrochloride (637), low molecular weight com- 
pounds and solid polymers (638), and polar aro- 


(633). 
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with the manufacture of five new semisynthetic 
penicillins (669). Purification of cephalomycin 
by isoelectric precipitation and gel filtration was 
reported (670). The freeze-thaw method was 
applied for concentration of antibiotic solutions 
(671). Samsonov and Fleer presented a method 
to separate and purify erythromycin with cat- 
ion-exchange resins (672), and penicillin ad- 
sorption on ion-exchange resins was the topic of 
two papers by Samsonov, et al. (673, 674). 
Other researchers investigated the adsorption of 
streptomycin from aqueous methanol solutions 
by carboxylic cation exchangers (675). 


Radioisotopes.-Johnson, et al., reviewed 
some applications of radioisotopes in the chemi- 
cal industry (676), and Snell discussed the use of 
tritium-labeled compounds in pharmaceutical re- 
search (677). Another review dealt with the ef- 
fects of ionizing radiation on pharmaceuticals 
(678). Effects of gamma-rays on aqueous solu- 
tions of kaminobenzoic acid (679) and on gela- 
tion of dilute aqueous pectin solutions (680) were 
investigated. It has been found that radiation 
decomposes anion-exchange resins (681). Corn- 
ish studied ionization distribution in water ir- 
radiated with fast electrons using glass as a radia- 
tion indicator (682). One writer reviewed the 
potential of radio-sterilization in the pharma- 
ceutical industry (683), and another worker ex- 
plored its application to various antibiotics in 
ophthalmic ointment bases using Cow (684). 
Some effects of sterilizing doses of radiation on 
ophthalmic solution ingredients have also been 
investigated (685). Clark and Swartz applied 
radioisotopes to research on absorption in 
pharmaceutical closures (686). 


The use of tagged elements in the newly de- 
veloped field of medical experimentation was re- 
viewed (687). Ingrand discussed the contribu- 
tion of radioisotopes to the pharmacodynamic 
study of proteins and polypeptides (688). 
Radioisotopes were also used to establish arginine 
as the precursor of galegine in Galega ogicinulis 
(689). Another paper dealt with the potential 
use of radioactive vitamin Bla as a gastrointestinal 
dilution indicator (690). A description was 
given for the preparation of radiochemicals and 
their formulation into parenteral dosage forms 
(691). Also reported was the preparation of col- 
loidal chromic phosphate (Pa*) for medical use 
(692). 


Armstrong, ct d., proposed a tissue-equivalent 
chemical dosimeter capable of measuring ionizing 
radiation doses as low as 500 millirad (693). 
Methodology for simultaneous determination of 
Ha and SS6 in samples with variable quenching 
was disclosed (694). Another author found a 
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linear relationship between optical density and 
quenching of liquid scintillation samples (695). 
Medium-density polyethylene vials have been 
compared with glass vials for use in liquid scintil- 
lation counting; lower backgrounds and in- 
creased efficiencies were observed with plastic 
vials (696). New techniques in 4% 8-counting 
were presented in two papers (697,698). Blanch- 
ard reported a computer program for automated 
testing and reduction of liquid scintillation count- 
ing data (699). An investigation of in yiuo 
tracer techniques in drug xreening studies was 
conducted by Rupe, et al. (700). Techniques 
and equipment for measuring total body radia- 
tion were also described in another paper (701). 
Various methods for the detection of radioiso- 
topes in urine have been examined (702, 703). 


BIOPH ARMACEUTICS 


Biopharmaceutics comprises the research e f ~  
fort directed toward studying the influence of 
pharmaceutical formulations on biological ac- 
tivity of medicinals. Experimental work in this 
area necessitates the application of knowledge 
evolving from other disciplines such as physical 
chemistry, physiology, and biochemistry. The 
numerous references presented here are indica- 
tive of continued interest and progress in this 
field. 


Mechanisms of drug action appeared to be an 
area of experimental activity in 1963. Two pub- 
lications were concerned with the dynamics 
(704) and chemical models (705) of drug-receptor 
interaction. A flux-carrier hypothesis was pro- 
posed to combine some features of the receptor 
theory with other features of the potential theory 
(706). Beckett and Youssef considered active 
sites in stereoselective adsorbents as drug-recep- 
tor models (707), while charge transfer, hydrogen 
bonding, and drug action were dealt with in a 
paper by Nash and Allison (708). Additional 
research was reported on the transport of ions 
across membranes in a static system (709). 


Clinical evaluation of pharmacologically active 
compounds was the subject of a review; it was 
pointed out that as new techniques are developed 
the science of clinical evaluation will become more 
precise (710). In a seminar on the clinical evalu- 
ation of drugs, Ruemke discussed some of the 
applications of statistics to a wide variety of 
clinical trials (711). A generalized kinetic re- 
gression analysis, hypergeometric kinetics, was 
proposed for empirical curve fitting or estimating 
parameters of biological significance (712). An 
analysis of species differences and individual 
variations in drug metabolism was also re- 
viewed (713). 
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Several researchers have observed the ef€ects of 
alkali (714) and ACTH (715) on gastric secretion. 
Rune and Koster reported the use of a dialysis 
bag in situ for measuring gastric acidity (716). 
Another paper, by Nordgren, described the rate 
of secretion and the electrolyte content of normal 
gastric juice (717). A preliminary report was 
made on the separation of pepsins from human 
gastric juice (718). 


Clinical significance of hydrogen-ion concentra- 
tion in the duodenum was ascertained; duodenal 
pH was found to be influenced largely by the 
acidity of the stomach (719). Investigation of 
intestinal sensitivity to gastric juice was also 
conducted (730). Hunt studied the duodenal 
regulation of gastric emptying-the pattern of 
gastric emptying was found to be exponential 
and controlled by receptors responding to carbo- 
hydrates, osmotic pressure, and acid (721). 
Connell, el al., used miniature radio transmitters 
enclosed in capsules for studying pressure of the 
intestinal tract during motility (722). Paper 
electrophoresis was employed to identify known 
and unknown components of pancreatic juice 
(723). A study of 12 enzyme systems in the 
mucosa of the normal human gastrointestinal 
tract was published (724). Dubos, el ul., dis- 
cussed the composition, alteration, and effects of 
intestinal flora (725). 


Current knowledge of visceral blood flow has 
been surveyed (726). Publications by Jacobson 
(727), Texter (728), and Welsh (729) were con- 
cerned with gastric blood flow, small intestinal 
blood flow, and colon blood flow, respectively. 
Blood circulation time in dogs of different ages 
was measured by other investigators (730). 


It has been suggested that bile acids facilitate 
absorption of lipids by virtue of their ability to 
form micelles which solubilize the products of 
lipolysis (731). Roe pointed out a need for ex- 
tensive research on the influence of food on drug 
absorption from the intestinal tract (732). The 
action of chloramphenicol on the coefficient of 
absorption of p-aminohippuric acid in man and 
rabbits was discussed (733). From in vim 
studies on protein digestion, i t  was reported that 
pepsin predigestion is important to the rate of 
disappearance of vegetable proteins (734). 
Davies commented on the effect of sodium salts 
of organic acids on urinary pH (735). 


Effects of Physicochemical Properties.- 
Linford observed the influence of pH on the re- 
activity of chlorambucil (736); the effect of pH 
on membrane permeability was discussed by 
Ariens and Simonis in relation to pH and drug 
action (737). In  a review article, the influence 
of hydrogen-ion concentration on ophthalmic 
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solutions, disinfectants, mold-inhibiting agents, 
antibiotics, and the control of urine pH was sum- 
marized (738). 


Diffusion of organic electrolytes in hydrogen- 
bonding systems has been investigated (739). 
McCowan discussed partition coefficients and 
biological activity (740), and Leonards found 
the rate of gastrointestinal absorption of aspirin 
to be markedly influenced by the drug’s solu- 
bility (741). The ac i ency  of absorption of 
several cetyl sulfate salts of drugs was evaluated 
(742). In a study of 40 dextran samples it was 
ascertained that renal excretion was dependent 
on molecular weight, regardless of the method of 
preparation of the dextran sample (743). In- 
sulin binding properties in human serum were 
studied by a combination of immuno-electro- 
phoresis and autoradiography (744). Calcium 
binding compounds were found to increase the 
gastrointestinal absorption of heparin (745). 
Interactions of steroids with human plasma pro- 
teins were reported by Slaunwhite, et al. (746). 


Effects of Formulation.-Morrison and 
Campbell presented a review article on phys- 
iological availability of drugs in oral dosage 
forms (747). Their discussion of various types 
of formula modifications included sugar coatings, 
enteric coatings, and prolonged-release products. 
The effect of dosage form on biological activity 
was the subject of another publication (748). 
Two papers by Walker and Kennedy dealt with 
the physiology of the skin as applied to formula- 
tion (749) and factors influencing the rate and 
extent of percutaneous absorption from various 
dosage forms (750). The permeability of ex- 
cised human keratin to lipid-soluble substances 
(751) and the absorption of phenylbutazone oint- 
ment through the skin of rats and humans (752) 
were examined. Caxorbi studied emulsified 
anesthetics for intravenous injection, finding that 
high potency and high boiling point are required 
for the most satisfactory preparations (753). 
Clinical trial of a new aerosol dosage spray for 
nasal application was described in another paper 
(754). Two references were found which dealt 
with absorption of sulfonamides and their sodium 
salts from various suppository bases (755, 756). 
Glycerinated gelatin was proposed as a base for 
prolonged-action vaginal suppositories (75i). 


An in vivo method for the determination of dis- 
integration time of orally administered medicinals 
was reported (758). Urinary excretion in hu- 
mans was employed to analyze the disintegration 
of protective-coated tablets (759). Sunkes stud- 
ied the effect of selected granulating agents on 
the release of medication from granules- both 
in Vitro and in viuo methods were used (760). 
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Spironolactone blood and urine levels were com- 
pared after administration of micronized powder 
with a surfactant and tablets (761). In a review 
article, Lees discussed the influence of clinical and 
pharmaceutical aspects of fine particles on drug 
absorption ; preparation of powders, tablets, and 
suspensions; drug solubility and stability; and 
manufacturing, milling, and polymorphism (762). 
Levy also considered the effects of particle sue 
on dissolution and gastrointestinal absorption 
rates of pharmaceuticals (763). 


Pharmaceutical aspects of a p-aminosalicylate- 
dialdehyde starch compound were studied by 
Campbell (764). Aspirin-caseinate was found 
to be effective and less irritating to patients with 
gastric sensitivity to plain aspirin (765). The 
effect of some antispastic drugs on the absorption 
of antituberculosis inhalation preparations was 
reported (766). Poole and Gardocki investigated 
the prolongation of chlorzoxazone plasma levels 
in mice and dogs by zoxazolamine (767). Adams 
explored the effect of drugs and differing routes 
of administration on the urinary excretion of 
parenteral vitamin Bla (768). Corneal permea- 
tion rate and length of action of ophthalmic oint- 
ments with dissolved and crystalline chloram- 
phenicol were examined (769). The influence of 
stearic acid on penicillin levels in blood after oral 
administration was also observed (770). Khari- 
zanova noted the effects of certain vitamins on 
serum levels of some tetracyclines and penicillin 
(771). The individual contribution of sodium 
tartrate and tartaric acid to blood levels of 
tetracycline hydrochloride was investigated (772, 
i73). 


Absorption Control.-Numerous references 
are included in several reviews of sustained-re- 
lease dosage forms. Speiser (774), Peters (775, 
776), and Simoons (777) discussed various factors 
in the development of sustained-release dosage 
forms-passive diffusion, methods of obtaining 
sustained release of medication, and problems in 
evaluating this type of dosage form were men- 
tioned. In another review, Eriksen considered 
some of the specific constants describing ab- 
sorption, distribution, and excretion of drugs as 
they apply to sustained-release medication (778). 
A dissertation on the theoretical aspects of pro- 
longed-action drugs in tablet form was presented 
(779). Nelson analyzed some of the problems 
complicating evaluation and usefulness of de- 
layed-action pharmaceuticals (780). 


Rosen reported on the relationship of in Vitro 
release to human urinary recovery for a sustained- 
release preparation of Sas-prochlorperazjne (781). 
Oral prolonged-action products of penicillin (782) 
and ephedrine and chlorphenkamine (783), based 
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on reaction or complexation with ion-exchange 
resins, have been prepared and investigated. 
Partial insolubilization of gelatin with formalde- 
hyde was proposed as a basis for development of 
sustained-release products (784). Wynn and 
Landon studied the alimentary absorption of 
some enteric-coated sodium and potassium 
chloride tablets (785). Three papers published 
on the absorption of iron dealt with utilization of 
iron from a controlled-release dosage form (786), 
iron absorption in mice as modified by various 
agents (787), and regulation of intestinal iron ab- 
sorption (788). 


The evaluation of a long-acting, oral, anti- 
histaminic decongestant for nasal allergies was 
reported (789). A double-blind, controlled study 
was used to compare slow-release and regular 
forms of thioridazine (790). Serum levels and 
clinical effects were observed in a comparative 
study of pentobarbital sodium in prolonged-ac- 
tion and conventional dosage forms (791). An 
evaluation of a long-acting oral preparation of 
methyl prednisolone was published (792), and 
Cavallito, et al., employed urinary excretion in 
studying a sustained-release principle (793). 


Oldham has presented a review on the chemical 
modification of sulfonylureas and related ma- 
terials, including the development of long-acting 
sulfonamides (794, 795). Another discussion of 
sulfonamides dealt with rapid-acting, slow-ab- 
sorbable, long-acting, and various addition prod- 
ucts; several forms of penicillin were also discus- 
sed (796). Ballad and Nelson have investigated 
absorption and excretion of sulfadiazine after 
subcutaneous implantation of disks in rats (797). 


The use of drugs as inhibitors of drug metabol- 
ism was reviewed (798). It has been found that 
the administration of a xanthine oxidase inhibitor 
concurrently with 6-mercaptopurine resulted in a 
marked decrease in metabolic oxidation of the 
latter in Vivo (799). Other studies revealed the 
effects of a metabolic inhibitor, SKF 525-A, on 
metabolic rates of various drugs (800, 801). 
Oral hexobarbital, in the presence of p-amino- 
salicylic acid, increased sleeping time due to 
decreased elimination (802). Ruemke investi- 
gated the influence of several drugs on duration 
of hexobarbital and hydroxydione narcosis 
(803), and Kato, et al., studied the mechanism of 
potentiation of barbiturates and meprobamate 
by imipramine (804). The influence of dextran 
for sustaining the action of orally administered 
drugs was evaluated (805). Increased strepto- 
mycin levels in rat skeletal muscle tissue were ob- 
served after administration of neostigmine 
methylsulfate alone and in combination with 
atropine (806). 
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Absorption Mechanisms.-A technique for 
making dose-response curves and their use in 
evaluation of drug parameters were described in 
two papers (807, 808). Hunt explored the re- 
lationship of gastric-emptying rate to drug ab- 
sorption (809). Several references were cited in 
a review of the passage of drugs across body 
membranes (810). Another review was pub- 
lished about the physiology, biochemistry, and 
energetics of active transport (811). Ghosh also 
commented on active-transport and energy- 
transfer mechanisms (812), and Wilbrandt de- 
scribed active transport through interfaces (813). 
A model for permeation of living membranes was 
proposed by Shanes (814). Clearance experi- 
ments at different urine pH values were used to 
demonstrate the importance of pH-dependent 
diffusion processes for kidney function (815). 
Molecular size and the transfer of substances 
through the partition of blood capillaries were 
discussed by another writer (816). Parsons 
quantitated some aspects of pinocytosis in rela- 
tion to intestinal absorption (81i). The ques- 
tion of penetration through pores was considered 
in relation to the passive permeability of cell 
membranes (818). A study of the route and 
rate of absorption of inhaled vapors was published 
(819). 


Active transport of quaternary ammonium 
compounds into bile was investigated by Schanker 
and Solomon (820). In another paper, Schanker, 
et al., demonstrated the interaction of purines 
with the pyrimidine transport process of the 
small intestine (821). Chelation by lactose was 
suggested as a possible mechanism for enhancing 
intestinal absorption of calcium (822). Other 
researchers studied the development of mechan- 
isms for intestinal absorption of vitamin BI2 in 
growing rats (823). Vitamin Bls binding capac- 
ity of saliva and gastric secretions has also been 
ascertained (824). 


Wilson reviewed principles concerned with per- 
cutaneous absorption (825), and Carson and 
Goldhamer described a tracer procedure for 
studying skin absorption (826). Percutaneous 
absorption of various animal or vegetable oils has 
been investigated (827). In oilro techniques were 
employed in an exploration of the effect of tem- 
perature and humidity on penetration of el4- 
acetylsalicylic acid in excised human skin (828). 
Swelling response of skin disks was used to meas- 
ure the effects of aqueous anionic, cationic, and 
nonionic surfactant solutions on human and calf 
skin (829). The influence of some surfactants on 
the cutaneous absorption of potassium iodide, 
sodium salicylate, and ammonium thiocyanate 
has also been examined (830). 
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Kinetic Studies.-The application of a newly 
derived composite radiocalcium reference stand- 
ard in normal calcium kinetics was reported (831). 
Two papers were published describing the use of 
doubly labeled iron in evaluating the kinetics of 
iron absorption and metabolism (832, 833). By 
means of a steady-state perfusion technique, the 
longitudinal absorption gradient of L-methionhe 
absorption was shown to decline progressively in 
the normal human small intestine (834). Ander- 
sen has stated that the rate of elimination of iso- 
nicotinic acid hydrazide in humans was propor- 
tional to plasma concentration (835). A pres- 
entation was made of the comparative pharma- 
codynamics, urinary excretion, and half-life de- 
terminations of nitrofurantoin sodium (836). 
Garrett, et ul., used an analog computer to 
examine the kinetics of steroid effects on Ca‘’ 
dynamics in dogs (837). Metabolism of acet- 
aminophen by humans was the subject of another 
pharmacokinetic study (838). Nelson and Levy 
commented on the relationship of plasma sali- 
cylate concentration to urinary salicylate excre- 
tion rate observed atan elevated urinarypH (839). 


A mathematical model of drug distribution 
and the solution of differential-difference equa- 
tions have been reported (840). Higuchi ana- 
lyzed the rate of release of solid drugs randomly 
dispersed in solid matrices (841). Kinetic stud- 
ies and human metabolism and excretion of 
drugs from various dosage forms were reviewed 
(842). The subject of multiple-dose excretion 
kinetics was investigated by Wiegand, et al. 
(843) -general mathematical equations describ- 
ing expected blood and urine drug concentrations 
were derived. Another manuscript on the theory 
of drug action disclosed the mathematics of dos- 
age transfer (844). Mathematical models were 
used to determine the nature and extent of d e c t  
of experimental procedures on analysis of reac- 
tion curves (845). Per cent absorbed-time plots 
derived from blood level and/or urinary excre- 
tion data were presented by Wagner and Nelson 
(846). Wagner also discussed some possible 
errors in the plotting and interpretation of semi- 
log plots of blood level and urinary excretion data 
(847). The validity of polynomial approxima- 
tions in urinary excretion-rate studies was dis- 
cussed in another paper (848); biological half- 
life and tissue concentrations were the subject of 
a presentation by Swintosky (849). The excre- 
tion and accrual of drug metabolites have also 
been considered (850). 


Drug Absorption : Antibiotics.-In a re- 
view and discussion of the mechanisms of action 
of antibiotics, 246 references were cited (851). 
Sureau investigated variations in blood levels of 
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different antibiotics as a function of route of ad- 
ministration and the vehicle used (852). Single- 
disk and tube-dilution techniques for determin- 
ing antibiotic sensitivities of Gram-negative 
pathogens were compared (853). 


Blood levels and urinary excretion of some 
soluble esters of chloramphenicol in rat and 
man were reported (854). Distribution and ex- 
cretion patterns were analyzed after oral ad- 
ministration of griseofulvin to rats (855). Kara- 
saki and Matsubara found that trichomycin given 
orally to rabbits was rapidly decomposed by 
gastric acid (856). Various types and quantities 
of adsorbents were used in a study of the ab- 
sorption of biomycin from the gastrointestinal 
tract of the chicken (857). The effect of orally 
and parenterally administered neomycin on 
plasma lipids of humans was the subject of 
another monograph (858). Two publications 
dealt with various aspects of malabsorption 
produced by neomycin (859, 860). 


Tetracycline derivatives were evaluated by 
studying excretion and distribution in body fluids 
after intravenous administration to dogs; the 
relationship between serum concentration and 
lipid solubility was discussed (861). Using a new 
method for determination of tetracycline in 
urine, Kakemi, et al., found the biological half- 
life of tetracycline to be about 8 hours (862). 
Another paper by Kakemi, et al., reported some 
investigations of the absorption of tetracycline 
from the gastrointestinal tract (863). In Gtro 
data were presented which support the theory 
that in vivo retention of tetracycline is due to 
calcium binding (864). 


Single oral-dose blood levels of four phenoxy- 
penicillins were compared with in vitro anti- 
bacterial activity (865). Absorption from the 
gastrointestinal tract of humans and in vitro ac- 
tivity against Gram-positive cocci were reported 
in studies with sodium diphenicillin (866). An 
investigation was published on the absorption, 
metabolism, and excretion of a new semisynthetic 
penicillin, G-(2-ethoxy-1-naphthamido)-penicil- 
lank acid (867, 868). Penicillinase interaction 
was considered in a discussion of chemotherapeu- 
tic aspects of penicillin (869). Smith and 
Hamilton-Miller commented on the differences 
between penicillinases from Gram-positive and 
Gram-negative bacteria (870). In an investiga- 
tion of a new sulfonamide-penicillin combination, 
5-methylsulfadiazine was reported to inhibit 
penicillinase (871). Papapanos, et al., concluded 
that solution pH controlled the permeation of 
penicillins V and G into rabbit eyes (872). These 
authors also discussed the influence of blood con- 
centrations on the diffusion of penicillins into the 


aqueous and vitreous humors of the human eye 
(873). 


Drug Absorption : Inorganic.-Brown, in a 
review, noted the lack of agreement concerning 
both the precise mechanism and the regulation 
factors for iron absorption (874). Various as- 
pects of iron therapy -including dosage forms, 
absorption, and mode of administration-have 
been disclosed (875). Another experiment 
showed decreased iron absorption in healthy aged 
humans (8i6). In two reports of mechanisms of 
iron absorption, Brown and Rother studied iron 
uptake by the normal rat and the influence of 
iron deficiency and other conditions on iron up- 
take by rats (877, 878). The role of transferrin 
in iron absorption has been evaluated (gig), and 
radioactive iron (Fe69) was used to study ab- 
sorption of iron from the human large intestine 
(880). In a study of histamine-fast achlorhy- 
dria and iron absorption, i t  was found that Fe69 
was absorbed three times greater in patients with 
acid gastric fluid (881). 


Several papers were evident concerning the in- 
fluence of various agents on the absorption of iron. 
Cleton, et al., determined the influence of syn- 
thetic chelating agents on iron metabolism (882). 
An isolated-loop technique was used in studying 
absorption, distribution, and the effects of various 
chelating agents on radioiron in rats (883). 
Princeps has reported on the influence of the 
calcium disodium salt of ethylenediaminetetra- 
acetic acid on iron metabolism (884), and Masu- 
hara and Migicovsky noted the influence of vita- 
min D on the intestinal absorption of iron and co- 
balt (885). A dissertation on the influence of 
salicylate administration in iron metabolism xas 
also published (886). Other investigators stud- 
ied the effect of reducing agents on the absorption 
of iron (887). 


Experiments by Code, et al., were concerned 
with the influence of acid on the gastric absorp- 
tion of water, sodium, and potassium (888). 
The gastrointestinal absorption of radioactive 
magnesium in the rat has been examined (889). 
Another paper disclosed a quantitative relation- 
ship between the absorption of calcium and phos- 
phorous (890). Akagi, et al., investigated varia- 
tion of boron and phosphorus levels in some 
organs after oral administration of a single dose of 
borate (891). 


Drug Absorption : Organic.-Schedl and 
Clifton found that absorption of cortisol from 
Ringer’s solution in the normal human gut was 
characterized by a distally decreasing gradient 
(892). The absorption of castor oil in man was 
inversely related to the size of the dose (893). 
In a toxicological investigation of a potential 
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excretion, uses, and toxiaty of salicylates (916). 
The influence of 2-methyl-2-propyl-l13-propane- 
diol bis(isopropy1carbamate) on the absorption 
of salicylates and acetylsalicylic acid was dis- 
cussed in another paper (917). Levy and Gag- 
liardi investigated the gastrointestinal absorp- 
tion of aspirin anhydride (918). Accumulation 
of certain drug anions in gastric mucosal cells 
following oral administration was reported (919). 
Efficacy and toxicity were evaluated in a com- 
parative blood level study of choline salicylate 
and acetylsalicylic acid (920). In vitro and in 
viuo properties of a new aluminum derivative of 
acetylsalicylic acid were also investigated (921). 


Some factors affecting the absorption of vita- 
mins were discussed by Campbell and Morrison 
(922). The influence of intrinsic factor on the 
uptake of vitamin B I ~  by the small intestine of 
the Rhesus monkey has been explored-maximum 
absorption occurred in the lower ileum (923). 
Absorption, deposition, excretion, and duration of 
action of hydroxycobalamin were investigated, 
with emphasis on the treatment of vitamin BIZ de- 
ficiencies and pernicious anemia (924). Studies 
were conducted on the tissue distribution and 
storage forms of vitamin B12 in dogs after injec- 
tion or oral administration (925). Another 
worker discussed the effect of deficiencies of cer- 
tain B vitamins and ascorbic acid on the absorp- 
tion of vitamin B1z (926). It was reported that 
glutamic acid does not increase the absorption of 
vitamin Bu (927). In dogs, absorption of vita- 
min BIZ in the presence of intrinsic factor occurs 
primarily in the ileum (928). Waife, et d., re- 
ported on the treatment of pernicious anemia 
patients using oral vitamin B1l in the absence of 
intrinsic factor; evidence of absorption was meas- 
ured by urinary excretion methods (929). Miller, 
et al., discussed the possible absorption of in- 
trinsic factor into the plasma of rats (930). The 
intestinal absorption of L-ascorbic acid-1-C" 
was studied in vitro and in vivo in rats and ham- 
sters (931). 


PH ARMACOGNOSY' 


Two general reviews of pharmacognosy have 
been published: Evans surveyed the advances 
in pharmacognosy and stressed the need for more 
fundamental research on specific plants (932); 
Farnsworth also reviewed the current status of 
botanical drugs and discussed thin-layer chroma- 
tography as a basic research tool in pharmacog- 
nosy (933). Extensive listings of medicinal 
plants of Casamance (Senegal) (934) and the 
Soviet Union (935) were presented. In another 


missile propellant, the absorption, distribution, 
and excretion of 1,l-dimethylhydrazine were in- 
vestigated (894). Franc, et al., determined ab- 
sorption, distribution in tissues, and excretion 
after oral administration of b~thiopurine-S~~ 
to mice (895). Borzelleca stated that the ab- 
sorption rate of nicotine from the urinary tract 
of the rat was dependent on solution concentra- 
tion and pH (896). Additional research was re- 
ported on the absorption of hydrocortisone from 
the large bowel (897), of procaine from the gas- 
trointestinal tract (898), of paracetamol tablets 
(899), and of chlorhydroxyquinoline (900). 


Emmerson and Miya reviewed the metabolism 
of phenothiazine drugs (901). In a metabolic 
study of secobarbital, two main metabolites were 
isolated in addition to unchanged secobarbital 
(902). McMahon, et al., studied the metabolism 
of nortriptyline-N-methyl-C14 in rats; this drug 
was found to be slowly, but effectively, ab- 
sorbed from the intestinal tract (903). The 
metabolic fate of 5-cyclohexenyl-5-alkylhydan- 
toins was discussed in a paper on the biotrans- 
formation of drugs having a cyclohexene ring 
(904). 


The distribution and excretion of dichlorpro- 
mazine-SS6 were studied following doses to rats 
and rabbits (905) ; the excretion and metabolism 
of Sss-labeled thioridazine in urine, blood, bile, 
and feces were described in another paper (906). 
Radioactive nicotine was used in a distribution 
and excretion study in various animals (907). 
The urinary excretion of benzquinamide in 
humans was reported by Cahn, et al. (908). Re- 
search on the elimination of glutethimide and 
long-acting barbiturates after toxic and thera- 
peutically active doses was published (909). 


Nogami, el al., used the perfusion method to 
study effects of solution pH on the i n  viuo dis- 
appearance rate of sulfonamides from the rat 
small intestine (910). Idiopathic ulcerative 
colitis did not af€ect rectosigmoidal absorption of 
phenolsulfonphthalein, sulfisoxazole diethanol- 
amine, and radioiodine (1131) (911). The amount 
of sulfonamide excretion from kidneys was found 
to be dependent on the degree of protein binding 
(912). Protein binding was also investigated in 
relation to the antibacterial activity of long-act- 
ing sulfonamides (913). Using an equilibrium 
dialysis method, Nakagaki, el al., evaluated 
binding between bovine serum albumin and five 
kinds of sulfanilamides (914). At low sulfon- 
amide concentrations, Scholtan demonstrated 
that the protein-binding ratio follows Freund- 
lich's rather than Langmuir's adsorption iso- 
therm (915). 


Wood reviewed the absorption, distribution, 1 The writers thnnk D!. G. H. Svobodn for his suggestions 
concerning the preparntron of this section. 
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TABLE I.-~ARPdACOGNOSTIC INVESTIGATIONS 


Plant 


A 
Acacia seyal 
Acer Qalmatum 
A c m s  species 
Achalh species 
Acokanthera obhgifolia 
Adonis vernalis 
Alangium lamarckii 
Albizia gummifera 
Aloe species 
Amaryllis hybrida 
Amaryllis Qarkeri 
Ammi Yisnuga 
Anemarrhenu a s p W U s  
Anemone nigricans 
Andropogon schicnanthus 
Anemopsis cdifornua 
Angelica species 
Anthemis nobilis (Matruaria 


chumom&) 
Apium graveolens 
Aqudqia species 
Aralia cbtu  
Arbutus menziesii 
Argemonc Wxicana 
Arnica folwsa 
Arnica w* 
Artemssua species 
Ascosparassis species 
AsfergiUus fumigatus 
Aspiahperma album 
Atropa belladonna 


Banisteria lignum 
Berberis barandana 
Berberis vulgaris 
Betonka o&inulis 
Blodhia japonica 
Bomellia serrata 
Buxus alkaloids 


Caccinia glauca 
Caesalpinia bonducella 
Callitrus drummondii 
Calpurnia subakandra 
CamQanuh rotundifolia 
Cannabis indica 
CaQsuum annum 
Carissa carandus 
Carissa spinarum 
Carya pecan 
C a s i w a  species 
Cassia (Senna) 
Cakrlpa ovatu 
Cathu edulis 
Catharanthus lanceus ( Vima 


la-) 
Cepha&&xus drupacea 
cephalotaxus fwtunci 
Chacromwpha capdlaris 
Chciranthus a.Uhii 
Cinchona alkaloids 
Cirsium martimum 
Cissampclas pareira 
CitruUus colocynlhis 
Cladophora rupestris 
C l c d  tnnilpma 
Cnidium o&male ' 


Codium frogale 
Convalhria majalis 
Corchorus olilwius 
Cordyceps capitala 


Ref. 


(949 j 
(950) 


i975j 
(976,977) 
(978) 


(979) 
I QsO) 


( 9 8 4  
(985, 986) 


Plant 


Coronilla varia 
CorydaJis ambipa 
Crotalaria species 
Croton species 
Cyathea faurici 
Cycka peltuta 
Cynanchum caudalurn 
Cypcrus rotundus 
cytisus praecoz 


D 
Dalbergia latifolia 
Daphne mezereum 
Datura species 
Delphinium dutyocarpum 
Denturia pinnata 
Duhroa febrifuga 
Digitalis species 
Daoscwea species 
Diplopterygium glaucum 
Discomycetes 
Dryopkrus crassirhieoma 
Duboisia myopwoides 


Efhedra sinua 
Ergot alkaloids 
Ericaceae alkaloids 
Emlamia duhotoma 
Erysimum canescens 
Erythrophkum ivorense 
Eucalyptus species 
Eugenia m i r e  
EuQalmium maculutum 


E 


F 
Fagara xanthoryloides 
Ficus septua 
Flummulina velutipes 
Fraxinus rhynchophylla 
Fumuria pawifira 


Gakrina species 
Genistu aetnensis 
Genistu raetum (Retama 


Geranium palustre 
Ginseng 
Gkditschia hmrida 
Glycosmis arborea 


G 


raetam) 


H e h i u m  aromaticum 
Helicostylum species 
Helleborus species 
Hibiscus trionum 
Hunteria eburnea 


Inula helenium 
Iris k a m a m s b  
Isodm trichowrpus 
Isotoma longipora 


Jasione montuna 
Juniperus species 


Kaewtpferia rotunda 
Kopsia species 


Lampteromyces japonicus 
k u r u s  nobilis 


H 


J 


K 


L 


(1074) 
(1075) 
(1076-1078) 
(1079) 
(1080-1082) 


(991) 
(1087-1089) 


(1092) 
(1093) 


855 
Ref. 


(1013) 
(1014) 
(1015-1017\ 


i 1022 j 
(1023) 


(1024) 
(1025) 
( 1026-1030) 
(1031) 
i 10325 


1050) 
(1051) 
(1052) 
(10531 
(1054, 1055) 
(1056) 
(1057) 


(1072) - 
( 1073) 
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Plant 


Lavandula species 
Leptospermum seoparium 
Leucothoe grayana 
Levisticum of i ina le  
Ligularia tussduginea 
Ligusticum acutdoba 
Linum usitalissimum 
Lobelia wens  
Lupinus species 
Lycium chinense 
Lycopodiiim species 


hfachilus species 
Magnolia kachirachirai 
Majorana hortensis 
Menispermaceae 
Mentha piperita 
Aletanarthecium luteo-viride 
Muhelia champaca 
Mitragyna species 
Myrtus communas 
Narrissus alkaloids 


M N  


P 
Paeonia albifiora 
Pancrutium maritimrrm 
Pnulowniu lonientosa 
Pergularia exlensa 
Pesrhiera afinis 
Physosligma venenosiitn 
Phyteuma spicaluni 
Pieris jabonica 
Pimpinella heynenna 
Pinus species 
Piper melhyst icic m 
Pithecolobium duke 
Plantago major 
Platycodon grandifiorum 
Podophyllum peltalum 
Polygonum aviculare 
Pongamia glabra 
Populus grandidentala 
Prangos pabularia 
Pirlsatilla grandis 


Rauwolfia species 
Rhamnus Purshiana 
Rhazya slricla 
Rheum palmalum 
Ruinmarpus stylosus 
Rosmarinus.oJZcanalis 
Rumex species 
Ruta graaeolens 


R 


__-__ 


Rel. 


(1094, 1095) 
(1056) 
(1096) 
(961)' 
(1097) 
(961) 
(1030) 


(1100) 
(1101- 


( 1104- 
( 1107) 
( 1108) 
(1109, 
(1111) 
(1112) 


g3 
103) 


106) 


110) 


( i i i 3 j  


(1054) 
(1114-1117) 


(1118-1120) 


(1121) 
(1122) 
(1 123) 
( 1124) 
(1 125) 
(1126) 


(1 127) 
( 1128) 
(1129, 1130) 
(1131) 
(1 132) 
(1133) 


(991) 


(991) 
f 1134) 
(ii35j 
(1 136) 
(1137) 
(11381 


(1140-1144) 
(1145) 
(1146-1148) ~~ 


(1149) 
(1150. 1151) 
(1152) 
(1153-1155) 
(1156) 


Plant 


Salix species 
Salvia species 
Sarcostcmma viminale 
Sargassum natuns 
Scabiosa succisa 
Schoenocaulcn o f i ina le  
sciadopitys vntUdM4l 
Scilla maritima 
Securinega suffruticosa 
Securinega virosa 
Simaba cedron 
Sinocalamus oldhumii 
Sinomenium acutunr 
Skytanthus acutus 
Smilax sieboldi 
Solanum species 
Sophwa species 
Sphenomeris chusana 
Stephania japonua 
Strychnos species 
Sweetia panamensas 
Symphytum species 


Ta bernaemontana 
fiachyszphon 


Tacca leontopetuloides 
Tagetes species 
Tecoma stuns 
Thalictrum dasycarpum 
Thymus vulgaris 
T i l k  species 
Tripetaleia panuulata 
Tripterygium wiljordii 


u v  
Llva lactuca 
llngernia species 
Valeriana angustifolia 
Veratrum album 
Vinca minor 
Vinca rosea (Catharanthus 


roseus) 
Virgilia orobozdes 
Viler nznris-mstus 


W X Y  
1 I'alllieria aniericana 
Wistaria floribunda 
Ii'ithania species 
Xanthorhim simpluissinia 
Yucca aloefolia 
Yucca guatamalensis 


Ref. 


(1157-1159) 
(1 160) 
(1161) 
( imj  
(1163) 
(1164; 1165) 
(11%) 
(1167) 
(1168, 1169) 
(1170) 
( imj  
(1172) 
( l l i 3 )  
( 1  174) 
(1 175) 
(1041, 1176-1178) 
(1179, 1180) 
(1020) 
(1181) 
( 1182) 
(1183) 
(1184) 


(1185) 
i imj  
(1 187) 
(1188) 
(1006, 1189) 
f 1190) 
(1191; 1192) 
(1 193) 
( 1194) 


(1002) 
(1195, 1196) 
( 1197) 
( 1198) 
(1199-1201) 


( 1202-1205) 
(1206, 1207) 
(1208) 


(1210) 
(1211) 
(1212-1216) 
(1209) 
(i217j 
(1218) 


paper, the development of storage and retrieval 
techniques for punched cards on phytochemical 
data was reported (936). Thirty tannin-con- 
taining drugs were classified according to their 
ultraviolet absorption spectra (937). A proce- 
dure utilizing fresh plant material has been de- 
scribed for alkaloid screening of plants in the 
field (938). 


Pharmacognostic Investigations.-This sec- 
tion of the review is primarily concerned with 
those references pertaining to isolation and 
identification of plant constituents. Table I 
lists alphabetically each plant studied, followed 
by the appropriate references to the bibliography. 


Methodology.-Germination, growth, and 
alkaloid synthesis of Datura stramonium after 
various treatments have been investigated (1219, 
1320). Research on biosynthetic pathways to 
coumarin formation in plants was published by 
Brown (1221). An extensive investigation was 
conducted concerning the influence of environ- 
mental factors on the growth and oil production 
of some species of Labiatae (1222-1 224). Growth 
characteristics of spearmint tissue were explored 
with a dual-carboy culture apparatus (1225). 
Alkaloid production by Claviceps paspali was 
studied in submerged culture (12%). while labora- 
tory culture experiments with C. purpurea were 
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reported in two different articles (1227, 1228). 
Teuscher discussed the influence of amino acids 
on the biosynthesis of clavine alkaloids in sapro- 
phytic culture (1229). Suspension cultures of 
Digitalis lanata and D.  pzrrpurea were employed 
by Staba and Lamba in the experimental produc- 
tion of cardiac glycosides (1230). Microbio- 
logical hydroxylation of digitoxigenin derivatives 
by Absidia orchz& was recorded (1231). 


Hoerhammer, el al., used thin-layer chroma- 
tography for identification and differentiation of 
Strophanthus glycosides (1232), while other in- 
vestigators quantitatively determined the princi- 
pal alkaloids of opium using this technique (1233). 
A new two-dimensional thin-layer chromatog- 
raphy technique was used in phytochemical 
studies of the alkaloids of Pancratium maritimum 
(1234). Ion-exchange, paper and thin-layer 
chromatography in pharmacognostic instruction 
have been discussed by Reuter (1235). Another 
paper revealed thin-layer chromatography to be 
useful in detecting adulteration of Tussilugo 
farfara with PetaSites leaves (1236). Thin- 
layer chromatography was also employed for the 
separation and estimation of some plant poly- 
hydroxy anthraquinones (1237). Schwarz ef- 
fected a chromatographic separation of steroid 
compounds on a magnesium silicate layer with- 
out binding agents (1238). 


More efficient extraction of plants was ac- 
complished through the application of certain 
mathematical principles to maceration and per- 
colation (1239). Stanev and Elenkov studied 
the dynamics of morphine extraction from pop- 
pies (1240). A laboratory method was de- 
veloped for obtaining extracts of Leonurus 
cardiaca (1241). Other investigators evaluated 
effects of various factors on extraction of active 
ingredients from medicinal plants (1242). Var- 
ious aqueous-alcoholic mixtures were employed 
under a variety of conditions to study the ef- 
ficiency of extraction of Digifidis purpzrrea leaves 
(1243). Deacylation and copper complexing 
were used to fractionate two major water-soluble 
polysaccharides from Pinus syluestris (1244). 
Decomposition of rutoside was reported when 
ether saturated with water was used for its ex- 
traction from rue (1245). The effect of disper- 
sion on the extraction of active substances from 
medicinal plants (1246) and the extraction of 
belladonna herb with the aid of surfactants 
(1247) were investigated. Surfactants were also 
used in preparing fluid extracts of thyme (1248). 


Tyler and Stuntz reported a qualitative test 
for alkaloids in studies of higher fungi (1249). A 
hemolytic index was described for evaluation of 
saponin extracted from the roots of Gypsophila 
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paniculatu (1250). Standardized conditions for 
production of good quality agar from seaweed 
were suggested (1251). Spray drying for the 
isolation of various alkaloids and glycosides hss 
been discussed (1252). Ultrasound was em- 
ployed successfully in the extraction of plants 
containing alkaloids (1253). It was also re- 
ported that the use of ultrasonic energy to iso- 
late alkaloids shortens maceration and extrac- 
tion times and increases the yield (1254). 


CONCLUSION 
The number and variety of publications in 


pharmaceutical science continue to demonstrate 
the complexities of this field of study. It was 
the aim of this review to facilitate presentation 
of some of these advances to those engaged in 
pharmaceutical research. 
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Method for Evaluating Behavioral 
Central Depressants 


Articles 


Effects of 


By MARVIN COHEN* and JOHN W. NELSON 


A new method for the evaluation of central nervous system depression is presented. 
It is based on the scoring of behavioral responses to subhy notic doses of central 
depressants. The application of the method to the study of two different types of 
depressants, peptobarbid and chlorpromazine, both alone and in combination, is 
shown. The time-res nse scoring method appears to be useful as a screening 
method and as a tool more theoretical studies when appropriate modifications 


are made for different types of pharmacological agents. 


m PROBLEM of drug interaction and its T evaluation is a fundamental one in the field 
of general pharmacology. Studies in this area, 
such as those of Bliss (l), Gaddum (2), Berger 
and Lynes (3), and Gruber (4) have led to an 
accumulation of considerable information. Such 
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data, however, have largely been obtained by 
means of toxicity studies (1) or by the measure- 
ment of sleeping times in cases where central 
depressants have been employed (24).  Gruber 
(4) has commented on studies of this type by 
stating that the data obtained in this way, being 
only relative values, cannot be measured and 
compared with any degree of accuracy. More 
quantitative studies, using animals given sub- 
hypnotic doses of depressants, have been per- 
formed by such workers as Swinyard (5), Lim 








Complex Formation Influence on Reaction Rate I1 
Hydrolytic Behavior of Riboflavin in Borate Buffer 


By DEODATT A. WADKE* and DAVID E. GUTTMAN* 


A study was made of the hydrolytic behavior of riboflavin in aqueous solutions buf- 
fered with a borate buffer system. It was observed that the vitamin decomposed 
slower in the presence of the bdered  rather than unbuffered solutions of equiva- 
lent hydroxide-ion concentration. Rate studies suggested that a reversible 1 : 1 
association occurred between riboflavin and a component of the buffer to yield a 
product which underwent hydrolytic cleavage of the isoalloxazine ring at a slower 
rate than the parent compound. Similar studies with lumiflavin failed to demon- 
strate this effect and showed that the ribityl side-chain of riboflavin was involved 


in the association. 


VIDENCE WAS presented in a previous com- 
munication (1) which demonstrated that the 


velocity of the base-catalyzed decomposition of 
riboflavin in aqueous solution was influenced by 
the incorporation of caffeine in the reaction mix- 
ture. The rate was shown to  be slowed and 
dependent on the concentration of caffeine. The 
effect was rationalized and effectively quantitated 
by hypothesizing that the riboflavin-caffeine 
complex, which is known to form in such systems, 
possessed little or no reactivity toward hydroxide 
ion and that only the noncomplexed form of the 
vitamin underwent observable decomposition. 
It is the objective of this communication to  de- 
scribe a related but somewhat more complex 
behavior which was observed in solutions of ribo- 
flavin buffered with a boric acid buffer. Here an 
association between the vitamin and a buffer 
component apparently took place. However, in 
contrast to  the caffeine system, here both the free 
and combined forms of the vitamin appeared to  
undergo hydrolytic breakdown but at  different 
rates. 


Other workers have shown previously that 
riboflavin and boric acid do undergo some type 
of rapid reversible union. Surrey and Nachod 
(2), for example, demonstrated that aged alkaline 
solutions of riboflavin exhibited a depressant 
action on cardiac and visceral muscles and that 
this was due to the 1,2-dihydro-6,7-dimethyl-2- 
keto-l-~-ribityl-3-quinoxaline carboxylic acid 
which resulted from hydrolysis of the vitamin. 
They reported, however, that similar solutions 
which contained boric acid failed to show any 
hypotensive activity even after prolonged stand- 
ing. The reasons for this apparent stabilization 
were not pursued. Other reports, including those 
of Takata et al. (3) and Frost (4), indicated a 
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reaction by noting that riboflavin was more sol- 
uble in aqueous borate solutions than in water 
alone. Frost also found that the degree and 
direction of optical rotation exhibited by ribo- 
flavin in aqueous solution was altered by the 
addition of boric acid. He suggested on the 
basis of this and other evidence that the ribityl 
side-chain combined with the boron compound in 
some way. Data obtained in the present inves- 
tigation support this conclusion and demonstrate 
that the rate of hydrolysis of the isoalloxazine 
ring of the vitamin is significantly reduced as a 
result of association. 


EXPERIMENTAL 


Reagents.-Riboilavin was obtained from East- 
man Organic Chemicals. L u d a v i n  was prepared 
by decomposing riboflavin in sodium hydroxide solu- 
tion (pH 12.0-12.5) in the presence of light. The 
reaction mixture was acidified (pH 4.5-5.0) and ex- 
tracted with chloroform. The solvent was removed 
to obtain lumiflavin which was washed several times 
with 0.5 N hydrochloric acid and finally with dis- 
tilled water. The melting point was 332-334" with 
decomposition (uncorrected). 


Procedure.-The reaction mixture was prepared 
by placing 50 ml. of appropriate buffer or sodium 
hydroxide solution of desired normality in a 100-ml. 
volumetric flask together with about 25 ml. of dis- 
tilled water. The flasks were suspended in a Sargent 
Themonitor constant temperature bath. Twenty 
milliliters of riboflavin stock solution was added to 
each flask and the volume made up to the mark with 
distilled water. Five-milliliter samples were with- 
drawn periodically and immediately mixed with 5 
ml. of 2 N acetic acid to quench the hydrolysis. 
Samples were analyzed spectrophotometrically at  
450 m p  using a Beckman model DU spectropho- 
tometer. All samples were protected from light at all 
times. In studying the effect of buffer concentra- 
tion on the hydrolysis of riboflavin and lumiflavin. 
ionic strength was maintained constant at  0.3 by 
adding potassium chloride. 


RESULTS 


A preliminary indication that  the hydrolytic be- 
havior of riboflavin was somewhat unusual in borate 
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buffer was obtained by comparing the pH profile 
for  the reaction determined in unbuffered systems to 
tli:it obtdiiicd iisirig buffers. All solutions exhibited 
a first-order disappearance of riboflaviii. but the 
rates of disappearance were slower in the buffered 
solutions than in corresponding unbuffered solutions 
o f  identical pH. Figure 1 illustrates this observa- 
tiim. Here. the logarithm of the first-order rate 
constant dcterrnined for a particular solution was 
plotted as a function of the logarithm of the hy- 
droxide ion concentration. I t  can be seen that the 
rate constants for the borate systems are smaller 
than would be anticipated on the basis of their 
hydroxide-ion concentration. Subsequent experi- 
ments showed that the effect was not due to dif- 
ferences in ionic strength. The velocity of the reac- 
tion was, however. specifically influenced by the 
concentration of boric acid in the buffer. Figure 2 
illustrates this effect. Here, for three different pH 
conditions the experimentally determined rate con- 
stants were plotted as a function of borate buffer 
niolarity. I t  can be seen that initial, relatively small 
additions of buffer resulted in a rather marked reduc- 
tion in the magnitude of the rate constant. Subse- 
quent additions had a lesser effect, and each curve 
approached an asymptotic value. Rate constants 
a t  zero buffer concentratioii were estimated by ex- 
trapolation of thecurves to the y-axis and determina- 
tion of the intercept value. Kate constants a t  in- 
finitely high concentrations of buffer components 
were estimated from the plots illustrated in Fig. 3. 
Here rate constant was plotted as a function of the 
reciprocal of the buffer molarity. The resulting 
curves were extrapolated to the y-axis and the inter- 
cept value determined. The constants representing 
theconcentration extremes and thosefor intermediate 
concentrations are tabulated in Table I. Similar 
experimentation was conducted to  study the influ- 
enre of buffer molarity on the rate of disappearance 
of lumiflavin from aqueous solution. The results 
are shown in Table I1 and in Fig. 4, where a refer- 
ence curve for riboflavin at the same pH is drawn 
for comparative purposes. The rate of lumiflavin 
disappearance was within experimental error, in- 
dependent of the molarity of buffer. Spectrophoto- 
metric determinations confirmed the observation 
inatle by Frost (4 )  that the visible and ultraviolet 
spectra of riboflavin were no different in solutions 
bufferrcl with borate than in utihuffered solutions. 


DISCUSSION 


The nature of the observed dependency of reac- 
tion rate of thr buffer molarity intuitively suggested 
that a revcrsiblc reaction or interaction between 
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riboflavin and a buffer component occurred to form 
a new species of riboflavin which could not be dif- 
ferentiated from the original by the assay method 
employed. Examination of the data also suggested 
that both the free and combined forms of the vita- 
min which were in equilibrium underwent hydrolytic 
cleavage of the isoalloxazine ring but a t  different 
rates. The suspected mechanism is summarized by: 


Riboflavin: Boric Acid Riboflavin + Boric Acid x- 
Products 


As it will be seen, a mathematical model based on 
this over-all mechanism was consistent with the ex- 
perimental observations. 


A rate expression for the postulated situation can 
be derived from the following considerations. All 
solutions exhibited a first-order disappearance of the 
riboflavin chromophore, Le. ,  


--d(Rr)/dt = knpp(Rt) (Eq. 1) 


where ( R J  = stoichiometric concentration of ribo- 
flavin. ksPp = pseudo first-order rate constant, and 
t = time. I f  riboflavin and boric acid, or another 
form of boric acid, underwent a rapid reversible 1 :1 
association to form a product which was also sus- 
ceptible to hydrolysis of the ring. then the rate equa- 
tion becomes 


-d(Rt)/dt  = k j ( R / )  + kc(Rc) (Eq. 2) 
where k/ = rate constant for the degradation of free 
riboflavin, (RI) = concentration of free riboflavin, 
k. = rate constant for the degradation of the ribo- 
flavin-boric acid product, and (R,) = concentration 
of riboflavin-boric acid product. Both (R,) and 
(R,) can be expressed in terms of the stoichiometric 
concentration of riboflavin and the equilibrium 
constant for the reversible combination, ix.. 
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( R J )  = (%)/[I + K(B)I (Eq. 3)  
altd 


( R c )  = (Ri)K(B)/[l I- K(B)1 (Eq. 4) 
where ( S )  = concentration of free boric acid which 
may be approximated by the stoichiometric concen- 
tration if i t  is large compared to the concentration 
of riboflavin, K = equilibrium constant = ( R c ) /  
( R / ) ( B ) .  


--d(Rt)/dt  = ( R i )  


The rate equation can theu be written 


ik//l1 + K(B)I + kX(BM1 + K(B)II (Eq. 5) 


The dependency of rate constant on buffer concen- 
tration is thus predicted by 
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TABLE II.-PSEUDO FIRST-ORDER RATE CONSTANTS 
FOR THE DISAPPEARANCE OF LUMIFLAVIN I N  BORATE 
BUFFER AT pH 9.8 =t 0.05, AT CONSTANT IONIC 


0.01"C. 
STRENGTH OF 0.3 AND A TEMPERATURE O F  35" c. f 
-~ 


Equation 6 can be rearranged to yield 


( k /  - kpp)/ (kapp - kc)  = K ( B )  (Eq. 7) 
If the basic assumptions are valid, then a plot of 


TABLE L-PSEUDO FIRST-ORDER RATE CONSTANTS 
FOR THE DISAPPEARANCE OF RIBOFLAVIN IN BORATE 
BUFFER AT CONSTANT IONIC STRENGTH OF 0.3 AND 


A TEMPERATURE OF 35" c. f 0.01" c. 


Molarity of Borate 


0 .o 
0.005 
0.01 
0.02 
0.03 
0.05 
O.Oi5 
0 .1  
0.15 
0 .2  
0 . 3  


infinite 


0.0  
0.005 
0.01 
0.02 
0.05 
0.075 
0 . 1  
0.15 
0 . 2  
0 . 3  


infinite 


0 . 0  
0.003 
0.OOG 
0.01 
0.016 
0.02 
0.03 
0.04 
0 .05  
0.08 
0 . 1  
0.12 
0.16 
0 . 2  
0 .24  
0.336 


infinite 


k-cm 
Hr.-I X 10' 


pH 9.0 
1.3" 
1.24 
1.13 
1.01 
0.935 
0.935 
0.795 
0.75 
0.805 
0.64 
0.53 
0.23" 


2.31' 
2.19 
2.09 
1.98 
1 .64  
1.43 
1.30 
1.17 
0.92 
0.96 
0.65O 


5.14O 
4 . 9  
4 . 7  
4.34 
4.42 
3.85 
3.58 
2.97 
3.1 
2 .G9 
2.51 
2.27 
1 .88  
1.93 
1.74 
1.67 
1.058 


pH 9.4 


pH 9.8 


"Value was obtained by extrapolation. 


Molarity 
0.005 
0.01 
0.02 
0.03 
0.05 
0 . 1  
0 . 2  
0 . 3  


k.vn0 
Hr, - '  X 10' 


1.97 
1 . 8 8  
2.03 
2.23 
2.25 
2.16 
1.77 
1 .ss 


( k f  - kapp)/(knpp - k,) versus the concentration of 
boric acid should yield a straight line with a slope of 
K. In  treating the data for such a plot, the value 
of k, used was that obtained by extrapolating rate 
constant to  zero buffer concentration where free 
riboflavin would be the primary species. The value 
of k.  used was that obtained by extrapolating the 
rate constant to  infinitely high buffer concentra- 
tions where the combined form of riboflavin would 
be expected to predominate. The Concentration of 
boric acid was not used in testing this relationship. 
Rather, the total molarity of buffer was used. This 
was necessary because the exact nature of the boron- 
containing reactant is not known. The rnolarity of 
buffer does, however, provide a first-order reflection 
of the concentration of boric acid, borate ion, and 
other forms of boric acid. therefore, they can be used 
to gain an indication of whether the relationships 
under consideration are valid. The plot which tests 
the relationship expressed by Eq. 7 is illustrated in 
Fig. 5 and represents the data obtained for the pH 
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rate buffer con- 
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Fig. 5.-A plot of the relationship expressed by 
Eq. 7 (see text) for riboflavin at a pH value of 9.8, 
constant ionic strength of 0.3, and a t  35' C. 
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TAHLE III:--EQUILIBRIUM CONSTANTS FOR THE 
RIBOFLAVIN-BORIC ACID ASSOCIATION AT DIFFERENT 
pH VALUES A N D  AT A TEMPERATURE OF 3.5' C. f 


0.01 O c. 
P H  K. L. mole-1 
9 . 0  10.0 
9 . 4  14.5  
9 .8  19.5 


Journal of Phurmuceutuul Sciences 
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condition of 9.8. I t  can be seen that excellent 
linearity over a wide range of buffer molarity was 
followed. The equilibrium constant which can be 
graphically estimated from this plot is not a thermo- 
dynamic value, but can be considered as an apparent 
value. This relationship was also tested with the 
data collected a t  the two other pH conditions. In 
both cases the expected linearity was achieved. The 
apparent equilibrium constants calculated from such 
plots are presented in Table 111 as a function of the 
pH condition. The graphical tests provide support 
for the model which was assumed, and indicate that 
such a model is reasonable and consistent with the 
observed behavior. 


Numerous reports (5 ,  6) have shown that ribo- 
flavin undergoes charge-transfer interactions with a 
number of nucleophilic agents. The absence of 
changes in the spectral characteristics of the vitamin 
in the presence of borate buffer precludes this occur- 
rence in the present study. That the ribityl side- 
chain was involved in a combination with a species 
of boric acid is apparent from the observation that, 
in contrast to riboflavin (I), the rate of reaction of 
lumiflavin (11) was not influenced by buffer concen- 
tration. The observed reduced rate of reaction ex- 
hibited by riboflavin in borate buffer must then be 
due to  its partial and easily reversible conversion to 
a derivative formed by the combination of boric 
acid with the side-chain. 


7 OH ?H ?r< 
H-C-$-C-C--CH.OH 


I H H H  


0 
I. Riboflavin 


11. Lumiflavin 


On tlic basis of various reports on the reactivity of 
boric acid with polyhydroxy compounds (7, 8) we 
suggest that a borate ester might have formed in a 
manner similar to that represented by 111. Such an 


?- 


ii 
I11 


ester would be expected to be less susceptible toward 
hydroxide-ion attack on the ring because of a repul- 
sive effect arising from the formal negative charge 
carried by the side-chain. The small decrease in the 
value of the apparent equilibrium constant with a 
decrease in pH can be considered as indirect support 
for such an effect. Protonation of the anionic group 
would occur as the pH was decreased and would re- 
sult in a decreased repulsion and subsequent de- 
crease in the apparent equilibrium constant deter- 
mined in this way. 
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Thimerosal as a Preservative in Biological Preparations 11. 
Formation of a Thimerosal-Zinc Complex 


By J. BIRNER and J. ROS. GARNET 


Thimerosal reacts with zinc ions to form a 
zinc-thimerosal complex which possesses 
antiseptic properties comparable to those 
of thimerosal itself. The kinetics of the 
reaction can be demonstrated using 


polarogaphy. 


H i s  PAPER discusses a previously undextibed T reaction in which a thimerosalLzinc complex is 
formed. The subject matter of the paper stemmed 
from an investigation of the effect of storage on the 
thimerosal content of certain biological preparations 
held in containers sealed with various types of rubber 
closure. 


In the course of the investigation it was observed 
that generally, after an initial small and rapid fall, 
the concentration of thimerosal in dilute solution 
in rubber-capped glass containers continued to 
decrease a t  a rate which appeared to  be related to  
the type of closure used. 


The estimations were carried out by the polaro- 
graphic technique mentioned in a previous paper 


After only a brief period of storage, in some in- 
stances the characteristic polarographic wave at 
-0.75 v. half-wave potential for thimerosal could 
uot be detected. Instead, there appeared another 
at - 1.0 v. half-wave potential which subsequently 
was found to be due to the zinc ion. 


Reznek (2) has observed that  zinc ions are leached 
from rubber closures when the rubber is allowed to 
remain in contact with acid substances. Davisson 
et al. (3) reported that traces of copper ion present 
in the water used in the preparation of poliomyelitis 
vaccine inactivate thimerosal. The addition of 
ethylenediamine tetracetic acid (EDTA) to chelate 
the copper was recommended. 


EXPERIMENTAL 
Extraction of Zinc from Rubber.-Three types of 


rubber combination cap and stopper of the pattern 
used as closures for vaccine multidose containers 
were used in the experiments: (a)  a red natural 
rubber with the inner surface lacquered with a 
film of epoxy resin polymer. (b) a black carbon- 
filled natural rubber and, ( c )  a grey natural rubber. 


Five of each type were boiled in 15 ml. of glass- 
distilled, deionized water. A portion of the extract 
was used for the Rush and Yoe (4) colorimetric test 
for zinc, and the rest was polarographed by the 
procedure described in a previous paper (1). 


Formation of Thimerosal-Zinc Complex.-To 
investigate the possibility of a reaction between 
thimerosal and zinc ions. polarograms were recorded 
for a series of solutions consisting of approximately 
10 ml. of test solution together with supporting 
electrolyte and suppressor in the proportions 
previously indicated (1). 


Received February 4 1964 from the Commonwenlth 
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(1). 


A ,  nothing added.. ................. See Fig. 1 
B, 100 rncg. of zinc ion in 10 ml. of 


aqueous solution (without thimerosal) See Fig. 2 
C, 100 mcg. of zinc ion in 0.1 ml. of 


aqueous solution. . . . . . . . . . . . . . . . . .  See Fig. 3 
D, 200 mcg. of zinc ion in 0.2 ml. of 


aqueous solution . . . . . . . . . . . . . . . . . .  
E, 300 mcg. of zinc ion in 0.3 ml. of 


aqueoussolution . . . . . . . . . . . . . . . . . .  
F, 400 mcg. of zinc ion in 0.4 ml. of 


aqueous solution. . . . . . . . . . . . . . . . . .  See Fig. 4 
G, 10 mg. of solid EDTA disodium salt See Fig. 5 
H. 10 mg. of solid EDTA + 400 mcg. 


of zinc ion in 0.4 ml. of aqueous solu- 
tion.. ........................... SeeFig. 6 


All but solution B in the series above contained 
lo00 mcg. of thimerosal furnished by 10 ml. of a 
0.01% aqueous solution of the antiseptic with addi- 
tions as indicated. Solution B was 10 ml. of an 
aqueous solution of zinc sulphate. 


Antiseptic Quality of the Thimerosal-Zinc Com- 
plei-To test a supposition that the thirnerosal 
and zinc might form a complex which is itself 
capable of functioning as an antiseptic in the man- 
ner of thimerosal, an additional series of experiments 
was undertaken. 


Samples of 0.01% solutions of thimerosal in water 
and triple antigen’ were stored for 10 months at 
25”. They were separated into five groups: 
(a) unaltered solutions to serve as controls, (b) 
solutions to  which 40 mcg./ml. of zinc ion had been 
added, ( c )  solutions to which solid zinc oxide 
been added, (a) to which fragments of white 
rubber caps had been added, and (e) solutions 
to which fragments of black rubber caps had been 
added. 


At the conclusion of storage, the thimerosal con- 
tent of each of the solutions was determined by 
both the polarographic and the biological methods. 
For the biological estimation. two different test or- 
ganisms were used according to the recognized 
standard procedure mentioned in a previous paper 
(1). The results of both tests are recorded in Table 
I. 


RESULTS AND DISCUSSION 
Zinc was present in all three extracts obtained by 


boiling the rubber closures in distilled water, an 
indication that these ions are readily extracted from 
the rubber. 
An inspection of the polarograms of solutions 


C, D. E, and F reveals that a reaction between 
thimerosal and zinc occurred. 


The zinc wave at -0.1 v. is neither apparent in 
the polarogram of solution C (Fig. 3) nor in those of 
solutions D and E. Its appearance in solution F 
(Fig. 4) indicates the presence of an excess of zinc 
and a consequent alteration in the pattern of the 
thimerosal wave. 


The polarogram of solution H (Fig. 6) shows the 
chelating action of EDTA on zinc ions. Comparison 


’Triple antigm is an alternative tlatppe for diphtheria. 
tetanus, and pertussis vnm’ne B.P. 


1266 







Vol. 53, No. 10, October 1964 1267 
2.0 2.0 2.0 


zit 5 2  
3 %  a 
g a  


el: 


0 3  


0.0 0.0 0.0 
0 - 1.0 - 2.0 0 - 1.0 - 2.0 0 - 1.0 - 2.0 


POTENTIAL (US. S.C.B.) V. POTENTIAL (US. S.C.B.) V. POTENTIAL (US.  S.C.B.) V. 


Fig. 1 Fig. 2 Fig. 3 


0 - 1.0 - 2.0 
POTENTIAL (US. S.C.B.) V. 


Fig. 4 


0 - 1.0 -2.0 


Fig. 5 
POTENTIAL. (US. S.C.E.) v. 


TABLE I . - A c r m  OF 100 mcg./ml. of TIUMBROSAL 


-After 10 Mo. Storage at 26.C:- 
-Water Soh.- -Triple Anbgen- 


Biological BiologwA 
-Y 


Against B. 22%: Polaro- ruuilir Pohro- 
Added to and graphic and graphic 


Soln. S.awcur Assay S.awnu h y  


Nil + + + + znsoc + + + + 
ZnO (solid) + + + + 
White rubber 


Black rubber 
- - - - =P 


=P 
a +, ThimaosPl present; - , t h i m d  absent. 


- - - - 


2.0 


0.0 
0 - 1.0 -2.0 


Fig. 0 
POTENTIAL (VS. S.C.B.) V. 


polarograms. This is consistent with the observa- 
tions of B e n d  and B e n d  (5) concerning the 
dect of pH on the solution. 


The supposition that the thimerosal-zinc complex 
behaves as an antiseptic appeared to be confirmed 
by the results of the comparative assays given in 
Table I. Loss of antiseptic activity is apparent only 
in those solutions of thimerosal which were stored in 
contact with rubber; hence, the inference is war- 
ranted that the loss of activity which occurs is not 
due to the presence of zinc released from the rubber. 


SUMMARY 
T h e  addition of zinc ions to dilute solutions of 


thimerosal results in the formation of a thimerosal- 


of the presence or absence of zinc ions. REFERENCES 
The appearance Of a second thimerosal is (1) Birner, J., and Garnet, J. R., THIS JOURNAL, S3, 


obscured by the presence of EDTA which, in soh- 
tionsGandH,wasusedinaconcentrationof 0'075%'0. [3] Dpvi&n,'iz. D.:d d., J .  Lab. Clir. Mcd.,47. S(l956). 
Both of the solutions produced polarograms in (4) Rush, R. M., and YOC, J. J.. A n d .  C h m . ,  26, 1345 
which the bt thimerOSa' Wave at a lower (':::)Beneath, R., a d  Ben&. R. B., J .  Am. Chcm. SOC.. 
half-wave potential than was apparent in the other 73, 3391(1961). 


1264(1964). 
2 Run& S ibid. 42.288(1953). 
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TABLE II.-PLASMA LEVELS OF C"-LABELED 1815,I.s. IN RABBITS 


Clc 1815, 1,s.. mcg./ml. 
Injection Time, min. Control Pretreated with SKF 625-A 


Mean f S.E." Mean f S.E." 
S K F  525-A, 10 mg./Kg. i.v. - 10 . . .  . . .  


0 . . .  . . .  
C14 1815, I.S. 0.25 mg./Kg. i.v. 


1 3.22 * 0.73 2.71 f 0.70 
5 1.48 f 0.29 1.52 f 0.66 


10 0.94 f 0.34 1.26 f 0.45 
20 . . .  . . .  


Cl4 1815, I S .  0.25 mg./Kg. i.v. 
21 
25 


3.44 f 1.57 
2.04 f 0.99 


4.40 f 1 . 4 1  
3.01 f 1.58 


30 1.78 f 1.01 2.76 f 1.80 


a Five rabbits used in each case. 


to, and detachment from, receptors is iniportant for 
stimulation would also be compatible with the 
present findings. This would mean that the SKF 
525-A is increasing the rate at which the neurornus- 
cular blocker-receptor combination is being made 
and broken without having influence on the total 
amount of drug being present. 


Evidence that SRF 525-A itself has an effect upon 
neuromuscular transmission and receptor excita- 
bility have been found by a number of authors 
(3, 9, 10). This makes it quite difficult to separate 
clearly the action(s) of SKF 525-A involved in the 
observed potentiation of neuromuscular blocking 
agents. Further attempts will be necessary to  
clarify this problem. 
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Synthesis of N-Substituted and N,N'-Disubstituted Benzyl 
Derivatives of 5,5  -Disubstituted Barbiturates 


By EDWARD J. ROWE and MELVIN H. WEINSWIG 


N-Substituted and N,N'-disubstituted bentyl derivatives of barbital, phenobarbital, 
and amobarbital have been synthesized by the use of a strongly basic anion-exchange 
resin. The barbiturate is hrst absorbed on the resin and the resin then agitated 
mechanically with an ethanol solution of benzyl chloride. The  reaction proceeds at 


room temperature. The  yields in all cases ranged from 50 to  80 per cent. 


N A PREVIOUS REPORT (1) a method was described I for the synthesis of benzyl ethers of a variety 
of phenols by the use of a strongly basic anion- 
exchange resin. The method involved the reaction 
of the phenolate form of the resin with benzyl 
chloride. This report presents an analogous method 
for the synthesis of N-benzyl and N,N'-dibenzyl 
derivatives of three 5,5-disubstituted barbituric 
acids (phenobarbital, barbital, and amobarbital). 
The synthesis of these derivatives involves the re- 
action of the barbiturate form of a strongly basic 
anion-exchange resin with benzyl chloride. The 
resin employed is based on polystyrene and contains 
quaternary atninoiiiuin groups. The reaction pro- 
ceeds at room temperature. A tnixture of N-benzyl 
and N,N'-dibenzyl derivatives is obtained from the 
reaction. Sepnration of the derivatives is based 


Received June 3, IYG3.  from the College of Pharmacy, 
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upon the solubility of the N-benzyl derivative in 
dilute alkali. Table I summarizes the benzyl 
derivatives of phenobarbital (5-ethyl-5-phenyl bar- 
bituric acid), barbital (5.5-diethyl barbituric acid), 
and atnobarbital (5-ethyl-5-isoamyl barbituric acid) 
prepared by the use of a strongly basic anion-ex- 
change resin. The yields are based upon the amount 
of the barbiturate converted to  the N-benzyl and 
N,N'-dibenzyl derivatives. The N,N'-dibenzyl de- 
rivative is the main product when an equivalency 
of the resin in the OH form is used with the barbitu- 
rate form and the quantity of the benzyl chloride 
is doubled. 


EXPERIMENTAL 


Resin heparation.-Dowex 1x4 '  supplied com- 
mercially in the chloride form (20-50 mesh) was 
converted to its hydroxyl form by the usual column 


1 Manufactured by Dow Chemicel Co.,  Midland, Mich., 
and purchased from J. T. Baker Co.. Phillipsburg, N. J. 
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TABLE I.-BENZYL DERIVATIVES OF 5.5-DISUBSTITUTED BARBITURIC ACIDS BY THE USE OF A STRONGLY 
BASIC ANION-EXCHANGE RESIN 


Yield, % 
50 meq. Dower Yield, % 1 X 4  50 mea. Dower (barbiturate i,x 4 


(barbiturate 
form) 0.075 


mole benzyl 
Barbiturate chloride 


Phenobarbital, N-benzyl 47.6 


Phenobarbital, N,N'-dibenzyl 31 .O 


Barbital, N-benzyl 32.3 


Barbital, N,N'-dibenzyl 37.9 


Amobarbital, N-benzyl 19.62 


Amobarbital, N, N'-dibenzyl 33.5 


form) 50 meq. 
Dowex 1 X4 
(OH form) 
0.15 mole 


benzyl chloride 
19.6 


48.5 


6.57 


74.7 


9 . 5  


53.3 


M.P., 
OC.' 


-Anal!- 
Calcd. 


112.5' C 70.81 
H 6.59 
N 8.70 
c 75.73 


9 0 d  H 5.83 
N 6.80 
C 65.70 


127' H 6.57 
N 10.22 
C 72.53 


1 2 4  H 6.97 
N 7.69 
c 68.35 


900 H 7.60 
N 8.86 
c 7 3 . 8 4  


53* H 7.38 
N 6.90 


- 
Found 
70.65 
6.05 
8.90 


75.65 
6.10 
6.89 


65.26 
6.59 


10.35 
72.00 
7.00 
7.64 


67.88 
7.76 
8.79 


74.32 
7.56 
7.04 


_ _ _ _ _ ~  ~ 


All melting points on calibrated Fisher-Johns apparatus. €. Carried out by Weiler and Strauss Oxford England. 
I Not repdrted in 'literature. C Literature (3) m. p. 113'. 


u Literature (5) m. p. 89-90". 
Not reported in literature. Literature (3, 4) m.p. 127". 


Literature (6) oil. 


technique with 5% aqueous sodium hydroxide 
(four to five times the volume of resin). The resin 
was rinsed with distilled water until the washings 
were neutral and then with absolute methanol. 
The residual methanol was removed by passing a 
current of carbon dioxide-free air through the column 
of resin. The quantity of resin employed for 
each run of benzyl derivatives was based upon the 
absorption capacity of the resin determined by the 
method of Kunin and Myers (2). 


Absorption of the Barbiturate on the Resin.-A 
general procedure was followed. The barbiturate 
as the sodium salt (0.05 mole) was dissolved in 
300 ml. distilled water and passed through the 
resin in a column 25 mm. in diameter. The resin 
column was first rinsed with distilled water until 
the washings were neutral to phenolphthalein T.S.. 
then with two 100-ml. portions of ethanol. 


Synthesis of Benzyl Barbiturates.-A general 
procedure was followed for the synthesis of the 
benzyl barbiturates. The preparation of N-benzyl 
and N,N'-dibenzyl phenobarbital illustrates the 
procedure used. 


An 18.9-Gm. (0.15 mole) quantity of benzyl chlo- 
ride dissolved in 300 ml. ethanol was added to  the 
column containing the Dowex 1x4 resin (43 Gm.), 
upon which 11.6 Gm. (0.05 mole) of phenobarbital 
U.S.P. had been absorbed. The mixture was then 
agitated for 48 hours by rotating the column hori- 
zontally with an electric motor at 75 r.p.m. At the 
end of this period, the column was drained and the 
resin washed with three 75-ml. portions of ethanol. 
Evaporation of the eluate and washings left a yellow- 
ish syrupy residue containing a mixture of N-benzyl 
and N,N'-dibenyzl phenobarbital. 


N,N'-Dibenzyl Phenobarbital.-Separation of 
N,N'-dibenzyl phenobarbital was accomplished 
by treating the yellowish syrupy residue with 
1 N sodium hydroxide solution and extracting the 


resulting alkaline-aqueous mixture with several 
portions of ether. Evaporation of the ether ex- 
tractives, first washed free of alkali, yielded N,N'- 
dibenzyl phenobarbital which when crystallized 
from 95% ethanol melted at 90". The yield was 
6.41 Gm. (31%). 


And-Calcd. for CdIaNzOa: C, 75.73; H, 5.88; 
N, 6.80. Found: C. 75.65; H, 0.10; N, 6.89. 


N-Benzyl Phenobarbital.-The alkaline-aqueous 
portion from which the N,N'-dibenzyl pheno- 
barbital was removed was acidified with diluted 
hydrochloric acid and extracted with several portions 
of ether. The combined ether extractives were 
washed free of acid and evaporated to  dryness. 
A crystalline residue was obtained which when 
recrystallized from 70% ethanol melted at 112.5"; 
literature (3) m.p. 113'. The yield was 7.66 Gm. 
(47.6%). 


And-Calcd. for C ~ O H I ~ N ~ O S :  C, 70.81; H, 5.59; 
N, 8.70. Found: C, 70.65; H, 6.05; N, 8.90. 


SUMMARY 
A method is presented for the synthesis of N- 


benzyl and N,N'-dibenzyl derivatives of three 5 , s  
disubstituted barbituric acids by the use of a 
strongly basic anion-exchange resin. The bar- 
biturate form of the resin is treated with an ethanol 
solution of benzyl chloride. The reaction proceeds 
at room temperature. 
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Effect of Temperature on Absorption Rates of Drug 
Implants 


Ry BERTON E. BALLARD, SUZANNE S. BALLARD, and EINO NELSON 


The absorption rates of drug pellet implants have been shown to be temperatt+re 
dependent in  frogs. For neutral compounds the rate equation tested was ( R / A ) r  
= K r . D r .  (Ss)r/Gr, where (RIA)+ is the mean absorption rate per mean area at a 
given temperature relative to that at O'C., Kr is a constant, Dr is the relative diffusion 
coefficient, 6 s ) r  is the relative solubility of drug, and 8r is the relative diffusion layer 
thickness. To minimize body movement, the frog, Rampipiens, was aralyzed with 
10 mg./Kg. of d-tubocurarine chloride. After temperature equili!rium was at- 
tained in a water or ice bath, a small incision into the dorsal lymph sac was made, 
and two preweighed pellets of sulfanilamide or aceranilid y e r e  introduced. The  
pellets were removed, dried, and reweighed. A plot of ( R / A ) r  versus Dr- (Ss)r/8r 


yielded a straight line with a slope 1.09 for the two compounds. 


HE ABSORPTION rates of subcutaneously T implanted drug pellets have been shown to 
be rate limited by the dissolution process at the 
site of implantation. Although considerable 
literature has appeared where the pellet implan- 
tation technique has been used, apparently no 
quantitative work has appeared on what influence 
the animal's body temperature has on the absorp- 
tion rates of solid implants (1). 


The purpose of this study was to determine 
what the relationship is between the absorption 
rates of two neutral drugs subcutaneously im- 
planted and the influence of body temperature 
on the physical and chemical properties of drug 
and the fluid medium surrounding it. 


THEORETICAL 


Equations relating absorption rates of implanted 
drug pellets and drug's physicochemical properties 
have been derived under conditions of a constant 
body temperature (2). The following derivations 
were based, in part, on the assumptions previously 
made. 


The absorption rate of implanted solid drug was 
assumed to be a diffusion-controlled process where 
diffusion of drug molecules took place normal to a 
nearly constant solid surface area. Fick's law in 
one dimension is 


&/at = DAdc/dr (Eq. 1) 
where da/dt is the rate of flow of dissolved dfug 
through a plane of area, A, normal to  the direction 
of diffusion, and is (in this case) the absorption 
rate of the drug implant. The diffusion coefficient is 
D. The area, A ,  under these conditions was as- 
sumed to be the area of the solid drug pellet at any 
time. The concentration gradient across the region 
through which diffusion takes place is dc/dx.  If 
8, which equals daldt, is the mean absorption rate, 
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and 
Eq. 1 gives 


is the mean pellet area, then rearranging 


RIA = Ddc/dx (Eq. 2) 
where R I A  equals the mean absorption rate per 
mean pellet area. Under conditions of steady 
state diffusion from solid, the concentration gradient 
may be approximately represented 


where Cs is the concentration of a nearlv saturated 
solution of drug in body fluids in the diffusion layer 
(3) at a point adjacent to  the pellet surface, and C 
is the drug concentration in the bulk of the body 
fluids. The boundary or diffusion layer thickness is 
6. For most substances which are foreign to the 
animal, like most drugs, the term C can be assumed 
to be small compared to Cs and will be neglected. 
Thus 


(Eq. 4) 


where Cs equals kSs. For the purposes here Ss is 
the saturation solubility of a neutral drug in body 
fluids, and k is a proportionality constant. When 
the animal's body temperature is varied, the terms 
D, Ss, and 6 all should vary independently with 
temperature. 


= DCs/6 = kDSs/S 


Equation 4 can be written as 


KY * DY * (  SS)Y .( I/&) (Eq. 5) 


where ( R/&Y is the relative absorption _rate or the 
mean absorption rate per mean area, RIA, a t  an 
absolute temperature T divided by the mean ab- 
sorption rate per mean area, (RIA)", a t  273.2' A 
or To, and the superscript zero associated with 
other terms in Eq. 5 means that the term also must 
be evaluated at 273.2' A ,  Kr is a constant whose 
value should be unity, Dr is the relative diffusion 
coefficient, (Ss)r is the relative solubility, and 6, is 
the relative diffusion layer thickness. 


Relative Difhsion Coefficient, B.-According to 
the Einstein-Stokes formula (4). the diffusion co- 
efficient of a large molecule in water may be approxi- 
mated by 


D = k'T/6mr (Eq. 6)  
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where k' is Boltzmann's constant, T is the absolute 
temperature, I is the Stokes' radius of the diffusing 
molecule, and is the viscosity of the medium. 
Equation 6 may be rewritten for the t w o  tempera- 
tures as 
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where the use of the superscript zero has the Same 
meaning as before. Under conditions of this ex- 
periment, it  can be assumed with little error that 
L = Lo,  since only a small weight was absorbed 
from each pellet, and that p E p', since water den- 
sity is not a sensitive function of temperature in 
the 0-30' C. range. The terms v and v' are not 
necessarily equal, since normal body movement (or 
stimng velocity) is often temperature dependent 
(see Discussion). In this experiment the influence 
of body movement was minimized so that v 'Z uo. 
The only terms greatly influenced by temperature 
changes are 0 and 7'. Equation 12 may be simpli- 
fied to give 


67 E (7J/V")"Z (Eq. 13) 
By making use of the arguments previously 


proposed, Eqs. 8 or 9 may be substituted into Eq. 
13 to give 


6 v  = ( ~ Y / V Y ~ ~ ~ O ' / *  = (qr/qro),'" (Eq. 14) 


6ubstitution of Eqs. 7-10, 12, and 14 into 5 gives for 
an aqueous in yitro system that is slowly stirred 


where it is assumed that the Stokes radius I equals 
Y O ,  and the other terms have the same meaning as 
before. 


For water it can be shown that 


where ?I and qro are the relative viscosities of water 
a t  temperatures T and To,  respectively. Since the 
viscosities of frog body fluids containing the drugs 
used in this study have not been measured as a 
function of temperature, i t  is convenient to  make 
use of Hess' rule, which states for a biological me- 
dium having a dved protein concentration that 


where (~r"/qr), is the ratio of the relative Viscosities 
of body fluids, like blood, serum, or plasma, at 
temperatures To and T (5.6). 


Relative Solubilitp. (Ss)r.-If it  can be assumed 
that the ratio of drug solubility in body fluids to that 
in water is equal to a constant that is independent of 
temperature, then one can write 


where [(Ss/(Ss)O], is the ratio of the solubilities 
of drug in the fluids a t  the implantation site at the 
temperature T and T o .  


Relative DifTusion Layer Thickness, &.-The 
thickness of the diffusion layer a t  a given tempera- 
ture may be estimated from the equation discussed 
by Jost (7) 


where r)  is viscosity in poise, L is the linear dimension 
of surface of solid across which the medium flows 
in cm., v is the velocity of flow of the medium as a 
result of stirring in cm. set.-', and p is the density 
of the medium in Gm. cm.-5 Equation 11 may 
be written as 


and for an in vivo system 


(&/A) ,  = Kr( T / ~ o ) ( ~ ~ o / ~ ~ > , ' ~ s [ ( S ~ / ( S ~ ) ' ] ~  


Thus, if (&/A) ,  is plotted against all the righthand 
terms in Eqs. 16 or 16 (except Kr), a linear plot 
should result having a slope of Kr. 


(Eq. 16) 


MATERIALS AND METHODS 


Implants.-Thin, cylindrical disks of acetanilid 
and sulfanilamide having weights in the range of 
51.0 to 83.0 mg. and of 63.1 to 100.7 mg., respec- 
tively, Were compressed in a similar manner to that 
described previously (2), except that the drug pow- 
ders were first moistened with distilled water and 
punched wet. The pellets were then air dried for 
48 or more hours before weighing. Pellets formed 
by this techiiique were hard and more suitable for 
implantation than those prepared by the dry 
method. 


Drug grade materials were used without further 
purification. The melting points of acetanilid and 
sulfanilamide were 114' C. and 163' C. (corrected), 
respectively. No binders, excipients, dilutents, or 
lubricants were used. 


TABLE I.-ACETANnID ABSORPTION DATA AND PROPERTIES OF DRUG AND MEDIUM AT VARIOUS 
TEMPERATURES 


R/Am Solubility 
I. No, of Cm./hr./cm.' Gm./100 ml. - Drb (Ss)rDr __ 


OC. Animals x 104 (E/A)r Ha0 (Ss)r ar br 
0 8 3.57(+0.033)  1.00 0.361 1.00 1.00 1.00 
9 6 7.59 (zkO.68) 2.13 0.432 1.20 1.59 1.91 


15 6 13.69(+0.15) 3.83 0.497 1.38 2 .08  2.87 
20 5 16.60(+0.27) 4.65 0.563 1.56 2.55 3.98 
25 6 22.50(+0.31)  6 .30 0.641 1.78 3.10 5.52 
29 6 27.36(+1.00) 7.66 0.712 1.97 3.59 7.07 


o Mean absorption rate per mean area followed by the 95% confidence interval in parentheses. b Values in this column 
can be calculated by either of two metdds: Substitution into theempirical equation which holds for the temperature rnnge 
Oto'33OC. Dr/Cat I5'C. - 2.08. Subshtuhon into Eqs. 7. 8, and 14. At 15O C. the ratio equals Ih/C = ~/T"(?~"/rr)€I;o~.~ - (288.2°/273.20)1-5 
(1.000/0.6363)1J - 2.08. 


p/? - 1.00 + 5.5713 x 1 0 - 2 1  + 1.0572 X l O - a f *  + 3.65 X 10~1'lwherefisindegreesC. 
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TABLE II.-SULFANILAMIDE ABSORPTION DATA AND PROPERTIES OF DRUG AND MEDIUM AT VARIOUS 
TEMPERATURES 


- - - 
R/Aa Solubility 


1. No. of Grn./hr./crn.l Gm./100 ml. 0. (SsbDr 
OC. Animals x 103 (%/A 1, HtO (SS),. ar ar 


0 6 0.0907 (+o.026) I .oo 0.  158 1.00 1.00 1 .00 
10 7 0.3096(f0.037)  3.41 0.302 1.91 1.66 3 .18  
15 6 0.6149 (fO.193)  6 .78 0.400 2.53 2.08 5.27 
20 11 0.8201 (f0.085) 9.04 0.530 3.35 2.55 8.54 
35 6 1.4033 (&0.13) 15.47 0.728 4.61 3.10 14.29 
29 6 2.1155 (+0.429) 23.32 0.931 5.89 3.59 21.15 


Mean absorption rate per mean area, followed by the 95% confidence interval in parentheses. 


Temperature Bath.-One to two 2000-ml. beakers, 
each containing layer of about 1 cni. of tap water, 
were immersed to a depth of about two-thirds their 
height into a constant temperature bath regulated 
to f0.5'. A cardboard cover with a small hole 
was placed over each beaker opening to minimize 
the formation of air convection currents. A ther- 
mometer was inserted through the cover, and the 
bulb was rested in the water layer. A short piece 
of laboratory rubber tubing about 30 cm. long was 
placed on the bottom of the beaker with the coil 
touching the edge. 


Animals.-Frogs of each sex ( R a m  pipiens)  hav- 
ing a weight range of about 30 to 70 Gm. were in- 
jected in the ventral lymph sac with a solution of 
d-tubocurarine chloride (Upjohn). The dose of 
this drug needed to cause complete paralysis has 
been previously reported (8-11). although the dosage 
reported by King (9) seems to be low by a factor 
of 10. The dose used in this work was 10 mg./Kg., 
which usually gave a paralysis of sufficient duration 
to complete the experimental run. If any voluntary 
movement was observed during the course of an 
experiment, the animal received another smaller 
maintenance dose. 


For temperatures above 0" C., three to four para- 
lyzed frogs were partially immersed in the water 
layer of each beaker with their pharyngeal regions 
resting on the rubber tubing. The frogs were kept 
there for 15 minutes or longer until temperature 
equilibrium between them and the bath was at- 
tained. For the 0' C. point, all the paralyzed 
frogs were placed in an insulated chest containing 
chopped ice (12). Most of their bodies were covered 
with a thin layer of ice. 


After temperature equilibrium was attained, the 
frogs were removed briefly one a t  a time from the 
temperature controlled environment, and an in- 
cision of about 0.75 cm. was made through the 
dorsal skin. Two preweighed pellets were inserted 
into the dorsal lymph sac. The frogs were then 
rapidly returned to their previous environment for 
the duration of the experimental run. A t  that time, 
the pellets were removed from the animals, placed 
on filter paper, and gently moved about to remove 
traces of biological fluid from their surfaces. The 
pellets were air dried for 48 hours or more. The 
time of implantation was adjusted so that pellets 
would lose from 5 to  10 mg. during the experiment. 
Data obtained from frogs which did not have an 
observable heart beat after the experiment were 
discarded. The mean absorption rates per mean 
areas of the pellets were calculated by a graphic 
method (13), except that a "ghost" correction was 
not made, since the duration of implantation was 
short. 


Solubilities and pK Values.-Numerous reports 
on the water solubility of acetanilid as a function 
of temperature have appeared (16-19). The data 
given by Logan (18, 19) were used in this study 
because they seemed most reliable. The solubilities 
were recalculated to give solubility of drug in grams 
per 100 nil. of water. For purposes of interpolation 
the data were fitted to a third degree polynomial 
in temperature to give [solubility in HzO (Gm./100 
ml.) = 0.3611 + 6.3034 X 10-3t + 1.7064 X 10-'t2 + 9.9729 X lO-'P] where 1 is in degrees centigrade 
and includes the range from 0-30" (see Table I ,  
column 5). Literature values for sulfanilamide 
water solubilities a t  various temperatures were 
converted to solubility in grams per 100 ml. water 
(20-22). A plot of log solubility uersus 1/T was 
made over the temperature range (t38". A smooth 
curve was fitted by eye, and only points falling 
near or on this line were used in estimating the 
water solubility. Sulfanilamide solubilities were 
fitted to [solubility in HzO (Gm./100 ml.) = 0.158 + 1.4101 X lo-* t - 1.8289 X t2 + 2.1225 X 
10-6 t 3 ]  where t is in degrees centigrade (see Table 
11, column 5). Salt effects on the solubilities of 
the two drugs were considered small in biological 
fluids and were ignored. 


The influence of drug pK on its solubility can be 
ignored at physiological pH's. The pK's for 
acetanilid (23-25) and sulfanilamide (20, 26-28) 
indicate that the compounds behave as neutral 
species under conditions of this experiment. Drug 
solubility should, therefore, be independent of 
diffusion layer p H  (2). 


RESULTS 


Tables I and I1 summarize experimental and 
literature values needed to solve Eq. 16 for acetanilid 


z 4 0155, /6* b 8  


Fig. 1.-A plot of (x/l)? vs. Or (Ss)r /&r  for 
acetanilid. The line represents a plot of the regres- 
sion equation, Y = 0.203 + 1.09 X. The standard 
error of the estimate, S.E., is 0.271. 
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Fig. 2.-A plot of (E/2)r vs. Dr(Ss)/Ar for sul- 
fanilamide. The line represents a plot of the regres- 
sion equation, Y = 0.130 + 1.09 X. The standard 
error of the estimite, S.E., is 0.450. 


and sulfanilamifie absorption. Figures 1 and 2 
show plots of (RIA)? versus Dr(Ss)r (1/6r) for the 
two compounds. Examination of Figs. 1 and 2 
indicates that the slope, Kr, for the two compounds 
is approximately unity. For acetanilid and sul- 
fanilamide, the equations for the straight line by 
the least squares method were Y = 0.203 + 1.09 X 
with a standard error of the estimate, S.E., of 
0.271, and Y = 0.130 + 1.09 X, with a standard 
error of the estimate of 0.450, respectively. Thus, 
there is a reasonable agreement between the theo- 
retically predicted slope of unity and the experi- 
mental slopes. 


DISCUSSION 
Absorption Kinetics.-The linear relationship 


shown in Figs. 1 and 2 gives additional support to  
our view that the rate-limiting step in absorption 
after implant of the neutral drugs used was the dis- 
solution process a t  the absorption site. The two 
drugs were largely dissimilar with respect to their 
chemical, physical, and pharmacological properties ; 
yet, when suitable approximations were made for 
the temperature dependency of some of the terms 
in Eq. 16, the relative absorption rate could be 
described in terms of the physicochemical properties 
of drug and the fluids a t  the absorption site. 
Variables in Absorption Equations.-In Eq. 1 


the diffusion coefficient term, D, should be considered 
as being an apparent one. When neutral drugs are 
dissolved into biologic media at the dissolution site, 
drug-protein interactions would be expected to occur. 
If M refers to a drug molecule and P refers to  one of 
many different protein molecules present which 
could potentially interact with the drug, then a 
large number of drug-protein species could be 
postulated having formulas of the form, Mz.Pv ,  
where x and y could have values of one or greater. 
Each species could be a diffusable one, or be a 
carrier for the drug, and would have a diffusion 
coefficient of its own. Under steady state con- 
ditions at any temperature, the apparent diffusion 
coefficient for the overall process equals the diffusion 
coefficient for a particular drug containing species 
times the fraction of the total diffusing drug rep- 
resented by this species summed over all possible 
drug containing species. If i t  can be assumed 
that the extent of protein binding for each species 
is relatively independent of temperature, then the 
mathematical treatment shown in Eqs. 3 and 5 
should be approximately correct. In this connec- 
tion, Klotz and Urquhart (32) have shown with 


certain organic anions that the heat of protein 
binding is quite small. 


In Eqs. 6 to 9 it  was assumed that the relative 
diffusion coefficient of drug in water and biological 
fluids as a function of temperature could be esti- 
mated satisfactorily by the Einstein-Stokes equation 
(4), assuming that the Stokes law radius of the 
diffusing species in solution was temperature in- 
dependent. A consideration of Longsworth's data 
(15) for dextrose, a neutral molecule having a 
molecular weight of the same order of magnitude as 
acetanilid and sulfanilamide, allows one to make an 
in Gtro test of this assumption. Table I11 shows 
the experimental diffusion coefficients for dextrose 
a t  the four temperatures 1, 13, 25. and 37", the 
observed relative Musion coefficient, which equals 
the diffusion coefficient at any temperature divided 
by the value at 1' C.. and the calculated relative 
diffusion coefficient using the relationship 


Drcalcd. = -.(*) T (Eq. 17) T'" B ~ O  


When Eq. 8 is substituted into Eq. 7, an expression 
similar to Eq. 17 is found, except that the reference 
temperature for Eq. 17 is 1' C. instead of 0" C. 
The percentage error made by Eq. 17 did not exceed 
2.7% over the 36" C. temperature range. Thus, 
the temperature dependency of the Dr term used 
in Eqs. 15 and 16 could be satisfactorily accounted 
for by the application of the Einstein-Stokes and 
the EinsteinStokes-Hess equations. 


In Eq. 10 i t  was assumed that the ratio of a 
neutral drug's solubility at two temperatures in 
water equalled the ratio of the drug's solubility at 
the same two temperatures in biological fluids. In 
the case of sulfanilamide this statement seems to 
hold. The van't Hoff equation is 


+ constant (Eq. 18) -AH log ss = ____ 2.303 RT 
where Ss is the drug solubility in biological fluids, 
AH is the heat of solution in Kcal. per mole, T 
is the absolute temperature, and R is the gas  con- 
stant. An analogous expression could be written 
for the solubility, Ss', of drug in water. If Eq. 10 
is valid, then the heats of solution of drug in biologi- 
cal fluids and water should be nearly identical. 
Clark, et al. (29). found the solubilities of sulfanil- 
amide in human serum to  be 0.981 and 1.970 Gm. 
per 100 Gm. solvent at 25 and 37" C., respectively. 
The calculated value for AH from their data was 
10.7 Kcal./mole. This value agrees favorably with 
the heat of solution of 10.9 Kcal. per mole reported 
by Kienle and Sayward (30) for the drug in water 
over the same temperature range. Clark, et al. 
(29). also gave water solubility values for sulfanil- 
amide a t  these two temperatures, but their value 
a t  25' C. seems high, while the value at 37" C. is in 
close agreement with that given by Kienle and 
Sayward (30). 


TABLE III.-DIFFUSION COEFFICIENTS (15) FOR 
DEXTROSE 


D X 10"cm.2sec.-1 3.137 4.736 6.728 9.088 
Dr observed 1.000 1.510 2.145 2.897 
Dr calcd. 1.000 1.50Zo 2.107 2.820 


I ,  oc. 1 13 25 37 


a Ih calculated (Eq. 17) = [(286.2)/(274.2) .(l.OOOO)/ 
(0.8947)] = 1.502. 
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Of the four independent variables in Eq. 11 for 
the thickness of the diffusion layer, only two are 
highly sensitive to changes in temperature. They 
are the viscosity of the medium, 7,  which was cor- 
rected for by a modification of Hess’ rule, and the 
velocity of flow of the biological medium, u, as a 
result of body movement or stirring. In biological 
systems body movement is often temperature de- 
pendent. Crozier and Stier (31) have shown that 
the pharyngeal respiratory rhythm of frogs (Rana 
pipiens) was temperature dependent and followed 
the Arrhenius equation 


k = A exp[-E/RT] (Eq. 19) 


where k is the reaction rate, A is a constant, E is 
the activation energy, and R and T have the same 
meanings as before. Crozier and Stier (31) found 
that the experimental activation energy for the rate 
of frog pharyngeal movement was 8.8 Kcal. In 
this experiment, it was important that animal body 
movement should be controlled so that the influence 
of temperature on drug absorption rate could be 
readily estimated. The method chosen here was 
that of paralyzing the frog with large doses of d- 
tubocurarine chloride, so that the velocity of stir- 
ring or movement of body fluids was biologically 
nearly zero. Body movement never can be reduced 
to zero, since heart function must be maintained. 
The isolated frcg (Ram temporaria) heart rate has 
been shorn to be temperature dependent (14). 
Little c d d  be done to  control this variable in body 
movement, except to note that d-tubocurarine in the 
frog was reported to cause slowing of heart rate in 
addition to its other effects ( I  1). 


The fact that the slopes of the lines in Figs. 1 
and 2 are slightly greater than unity indicates that 
the term Kr might not be completely temperature 
independent. If experimental errors are ignored, 
there are a t  least three reasons why the slope should 
be greater than unity. First. t h e  value for Dr as 
calculated from Eq. 17 is always slightly smaller 
than Dr observed, excepting the 1’ C. value. 
Second, the density of water (and presumably body 
fluids saturated with drug) decreases at tempera- 
tures below and above 4’ C. In Eq. 12 a t  tempera- 
tures a little greater than 8’ C., p o  for water is 
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slightly greater than p. And third, heart rate, a 
source of body movement even in curarized animals, 
is probably greater a t  higher temperatures. 
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ERRATUM 


I n  the paper titled “Production of Pyridoxine and 
Niacin by Chlorella vulgaris and C. pyrenoidosa” (1). 
Table 111 at page 152 should be clarified to read: 


TABLE III.-VALUE OF C. vulgaris RELATIVE TO 
C. pyrenoidosa AS A SOURCE OF VITAMIN Be AND 


NIACIN AT DIFFERENT HARVEST TIMES 


--mmcg. per-- V m m c g .  per- 
mg. Dry Wt. ml. Culture 


Vitamin 2 wks. 3 wks. 2 wks. 3 wks. 
I 2 3 4 


BE 0.66 0.90 0.57 0.75 
Niacin 1.06 1.18 0.93 1.07 


(1) Pratt ,  R., and Johnson, E.. THIS JnvaNAL,  53, 151 
(1964). 
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CONCLUSION 


The Hildebrand equation appears most applicable 
to hydrogen-bonding solvents whose solubility 
parameters are quite similar to  those of the solutes; 
in such cases, it will give a fair estimate of the drug 
solubility even though the system is a polar one. 
Optimum solubility may he obtained by using a mix- 
ture of solvents having a composite 6 value equal to 
that of the solute, but when using a mixed solvent 
system, the observed solubility will, in general, be 
somewhat less than that predicted by the Hildebrand 
equation. 


REFERENCES 
( I )  Hildebrand, i .  H.. and Scott..R. I,., "The Solubility 


of Non-electrolytes 3rd ed., Amencan Chemical Society 
Monograph No. 17; Reinhold Publishing Corp., New York, 
N Y.. 1950. D 271 


z e l ' "  " " "  


3 c ,  cz C, c, C g  Ce C i  CB Cs 
NUMBER OF CARBONS IN n - ALKANOLS 


Fig. 3.--Solubility of benzoic acid and esters of 
p-hydroxybenzoic acid at 25°C. in a series of n- 
alkanols. 
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Factors Influencing the Properties of Films 
Used for Tablet Coating I 


Effects of Plasticizers on the Water Vapor Transmission of 
Cellulose Acetate Phthalate Films 


By LEON LACHMAN and ARGE DRUBULIS 


The water vapor transmission of thin plasticized cellulose acetate phthalate films 
was studied at 90, 76, and 52 per cent relative humidities. The effect of the plasti- 
cizers, triacetin, diacetin, diethyl phthalate, dimethyl phthalate, Citroflex-2, Citroflex- 
A2, and dibutyl tartrate on this property was determined. In general, a decrease 
followed by an increase in  water vapor transmission was observed with increasing 
plasticizer concentration. T h e  concentration at which the water vapor transmis- 


sion is at a minimum appears to be the same for all the plasticizers investigated. 


HE USE OF polymeric substances, such as 
Tceliulose acetate phthalate, for coating 
tablets and particles has been widely accepted in  
recent years. The  reports tha t  have appeared in 
the pharmaceutical literature during this time 
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have dealt primarily with the  development of 
polymeric substances as film formers (1-6), the 
formulation of film forming agents for use in 
tablet and particle coating (7-12), the  develop- 
ment of test procedures for film coated tablets 
(13-15), and the improvement of processes for the 
application of these agents onto pharmaceutical 
dosage forms (16-20). 


Although work in the above areas has been 
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TABLE I.-APPARENT WATER VAPOR TRANSMISSION ( Lt’VT) VALUES (Gm. 24 H R . - ~ M - ~ )  AT 90, 
76, A N D  520/;, RELATIVE HUMIDITIES FOR PLASTICIZED CELLULOSE ACETATE F I L M S O  


Plasticizer R . H . , ~  70 
Triacetin 90 


76 
52 


Diacetin 90 
i 6  
52 


Diethy1 90 
phthalate 76 


52 
Citroflex-2 90 


i 6  
52 


I 


1.0 
62.4 
44.7 
45.3 


125.8 
i 4 . 3  
5 4 . i  
83.5 
52.4 
10 .3  
75.8 
48.0 
36.5 


Citroflex- A2  90 89.3 
i 6  ‘74.9 
52 44.3 


Dimethvl 91) 94.0 
phthahte 76 44.2 


52 42.3 
Dibutyl 90 103.7 


tartrate i 6  58.6 
52 53.7 


____ 
2 . 0  


58.6 
35.5 
47.0 
77.7 
50.9 
42.6 
94.0 
51.8 
25.9 
72.9 
63.3 
31.3 


Plasticizer, yo- 
3.0 4 . 5  


52.7 97.9 
44.2 67.2 
25.9 44.2 
61.9 129.6 
56.6 65.3 
41.3 43.2 
86.4 83.5 
38.8 67.2 
30.7 21.1 
62.3 8 i . 4  
39.3 62.4 
34.6 50.8 


WVT values for irnplasticized films: SOY0 R . H .  


6.0 
105.6 
98.9 
60.5 


162.1 
94.8 
45.1 


118.0 
95.9 
79.6 


126.8 
114.1 
75.8 


-7 


9 . 0  
261 0 
175.6 
86.4 


254.1 
138.2 
179 5 
261 . 0  
166.9 
162.1 
21’7.7 
199 5 
151.6 


61.4 83.5 126.5 195.9 
66.2 53.7 51.2 121.4 149.8 
36.5 34.0 45.2 88.9 133.2 
86.4 69.1 75.8 94.0 193.9 
40.3 43.2 60.4 98.8 157.4 
38.4 33.6 54.; 75 8 140.1 
70.0 64.3 87.4 108.4 162.1 
56.6 54.3 7 8 . i  103.6 165.0 
44.2 52.6 i 3 . 9  76.8 111.2 


-- - 
1 1 . 1  


= 142.0; 76% R.H. = 85.7; 52% R.H. = 61.9. * Relative humidity. 


rather extensive, little has been reported on the 
evaluation of the critical physical-chemical 
parameters of these substances and how these 
parameters may be influenced by the formulations 
used. Consequently, it  has been the practice to  
develop formulations empirically without any 
understanding of what these parameters are or 
how they may be influenced by the other com- 
ponents in the film forming systems. Further- 
inore, even less is known concerning the effects 
that  changes in these parameters have on the 
finished coated pharmaceutical product. 


\\’ater vapor transmission represents one 
~)hysical property of considerable significance for 
film coatings. There is no doubt that  the permea- 
tion of water vapor through a coating must be 
considered in the over-all evaluation of the 
stability of the active drug in a medicinal prod- 
uct. Components added to film forming agents 
as a part of a formulation may easily affect this 
property and ultimately alter the stability of the 
preparation. 


The present investigation was designed to  
study the influence of plasticizers on the water 
vapor transmission of free cellulose acetate 
phthalate films. Data have been obtained at 
three relative humidity conditions for several 
plasticizers, including phthalates, citrates, glycerol 
acetates, and a tartrate. 


EXPERIMENTAL 


Preparation of Cellulose Acetate Phthalate Solu- 
tions.-Solutions containing 10% cellulose acetate 
phthalate and varying amounts of the plasticizers, 
trincetin, diacetin, diethyl phthalate, dimethyl 


phthalate, Citroflex-2.’ Citroflex-A2,’ and dibutyl 
tartrate were prepared on a per cent weight basis 
in a solvent system containing an equal quantity of 
acetone and anhydrous ethanol. The solutions 
were prepared by dissolving the cellulose acetate 
phthalate in a mixture of the acetone and the plas- 
ticizer and adding the alcohol when solution was 
complete. The finished solutions were passed 
through several layers of gauze. 


Preparation of Cast Films.-The solutions were 
cast as sheets of 25 mil wet thickness onto highly 
polished glass plates using a Gardner film casting 
knife’ equipped with a micrometer blade adjustment. 
The sheets were dried a t  ambient temperature and 
stripped from the plates a t  18 hours. The resulting 
films were approximately 2 mils thick. 


Determination of Water Vapor Transmission 
(WVT).-The water vapor transmission ( Tr’VT) 
was determined by a niodification of .4STM method 
E-96-53T, “Measuring Water Vapor Transmission 
of Materials in  Sheet Form.” Ten granis of 
Drierite. as the desiccant, were placed into a 
Gardner-Park permeability cup.2 A disk of the 
film under investigation was cut from each sheet 
and clamped tightly between two polyethylene 
gaskets under a flat retaining ring. The retaining 
ring was held in place by a ring cover screwed down 
onto the cup, resulting in a gas-tight seal. The 
exposed area of the sample was 25 cni.2 The 
charged cup was weighed and placed into a desiccator 
containing a saturated solution of either zinc sulfate 
heptahydrate, sodium acetate trihydrate, or sodium 
hydrogen sulfate monohydrate to provide the rela- 
tive humidity conditions of 90, 76, and 52%, re- 
spectively. Weighings of the sample cup were 
made a t  definite intervals throughout the day. 


A preliminary study was undertaken to de- 
termine the effect of the quantity of desiccant used, 
the position of the cup, and the nature of the film 
surface exposed. Samples were run in which ( a )  


Marketed by Charles Pfizer & Co. ,  Inc. 
2 Gardner Laboratory. Inc. 







Vol. 53, No. 6,  Jzine 1964 


both 10 and 20 Gm. of Drierite were used, (b )  the 
cups were placed in the desiccator in inverted and 
upright positions, and ( c )  both surfaces of the film 
were exposed; i.e., the upper “orange-peeled” and 
the smooth underside. No appreciable difference 
in the water vapor transmission values was observed 
for these conditions. In view of these results, 
either surface of the film was exposed, 10 Gm. of 
desiccant was used, and the cups were maintained 
in an upright position throughout the study. 


To determine whether water vapor was sorbed 
by the film during the water vapor transniission 
determination, several samples of film disks were 
weighed before and after the determination. No 
increase in weight was observed for any of the 
samples tested. Thus, it was assumed that the 
weight increase obtained for the sample cup during 
a determination was due to the water vapor which 
permeated the film. 


RESULTS AND DISCUSSION 


The water vapor transmission values for cellulose 
acetate phthalate films plasticized with the varying 
concentrations of the plasticizers studied are pre- 
sented in Table I. The values were obtained from 
the slopes of the plots of weight increase of the 
sample cup versus time, using 
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Fig. 1.-Water vapor permeation as a function of 
time for the diethyl phthalate plasticized films. 
Cellulose acetate phthalate: 1 yo diethyl phthalate. 
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DIMETHYL PHTHALATB. % 
Fig. 2.-Effect of plasticizer concentration on WVT 


for the dimethyl phthalate plasticized iilms. 
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CITROPLEX-2 [ %] 
Fig. 3.-Effect of plasticizer concentration on TVVT 


for the Citroflex-2 plasticized films. 


where WVT = “apparent” water vapor trans- 
mission in grams 24 hours-lM-z, g = weight gain 
in grams, t = time in hours during which the gain 
was observed, and a = exposed area of the specimen 
in square meters (M.z). 


Typical plots from which these values were calcu- 
lated for films plasticized with 1% diethyl phthal- 
ate are shown in Fig. 1. 


The WVT values obtained in this study should 
by no means be considered as absolute, but rather 
as relative for the experimental conditions. This 
limitation is necessary because the relative humidity 
conditions obtained with saturated salt solutions 
contained in desiccators change as the samples are 
removed and actually are not a t  the theoretical 
values for the entire sample time. 
As a check, samples were tested under conditions 


in which the salt solutions were continuously 
stirred to allow the humidities within the desiccators 
to reach equilibrium quickly once the samples were 
replaced after weighing. The length of time 
between weighings was also increased severalfold. 
Under these conditions, the samples were a t  relative 
humidity conditions closer to  the theoretical values 
for a longer period of time. The results obtained 
for these samples were of a different magnitude, 
but of the same relative order as the data presented 
above. In view of these results, it  would appear 
that the findings of this investigation, in general, 
are indicative of what occurs in these plasticized 
films. 


Table I shows that the permeation of water vapor 
for all the systems studied is similarly dependent 
on the concentration of the plasticizer in the film. 
Figures 2 and 3, respectively, are plots of WVT 
uersus per cent plasticizer for the dimethyl phthalate 
and the Citroflex-2 plasticized systems. The de- 
pendency appears to  be one that shows a decrease in 
permeation for increasing plasticizer concentration 
up to  about 3% and an increase in permeation 
with increasing plasticizer concentration beyond 
this point. 


In general, this dependency, exhibiting a minimum 
WVT value, is similar to that obtained by Kirk- 
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Fig. 4.-Effect of plasticizer concentration on LVVT for lower concentrations. 


patrick (21) for cellulose acetate films plasticized 
with certain sulfonamides and phthalates. It may 
possibly be explained if the plasticizer is con- 
sidered as an integral part of the film distributed 
within the interstices of the polymer. If the 
permeation of water vapor through the film is 
primarily by passage through the interstices, then 
it would be expected that as these spaces become 
filled with plasticizer the rate of water vapor perme- 
ation would decrease. 


The rate a t  which the water vapor permeation 
decreases for plasticizer concentrations between 
zero and 37, can readily be seen when the logarithm 
of W I T  is plotted against the logarithm of per cent 
plasticizer, as shown in Fig. 4. I t  is evident from 
the slopes of these plots that the change in permea- 
tion is greatest for diacetin, while essentially no 
change in permeation occurs with increasing con- 
centrations of plasticizer for diethyl phthalate. 
For the other plasticizers studied. the change in 
permeation with plasticizer concentration is ap- 
proximately the same, as indicated by the 
parallel lines in Fig. 4. 


It would seem that the change of TYVT with 
respect to  plasticizer concentration at these lower 
concentrations is specifically dependent on some 
physical property of the plasticizers, and that 
this property is approximately the same for dimethyl 
phthabate. triacetin, Citroflex-2, Citroflex-A2, and 
dibutyl tartrate, but different for diacetin and 
diethyl phthalate. Of the properties for these 
plasticizers listed in Table 11, the water solubility 
correlates with the data presented. 


Thus, diacetin with an infinite water solubility 
exhibits the greatest influence on the rate at which 
W V T  changes with respect to plasticizer concentra- 
tion. The water insoluble diethyl phthalate, on the 
other hand, apparently does not exhibit any influence 
on the rate a t  which IVVT changes with plasticizer 


TABLE II.-PHYSICAL PROPERTIES 
- 


sol” 
i n X h ,  


Gm./100 
Plasticizer Mol. wt .  B.p.. O C .  ml. 


Triacetin 218.20 259 7.17 
Diacetin 176.17 176 m 


Diethyl phthalate 222.2 296.1 insol. 
Citroflex-2 276 127 6.5 
Citroflex-A2 318 132 0.72 
Dimethyl phthalate 194.18 282 0.5 
Dibutpl tartrate 262.30 203 0.49 


I */ 
OlPCETlN ,/ 


/ 


OlETHYL PHTHALPTE 


O U  52 


RELATIVE HUMIDITY, % 
Fig. 5.-Relative humidity dependency of the 


rate of change OF WVT with respect to plasticizer 
concentration for lower concentrations. 


concentration. This is indicated by the resulting 
lines of zero slope. The effects of triacetin, di- 
methyl phthalate, Citroflex-2, and Citroflex-A2 
appear to be intermediate. The tenfold difference 
in water solubility between Citroflex-A2 and tri- 
acetin, for example, apparently is not sufficient to 
influence the permeation; thus the rate at which 
WVT changes is the same for these plasticizers. 


The relationships presented above appear to  
hold for these systems a t  the three relative humidity 
conditions studied. Furthermore, a plot of the 
change of WVT with respect to per cent plasticizer 
( A  WVT/A’% plasticizer) ~ersus per cent relative 
humidity shown in Fig. 5 indicates that in all 
probability the influence of the plasticizer on the 
water vapor permeation or transmission is linearly 
dependent on the relative humidity. 


As indicated above, the WVT values for all 
systems studied go through a minimum as the con- 
centration of plasticizer is increased from zero to 
9%. Apparently, any plasticizer added beyond 
the concentration present a t  the point of minimum 
WVT can no longer be held as an integral part of 
the film and thus may be “squeezed out” and may 
separate as a thin layer on the surface of the film. 
I t  is a t  this point that an increase in water vapor 
permeation with increasing plasticizer concentration 
is observed. It appears that, although the absolute 
permeation may be dependent on the specific 
thin layer of plasticizer present on the surface of the 
film, the over-all change in WVT with respect to  
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Fig. 6.-Effect of plasticizer concentration on W VT for higher concentrations. 


/ 


RELATIVE HUMIDITY, % 
Fig. 7.-Relative humidity dependency of the 


rate of change of WVT with respect to  plasticizer 
concentration for higher concentrations. 


plasticizer concentration is not dependent on the 
specific plasticizer used. An explanation that can 
be offered is that once the plasticizer has filled the 
interstices of the polymer, further addition of 
plasticizer has only a dilution effect on the polymer. 
As the polymer is diluted, the permeation of water 
vapor would be expected to  increase. Furthermore, 
since the plasticizers studied are of reasonably 
similar molecular mobility, they would tend to  
affect the permeation in a similar manner. This can 
be seen from the logarithmic plots in Fig. 6, where 
the slopes of the graphs of WVT U ~ Y S U S  per cent 
plasticizer for higher concentrations of plasticizer 
are the same for all the plasticizers studied. 


As in the case of the lower plasticizer concen- 
trations, when the change in WVT with respect to 
per cent plasticizer is plotted against the per cent 
relative humidity, a linear relationship results. 
The dependency can be seen in Fig. 7. Again, this 
shows that the influence of the plasticizer on the 
water vapor transmission is dependent on the 
relative humidity. 


SUMMARY 


The effects of several plasticizers on the water 
vapor transmission of cellulose acetate phthalate 
films have been presented. The data tend to  
indicate that for all the plasticizers studied 
(a) a decrease in water vapor permeation occurs with 
increasing plasticizer concentration up to about 
370, followed by an increase in permeation with 
further increase in plasticizer concentration, (b)  
the rate a t  which WVT changes with respect to 
plasticizer concentration is dependent on the 
specific plasticizer used for the lower concentrations, 
but not for the higher concentrations, and (c) that 
this rate is linearly dependent on relative humidity 
for both low and high plasticizer concentrations. 
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Research 


Method for Evaluating Behavioral 
Central Depressants 


Articles 


Effects of 


By MARVIN COHEN* and JOHN W. NELSON 


A new method for the evaluation of central nervous system depression is presented. 
It is based on the scoring of behavioral responses to subhy notic doses of central 
depressants. The application of the method to the study of two different types of 
depressants, peptobarbid and chlorpromazine, both alone and in combination, is 
shown. The time-res nse scoring method appears to be useful as a screening 
method and as a tool more theoretical studies when appropriate modifications 


are made for different types of pharmacological agents. 


m PROBLEM of drug interaction and its T evaluation is a fundamental one in the field 
of general pharmacology. Studies in this area, 
such as those of Bliss (l), Gaddum (2), Berger 
and Lynes (3), and Gruber (4) have led to an 
accumulation of considerable information. Such 
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data, however, have largely been obtained by 
means of toxicity studies (1) or by the measure- 
ment of sleeping times in cases where central 
depressants have been employed (24).  Gruber 
(4) has commented on studies of this type by 
stating that the data obtained in this way, being 
only relative values, cannot be measured and 
compared with any degree of accuracy. More 
quantitative studies, using animals given sub- 
hypnotic doses of depressants, have been per- 
formed by such workers as Swinyard (5), Lim 
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TABLE I.-~RITERIA USED TO EVALUATE DEPRESSANT ACTIVITY 


Degree of Numerical 
Depression Equivalent Description 


LOSS OF SPONTANEOUS MOTION 


KO loss 0 


Slight loss 0.5a 


Moderate loss 1 


Marked loss 2 


Loss of righting 3 
reflex 


Behavior of ariimal in- 
distinguishable from 
normal - explora- 
tory and cleansing 
activities. 


Animal motionless 
(standing or lying) 
with head in or above 
plane of body. 
Readily responds to 
external stimulus by 
seeking source of dis- 
turbance. 


Animal motionless 
(standing or lying) 
with head below 
plane of body or 
touching floor of 
cage. 


Partial loss of righting 
reflexanimal takes 
longer than 1 sec. to 
regain correct pos- 
ture when placed on 
its back. 


Failure to regain nor- 
mal posture when 
animal is placed on 
its back. 


RESPONSE TO STIMULI 


Response to air 0 Animal shows startle 
stimulus response (stiffening 


of body, widening of 
eyes, rapid move- 
ment of vibrissae) or 
dqfensive response 
(nses on hindlegs 
and faces source of 
air blast). 


Degree of Numercial 
Depression Equivalent Description 


Response to pain 1 Animal responds to  air 
stimulus blast by moving 


head away from di- 
rection of air, mov- 
ing only a few mus- 
cles, or not moving 
at all. Application 
of pain stimulus 
causes animal to at- 
tack source of pain 
within 5 sec. 


Sluggish response 2 No satisfactory re- 
sponse to air stimu- 
lus. Application of 
pain stimulus causes 
aimless movements 
without attack with- 
in 5 sec. 


No response (loss 3 hTo response to air or 


to stimuli 


of righting re- pain stimuli. 
flex) 


DEGREE O F  ATAXIA 
h'o ataxia 0 Animal brings hindlegs 


up to bar within 1 
sec. 


Slight ataxia 1 Hindlegs are lifted 
after a lapse of 1-5 
sec. If legs are 
lifted immediately, 
they repeatedly slip 
off bar. 


Moderate ataxia 2 Hindlegs not lifted 
within 5 sec. ; animal 
hangs by forepaws. 


Marked ataxia 3 Animal unable to hang 
by forepaws. 


Loss of righting 4* Animal unable to hang 
reflex by forepaws in addi- 


tion to maximum 
response to  other 
tests. 


a It was found that both a normal and a slightly sedated 
animal could exhibit slight loss of spontaneous motion. In 
addition this res use was relatively fleeting and often could 
not be 'detecte80 on successive observations. For these 
reasons, a value of 0.5 was given so that it would contribute 
less to the total response. 


b Degree of ataxia was given a maximum value of 4 because 
it was found to be the response component that gave the most 
dramatic changes in behavior and thus contributed more to 
the total response. 


( 6 ) ,  and Kinnard and Carr (7). In this type of 
study, certain criteria and/or numerical values 
were established both for different levels of 
sedation and different aspects of behavior. A 
survey of the literature revealed tha t  the  above 
method had not been applied t o  combinations of 
central depressants. In addition, many of the  
criteria used seemed to  be too subjective for a 
detailed study. It was felt t h a t  the development 
of a more objective method would contribute 
additional information to the  study of central 
depressants at dose levels t h a t  permitted a 
clearer interpretation of drug-induced responses. 


EXPERIMENTAL 


Chlorprornazine and pentobarbital were chosen 
for this study for several reasons. Preliminary 
studies with pentobarbital showed i t  to be a central 
depressant that produced sharply delineated re- 
sponses with increasing subhypnotic doses. For 


this reason, pentobarbital was used as a "standard" 
for establishing the behavioral criteria described 
below. Pentobarbital is also a classical example of a 
cortical depressant, particularly in the doses em- 
ployed in this study. 


Chlorpromazine was used because it can be con- 
sidered as a typical example of the class of drugs 
known as tranquilizers. It is believed to act pre- 
dominantly on subcortical regions of the brain 
rather than on the cortex (8 ) .  Chlorpromazine was 
found to have a longer duration of action than pento- 
barbital, particularly in higher doses; in addition, 
chlorpromazine brought about a different pattern of 
response than did pentobarbital. 


In this study, ampuls containing 25 mg./ml. of 
chlorpromazine HCI1 were used as the source of this 
drug. The commercial solution was diluted 1:20 
with saline prior to administration. Pentobarbital 
was obtained from ampuls containing 60 mg./ml. of 
pentobarbital s0dium.l This solution was diluted 


1 Marketed as Thorazine by Smith Kline and French 


1 Marketed as Veterinary Nembutal by Abbott Labora- 
Laboratories. 


tories. 
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Fig. 1.-Time-response curves for pentobarbital. 
Key: __.__ , control; -.- , 5 mg./Kg. pento- 
barbital; 0-0, 10 mp./Kg. pentobarbital; 0-0, 
15 mg./Kg. pentobarbital; 0-0, 17.5 mg./Kg. 
pentobarbital; @, significant difference of the maxi- 
mum response from control (P = 0.05). 


TIME IN MINUTES 


1 : l O  prior to  admii t ra t ion.  All drugs were 
administered by the intraperitoneal route. The 
animals used were albino male rats of the Wistar 
strain. They ranged in age from 3 to 5 months and 
in weight from 150 to 250 Gm. Environmental 
temperature was generally within the 20-25" range. 


The method used to determine levels of central 
depression was called the time-response scoring 
method. It was based on the assumption that the 
observed behavior of experimental animals could be 
translated into numerical values which, when plotted 
on suitable coordinates. could give a meaningful 
description of the activity of a drug or drug combina- 
tion. The time-response scoring method was used 
to measure depression through the observation of 
three components of animal behavior under the 
influence of depressant drugs and under control 
conditions. These components were loss of spon- 
taneous motion, responses to external stimuli, and 
degree of ataxia. These three categories were fur- 
ther subdivided into 14 subcategories, each of which 
had distinct behavioral characteristics. These sub- 
categories, together with their numerical equivalents 
and descriptions, are shown in Table I. 


During experimental runs, the animals (in groups 
of 4,8, or 12) were kept in individual cages. Loss of 
spontaneous motion was determined by direct 
observation. Response to  stimuli was determined 
by presenting the animal with one or both of two 
stimuli, depending on its level of depression. The 
first stimulus was a blast of 4 ml. of air delivered 
from a 5-ml. syringe through a 25-gauge 0.5-inch 
hypodermic needle and directed at the animal's 
face. The second stimulus was the application of 
pain by pressing the tip of the animal's tail with a 
finger. Degree of ataxia was measured by the use 
of a wooden horizontal bar suspended about 4 f t .  
above the floor. The bar had a roughened surface 
and an edge for grasping; its dimensions were 8 X 
1.25 X 0.5 inches (length-height-width). The 
animals forepaws were placed on the bar and the 
animal was allowed to drop from a horizontal posi- 
tion without having its hindlegs touch the bar, 
The ability of the animal to  bring its hindlegs up to 
the level of its forepaws was used as an indication of 
ataxia. For a more detailed explanation of this 
procedure. see Table I. 


The experimental design used to  evaluate depres- 


sion produced by chlorpromazine, pentobarbital, and 
combinations of the two was as follows. After 
transferring the animals from their home cages to 
the experimental cages, the animals were allowed 
approximately 20 minutes to become adapted to 
their new environment. During this time, their 
behavior was observed and noted. At the end of 
this period, the drug or drug combination beiig 
studied was administered. Observations were then 
made at intervals of 5, 10, 15, 30, 60, and 120 min- 
utes after injection. The observation time did not 
extend beyond 120 minutes because no drug or drug 
combination used reached a peak of activity after 
this time. 


When sufficient data had been obtained (an aver- 
age of 12 experimental runs, with a range of 6 to 17 
for each point on a graph), they were converted into 
numerical values and treated in three ways. (a) 
The values obtained for each response component 
(loss of spontaneous motion, response to  stimuli, 
degree of ataxia) at each time period were summed. 
These latter values were plotted against time to 
produce a time-response curve (Figs. 1, 4, 6, and 7). 
( b )  The values of each response components were 
plotted separately against time to determine the 
contribution of each component to the total response 
seen (Figs. 2,3, and 5). ( c )  The maximum response 
to each drug and drug combination was determined, 
and this was plotted against dose to give a series of 
dose-response curves (Figs. 8 and 9). Interpreta- 
tion of results was made from these graphs. 


RESULTS 


Figure 1 illustrates the total response time-re- 
sponse curves obtained for pentobarbital in doses of 
5, 10, 15 and 17.5 mg./Kg. Figures 2 and 3 illus- 
trate the response component time-response curves 
for these doses of pentobarbital. Figure 4 illus- 
trates the total response time-response curves ob- 
tained for chlorpromazine in doses of 1 and 5 mg./ 
Kg. Figure 5 illustrates the response component 
time-response curves for these doses of chlorpro- 
mazine. Figures 6 and 7 illustrate the total re- 
sponse time-response curves for combinations of 
pentobarbital with 1 and 5 mg./Kg. chlorpromazine, 


IOmq./Kp. 


1 


IE ln 


k o  
5 ms./Ks. 


Control 


0 30 60 120 
TIME IN MINUTES 


Fig. 2.-Tme-response curves for pentobarbital 
(response components). Key: 0, loss of spontane- 
ous motion; 8, response to stimuli; 0, degree of 
ataxia. 
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Fig. 3.-Time-response curves for pentobarbital 
(response components). Key: 0, loss of spontane- 
ous motion; 8, response to stimuli; 0, degree of 
ataxia. 


44 


0 30 60 120 
TIME IN MINUTES 


Fig. 4.-Time-response curves for chlorpromazine 
(total response). Key, -----, control; M, 1 
mg./Kg. chlorpromazine; 0-0, 5 mg./Kg. chlor- 
promazme; @, significant difference from control 
(P = 0.05). 


respectively. Figures 8 and 9 illustrate the dose- 
response relationships obtained for pentobarbital 
alone and in combination with chlorpromazine. 


The doses used were chosen because each one 
brought about a particular behavioral response. In 
the case of chlorpromazine, only two dose levels 
were found where distinct behavioral responses 
could be elicited. Chlorpromazine in a dose of 0.5 
to 3 mg./Kg. gave essentially the same response as 1 
mg./Kg., while doses of 4 to 7 mg./Kg. gave the 
same type of response as 5 mg./Kg. Doses higher 
than 7 mg./Kg. did not increase the intensity of 
drug action, but only affected the duration of action. 


Controls were run with saline (4 ml./Kg.) to deter- 
mine the effect of the evaluation procedure on be- 
havior. Control animals showed a score ranging 
from 0-3 with an average of 1.6. This was found 
to be significantly greater than an ideal response of 
zero for the administration of saline. Significance 
was determined by the Mann-Whitney U test for 
independent samples (9) a t  the 0.05 level of proba- 
bility. The words “significant” and “significance” 
are used throughout this paper to  mean statistical 
significance. Calculation of the regression co- 
efficients (slopes) for the dose-response curves in 
Figs. 4 and 5 was accomplished usiSg the method of 
least squares (10). Table 11 summarizes the data 
obtained by this method. Table I11 gives the 
average maximum response obtained with each drug 
and drug combination used as well as the contribu- 
tion of each response component to  this total. 
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An analysis of the response component curves for 
chlorpromazine used alone and pentobarbital used 
alone indicated that increasing doses of chlor- 
promazine exerted the most depressant effect on 
responses to stimuli. Ataxia and loss of spontaneous 
motion were produced to a lesser, but approximately 
equal, extent. Pentobarbital was found to  exert its 
greatest depressant effect on ataxia while responses 
to stimuli were least affected. These data are sum- 
marized in Table 111. Combinations of pentobar- 
bital with 1 mg./Kg. of chlorpromazine produced no 
detectable change in the response components when 
compared to  the responses produced by pentobar- 
bital alone. Combinations of pentobarbital with 5 
mg./Kg. chlorpromazine produced marked effects 
on all response components. In comparison with 
the responses produced by pentobarbital given 
alone, response to  stimuli was affected to  the 
greatest extent. Combinations of pentobarbital 
with 1 mg./Kg. chlorpromazine produced a duration 
of action that was slightly greater than the duration 
of action of pentobarbital given alone. Combina- 
tions of pentobarbital with5mg./Kg. chlorpromazine 
produced a greatly increased duration of action 
when compared with the effects of pentobarbital 
administered alone. 


With all the combinations of pentobarbital and 1 
mg./Kg. chlorpromazine, the responses of the com- 
bined drugs were not significantly greater than the 
responses to the predominant individual depressant, 
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Fig. 5.-Time-response curves for chlorpromazine 
(response components). Key: 0, loss of spontane- 
ous motion; 8, response to stimuli; 0,  degree of 
ataxia. 
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Fig. 6.-Time-response curves for combinations 
of pentobarbital with 1 mg./Kg. chlorpromazine. 
Key: __.__ , control; -.- , 5 mg./Kg. pentobar- 
bital; m, 10 mg./Kg. pentobarbital; 0----0. 
mg./Kg. pentobarbital; 0-0. 17.5 mg./Kg. pento- 
barbital; Q, significant difference of the maximum 
response from control (P = 0.05). 
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Fig. 7.-Time-response curves for combinations 
of pentobarbital with 5 mg./Kg. chlorpromazine. 
Key: --.__ , control; --- , 5 mg./Kg. pentobar- 
bital; 0-0, 10 mg./Kg. pentobarbital; 0-0, 
15 mg./Kg. pentobarbital; 0-0, 17.5 mg./Kg. 
pentobarbital; 0. significant difference of the maxi- 
mum response from control (P = 0.05). 


8 
Fig. 8.-Dose-response 


curves for pentobarbital- 
chlorpromazine (combins- 
tions (total response). Key: 
0-0, pentobarbital; 0--- 0. D pentobarbital + 1 mg./Kg. 


h d’ , I  I/ tobarbital + 5 mg.,!Kg. chlorpromazine; @--a, en- 


f L 1  represents the maximum re- 
I 


I chlorpromazine; each point 3 
sponse seen. 


0 5 10 15 20 
DOSE OF PENTOBARBITAL IN MG./KG. 


ie., the drug in the combination that produced the 
greater degree of depression when given alone. In 
two of the four combinations of-pentobarbital with 
5 mg./Kg. chlorpromazine (the combinations with 
10 and 15 mg./Kg. pentobarbital), the responses of 
the combination were significantly greater than the 
response t o  the predominant individual depressant. 


With combinations of pentobarbital and 1 mg./ 
Kg. chlorpromazine, pentobarbital was the pre- 
dominant depressant over the 10 to  17.5 mg./Kg. 
dose range. In the lowest doses used, both chlor- 
promazine (1 mg./Kg.) and pentobarbital (5 mg./ 
Kg.) produced responses that were not significantly 
different from those obtained with saline. With the 
combinations of pentobarbital and 5 mg./Kg. 
chlorprornazine, the latter was the predominant 
depressant when pentobarbital was given at a dose 
of 5 or LO mg./Kg., while pentobarbital became the 
predominant depressant in doses of 15 and 17.5 
mg./Kg. These results are summarized in Table 
IV. 


The response to the combination of 17.5 mg./Kg. 
pentobarbital and 5 mg./Kg. chlorpromazine was 
found to be not significantly greater than the 
response to pentobarbital alone. However, other 
evidence tended to m d i y  a conclusion based 
solely on the statistical results. At these high dose 
levels, hypnosis began to  appear. A comparison of 
the number of animals losing their righting r d e x  
with the combination and with pentobarbital alone 


indicated that an increased degree of depression 
had occurred. After the adminiitration of 17.5 mg./ 
Kg. pentobarbital, 5 out of 12 animals lost their 
righting reflex, while the combination of 17.5 mg./ 
Kg. pentobarbital and 6 mg./Kg. chlorpromazine 
caused 8 out of 12 animals to lose the righting reflex. 
Hypnosis was also seen with the combination of 15 
mg./Kg. pentobarbital and 6 mg./Kg. chlorpro- 
mazine. In this case, 7 out of 12 animals lost the 
righting reflex. 


DISCUSSION 


The results of this study of pentobarbital and 
chlorpromazine interaction indicate that the time- 
response scoring method is capable of giving a con- 
sistent and readily interpretable visualization of the 
effects of two types of central depressants. The 
effectiveness of the method appears to be limited at 
the extreme ends of the subhypnotic dose-response 
scale, i.e., at doses producing a barely detectable 
response and at doses that begin to  cause a loss of 
the righting reflex. Between these two extremes, 
the results obtained have been satisfactory. 


Pentobarbital was shown to be a rapidly acting 
central depressant that affected motor components 
of behavior more rapidly and earlier than sensory 
components. Chlorpromazine was shown to be a 
relatively slow acting depressant that affected 
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9 0  & 


3 


5 10 15 5 10 15 5 10 15 
DOSE OF PENTOBARBITAL IN MG./KG. 


Fig. 9.-Dose-response curves for pentobarbital- 
chlorpromazine combinations (response compo- 
nents). Key: 0-0, pentobarbital; 0---0, pento- 
barbital + 1 mg./Kg. chlorpromazine; 0-.-a, 
pentobarbital + 5 mg./Kg. chlorpromazine; each 
point represents the maximum response seen. 


TABLE II.-SU)PES OF DOSE-RESPONSE CURVES FOR 
CHLORPROMAZINE-PENTOBARB~TU COMBINATIONS 


Pento- Pento- 
barbital barbital 


+ 1  + 5  
rn ./Kp. m /Kg. 
Zblor- thlor- 


barbital rnazine rnazine 
Pento- pro- Pr? 


Total response 0.45 0.35 0.43 
Loss of spontaneous 


motion 0.12 0.06 0.13 
Response to stimuli 0.12 0.09 0.10 
Degree of ataxia 0.25 0.26 0.20 
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TABLE III.-RESPONSBS OBTAINED FOR CHLORPROMAZINE-PENTOBARBITAL COMBINATIONS 


Response Components----- 


Pentobarbital, Chlorpromazine, Maximum Spontaneous Response to Degree of 
mn./Kg. mg . /U .  Response Motion Stimuli Ataxia 


Average Loss of 


. . .  
5 
10 
15 
17.5 


5 
10 
15 
17.5 


5 
10 
15 
17.5 


. . .  


* . .  


. . .  


. . .  


. . .  


. . .  


... 
1 
1 
1 
1 
1 
5 
5 
5 
5 
5 


1.2 
1.2 
2.8 
3.5 
7.4 
1.1 
1.5 
3.1 
5.3 
6.6 
2.7 
3.7 
4.9 
8.1 
8.3 


0.6 
0.5 
0.7 
1.1 
2.0 
0.8 
0.7 
0.9 
1.3 
1.9 
0.9 
1 .o 
1.3 
2.3 
2.4 


0.6 
0.6 
0.7 
0.9 
2.2 
0.3 
0.8 
1.1 
1.2 
2.0 
1.1 
1.4 
1.5 
2.4 
2.6 


0.0 
0.1 
1.4 
1.5 
3.2 
0.0 
0.0 
1.1 
2.8 
2.7 
0.7 
1.3 
2.1 
3.4 
3.3 


TABLE IV.- DEPRESSANT EFFECTS OF CHLORPROMAZINE-PENTOBARBITAL COMBINATIONS 


Pentobarbital, Chlorpromazine, Response to Response to Drug in Combination Exerting 
m g . / K g . mg./Kg. Individual Drug Combination Predominant Response 


. . .  1 1.1 . . .  ... 
5 . . .  1.2 . . .  ... 
10 . . .  2.8 . . .  . . .  
15 . . .  3.5 . . .  . . .  
17.5 . . .  7.4 . . .  . . .  
5 1 . . .  1.5 Neither 
10 1 . . .  3.1 Pentobarbital 
15 1 . . .  5.3 Pentobarbital 
17.5 1 . . .  6.6 Pentobarbital 
. . .  5 2.7 . . .  . . .  
5 5 . . .  3.7 Chlorprornazine 
10 5 . . .  4.9 Chlorpromazine 
15 5 . . .  8.1 Pentobarbital 
17.5 5 ... 8.3 Pentobarbital 


sensory components of behavior more rapidly and 
earlier than motor components. 


In both series of pentobarbital-chlorpromazine 
combinations, the increased duration of action of 
the combinations over the individual drugs seemed 
to be due to the chlorpromazine component. The 
data suggested that pentobarbital exerted its pre- 
dominant effect within 30 minutes after the adminis- 
tration of low doses (5 and 10 mg./Kg.) and within 
60 minutes after the administration of higher doses 
(15 and 17.5 mg./Kg.). Additional evidence for 
the predominance of chlorpromazine at these times 
and after is seen by the sharp break in the time- 
response curves at the above-mentioned times for 
the different chlorpromazine-pentobarbital com- 
binations (see Figs. 6 and 7). Such breaks have been 
interpreted by Bliss (1) as being indicative of 
independent additive action in drug combinations. 
As applied to this study, the interpretation of Bliss 
would seem to indicate that chlorpromazine and 
pentobarbital exert independent depressant actions. 
the predominance of one or the other being a direct 
function of its depressant ability when used alone. 


While many of the above conclusions are well 
known from numerous other studies (6, 11-13), very 
few attempts have been made to  quantitate the 
responses seen. A major reason for this is inherent 
in the nature of the responses being studied. Quan- 
titation to any degree, no matter how small, can 
give more clues to mechanisms and sites of drug 
action than can qualitative data. The time- 
response scoring method appears to accomplish this 


with a minimum of equipment, time, and training. 
I t  appears to be useful as a screening method and 
as a tool for more theoretical studies when appro- 
priate modifications are made for different types of 
pharmacological agents. 


SUMMARY 


A new method for the evaluation of central nerv- 
ous system depression is presented. It is based on 
the scoring of behavioral responses to  subhypnotic 
doses of central depressants. The application of 
the method to the study of two different types of 
depressants, pentobarbital and chlorpromazine, both 
alone and in combination, is shown. 
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Gastric Ulcers Induced by Phenylephrine in Certain 
Pharmaceutical Compositions 


By THOMAS A. LYNCH, WILBUR L. HIGHLEY, and ALBERT G. WORTON 


The incidence of gastric ulcers i n  mice was 100 per cent within 24 hours after a 
single oral sublethal dosage of an antihistamine-decongestant liquid pharmaceutical. 
Such ulcers persisted for more than 4 days. Investigation of the components of &is 
and similar preparations indicated that phenylephrine was the primary ulcerogenic 
factor. The  flavoring and sweetening agents, but not the antihistamines, signifi- 
cantly potentiated the ulcerating effect of phenylephrine. T h e  results suggest that 
the composition of the base as well as the active agents in sympathomimetic amine- 
containing liquids may be important in  eliminating the potential side effects of such 
preparations. The  study also gresents a reproducible and rapid method of ulcer 


induction for t e investigation of antiulcer agents. 


CETYLSALICYLIC ACID, cortisone, histamine, A cinchophen, and reserpine induced varying 
degrees of gastric ulceration in animals. Iodo- 
acetamide fed to rats for u p  to 90 days produced 
chronic gastric ulceration without perforation or 
serious nutritional disturbances, suggesting a 
useful method in the studies of pathogenesis (1). 
Food reduction and drug-induced starvation 
caused gastrointestinal ulceration (2). Cuta- 
neous necrosis resulted from intravenous in- 
fusion of norepinephrine in 61 human cases as 
reported by Close and Frackelton (3). Peirce 
and Polley (4) reported in two human cases that 
phenylephrine hydrochloride causes sloughing 
following intravenous infusion. No known re- 
ports of gastrointestinal ulceration are  associated 
with the oral use of phenylephrine. Since mild 
gastrointestinal symptoms are occasionally ob- 
served with large doses, therapy with phenyl- 
ephrine is recommended after meals (5). 


Gastric ulceration, observed as a side cffect of 
an an tihistamine-sympathominietic liquid prep- 
aration in an acute toxicity study, prompted 
further investigation, as presented in this report. 


METHODS AND MATERIALS 


Three liquid decongestant formulas containing a 
synipathomimetic and antihistamines were studied, 
as well as certain components, singularly and in 
Combination. The drugs were administered either 
orally or subcutaneously in nonfasting Swiss mice 
(19-41 Cni.) and Wistar rats (198-369 Gm.). The 
oral dosage was usually 25 ml./Kg. Animals were 
sacrificed at  1 to  7 days after adtninisteriiig the drug. 
Tlic per ceiit dccr inciclcncc was  tlctcrrniiiecl grlJSSly. 
The degree of severity was rspressed as the per- 
centage of the pyloric stomach area found ulceratcd. 


The three basic formulas investigated contained 
the following active principles: 


Formula A.-Each 5-ml. quantity contained 5 
nig. of phenylephrine hydrochloride, 4.16 ing. of 
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methapyrilene fumarate, 4.16 mg. of pyrilamine 
maleate, 4.16 mg. of pheniramine maleate, and 5% 
ethanol in a sweetened flavored base. 
Formula B.-Each 5-ml. quantity contained 5 


mg. of phenylephrine hydrochloride, 2.0 mg. of 
chlorprophenpyridamine maleate, 13.5 mg. of 
chloroform, 1.0 mg. of I-menthol, and 5% ethanol in 
a sweetened flavored base. 


Formula C.-Each 5-ml. quantity contained 12.5 
mg. of phenylpropanolamine hydrochloride, 6.25 
mg. of pheniramine maleate, and 6.25 mg. of 
pyrilamine maleate in a sweetened flavored base. 


RESULTS 
Evaluation of the Active Constituents.-Gastric 


ulceration was induced by orally administering to 
mice 25 ml./Kg. of Formula A containing phenyleph- 
rine hydrochloride and three antihistamines as indi- 
cated in Table I. The 48-hour ulcer incidence ranging 
from 44.4 to 100% appeared to have a dose-response 
relationship. The ulcers, found only in the pyloric 
part of the stomach, consisted of multiple areas of 
epithelial erosion and hemorrhage. As much as 
90% of the pyloric stomach area was eroded but 
without perforation. Hepatic hemorrhage and 
congestion and stimulation of the central nervous 
system were generally the associated side effects. 
The three antihistamines of Formula A were not 
ulcerogenic. Phenylephrine alone, given a t  four 
times the dosage as contained in Formula A, in- 
duced only one-half the incidence of gastric ulcers. 


Formula B containing phenylephrine and one 
antihistamine produced 20% the incidence of gastric 
ulcers as equivalent dosages of Formula A. The 
addition of the three antihistamines of Formula A 
to Formula B did not increase the ulcer incidence. 
Formula C containing phenylpropanolamine and 
two antihistamines did not induce gastric ulceration. 


Phenylephrine given orally to female rats starting 
;it 100 nig./Kg. and terminating at 300 ing./Kg. 
pcr tkry for 3 clays ~iroduced iiitestiiial liypercinia, 
Iicpatic Iicniorrhgv, and wciglit loss, Iiut i i o  ulcers 
as s h i ~ w t i  iii Table 11. One rat died following 1(W) 
mg./Kg. on the first day, but none died following 200 
and 300 mg./Kg. on subsequent days, suggesting 
the development of drug tolerance, Gastric ulcera- 
tion was produced in two male rats given 100 mg./ 
Kg. of phenylephrine orally per day for 2 days. 
Epitaxis. rhinorrhea, and central nervous system 
depression were observed following the dose on the 
first day only. One rat died after the second dose. 


A s  illustrated in Table 111, combiriationsof phenyl- 
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TADLE I.-~NDUCTION OF GASTRIC ULCERS IN MICE 48 HOURS AFTER ORAL ADMINISTRATION OF \~ARIOUS 
PREPARATIONS 


- __ - 
Dosage, Mortality, Incidence, 


PI epn. hlice, No. Sex ml.(mg.P/Kg. % % 
Normal saline 10 M 25(25) 0 0 
Formula A* 30 M 25(25) 0 100 
Formula A 10 1’ 25(25) 30 100 
Formula A 10 M 6 . 3 ( 6 . 3 )  10 44.4 
Formula A 10 F 6.3(6.3) 0 50.0 
Formula A-1. 5 M 25(25) 0 0 
Formula B d  10 M 25(25) 0 20 
Formula B-1” 5 M 25(25) 0 0 
Formula Cf 10 M 25(25) 0 0 
Phenylephrine-20/o 15 M 5(100) 26.7 45.6 
Phenylephrine-2yo 10 M 10(200)9 100 . . .  
Phenylephrine-2yo 5 F 5( 100) 0 GO 


a Figure in parenthesis is the dosage of the sym athomimetic in mg./Kn. * Each 5-ml. quantity contains A mg. of phenyl- 
cphrine hydrochloride. 4.16 mg. of methapyrilene fumarate, 4. I6 mg. of pyrilamine maleate, 4.16 ms. of pheniramine maleate, 
and 5% ethanol in the Formula A base. d Each 5-ml. 
rluantity contains 5 mg. of phenylephrine hydrochloride, 2 mg. of chlorprophenpyridamine maleate, 13.5 mg. of chloroform 
1 mg. of I-menthol, and 5% ethanol in a sweetened flavored base. 8 The antihistamines as contained in Formula A added td 
I’ormulu R. f Each 5-mI. quantity contains 12.8 mg of phenylpropanolamine hydrochloiide, 6.25 mg. of pheniramine maleate. 
and F.25 mg. o f  pyrilamine maleate in a sweetened flavored base. 


5 The antihistamines in aqueous solution as contained in Formula A. 


0 Given subcutaneously. 


’I‘AHLE 11.-Toxrc A N D  ULCEROGENIC EFFECTS OF 2% PHENYLEPHRINE HYDROCHLORIDE BY ORAL ADMINIS- 
TRATION IN WISTAR RATS (198-369 Gm.) 


_.___ 


Time. Rats, Dosage, 
Hr. No. Sex ml./Kg. Remarks Autopsy0 
0 3 F 5( 100 mg.) One death after 2 hr. Lost Hyperemia of small intestine. 


8 Gm. body weight. 
24 2 F 5(100 mg.) Lost 8 Gm. body weight. Autopsied one rat. No ob- 


vious pathological changes. 
48 1 F lO(200 mg.) No symptoms. 
72 1 F 15(300mg.) Nosymptoms. No gross pathological changes 


except for hepatic hemor- 
rhage. 


u 3 M 6( 100 mg.) Epitaxis, rhinorrhea, C.N.S. 
depression persisting for 
4-6 hr. 


deathb occurred. 
24 3 M 5( 100 nig.) Symptoms as above. Oiie One rat  with one pyloric 


stomach ulcer; one rat 
with three pyloric stomach 
ulcers. 


__ 
a Sacrificing carried out 24 hours after the previous dosage. b Decomposition was too advanced for autopsy. 


TABLE III.--INDUCTION OF GASTRIC ULCERS FOLLOWING ORAL ADMINISTRATION“ IN MICE OF VAKIOUS 
FORMULA A ACTIVE CONSTITUENTS - 


Mice, Time of Mortality, Ulcer 
Prepn. No. Sex Autopsy, Hr. % Incidence. % 


Normal Saline 
Ph-Phen* 
Ph -Methb 
Ph-Pyrb 
Ph-Phen-Methb 
Ph-Phen-Py+ 
Ph-Meth-Pyr“ 
Nomial Saline 
Ph-Phenc 
I’ll-Methe 
PIl-I’yrc 
I ’ I I - I ’ I I ~ I I - M ~ ~ I I ~  
l’h-l’lirn-l’yr~ 
Ph-hlvth- I’yp 
I;ormula Ad 
Formula A-2 
~ < J r l l l U h  A-3 


5 F 
5 F 
5 F 
5 F 
5 F 


48 
48 
48 
48 
48 


0 0 
0 


20 
20 


20 
0 
0 


40 0 
5 F 48 20 0 
5 F 48 0 0 


M 


8 1’ 48 


f l  I 0 
6lJ 0 


( I  i 1 . 5  
0 100 
0 100 


0 All preparations were administered in 25 ml./Kg. dosages. b Ph. 0.10% phenylephrine hydrochloride; Phen, 0.25% 
pheniramine maleate; Meth, 0.25% methapyrilene fumarate; P r.  0 25% pyrilamine maleate. Two antihistamines in com- 
bination, each is 0.125%. e Same as b except concentrations L r  phenylephrine and antihistamines are 2.67 times gmater. 
d A, Each 5 ~ m l .  quantity contains 5 mg. df phenylephrine hydrochloride. 4.16 mg. of methapyrilene fumarate. 4.16 mg. of yril 
amine maleate, 4.16 mg. of heniramine maleate. and 5% ethanol in Formula A base. 
preservative. 


A-2.O.l% sodium pyrosulfite adxed 
A-3, order o f  mixing altered. 
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ephrine with one or two antihistamines of Formula 
A in aqueous solution at 25 ml./Kg. orally induced 
ulcers in one group only. The over-all incidence 
of ulcers by such treatment was 3.3%. Increasing 
the concentration and dosage by 2.67 times increased 
the incidence of ulcers and mortality. 


Adding a preservative or changing the order of 
mixing did not alter the ulcerogenic effect of Formula 
A. 


The results suggested that some factor in the 
ulcerogenesis besides phenylephrine was indicated 
in Formula A. 
Evaluation of the Vehicular constituentB.-As 


demonstrated in Table IV. the ulcerogenic action of 
phenylephrine in Formula A was potentiated by 
lime, ethanol, sucrose with glucose, sucrose with 
glucose and glycerin, and vanillin with glucose. 
When the ethanol and glycerin, sucrose, lime, and 
vanillin were deleted from Formula A, the ulcero- 
genic effects were eliminated. Substituting 2.5 
mg. of phenylpropanolamine for 1.0 mg. of phenyl- 
ephrine nearly eliminated the ulcerogenic effect of 
Formula A. The ulcer incidence was less than 7y0 
and with only one pinpoint size ulcer in each of two 
mice. 


Figure 1 shows that the duration of gastric 
ulceration induced by 25 ml./Kg. of Formula A 
persists for more than 4 days. The peak in severity 
occurred at about 2 days. 
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TABLE IV.-INDUCTION OF GASTRIC ULCERS IN 
MICE BY VARIATIONS IN FORMULA A INERT CON- 


STITUENTS' 


Ulcer 
Mice, Mortality, Inddence. 


Formulab No. sex % % 
A 15 M 0 100 
A 15 F 20 100 
A-I-SU 
A - I 4 1  
A-I-Gly 


.~ 


5 M 20 0 
5 M  0 0 
5 M 20 0 


A-I-V& 5 M 2 0  0 
A-I-Li 5 M  0 40 
A-I-Et 5 M  0 20 
A-I-Blue 5 M  0 0 
A-I-Red 5 M  0 0 
A-ISU-GI 5 M  0 80 
A-I-SU-GI-GIY 5 M 0 100 
A-141-Red-Blue 5 M 60 0 
A-141-Red-Blue 5 F 40 0 
A-141-Red-Blue- 


Li/2-Van 5 M  0 20 
A-I-GI-Red-Blue- 


Li/2-Van 5 F 60 50 
A-I-GI-Red-Blue- 5 M 20 50 


Li/Z-Cyc 
A-1-2 GI 5 . F  0 80 
A-Ce 15 M 0 0 
A-C 15 F 6.7 14.3d 


a All preparations were orally adm&t&&l in 25ml./Kg. 
doses. Autopsy WM performed 48 horn after oral dosage. 
b Formula A, each S-ml. quantity contains 6 mg. of phenyl- 
ephrine hydrochloride 4 16 mg of methapyrilene fumarate 
4.16 mg. of pgrrlpmihe'malea&, 4.16 mg. of pheniramin; 
meleate and % ethpnol (Bt) in a bose of 60% sucrose 
(Su) 3& liquid uoo(lc (Gl) 6 3% glycerin (Gly) 0.026% 
vaniilin u.s.p. A), 1% iiki flavor (Li), Biu; FD&.c 
Dye No. 1 (Blue) and Red PDhC Dye No. 2 (Red) I I ~  
water Cyc eyclmhate sodium A-I phenylephrine and 
the &re+ an'hmtamines of Formula A' in aqueous. dution 
plus various yehi+ar agents. Li 2, onehalf the amount of 
lime as contamed LD. Formula A. 4 GI, two timu the amount 
of glucose M contained in Formula A. cA-C, substituting 2.6 
mg. of phenyl ropanohmine h drochloride in Formula A 
for 1 mg. of p!enyl hrine hydrochloride. d One pinpoint 
size ulcer found in e a  of two mice only. 


z, '4 


D A Y S  


Fig. 1.-Pattern of gastric ulceration induced by 
oral administration of 25 ml./Kg. of Formula A in 
female mice. Per cent ulceration is based on the 
area of the pyloric stomach affected. 1, mean and 
standard error. Number of animals in parentheses. 


DISCUSSION 


The mechanism of near lethal doses of phenyl- 
ephrine, in producing gastric ulcers may be related 
to its effects on the autonomic nervous system, 
which include vasoconstriction of the gastric mucosa 
and constriction of the pyloric sphincter (6). Vaso- 
constriction results in ischemia and cellular anoxia 
and may lead to  necrosis of the localized tissues as 
suggested by Close el al. (3). Ischemia and anoxia 
of the gastric mucosa, in the presence of retained 
gastric secretions, may be factors in the induction 
of gastric ulcers by phenylephrine in this study. 


The possible role of the Formula A base in poten- 
tiating the ulcerogenic effects of phenylephrine is 
less obvious. Carbohydrates are reported to inhibit 
gastric motility, presumably by duodenal mucosa 
contact, which reflexly stimulates the release of the 
gastric inhibitory substance, enterogastrone (7). 
More specifically, Fenton ( 8 )  demonstrated that the 
volume of chyme emptied from the stomach was 
inversely proportional to  the square root of the 
concentration of glucose orally fed to rats. This 
evidence suggests that the Formula A base inhibits 
gastric emptying and augments phenylephrine in 
producing a type of chemical pyloric ligation result- 
ing in gastric ulcers, similar to the Shay rat (9). 


The development of gastric ulcers, particularly in 
mice, is an acute toxic manifestation of phenyl- 
ephrine and has questionable relationship to  higher 
mammals. It is suggestive as a factor in the 
occasional mild gastrointestinal symptoms produced 
by large doses of such preparations. 


The results indicate that the choice of apparent 
inert and active principles may be important in 
improving the gastrointestinal tolerance of sym- 
pathomimetic-antihistaminic liquid formulations. 


The induction of gastric ulcers by phenylephrine 
in combination with high concentrations of certain 
sweetners, flavors, and solubilizing agents as con- 
tained in Formula A offers a rapid and reproducible 
method in the study of antiulcer drugs in mice, 
obviating thermocautery (lo), chronic drug adminis- 
tration (1). and surgery, as with the Shay rat (9). 


SUMMARY 


Gastric ulcers were induced in mice by a single 
oral administration of liquid decongestant pharma- 
ceutical. 


Various liquid formulas containing a sympatho- 
mimetic drug and antihistamines, as well as different 







1080 


Combinations of active and inert principles, were 
evaluated for ulcerogenic effects in mice. 


Phenylephrine hydrochloride was the initiating 
factor in the development of gastric ulcers. 


Sucrose, glycerin, glucose, ethanol, lime, and 
vanillin potentiated pheiiylephrine-induced gastric 
ulcers in mice. 


Phenylpropanolamine hydrochloride, similarly 
studied, produced little or no gastric toxicity. 


These observations suggest that the composition 
of vehicle as well as the active principles niay be 
important in reducing or eliminating the potential 
gastrointestinal side effects of sympathoniimetic 
amine-containing liquid preparations. 
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Effect of Chronic Poisoning Emetine on 


‘th ed.. 


s. c .  


Oxidative Process in Rat Heart I 


Effects on Lipid Metabolism and Oxidative Phosphorylation 


By GLENN D. APPELT* and HAROLD C. HEIM 


Emetine at a concentration of 3 X lO-’M completely inhibited endogenous res i- 
ration of rat heart homogenates as well as the respiration in the presence of ad&d 
butyrate or 8-hydroxybutyrate. At a concentration of lo-‘ M, the alkaloid. e!icited 
no effect. The inhibition observed was not specific for emetine, since quinine, at 
the same concentrations, was equally as effective in  inhibiting respiration. Hems 
from animals chronically poisoned by emetine, but not by quinine, showed impaired 
ability to oxidize these substrates. Chronic poisoning by emetine did not impair 
oxidative phosphorylation, nor did M emetine added to mitochondria pre- 


pared from hearts of unpoisoned animals. 


BNORMALITIES in cardiac function following A the use of emetine as an amebacide have been 
reported by numerous investigators. Ventric- 
ular fibrillation (l), diminished systolic force (2), 
and tachycardia (3) have been observed; other 
studies have shown that emetine may elicit a pro- 
gressive cloudy swelling and fatty degeneration of 
the heart (4). Electrocardiographic changes 
have been induced by the drug in dogs and cats, 
evidenced by a widening of the initial P-R com- 
plex and by a frequently observed inversion of 
the T wave. These changes suggested a marked 
disturbance in energy utilization by the myo- 
cardium (5). Several studies have been con- 
ducted relative to the effects of emetine on cel- 
lular metabolism. It has been postulated that 
emetine may interfere with the enzyme systems 
which convert glycogen to contractile energy in 
the heart (0). Electrocardiographic alterations 
have been induced in the guinea piE by sublethal - - -  - -~ 
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doses of the alkaloid, and these effects could not 
be prevented or abolished by the administration 
of diphosphopyridine nucleotide (7). It has also 
been shown that emetine evoked no effect on the 
synthesis of cocarboxylase by rat liver (8). The 
repeated administration of the alkaloid to young 
rats resulted in a reduction of food intake and 
marked inhibition of growth, findings which led to 
the suggestion that the drug caused nutritional 
and metabolic changes in certain tissues (10). A 
rapid depletion of liver glycogen has been re- 
ported to occur in young rats after a single ad- 
ministration of 0.1 to 0.1 mg. emetine/Kg. (11). 
Synthesis of glycogen by livers of emetine- 
poisoned rats was markedly depressed, and there 
also was observed a significant decrease in phos- 
phorylase and aldolase activity in livers from the 
poisoned animals. Vitamin metabolism in 
emetine-poisoned rats has been studied; it was 
observed that the emetine-treated animals stored 
smaller amounts of thiamin and folic acid in the 
liver than did pair-fed controls. Poisoning by 
emetine did not alter metabolism of vitamin A, 
riboflavin, nicotinic acid, or biotin (12). The 








Simple Lecithin-Protein Model 
By PHILIP S. VASSAR and JOHN S. MIUAFt 


Latex particles may be coated by various lecithins and protein to study their electro- 
phoretic mobilities using the technique of cell electrophoresis. It was demon- 
strated that the degree of purity of L-a-lecithin profoundly affected the particle 
mobility; exposure of lecithin-coated latex to gamma globulin also resulted in 


significant differences in mobility related to the purity of the lecithin. 


TUDIES OF protein monolayers at the oil/water S interface are considerably less numerous than 
those a t  the air/water interface because of the 
technical difficulties encountered, although the 
sensitive technique of cell electrophoresis has been 
somewhat neglected in this regard (I). Recently, 
we have utilized a simple model that appears to 
provide a reproducible technique for studying the 
electrophoretic mobilities of lecithin-protein 
complexes. Briefly, the method depends upon 
coating polystyrene latex particles’ (6-14 p 
diameter) with lecithin, followed by protein, and 
measuring the particle mobility with cell electro- 
phoresis. 


The cell electrophoretic procedure has been de- 
scribed in detail previously (2) ; the electrophoretic 
solution consists of a phosphate-sucrose buffer 
(pH 7.0, ionic strength 0.083). The particle-coating 
technique consists of suspending the latex in pure 
absolute ethanol containing lecithin, at room 
temperature, until a surface film of lecithin begins to  
form. The latex particles are then washed re- 
peatedly in buffer solution and electrophoretic 
mobilities determined at 25 f 0.1’. 


Commercial egg lecithin and synthetic L-a- 
lecithin were used in addition to purified L-U- 
lecithin* to  coat the latex. Protein coating experi- 
ments were performed by suspending latex or latex- 
lecithin particles in phosphate-sucrose buffer con- 
taining 0.5y0 bovine gamma globulin at room 
temperature for 1 hour, followed by repeated wash- 
ings in buffer solution and cell electrophoresis 
determinations. 


The results, summarized in Table I, reveal the 
following findings: (a) egg lecithin increases latex 
electrophoretic mobility, synthetic lecithin slightly 
decreases mobility, and pure lecithin markedly de- 
creases mobility; (b) gamma globulin decreases 
latex-lecithin mobilities, and, with pure lecithin, 
decreases the mobility below that found with latex- 
protein alone. Analysis of the commercial 
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synthetic L-a-lecithin revealed the presence of 
phosphorus-containing impurities,a thus accounting 
for the rather high mobilities obtained with this 
compound. 


TABLE  ELECTROPHORETIC MOBILITIES~ 
OF LATEX PARTICLES 


Electrophoretic 
Mobilities, 


Specimen u./sec./V./crn. 
Uncoated latex 1.85 


Latex/egg lecithin 2.45 
Latex/egg lecithin/y globulin 1.05 
Latex/synthetic lecithin 1.66 
Latex/syn. lecithinly globulin 0.70 
Latex/pure lecithin 0.80 
Latex/pure lecithin/y globulin 0.25 


Latex/y globulin 0.40 


a Mean negative mobilities, corrected to viscosity of water 
at 25’C., have S.D.’s <0.03 based on 20 timings per speci- 
men. 


These findings are consistent with the fact that the 
polar head of lecithin is a zwitterion with nearly 
zero net charge at a neutral pH (3) and has low 
electrophoretic mobility in isotonic saline (4). It is 
not possible, on the basis of the present experiments, 
to  determine whether variations in degree of lecithin 
and/or protein coating account for differences in 
mobilities, whether underlying phosphate charges 
are capable of “showing through” the protein, or 
whether the various lecithins change the molecular 
configuration of the protein. Recent work has dis- 
cussed the binding of proteins to  lipids (3, 5, 6). 
the effects of various soap and salt concentrations on 
latex particle electrophoresis (7,8), and the problems 
of interpreting surface electrokinetic potentials (9). 
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Corn rnzcnicutions 


Resolution and Absolute 
Configuration of 


(+)-CY-Anilinopropionic Acid 


We have previously reported (1, 2) the ab- 
solute configuration of certain basic anilide anal- 
gesics of type Ia (3,4). As a continuation of OUT 
interest in this area, we wished to determine 
further the configuration of various analgesics 
represented by formula Ib (3-6). Since these 
compounds (Ib) contain an anilino moiety at- 
tached to an asymmetric carbon atom, a con- 
figurational correlation could be accomplished 
by relating such compounds to a configurationally 
known a-anilino structure. There are, however, 
no structures possessing features of I b  whose 
absolute stereochemistry is known. A compound 
which conceivably can be transformed into 
structures of type I b  is a-anilinopropionic acid 
(7) (11). We wish to describe its optical resolu- 
tion and configurational assignment. 


The resolution of IIa was accomplished by 
crystallization of its quinine salt from acetone- 
methanol. Large triclinic crystals, m.p. 199- 
201', [ c Y ] D ~ ~ ~  - 1 2 6 O  (c 2% in water), were 
formed after the solution stood for 24 hours at 
25'. Two subsequent recrystallizations pro- 
duced crystals which showed no change in rota- 
tion or melting point. 


Anal.-Calcd. for CzoHasNsOr: C, 71.21; H, 
7.21; N, 8.58. Found: C, 71.11; H, 7.33; N, 
8.90. 


Treatment of the quinine salt with aqueous 1 
N sodium hydroxide followed by extraction with 
chloroform and acidification of the aqueous 
solution to pH 4 afforded the resolved (+)- 
amino acid ( I Ia) ,  m.p. 149-150°, [(z]DzaO +71' 
(c 2% in ethanol). The solid state infrared 
spectrum of IIa is very similar to racemic IT (7). 


Our configurational assignment of IIa is based 
upon the conclusions of Cowdrey, Hughe:, and 
Ingold (S), who have rigorously established the 
mechanism and steric course of displacement 
reactions on optically active sodium a-bromo- 
propionate. L-( -)-a-Bromopropionic acid was 
prepared according to the procedure of Green- 
stein (9) and converted to the sodium salt by 
titration with methanolic sodium hydroxide or 


N-R 
I 


CH-R' 
I 


CH-RZ 
I 
R3 


I 
R R' RP R3 


(a) CO-Et H Me dialkylamino 
(a) acyl Me H dialkylamino 


B ~ + H  
: 
CHa 


I11 


sodium methoxide. Removal of solvent resulted 
in a quantitative yield of the sodium salt (III), 
[ ~ ] D ~ ~ O  +6.O0 (c 5% in water). When TI1 
was heated in pure aniline, partially racemic IIa, 
[~]D~*O +28.5' (c 4% in ethanol), was pro- 
duced. Carrying out the reaction of 0.1 M 
111 in 4 M methanolic aniline likewise afforded 
Ira, [a]DZao +7.0' (c 4% in ethanol). when the 
concentration of aniline was reduced to 0.1 
M ,  the enantiomerk product (IIb), [a]DZ3O 


-9.0" (c 4% in ethanol), was formed. 
The aforementioned results are consistent with 


the established stereochemical course of dis- 
placement reactions of 111 (8). In both pure or 4 
M aniline the net effect is inversion due to SNz 
attack by aniline. However, in 0.1 M aniline 
there is net retention of configuration due to 
neighboring carboxylate anion participation 
(8). Since I11 is known to have the L-configura- 
tion (lo), an SN2 displacement by aniline should 
afford a product in the D-series. Thus, (+)- 
a-anilinopropionic acid is represented by pro- 
jection formula IIa and possesses the D-configura- 
tion. 
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REVIEWS 


A Bibliography of the Tabletting of Medicinal Sub- 
stances. Compiled by A. J. EVANS and D. TRAIN. 
The Pharmaceutical Press, 17 Bloomsbury 
Square, W.C. 1, England, 1963. 159 pp. 14 X 
18.5 cm. 
A comprehensive bibliography of publications on 


medicinal tabletting is presented classified into five 
main groups: general, tablets, tabletting practice 
(with subdivisions for granulation, compression. 
coating, standardization and variation, packaging 
and storage), materials, and fundamentals. In all, 
it  contains about 900 references from the 1945-1961 
period as well as references to fundamental papers 
published since 1935. The authors explain that 
they hope to supplement the volume with additional 
references as well as publications appearing since 
1961. Author and subject indexes are provided. 


Hirman Aging. Edited by J. E. BIRREN, R. N. 
BUTLER, S. W. GREEHOUSE, L. SILOLOFF, and 
M. R. YARROW. Public Health Service, National 
Institutes of Health, Bethesda, Md. Available 
from the Superintendent of Documents, U. S. 
Government Printing Office, Washington 25, 
D. C. 1963. xi + 328 pp. 17 X 25 cm. Price 
$3. 
The efforts of 22 investigators from the National 


Institutes of Mental Health toward elucidating the 
biological and behavioral aspects of the human aging 
process are presented. The entire volume deals 
with the study of 47 aged males, and the authors note 
that the study should be considered a pilot rather 
than a definitive study. Some 15 phases of the 
study are described in detail. 


The Clinical Chemistry of Monoamines. Edited by 
H. VARLEY and A. H. GOWENLOCK. Elsevier 
Publishing Company, Inc., 52 Vanderbilt Ave., 
New York 17, N. Y., 1963. xvi + 242 pp. 
18.5 X 24 cm. 
The volume reports a symposium organized 


around three major topics: the clinical chemistry of 
catecholamines, the clinical chemistry of 5-hydroxy- 
indoles, and pharmacological and toxicological as- 


Price $11. 


19) Pu. S. J.. Birnbaum. S .  M., and Greenstein, J. p., 
J .  A m .  Chcm. Sac., 76, 6054(1954). 


(10) Greenstein. I. P..  and Winitz. M I  “Chemistry of the 
Amino Acids,” Vol. 1. John Wiley and Sons, Inc., New York, 
N .  Y., 1961. p. 165. 
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pects of monoamines. The volume will be of 
general interest and utility to pharmaceutical 
scientists particularly the papers covering the 
determination of catecholamines in biological 
materials, the determination of metabolites of 
catecholamines by chromatographic and other 
techniques, thin-layer chromatography in the 
diagnosis of phaeochromocytoma and malignant 
argentafinoma, the formation and metabolism of 
hydroxyindoles, and the toxicology of monoamine 
oxidase inhibitors and tranquilizers. A subject 
index is appended. 


Analysis Instrumentation, 1963. Edited by L. J. 
FOWLER, R. D. EANES, and T. J. KEHOE. Ple- 
num Press, Inc., 227 West 17th St., New York 11. 
N. Y., 1963. x + 261 pp. 21.5 X 28 cm. 
Price $12.50. 
A survey of analytical automation is presented in 


this volume which reports the proceedings of an 
annual symposia sponsored by the Instrument 
Society of America. Among the papers presented 
were those on methods of calibrating the process gas 
chromatograph, sampling systems and methods for 
precise analyzer pressure control, polymer molecular 
weight distribution measurement by liquid chro- 
matography, potentiometric determination of chlo- 
ride impurity in various salts, continuous measure- 
ment of moisture in flowing solids, and quantitative 
analysis by charged particle bombardment. The 
papers are well illustrated with pictures, figures, and 
graphs. Only an author index is provided. 


Medical Mycology. By C. W. EMMONS, C. H. 
BINFORD, and J. P. UTZ. Lea & Febiger. 600 S. 
Washington Square, Philadelphia 6, Pa., 1963. 
380 pp. 17.5 X 26 cm. Price $14. 
A general introduction to  general mycology is 


presented with detailed descriptions, clinical de- 
scriptions, diagnostic clues, directions for diagnostic 
laboratory procedures, and information about 
environmental sources of infection. The first seven 
chapters introduce the reader to mycology, medical 
mycology, and some of the general problems pre- 
sented by mycoses. The remaining chapters are de- 
voted to  specific mycoses or groups of closely related 
mycoses. Appendices present information on culture 
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Of the four independent variables in Eq. 11 for 
the thickness of the diffusion layer, only two are 
highly sensitive to changes in temperature. They 
are the viscosity of the medium, 7,  which was cor- 
rected for by a modification of Hess’ rule, and the 
velocity of flow of the biological medium, u, as a 
result of body movement or stirring. In biological 
systems body movement is often temperature de- 
pendent. Crozier and Stier (31) have shown that 
the pharyngeal respiratory rhythm of frogs (Rana 
pipiens) was temperature dependent and followed 
the Arrhenius equation 


k = A exp[-E/RT] (Eq. 19) 


where k is the reaction rate, A is a constant, E is 
the activation energy, and R and T have the same 
meanings as before. Crozier and Stier (31) found 
that the experimental activation energy for the rate 
of frog pharyngeal movement was 8.8 Kcal. In 
this experiment, it was important that animal body 
movement should be controlled so that the influence 
of temperature on drug absorption rate could be 
readily estimated. The method chosen here was 
that of paralyzing the frog with large doses of d- 
tubocurarine chloride, so that the velocity of stir- 
ring or movement of body fluids was biologically 
nearly zero. Body movement never can be reduced 
to zero, since heart function must be maintained. 
The isolated frcg (Ram temporaria) heart rate has 
been shorn to be temperature dependent (14). 
Little c d d  be done to  control this variable in body 
movement, except to note that d-tubocurarine in the 
frog was reported to cause slowing of heart rate in 
addition to its other effects ( I  1). 


The fact that the slopes of the lines in Figs. 1 
and 2 are slightly greater than unity indicates that 
the term Kr might not be completely temperature 
independent. If experimental errors are ignored, 
there are a t  least three reasons why the slope should 
be greater than unity. First. t h e  value for Dr as 
calculated from Eq. 17 is always slightly smaller 
than Dr observed, excepting the 1’ C. value. 
Second, the density of water (and presumably body 
fluids saturated with drug) decreases at tempera- 
tures below and above 4’ C. In Eq. 12 a t  tempera- 
tures a little greater than 8’ C., p o  for water is 
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slightly greater than p. And third, heart rate, a 
source of body movement even in curarized animals, 
is probably greater a t  higher temperatures. 
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ERRATUM 


I n  the paper titled “Production of Pyridoxine and 
Niacin by Chlorella vulgaris and C. pyrenoidosa” (1). 
Table 111 at page 152 should be clarified to read: 


TABLE III.-VALUE OF C. vulgaris RELATIVE TO 
C. pyrenoidosa AS A SOURCE OF VITAMIN Be AND 


NIACIN AT DIFFERENT HARVEST TIMES 


--mmcg. per-- V m m c g .  per- 
mg. Dry Wt. ml. Culture 


Vitamin 2 wks. 3 wks. 2 wks. 3 wks. 
I 2 3 4 


BE 0.66 0.90 0.57 0.75 
Niacin 1.06 1.18 0.93 1.07 


(1) Pratt ,  R., and Johnson, E.. THIS JnvaNAL,  53, 151 
(1964). 








Complexation of Organic Substances in Aqueous 
Solution by Hydroxyaromatic Acids and Their Salts 11 


Influence of Halogen, Nitro, and Other Substituents and Correlation 
of Binding Tendencies Toward Prednisolone, Theophylline, and 


Phenacetin 


By TAKERU HIGUCHI and FRANCIS D. PISANO' 


Complexing tendencies of a) variously substituted halo, methyl, nitro, and amino 
benroates, (6) several pht 6 alates, (c )  dihydroxyphthalates, (0 dihydroxy and 
halohydroxy-2-naphthoates, and (e) pamoate have been evaluated by the solubility 
technique. T h e  rather generalized binding effects observed earlier were again 
observed. Of all the salts studied, sodium amoate exhibited the strongest tend- 


ency with a stability constant of 180 L./mole for prednisolone. 


HE GENERAL APPROACH, techniques, and 
Tobjectives of these studies have already been 
reported (1). In this paper the authors present 
additional dataan hitherto uninvestigated systems 
which were selected to  elicit further information 
on factors which control the intensity of these 
type interactions. The present studies were 
concerned specifically with the effects of alkyl, 
halo, nitro, carboxyl. arid amino substituents and 
of enlargement of the size of the aromatic anionic 
group. 


EXPERIMENTAL 
Reagents 


The following reagents were recrystallized from 
water, ethanol, methanol, or mixtures of these: 
isophthalic acid, m.p. 338-343'; terphthalic acid, 
m.p. >340°; 2,3-naphthalenedicarboxylic acid,' 
m.p. 238-239' ; 3,4-dimethylbenzoic acid,' m.p. 
165167'; 3,4-dichlorobenzoic acid,2 m.p. 205-206O ; 
5-iodosalicylic acid,I m.p. 196197' ; 4-amino- 
salicylic acid,* m.p. 147-148"; 2-chlorobenzoic 
acid,3 m.p. 139-140"; 4-chlorobenzoic acid,3 m.p. 
235236'; 4-bromobenzoic acid,' m.p. 254-256"; 
4-iodobenzoic acid,a m.p. 271-273' ; 4-nitrobenzoic 
acid.3 m.p. 232-237"; p-toluic acid,3 m.p. 178-180'; 
5,5-methylenedisalicylic acid,3 m.p. 215-220' with 
decomposition; 3,6-dihydroxy, 2-naphthoic acid,' 
m.p. 256-260'; theophylline U.S.P., m.p. 270- 
272"; phenacetin U.S.P., m.p. 134-136"; predni- 
solone alrohol.5 m.p. 240-242O; sodium pamoate,O 
m.p. >330°. 
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1 Aldrich Chemical Co., Inc. 
2 Matheson Coleman and Bell. Division of the Matheson 


a Eastman Organic Chemicals. 
4 Pfister Chemical Works. 
6 Courtesy of The Upjuhn Co., Kalamazoo, Mich. 
8 Courtesy of Parke, Davis and Co.. Detroit, Mich. 


Co.,  Inc. 


Dowex 1-X4 anion exchange resin,' 5&100 mesh 
as the chloride form, was washed with water and 
methanol prior to use. 


The following were used without further purifica- 
tion : potassium acid phthalate. sodium bicar- 
bonate, potassium bicarbonate, bromine, iodine, 
hydrochloric acid, methanol, chloroform, n-pro- 
panol, all analytical reagent grade, and ethanol 
U.S.P. 
Z,3-Dihydroryterphthalic Acid.-This was pre- 


pared from catechol using the Marasse modification 
of the Kolbe-Schmidt reaction described by Ca- 
meron, el ul. (2). The reaction was carried out 
in a model MBT 250 high pressure magne dash 
autoclave.* The isolated product, recrystallized 
from aqueous methanol, melted a t  315317' with 
decomposition. Neutralization equivalent : found, 
108.4; calcd. for the monohydrate, 108.1. 
4,6-Dihydroxyisophthalic Acid.-This was pre- 


pared from resorcinol using the above procedure. 
The product, recrystallized from aqueous ethanol, 
melted at  332333". Neutralization equivalent : 
calcd.: 99.1; found: 99.8. 


2,s-Dihydroxyterphthalic Acid.-This was pre- 
pared using the Kolbe-Schmidt synthesis on the 
dipotassiurn salt of gentisic acid (2, 3). The reac- 
tion was run for 6 hours at 160" and 1500 p.s.i. 
CO2 pressure. The isolation was carried out as 
above and the product recrystallized from aqueous 
methanol. The crystals darkened but did not melt 
a t  330". Neutralization equivalent: calcd., 99.1; 
found, 99.2. 
3,6-Dihydroxy-2-naphthoic Acid.-This was pre- 


pared from the potassium salt of 2.7-naphthalene- 
diol using the Kolbe-Schmidt synthesis (2 ,3) .  The 
reaction was run for 4 hours a t  130' under COz 
pressure of 1100 p.s.i. The product, recrystallized 
from aqueous ethanol, melted at 256-258". Neu- 
tralization equivalent: calcd., 204.2; found, 207.0; 
4-Iodo-3-hydroxy-2-naphthoic acid. This was 


prepared by dropwise introduction of an iodine-potas- 
sium solution into a stoichiometric amount of 
3-hydroxy-2-naphthoic acid dissolved in sodium 
bicarbonate solution. The product was precipitated 
with dilute phosphoric acid and recrystallized from 


7 J. T. Baker Chemical Co. 
8 Autoclave Engineer, Inc., Erie, Pa. 
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were prepared by dissolving and bringhg t o  volume 
an accurately weighed quantity of acid and enough 
sodium bicarbonate so that  the acid was completely 
converted to the salt, and the resulting solution 
was 0.1 M with respect to the bicarbonate. Incre- 
ments of the stock solution were bureted or pipeted 
into 15-ml. screw cap vials containing a constant 
excess of the substrate, usually three to  10 times 
the solubility in water. The solution was brought 
to  a constant final volume (generally 10 ml.) with 
the required amount of 0.1 M sodium bicarbonate 
solution. 


Equilibration was effected by rotation of the vials 
in a water bath thermostated a t  30.0 f 0.1'. 
The time necessary for equilibration was determined 
to be less than 24 hours when phenacetin and 
theophylline were the substrates and less than 72 
hours for prednisolone. After equilibration, an 


aqueous methanol. The crystals decomposed with 
the liberation of iodine vapor a t  210". Neutral- 
ization equivalent: calcd., 314.1 ; found, 317.5. 
4-Bromcr-l-hydroxy-2-naphthoic Acid.-This was 


prepared by the dropwise addition of a methanolic 
bromine solution to a stoichiometric quantity of 
1-hydroxy-2-naphthoic acid in methanol. The 
product which was precipitated by the addition 
of cold water and recrystallized from dilute ethanol 
melted a t  250-251 with decomposition. Neutral- 
ization equivalent: calcd., 267.1; found, 268.1. 


PROCEDURE 


Solubility Studies.-Except for potassium acid 
phthalate, sodium pamoate, and sodium 3,5- 
diiodosalicylate, the salt fornis of the acids were 
prepared in sifu. Stock solutions of the salts 


TABLE I.-APPARENT STABILITY CONSTANTSO (L./MoLE) FOR THE INTERACTION OF &ME SUBSTITUTED 
BENZOATE SALTS 


Compd. 


Benzoate 


2 


4-Chlorobenzoate 


3 


4-Bromobenzoate 
4 


4-Iodobenzoate 
5 


4-Methylbenzoate 


6 


4-Nitrobenzoate 


7 


Terphthalate 


8 


4-Hydroxybenzoate 


Theophylline 


5.36 


14 


16 


23 


7 .7  


9.0 


3.9 


1 9  


Phenacetin 


1 . O b  


2.1  


2.7 


3 .4  


1.3 


3.3 


0.42 


1.2 


Compd. 
9 


Theophylline Phenacetin 


H C /  
3,4-Dimethylbenzoate 
10 


c i  
3.4-Dichlorobenzoate 
11 


CI' 


4-Hydroxy-3-chloro- 


12 
benzoate 


H d  


3.4-Dih ydroxybenzoate 
13 


y- 
2-Chlorobenzoate 
14 


'COOH 


Acid phthalate 
15 


-m' 
Isophthalate 


52 


34 


4.3 


2.7 


14b 1.5" 


1.6 0.85 


12 1 . 4  


1.9 0.27 


a Calculated from the mass action equation assuming a 1:l  stoichiometry. b Data from Higuchi and Drubulis (1) included 
for comparison. 
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aliquot of the supernatent liquid was withdrawn 
and analyzed for total substrate. 


Analysis.-Theophylline was separated from the 
complexing agent by one of two extraction pro- 
cedures, depending on the partition coefficient of 
the acid form of the complexing agent. In most 
cases the theophylline was partitioned into an 
organic phase of 10% by volume of propanol in 
chloroform from an aqueous 0.5 M sodium bicar- 
bonate solution. In those cases in which the acid 
form of the complexing agent was particularly 
water insoluble, the separation was effected by 
extraction with 1.0 M hydrochloric acid from an 
organic phase of 10% by volume diethylether in 
chlorof o m .  


Prednisolone was isolated with an ion exchange 
column of Dowex 1-X4 resin. The aliquots were 
placed on the column and eluted slowly with 
methanol. Retention of the complexing agent was 
verified by prior elution of a solution containing 
only complexing agent. 


Phenacetin was similarly isolated, except that 
50y0 methanol in water was used as the eluent. 
In some cases an extraction procedure was em- 
ployed in which the phenacetin was partitioned 
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into chloroform from an aqueous 0.5 M bicarbonate 
solution. 


The solutions containing the substrate were 
appropriately diluted and the absorbance read on 
the Cary model l l M S  spectrophotometer at the 
wavelength of maximum absorbance. Beer’s law 
determinations of the substrate in each of the 
corresponding solvents were previously made, and 
the concentrations of the substrates were calculated 
from these. 


RESULTS AND DISCUSSION 


Results of these studies together with some of the 
pertinent data from the earlier study are shown in 
Tables I-IV expressed generally as apparent stability 
constants a t  the saturation concentration of the 
three solubilized compounds. For details of calcu- 
lation and treatment reference should be made to 
the previous work (1). 


I t  is apparent from the tables that in every 
instance the intensities of interaction are in the 
order theophylline > prednisolone > phenacetin. 
The interactions with the xanthine were quite 
strong, often so strong that more than one molecule 


TABLE II.-APPARENT STABILITY CONSTANTSa (L./MoLE) FOR THE INTERACTIONS OF SOME SUBSTITUTED 
SALICYLATES 


Compd. Theophylline Phenacetin Prednisolone 


16 


Salicylate 
ir 


I” 
5-Iodosalicylate 
18 


1’ 
3,5-Diiodosalicylate 
19 


OH 


H?N&6 


4-Aminosalicylate 
20 


$Li- 
Q;m- 


“H, 


5,5‘-Methylenedisalicylate 


206 


1:1.0= 


1:1.3c 


20 


1:1.0e 


1.96 


5 . 8  


12 


1.9= 


12 


7.3b  


27 


58 


... 


62 


0 Calculated from the mass action equation assuming a 1 : l  stoichiometry. b Data of Higuchi and Ikuhulis (1) includqcl 
lor comparison. c Stoichiometric ratios (sa1t:theophylline). 
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TABLE III.-.\PPARENT STABILITY CONSTANTS” ( L./MoLE) FOR THE INTERACTION OF SOME DIHYDROXY- 
PHTHALATES 


Compd. 
21 


COO- K H 
h- 


2,3-Dihydroxyterphthalate 
22 


p0- 


I 
OH 


4,6-Dihydroxyisophthalate 
23 


w- 


H Jy 


Theophylline Phenacetio Prednisolone 


107 3.9 18 


110 5 .3  


166 5.3 


22 


2,5-Dihydroxyterphthalate 


a Calculated from the mass action equation assuming a 1:l stoichiometry. 


of theophylline was brought into solution for each 
molecule of salt added. In these instances the 
molar ratios are given since stability constants 
calculated on a 1 to  1 basis are meaningless. 


The trend observed by Higuchi and Drubulis 
(1) which suggested that these interactions are ex- 
tremely generalized seems to  be confirmed by the 
present study. The nature of this relationship 
is readily evident in the plot, shown in Fig. 1, of 
the stability constants of prednisolone against the 
stability constants of phenacetin for each of the 
several complexing agents, The data of Higuchi 
and Drubulis have been included for comparison 
purposes. Figure 1 shows that the majority of the 
compounds fall essentially on a straight line going 
through the origin. Thus, the ratio of stability 
constants for prednisolone and phenacetin is es- 
sentially for the weakest complexing pairs the same 
as for the strongest complexing combinations. 
Such a correlation is interesting, particularly since 
prednisolone and phenacetin are structurally quite 
dissimilar, and the complexing agents involved rep- 
resent a variety of substituted benzoates, naph- 
thoates, phthalates, and substances such as  the 
methylene derivatives, sodium pamoate and 5,5‘- 
methylenedisalicylate-the group as a whole con- 
sisting of a spectrum of differently oriented sub- 
stituents. 


With such systems, if the behavior depended 
significantly on localized interactions, one may well 
expect a fair degree of “lock and key” effect, in 
which case certain orientations of the functional 
groups would particularly tend to favor formation 
with one of the drugs rather than the other. Since 
it is unlikely that prednisolone and phenacetin have 
similarly oriented sites of interaction, the absence 
of a lock and key effect must mean that the inter- 
action with these substrates is largely of a non- 
specific nature. 


As indicated by the plot, the weakest binder 
studied with these two substrates was benzoate, 
the various substituents all causing an increase in 
the stability constants. The strongest of the com- 
plexing agents was sodium pamoate. Between 
those two lie the various compounds in an order 
which leads to several new observations. 


It can be seen, for example, from the relative 
position of 2.5-dihydroxybenzoate and 2-liydroxy-5- 
iodobenzoate that iodo substitution has a greater 
effect on the stability of the complex than does the 
hydroxyl substitution. The large stabilizing effect 
of the iodo group is seen by the position of 3,5- 
diiodosalicylate. The same trends are observed 
with the naphthalene derivatives, the unsubstituted 


KSTAB~LITY FOR PHENACETIN COMPLEXES, L./MOLE 


Fig. 1.-A plot of the stability constants for pred- 
nisolone and for phenacetin with each of the indi- 
cated complexing agents. The unfilled circles repre- 
sent data of Higuchi and Drubulis (1). The num- 
bers refer to the compounds numbered in Tables I- 
IV. The unidentified circles represent the mono- 
and dihydroxybenzoates. The letters a, b, and c 
represent 3-hydroxy-2-naphthoate, l-hydroxy-2- 
naphthoate, arid 2-hydroxy-l-naphthoate, respec- 
tively. 
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naphthoate being the poorest cotnpkexhg agent, and Rationalizations of such effects can be devised 
the liydroxy and halo substituted naphthoates either on the basis of a donor-acceptor theory, 
complexing to  a much greater extent. The naph- which maintains that intermolecular interaction 
'Lhalene derivatives, however, showed more com- involves the T orbitals of the aromatic nucleus with 
plexing ability than the corresponding benzene the electrons of the donor, or on the basis of the 
derivative. hydrophobic bonding mechanism. The strong 


T A B L E  IV.-APPARENT STABILITY CONSTANTSo (L./MoLE) FOR THE INTERACTION OF SOME 2-NAPHTHOATE 
DERIVATIVES 


- _ _  ____ 
Phenacetia Predaisoloae Comprl Thenph yllime 


24 


1 : 1.2b.c 5 . P  20h 


2-Naphthoate 
25 


l : l . i c  1 1  . . .  
GH 


3.5-Dihydroxy-Znaphthoate 
26 


7.0 100 


1,3-l)ihydroxy-2-naphthoate 
27 


HO mew- OH 7.5 97 


3,ti-Dihydroxy-2-naphthoate 
25 


w- RI 


l-Hydrox~--l-bromo-2-naphthoate 
29 


1 : I . i "  13 64 


1 : l . T  17 ... 


3-Hydrosy-4-iodo-2-naphthoate 
30 


1 . 1  37 


NaphthaIene-2.3-dicarboxylate 
31 


& 
coo- 


1 : 2 . 2 c  33 160 


Pamoate 


u Calculated from the mass action equation assuming a 1 :1 stoichiometry. b Data from Higuchi and Drubulis (1) included 
lor comparison. c Stoichiometric ratios (sa1t:theophylline). 
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The puzzling but substantial enhancement pro- 
vided by the hydroxyl substitutions noticed earlier 
is confirmed in the present study. Since phenolic 
hydroxyl groups interact with water molecules to 
a considerable degree, they would not necessarily 
be expected to enhance hydrophobic bonding. 
Hydroxyl functions, moreover, are not generally 
considered as strong electron withdrawing groups, 
but from a consideration of their ortho-para directing 
nature are sometimes thought of as pushing electrons 
into the ring; any significant increase in the electro- 
philicity of the ring, therefore, seems unlikely. 
Higuchi and Drubulis (1) have discounted hydrogen 
bonding with the phenolic hydrogens as a major 
contributing factor in the formation of these com- 
plexes. This leaves the reason for the stronger 
complexing behavior of meta and para hydroxy 
compounds somewhat unresolved. 


The strong binding observed with the ortho 
substituted hydroxy compounds and the dihydroxy- 
phthalates may possibly be explained on the basis 
of increased area of the T cloud above and below 
the plane of the aromatic molecule. If the ortho 
hydroxy hydrogen forms :-.hydrogen bond with the 
carboxylate group, the rdtation about the bond 
between CI and the carboxylate carbon would be 
arrested and the T electrons of the carboxylate 
function may resonate with the T electrons of the 
aromatic ring, and in effect increase the area of the 
T cloud. I t  can also be rationalized that in ad- 
dition to the increase in the resonance effect, the 
planar configuration of the ortho hydrocarboxylates 
can increase the interaction by affording less steric 
hindrance to hydrophobic bonding. 


The strong complex forming tendencies of the 
bis methylene derivatives, sodium pamoate and 
disodium 5,5’-methylenedisalicylate, may have 
been expected in view of the binding tendencies of 
sodium 3-hydroxy-2-naphthoate (K = 39 L./mole 
with prednisolone and 6.3 L./mole with phenacetin) 
and sodium salicylate. The fact that the stability 
constants for the methylene derivatives were not 
two but four to eight times that of the latter com- 
pounds on molar basis indicates that the effects 
which the additional hydroxy naphthoate and 
salicylate groups have on the compounds apparently 
are not necessarily those in which the extent of 
interaction are statistically additive. The sig- 
nificant displacement of the dihydroxy naphthoates 
from the line in Fig. 1 may mean a specific inter- 
action with prednisolone or a specific hindrance 
to complex formation with phenacetin. 


The stability constants for complex formation 
of theophylline and phenacetin with the various 
complexing agents listed in Tables I-IV are shown 
plotted against each other in Fig. 2. Those inter- 
actions where the phase solubility diagrams showed 
slopes of approximately one or greater for the 
theophylline system were excluded, since it was 
neither possible nor rational to calculate the stability 
constants based on a 1:l stoichiometry in these 
instances. Again the data of Higuchi and Drubulis 
(1) are included for comparison. 


I t  is obvious from the plot that the clearly 
linear relationship found between the formation 
constants of phenacetin and prednisolone does not 
exist in this case. The increasingly higher con- 
stants for theophylline with the stronger binders 
may be due a t  least in part to the tendency of the 


23 -0 


22 -0  
04-21 


0- 10 


0 I 2 3 4 5 


I(~T..,BILITY FOR PHENACETIN COMPLEXES, L./moLE 
Fig. 2.-Plot showing the stability constants for 


complex formation of theophylline against the sta- 
bility constants for complex formation of phenacetin 
with each of the indicated complexing agents. The 
numbers refer to the compounds numbered in 
Tables 1-IV. The half closed circles refer to data of 
Higuchi and Drubulis (1). Key: a. 3-hydroxy- 
benzoate; b, 4-hydroxybenzoate; c, 3.4-dihydroxy- 
benzoate; d, 3.5-dihydroxybenzoate; e, 3,4,5-tri- 
hydroxybenzoate; j, 1-naphthoate; H. 2,5-dihy 
droxybenzodte; h, 2,4-dihydroxybenzoate. 


binding with the halogenated compounds, for 
example, may be accounted for by the halogen 
atoms’ electron withdrawing ability which would 
tend to make the aromatic nucleus more electrophilic 
and thereby more favorable for interaction with 
the substrate electrons. The enhanced binding 
over that of the unhalogenated derivatives, how- 
ever, may be due, on the other hand, to  the increase 
in  the size and hydrophobic character of the com- 
plexing agents associated with halogen substitution, 
an effect which would tend to increase the amount of 
hydrophobic bonding. 


The increased tendency toward complex formation 
observed with the expansion from a benzene ring to 
a naphthalene system would be expected on the 
basis of either hypothesis. Donor-acceptor com- 
plexing would tend to be facilitated by the increase 
in the size of the conjugated system, and the in- 
crease in the hydrophobic surface would certainly 
tend to increase the “squeezing out” effect. 
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xanthine to  form higher complexes. The  apparent 
1 : 1 stability constants calculated from the phase 
solubility diagrams would then tend t o  be an  ex- 
aggerated measure of the complexing tendencies. 
The  linear relationship, perhaps for this reason, 
appears t o  hold better for the weaker complexing 
agents. I t  may be that  for these compounds, the 
same mechanism operates in the complex formation 
with both phenacetin and theophylline, bu t  with 
the stronger binders a second superimposed mech- 
anism has a pronounced stabilizing effect on the 
theophylline complexes. 


In view of the relative behavior of phenacetin 
interactions with respect t o  the steroid system, the 
pronounced scatter observed in Fig. 2 suggests 
t ha t  tlieophylline is subject t o  a much more specific 
type binding than the other two. It seems more 
logical t o  attr ibute the observed deviations to 
theophylline rather than to  the phenacetin systems 
in view of the latter's notable correlation with the 
steroid system. In  every case, however, the xan- 
thine is substantially more strongly bound than 
phenacetin, a behavior which may be partly at- 
tributable t o  the planari? conferred on theophylline 
by its fused ring structbre and partly perhaps to  
its ability t o  share electrons with bound molecules. 


I t  appears from Fig. 2 t h a t  theophylline tends t o  
have a greater relative affinity for the hydroxyl 
and carboxylate ion substituted compounds than 
for the halo and alkyl substituted compounds com- 
pared to  phenacetin. The dashed line on the plot, 
drawn through the points representing the purely 
halogenated and alkylated carboxylate salts, appears 
t o  suggest a linear correlation within this class. 
These complexing agents may be expected to par- 
ticipate to a lesser degree than the phenolic hydroxy 
and carboxylate ion substituted compounds in 
specific interactions with the xanthine. It may be 
that  electron sharing may be a more important 
factor in complexation with theophylline than i t  is 
with phenacetin. 


Although much of the discussion on the corn- 
plexation with prednisolone and phenacetin (Fig. 
1) can apply to the data of theophylline and phen- 
acetin in Fig. 2, some of the complexing agents not 
included in the former plot may warrant additional 
discussion. The  rather poor complexing ability of 
isophthalate and terphthalate and 2,3-naphthalene- 
dicarboxylate compared to  plain benzoate and 
naphthoate again may be explained on the basis 
of the donor-acceptor theory or by hydrophobic 
bonding. The carboxylate ions of the phthalates 
may tend t o  push electrons into the ring and 
therefore decrease the electrophilicity of the aro- 
matic nucleus. The  introduction of the charged 
carboxylate ion might possibly also be detrimental 
to hydrophobic bonding in view of the possible 
additional hydration of the molecule. 


The threefold increase in the stability constant 
for the binding of p-nitrobenzoate over unsubsti- 
tuted benzoate with phenacetin may perhaps be 
better explained on the basis of the nitro group's 
electron withdrawing properties rather than on 
increased hydrophobic bonding, since i t  may be 
expected tha t  the nitro group does not necessarily 
impart increased hydrophobic character t o  the 
carboxylate salt. The comparatively slight in- 
crease in the complex formation constant with 
theophylline (5.3 L./mole to  9.0 L./mole) in view 


Journal of Pharmaceutical Sciences 


of the marked increase in the phenacetin constant 
is somewhat surprising. Since i t  is uncertain 
whether this behavior represents unexpectedly 
weak complexing with theophylline or exceptionally 
strong complexing behavior with phenacetin, fur- 
ther explanations could only be speculative. 


The similarity of the binding constants of p -  
aminosalicylate and salicylate places the role of 
the amino group in doubt. A comparison of the 
water solubilities of aniline and benzene suggests 
that  the amino function possibly reduces the hydro- 
phobic character of the compound and thereby 
lessens this type interaction. In addition, the 
amino group is generally referred to  as electron 
donating, and on this basis a reduction in the 
electrophilicity of the aromatic nucleus may be 
expected to  reduce any donor-acceptor interaction. 
It seems, however, that  the amino group in the 
para position has apparently little effect on the bind- 
ing behavior of salicylate with either theophylline 
or plienacetin. 


Some evidence in Table I suggests the importance 
of the planarity of the complexing agent. For 
example, orfho substitution of chlorine hinders 
complex formation rather markedly, even though 
para substitution of chlorine significantly enhances 
i t .  I t  has been shown (4) that  in the cqs t a l  
structure of o-chlorobenzoic acid, the plane of the 
carboxyl group is 13.7" out of phase with the plane 
of the ring. In  solution, restraining van der Waals 
forces operative in the crystal are disrupted, and 
i t  may be expected that  in the ionized form the plane 
of the carboxylate ion and the benzene ring are out 
of phase to an even greater degree. When the 
orfho substituted function is a COOH group, how- 
ever, the binding is increased substantially over 
that  of benzoate. I t  may be that  hydrogen bonding 
between the acidic hydrogen and the orfho carbox- 
ylate oxygen maintains the structure planar rep- 
resented h?. 


0 
II 


0 
This greater planarity for reasons mentioned previ- 
ously may render complex formation more favorable. 


I t  has been reported by Eckert (5) that  caffeine 
and procaine hydrochloride form a complex which 
exhibits a characteristic charge-transfer absorption 
band. In the present study with the same system, 
the existence of a rather sharp absorption band at 
340 mp was verified. A procedure similar t o  
Eckert's was used with the theophylline 2.4- 
dihydroxybenzoate system, and absorption was 
observed to  occur between 350 and 330 mp, the 
existence of specific charge-transfer absorption 
being impossible to  determine below 350 mp due to 
the great absorption by the individual components. 
The possibility of charge-transfer absorption bands 
was also investigated with theophylline and 4- 
bromobenzoate. The spectrum of a mixture of the 
two components using as blanks two consecutively 
aligned cells with the corresponding concentrations 
of the individual components showed a rather broad 
absorption band with a maximum a t  approximately 
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295 mp. The same experiment repeated with 
sodium 2-chlorobenzoate produced a similar band 
at 295 mp. The above procedure repeated with 
the hydrochloride salt of Z-dimethylaminomethvrl- 
4-methylphenol instead of the benzoates revealed 
a peak a t  approximately 307 mp very similar in its 
sharpness to  that obtained with the procaine 
hydrochloride-caffeine system. 


These results indicate that theophylline appears 
to participate in charge-transfer complexation. 
The observed spectra with both the benzoates and 
the protonated Mannich base suggest theophylline’s 
ability to share electrons with both positively and 
negatively charged aromatic compounds. It is 
evident, however, that further investigation of a 
more quantitative nature would be required to de- 
termine whether these charge-transfer interactions 
account for the total interaction by theophylline 
in aqueous solutions. 


CONCLUSIONS 
Solubility studies on the interactions of theo- 


phylline, prednisolone, and phenacetin with sub- 
stituted benzoates, phthalates, and naphthoates 
produced the following observations. 
Complex formation between aromatic carboxylate 


salts and the above drugs occurred in every in- 
stance, but with varying extents. 


Introduction of substituents on the aromatic ring 
appears t o  have a marked effect on the binding 
tendencies. 


There is a surprising absence of any significant 
‘‘lock and key” specificity, particularly among 
the complexes of the aromatic acid salts with 
prednisolone and phenacetin . 
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The results suggest that both hydrophobic bonding 
and donor-acceptor interactions involving the 
nucleus of the aromatic carboxylates contribute 
to  formation of the complexes. 


The binding with theophylline appears to be a t  
least partially due to specific charge-transfer in- 
teractions. 


The extent of complex formation of the aromatic 
carboxylate salts with theophylline, phenace- 
tin, and prednisolone is increased by ( a )  sub- 
stitution of halo groups meta and para to the 
carboxylate, the enhancement increasing in 
the order chloro, bromo, and iodo; (b )  methyl, 
nitro, and hydroxyl groups substituted mefu 
and para to  the mrboxylate; ( 6 )  placement of 
carboxylic acid and hydroxy groups ortho to 
the carboxylate ion; (d) further substitution of 
the above substituents on the aromatic carbox- 
ylates; (e) expansion of a benzenoid system 
to a naphthalene structure and by generally 
increasing the planar surface of the substituted 
acid salts. 


The extent of interaction of these systems is de- 
creased by halogen substitution on the ring 
ortho to the carboxylate group and by sub- 
stitution of carboxylate ion. 
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Emulsifying Effects of Some Nonionic Surfactants 
on a Nonaqueous Immiscible System 


By R. V. PETERSEN, R. D. HAMILL, and J. D. M C M A H O N  


Representative members of seven classes of nonionic surfactants and combinations 
of these agents were tested by hand methods of trituration for their ability to induce 
emulsification of glycerin and olive oil. No relation between HLB values and 
emulsifyin capacity, method of mixing, or emulsion type was apparent. O n  the 
other handf the chemical nature of the surfactant appeared to  have an effect on the 
method of mixing and emulsion type. Only mearate ester surfactants induced 
emulsification when the surfactant was first added to  olive oil. In addition, only 


stearate ester surfactants induced glycerin-in-oil emulsification. 


N A SEPARATE publication (I) ,  the emulsifying Various nonionic surfactants have been used in I effects of several anionic and cationic sur- formulations which have been administered 
factants on the immiscible system, glycerin and orally to  humans (2). Ester type products are 
olive oil, were reported. The  present report hydrolyzed in the digestive tract in a manner 
describes the emulsifying effects of some nunionic similar to  edible fats and oils. The fat ty  acid 
surfactants on this system. portions are available for nutrition like those 
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from natural fats, while the polyol moieties are 
eliminated (3). The glyceryl monostearate prod- 
ucts (GMS 165,l glyceryl monostearate, self- 


1 Marketed as Arlacel 165 by -4tlas Chemical Industries, 
Inc., Wilmington, Del. 








Physical Chemical Study of the Distribution of 
Some Amine Salts Between Immiscible Solvents I1 


Complexation in the Organic Phase 


By ROBERT LEE HULL and JOHN A. BILES 


The apparent partition coeflicients of some m i n e  salts of four aromatic sulfonic acid 
dyes are reported. The effect of adding complexing molecules to the organic layer 
has been studied. The binding number and over-all stability constant for the com- 
plexation has been determined. The  results indicate that the acid strength of the 
complexing agent and the van der Waals forces of attraction are important considera- 
tions in partiuon studies. The results also indicate that the analyst should consider 
the use of proton donor molecules to aid in an eflicient extraction of amine salts of 


dyes. 


N THE preceding paper the apparent partition 1 coacients of some amine salts of tropaeolin 
00 were related to the molecular weight and 
branching of the aliphatic amine, the relative 
concentrations of the amine and dye, and the 
dielectric constant of the solvent (1). Methylene 
chloride, chloroform, and carbon tetrachloride 
were the solvents used. In a discussion of the 
choice of suitable solvents, Mukerjee suggested 
that the dielectric constant of the solvent was a 
factor which determined the amount of salt 
extracted (2). However, Higuchi suggested that 
the complexation of the salt with the solvent was 
a more predominating factor than was the di- 
electric constant (3). Therefore, we continued 
the investigation and now report the studies of 
complexation of certain azobenzenesulfonic-type 
acid salts with some halogenated solvents and 
aliphatic alcohols in a benzene rich solvent sys- 
tem. 


EXPERIMENTAL 


Reagents.-The sulfonic acid dyes used included 
methyl orange (Eastman Kodak). tropaeolin 0 
(Eastman Kodak). tropaeolin 00 (National Ani- 
line), and sodium azobenzenesulfonate (Gallard 
Schlesinger Mfg. Corp.). The primary alcohols 
were purchased from Allied Chemical; the methylene 
chloride, chloroform. and ethylene dichloride were 
purchased from Baker and Adamson and Matheson 
Coleman and Bell. 


Preparation of Solutions.-Methodo of prepara- 
tion were similar to those described in the first 
communication (1). Stock solutions of the sulfonic 
acid dyes and amine solutions were prepared so that 
2 fim. of the acid or base were present in 5 ml. of 
solution. The pKa of methyl orange was suffi- 
ciently high so that the stock solution had to be 
buffered at a pH of 6.0 with phosphate buffer (potas- 
sium acid phosphate O . O O l ~ o ,  potassium phosphate 
0.007%). The phosphate bu5er was not added to 
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the stock solutions of the other dyes. The pH of 
the final solution mixtures was such that hydrolysis 
of the mine  dye salt in the aqueous phase was at a 
minimum. 


The benzene solutions were prepared by adding 
given volumes of the complexing agent to 100 ml. of 
benzene. The molality (m) of the solutions was 
then calculated. The desired molalities were pre- 
pared after previously determining the necessary 
concentrations for measurable extractions of the dye 
salt. The complexing agents used included the 
normal amyl, hexyl, octyl, and lauryl alcohols as 
well as methylene chloride, chloroform, and ethylene 
dichloride. 


Procedure.-The procedures previously described 
were modified (1). Specific volumes of the stock 
solution of the dye and amine were mixed in 4-ounce 
amber bottles and brought to a final aqueous volume 
of 40 ml. with distilled water. Usually 3 pm. each 
of the dye and amine were added. A 40-ml. quan- 
tity of the organic solvent was added to the 40 ml. of 
aqueous solution. Blank solutions were prepared 
also. All bottles were then shaken for 1 hour in an 
Eberbach horizontal shaker. Following the shaking 
the liquids were transferred to glass-stoppered 
separators, and the nonpolar and aqueous phases 
were separated. 


Andy6ia-The spectra of the aqueous solutions 
of the sulfonic acid dyes were scanned using the 
Cary model 15. The Beckman DU spectrophotom- 
eter was used for determining the absorbance of the 
dye salts in the aqueous extracts. The absorbance 
of the tropaeolin 0 solutions was determined after 
the solutions were made strongly basic with sodium 
hydroxide (pH > 12.5). 


Determination of Apparent Partition Coe5cient.- 
The apparent partition coefficient was derived in 
the previous paper knowing that the dye salt existed 
as the ion-ion pair in the organic phase and that the 
cation and anion were completely dissociated in the 
aqueous phase (1). The same approach was used 
in these studies in determining the apparent partition 
coefficient. The following chemical equation was 
used 


K v v .  
___) BH+(m.) + D-bq.) '-. S(bensene) 


Cl Ca ca 


where K.pv is the apparent partition coefficient, 
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Determination of Binding Number and Over-all 
Stability Constant.-The complexing tendencies of 
primary alkanols and halogenated solvents with 
some dye salts are presented in Table 11. The 
binding power of the complexing agent with the dye 
salt and the over-all stability constant for the com- 
plexation are also recorded. The data presented 
are obtained from six or more sample determinations. 


The formation of the complex in the benzene 


solution may be expressed by S + nA F? SA., where 
S is the dye salt in the benzene phase, A is the 
complexing agent in the benzene phase, n is the 
binding number of the complexing agent, SA. is the 
complex in the benzene phase, and K ,  is the over-all 
stability constant. The mathematical expression 
for the over-all stability constant is 


KO 


TABLE I.-APPARENT PARTITION COEFFIUBNTS OF 
S o n  DYE SALTS 


Dye Salt 


Apparent 
Partition 


Coefficient 
(L./mole) 


Di-iso-amylamine salt of tropae- 


Di-iso-amylamine salt of methyl 


Di-n-octylamine salt of methyl 


Di-n-octylamine salt of tropae- 


Di-n-octylamine salt of azoben- 


olin 00 1.5 X lo-* 


orange 2.3 x 10-4 
orange 3.35 x 10-4 
o h  0 1.3 x 10-4 
zenesulfonic acid 2.6 x 10-4 


BH+ (cl) is the m i n e  cation in the aqueous layer, 
D- (c,) is the sulfonic acid anion in the aqueous 
layer, and S (ca) is the dye salt in the benzene layer. 
Therefore, the apparent partition coefficient was 
calculated using 


The validity of Eq. 1 was checked in the manner 
previously reported. Various concentrations of 
amine cation and sulfonic acid dye were mixed in 
aqueous solution and partitioned with the organic 
solvent; the concentrations CI, CZ, and ca were then 
determined. When Ca was plotted against the 
product of CI and CZ, a straight line intercepting the 
origin was obtained. In addition, we worked with 
concentrations low enough knowing that dissociation 
of the dye salt in the aqueous phase was greater than 
go%. 


The di-iso-amylamine was the preferred amine for 
determination of the equilibrium constants using 
tropaeolin 00 and methyl orange, whereas di-n- 
octylamine was used in the tropaeolin 0 and azo- 
benzenesulfonic acid studies. Previously reported 
studies indicated that the mechanism of extraction 
of these two amine salts of tropaeolin 00 was the 
same. The apparent partition coefficients (using 
aqueous and benzene solvents), calculated from eight 
or more determinations using various concentrations, 
are presented in Table I. 


Equation 2 may be rearranged and expressed in the 
logarithmic form as 


log Ko + nlog A = log % (Eq. 3) 


The concentration of A is expressed as the molality 
(m) of the complexing agent in the benzene layer. 
The amount of the dye which is not complexed in the 
benzene solution (referred to  as S or as Ca in Eq. 1) is 
calculated by ( a )  utilizing Eq. 1, (b) using the ap- 
parent partition coefficient listed in Table I, and (c) 
determining the concentrations of the cation and 
anion in the aqueous phase. Any additional in- 
crease in solubility of dye salt in the benzene solution 
will be attributed to  complexation with the complex- 
ing agent present in the benzene. The complexed 
dye in the benzene solution (SA.)  is equal t o  the 
total dye salt in the organic layer minus the concen- 
tration of S. The total dye salt in the organic layer 
is equal to the concentration loss in the aqueous 
layer (1). The complexation number (n) of the 
complexing agent is the slope of the line obtained by 
plotting log (SA-IS)  vc7sus log A .  The complexa- 
tion numbers for the various dye salts in benzene are 
listed in Table 11. The plots of some of the data are 
presented in Figs. 1-5. 


TABLE ~ I . - ~ V E R - A L L  STABILITY CONSTANTS FOR INTERACTION OF COMPLEXINC AGENTS WITH DYE SALTS IN 
BENZENE SOLUTIONS 


Binding No. 
Complexing Over-all Stability 


Compluing Agent ( A )  Dye Salt (s) Agent (4 Constant (Kc) 
Amyl alcohol Di-n-octylamine azobenzenesulfonate 2.23 3.5 x 102 
Hexyl alcohol 2.30 4.72 X 10' 
Lauryl alcohol 2.23 6.69 X 10' 
Hexyl alcohol Di-iso-amylamine salt of methyl orange 1.78 8.8 X 101 
Octvl alcohol 1.78 9.4 x 10' 
CH;Clp 1.15 5.5 X io-1 
CHClj 1.11 5.4 x 10-1 


4.2 X 10-L Cl( CHz)zCI 0.96 
CHzC12 Di-n-octylamine salt of methyl orange 1.20 1.54 x 10-1 - 
Amy1 alcohol Di-isoamylamine salt of tropaeolin 0 3.16 4.74 x 10' 
Octyl alcohol 3.00 8.42 X 10' 
Amyl alcohol 
Hexvl alcohol 
Octil alcohol 
Lauryl alcohol 
CHzC12 
CHCla 
CI( CH2)zCI 


Di-iso-amylamine salt of tropaeolin 00 1.89 
1.85 
1.81 
1.84 
1.68 
1.97 
1.88 


0.99 x 102 
1.37 X 10' 
1.67 X 10' 
1.80 X 10' 
1.24 X lo-* 
1.21 x 10-1 
1.01 x 10-1 
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L O G A ( m  x 10) 
Fig. 1.-Log-log plot of the complexed (SA.) and 


noncornplexed (S) amine salt of azobenzenesulfonic 
acid t o  the molality of the complexing agent. Key: 
0, lauryl alcohol; A, hexyl alcohol; m, amyl alcohol. 


DISCUSSION 
The sulfonic acid dyes were chosen because of the 


difference in functional groups attached to the azo- 
benzenesulfonic acid nucleus. They were also 
chosen possibly to  correlate the complexation of the 
alcohol or halogenated solvent to the structure. 
The formulas are 


@ N = N - @ 3 0 3 N a  


Sodium azobenzenesulfonate 


Tropaeolin 00 


QH 


Tropaeolin 0 


Complexation with Primary Alkanola-Alcohols 
are capable of being both acceptor and donor mole- 
cules in hydrogen bonding; the molecule or ion 
that serves as the proton acceptor may be termed 
the base (4). Pearson and Levine have stated that 
alcohols are “outstandingly e5cient extractors of 
organic acids from water solution” (5). They also 
suggested that the sulfonate anion present in the 
aqueous phase would have little tendency to complex 
with any other structure than that of a hydrogen 
donor such as an alcohol. 


Consequently, the presence of the amino or hy- 
droxy group on the azobenzenesulfonate nucleus 
could affect the degree of complexation in the 
organic phase and could affect the apparent partition 
coefficient. In addition, the azo group may be 
considered to  accept the hydrogen donor molecule 
since it is a basic functional group (0). 


The binding number of the alcohols in the organic 
phase was determined using Eq. 3. The experi- 
mental data were plotted as shown in Figs. 1-5. 
The amine salt of azobenzenesulfonic acid com- 
plexed with 2 moles of the primary alcohol in 
benzene. Having determined this, the alcohol com- 
plexation was determined with the dyes having a 
substituted amine group, i.c., methyl orange and 
tropaeolin 00. The salts of both dyes complexed 
with 2 moles of alcohol also. This may appear to be 
surprising, particularly for the salt of methyl orange, 
since one might predict 3 moles of alcohol t o  com- 
plex with the dye salt in benzene when compared to  
the azobenzenesulfonic acid studies. However, i t  is 
possible that the dimethylamine group hydrates, 
thereby carrying water into the organic layer. 
Investigations are now underway to determine if this 
does occur. Hydration has been found to  occur in 
the partitioning of dibasic acids (7). Examination 
of the structure of tropaeolin 0 shows the presence 
of two phenolic groups. These groups had a posi- 
tive effect in complexation with alcohol. Under the 
conditions of the experiments 3 moles, not 4 moles, 
complexed with tropaeolin 0. Two moles of alcohol 
also complexed with the amine salt of tropaeolin 00. 
In considering the over-all stability constant and the 
apparent partition coefficient, it must be concluded 
that tropaeolin 00 is the choice of the four dyes 
studied for amine salt extraction. 


The presence of the phenolic groups had an over-all 
effect of reducing the apparent partition coefficient 
of the dye salt between benzene and water, whereas 
the dimethylamino group had a positive effect on the 
apparent partition coefficient. 


It is significant to note that the over-all stability 
constants of the alcohol complexes of the dye salts 
increased with an increase in the molecular weight 
of the alcohol. This is demonstrated by examina- 
tion of the values in Table I1 or the plots in Figs. 1,2, 
4, and (in particular) Fig. 5. The acid strength of 
aliphatic alcohols should not be expected to  increase 
with an increase in molecular weight (4,8). Thae-  
fore, the increase in the over-all stability constant for 
the complexation may be attributed t o  increased 
van der Waals forces of attraction as the chain 
length of the alcohol is increased. It is also possible 
that micelle formation may contribute to  the over-all 
stability constant. Studies are underway t o  deter- 
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Fig. 2.--lOg-log plot of the complexed (SA,)  and 
noncomplexed (S) amine salt of methyl orange to  
the molality of the complexing agent. Key: 0, 
octyl alcohol; A, hexyl alcohol. 
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phenol blue. They used ethylene dichloride as the 
water immiscible extracting solvent. To minimize 
any possibility of adsorption of the dye salt from the 
organic solvent onto the glass surface, the investiga- 
tors added 1.5% isoamyl alcohol by volume (9). 
As a result of our studies, one has a greater under- 
standing of the use of isoamyl alcohol. All of the 
evidence provided should prove more beneficial to  
the analyst. 


Complexation with Halogenated Hydrocnrbons.- 
The halogenated solvents may be considered solvents 
whose acid strengths are less than those of the pri- 
mary alcohols. Investigators recently have pre- 
sented their research measuring the effectiveness of 
the C-H group in the halogenated solvents as a 
proton donor (10, 11). Complexation with these 
solvents is possible, but the over-all stability constant 
for the complexation would be less than the value 
for the alcohol complexation. This, as shown in 
Table 11, was found to  be true; the over-all stability 
constants with the halogenated solvents were about a 
thousandfold less than the values for the alcohol 
complexation. Complexation of the halogenated 
solvents with the dye salts of azobenzenesulfonic 
acid and tropaeolin 0 was so small that the over-all 
stability constant could not be determined. 


The three halogenated solvents complexed with 
the amine salts of methyl orange and tropaeolin 00. 
Two moles of the hydrocarbon complexed with 1 
mole of the tropaeolin 00 salt. With this knowledge 
it was surprising to 6nd that a 1 : 1 complex formed 
with the methyl orange salt and the hydrocarbon 
solvents. To verify the 1: 1 complex formed with 
the di-iso-amylamine salt of methyl orange, studies 
were repeated using di-n-octylamine. As recorded 
in Table 11. the di-n-octylamine salt of methyl 
orange also formed the 1: 1 complex with the halo- 
genated hydrocarbon in benzene. 


The data obtained using the di-iso-amylamine salt 
of methyl orange are plotted in Fig. 3. On the mol- 
ality basis, methylene chloride and chloroform are 
equally effective in extracting the dye salt. Similar 
results were obtained using tropaeolin 00. Since 
the over-all stability constants are the same or nearly 
so, it is quite possible to  conclude that the acid 
strength of these halogenated hydrocarbons is the 
same, or the polar and nonpolar iduences of the 
three solvents balance out to give the same over-all 
stability constant. These results then question the 
opinions of Mukerjee (2) and the authors as re- 
ported in our previous report (1) concerning the 
reliance on the dielectric constant in choosing a 
suitable solvent. 
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Fig. 3.-Log-log plot of the complexed (SA.) and 
noncomplexed (S) amine salt of methyl orange t o  the 
molality of the complexing agent. Key: 0, methyl- 
ene chloride; A, chloroform; ., ethylene dichloride. 
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Fig. Ei.-hg-log plot of the complexed (SA.) and 


noncomplexed (S) amine salt of tropaeolin 00 to the 
molality of the complexing agent. Key: 0, lauryl 
alcohol; A, octyl alcohol; .. hexyl alcohol; +, amyl 
alcohol. 


mine the thermodynamic properties ( A F ,  AH, and 
AS) of the complexation. 
, When Mitchell and Clark developed a suitable 
method for the determination of quaternary am- 
monium compounds, they utilized the dye brom- 
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Combinations of active and inert principles, were 
evaluated for ulcerogenic effects in mice. 


Phenylephrine hydrochloride was the initiating 
factor in the development of gastric ulcers. 


Sucrose, glycerin, glucose, ethanol, lime, and 
vanillin potentiated pheiiylephrine-induced gastric 
ulcers in mice. 


Phenylpropanolamine hydrochloride, similarly 
studied, produced little or no gastric toxicity. 


These observations suggest that the composition 
of vehicle as well as the active principles niay be 
important in reducing or eliminating the potential 
gastrointestinal side effects of sympathoniimetic 
amine-containing liquid preparations. 


Journal of Pharmeut i ca l  Sciences 


REFERENCES 
(1) Lalich, J. J., Proc. SOC. Expf l .  Biol. a4ed., 109, 905 


(1962). ,~ ~ 


(2). Nissim, J. A,, Lance;, 2, 132(1961). 
(3) Close, A. S., and Frackelton, W. H.,  Wisc. Med. J . ,  


(4) Peirce, E. C., and Polley, V. B., New Ergl. J .  .Wed.. 
57, 127(1958). 


250. 114(1954). 
(5 )  Osol. A,, and Farra;: G. E.. “The Dispeosatory of the 


United States of Amenca, 25th ed., J. B. Lippincott Co.,  
Philadelphia, Pa., 1955, p. 1408. 


(6) ,Goodman, L. S., and Gilman, A., “The Pharmacologi- 
cal Basis of Therapeutics,” 2nd ed.. The Macmillan Co..  New 
York. N. Y.. 1955, p. 490. 


(7)  Fulton, J. F. ,  “A Textbook of Physiology,” ti 
W. B. Saunders Co., Philadelphia, Pa., 1955, p. 1008. 


(8) Fentoo P. F. Am. J .  Physrol. 144 609(1945). 
(9) Shay E. Coskxnfnology 5 43(19;5). 


(10) Kahn, D. S.. P h i l i p  M. ,>.. and Skoryna, 
J .  Am. Med.  Assoc., 176.24 (1961) 


Effect of Chronic Poisoning Emetine on 
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Oxidative Process in Rat Heart I 


Effects on Lipid Metabolism and Oxidative Phosphorylation 


By GLENN D. APPELT* and HAROLD C. HEIM 


Emetine at a concentration of 3 X lO-’M completely inhibited endogenous res i- 
ration of rat heart homogenates as well as the respiration in the presence of ad&d 
butyrate or 8-hydroxybutyrate. At a concentration of lo-‘ M, the alkaloid. e!icited 
no effect. The inhibition observed was not specific for emetine, since quinine, at 
the same concentrations, was equally as effective in  inhibiting respiration. Hems 
from animals chronically poisoned by emetine, but not by quinine, showed impaired 
ability to oxidize these substrates. Chronic poisoning by emetine did not impair 
oxidative phosphorylation, nor did M emetine added to mitochondria pre- 


pared from hearts of unpoisoned animals. 


BNORMALITIES in cardiac function following A the use of emetine as an amebacide have been 
reported by numerous investigators. Ventric- 
ular fibrillation (l), diminished systolic force (2), 
and tachycardia (3) have been observed; other 
studies have shown that emetine may elicit a pro- 
gressive cloudy swelling and fatty degeneration of 
the heart (4). Electrocardiographic changes 
have been induced by the drug in dogs and cats, 
evidenced by a widening of the initial P-R com- 
plex and by a frequently observed inversion of 
the T wave. These changes suggested a marked 
disturbance in energy utilization by the myo- 
cardium (5). Several studies have been con- 
ducted relative to the effects of emetine on cel- 
lular metabolism. It has been postulated that 
emetine may interfere with the enzyme systems 
which convert glycogen to contractile energy in 
the heart (0). Electrocardiographic alterations 
have been induced in the guinea piE by sublethal - - -  - -~ 
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doses of the alkaloid, and these effects could not 
be prevented or abolished by the administration 
of diphosphopyridine nucleotide (7). It has also 
been shown that emetine evoked no effect on the 
synthesis of cocarboxylase by rat liver (8). The 
repeated administration of the alkaloid to young 
rats resulted in a reduction of food intake and 
marked inhibition of growth, findings which led to 
the suggestion that the drug caused nutritional 
and metabolic changes in certain tissues (10). A 
rapid depletion of liver glycogen has been re- 
ported to occur in young rats after a single ad- 
ministration of 0.1 to 0.1 mg. emetine/Kg. (11). 
Synthesis of glycogen by livers of emetine- 
poisoned rats was markedly depressed, and there 
also was observed a significant decrease in phos- 
phorylase and aldolase activity in livers from the 
poisoned animals. Vitamin metabolism in 
emetine-poisoned rats has been studied; it was 
observed that the emetine-treated animals stored 
smaller amounts of thiamin and folic acid in the 
liver than did pair-fed controls. Poisoning by 
emetine did not alter metabolism of vitamin A, 
riboflavin, nicotinic acid, or biotin (12). The 
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respiration of rat heart homogenates was in- 
hibited by emetine in the presence of added 
glucose, pyruvate, malate, or fumarate (13). 
Oxygen uptake in the presence of added succinate, 
however, was augmented by emetine. Evidence 
was presented which suggested that the increase 
in oxygen consumption was due to a suppression 
of oxaloacetate accumulation, possibly through 
an inhibitory effect of emetine on malic dehydro- 
genase (14). 


Although the toxic effects of emetine on the 
myocardium are prominent, i t  is not yet possible 
to explain the mechanism responsible for these 
phenomena. Some evidence exists, however, in 
support of the concept that the alkaloid may inter- 
fere with metabolism by the heart in  such a 
manner as to reduce the efficiency of biochemical 
processes. To extend and explore this concept 
in more detail, a series of experiments was con- 
ducted in which the effects of emetine on fatty 
acid metabolism by  heart homogenates and upon 
oxidative phosphorylation by mitochondria were 
investigated. 


EXPERIMENTAL 
Male rats of the Sprague-Dawley strain were used 


as the experimental animals and were young adults 
weighing approximately 200 Gm. unless otherwise 
noted. The animals were stunned and exsangui- 
nated, the hearts were immediately removed; the 
ventricles were dissected away, washed quickly in 
cold water, blotted dry, and weighed. The ven- 
tricles were then transferred to a chilled Ten Broek 
tissue grinder containing sufficient cold 0.1 M 
potassium phosphate buffer, pH 7.4, so that the 
homogenates contained 80 mg. fresh ventricle per 
milliliter. The homogenates were pipeted into 
chilled Warburg vessels containing substrates and 
cofactors listed in the tables and figures under 
Results. After a 10-minute equilibration period, 
oxygen consumption was measured for 90 minutes 
according to conventional manometric techniques 


To determine the effect of chronic poisoning by 
emetine on the oxidation of the substrates used in 
this study, young animals weighing approximately 
100 Gm. were separated into three groups of eight 
animals each and given intraperitoneal injections 
daily for 17 days as follows: Group I. 0.2 mg. emetine 
hydrochloride in 0.7 ml. water; Group 11, 25 mg. 
quinine hydrochloride in 0.7 ml. water; and Group 
111, 0.7 ml. water. The animals were provided with 
food and water ad libitum; on the seventeenth day, 
they were sacrificed, the hearts removed, the ven- 
tricles homogenized as outlined above, and the 
oxygen consumption of the homogenates determined. 
Blood samples were collected at the time the animals 
were sacrificed and glucose levels were determined 
according to the method of Somogyi (16). 


All results represent the average of data obtained 
with a t  least eight animals, and each determination 
of oxygen consumption was performed in duplicate. 
The pH of the contents of a representative number 
of flasks was determined a t  the end of the experi- 
mental period to  verify that the observed effects 


(15). 
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were not caused by a change in pH during the experi- 
ment. Unless otherwise noted, the results are sig- 
nificant at the 99% probability level ( p  < 0.01) deter- 
mined by the Fisher t test. 


The effect of emetine on oxidative phosphoryla- 
tion by heart mitochondria was determined by the 
method of Hunter (17). The mitochondria were 
isolated according to methods used by Plaut (18), 
and centrifugal separation was accomplished with a 
Servall RC-2 refrigeratedcentrifuge equipped with an 
SS-34 rotor and a t  0". Mitochondria representing 
500 mg. fresh myocardium were added to each War- 
burg vessel, and the inorganic phosphate was deter- 
mined by the method of Fiske and SubbaRow (19) 
with the Beckman DU spectrophotometer at 660 mp. 


RESULTS AND DISCUSSION 
Figures 1-3 present data which show that the 


endogenous respiration of homogenates and the 
30 !- . h  


0 I 1 If 
0 I5 30 45 60 f S  90; 


Time 
Fig. 1.-Effect of emetine on endogenous respira- 


tion. Key: a, no emetine; b, lo-' M ernetine; c, 
2 X lo-' M emetine; d, 5 X lO-'M emetine; c. 
lo-) M emetine; f, 3 X 10-a M ernetine. Flasks 
contained 0.5 ml. homogenate; 0.1 X lo-' M cyto- 
chrome C; 0.1 ml. 2 X lo-' M malate; 0.1 ml. 2 X 
lo-' M ATP; 0.1 ml. 1.5 X lo-* M nicotinamide; 
0.1 ml. lo-* M MgC12; 0.3 ml. Hz0; 1.0 ml. 0.1 M 
phosphate buffer, pH 7.4; 0.3 ml. emetine to yield 
concentrations listed; HIO to make 3.0 ml. Center 
wells contained 0.2 ml. 10% KOH. Gas phase, air. 
Temperature, 3OoC. 
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Fig. 2.-Effect of emetine on respiration in the 
presence of added butyrate. Key: a, no emetine; 
b, lo-' Memetine; c, 2 X lo-' Memetine; d, 5 X 
10-4 M emetine; c, lo-* M emetine; f. 3 X lo-* M 
emetine. Experimental conditions and flask con- 
tents are identical to those in Fig. 1. except that 0.3 
ml. 0.1 M butyrate was added instead of 0.3 ml. 
HpO. 
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respiration in the presence of added butyrate or 8- 
hydroxybutyrate were inhibited by emetine. The 
inhibition was complete a t  concentrations above 3 X  
10-8 M ,  while a t  1 X lo-' M or 2 X lo-' M, no 
significant inhibition was observed. At concen- 
trations of 5 X lo-' M and 1 X lo-* M the inhibi- 
tion was quite marked, being of the order of 40 to  
600/,. Concentrations of these magnitudes are high 
so as to be unrealistic when compared to the emetine 
found in the heart after administration of the drug to 
experimental animals (20), and the question arises as 
to whether theobservedeffectsarespecificfor emetine. 
Figure 4 shows that quinine, a t  concentrations iden- 
tical to those of emetine, inhibited the respiration of 
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Fig. 3.-Effect of emetine on respiration in the 


presence of added B-hydroxybutyrate. Key: a, no 
emetine; b, lo-' Memetine; c, 2 X lo-' Memetine; 
d, 5 X lo-* M emetine; e, M emetine; f, 3 x 
lo-* M emetine. Experimental conditions and flask 
contents are identical to  those in Fig. 1, except that 
0.3 ml. 0.1 M 8-hydroxybutyrate was added instead 
of 0.3 ml. H20. 
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Fig. 4.-Effect of quinine on respiration in the 
presence of added B-hydroxybutyrate. Key: a, no 
quinine; b, lo-' M quinine; c, 2 X lo-* M quinine; 
d, 5 X lo-' M quinine; c, lo-* M quinine; f, 3 x 
lo-' M quinine. Experimental conditions and flask 
contents are identical to those in Fig. 3, except that 
0.3 ml. quinine hydrochloride solution, pH 7.4, was 
added instead of emetine to yield concentrations 
listed. 
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Fig. 5.-Effect of daily administration of emetine 
and quinine on weight gain of young rats. Key: a,  
emetine; b, quinine; c, sham-injected controls. 


TABLE I.-EFFECT OF PROLONGED ADMINISTRATION 
OF EMETINE OR QUININE ON OXYGEN UPTAKE BY 


HEART HOMOCENATES' 


Variation 


Substrate 


rl. 0 1  from 
Uptake/BO Controls, 


Min . 76 
Sham-Injected Controls 


Butyrate 5 4 f 4  . . .  
B-Hydroxybutyrate 147 f 9 . . .  
None 2 9 f 3  . . .  


Butyrate 35 f 3 - 35 
8-Hydroxybutyrate 93 i 6 - 37 
None 19 f 3 - 35 


Butyrate 61 f 6 +ll* 
8-Hydroxybutyrate 138 f 12 -10b 
None 28 f 3 +4b 


Emetine Treated 


Quinine Treated 


Water added to flasks in place of emetine or quinine, but 
other experimental conditions identical to those listed with 
Fig. 1. * Not significantly different from values obtained 
with sham-injected control animals. 


homogenates in the presence of added 8-hydroxy- 
butyrate. Endogenous respiration, as well as that in 
the presence of added butyrate, was inhibited by 
quinine in the same concentrations; the magnitude 
of the inhibition was practically identical to that 
observed with emetine. Such observations suggest 
that the inhibition of respiration by high concentra- 
tions of emetine may be nonspecific and, therefore, 
of little value in explaining the cardiotoxic action of 
the drug. It would appear to be of greater im- 
portance to study the respiration of heart prepara- 
tions made from animals chronically poisoned by 
emetine and quinine. Figure 5 shows that doses 
of 0.2 mg. of emetine daily caused a marked dete- 
rioration of the experimental animals evidenced by a 
pronounced weight loss. Animals given daily injec- 
tions of 25 mg. of quinine gained weight almost as 
rapidly as did the sham-injected controls and, a t  the 
end of the experimental period, did not show the 
marked deterioration observed with the emetine 
group. Blood glucose levels of the enietine-tieated 
animals were not significantly different from those of 
the control group or the quinine-treated group. 
Similar observations have been made by other in- 
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TABLE II.-EFFECT OF ADDED EMETINE AND OF CHRONIC EYETINE POISONING ON OXIDATIVE PHOS- 
PHORYLATION BY HEART MITOCHONDRIA IN THE PRESENCE OF a-KETOGLUTARATE~ 


Microatoms 0 pm. P 
Consumed Consumed P:O Ratio 


Sham-injected animals 
No emetiue added to flasks 5 .8  i 0.4 21.8 f 3 . 1  3 .8  i 0.4 


Sham-injected animals 
Flasks contained lo-' M emetine 4.1 f 0.5 15.7 f 1.9 3 .8  f 0.3* 


Emetine-poisoned animals 5.3 f 0.4  19.0 f 2.2 3 .6  f 0.3* 
a M a  contained in the mpin c o m y t m m t s  0.4 ml. 0.1 M potassium phosphate buffer, pH 7.4; 0.1 ml. 0.3 M M SO,; 


0.1 ml. 4 X 10-4 M cytochromec; 0. ml. 6 X 10- A4 adenosme triphospha.te; 0.2 ml. 0.1 M a-ketoglutarate; 0.1 d. 0.3 
M p o t d u m  mdonate; 0.8 ml. 0.26 M 8ucroee; 0.9 ml. Ha0 (or emetine to eld molarity listed); and 0.4 m!. mitochondnal 
suspension. representing 600 m fresh ventricle. Sidearms contained 0 1 mrO.8 M glucose and 0.1 ml. punfied hexokinase 
pr alptrpll (Si ma Chet+cal Eo., St. Louis, Mo.) representing 600 A t s .  Center wells contained 0.2 ml. 10% KOH to- 
g& m t h  a fented stnp of filter paper. Temperature, 30°; Control Bask8 removed from bath at end of 
5-minute dbrnt ion  period and reaction s tvped  by addkg O.'Fmy. 30% trichloroacctic acid. Oxygen u take measured in 
remaining 9-k. for 60 minutes after which tlme the reDctlon was stopped with trichloroacetic mid and tge inorganic phos- 
phate determined. * Not signifikantlg difierent from vducs obtained with sham-injected animals. Theoretical P:O ratio = 
4.0 (8). 


s ha=, air. 


vestigators, who found that chronic poisoning by 
emetine did not evoke a change in blood glucose 
concentration (13). However, the intestinal tracts 
of the quinine-treated animals showed marked edema 
and the livers were discolored. Doses of quinine 
above 25 mg. per day caused death in an appreciable 
number of the animals and, for this reason, 25 mg. 
per day was chosen as the amount to be administered. 


Table I shows that the oxygen consumption of 
heart homogenates prepared from emetine-poisoned 
animals is significantly lower than that observed 
either with the sham-injected controls or the quinine- 
treated animals. The heart has been reported to  
oxidize several substrates as energy sources among 
which are included pyruvate, glucose, lactate, and 
fatty acids (21). It has been demonstrated further 
that, under fasting conditions, the heart derives 
energy almost exclusively from the oxidation of 
fatty acids (22, 23). The rats poisoned by daily 
administration of emetine lost weight rapidly and 
resembled. in thii respect, animals subjected to  
severe starvation. Furthermore, these animals con- 
sumed much less food than did the sham-injected or 
the quinine-treated animals. The hearts from the 
emetine-poisoned animals did not oxidize butyrate or 
6-hydroxybutyrate as efficiently as did the hearts 
from the unpoisoned animals or those given large 
daily doses of quinine. Such observations indicate 
that the effect of emetine on the heart is different 
from that which would be expected in animals sub- 
jected to Severe starvation. 


The efficiency of cellular oxidative processes is 
related not only to the actual utilization of oxygen 
but also to the concomitant production of high- 
energy phosphate, i.~.. oxidation is coupled to phos- 
phorylation. Previous studies have shown that 
emetine enhances the oxidation of succinate by heart 
homogenates, an observation similar to  that made 
by other investigators ( X ) ,  who studied the effect of 
thyroxin on succinate oxidation. Thyroxin, under 
certain conditions, has been shown to uncouple 
oxidation from phosphorylation (25), but the results 
obtained in this study and set forth in Table I1 
reveal that emetine evokes no significant effect on 
the P:O ratio when added to heart mitochondria 
respiring in the presence of a-ketoglutarate. Fur- 
thermore, oxidative phosphorylation by mito- 
chondria prepared from the hearts of animals 
chronically poisoned by emetine was not significantly 
different from that observed with mitochondria 
from the sham-injected animals. 


Although the chronic poisoning of experimental 


animals with emetine appears to impair the ability 
of hearts from these animals to oxidize fatty acids 
in vilro, such an effect does not necessarily account 
for the cardiotoxic action of this alkaloid. The 
oxidation of fatty acids ultimately involves the 
processes of the citric acid cycle, and i t  appears con- 
ceivable that emetine may elicit effects at various 
points on this "main line" of oxidation. Further- 
more, the fact that the endogenous respiration of 
homogenates prepared from the chronically poisoned 
animals is lower than that observed with homog- 
enates prepared from the control group indicates 
that the depression of oxidative processes is not 
limited to those involving butyrate or 8-hydroxy- 
butyrate. Indeed, preliminary experimentation in- 
dicates that the inhibitory effects of emetine in vilro 
can be reversed by the addition of nicotinamide 
adenine nucleotide coenzymes. Additional work in 
this area is now in progress and will be the subject 
of a subsequent publication. 
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Rodent Repellency of Some Substituted Phthalimides 
By JAMES E. FEARN* and JAMES B. DEWITT 


Twenty-eight subatituted phthalimides were either synthesized or procured, tested 
for rat repellency, and their indices of repellency computed. The data obtained were 
and zed with the objective of correlating rat re llency with chemical structure and 
c o d m a t i o n .  Although the results do not &d the postulation of a precise cor- 


relation, they d o  suggest that such a correlation exists. 


HE FISH AND WILDLIFE SERVICE has long shown T an interest in chemical substances which will 
deter or inhibit rodent attack upon packaged com- 
modities. Tests upon more than 6500 compounds 
have shown that repellent activity may be cor- 
related with composition and molecular configura- 
tion. Hydrocarbons, carboxy acids, ethers, al- 
cohols, and esters have little repellency; but activity 
may be increased by introduction of nitrogen as a 
ring constituent or in substituent amido, amino, 
or nitro groups. Among the series of compounds 
showing promise in this respect, the N-substituted 
phthalimides are particularly interesting. Bellack 
and DeWitt (1) have reported the preparation and 
testing of 14 of these compounds along with several 
other groups of cyclic imides. The activity of some 
members of this series indicated that a more com- 
plete study of these compounds was advisable; 
therefore, a number of phthalimides containing 
substituents both on the imino nitrogen and a t  
various positions in the benzene nucleus were syn- 
thesized or procured from cooperating agencies and 
industries. These compounds were screened ac- 
cording to the procedure of DeWitt el ol. (2) and 
the repellency indices computed and tabulated. 


Since investigations a t  this agency often have 
indicated that the addition of a nitro group to an 
aromatic nucleus tends to accentuate repellent activ- 
ity, the decision was reached to prepare 3-nitro 
analogs of eight of the phthalimides previously 
studied. 


PREPARATION OF COMPOUNDS 
The compounds in Table I and half of those in 


Table I1 were prepared in laboratories of the Fish 
and Wildlife Service, Laurel, Md. N42-Bromo- 
ethyl)-phthalhide and its 3-nitro and 4-nitro 
analogs were prepared by Gabriel's synthesis as 
described by Weygand (3). The other imides were 
prepared by heating the amine with phthalic anhy- 
dride or phthalic acid to form the amine salt. This 
reaction product was then heated under reduced 
pressure to approximately 150' for varying periods 
of time in the manner reported by Bogert and 
Boroxhek (4). N-(3-Cyanopropyl)-phthaliide 
was pre-pared in this fashion and converted to N-(3- 
carboxypropy1)-phthalimide through alkaline hy- 
drolysis by the method described by Vogel (5). 
All synthesized compounds were recrystallized. 
usually from absolute alcohol or from alcohol con- 
taining 1-lOy0 by weight of water, to a constant 
melting point. These melting points compared 
favorably with those given in the literature. These 
compounds were soluble in acetone, a little less solu- 
ble in alcohol, and very slightly soluble in water. 
Melting points for synthesized compounds are in- 
dicated. Compounds submitted by cooperating 
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agencies were tested as received without purifica- 
tion. 


REPJ3LLENCY TESTS 
Individually caged laboratory rats weighing 


between 150 and 250 Gm. were given a choice of 
two food containers, one containing 20 Gm. of 
ground laboratory food and the other a 2y0 mixture 
of the test compound in the same food. Daily 
food consumption was determined through the 
4-day test period. By substituting the data in the 
Bellack-DeWitt formula 
K=100-1/100WX 


  TI + 4T2 + 21; + T4) X 
(U, + uz + 2u* + 4u4 + 8x1 


where W represents the body weight of the test 
animal in kilograms, TI - T, are grams of treated 
food consumed on the respective days, UI - U4 are 
grams of untreated food consumed the respective 
days, and X represents grams of untreated food re- 
maining a t  the end of the test period, the repellency 
indices (K) were computed. K values of 85 or 
higher indicated sufficient repellency to warrant 
more exhaustive investigation, such as bamer tests 
or simulated warehouse studies. Compounds show- 
ing indices of less than 85, but approaching it, often 
suggested other compounds of possible merit as 
repellents. 


RESULTS AND DISCUSSION 
Results from the preparation and testing of 


3-nitro analogs of previously studied phthalimides 
are given in Table I. The findings indicate that 
when the carbon chain of the N-substituent ex- 
ceeded three carbon atoms, the compound contain- 
ing the %nitro substituent was less repellent than 
the corresponding compound with an unsubstituted 
benzene nucleus. When the carbon chain was three 
carbon atoms or less in length, the converse was 
true. N-Bromoethyl-phthalhide gave a K value 
of 84, which was intermediate between that of the 


TABLE I.-&LATIVE &PELLENUES OF N-sVe- 
STXTUTED hrTHALIMIDES AND 3-NITRO-N-SUBSTI- 


TUTED h r T H U I m E S  


caH7 ii .4 93 &Q 
i 4 1 H 7  77.2 81 92 
i-m. 97.3 65 76 
CSHU 95.4 93 74 
Wit 90.4 49 68 
CsHll 64.6 59 71 


1269 







1270 Journal of Pharmaceutical Sciences 


TABLE II.-RAT REPELLENCY INDICES AND MELTING POINTS OF SUBSTITUTED PHTHALIMIDES 


d u e  +2 ’ K M.p.. 
R value oc.  R 


Part One 


0 
/ 


- CHiCHiC-OH 


-CH,CHiCN 


CaHC1 


-CH 


‘CIHICI 


83 82 
80 78 


65 


70 


88 


71 


74 


77 169 


91 138 


N 
111 -c-s-cH, 


Part Two 


91 


69 


89 


99 


87 


89 


96 


61 


68 


87 


66 


61 


69 


83 


%nitro analog [96] and the 4ni t ro  analog [a]. 
N-Butyl phythalimide and N-butyl-3-nitrophthali- 
mide exhibited approximately the same repel- 
lency, 100 and 99, respectively. 


Consideration of the compounds will indicate 
effects of changes in structure on the index of re- 
pellency. For example. N-( o&lorobenzyl)4-nitroro- 
phthaliiide is decidedly more repellent than the cor- 
responding p-chloro isomer. It is also evident that 
N- [2-( 3-methyl-pyridyl)] -phthalimide is more re- 
pellent than N-[2-(6-methyl-pyridyl)] -phthalimide. 
It appears that molecular configuration and espe- 
cially electronic and spatial phenomena connected 
with certain highly significant atoms in the molecule 
give rise to  physical properties which cause rats to  
avoid contact with these substances, even though 
they have a low order of toxicity. The exact nature 
of these phenomena is not understood to the degree 
that  precise predictions of repellency from structure 
may be attempted; but enough general information 
now is available to enable the investigator to reject. 
without testing. compounds with little likelihood of 
repellency. The result has been that the pmentage 
of compounds tested that display appreciable re- 
pellency has increased decisively. 


Data obtained from these studies suggest that a 
definite and precise relationship between rat re- 


pellency and chemical structure will eventually be 
determined, but that this relationship is complex 
and involves many factors which are not readily 
discernible. These data serve to  support the con- 
tentions of Bellack and DeWitt that  certain sub- 
stituents tend to  reduce the repellent activity of 
other substituents in given basic molecular structure. 
These results further suggest that a substituent 
which will enhance repellency when attached to 
one molecule may inhibit repellency when attached 
to another; N-(2-bromoethyl)-phthalimide is more 
repellent than N-( 2-bromoethyl)-4-nitrophthalimide, 
while phthalimide (R=18) is much less repellent 
than 4-nitrophthalimide (K =87). Findings also 
support the idea that the lengthening of an aliphatic 
hydrocarbon chain of an N-substituent beyond four 
carbon atoms causes a diminution rather than an 
increase in repellent effect. 


REPERENCES 


(1) Bellads, E., and DeWitt. J. B., Agr. Food Chem., 2, 
1178(1QM). 


(2) DeWitt J. B.. Bellack, E., and Welch, J. F., THIS 
JOUBNAL, U,’696 1953). 


(3) Weygand, d., “Or anic Preparations,’’ Interseimce 
Publishers, Inc., New Yor% N. Y., 1946, 


(4) Bogat M. T., and Bbrorhek, L., ?Am. Chcm. SOC., 


L ( 6 )  Vogel A. I., ‘‘Practical Organic Chemistry,” Long- 
mans. Cree: & Co.. New York. N. Y., 1948. p. 363. 


211. 


23.747(19015. 








Vol. 53, No. 2, Februury 1964 229 
RBFBRENCBS 


(1) Portoghese, P .  S., and Larson, D. I.., TRIS JOURNAL, 
51. 1115(1962~. _., _.._ ... .~,. 


(2) Portoghese P .  S. ibid.  51 l l97( lQ62) .  
(3) Wright, W’. B. .  jr., B k d n d e r ,  H.  J . ,  and Hardy. 


(4) Wrinht. W. B. .  lr.. Brabander. H. J. .  and Hardv. 
R.  A.,  Jr., J .  Ors. Chcm., 26, 476(1961). 


. -  
R .  A.; Jr.. &d:. 26, 48j(i981).  


K., J .  Phorm. SOC. Jopon, 83. 696(1963). 


83, 689(1963). 


J .  Chcm. Sot., 1937. 1208. 


(5) Kigasawa, K., Sugahara, H.. Hiiragi, M.,  and Pukawa, 


(6) Kigasawa. K.. Sugahara, H.. and Hiiragi. M., iMd.. 


(7) Tiemann, H.  &r., 15, 2034(1882). 
(8) Cowdrey. Wl A,.  Hughes, E. D.. and Ingold. C. K., 


REVIEWS 


A Bibliography of the Tabletting of Medicinal Sub- 
stances. Compiled by A. J. EVANS and D. TRAIN. 
The Pharmaceutical Press, 17 Bloomsbury 
Square, W.C. 1, England, 1963. 159 pp. 14 X 
18.5 cm. 
A comprehensive bibliography of publications on 


medicinal tabletting is presented classified into five 
main groups: general, tablets, tabletting practice 
(with subdivisions for granulation, compression. 
coating, standardization and variation, packaging 
and storage), materials, and fundamentals. In all, 
it  contains about 900 references from the 1945-1961 
period as well as references to fundamental papers 
published since 1935. The authors explain that 
they hope to supplement the volume with additional 
references as well as publications appearing since 
1961. Author and subject indexes are provided. 


Hirman Aging. Edited by J. E. BIRREN, R. N. 
BUTLER, S. W. GREEHOUSE, L. SILOLOFF, and 
M. R. YARROW. Public Health Service, National 
Institutes of Health, Bethesda, Md. Available 
from the Superintendent of Documents, U. S. 
Government Printing Office, Washington 25, 
D. C. 1963. xi + 328 pp. 17 X 25 cm. Price 
$3. 
The efforts of 22 investigators from the National 


Institutes of Mental Health toward elucidating the 
biological and behavioral aspects of the human aging 
process are presented. The entire volume deals 
with the study of 47 aged males, and the authors note 
that the study should be considered a pilot rather 
than a definitive study. Some 15 phases of the 
study are described in detail. 


The Clinical Chemistry of Monoamines. Edited by 
H. VARLEY and A. H. GOWENLOCK. Elsevier 
Publishing Company, Inc., 52 Vanderbilt Ave., 
New York 17, N. Y., 1963. xvi + 242 pp. 
18.5 X 24 cm. 
The volume reports a symposium organized 


around three major topics: the clinical chemistry of 
catecholamines, the clinical chemistry of 5-hydroxy- 
indoles, and pharmacological and toxicological as- 


Price $11. 
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pects of monoamines. The volume will be of 
general interest and utility to pharmaceutical 
scientists particularly the papers covering the 
determination of catecholamines in biological 
materials, the determination of metabolites of 
catecholamines by chromatographic and other 
techniques, thin-layer chromatography in the 
diagnosis of phaeochromocytoma and malignant 
argentafinoma, the formation and metabolism of 
hydroxyindoles, and the toxicology of monoamine 
oxidase inhibitors and tranquilizers. A subject 
index is appended. 


Analysis Instrumentation, 1963. Edited by L. J. 
FOWLER, R. D. EANES, and T. J. KEHOE. Ple- 
num Press, Inc., 227 West 17th St., New York 11. 
N. Y., 1963. x + 261 pp. 21.5 X 28 cm. 
Price $12.50. 
A survey of analytical automation is presented in 


this volume which reports the proceedings of an 
annual symposia sponsored by the Instrument 
Society of America. Among the papers presented 
were those on methods of calibrating the process gas 
chromatograph, sampling systems and methods for 
precise analyzer pressure control, polymer molecular 
weight distribution measurement by liquid chro- 
matography, potentiometric determination of chlo- 
ride impurity in various salts, continuous measure- 
ment of moisture in flowing solids, and quantitative 
analysis by charged particle bombardment. The 
papers are well illustrated with pictures, figures, and 
graphs. Only an author index is provided. 


Medical Mycology. By C. W. EMMONS, C. H. 
BINFORD, and J. P. UTZ. Lea & Febiger. 600 S. 
Washington Square, Philadelphia 6, Pa., 1963. 
380 pp. 17.5 X 26 cm. Price $14. 
A general introduction to  general mycology is 


presented with detailed descriptions, clinical de- 
scriptions, diagnostic clues, directions for diagnostic 
laboratory procedures, and information about 
environmental sources of infection. The first seven 
chapters introduce the reader to mycology, medical 
mycology, and some of the general problems pre- 
sented by mycoses. The remaining chapters are de- 
voted to  specific mycoses or groups of closely related 
mycoses. Appendices present information on culture 








Effects of Selected Variables on the Extractability of 
Oils from Coacervate Capsules 


d 


By LOUIS A. LUZZI and ROBERT J. GERRAUGHTY 


The hypothesis that certain pharmaceuticals may be stabilized by coacervation led 
to the investigation of encapsulation re uirements for pharmaceutical oils. Sa- 
ponification values, acid values, and surqactant pro erties were im aned to light 
liquid petrolatum by the introduction of oils w i g  high saponilcation values, 
organic acids, and surfactants. The effects of these substances on the degree of 
protection offered by coacervation were determined by submitting the coacervates 
to extraction with ethyl ether for periods up to 1 hour, then comparing the extracts 
spectrophotometrically to known absorption spectra. Results showed that sa- 
ponification values had little effect on encapsulation and that acid values and sur- 


factants decreased the degree of encapsulation. 


HE TERM “coacervation” has recently been 
Tused to describe the salting out of a lyophilic 
solid into liquid droplets rather than solid ag- 
gregates (I). The term was introduced into 
colloidal chemistry by Kruyt and Bungernberg de 
Jong (2) to describe the flocculation or separation 
of liquids from solution, where at least one of 
the liquids contained a colloidal solute. 


Coacervation has been subdivided into simple 
coacervation and complex coacervation. Briefly, 
simple coacervation usually deals with systems 
containing only one colloidal solute, while com- 
plex coacervation usually deals with systems 
containing more than one colloid (3). 


Simple coacervation is a process involving the 
addition of a strongly hydrophilic substance to a 
solution of a colloid. This added substance 
causes two phases to be formed-one phase rich 
in colloidal droplets and the other poor in such 
droplets. This process is dependent primarily 
on the degree of hydration produced, and this is 
more difficult to control. 


Complex coacervation, however, has been found 
to be primarily dependent on pH. I t  has been 
reported that in a gum arabic-gelatin system, 
complex coacervation into microcapsules oc- 
curred at  pH values below the isoelectric point 
of the gelatin and would not occur above this pH 
regardless of how other factors were changed 
(4). The same was true of other systems mn- 
taining two dispersed colloids of opposite 
electrical charge. 


The optimum conditions for complex coacerva- 
tion were achieved by adjusting the pH to a point 
a t  which equivalents of oppositely charged 
molecules of the two colloids were present, since 
the greatest number of salt bonds were formed 
at that point (4). In such a system, the pH _- 
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must be adjusted so that the gelatin particles are 
positively charged (below the isoelectric point), 
since gum arabic particles are always negative in 
colloidal dispersions (5). Therefore, the princi- 
pal condition necessary for successful complex 
coacervation is pH. Since this factor is more 
easily and precisely adjusted and controlled 
than the degree of hydration, it was decided that 
the process of complex coacervation would be 
more practical to the purposes of this study. 


Green and Schleicher made practical use of the 
process of coacervation in various patents 
(6-10). Two of the patents (7, 10) indicated 
that various oils, some of which contained dis- 
solved dyes, had been entrapped in gelatin- 
acacia microcapsules. No quantitative method 
to evaluate the strength of the coacervate or the 
degree of coacervation was given. 


It appeared that encapsulation through 
coacervation has great potential application in 
pharmacy. Some properties that might be 
especially useful include (a) prevention of vapor- 
ization of volatile substances (e.g., volatile oils), 
( b )  protection of moisture-sensitive or light sen- 
sitive substances (e.g., vitamins A and K), (c) 
separation of incompatible substances within a 
single system, and (d) dispersion of water insoluble 
substances in an aqueous medium more readily. 


Before such applications could be explored, it 
was apparent that some methods should be 
available to predict necessary conditions to 
achieve good encapsulation. Since the properties 
of oils used in pharmacy differ considerably, it 
was decided to study the effects of varying 
saponification value, acid value, and surface 
activity to ascertain their effects, if any, on the 
encapsulation process. A second objective was 
to attempt to develop a method to determine 
the permeability of the coacervate shell. 


EXPERIMENTAL 


Preparation of Coacervates.-The method of 
Green and Schleicher (7, 10) for preparation of 
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Fig. 1.-Photograph of the coacervation process a t  
pH 4.5 and a t  10'. 


complex coacervates was modified. The primary 
coacervating solutions were made by dissolving 
3.0 Gm. of acacia and 3.0 Gm. of gelatin separately 
in 100 nil. of purified water a t  55". The acacia 
used was powdered acacia U.S.P. and the gelatin 
used was 300 bloom, pigskin gelatin' with an iso- 
electric point a t  pH 8.0. 


A 20% sodium hydroxide solution was used to 
adjust the pH of the solutions to 6.5. An emulsion 
was formed by adding 12 nil. of the selected oil 
to the acacia solution and passing the mixture 
through a hand homogenizer. The gelatin solution 
was then added with gentle stirring. At no time 
was the temperature of the mixture allowed to  fall 
below 50'. 


The pH of the mixture was adjusted gradually 
to 4.5 by the dropwise addition of diluted hydro- 
chloric acid U.S.P. while stirring. At this pH 
the gelatin particles were positively charged and 
were attracted to the negatively charged acacia 
particles. The combined droplets are assumed to 
have coalesced about the oil droplets. In any 
event, the oil droplets were isolated from the rest 
of the system. 


Then 10 ml. of formaldehyde solution U.S.P. 
was added, and the mixture was cooled to 10" in 
an ice bath. The pH was adjusted to 9.0 with 
20% sodium hydroxide solution. The addition of 
formaldehyde denatured the gelatin-acacia complex 
and entrapped the oil more permanently. Chilling 
and adjusting the pH merely enhanced this effect. 


The coacervation mixture was diluted to  400 ml. 
and filtered. After filtration, the wet coacervate 
was wrapped in blotting paper to  remove some of 
the excess moisture. The resulting soft rubbery 
mass was passed through a 20-mesh screen and 
dried at 50" for 24 hours. The coacervate was 
then coarsely granular. 


Method to Evaluate Permeability of Coacervate 
Shell.-The method used to evaluate the strength 
of the shell was based on the ability of the shell 
to prevent or allow extraction of the entrapped oil 
by ethyl ether (analytical reagent). To measure 
the degree of extraction, the oils were colored with 
dyeZ which was present in the oils in the same ratio 
both before and after extraction. The oils were 
then encapsulated through coacervation and dried 
by the method described. 


Colored oils were scanned for wavelength of 
maximum absorption using a Bausch and Lonib 
spectronic 505 recording spectrophotometer. A 
broad peak with a maximum a t  500 mp was seen. 


1 Obtained from the American Agricultural Chemical Co , 
Detroit. Mich. 
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Fig. 2.-Photograph of the coacervation process 
after the addition of formaldehyde a t  pH 4.5 and 
at 10". 


Fig. 3.-Photograph of the coacervation process a t  
pH 9. 


Beer's law plots were obtained using a Bausch and 
Lomb spectronic 20 at this wavelength. This 
facilitated assay of the ether extracts of the various 
coacervates containing the colored oils. 


Choice of Oils for Coacervation Properties 
Study.-To provide a series of oils with a controlled 
range of saponification values, light liquid petro- 
latum N.F., which has no saponification value, was 
mixed with coconut oil3 which had a saponification 
of 250 but no acid value. 


A controlled acid value series was prepared by 
mixing oleic acid U.S.P., which had an acid value 
of 190 and no saponification value, with light liquid 
petrolatum N.F. Series using lauric acid and 
benzoic acid were also prepared. 


The effect of surfactants on the coacervation was 
studied by preparing a series using trioleate 85' 
as an additive to the mineral oil before coacervation 
was carried out. Sodium oleate, polysorbate 20,& 
and sodium acetate were added to the aqueous 
phase in separate qualitative studies to see if they 
exerted an effect on the encapsulation process. 


Microphotography of the Coacervation Process.- 
Photomicrographs of the process were taken at 
various steps in the procedure. Figure 1 shows 
the agglomeration of oil droplets that occurred 
when the pH was lowered to 4.5 and the temperature 
reduced to 10". At this stage in the process a 
matrix apparently had not completely formed. 
Figure 2 was photographed after the addition of 
the formaldehyde solution with the pH still at 1.5. 
The outline of the oil droplets is clearly delineated 
and, in some areas, shows what appears to be a 
matrix. 


Figure 3 was taken after the pH was raised to 
9.0. Although the coacervate consisted of a 


Marketed as Coconut Oil 76' by Welch, Holme, and 


4 Marketed as Arlacel 85 by the Atlas Powder Co.. Wil- 
Clark Co.. New York. N. Y. 


mineton. Del. 
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TABLE I.-COCONUT OIL SERIES 


Oil Extracted 
as '% 


1 2 . 5  0.006 0.45 
2 5 . 0  0.005 0.40 
3 7 . 5  0,005 0.40 
4 10.0 0.006 0.45 
5 12.5 0.005 0.40 


Coconut Sapon. Oil Extracted Total Wt. 
Oil, '?& Value in GO Min.. ml. of Sample 


TABLE II.--OLEIC ACID SERIES 


Oil Extracted 
Acid in Acid Value Oil Extracted as Total Wt. 
Oil, 76 of Oil in 60 Min.. ml. of Sample, % 


0 0 0.012 1.02 
1 2.15 0.012 1.02 
2 4.22 0.061 5.18 
3 6.08 0.091 7.70 


431 
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4 8.24 0,248 21.08 
5 10.47 0.320 27.20 


rubbery mass a t  this point, it was not apparent in 
the photograph. 


RESULTS 


Effects of Saponification Value.-The series of 
oils with saponification values ranging from 2.5 to 
12.5 were studied after coacervation. Table I 
shows that the permeability of the shell was con- 
stant since the amount of oil extracted by ether 
in 1 hour was about the same throughout the 
series. 


Effects of Acid Value.-Results of the coacerva- 
tion and extraction of the oleic acid series are shown 
in Table 11. The amount of oil extracted increased 
directly as the acid value increased. Oil samples 
having higher acid values gave results that were 
somewhat erratic and difficult to measure quan- 
titatively. 


A series using lauric acid followed a similar 
pattern. However, lauric acid was soluble in 
mineral oil only to  the extent of 270, thereby limiting 
the usefulness of this series. 


Benzoic acid was used as an additive, since it 
contributed acid value without surfactant prop- 
erties (both the oleic acid and lauric acid exhibit 
some surfactant properties). However, the benzoic 
acid lowered the pH to 4.0 very abruptly, and the 
condition of gradual approach to a pH of 4.5 
could not be achieved. No acid could be found 
which was soluble in mineral oil, insoluble in water, 
and which had no surfactant properties. 


Effect of Surfactants.-Since this study involved 
a water soluble phase and an oil soluble phase it 
was desirable to include surfactants in first one 
phase and then the other. 


Trioleate 85, an oil soluble surfactant, was used 
as an additive. The results shown in Table I11 
indicate that this surfactant interfered with the 
encapsulation process, although the results were 
somewhat more erratic than those in the coconut 
oil or oleic acid series. 


Polysorbate 20, a water soluble emulsifier, was 
added to the aqueous phase (acacia solution) prior 
to coacervation. No quantitative data were ob- 
tained, since none of the colored oil was retained 
by the coacervate after dilution and filtration. 


TABLE 11 I.-TRIOLEATE-85 SERIES 


Oil Oil Extracted 
Trioleate Extracted in as Total of 
in Oil, %, Acid Value 60 Min.. ml. Sample, ?7o 


0 0.012 1.02 


5 0.78 0.13 11.05 


Sodium oleate was also tried; the results were the 
same and indicated that surfactants in the aqueous 
phase seemed to prevent proper encapsulation. 


DISCUSSION 


Encapsulation of oils occurred when colloidal 
droplets of oppositely charged colloids agglomerated 
about the oil droplets to form a shell which prob- 
ably consists of several layers of coacervate droplets. 
Denaturization of the colloidal film or shell gave it 
a degree of permanence. 


Surfactants exhibited interference with the en- 
capsulation process and the strength of the protec- 
tive shell. It is theoretically possible this effect 
was because surfactants may compete with the 
gelatin-acacia complex at the oil-water interface 
If this reasoning is acceptable, then the shell would 
not be continuous and leakage could occur through 
the incomplete shell. It would then follow that the 
more surfactant present, the greater the number of 
spaces possible in the shell. 


The interference of the oleic acid in the coacerva- 
tion process might have been due to the surfactant 
action of this fatty acid, or i t  might have been due 
to the acidity. In the saponification value series 
the esters added did not exhibit surfactant prop- 
erties, nor were the conditions severe enough t o  
cause hydrolysis to the more surfactant fatty acids. 


SUMMARY 


A spectrophotometric method was found to  
evaluate the permeability of coacervate shells. 


Oleic acid and lauric acid interfere with en- 
capsulation as the concentration of these acids 
in the oil was increased. 


Surfactants incorporated in either the oil phase 
or water phase interfered greatly with the en- 
capsulation process, and a possible reason for this 
behavior is discussed. 


Increasing the saponification value of the light 
mineral oil with coconut oil showed no appreciable 
effect on the permeability of the coacervate shell. 
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295 mp. The same experiment repeated with 
sodium 2-chlorobenzoate produced a similar band 
at 295 mp. The above procedure repeated with 
the hydrochloride salt of Z-dimethylaminomethvrl- 
4-methylphenol instead of the benzoates revealed 
a peak a t  approximately 307 mp very similar in its 
sharpness to  that obtained with the procaine 
hydrochloride-caffeine system. 


These results indicate that theophylline appears 
to participate in charge-transfer complexation. 
The observed spectra with both the benzoates and 
the protonated Mannich base suggest theophylline’s 
ability to share electrons with both positively and 
negatively charged aromatic compounds. It is 
evident, however, that further investigation of a 
more quantitative nature would be required to de- 
termine whether these charge-transfer interactions 
account for the total interaction by theophylline 
in aqueous solutions. 


CONCLUSIONS 
Solubility studies on the interactions of theo- 


phylline, prednisolone, and phenacetin with sub- 
stituted benzoates, phthalates, and naphthoates 
produced the following observations. 
Complex formation between aromatic carboxylate 


salts and the above drugs occurred in every in- 
stance, but with varying extents. 


Introduction of substituents on the aromatic ring 
appears t o  have a marked effect on the binding 
tendencies. 


There is a surprising absence of any significant 
‘‘lock and key” specificity, particularly among 
the complexes of the aromatic acid salts with 
prednisolone and phenacetin . 
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The results suggest that both hydrophobic bonding 
and donor-acceptor interactions involving the 
nucleus of the aromatic carboxylates contribute 
to  formation of the complexes. 


The binding with theophylline appears to be a t  
least partially due to specific charge-transfer in- 
teractions. 


The extent of complex formation of the aromatic 
carboxylate salts with theophylline, phenace- 
tin, and prednisolone is increased by ( a )  sub- 
stitution of halo groups meta and para to the 
carboxylate, the enhancement increasing in 
the order chloro, bromo, and iodo; (b )  methyl, 
nitro, and hydroxyl groups substituted mefu 
and para to  the mrboxylate; ( 6 )  placement of 
carboxylic acid and hydroxy groups ortho to 
the carboxylate ion; (d) further substitution of 
the above substituents on the aromatic carbox- 
ylates; (e) expansion of a benzenoid system 
to a naphthalene structure and by generally 
increasing the planar surface of the substituted 
acid salts. 


The extent of interaction of these systems is de- 
creased by halogen substitution on the ring 
ortho to the carboxylate group and by sub- 
stitution of carboxylate ion. 
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Emulsifying Effects of Some Nonionic Surfactants 
on a Nonaqueous Immiscible System 


By R. V. PETERSEN, R. D. HAMILL, and J. D. M C M A H O N  


Representative members of seven classes of nonionic surfactants and combinations 
of these agents were tested by hand methods of trituration for their ability to induce 
emulsification of glycerin and olive oil. No relation between HLB values and 
emulsifyin capacity, method of mixing, or emulsion type was apparent. O n  the 
other handf the chemical nature of the surfactant appeared to  have an effect on the 
method of mixing and emulsion type. Only mearate ester surfactants induced 
emulsification when the surfactant was first added to  olive oil. In addition, only 


stearate ester surfactants induced glycerin-in-oil emulsification. 


N A SEPARATE publication (I) ,  the emulsifying Various nonionic surfactants have been used in I effects of several anionic and cationic sur- formulations which have been administered 
factants on the immiscible system, glycerin and orally to  humans (2). Ester type products are 
olive oil, were reported. The  present report hydrolyzed in the digestive tract in a manner 
describes the emulsifying effects of some nunionic similar to  edible fats and oils. The fat ty  acid 
surfactants on this system. portions are available for nutrition like those 
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from natural fats, while the polyol moieties are 
eliminated (3). The glyceryl monostearate prod- 
ucts (GMS 165,l glyceryl monostearate, self- 


1 Marketed as Arlacel 165 by -4tlas Chemical Industries, 
Inc., Wilmington, Del. 
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emulsifying, and GMS 189,2 glyceryl mono- 
stearate, nonself-emulsifying) are types of partial 
ester emulsifiers long accepted for use as in- 
gestible ingredients (3). Various sucrose de- 
rivatives, particularly the esters, have been found 
to he quite nontoxic; hence, their use as emulsi- 
fying agents in pharmaceuticals has been sug- 
gested (4-7). 


Nonaqueous emulsions, such as those described 
in this report, mav Ix of pharmaceutical or 
cosmetic value since they are composed pri- 
marily of edible, nontoxic ingredients and can be 
formulated to exhibit a wide range of physical 
properties. Some possible uses might be a? 
topical application bases for dermatologicak, 
particularly for hydrolyzable drugs, as emollient 
bases for cosmetic preparations, or as nutrient 
preparations 


In 1949, Griffin (8) devised a method of 
classification of nonionic surfactants based on 
the ratio of hydrophilic to lipophilic (polar to non- 
polar) properties Subsequently, other investi- 
gators have proposed various ways of expressing 
polar-nonpolar relations of surfactants (9, 10). 
The values used throughout this report are based 
on the Griffin proposals. 


Although the emulsifying effects of nonionic 
surfactants on water-oil systems and the validity 
of the HLLl scale as a guide to the estimation of 
the effects of these agents on aqueous systems 
have been extensively studied, very little is 
known regarding the etnulsifying effects of non- 
ionic surfactants on iionaqueous systems or re- 
garding the utility of established HLB values as 
predictive tools for their effects in such systems. 
For these reasons, this study was undertaken. 
The results obtained serve as a basis for this 
report. 


EXPERIMENTAL 


The methods employed throughout this study 
were the same as reported in a previous paper which 
described the emulsifying effects of ionic- surfactants 
on glycerin and olive oil (1). Briefly, in Method Z 
the surfactant was added to the requisite weight 
of glycerin An equal weight of olive oil was added 
in small portions, with vigorous trituration after 
each addition. The quantities of reagents and 
procedure in Method II were the Same as in Method 
I ,  except for the order of mixing. I n  Method II, 
the surfactant was first added to the olive oil 
The glycerin was then added in small portions, with 
rapid trituration after each addition. Heat was 
applied when necessary to effect solution or dis- 
persion of the surfactant in the glycerin or olive oil. 
but all reagents were returned to room temperature 
before ernulsificatioii was attempted. Commercial 
grades of surfactants were used without further 


Marketed as Arlacel 169 by Atlas Chemical Industries, 
Inc., Wilmington, Del. 


purification. The glycerin and olive oil were U.S.P. 
grade. 


To study the influence of the Iiydrophile-lipophile- 
balance (HLB) value on eniulsifying capacity, 
order of mixing, and emulsion type, blends of 
Arlacels and polysorbates were prepared. Solid 
surfactants required heating in a water bath to 
effect blending. The proportion of each surfactant 
in a blend was calculated by alligation methods or 
by reference to the Atlas HLB computing graph.8 
These methods depend on a linear relation of the 
HLB value of a mixture with that of the pure 
components. 


The criteria used to evaluate the products were 
based on three observations: emulsifying capacity, 
miscibility of emulsions with added olive oil or 
glycerin. and microscopic examination. Emulsify- 
ing capacity was evaluated on the basis of the 
appearance of the preparation after standing for 
7 days. If any degree of separation into layers oc- 
curred within this period of time, the preparation 
was considered unstable. I f  no separation was 
detectable, the product was considered an emulsion. 
Figure 1 illustrates six representative preparations 
as they appear after standing 7 days. These prep- 
arations served as standards for evaluation of all 
other preparations. Bottle 1 contains 2% poly- 
oxyethylene lauryl ether (POL 35)‘ in equal weights 
of glycerin and olive oil and is representative of 
preparations classified as ceparations. Bottle 2 
contains 2% GMS 165. This, and similar prep- 
arations, are classified as partial separutions. In 
most instances, preparations classified as partial 
separations appeared emulsified when first made, 
but exhibited some degree of separation on standing 
for 1 week. Bottles 3 to 6 contain a clear emulsion, 
an opaque emulsion, a creamy, white emulsion, and 
a semisolid, white emulsion, respectively. No. 
3 was induced by 2% POL 3V by Method I; No. 
4 by 5% GMS 165 by Mefhod Z; No. 5 by 4% of a 
combination of sorbitan monostearate (S-60)4 and 
polyoxyethylene sorbitan monostearate (PS-60)’ a t  
HLB 6 by Method I; and No. 6 by 4% S 6 0  by 
Method ZZ. These four and similar preparations 
are classified as enzukions. 


Miscibility of emulsions with added olive oil or 
glycerin was used for determining emulsion type. 
This observation was based on the usual assumption 
that emulsions mix readily with additional liquid 
corresponding to the external phase, but not the 
internal phase. 


Microscopic examination of emulsions prepared 
from olive oil which contained 1.0% dissolved D&C 
Red No. 18 dye was employed to confirm eniul- 
sification and to verify emulsion type. 


RESULTS 


Several of the nonionic surfactants tested and 
blends of these agents were effective in producing 
emulsions of glycerin and olive oil. A summary 
of the results is given in Table I. 


Atlas Chemical Industries, Inc.. Wilmington, Del. 
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Fin. 1.-Physical ap- 


TABLE  EMULSIFYING EFFECTS OF SOME NONIONIC SURFACTANTS AND COMBINATIONS ON EQUAL 
OF GLYCBRIN AND OLIVE OIL OBSERVED 'i DAYS FOLLOWING PREPARATION 


Appearance 
Surfactant or Blend HLBa % Method I b  Method 11) of Emulsion 


S-20 8 . 6  4 Emulsion Separation Clear 
ps-20 16.7 4 Emulsion Separation Clear 


s-20 + PS20 (83 : 17)C 10.0 4 Emulsion Separation Cleax 
S 2 0  + PS20(58:42) 12.0 4 Emulsion Separation Clear 
S-20 + PS-20(33:67) 14.0 4 Emulsion Separation Clear 
s-20+ Ps-20(9:91) 16.0 4 Emulsion Separation Clear 


S-40 6 . 7  4 Emulsion Separation Opaque 
PS40 15.6 4 Emulsion Separation Clear 
S-40 + PS-40 (85: 15) 8.0 4 Partial sep. Separation . . .  
s-40 + PS-40 (63 : 37) 10.0 4 Partial sep. Separation . . .  
S40 + PS40 (40:60) 12.0 4 Partial sep. Separation ... 
5 4 0  + PS40 ( 18:82) 14 .0  4 Partial sep. Separation . . .  


S-60 4 .7  4 Emulsion Emulsion Semisolid, white 
PS60 14.9 4 Emulsion Separation Clear 


S60 + PS-60 (87: 13) 6 .O 4 Emulsion Emulsion Creamy, white 
S-60 + PS-60(08:32) 8 . 0  4 Emulsion Emulsion Creamy, white 
S-60 + PS-60 (48: 52) 10.0 4 Emulsion Partialsep. Opaque 
S-60 + PS60 (29: 71) 12 . O  4 Emulsion Partial sep. Opaque 
s-60 + PS-60(9:91) 14.0 4 Emulsion Separation Clear 


S- 80 4 . 3  4 Emulsion Separation Clear 
PS-80 15.0 4 Emulsion Separation Clear 


S-80 + PS-80 (84:16) 6 .0  4 Emulsion Separation Clear 
S-80 + PS-80 (66 :34 j 8.0 4 Emulsion Separation Clear 
s-80 + PS-80 ( 4 7 : s )  10.0 4 Emulsion Separation Clear 
S-80 + PS-80 (28172) 12.0 4 Emulsion Separation Clear 
s-80 + PS-80 (9:91) 14.0 4 Emulsion Separation Clear 


S-83 3 .7  4 Emulsion Separation Clear 
S-85 1 . 8  4 Emulsion Separation Clear 
CMS 165 11 .O  2 Partial sep. Partial sep. . . .  
CMS 165 11.0 5 Emulsion Emulsion Opaque 
CMS 169 4.0 2 Partial sep. Partial sep. . . .  
GMS 169 4.0 5 Emulsion Emulsion Opaque 
POL 30 9 . 5  2 Emulsion Separation Clear 
POL 30 9 . 5  5 Emulsion Separation Clear 
POL 35 16.9 2 Separation Separation . . .  
POL 35 16.9 5 Separation Separation . . .  
P o s  45 11.1 2 Separation Separation . . .  
POS 45 11.1 5 Separation Separation . . .  
POS 52 16.9 2 Partial sep. Separation . . .  
POS 52 16.9 5 Partial sep. Partial sep. 
POS 52 16.9 10 Partial sep. Partial sep. . . .  
DPM 600 . . . 2 Emulsion Separation Creamy, white 
DPM 600 , . . 5 Emulsion Separation Creamy, white 
OHS 80 , . . 2 Emulsion Separation Opaque 
OHS 80 . . . 4 Emulsion Separation Opaque 
PPO L-Wd . . . 4 Separation Separation . . .  
PPO L-64 . . . 8 Separation Separation . . .  
PPO F-6gd . . . 4 Separation Separation . . .  
PPO F-68 , . , 8 Separation Separation . . .  


. .  


. . .  


. . .  


~~ 


HLB v d u u  given in Atlas Cntalog of "Products for Cosmetic Formulations." AtlPs Powder Co.. Wilmington. Del.. 1957 
Polyoxyethylrnederivativao 


Mnrketrd us Pluronic L-64 and Pluronic P-68 by the Wyandottc Chemical Corp.. Wyandotte. Mich. 
b See text. 
polypropylene oxides. 


Figures in parentheseq indicate the rntio of Arlacel:polysorbnte in a blend. 
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I t  should be cmphasized that the results reported 
in the table were derived only from those prepara- 
tions which contained equal weights of olive oil 
and glycerin. Indeed, on several occasions emulsi- 
fication was apparent a t  lower concentrations of 
oil, but not the 50yo level. For example, in the 
experiments using a blend of polyoxyethylene sorbi- 
tan monopalmitate ( PS-40)8 and sorbitan mono- 
palmitate (S-40)9 a t  HLB 10, an emulsion resulted 
when 43% oil was used, whereas partial separation 
occurred in the preparations containing 50% oil. 


In a few instances, preparations listed as emulsions 
in Table I showed a partial separation after standing 
for 2 or 3 months. Preparations made from POL 
30, sorbitan inoriolaurate (S-20)'0-polyoxyethylene 
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Fig. 2.--Plio- 
tomicrograph of 
a n  emulsion con- 
taining 4% of a 
comhination of 
S-60 and PS-60 
(HLB 6) in 
equal weights 
of glycerin and 
olive oil, stained 
with DRC Red 
No. 18 dye. l l i r  
emulsion was 
deaerated under reduced pressure prior to  being pho- 
tographed (520 X magnification). 


sorbitan inonolaurate (PS-20)" combinations, S40- 
PS-40 combinations, sorbitart monooleate (S-W))ie 
polyoxyethylene sorbitan monooleate ( PS-80)13 
combinations, or from sorbitan trioleate (S-85)I4 
showed a layer of oil on top with a gradual lightening 
of color on the bottom after 90 days. Products 
thus separated could not be restored to their original 
emulsified state by simple shaking. Emulsions 
made from S-60, PS-60, combinations of S-60 and 
PS-60, sorbitan sesquioleate (S-83),l6 GMS 165. 
GMS 169, or sucrose dipahi ta te  (DPM 600)i5 
showed little or no tendency to separate and were 
considered the irtost stable products. 


As shown in Table I, Method I was effective in all 
systems which contained Arlacels. polysorbates, 
combinations of Arlacels and polysorbates (except 
combinations of S-40 and PS-40), POL 30, DPM 
600, or octakis(2-hydroxypropyl)sucrose OHS 80i7; 
whereas Method I I  was effective Ody in those 
preparations which contained GMS 165, GMS 169, 
S-60, or combinations of the latter with PS-60. 
Table I shows also that all of the emulsions were of 
the oil-in-glycerin (o/g) type. except for those 


~~ 


* Marketed as Tween 4 0  by Atlas Chemical Industi-ies, 


0 Marketed as Arlaccl 40 by Atlas Chemical Industries, 


10 Marketed as Arlacel 20 by Atlas Chemical Industries, 


11 Marketed as Tween 20 by Atlas Chemical Industries, 


18 Marketed as Arlaccl 80 by Atlas Chemical Industries, 


18 Marketed as Tween 80 by Atlas Chemical Industries, 


1' Marketed as Arlacel 8.5 by Atlas Chemical Industries, 


16 Marketed as Arlacel 83 by Atlas Chemical Industries, 


18 Marketed as Sucrodet D-600 by the Millmastcr Chemical 


17 Marketed as Hyprose SP-80 by the Dow Chemical 


Inc., Wilmington, [)el. 


Inc.. Wilmington, Del. 


Inc. ,  Wilmington, Del. 


Inc., Wilmington, Del. 


Inc., Wilrnington, Del. 


Inc., Wilmington, Del. 


Inc., Wilmington, Del. 


Inc., Wilmington. 1)el. 


Corp., New York. N. Y .  


Co.. Midland. Mich. 


Fig. 3.-Pho- 
tomicrograph of 
an emulsion con- 
taining 57, 
GMS 165 i n  
equal weights of 
glycerin and 
olive oil, stained 
with D&C Red 
No. 18 dye 
(260X magnifi- 
cation ). 


prepared from GMS 165 or GMS 169. Figure 2 is a 
photomicrograph of an o/g emulsion containing 4% 
of a combination of S-60 and PS-60 at HLB 6. 
Figure 3 is a photomicrograph of a glycerin-in-oil 
(g/o) emulsion containing 5% GMS 165. Mixed 
emulsification can be detected in the latter figure. 
Some degree of mixed emulsification was observed 
also in many other preparations. 


All of the preparations which contained GMS 165, 
GMS 169, or high proportions of S-60 were opaque, 
creamy, or semisolid preparations. The incorpora- 
tion of large amounts of air was characteristic of 
preparations containing relatively high proportions 
of S-60, but not of the other opaque emulsions. 
Trituration of glycerin and S-60, in the absence of 
olive oil, produced foams which retained the 
entrapped air for several days. Deaeration under 
reduced pressure of small portions of S-60-containing 
emulsions resulted in almost complete clarification. 
In all other instances where opaque emulsions 
formed, the opacity was not due to entrapped air, 
and clarification could not be achieved by applica- 
tion of reduced pressures. Incomplete solubility 
of the surfactant may have contributed to  their 
appearance in such cases. 


Preparations made from S-60 or its blends, by 
Method II, required heavy trituration for long 
periods of time (20-40 minutes) after addition of all 
glycerin before emulsification was effected. 


DISCUSSION 


The results of these studies indicate that neither 
the capacity to produce an emulsion of glycerin and 
olive oil, the comparative efficacy of Methods I 
and I I ,  nor the type of emulsion formed can be 
related to the HLB value of the surfactant used. 


Evidence for the lack of correlation between the 
capacity to produce an emulsion and the HLB 
value of the surfactant is shown by the fact that 
emulsification resulted from the use of agents with 
HLB values from 1.8 (S-85) to 16.7 (PS20), and 
by the fact that separations and partial separations 
occurred also within this range. To cite a specific 
example-at HLB 10, combinations of S-20 and 
PS-20. S-60 and PS-60. or S-80 and PS-80 produced 
emulsions, whereas a combination of 5-40 and PS-40 
a t  the same HLB value failed to produce an emulsion. 
Immediately after manipulation it appeared that 
emulsification of the latter was effected, but partial 
separation occurred within 7 days. 


Emulsions were obtained by Method I from sur- 
factants having HLB values froin 1.8 (S-85) to 
16.7 (PS-20) and by Mefhod I I  from agents having 
HLB values from 4.0 (GMS 165) to 11.0 (GMS 
169). In one series of experiments it appeared 
originally that emulsification had been induced by an 
agent with an HLB value of 16.9 (polyoxyethylene 
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stearate, POS 5218) by Method II; however, these 
preparations failed to  remain stable for 7 days and 
are thus shown in Table I as partial separations. 
These data indicate that no correlations can be 
drawn between HLB values and the relative 
efficacy of Methods I and II. 


Based on the fact that glycerin is considered to  
be a polar substance, it was expected that surfac- 
tants having high HLB values would favor o/g 
emulsification and those having low HLB values 
would favor g/o emulsification. This, however, did 
not result. Oil-in-glycerin emulsions were pro- 
duced from agents ranging in HLB values from 
1.8 (S-85) to 16.7 (PS-20), and glycerin-in-oil emul- 
sions resulted from the use of agents having HLB 
values of 4.0 (GMS 165) and 11.0 (GMS 169). 
The fact that the HLB value of a surfactant could 
not be correlated with emulsion type in oil-glycerin 
systems is in direct conflict with the fact that there 
is a close correlation between HLB values and 
emulsion type in oil-water systems. 


The chemical nature of the surfactant appears 
to  influence the efficacy of the methods employed and 
the resulting emulsion type. Thus, the stearate 
ester surfactants, such as GMS 165 (glyceryl mono- 
stearate, self-emulsifying), GMS 169 (glyceryl mono- 
stearate, nonself-emulsifying), S-60 (stearate ester 
of sorbitol anhydride), and combinations of the 
latter with PS-60 (stearate ester of polyoxyethylene 
sorbitol anhydride), all produced emulsions by 
both methods and, except for S-60 and its com- 
binations with PS-60, resulted in emulsions of the 
glycerin-in-oil type. I t  should be emphasized that 
these are the only emulsions produced by Mefhod II 
and are the only g/o emulsions produced by either 
Method I or Method II. To test this interpretation, 
another stearate surfactant was used in an attempt 
to emulsify this system. Preparations containing 
POS 52 were made by both Methods I and II. 
These preparations, as shown in Table I, exhibited 
partial separation within 7 days. They did, how- 
ever, remain stable for a t  least 24 hours. Micro- 
scopic observation of the dye-containing emulsions 
made from POS 52 revealed that they were of the 
g/o type. This was further substantiated by the 
fact that they mixed readily with added olive oil, 
but not with glycerin. 
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18 Marketed as Myrj 52 by Atlas Chemical Industries, 
Inc.. Wilmington, Del. 


The above observations regarding stearates are 
in accord with previous work reported from our 
laboratories (1) which demonstrated that the only 
ionic surfactants tested which produced g/o emul- 
sions were sodium stearate and stearyltrimethyl- 
ammonium chloride. Thus, it  might be concluded 
that the chemical nature, more than the HLB 
value, influenced the method of mixing and the type 
of emulsion produced. 


SUMMARY 


Several nonionic agents, including $20, S-40, 


PS-40, PS-60, and PS-80, POL 30 and 35. POS 45 
and 52, DPM 600, OHS 80, PPO L-64 and F-68 
were tested for their capacity to  emulsify the non- 
aqueous system, glycerin and olive oil. Blends of 
Arlacels and polysorbates a t  various HLB values 
also were prepared and tested. Stable emulsions 
resulted from the use of several of these agents and 
combinations. The HLB value of a given sur- 
factant, or blends of two surfactants, could not be 
correlated either with its ability to induce emulsi- 
fication, its effect on emulsion type, or its influence 
on method of mixing the emulsion components. 
It was shown that the chemical nature of the sur- 
factant may be somewhat determinant in the type of 
emulsion formed and on the order of mixing of the 
components. In all cases where g/o emulsions 
formed and/or emulsification was successful by first 
incorporating the surfactant into the oil (Method 
IZ), the surfactant was a derivative of stearic acid. 


S-60, S-80, S-83, S-85, GMS 165, GMS 169, PS-20, 
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Evaluation of Antispasmodic Activity in the 
Intact Dog II 


By JOHN P. RYAN*, HOWARD J. JENKINS, and SUMNER M. ROBINSON 


Results obtained with a method refined to determine more accurately the com- 
parative effectiveness of the active components of an antispasmodic formula and 
their combinations are presented. Accompanying these results are data enaining 
to the comparative antisialagogue activity of these components and tgeir com- 
bination in the same kind of animal reparation. In both original and refined 
methods, a selected submaximal dose ofrnethacholine chloride in mcg./Kg. (Meso) 
is, in effect, used as a common reference point, so that a comparison may be made 
of the relative activities of the agents involved in terms of dose e uivalents. These 
results indicate that the combination of components containing Ienobarbital con- 
stitutes a potentiatin union with respect to antispasmodic e&ctiveness but not 


witf respect to inhibition of salivary secretion. 


TROPINE and many of its chemically related A parasympatholytic agents have been known 
for well over 100 years. In uitro methods have 
been used for the most part in testing the cholin- 
olytic activity of these and like substances. 
Methods of in uilro testing such as those reported 
by Luduena and Lands (1) provide the means 
which are in general acceptance today for the 
pharmacologic screening of parasympatholytic 
agents. 


For testing the total quantitative response of 
the gastrointestinal tract to parasympatholytic 
agents, in uiuo methods such as those described 
by Ingelfinger (2) in 1943 and Code et al. (3) 
in 1952 are superior to the in uitro methods. The 
tachyphylactic depression of gastrointestinal 
sensitivity to these blockers, as described by 
Severs et a/. (4) in 1954 and by Quigley et aE. 
(5) in 1937, represents an obvious source of error 
in irt t h o  testing which must be recognized in the 
development of such bioassay methods. Even so, 
the studies of Turkanis and Jenkins (6)  in 1960 
demonstrated the feasibility of properly sched- 
uled in uiuo methods for quantitating parasym- 
patholytic activity in the gastrointestinal tract 
(of the unoperated dog). 


As originally conceived, the method emerging 
from these studies entailed initially the deter- 
mination of the antispasmodic effectiveness of 
atropine, hyoscyamine and hyoscine individually 
and collectively, in the latter instance as two 
different combinations (CBA and CBB),' in 
terms of the dose equivalent with respect to the 
response of the canine gastrointestinal tract to 
-- 
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an established standard dose of methacholine 
chloride (see Table V). The original method 
entailed further the statistical comparison of the 
sum of the individual dose equivalents (calcu- 
lated), actually a weighted mean, with each col- 
lective equivalent (obtained) for the purpose of 
determining whether potentiation is inherent 
in the combinations. This method was imple- 
mented in the work of Turkanis and Jenkins (6), 
who determined the response durations which 
largely dictated the procedural approach to 
the problem. 


I t  was discovered in the attempt to provide ad- 
ditional data for the original investigation that 
the ability to obtain a consistent dose-response 
relationship with this method waslimited by some 
factor or factors then unknown. When a dose- 
response relationship involving the stimulus, 
methacholine chloride, and gastrointestinal activ- 
ity was obtained a t  the outset of a determination, 
data consistent With those of the original investi- 
gation were obtained; but all too often this rela- 
tionship was absent and a consequent low yield 
of valid data resulted from the determination. 


In an effort to determine the underlying diffi- 
culty, the effect of the anesthetic agent on the 
response to the various antispasmodics under 
study was probed. It then became apparent, 
as other investigators have confirmed (7, 8) ,  
that the pentobarbital employed as the anesthetic 
agent is capable of ganglionic blocking activity, 
which increases proportionally to the depth of 
anesthesia and hence contributes varyingly, 
depending on anesthesia level, to the antispas- 
modic effectiveness of the compounds undergoing 
testing. 


Although no attempt was made in the former 
investigation to determine the effect of the com- 
bination of the component antispasmodic com- 
pounds on a side effect, this was accomplished 
in the study herein reported. The parameter 
selected was salivary secretory activity and 
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though the attendant data  were collected after were tested but found unsatisfactory for one reason 
the motility data, the procedures employed were Or another. Finally, chloralose (a-D-glucochlora- 


lose) was tried and determined to  be the most 
suitable of the lot for this procedure. identical in the two instances. 


This phase of the study indicated that there is ~ 1 1  drugs were administered intravenously by 
no potentiation of antisialagogue activity in the injecting their solutions in the rubber tubing 
combination of alkaloids. connecting an 18-gauge in-dwelling hypodermic 


needle with a 50-ml. saline-filled buret. A constant 
volume (3 ml.) of saline was released from the buret 
to flush each dose into the circulatory system of the EXPERIMENTAL 


The sensing device used in this investigation was 
a rubber sheath which could be inflated, after 
positioning, through the lateral openings of the 
blind end of a partially inserted Cantor tube ( D  
I l l ,  12 French). The opposite end of the Cantor 
tube, leading from the rubber sheath, was attached 
at its opening to  a glass T-tube, the latter being 
connected in turn with a rubber tube to  a sensitive 
Sanborn transducer. The side-arm of the glass 
T-tube was provided with a rubber extension and 
clamp, and thus served as a valve for the inflation 
and deflation of the sheath when it was positioned 
in the gastrointestinal tract. 


When the proper amount of initial pressure was 
contained in the unit-tubing-transducer system 
(determined by using the same strain gage dial 
setting each time), the recording was begun. To 
assess the influence of respiratory excursions on 
gastrointestinal pressure changes, respiratory ac- 
tivity was recorded along with gastrointestinal 
responses with a pneumograph, a second Sanborn 
transducer and strain gage amplifier. 


The test animals employed were mongrel dogs 
of either sex ranging in weight from 12 to 22 Kg. 
During the course of the study, they were fed once 
daily and supplied with water ad libitum. Each 
dog was placed on a strict dietary schedule to  
promote regularity in bowel movements, so that a 
time might be arranged when there was little or 
no likelihood of the presence in the lower tract 
of amounts of fecal matter which would result in 
interference with the response to the drug. (There 
was almost always a great increase in the response 
to the spasmogen when considerable fecal matter 
was present.) 


Tests were conducted to  evaluate the possibility 
of the existence of tachyphylaxis in the response 
to the spasmogen and/or variable effects of the 
antispasmodics within the framework of the original 
procedure. No significant discrepancies were dis- 
covered at this point, however. The findings of 
Nash el al. (7) strongly implicate pentobarbital 
sodium as a blocker of parasympathetic ganglia. 
Such an action on the part of this substance, which 
was used as an anesthetic agent in the original 
procedure, would undoubtedly affect the results 
of the method if the anesthesia level were subject 
to variation during the course of the testing. The 
work of Koppanyi et al. (8) substantiates the (pata- 
sympathetic) ganglionic blocking activity of pento- 
barbital sodium. These investigators demonstrated 
a dose-response relationship with respect to the 
antispasmodic activity of this barbiturate. 


In view of this information, it seemed advisable 
to  change the anesthetic agent from pentobarbital 
sodium to one which would have no appreciable 
effect upon autonomic ganglia and would be reason- 
ably satisfactory in other respects. Several anes- 
thetic agents, such as chloral hydrate and urethane, 


animal. In this manner, the administration rate 
and interval of the compounds under study did not 
vary appreciably. 


In accord with the data of the previous study, 
the average mean duration of the response to  
methacholine chloride was 8 minutes, with a range 
of 4 to 10 minutes. An interval of 15 minutes be- 
tween doses of the spasmogen was adhered to  
throughout the entire series of tests. It had been 
determined in the early work with the original 
procedure that this interval is adequate for the 
avoidance of the cumulative effects of methacholine 
chloride. 


In all cases, the onset of antispasmodic activity 
was exhibited by a fall in the base l i e  of the record. 
The activity of atropine and hyoscyamine became 
apparent in the record within 5 minutes of the 
intravenous administration of these cholinergic 
blocking agents. And their entire d e c t s  were dem- 
onstrated in every instance within a 10-minute 
postinjection period. The establishment of the 
(partial) cholinergic block of hyoscine required at 
least 30 minutes following intravenous administra- 
tion because of its more variable onset of activity. 
Based upon these findings, the first postanti- 
spasmodic dose of methacholine chloride was ad- 
ministered 10 minutes after atropine and hyoscy- 
amine and 30 minutes after hyoscine, CBA, and 
CBB. 


The antispasmodic activity of atropine and re- 
lated belladonna alkaloids in doses somewhat less 
than that dose required to produce complete block 
of parasympathetic myoneural receptors persisted 
in this test method for periods up to  24 hours. 
To avoid cumulative effects, i t  was therefore neces- 
sary to administer a submaximal dose of these 
alkaloids no more frequently than once every 24 
hours. Thus. only one antispasmodic dose was 
injected for each determination involving several 
methacholine chloride doses. 


The latter agent, serving as the stimulus or 
spasmogen. was administered in varying doses 
following a given antispasmodic dose with the 
intent of obtaining a methacholine chloride@ (Meso), 
a dose of methacholine chloride the response to  
which is reduced by the antispasmodic to 50% 
of that to a preantispasmodic dose of this drug. 
The extent of the inhibition of each methacholine 
chloride dose by the antispasmodic was determined 
and expressed as a per cent of the preantispasmodic 
response (Table I). 


A minimum of three postantispasmodic doses of 
metbacholine chloride was employed to obtain the 
Mew for a single antispasmodic dose: a high dose 
with an inhibition of less than 50%, a low dose with 
an inhibition of more than 50%' and a middle dose 
with an inhibition of approximately 500/o. For 
every antispasmodic dose, each of the three or 
more doses of methacholine chloride, in mcg./Kg.. 
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quotient represented the calculated Mew 5.60 values 
of CBA and CBB. 


Three Meso dose determinations were made for 
each dose level of each of the two combinations of 
antispasmodics, CBA and CBB. to insure rep- 
resentative results at each level (Table I). Three 
such determinations per dosage level were not ob- 
tained in the case of each component alkaloid. since 
the ratios derived from the single values agreed 
with the concensus ratios for these alkaloids appear- 
ing in the literature. 


The mean Mero dose values for the various anti- 
spasmodic dosage levels were situated in separate 
distributions, as demonstrated by the fact that no 
mean value fell within the confidence limits of 
any other in either the CBA or CBB determinations. 


To obtain a mean value with 95% confidence 
limits for the M a  5.60 values of each combination, 
CBA and CBB, three separate dose-response curves 
were drawn. Each curve represented one or the 
other of the following: the low responses, the 
medium responses, or the high responses to  each 
of the three doses of the combinations. As op- 
posed to this, the initial curve of each combination 
was drawn from the mean of the three M w  doses 
(of methacholine chloride) per combination dose 
level. On the multicurve basis described previ- 
ously, the antispasmodic values for the Mew 
(5.60 mcg./Kg.) of the outside curves (low re- 


w a s  then plotted against the corresponding per cent 
inhibition of the preantispasmodic response (to 
rnethacholine chloride) on logarithmic probability 
paper. The line to fit these data points was  drawn 
by inspection and the x2 test was applied to de- 
termine the goodness of fit. From this line of the 
plotted data, the M a ,  in mcg./Kg., for a given 
antispasmodic dose was read directly. 


In a particular determination, two or three 
preantispasmodic doses of rnethacholine chloride 
were employed at 15-minute intervals, their re- 
sponses averaged, and the per cent of this average 
represented by the response to each postantispas- 
modic dose of methacholine chloride evaluated. 


Each antispasmodic was assigned a relative 
potency value which was based on the reciprocal 
of its Meoo 5.60 value (mg./Kg.) multiplied by the 
Mea 5.60 value of atropine sulfate, 0.0300 mg./Kg. 
In this manner atropine was given a value of unity; 
the other agents, including CBA and CBB, were 
listed according to their relative potencies as 
multiples of this number. 


TheMeso 5.60 valueof each antispasmodic, atropine 
sulfate, hyoscyamine sulfate, and hyoscine hydro- 
bromide was weighted by its relative concentration 
in the combination, CBB. The products so ob- 
tained were totaled. This total was then divided 
by the sum of the relative concentrations of the 
antispasmodic under study, and the resultant 


TABLE I.-ANTISPASMODIC ACTIVITY OF BELLADONNA ALKALOIDS 


Alkaloid 
dl-H yoscyarnine 


(atropine) 
sulfate 


I-H yoscyamine 
sulfate 


I-Hyoscyamine 


I-H yoscyamine 
sulfate 


I-Hyoscine 


l-H yoscine 


1-Hyoscine 


CBA 


sulfate 


(scopolamine) 
hydrobromide 


hydrobromide 


hydrobromide 


CBA 


CBA 


CBA 


CBA 


CBA 


Dose, 
mg . /Kg  
0.30 


0.009 


0.012 


0.015 


0.005 


0 .  OOi 


0.009 


0.009 


0.009 


0.009 


0.012 


0.012 


0.012 


Mew, 


5.60 
. mcg./Kg 


2.87 


5.00 


7.75 


5.15 


16.40 


33.70 


2.31 


2.20 


2.30 


3.86 


3.45 


3.54 


An B b  
2.16 14.9 
5.54 60.4 
15.82 72.1 
1.16 20.5 
3.10 61.3 
5 . 5 4  69.8 
3.10 i7.9 
5.54 64.6 
10.85 83.3 
5.29 46.5 
9.67 50.0 
20.90 79.1 
2.86 26.7 
5.53 70.0 
9.93 86.7 
5.59 15.3 


i i .20 38.9 
22.40 58.9 
5.54 8.7 
10.87 12.5 
21.70 42.5 
1.10 13.1 
2.94 61.8 
5.55 94.6 
1.07 25.0 
2.86 58.3 
5.54 87.5 
i.10 20.6 
2.53 54.5 
5.54 83.4 
2.38 26.7 
5.60 66.7 
9.52 93.4 
2.36 28.1 
5.50 74.1 
11.02 88.9 
2.42 33.3 
5.52 69.5 
12.10 90.8 


Alkaloid 
CBA 


CBA 


CBA 


CBB 


CBB 


CBB 


CBB 


CBB 


CBB 


CBB 


CBB 


CBB 


Dose, 
mg./Kg 
0.016 


0.016 


0.016 


0.009 


0.009 


0.009 


0.012 


0.012 


0.012 


0.016 


0.016 


0.016 


Mew, 


6.22 
. mcg./Kg. 


6.40 


6.50 


4.95 


5.57 


3.99 


9.70 


10.00 


8.40 


16.50 


15.20 


16.10 


A" B b  
5.68 40.0 
11.36 80.0 
22.72 91.5 
3.03 33.4 
5.68 48.9 
9.47 56.0 
18.94 87.8 
5.55 45.9 
11.03 62.7 
22.06 76.0 
3.30 25.9 
5.57 55.6 
13.30 96.3 
2.75 29.8 
5.49 37.8 
10.99 83.8 
2.98 28.2 
5.49 74.4 
11.19 97.4 
5.54 32.9 
10.93 51.2 
19.50 75.7 
5.54 30.7 
10.93 50.0 
19.50 75.0 
5.56 45.0 
11.20 53.4 
18.65 66.7 
5.55 31.9 
22.06 36.2 
29.40 89.4 
5.37 24.2 
10.75 44.0 
26.88 60.0 
32.20 71.2 


5.56  20.8 
16.00 46.0 
32.00 73.2 


" A = Methachnline chloride mcg./Kg. * B = Per cent response. 
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TABLE II.-ANTISIALAGOGUE ACTIVITY OF BELLADONNA ALKALOIDS 


Alkaloid 
&H yoscyamine 


(atropine) 
sulfate 


I-Hyoscyamine 
sulfate 


I-€I yoscyamine 
sulfate 


I-H yoscyamine 
sulfate 


I-Hyoscine 


I-Hyoscine 


I-Hyoscine 


(scopolamine) 
hydrobromide 


hydrobromide 


hydrobromide 


CBA 


CBA 


CBA 


CBA 


CBA 


Dose, 
mg./Ks 
0.030 


0.006 


0.009 


0.012 


0.005 


0.007 


0.009 


0.006 


0.006 


0.006 


0.009 


0.009 


Mew, 
mcg./Kg 
18.2 


4.1 


9 .9  


15.0 


7.5 


8.6 


16.2 


8.15 


9.0 


10.5 


10.8 


12.2 


Am B b  
11 2 9  
16.62 
24.92 


1.33 
2.99 
5.55 
5.55 
9.30 
3.29 


18.24 
5.15 
8.31 


16.62 
24.92 
2.83 
5.55 
9.97 
5.55 
9.97 


16.62 
6.55 
9.97 


16.62 
26.58 
5.55 
7.64 
9.97 
5.55 
7.64 
9.97 
5.55 
7.64 
9.97 
5.55 
9.97 


16.62 
5.55 
9.97 


16.62 


14.8 
47.0 
73.1 
11.1 
32.0 
65.4 
16.4 
30.9 
81.0 
90.7 
5.6 


19.9 
54.8 
76.9 
7.8 


31.8 
65.3 
29.8 
42.8 
87.0 
2.3 


18.1 
53.7 
81.4 
22.6 
47.16 
64.15 
25.57 
41.0 
55.17 
22.1 
31.6 
49.0 
8.5 


52.1 
74.4 
10.7 
32.1 
73.2 


Dose Mew 
Alkaloid mg./&. mca./&. A" B *  
CBA 


CBA 


CBA 


CBA 


CBB 


CBB 


CBB 


CBB 


CBB 


CBB 


CBB 


CBB 


CBB 


0: 009 


0.012 


0.012 


0.012 


0.006 


0.006 


0.006 


0.009 


0.009 


0.009 


0.012 


0.012 


0.012 


i i . 6  - 


15.0 


18.0 


19.0 


6.6 


8.6 


8.5 


13.2 


11.8 


11.5 


14.2 


17.8 


13.9 


5.55 10.9 
9.97 35.9 


16.62 75.2 
5.55 5.0 


13.29 40.0 
24.92 70.0 
5.55 7.0 


13.29 27.6 
24.92 69.1 
5.55 8.3 


13.29 30.9 
24.92 65.6 
5.55 38.1 
7.64 6213 
9.97 71.6 
5.55 27.2 
7.64 39.5 
9.97 60.5 
5.55 26.8 
7.64 38.3 
9.97 63.1 
5.55 2.3 
9.97 34.5 


22.60 85.5 
5.55 ii:7 
9.97 26.0 


22.60 89.6 
5.55 10.2 
9.97 37.0 


22.60 89.8 
5.55 6.0 


13.29 38.0 
24.92 87.0 
5.55 1.5 


i i .29 4i:O 
24.92 68.0 
5.55 7.0 


13.29 36.5 
24.92 88.0 


A = Methacholine chloride, mcg./Kg. B = Per cent response. 


sponse and high response) of each combination 
represented the broadest spread of such values 
possible. Consequently. the 95y0 confidence limits 
of the mean of the three values (low, medium, and 
high response curves) per combination represented 
the greatest possible range. Thus, greater sig- 
nificance attaches to  the failure of the calculated 
antispasmodic value to fall within these c o d -  
dence limits of the obtained value in the case of 
the CBB combination. 
As a M h e r  check on the validity of the results, 


the r value (9) was calculated for each of the above- 


TABLE III.-COMPUTATION OF CALCULATED VALUE 
OF Mem 5.60 mcg./Kg. FOR CBA (ANTISPASMODIC) 


Actual 
Concn. Mew 5.60. 


Alkaloid in CBA mcg./Kg. 


sulfate 1037 X 0,01272 = 13.19064 


sulfate 194 X 0.00300 = 5.82000 


I-Hyoscyamine 


dl-H yoscyamine 


I-Hvoscine 
h>drobromide 65 X 0.00543 = 0.35295 


1296 19.36359" 


19.36359/1296 - 0.01493 mg./Kg. of CBA is thecalcu- 
lated value of the Muo 5.80 mcg./Kg. Calculated value 
of CBB same as calculated value of CBA since phenobarbital 
in amount used has no activity. 


TABLE IV.-cOMPUTATION OF CALCULATED VALUE 
OF Meso 18.2 mcg./Kg. FOR CBA (ANTISIALACOGUE) 


Actual 
Mew 18.2, 


Alkaloid in CBA mce./Ke. 
Concn. 


I. I 


I-H yoscyamine 


dl-Hyoxyamine 


I-H yoscine 


sulfate 1037 X 0.01303 = 13.5121 


sulfate 194 X 0.0300 = 5.8200 


hydrobromide -65 X 0.00882 = 0.5733 
1296 19.9054" 


~~ 


" 19.8054/1296 - 0.01636 m /Kg Calculated value 
of CBB same as calculated value ofCBA since phenobarbital 
in amount used has no activity. 


mentioned regression lines to  determine whether the 
lines deviate significantly from parallel. Results 
from this work indicated no significant deviation 
from parallelism by these lines. 
In the antisialagogue aspect of the study, 


Wharton's duct was cannulated Vier the oral cavity 
of the chloralose-anesthetized dog with polyethylene 
tubing (No. 10) which was connected to a saline- 
filled extension of glass tubing mounted on a milli- 
meter stick. The data of this aspect of the study 
were treated in the same manner as those of the 
antispasmodic aspect. (Tables 11-VI). 
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TABLE V.-ANTISPASMODIC ACTIVITY IN 
COMPARISON WITH ATROPINE SULFATE 


TABLE VI.-ANTISIALACOGUE ACTIVITY IN 
COMPARISON WITH ATROPINE SULFATE 


- _ _  _.______ 


Potencv Potencv 


Alkaloid 


Compared 
Melo 5 . 6 0 ,  to Atropine 
mcp;./Kg. Sulfate Alkaloid 


~~ .~. 
CompaGd 


Mew 18 2, to Atropine 
mcg./KK. Sulfate 


dl-Hyoscyamine sulfate 0.0300 1.00 dl-Hyoscyamine sulfate 0.0300- 1 
I-Hyoscyamine sulfate 0.01272 2.36 I-Hyoscyamine sulfate 0.01303 2.30 
l-Hyoscine hydrobromide 0.00543 5.52 I-Hyoscine hydrobromide 0.00882 3.40 
CBAa 0.015Oi 2.00 CBAo 0.01350 2.22 
CBBb 0.00952 3.15 CBBb 0.01443 2.08 


Mevl 5.60 ,  mcg./Kg. calcd. fur " C B A  = 0.01193, for Mew 1 8 . 2 ,  mcg./Kg. calcd. for " C B A  = 0.01536. for 
"BB = 0.01493. "CBB P 0.01536. 


DISCUSSION 


The original procedure for the assay method 
under consideration was not entirely satisfactory 
because it yielded a low percentage of valid data. 
This procedure was operating properly when the 
results obtained were consistent with a previously 
established dose-response relationship. But on 
several occasions the collected data lacked co- 
herence, a t  which time it was judged that the pro- 
cedure was not functioning in the manner of which 
it  was capable. 


That the original procedure and the modification 
of this work constitute bioassay methods is attested 
by the fact that the potency ratios of atropine, 
hyoscine, and hyoscyamine obtained with them 
agree with the consensus values for these agents. 


The task of the present investigation was involved 
then with increasing the yield of valid data from 
the original procedure through proper modification 
of it. Of those changes in the original procedure, 
the only productive one, as it turned out, was the 
substitution of cY-chloralose for the ganglion- 
influencing pentobarbital as the anesthetic agent. 
This  has served to bring about the desired end of 
increase in the percentage of valid tests by making 
considerably less critical the level of anesthesia 
required during testing. 


The results of the work of Turkanis evidence a 
potentiation in the combination, CBA, which the 
results of this investigation did not show. This 
difference is not irreconcilable, however. Pento- 
barbital, as noted, was the anesthetic agent in the 
Turkanis procedure, while mchloralose was used 
in that capacity in the present investigation. As 
has been mentioned previously, evidence is available 
to indicate that pentobarbital in proper dosage 
possesses ganglion-blocking activity, which activity 
is manifest in the gut by a decrease in motility. 
Thus, the effectiveness of any antispasmodic should 
be increased in the presence of the ganglion-influenc- 
ing doses of pentobarbital employed in the original 
procedure; this is apparent when the methacholine 
chloride-antispasmodic ratio of the Turkanis work 
is compared with this ratio of the present study. 
The higher ratios of the calculated and the obtained 
values for the Combination CBA in the Turkanis 
work, opposed to those of this study, reflect the 
assist provided the antispasmodic in every instance 
by the pentobarbital administered. That the 
obtained value ratio should he higher than the 
calculated value ratio in the Turkanis work reflects 
also the ability of the pentobarbital to potentiate 
when the combination of alkaloids is involved. 
In the study of this report, there was no evidence 


of increase in the antispasmodic effectiveness of 
CBA over the effectiveness of the sum of the com- 
ponents. In  neither the CBA nor the individual 
alkaloid determination of this study was a bar- 
biturate present. 


The conclusion to be drawn from the results ob- 
tained with the modification of this investigation 
is that while the combination consisting of the 
alkaloids alone does not represent, with respect to 
the antimotility activity. a potentiating mixture 
in the absence of the phenobarbital of CBB, it does 
so in the presence of this phenobarbital. The 
further conclusion that neither combination amounts 
to enhancement of the total antisialagogue activity 
of the components is warranted by the results 
obtained. 


SUMMARY 


The relative antispasmodic effectiveness of atro- 
pine sulfate, hyoscyamine sulfate, and hyoscine 
hydrobromide both alone and in combination 
have been determined in a biological assay employing 
the surgically intact dog. The effect of the addition 
of phenobarbital to the combination has been 
evaluated. 


In the procedure employed, the combination of 
antispasmodic alkaloids was observed to be no 
more effective than the sum of their individual 
activities when the dose of phenobarbital appearing 
in the combination, CBB, was absent. When 
this dose of phenobarbital was present, the com- 
bination of alkaloids demonstrated potentiation. 
Thus, while the combination of alkaloids alone 
does not appear to constitute a potentiating mix- 
ture, in so far as antimotility activity is concerned, 
the combination in the presence of phenobarbital 
does. A t  the same time, however, there does not 
appear to occur in either mixture an enhancement 
of the total antisialagogue activity of the com- 
ponent alkaloids. 
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Interaction of Sorbic Acid with an 
Insoluble Polyamide 


By M. B. RODELL, W. L. GUESS, and J. AUTIAN 


S ecially treated nylon 66 strips were exposed to sorbic acid solutions at a number 
of Meren t  concentrations and at several temperatures and the quantity of drug 
sorbed determined by suitable means. Thermodynamic and kinetic treatment of the 
data permitted the evaluation of a number of constants such ps (a) saturation value of 
drug in the plastic, (b) d n i t y  of drug toward the plastic, (c) standard heat of sorp- 
tion, (4 apparent d i h i o n  coefficient, and (e activation energy of diffusion. 


efficient and the activation energy of d h i o n .  A nearly linear relationship was 
noted between the concentration of the solution and the diffusion coeficient, the 
diffusion coefticient decreasing with an increase in concentration of solution. The 
standard heat of sorption suggested that the interaction between the sorbic acid and 


the nylon might be due to a double hydrogen bond formation. 


Changes in concentration of solution influence d both the apparent diffusion co- 


ORBIC ACID has been widely used in the food s industry as an effective growth inhibitor for 
certain yeasts, molds, and bacteria. The phar- 
maceutical industry at times has also found 
important uses for sorbic acid as a preservative in 
certain dosage forms. The packaging of food 
and drug products in plastic containers has 
focused attention on the possible interaction 
between the plastic material and the preservative, 
reducing the concentration of the preservative 
to a level where the agent no longer exerts a 
significant effect. Marcus, et al. (l), noted the 
binding of sorbic acid by nylon. Autian and 
Shaikh (2) continued further work on the inter- 
action of sorbic acid by nylon and found that 
solvent, temperature, and pH had an effect on 
the quantity of sorbic acid bound. 


To gain more quantitative information on 
sorbic acid and nylon, which in turn could lead 
to more interesting results that were unobtainable 
in the previous studies, a series of sorption experi- 
ments was conducted with sorbic acid and one 
particular insoluble polyamide (nylon 66). 
This paper reports on the results of this partic- 
ular study. 


EXPERIMENTAL 


Equipment and Supplies.-A Beckman DB 
spectrophotorneter. (Beckman Instruments, Inc., 
Fullerton, Calif.), sorbic acid,' and nylon 86 (0.01 
in. thick)' were employed. 


Method of Analysis of Sorbic Acid.-In general, 
the analysis of sorbic acid in solution was conducted 
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by diluting a 1.0-ml. aliquot to a volume of 500 ml. 
with 0.1 N HCP and measuring the optical density 
at a wavelength of 264 mp in the spectrophotometer 
using matched lcm. silica cells. Appropriate 
blanks were utilized throughout the investigation. 
The dzerence between the concentration of sorbic 
acid in the original solution and that after exposure 
to the plastic was assumed to have been sorbed by 
the nylon. Control solutions of sorbic acid without 
nylon were run simultaneously with the samples to 
detect if degradation had occurred in the solution. 
For the temperatures and time periods used in this 
study, no signiiicant degradation of sorbic acid was 
noted in the control solution. 


Effect of Concentration on Sorption.-Solutions 
of sorbic acid at  seven concentrations ranging from 
0.15% down to 0.0125% were prepared using dis- 
tilled water as the solvent, and exactly 100 ml. of 
each of these solutions was pipeted into specially 
constructed cylindrical glass tubes, measuring 12 in. 
in length and 1.5 in. in diameter. The tubes were 
fitted with a ground glass stopper attached to the 
tubes by metal springs, allowing for total immersion 
into the water bath at the desired temperature. 
After a period of time adequate for equilibrium 
temperature to be reached in the tubes, the tubes 
were lifted from the water bath, the stoppers re- 
moved, and a strip of nylon' (approximately 2.0 
Gm,.) placed into each tube. The tubes were once 
agam stoppered and carefully placed back into the 
water bath. Sorbic acid determinations were made 
on each solution after sufficient time had elapsed 
to ensure that equilibrium had been reached. 
These experiments were run in duplicate and at 
three different temperatures (65 0.02', 61 f 
0.02', and 67 f 0.02'). 


The data were plotted by using a form of the 
Langmuir relationship 


- = -  1 1 1  
q RSC+ s 


where q is the amount of solute sorbed by the nylon 
a t  equilibrium in moles/kilogram, K is a constant, 
C the equilibrium concentration of the solution in 
moles/liter, and S the saturation value in moles/ 


Hydrochloric acid (0.1 N) was employed to suppress 


4 In all instance the samples of nylon 66 used were washed 
possible ionization of sorbic acid. 


as described in a previous paper (3). 


873 







874 Journal of Pharmaceutical Sciences 


70 .  


60. 


10. 


40 


30 .  


10 


m- 


P - 
- 


- 


0 67.C 


. 6l.C 


0 55% 


Fig. 1.-Sorption of 
sorbic acid by nylon 66 
as a Langmuir plot a t  
three different tempera- 
tures. 
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TABLE L-EFFECT OF TEMPEUTURE AND CONCENTRATION ON EQUILIBRIUM SORPTION OF Somrc ACID BY 
NYLON 66 


4.850 104.8 5.770 97.M 87.32 -. -. _ _  
5.770 124.9 6.916 116.2 8.628 108.5 
7.496 161.3 9.025 151.3 10.26 129.9 
9.285 207.3 11.34 190.3 13.74 173.4 
14.53 314.4 17.09 293.5 20.33 259.2 
28.65 641.3 34.84 594.2 40.65 518.4 
57.14 1282.0 69.44 1189.0 75.18 1036.0 


Sc = 2.67 s = 5.69 s = 9.73 


a q Amount of solute sorbed by nylon at equilibrium in moles/kilogram. b C = Equilibrium concentration of solute in 
solution in molesAiter. c S = Saturation value of solute in nylon if all sites were taken in moles/kilogram. 
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Fig. 2.-Relationship of Cs (concentration of 
sorbic acid in solid) and CL (concentration of sorbic 
acid in liquid) at equilibrium and at three tempera- 
tures. 


kilogram, or the theoretical amount of solute which 
the nylon would sorb if all the sites were filled. Table 
I presents the data as l/q and l/C values, while 
Fig. 1 illustrates the sorption isotherms at three 
temperatures. Each line was then extrapolated to  
the l/q axis by least squares to  find l/S, from which 
S was calculated. These values are included in 
Table I. 


Affinity and Heat of Sorption.-To learn more of 
the attraction forces between the sorbic acid mole- 
cules and the nylon, it was decided to determine the 
difference in standard chemical potential (-Ape) 
between the solute in the liquid phase and the solute 
in the solid phase. This difference, or -&", is 
often referred to as the standard affinity ( 4 )  and 
may be approximated by using 


where C, and CL are the concentrations in moles/ 
kilogram of solute in the solid phase and the solute 
in the liquid phase, respectively. The ratio C,/CI, 
was determined from the slopes of the line shown in 
Fig. 2 where Cd is plotted against CL. The experi- 
mental data used for the evaluation of affinity were 
taken from the previous experiment (E#ect of 
Concentration on Sorption). Standard affinities for 
the three temperatures are shown in Table XI. 
TABLE IL-STANDARD AFFINITIES FOR SORBIC ACID 


AT THREE '~MPEUTURES (NYLON 66) 


Temp., OC. ( K c i . y L l e )  
55.0 2.00 
61 .O 1.87 
67.0 1.71 


-Ape = RT la C./CL 0%. 2) 
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Standard heat of sorption (AH") for sorbic acid 
(in nylon 66) was calculated from the slope produced 
when A p " / T  was plotted against 1/T as shown in 
Fig. 3.' This value ( A H o )  was -9.77 Kcal./mole. 


Diffusion and Activation Energy of -on.- 
Since the sorption process of dyes and other agents 
in nylon is governed primarily by the U u s i o n  step 
in the nylon, experiments were conducted to  evalu- 
ate the apparent Uusion coe5cient at three tem- 
peratures and at a number of original solution 
concentrations. 


Exactly 300 ml. of sorbic acid solution a t  a definite 
concentration was placed in a 600-ml. three-necked, 
round-bottom &ask. The solution was brought to 
the temperature of the water bath, at which time 6 
Gm. of nylon (as strips) were introduced into tJie flask 
and the two outside necks sealed. A sealed stirring 
device was inserted in the middle neck of the &sk and 
the glass rod adjusted so that the stirrer would fall 
just below the surface of the solution. The solution 
was stirred at a constant rate throughout all of the 
diffusion experiments. At various time intervals 
aliquots of solution were removed and sorbic acid con- 
tent determined until equilibrium was reached. In 
each case the experiment was run in duplicate. Re- 
moval of aliquots from the solution did not material- 
ly alter the uptake of sorbic acid throughout the run. 


The apparent difFusion ccdicient was calculated 
for each original concentration at each temperature. 
An experimental plot of fractional uptake (MI/&) 
(1c1sus the square root of time is shown in Pi. 4 at 
one original concentration (0.0750/0). From the 
linear portions of these cunes, D was calculated 
by using Berthier's method (5, 6) which has been 
explained in detail in a previous paper (7). These 
D values, as cm.*/second, are shown in Table 111. 
Activation energy of di&sion (a) was evaluated 
from the slope of the line when log D was plotted 
against 1/T. Figure 5 shows these Arrhenius 
relationships. while Table I11 contains the actual 
A E  values at the four original concentrations. 


Nearly linear relationships were noted when the 
apparent dihdm c d c i e n t  at each temperature 
was plotted against the original concentration of 
sorbic acid in the solution. These relationships 
may be seen in Fig. 6. 


DISCUSSION 
Effect of Concentration on Sorption.-& the 


concentration of sorbic acid was increased, a related 
increase in the  sorption of the solute by the nylon 
occurred. The Langmuir sorption isotherms for 
sorbic acid at three different temperatures followed 
the expected linear relationship for most of the 
points in the concentration range employed in the 


Figure 3 foUowa the relationship: &O/T - A€P/T + C. 


experiment. It will be noted that the lines do not 
have the same slope but do converge to one point 
on the l/q axis (or 1/S as intercept) in the w e .  
This is as to be expected, at least theoretically, since 
the saturation value (S) may be thought of as the 
total possible quantity of solute which can interact 
with all of the sites in the plastic. Actual calcula- 
tions by least squares, however, indicated slight 
differences in the intercept, which in turn gave 
different S values as may be seen in Table I. The 
difference in S values for each temperature may 
appear to be large (c.g., at 55" the S value is 2.67, 
while at 67" the S value is 9.73), but part of this 
difference may be attributed to  experimental error 
since a very small change in intercept can produce a 
much larger change in S value. One may also 
speculate that a difference in S values may be due to 
slight alterations in the nylon as the temperature is 
increased, producing new sites for interaction. 
Complete reliance on saturation values (S) for 
nylon or for that matter any plastic material should 
be discouraged since slight changes in the "same" 
plastic sample or the study of equilibrium sorption 
in other concentration ranges will often produce 
different S values. 


Affinity and Heat of Sorption.-Standard affinity 
(-AH") decreased as the temperature increased 
(Table 11) and parallels what has been seen for 
dyes and weak organic acids. The affinity values 
found for sorbic acid in this study fell below 2.0 
Kcal./mole which were lower than for a group of 
weak organic acids sorbed by nylon 610 by a factor 
of 0.5 to 1.5 Kcal./mole (3. 7). The a 5 i t y  values 
reported here, however, for sorbic acid were approxi- 
mately the same (at comparable temperatures) for 
salicylic acid sorbed by the same type of nylon 
(nylon 66). For example, at 60" the standard affin- 
ity for salicylic acid (7) was equal to 1.84 Kcal./mole, 
while sorbic acid came to (a t  61") 1.87 Kcal./mole. 


The standard heat of sorption (AH") was equal to 


vTlME (HRS.) 


Fig. 4.-Fractional uptake ( M t / M m )  of sorbic 
acid by nylon 66 us. square root of time at three 
temperatures. 
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-9.77 Kcal./mole, a value much higher than for forces stabilizing the interaction. There may be 
other weak organic acids previously studied which one other possibility for the high AH"  value for 
had AH" values in the range of -2.0 to  -3.63 sorbic acid. A slight chemical reaction might be 
Kcal./mole (3,7).  The higher AHo value for sorbic taking place. This possibility is now being in- 
acid would seem to suggest that the molecule vestigated. 
(sorbic acid) is interacting with the polyamide W o n  and Activation Energy of Diffusion.- 
through two hydrogen bonds with secondary valence Table I11 illustrates the effect of temperature on 
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the apparent diffusion coe5cients, an increase in 
temperature causing an increase in the rate of 
diffusion. The diffusion coe5a&ts have an order 
to around 10- cm.*/second. These values were 
slightly less than, but not too far from, the values 
observed with a group of weak organic acids reported 
previously (3). Table I11 and Fig. 6 reveal that the 
original concentration of solution will have a direct 
effect on the apparent diffusion coefficient at any 
particular temperature or, in this case, as the 
original concentration in the solution is increased, 
the apparent diffusion coefficient decreases. These 
results suggest that the larger number of sorbic 
acid molecules (at the higher concentration) will 
have a tendency to reduce the mobility of the 
molecules as they attempt to traverse the matrix of 
the plastic. Conversely, in a more dilute solution 
of sorbic acid, less of the sorbic acid molecules 
will enter the plastic and less hinderance to passage 
or diffusion will occur. 


The activation energy (AE) further confirms the 
d e c t  concentration of the solution has on diffusion- 
from a low value of 3.07 Kcal./mole for the highest 
concentration of sorbic acid studied to a value of 
26.2 Kcal./mole for the lowest concentration em- 
ployed. 


SUMMARY 


Sorption studies were conducted on sorbic acid 
a t  a number of concentrations and at  several tem- 
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peratures. nylon 66 being used as the substrate. 
From these experiments it was possible to evaluate a 
number of constants such as ( a )  saturation value of 
solute in plastic, ( b )  standard affinity of solute for 
nylon 66, (c) standard heat of sorption, (a) apparent 
d8usion coefficient of sorbic acid in nylon 66, and 
(e) activation energy of diffusion in the plastic. 
The value of approximately -10.0 Kcal./mole for 
AH’ suggested that there was a possibility of a 
double hydrogen bond formation between the sorbic 
acid and a reactive site in the plastic. Some evi- 
dence during the experiments also suggested that 
a slight chemical reaction might be taking place 
between the sorbic acid and the nylon 66. This 
point must, however, be further investigated. 
Results of the diffusion experiments revealed that 
concentrations of the original solutions in5uenced 
the rate of diffusion: the higher the concentration 
the slower the rate. 
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Wurster Coated Aspirin I1 


An In Vitro and In Vim Correlation of Rate from 
Sustained- Release Preparations 


By JOHN H. WOOD and JOHN SYARTO 


In  vitro and in vivo evaluations have been made of the salicylate releose characteristics 
of as irin coated by the Wurster process. The 6lms used were of methyl and ethyl 
cellfose plasticized by glycerol. The in  vitro release rates of such coatings were 
shown to be hst order. The in vivo release may be best represented as iirst order. 
A mathematical correlation between in viw and in vitro rates is possible, but &is 
correlation is directl dependent on 6lm composition. It is shown that the slower 
the release attern, d e  less complete is the apparent plasma availability, due to in- 
complete pgy sical release and insacient time for complete biologic absorption. 


HE LAST DECADE has seen an exponential 
in number and diversity of publica- 


tions, both original and review, dealing with some 
aspect of the controlled rate of release of medi- 
cament following oral administration. These 
have covered both in Oivo and in mtro evaluation 
and their possible correlations. 


As part of our program of the study of dosage 
forms suitable for proprietary use, we were inter- 
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ested in release performance of crystalline drugs 
coated in the Wurster apparatus (1) to yield 
delayed release characteristics. The first paper 
of this series (2) describes the preparation of 
granules and their incorporation into a rapidly 
disintegrating tablet. The coatings were made of 
various ratios and amounts of ethyl and methyl- 
cellulose plasticized with glycerol. 
Since it has been shown that stomach pH’s may 


be quite variable (3) and since the normal stom- 
ach residence time and average emptying time 
may range up to several hours (4, 5), it is desir- 
able for more uniform release between individuals 








Altered Response of Stressed Rats to Hypercholesterolemic Diets 
By FAWZI DABORA. and MICHAEL M. CLAY 


Rats were stressed for 2 weeks by restriction of movement, then fed a diet containing 
cholesterol, cholic acid, and calciferol for 2 weeks. The prestressed rats developed 
higher levels of plasma cholesterol and atherosclerosis than did unstressed controls. 
Plasma cholesterol increased in prestressed rats when the diet was supplemented 
with 250, 500, and 2000 U.S.P. units of calciferol. The degree of atherosclerosis 


was not directly related to the degree of hypercholesterolemia in all cases. 


NVIRONMENTAL “STRESS” is one of the factors E being studied in the elucidation of the 
mechanisms of atherosclerosis. Increases in serum 
cholesterol levels have been reported in students in 
response to the “stress” posed by examinations 
(14). Page et al. (€9, however, failed to find a 
causal relationship between changes in plasma levels 
of cholesterol, lipoprotein, or triglycerides and 
short-term “stresses” (tournament bridge playing 
and performance of surgery). 


The contradictory results obtained in human 
studies may be due to nonuniform definitions of the 
state referred to as “stress” as well as to the varying 
periods of exposure to an unpleasant environment. 
Also, human studies are limited by lack of knowl- 
edge of prestudy experience and inability to study 
blood vessels for evidence of atherosclerosis. 


After 14 days of partial restriction of movement 
of rats, Gabel and Clay (6) reported that systolic 
blood pressures were elevated. Further studies 
in this laboratory have demonstrated that peripheral 
plasma corticmterone levels were sharply increased 
by restriction of movement in rats. Page and 
Brown (7) reported that rats fed a diet containing 
4y0 cholesterol, 2y0 cholic acid, and radioactive 
iodine for 6 months failed to develop atherosclerosis 
although plasma cholesterol levels increased. 


The present study represents an attempt to induce 
the deposition of fat in the aorta of the rat by 
combining several of the treatmenu used by the 
above authors. 


MATERIALS AM) METHODS 
Male Wistar strain rats were used. The rats 


were sacrificed by decapitation and blood was 
collected upon completion of each treatment. 
Plasma total cholesterol was assayed with Bloor’s 
niodification of the Liebermann-Burchard reaction, 
and plasma cholesterol esters were assayed by the 
same method after precipitation of free cholesterol 
with digitonin. Liver total lipids were determined 
gravimetrically after extraction with alcohol-ether. 
The thoracic aortas were removed, stripped free of 
adventitia, and fixed in 10% formalin. After 
longitudinal splitting, the flattened vessels were 
stained with Sudan IV and counterstained with 
hernatoxylin. 


Effects of Stress and/or High Cholesterol Diet.- 
The combined effect of three factors, stress, exces- 
sive cholesterol ingestion. and added dietary cal- 
ciferol. were studied. Five groups of eight rats 
(140-215 Gm.) were subjected to five test con- 
ditions. 
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Group 2.-Normal diet.’ “stress free.” 
Group 2.-Normal diet; restriction of movement 


for 14 days. 
Group 3.-Normal diet; “stress free” for 14 days, 


followed by a special diet,2 “stress free” 
for 14 days. 


Group 4.-NOr~d diet; restriction of movement 
for 14 days, followed by the special diet, 
“stress free” for 14 days. 


Group 5.-Normal diet; complex stress: restriction 
of movement, heat (31 AS”), and 
bright light for 14 days, followed by the 
special diet, “stress free” for 14 days. 


Restriction of movement was imposed by housing 
a single rat in a clear plastic cage measuring 5.5 X 
2.5 X 2.5 inches. The dimensions permitted the 
animal limited movement. Food and water were 
supplied at all times ad libitum. 


Effects of Graded Calciferol Dosage.-Thirty- 
two rats (190-250 Gm.) were maintained on the 
normal diet with restriction of movement for 14 
days. They were then divided into four equal 
groups and maintained for 14 days under “stress 
free” conditions on Turtox vitamin D deficient 
diet (General Biological Supply House Inc.), 
supplemented with 4y0 cholesterol and 2y0 cholic 
acid. Group 1 was fed the above diet only. 
Groups 2, 3, and 4 were fed the above diet supple- 
mented with 250, 600. and 2000 U.S.P. units cal- 
ciferol per 15 Gm. of food, respectively. 


RESULTS 


The results of the study on the effects of stress 
and/or high cholesterol diet are summarized in 
Table I. Group 2 (stressed) difiered from Group 1 
(unstressed) only in the reduction of food intake by 
about Myo and the presence of minute sudanophilic 
aortic areas in the former group. Feeding the 
special diet to Groups 3, 4, and 5 resulted in signifi- 
cantly elevated plasma total cholesterol, plasma 
cholesterol esters, and per cent liver lipids when 
compared with the values of Group 2 (p = <0.01 
in each instance). Plasma total cholesterol, plasma 
cholesterol esters, and per cent liver lipids of 
Group 4 (restriction stress) and Group 5 (complex 
stress) were higher after the 14 days on the special 
diet than those of Group 3 (unstressed). The 
dierences were significant for Group 4 only for 
plasma total cholesterol ( p  = <0.02) and per cent 
liver lipids ( p  = <0.001). Only the difference in 
per cent liver lipids of Group 5 ( p  = ~0.01) was 
significant. 


Aortic sudanophilia was present in seven of 
eight rats of Group 3, seven of eight of Group 1, 


1 The normal diet consisted of Wayne Lab-Blox pellet* 
(Allied Mills). 


2 The special diet consisted of powdered Wayne Lab-Blox 
pellets to which was added 4% cholesterol 2% cholic acid 
and 250 U.S.P. units of calciferol per 15 Gm. of diet. Th; 
cnlciferol content of Wayne Lab-Blox is 444.5 U.S.P. units 
p a  I00 Gm. 
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TABLE I.-EFFECTS OF STRESS AND CHOLESTEROL DIET 


(Croup) Cholesterol. mg./100 ml. Esters, mg./100 ml. % wet wt. 
Treatment Plasma Total Plasma Cholesterol Total Liver Lipids, 


I .  Stress free, 14 days 84 * 9" 55 f 6 6.10 f 0.46 
2. Restriction, 14 days 88f9 57 f 10 5.65 f 0.74 
3. Stress free, 14 days; 


cholesterol, 14 days 279 f 111 200 f 102 
4. Restriction, 14 days; 


cholesterol. 14 days 382 f 78 250 f 7'2 
5. Triple stress, 14 days; 


cholesterol, 14 days 304 f 80 238 f 69 


10.25 f 1.83 


13.34 f 2.07 


12.40 f 0.91 
~~~~ ~ 


'' Standard deviation. 
TABLE II.-EFFECT OF GRADED DOSES OF CALCIFEROL 


U.S.P. unitsa Added Plasma Total Plasma Cholesterol Total Liver Lipids, 
Caleiferol (Group) Cholesterol, rng./100 ml. Esters, mg./100 ml. % wet wt. 


1 .  0 240 f 103b 170 * 64 15.36 f 7 60 
2. 250 293 f 46 204 f 24 13.56 f 0.74 
3. 500 348 f 84 235 f 75 11.73 f 0.66 
4. 2000 440 f 115 257 f 75 12.86 f 1.76 


Seven of eight surviving rats in each group. * Standard deviation. 


and six of seven surviving rats of Group 5. In 
Group 3, numerous small zones occurred in five rats, 
while generalized distribution occurred in two rats. 
In Group 4, numerous small zones occurred in one 
rat, while generalized distribution occurred in six 
rats. In Group 5, generalized distribution occurred 
in six rats. 


The results of the study on the effects of graded 
calciferol dosage are summarized in Table 11. 
Plasma total cholesterol and plasma cholesterol 
esters increased with each increment in calciferol 
dosage. Increases from group to group were 
significant only in the comparison between per cent 
total liver lipids of Groups 2 and 3 ( p  = <O.OOl) 
and plasma total cholesterol and per cent total 
liver lipids of Groups 3 and 4 ( p  = <0.05 and <0.02. 
respectively). 


The aortas of five of the rats of the four experi- 
mental groups failed to show evidence of athero- 
sclerosis. Although the aortas of the remaining 
rats showed varying degrees of atherosclerosis, there 
was no consistent pattern of atherosclerosis from 
group to  group. Furthermore, there was no re- 
lationship between degree of hypercholesterolemia 
and severity of atherosclerosis between individual 
rats of each group. 


DISCUSSION 
Changes in fat metabolism, similar to  those 


described here, have been reported elsewhere in 
rats only after thyroidectomy or thyroid depression 
(8). The temperature in the restriction cages was 
about 30". although room temperature was main- 
tained a t  21-22', The effect of elevated environ- 
mental temperature and restriction of movement 
upon thyroid gland activity is not known. 


The differences reported among the rats main- 
tained on four levels of calciferol cannot be attri- 
buted to different levels of food or cholesterol intake. 
Mean daily food intake ranged from 12.5 to 13.7 
Cm. among the four groups. Mean daily food 
intake among the three cholesterol fed groups of 
the stress study were also relatively uniform, rang- 
ing from 18.1 to 18.8 Gm. 


Page el al. (7) suggested that resistance of rats 
with normal or depressed thyroids to  an atherogenic 
diet containing 4% cholesterol and 270 cholic acid 
was due to lack of vascular tissue response. The 
data presented here suggest that stress can over- 


come aortic resistance. Hauss et al. (9) havereported 
increased connective tissue metabolic activity in 
various organs of the rat, including the aorta after 
imposition of stress. They reported a similar 
finding in excised human atherosclerotic aortas. 
Similar stress induced changes in the aortic wall 
might predispose the tissue to the deposition of 
fat when a diet rich in cholesterol is subsequently 
fed. 


Rats subjected to a triple stress showed more 
severe atherosclerosis but lower levels of hyper- 
cholesterolemia than did rats subjected to a single 
stress. When comparing individual rats within 
each group, there was no relationship between de- 
gree of hypercholesterolemia and atherosclerosis. 
Similar findings were made in the rats treated with 
graded doses of calciferol. 


The mechanism whereby calciferol increased 
plasma free cholesterol and cholesterol esters is 
obscure. It has been suggested (9) that arterio- 
sclerosis with calcium deposition in the vessel wall 
might be a precursor to  fat deposition. 


SUMMARY AND CONCLUSIONS 
Prestressed rats showed higher plasma total 


cholesterol, plasma cholesterol esters, and per cent 
total liver lipids as well as intensity of aortic su- 
danophilia than did unstressed rats after 2 weeks 
on a cholesterol rich diet. The intensity of the 
plasma changes were accentuated by providing 
increased calciferol intake. Stress-induced alter- 
ations in aortic connective tissues and its mucopoly- 
saccharides may play a role in fat deposition in the 
aorta when a diet rich in cholesterol is subsequently 
administered. The degree of atherosclerosis was 
not directly related t o  the degree of hypercholester- 
olemia in all cases. 
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REVIEWS 


A Bibliography of the Tabletting of Medicinal Sub- 
stances. Compiled by A. J. EVANS and D. TRAIN. 
The Pharmaceutical Press, 17 Bloomsbury 
Square, W.C. 1, England, 1963. 159 pp. 14 X 
18.5 cm. 
A comprehensive bibliography of publications on 


medicinal tabletting is presented classified into five 
main groups: general, tablets, tabletting practice 
(with subdivisions for granulation, compression. 
coating, standardization and variation, packaging 
and storage), materials, and fundamentals. In all, 
it  contains about 900 references from the 1945-1961 
period as well as references to fundamental papers 
published since 1935. The authors explain that 
they hope to supplement the volume with additional 
references as well as publications appearing since 
1961. Author and subject indexes are provided. 


Hirman Aging. Edited by J. E. BIRREN, R. N. 
BUTLER, S. W. GREEHOUSE, L. SILOLOFF, and 
M. R. YARROW. Public Health Service, National 
Institutes of Health, Bethesda, Md. Available 
from the Superintendent of Documents, U. S. 
Government Printing Office, Washington 25, 
D. C. 1963. xi + 328 pp. 17 X 25 cm. Price 
$3. 
The efforts of 22 investigators from the National 


Institutes of Mental Health toward elucidating the 
biological and behavioral aspects of the human aging 
process are presented. The entire volume deals 
with the study of 47 aged males, and the authors note 
that the study should be considered a pilot rather 
than a definitive study. Some 15 phases of the 
study are described in detail. 


The Clinical Chemistry of Monoamines. Edited by 
H. VARLEY and A. H. GOWENLOCK. Elsevier 
Publishing Company, Inc., 52 Vanderbilt Ave., 
New York 17, N. Y., 1963. xvi + 242 pp. 
18.5 X 24 cm. 
The volume reports a symposium organized 


around three major topics: the clinical chemistry of 
catecholamines, the clinical chemistry of 5-hydroxy- 
indoles, and pharmacological and toxicological as- 


Price $11. 


19) Pu. S. J.. Birnbaum. S .  M., and Greenstein, J. p., 
J .  A m .  Chcm. Sac., 76, 6054(1954). 


(10) Greenstein. I. P..  and Winitz. M I  “Chemistry of the 
Amino Acids,” Vol. 1. John Wiley and Sons, Inc., New York, 
N .  Y., 1961. p. 165. 
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pects of monoamines. The volume will be of 
general interest and utility to pharmaceutical 
scientists particularly the papers covering the 
determination of catecholamines in biological 
materials, the determination of metabolites of 
catecholamines by chromatographic and other 
techniques, thin-layer chromatography in the 
diagnosis of phaeochromocytoma and malignant 
argentafinoma, the formation and metabolism of 
hydroxyindoles, and the toxicology of monoamine 
oxidase inhibitors and tranquilizers. A subject 
index is appended. 


Analysis Instrumentation, 1963. Edited by L. J. 
FOWLER, R. D. EANES, and T. J. KEHOE. Ple- 
num Press, Inc., 227 West 17th St., New York 11. 
N. Y., 1963. x + 261 pp. 21.5 X 28 cm. 
Price $12.50. 
A survey of analytical automation is presented in 


this volume which reports the proceedings of an 
annual symposia sponsored by the Instrument 
Society of America. Among the papers presented 
were those on methods of calibrating the process gas 
chromatograph, sampling systems and methods for 
precise analyzer pressure control, polymer molecular 
weight distribution measurement by liquid chro- 
matography, potentiometric determination of chlo- 
ride impurity in various salts, continuous measure- 
ment of moisture in flowing solids, and quantitative 
analysis by charged particle bombardment. The 
papers are well illustrated with pictures, figures, and 
graphs. Only an author index is provided. 


Medical Mycology. By C. W. EMMONS, C. H. 
BINFORD, and J. P. UTZ. Lea & Febiger. 600 S. 
Washington Square, Philadelphia 6, Pa., 1963. 
380 pp. 17.5 X 26 cm. Price $14. 
A general introduction to  general mycology is 


presented with detailed descriptions, clinical de- 
scriptions, diagnostic clues, directions for diagnostic 
laboratory procedures, and information about 
environmental sources of infection. The first seven 
chapters introduce the reader to mycology, medical 
mycology, and some of the general problems pre- 
sented by mycoses. The remaining chapters are de- 
voted to  specific mycoses or groups of closely related 
mycoses. Appendices present information on culture 








Determination of Some Mercurials via Acetolysis 
and Nonaqueous Acidimetric Titration 


By KENNETH A. CONNORS and DAVID R. SWANSON 


An analytical method for certain mercurials is based upon their solvolysis in acetic 
acid to yield either mercuric acetate or a monosubstituted mercuric acetate. When 
an excess of methylamine hydrochloride is added, an amount of strong base is re- 
leased which is equivalent to the mercury-bound acetate. The  solution is titrated 
with standard acetous perchloric acid to complete the analysis. The  method is 
applicable to many mercurials containing a mercury-nitrogen, mercury-oxygen, or 


mercury-sulfur bond. 


OST ANALYTICAL procedures for mercurials 
involve release of the mercury by  drastic 


oxidative or reductive treatment and ultimate 
conversion t o  mercuric ion, which is then deter- 
mined by classical methods. The analysis of 
mercurials has recently been reviewed by  Med- 
wick (1). 


Two general disadvantages may be associated 
with these conventional analytical methods; 
they may be laborious and time consuming, and 
they lack specificity. This paper reports a simple 
and rapid titration procedure suitable for the 
analysis of many mercurials of pharmaceutical 
interest. 


Principle of Method.-The mercurials used in  
pharmacy cdn in most cases be represented by  the 
general structure R-Hg-R’, in which one but  
not both of the bonds may be a carbon-mercury 
bond. These compounds undergo solvolysis in  
acetic acid according to  Eqs. 1 and 2. The re- 


I<-Hg-R’ + HOAC F? 
R-Hg-OAc + R’H (Eq. 1) 


K - H g 4 A c  + HOAC 
Hg(OAch + RH (Eq. 2) 


action conditions and the nature of the R group 
determine whether the reaction is essentially 
stopped with the formation of the monosub- 
stituted mercuric acetate (Eq. I )  or proceeds to 
yield mercuric acetate (Eq. 2). If a n  excess of a 
halide salt of a base is added to  the solvolysis 
reaction mixture, a quantity of strong base will be 
released which is equivalent t o  the acetate bound 
to mercury (Eqs. 3 and 4). 


K-Hg-OAc + BX + 


11-Hg--X + BOAc (Eq. 3) 


Hg(0Ac): + 2UX + HgS2 + %BOAc (Eq. 4) 


The base which is released cat] be accurately 
titrated with standard acetous perchloric acid to  
- 
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give a measure of the original mercurial com- 
pound. This procedure is seen t o  utilize a re- 
versal of the Pifer-Wollish method for the titra- 
tion of amine salts, in which a n  excess of mercuric 
acetate is  added and the base which is freed may 
be titrated with perchloric acid (2). It cannot 
be expected t o  be suitable for the analysis of 
mercuric halides, for their acetolysis is essentially 
the reverse of the reaction upon which the titra- 
tion is based. 


EXPERIMENTAL 


Materials.-Methylamine hydrochloride (East- 
man Kodak) was recrystallized from absolute eth- 
anol; p-naphtholbenzein and quinaldine red were 
used directly; glacial acetic acid (reagent grade) was 
used directly; mercurial samples were dried under 
reduced pressure before use. 


Reagents.-Perchloric acid (0.1 N) was prepared 
by adding 11.0 ml. of 60% perchloric acid and 36.0 
ml. of acetic anhydride to several hundred milliliters 
of glacial acetic acid and diluting to  1 L. with acetic 
acid; i t  was standardized against potassium bi- 
phthalate using p-naphtholbenzein as a visual indi- 
cator; 0.1 M methylamine hydrochloride was 
prepared by dissolving about 675 mg. of recrystal- 
lized methylamine hydrochloride in enough glacial 
acetic acid to make 100 ml.; 0.1 N aqueous am- 
monium thiocyanate was standardized against 
silver nitrate using ferric ammonium sulfate as an 
indicator. p-Naphtholbenzein (0.4y0) in glacial 
acetic acid and a saturated solution of quinaldine 
red in glacial acetic acid were also employed. 


Potentiometric Titration.-A Beckman model H-2 
meter was employed for potentiometric titrations. 
A general purpose glass electrode served as the indi- 
cator electrode, and a fiber-type calomel electrode, 
modified by replacing the aqueous potassium chloride 
solution with 0.1 M lithium perchlorate in glacial 
acetic acid, was the reference. 


Analytical Procedures.-%me variation in the 
basic procedure is necessary for certain compounds. 
The procedures recommended are described, and 
their applicability will be discussed in the following 
sections. 


Procedure A.-A sample corresponding to 0.5 to  
0.8 meq. of mercurial is accurately weighed into a 
flask and is dissolved in glacial acetic acid. Several 
drops of indicator solution are added, and the solu- 
tion is titrated to the end point with standard 0.1 
N perchloric acid; a 10-ml. buret is used. A small 


432 







Vol. 53, No. 4, April 1964 433 
TABLE I.-COMPARISON OF ASSAY RESULTS BY 


ACBTOLYSIS AND THIOCYANATE PROCEDURES 


- Acctolysis - -Thiocyanath 
Rewv- Recov- 


Mercurial na cry, % S.D.b no cry,  % S.D.b 
Mercuricacetate 6 98.8 0.1 4 99.9 0.3 
Red mercuricoxide 6 100.5 0.4 7 100.2 0 .5  
Yellow mercuricoxide 5 99.9 0 . 6  4 100.0 0.2 
Mercuricsuccinimide 5 98.3 0.3 6 98.6 0.1 
Nitromersol 7 97.9 0.3 3 99.1 0.8 


0 Number of determinations. b Standard deviation - 
& ( X i  - T)Vn - 1. 


(1-2 ml.) excess of 0.1 M methylamine hydrochloride 
solution is added, whereupon the indicator will revert 
to  its basic color. The titration is continued to the 
end point. The volume of acid consumed between 
the two end points is equivalent t o  the mercurial 
in the sample. If a smaller buret is used, the sample 
may be reduced to  0.1 meq. 


Procedure &-The weighed sample is dissolved 
in glacial acetic acid. Indicator and a small excess 
of methylamine hydrochloride solution are added, 
and the solution is titrated to the end point with 
0.1 N perchloric acid. The volume of acid con- 
sumed is equivalent to the mercurial plus any 
strongly basic component in the sample. 


Some compounds do not yield satisfactory visual 
end points and must be titrated potentiometrically 
(see Discussion). 


RESULTS 


To assess the validity of the proposed method, 
several mercurials, both inorganic and organic, were 
analyzed by the acetolysis procedure and by con- 
ventional thiocyanate titration (3-6). A compari- 
son of the results, shown in Table I, indicates that 
the acetolysis method gives assay values which are, 
within the reproducibilities of the two independent 
procedures, essentially identical with those of the 
thiocyanate method. (In certain instances the 
methods may be expected to  yield different results; 
see below.) Table I1 lists all of the titration results 
obtained by the acetolysis procedure, the molecular 
and equivalent weights for the mercurials, and the 
procedure employed in each case. 


DISCUSSION 


Analytical Procedure.-The selection of Procedure 
A or B depends upon the structure of the mercurial. 
It will be noted, from a comparison of the molecular 
and equivalent weights listed in Table 11, that if 
either or both of the bonds to  mercury is a mercury- 


oxygen or mercury-nitrogen bond that Procedure A 
is usually satisfactory. Such bonds are easily 
cleaved a t  room temperature according to  Eqs. 1 
and 2. Procedure A is the more desirable one, for 
the preliminary titration (before addition of the 
methylamine hydrochloride) corrects for any basic 
groups present in the mercurial or in another com- 
ponent of the sample and renders the method quite 
specific for the mercurial. Figure 1, for example, 
shows the analysis of both components of a mixture 
of sodium and mercuric acetates. 


Procedure B is necessary for samples which yield a 
sharp final end point, representing all strongly basic 
functions in the sample, but would not permit ac- 
curate location of the first end point. Thimerosal 
is such a substance. The acetolysis of this com- 
pound gives a thiol (sodium thiosalicylate) and 
ethyl mercuric acetate. If Procedure A is used to 
analyze this compound, the first end point (repre- 
senting the titration of the carboxylate group) is 
obscured by a further consumption of acid for some 
unknown reason but perhaps is associated with the 
presence of the thiol group. Procedure B must also 
be employed if the sample contains a weakly basic 
component, such as theophylline. Procedure A 
in this case would result in two poorly defined end 
points, each actually representing the titration of the 
weak base. [In the case of theophylline the first 
end point is somewhat sharper than the second 
because mercuric acetate tends t o  increase theap- 
parent base strength of theophylline (6).] By 
using Procedure B one is able t o  titrate the strong 
base component of the mixture, which is a measure 
of the mercurial present plus any other strong base 
in the sample. 


If the organomercurial contains a carbon-mercury 
bond which must be cleaved (as in an alkyl or aryl 
mercuric chloride) neither of these procedures is 
suitable. More drastic reaction conditions are 
necessary to  solvolyze such a compound. Experi- 
ments using perchloric acid as a catalyst under 
reflux conditions led to  nearly quantitative recovery 
of 0.6 meq. samples of o-hydroxyphenyl mercuric 
chloride in most trials. It was found that an excess 
of methylamine hydrochloride was required during 
the reflux, perhaps t o  shift the equilibrium toward 
the solvolysis products. The results were observed 
t o  be sensitive t o  the concentration of perchloric acid 
and to  the time of reflux in an irregular manner, and 
it is believed that side reactions may occur which 
may lead to nonquantitative recoveries. The 
acetolysis procedure under reflux conditions is not 
recommended. 


TABLE II.--ANALYsIs OF MBRCURIALS BY ACETOLYSIS PROCEDURE 


Pro- Recovery, Molecular ' Equivalent 
Mercurial cedure % S.D. Wt. Wt. 


Red mercuric oxide A 100.5 0 . 4  216.6 108.3 
Yellow mercuric oxide A 99.9 0 . 5  210.6 108.3 
Mercuric succinimide . A 98.3 0 . 3  396.8 198.4 
Nitromersol A 97.9 0 . 3  351.7 351.7 
Phenyl mercuric acetate A 100.3 0 . 2  336.8 336.8 
Thimerosal B 100.1 0 . 2  404.8 202.4 
Mercuric nitrate A" 100.5 0 . 2  324.6 162.3 
Phenyl mercuric nitrate Aa 99.3 0 . 8  653 327b 
Meralluride Ba 104.9 1 . 5  611 .O 611 .O 
Mercuric acetate 318.7 159.4 


(Without theophylline) A 101 .o 0 . 2  
(With theophylline) Ba 100.8 0 . 5  


Bond type 
Hg=O 
Hg--O 
2 Hg-N 
Hg-0, Hg-C 
H g 4 ,  Hg-C 
Hg-S, Hg-C 
2 Hg-0 
Hg-0, Hg-C 
Hg-N, Hg-C 
2 H g - 0  


Potentlometric titration. b Phenyl amcrcuric nilrole is  a mixture of pbenyl mercuric nitrate and phenyl mercuric hydroxide. 
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Fig. 1.-Analysis of a mixture of sodium acetate 
and mercuric acetate by Procedure A .  Excess 
methylamine hydrochloride was added at 5.50 ml. 
The p-naphtholbenzein visual end points are in- 
dicated. 


End Point Detection.-Most of the titrations were 
carried out with visual detection of the end point, 
using p-naphtholbenzein as the indicator. The color 
change is from yellow (in the basic form) to  green 
(acid form) and is quite sharp. If a large excess of 
of methylamine hydrochloride is added, the color 
change becomes rather diffuse due to  consumption 
of perchloric acid by the excess amine salt-hence 
the direction (see Experimental) to  keep the excess 
small. This effect of a large excess of the amhe salt 
is not so noticeable when using quinaldine red as the 
indicator, probably because quinaldine red is a 
stronger base than is p-naphtholbenzein in the acetic 
acid system (7, 8). 


Mercuric nitrates do not yield accurate visual end 
points, probably because nitric acid is strong enough 
in the acetic acid system to compete with perchloric 
acid. These substances can be successfully analyzed 
by potentiometric titration (Fig. 2A ). Potentio- 
metric location of the end point is also necessary if 
the sample contains theophylline or another very 
weak base. To demonstrate that the presence of 
theophylline does not affect determination of the 
end point, a mixture of mercuric acetate and theo- 
phylline was assayed by Procedure B with potentio- 
metric titration (Fig. 2 B ) ;  the recovery was essen- 
tially identical with that observed in the absence 
of theophylline (see Table 11). Since meralluride 
contains theophylline, this procedure was employed 
in its analysis. 


Choice of Halide.-Several salts were used in the 
titration before methylamine hydrochloride was 
selected as the most suitable one. The quaternary 
compounds, tetraethylammonium bromide and 
tetramethylammonium chloride may be employed. 
but their use always leads t o  the formation of a 
precipitate which tends to  obscure the indicator color 
change. Ammonium chloride and potassium chlo- 
ride are useful salts, but they are relatively insoluble 
in acetic acid; they were added in the crystalline 
form. Lithium chloride is soluble in acetic acid, but 
it appears to  be sufficiently ionized in this solvent 
to  be useless for the present purpose. Methylamine 
hydrochloride is quite satisfactory. It is soluble 
in acetic acid and is readily purified by recrystalliza- 
tion. If a modest excess is used, sharp end points 
are observed. It should be recrystallized before use, 


A 1 
$ 6 7 0  


300 
6 7 8 9  


VOIum. ( m b l  


Fig. 2.--(A) Potentiometric titration of phenyl- 
mercuric nitrate. (B) Potentiometric titration of 
mercuric acetate in the presence of theophylline. 


for its ability to  consume a small amount of per- 
chloric acid precludes preliminary neutralization of 
any free base that may be present as an impurity. 


Applicability of Method.-It has been observed 
with some samples that the proposed acetolysis pro- 
cedure may give lower results than the thiocyanate 
titration. This is probably an advantage of the 
method, for this difference is the result of decomposi- 
tion of the mercurial, which is not detected by 
thiocyanate titration. Thus, when a sample of 
red mercuric oxide was exposed to  light and period- 
ically analyzed by both methods, the acetolysis 
procedure showed a progressive decrease in purity, 
while the thiocyanate method did not detect this 
degradation. 


Several mercurials cannot be analyzed by the 
acetolysis method. Mercuric halides and alkyl and 
aryl mercuric halides have already been discussed. 
Merbromin, mercuric sulfide, and mercuric sulfate 
are not soluble in acetic acid. In the analysis of 
merethoxylline fading end points were noted, 
though very slow titration eventually led to  quan- 
titative recovery, with the equivalent weight equal 
t o  one-half the molecular weight. It may be that a 
slow solvolysis of the amide bond occurs, with con- 
sumption of the titrant acid by the product amine. 


Differences in solubilities and solvolytic reactivities 
may permit the analysis of certain mixtures of mer- 
curials by this method. 


The acetolysis procedure described in this paper 
is not of general applicability to  the analysis of 
mercurials. Consideration of the structures of the 
mercurials listed in Table I1 will indicate the types of 
compounds which can be successfully determined. 
The method possesses the advantages of speed and 
simplicity for such compounds. 
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Dissolution Rate Studies on 
Methylprednisolone Polymorphs 


By GERHARD LEVY and JOSEPHINE A. PROCKNAL 


Dissolution rates (DR) of methylprednisolone polymorphs I and I1 were determined 
by the rotating disk method as a function of rate of rotation (RR). The results show 
that the DR-RR relationship differs from that normally expected in the case of dif- 
fusion-controlled dissolution from rotating disks. The experimental data confirm 
the observations by Hamlin, et al. (5), that differences in DR between methylpred- 
nisolone polymorphs diminish at higher agitation intensities and indicate that this 
is due to an intrinsic property of the drug and is not caused by particular apparatus 
or methodology. From DR-RR data on methylprednisolone I, it was ossible to 
determine the approximate agitation intensities, in terms of rotating fisk r.p.m., 
obtained with five commonly used dissolution methods. These values are shown 
to be in reasonable agreement with those calculated independently from aspirin 


and salicylic acid data. 


TUDIES 01: intrinsic dissolution rates can be 
useful in evaluating the prospective absorp- 


tion rate and physiologic availability of drugs 
which, when administered orally in solid form, are 
absorption-rate limited by the dissolution process 
( I ,  2). Such studies are particularly pertinent 
to steroids because of the poor water-solubility 
of most of these and the difficulties encountered 
in determining their physiologic availability, 
due to the small doses customarily employed. 


Rewntly (3), one of the authors (G. L.) has 
presented an equation (and experimental veri- 
tication) evolved from an equation developed by 
Cooper and Kingery (4), which relates the effect 
of rate of rotation (RR) to the diffusion-con- 
trolled rate of dissolution (DR) of substances from 
the face of a rotating disk, rds., 


DK = K (RR)OJ (Eq. 1 )  


Equation 1 assumes that (a )  the surface area of 
the disk remains constant during dissolution, 
(b)  the concentration of the dissolving substance 
in the bulk medium is very much less at all 
times than its solubility, and (c) the effective 
weighted average viscosity of the boundary 
layer and the effective weighted average diffusion 
coefficient of the dissolving species in the bound- 
ary layer are independent of rate of rotation (and 
thus independent of effective boundary layer 
thickness). 


On the hasis of 1Cq. 1 and our experimental 
data. we have shown (9) that the rcitio of the dis- 
solution rates of compounds is independent of ro- 
tation rate, provided that these compounds be- 
have according to Eq. I or to a more general rela- 
tionship 
____ 
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DK = R ( K R ) "  (Eq. 2)  


where the value of the exponent a is the same for 
all the respective compounds. 


The ahove relationships are useful since they 
permit one to compare the in Giro dissolution rate 
of a new drug with that of an older drug. In 
this way one may, in certain instances, deduce 
the relative in rive dissolution rate of the new 
drug from absorption data obtained previously 
with the older drug. This is particularly so 
if pK's are similar or if the solubility of both drugs 
is independent of pH, but requires that dosage 
form properties (including particle size) be es- 
sentially the same in each case. 


Hamlin, el ol .  ( 5 ) ,  have reported recently re- 
sults of experiments which show that differences 
in dissolution rates of methylprednisolone poly- 
morphs I and 11, observed a t  low agitation in- 
tensities, disappeared a t  higher agitation in- 
tensities. These results could be due to loss of 
sensitivity encountered with some of the appa- 
ratus and methodology used or it could be due 
to an intrinsic property of the polymorphs. 
The latter must be reflected by one of the fol- 
lowing: (a )  one or both polymorphic forms do not 
behave according to Eq. 1, ( b )  one or both forms 
do not behave according to Eq. 2, or (c) both 
forms behave according to Eq. 2 but differ in 
the value of exponent a. These possibilities 
have been investigated by the authors, and the 
results of the study are the subject of this re- 
port. 


I t  was possible to make further use of the ex- 
perimental data since they permitted an esti- 
mation of agitation intensities obtained with 
various apparatus and methods used in different 
laboratories. Independent estimations of these 
values were also made (using dissolution rate 
data obtained with other drugs), in order to check 
our methodology and treatment of data. 
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EXPERIMENTAL 


Materials.-Methylprednisolone polytnorphs I 
and I1 were used in the forms in which they were ob- 
tained. Physicochemical descriptions of these two 
materials have been published previously by W. I. 
Higuchi, et al. (6). Acetylsalicylic acid and salicylic 
acid were of U.S.P. grade. 


Dissolution Rate Determinations.-Pure methyl- 
prednisolone was compressed into flat-faced pellets 
of 1.27 cm. diameter a t  a pressure of 35i0 Kg./cm.* 
with a modified Carver hydraulic press. Dissolution 
rate measurements were made in distilled water 
(rnethylprednisolone) and in 0.1 N hydrochloric acid 
(aspirin and salicylic acid) a t  37 & 0.1 O by the rotat- 
ing disk and beaker methods. Details of these 
methods and the respective apparatus have been 
reported in previous publications by Levy and Sahli 
(7) and by Levy and Hayes ( 8 ) ,  respectively. Some 
of the rotating disk experiments (particularly the 
low-speed runs) were carried out with a newly de- 
veloped precision apparatus (9). The duration of 
most runs was 2-4 hours, with sampling a t  30 
minute intervals. Data shown in Fig. 1 represent 
averages of three to  five individual experiments. 
The beaker method, employed previously only for 
conventional tablets, was modified for intrinsic dis- 
solution rate determinations by mounting the drug 
pellet with paraffin wax on a microscope cover glass 
(such that one face of the pellet remained exposed) 
and attaching the cover glass to the center of the 
bottom of the beaker with a water-insoluble ad- 
hesive. Samples of dissolution media were ana- 
lyzed spectrophotometrically a t  248 mp (methyl- 
prednisolone) or 302 mp (salicylic acid) after appro- 
priate dilution with water (in the case of methyl- 
prednisolone), 0.1 N hydrochloric acid (in t h e  case 
of salicylic acid), or alkaline hydrolysis followed by 
dilution with 0.1 N hydrochloric acid (in the case of 
aspirin). 


RESULTS AND DISCUSSION 


Figure 1 shows the dissolution rates of methyl- 
prednisolone forms I and 11, determined by the 
rotating disk method, as a function of rate of disk 
rotation. Polymorph I follows the relationship ex- 
pressed by Eq. 2, but the slope value is 0.37 rather 
than 0.5 as might be expected (3). Polymorph I1 
apparently does not obey either Eqs. 1 or 2, since 
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the log-log plot yielded a slight curve. The latter 
statement is made with reservations, since the repro- 
ducibility of dissolution runs with polymorph I1 
was not as good as that with polymarph I.’ 


Figure 1 shows that differences in dissolution 
rate between forms I and I1 tend to disappear a t  
higher agitation intensities.* This confirms the ob- 
servations reported by Hamlin, el al. (5). In addi- 
tion, since all measurements were made with the 
same apparatus, and since the utility of the method 
to yield proper data (0.5 slope values where appli- 
cable) has already been demonstrated (3), it may be 
concluded that the decrease in dissolution rate dif- 
ferences a t  higher agitation intensities is probably 
an intrinsic characteristic of the drug and not due 
to the apparatus or methodology used by Hamlin, 
et al. (5). The reasons for this unusual behavior are 
not readily apparent and are the subject of further 
investigations. 


One important implication of the experimental re- 
sults is that in vitro dissolution rate data obtained 
with compounds behaving like the metbylpredniso- 
lone polymorphs may be misleading biopharmaceu- 
tically if the agitation intensity of the test procedure 
is either too high OY too low. Thus, one would expect 
that very low agitation intensity procedures may 
yield good correlation with i n  viva data obtained 
with pellet implants, but that correlation with data 
obtained from gastrointestinal absorption experi- 
ments may be better with in Vitm data obtained at 
somewhat higher agitation intensities. I t  is cer- 
tainly appropriate to characterize the dissolution- 
rate dependence of drugs on agitation intensity as 
part of their biopharmaceutical evaluation. Among 
the factors which are already known to account For 
unusual dissolution rate-agitation rate relationships 
are surface film formation (10, I l ) ,  interfacial reac- 
tion-controlled dissolution (5), surface effervescence 
(12), and surface-pitting (3). 


The linearity of the log DR-log R R  plot for 
methylprednisolone I and the good reproducibility 
of the data suggested to us the possibility of using 
our results as a “standard curve” to  determine the 
relative agitation intensity encountered with other 
published dissolution procedures. The desirability 
of obtaining such information to permit comparison 
of dissolution data reported by different workers 
using different methodology has been emphasized 
strongly (13). Using the regression equation y = 
0.368% - 1.068 which represents the straight line 
fitted to  the methylprednisolone I data by the 
method of least squares [where x is log RR (in 
r.p.m.) and y is log DR (in mg./1.27 cm.*/hr.)], 
agitation intensities for the hanging pellet, Wruble 
6 r.p.m., Wruble 12 r.p.m., and Souder and Ellen- 
bogen 40 r.p.m. procedures were calculated from 
the data of Hamlin, et al. (5). Agitation intensity 
for the beaker procedure was calculated from data 
collected in our own laboratory. The agitation in- 
tensities are expressed in terms of rotating disk 
equivalent (RDE) r.p.m. This permits comparison 
of intensities derived from data obtained with dif- 
ferent compounds without having to know their 
respective solubilities and diffusion coefficients. 


1 Similar differences in re roducibility are apparent from 
the data of Hamlin el at. (57. 


2 I t  is possible thLt polymorph I1 ma actually dissolve less 
rapidly than polymorph I at some sudciently high agitation 
rate. Technical limitations prevented determinations of dis- 
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Fig. 1.-Dissolution rates of methylprednisolone 
polymorph I (0 )  and polymorph I1 (0) from rotat- 
inn disks (1.27 cm.l) as a function of rate of disk 
rotation. solution rates at such high rates of disk rotation. 
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TERMS OF ROTATING DISK R . P . M . )  OF VARIOUS 
DISSOLUTION METHODS 


TAELE I.-z%GITATION INTENSITY EQUIVALENTS ( I N  


_. - -~ 
I. Based on Methylprednisolone Polymorph I" 


Dissolution 
Rate R D E  


Method (mg./cm.'/hr ) (r.p.m.)b 
Hanging pellet 0 091c 2 .3  
Wruble apparatus, 6 r p.m. 0 203" 20 
Wruble apparatus, 12 r.p.m. 0 276" 46 
Beaker 0.266 42 
Souder and Ellenbogen ap- 


paratus, 40 r.p,nl. 0 630" 435 


Beaker 14.6 50 


Wruble apparatus, 6 r.p.in. 12 8' 14 
Beaker 18 90 49 


11. Based on Salicylic Acidd 


111. Based on Acetylsalicylic Acide 
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respectively. Considering the marked sensitivity of 
DR to changes in RR at the lower RR range, one 
may conclude that these RDE values are also in 
reasonably good agreement. 


The RDE values obtained for the rotating bottle 
and tube methods may appear surprisingly high 
when compared with the rate of wheel rotation, but 
these high agitation intensities probably are due to  
the added agitation (and turbulence) caused by the 
to-and-fro movement of the void space in the con- 
tainers. The RDE estimations for the Wruble and 
Souder and Ellenbogen methods apply only to in- 
stances where the solid drug is immobile (held rigidly 
in the container) and not where drug solids move 
freely in the dissolution medium. The latter case 
will usually involve much greater agitation (5) which 
varies with particle size and specific gravity of the 
drug, among others ( l ) ,  and is probably not readily 
reproducible. I t  may seem unusual that an RDE 
value is provided for the hanging pellet procedure, 
since i t  involves an immobile object immersed in un- 
stirred medium. However, solvent does flow over 
the pellet surface due to  the difference in density of 
the drug-saturated boundary layer and the bulk 
medium. The rate of this flow is a function of the 
viscosity of the medium and the difference in den- 
sity between the boundary layer and bulk medium 
(15). This difference is a function of the solubility 
of the drug and its effect in changing the density of 
the solvent. Thus, an RDE value for the hanging 
pellet is justified, but it is not a constant. It will 
differ with each drug, depending on the viscosity and 
density conferred by the drug on the boundary 
layer. Nelson has pointed out previously that dis- 
solution from a hanging pellet and from stirred 
media represent different types of processes, with 
only the latter usually following Noyes-Wliitney 
kinetics (15). 


The experimental results described in this report 
clearly point up a new difficulty which may be en- 
countered in dissolution rate studies pursued for 
biopharmaceutical purposes, and it  appears prudent 
to obtain dissolution rate-agitation intensity profiles 
rather than to determine dissolution rates of sub- 
stances a t  only one agitation intensity. Further 
studies in this and other laboratories may show 
whether the unexpected DR-RR relationship ob- 
served with methylprednisolone polymorphs is 
characteristic of steroids and certain other classes of 
compounds in general or whether it is a rare and 
unusual phenomenon. 
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is log r.p.m. and y is log dissolution rate in mg./1.27 crn.z/hr. 
in water at 37O. c Data 
from Hamlin, el al. ( 5 ) .  d Calculated from equation y = 
0 . 4 9 5 ~  + 0.320, where I is log r.p.m. and y is log dissolution 
rate in mg./cm.*/hr. in 0.1 N HCI a t  37'. e Calculated from 
equation y = 0 . 5 1 5 ~  + 0.400, where x is  log r.p.m. and y is 
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in 0.1 N HCI at 37'. g In terms 
of salicylic acid. 


b K D E  = rotating disk equivalent. 


I Data from Hamlin (14). 


Table I shows the calculated RDE values for five 
published dissolution procedures. In view of a 
number of other imponderables related to the use 
of data collected in more than one laboratory, no 
attempt has been made to treat the results statis- 
tically. The RDE values listed in Table I should 
therefore be looked upon as reasonable approxinia- 
tions only. 


The use of the regression equation to derive RDE 
values which fell beyond the range of experimental 
data from which the equation was calculated was 
based on the assumption that the linearity of the 
log DR veysus log HI< plot is maintained over a much 
wider range, particularly a t  lower rates. While ex- 
tension of our rotating disk studies to very low 
rotation rates was impracticable due to the ex- 
tremely low dissolution rate of the steroid, it was 
thought necessary to carry out a t  least one DK de- 
termination a t  ii very low RR. Accordingly, the dis- 
solution rate of  methylprednisolone I was deter- 
mined at 4 r.p.m. in a 6-hour run with 1-hourly 
sampling of medium. This yielded a dissolution 
rate of 0.12 mg./hour, compared with a theoretical 
value of 0.14 mg./hour calculated from the regression 
equation. Considering the extent of extrapolation 
and the experimental difficulties, this can be con- 
sidered a very satisfactory agreement and justifica- 
tion for use of the regression equation over the indi- 
cated range. 


A n  indcpendent cstimation of some RDE values 
was  possible with data obtained from two other 
drugs, namely aspirin and salicylic acid. Using re- 
gression equations obtained in a previous study (3), 
an HDE value of 49 and 50 r.p.m., respectively, was 
obtained for the beaker method, which may be com- 
pared with a value of 42 r.p.m. calculated from the 
methylprednisolone I data. The agreement is quite 
good and also affords further support for extrapola- 
tion of the methylprednisolone data and the reasona- 
ble correctness of the slope value. RDE values for 
the Wruble 6 r.p.ni. procedure were 20 and 14 
r.p.m. from methylprednisolone and aspirin data, 


- -  
sium,;' Chu;chill; London, i963. p 


Chem. ,  66, 66.5(1962). 


ner, J .  G.. THIS JOURNAL, 51, 432(1962). 


J .  W. ,  ibiri..  52, 150(1963). 


1053(1960). 


(3) Levy, G. .  THIS JOURNAL, &,91-6!$6(1963). 
( 4 )  Cooper, A .  R . ,  Jr.. and Kingery, W. D., J .  P l ~ y s .  


(5) Hamlin, W. E. ,  Nelson, E..  Ballard, B. E. ,  and Wag- 


(6) .H,iguchi. W. I . ,  Lau, P. K . ,  Higuchi. T . ,  and Shell, 


(7) I.evy G. and Sahli, B. A. i b id . ,  51, 58(1962). 
( 8 )  Levy: G.: and Hayes, B. A'., New Eng2. J .  Jfrd. ,  262, 


(9) Levy, C., and Tanski, W., Jr., THIS JOURNAL, 53, 
C 7 7 I I O P . A I  ., . "I. ""TI. 


(10) Levy, G.,  and Procknal. J. A., ibid.  5 1 ,  294(1962). 
( 1 1 )  Higuchi. W. 1.. and Hamlin. W. E.. i b id . ,  52, 575 


IIRf i .?)  . . . . - , . 
(12) Higuchi W. I. Parrott E. L.,  Wurster, D. E . ,  and 


(13) Wagner, J. G. ,  personal communication. 
(14) Hamlin, W. E., personal communication. 
(15) Nelson, E., TEIS JOURNAL, 47,297(1958). 


Higuchi, T . ,  i b i i . .  47, i76(1958)3 








Suspending Potential of Gum Svstems 
aid The& General Flow Propirties 
By GREGORY CATACALOS and JOHN H. WOOD 


Plotting of the logarithm of shear stress against logarithm of shear rate should be 
used to recognize whether the rheogram of a pseudoplastic gum system will become 
Newtonian or display a yield value at zero shear rate. Either Fitch or Casson plots 
give a reasonable measure of the yield value, although in general neither are found 
to hold rigidly. Rheograms m a y  also be used to determine an index of poura- 
bility by considering the torque at some suitable higher shear rate. In this work a 
pourability index is defined as the logarithm of the torque at 5 0  seconds-'. Since 
Chong has shown yield d u e  to be a measure of suspending capability, suspenda- 
bility is similarly defined as the logarithm of yield value. Increasing 
tration generally leads from Newtonian to semipseudoplastic to p s e u ~ l ~ ? ~  
havior. Yield value only occurs as a limiting case followin this transition. The 
addition of a second agent such as Cab-0-Sil CM develop th: yield value at levels 
where neither it nor the other gum displays such behavior. A plot of yield value 
against concentration shows clear1 that there is a critical concentration required to 
develop this parameter. A plot ozyield value against pourability index permits a 
relative assessment of the suspendobilit7 obtainable for a given pourability. These 
plots, or tables derived from them, facilitate the choice of the most suitable gum 


system to give a desired degree of suspending capability. 


HICKENED SYSTEMS suitable for the stable 
suspension of insoluble particles of pharma- 


ceutical value have two rheological shear rate 
regions of practical importance. The moderate 
shear rate range, 20 to 100 seconds-', may be 
considered (1) the region of pouring. The other, 
the very low shear rate range, defines the exis- 
tence of absence of a yield value term. Earlier, 
the importance of yield value for the permanent 
suspending of such diverse systems as golf balls, 
marbles, and sand was shown clearly (2) and the 
possible relation between yield value and sedi- 
mentation considered (3). More recently, Chong 
(4) demonstrated clearly the relationship be- 
tween the suspending medium and the sus- 
pended particle in terms of minimum yield 
value required to prevent motion of particles of 
various radii and relative density gradients. He 
demonstrated the applicability of yield value as a 
criterion of suspendability (4,5). 


In  the study of rheological curves as normally 
obtained, there is frequently a problem in extrap- 
olation from low shear readings to a yield value. 
Several methods of yield value extrapolation have 
been presented in the literature. Normally these 
are stress (S) versus shear rate (D) curves (6), 
from S versus D1la plots (7), and from SII* 
versus D1'* plots (8). The latter two have been 
justified on theoretical grounds by their origina- 
tors. Hereafter the latter two will be designated 
as Fitch and Casson plots, respectively. An 
alternate to graphical procedures has been the 
use of yield values calculated from equations of 


Received May 9, lF3, from the Research and Deve!op- 
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state (9). In  general, this procedure is too la- 
borous to be of practical value. 


Suspending systems which display yield value 
character tend to be non-Newtonian, specifically 
pseudoplastic, with increasing shear. Accord- 
ingly, for each system a different shear depend- 
ency exists, so that materials of similar ap- 
parent viscosity at low shear rates can have no- 
tably different apparent viscosities at higher shear 
rates. 


I t ,  therefore, seemed desirable to set up from a 
direct plot of rheological curves parameters 
which permit the recognition and determination 
of yield values and pourability. 


EXPERIMENTAL 


All rheological studies were made at  25" on either 
the modified Brookfield LVT or the RVT as de- 
scribed elsewhere (10). Although ascending and 
descending rheograms were run, only the ascending 
rheograms are considered here since yield value sus- 
pension is a static force before flow, and pouring in- 
volves no shear in excess of that conveyed by that 
action. Of course, if pouring into another container 
for storage is involved and yield value recovery is 
not rapid, obviously this must be kept in mind in the 
rheological pattern of measurement. All data were 
plotted on logarithmic paper. Four basic types of 
rheograms are obtained and are shown in Fig. 1. 
First are those curves of type A; these are of slope 
unity and are therefore by definition, Newtonian, 
the intercept being the viscosity. The second, type 
B, is also linear through the range of operations and 
typifies the Power law behavior T = k D", where k 
is the intercept and n is the slope. As long as the 
Power law is obeyed, there is no yield value. In 
the type C is the well-known behavior of many 
pseudoplastic systems, the shifting to Newtonian at 
low shear rates. In general, any downward curva- 
ture from a type B toward a type C plot will yield a 
limiting slope of unity. The last, type D, displays 
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Fig. 1.-Basic classifications of rheograms. Key: 
A, Newtonian; B, typical Power law; C. Power law 
going Newtonian; and D, Power law with yield 
value. 


curvature upwards from B and is a mathematical 
necessity for a definite yield value to exist, regardless 
of the extrapolation procedure to be used to  deter- 
mine that value. 


A shear rate of 50 seconds-' for pouring was taken 
as an arbitrarily suitable one from Henderson's esti- 
mates (1). Now both Scott-Blair (11) and Fryklof 
(12) have shown that the logarithm of the viscosity 
is directly related to  the subjective evaluation of the 
consistency of a lotion or paste. Since apparent 
viscosity is directly proportional to shear stress for 
any shear rate. the logarithm to the base 10 of the 
shear stress a t  50 seconds-' was defined as the 
pourability index. Thus, an index of 2 has a vis- 
cosity of 2 poises, of 3. 20 poises, and of 3.5, 60 
poises. This is the range of medium oils or of 
chilled 90 to 100% glycerol. 


The composition of the gum systems examined 
rheologically and the essential elements of their 
preparation are given in the following paragraph. 
All solvent to gum ratios are on a w/w basis. Either 
Sorb01 (701, sorbito1)-water mixtures or glycerol- 
water mixtures were used, depending on the impli- 
cation from the manufacturer's literature as to the 
preferred system with that gum. No attempt was 
made to  use the same gum in both solvents. 


All gum systems were hot hydrated with adequate 
stirring and then diluted to the desired concentra- 
tions. Where the pH was not in the neutral range 
when finished, the individuals were adjusted in pH 
as noted. Carbopol 941,' a cross-linked synthetic 
polymer, in water to  Sorbo ratios of 40/60, 50/50, 
60/40, 70/30, and 80/20 (pH adjusted to  7); the 
same in 50/50 with 0, 0.5, and l.Oyo Cab-0-Sil.8 a 
pyrogenic silica (pH adjusted to 7); carboxymethyl- 
cellulose (CMC 12 HP') in 50/50 glycerol-water 
with 0,0.25,0.5, and 1.0% Cab-0-Sil; the following 
in 50/50 water-Sorbo: Guartec GFs and Jaguae 
(neutralized to pH 8.9) both guar gums; the follow- 
ing in 50/50 water-glycerol: karaya.7 a guar gum 
(neutralized to pH 8.9), Kelcosol,n a sodium algi- 
nate, Keltose; an ammonium calcium alginate, Sea- 


' Atlas Chemical Industries, Wilmiugton, Del. 
a B. F. Goodrich Comnanv. New York. N. Y. 


8 Kelco Company, New York, N. Y. 
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Fig. 2.-Rheograms of Carbopol941 and Jaguar as a 


function of concentration. 
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Fig. 3.-Logarithmic plot of Carbopol 941 rheo. 
grams. 
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Fig. 4.-Logarithmic plot of Jaguar rheograms 


Kern? an Irish moss, tragacanth (Grade A): an 
Irish moss (neutralized to pH 8.9 to 9.4). Viscarin,g 
a carrageenan, and TIC Colloid-600.10 a sulfated 
Irish moss. The latter was hydrated a t  teppera- 
tures of 25, 40, and 60". since cold hydration was 
implicitly possible. 


RESULTS 


Figure 2 shows typical rheograms for two gum 
systems, neutral Carbopol941 and Jaguar as a func- 


0 Marine Colloids, Inc.. New York, N. Y. 
l o  Tragacanth Importing Company, New York, N. Y. 
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TABLE I.-EFFECT OF RATIO OF WATER TO SORBO 


CONCENTRATIONS OF CARBOPOL 941 (NEUTRAL), 
MEASURED AT 4 HOURS AFTER MAKING 


ON YIELD VALUE AND POURABILITY INDEX OF T W O  


Ratio Yield Value Pourability 
Water/ nes/cm.l) --Index- 
Sorbo 0.0dg 0.08% 0.04% 0.08% 


tion of gum concentration. Figures 3 and 4 show 
the corresponding logarithmic plots. These are of 
the type D for Carbopol 941 and type C for the 
Jaguar. I n  Figs. 5 and 6 these two gum systems 
are shown in both the Casson and Fitch plots. In  
Fig. 5 the yield value is clearly apparent, while in 
Fig. 6 the torques a t  shear rates below 4 seconds-' 
suddenly drop off toward zero. The data from the 
various gum systems were treated similarly. Unless 
noted, the data reported are usually for 2 days after 
making of the mucilage. In the systems studied, in 
no case was a time of aging dependency noticed 
within the first 10 days. 


Table I shows the effect on the yield value and 
pourability index for two of the Carbopol 941 con- 
centrations of the variation in the ratio of water to  
Sorbo used. 


In Table I1 the result of the addition of Cab-0-Sil 
on the rheological parameters is given. Its addition 
developed yield value and raised the pourability 
index. 


The CMC systems become Newtonian at low 
shear rates, thus displaying type C properties. The 
addition of Cab-0-Sil raises the limiting zero shear 
rate viscosity until finally a yield value appears (see 
Table 111). This is paralleled by a raising of the 
pourability index. 


With karaya no yield value character was ob- 
served. With Tragacanth and Jaguar the curves 
extrapolated to  yield values by both procedures, al- 
though the behavior was in curve C of Fig. l. In 
all gum systems but CMC, increasing concentra- 
tion resulted in a shift from Newtonian character 
toward pseudoplastic at low shears with the subse- 
quent evolution at higher concentrations, except for 
karaya, of a yield value. 


2 6  , 0.mx 


'3 - +& Y 0.00% 


a 4  
f 


0.04% 


0.02% 0.om 
0 2 4 6  


0.01% 
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O P 4 C  
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Fig. 5.-Fitch (left) and Casson (right) plots of 
Carbopol941 rheograms. 
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Fig. 6.-Fitch (left) and Casson (right) plots of 
Jaguar rheograrns. 


40/60 11 80 2.14 2.79 
32 97 2.38 2.81 
18 69 2.11 2.59 


50/50 
60/40 
70/30 21 80 2.15 2.60 
80120 28 78 2.18 2.58 


TABLE II.-EFFECT OF CAB-0-SIL ON YIELD VALUE 
(dynes/cm.*) AND POURABILITY INDEX OF CARBOPOL 
941 (NEUTRAL IN 50/50 SORBO/WATER), MEASURED 


AT 8 DAYS 


Cab-0-Sil Concn. 
7 4 . 0 % -  4 . 5 % -  --LO%- 


Carbopol 
941Concn. Y.V. P.I. Y.V. P.I. Y.V. P.I. 
0.020/, . . . 0.97 . . . 1.39 3 1.74 
0.04 . . .  1.51 16 2.16 9 2.18 
0.06 4 1.90 21 2.39 26 2.47 
0.08 14 2.19 34 2.60 40 2.65 
0.10 34 2.44 43 2.70 72 2.74 


Increased temperature of preparation for TIC 
Colloid-600 raised both the yield value and the 
pourability index. 


Figure 7 shows the dependence of yield value upon 
the gum concentration for all systems. Included are 
the apparent values obtained from extrapolation of 
tragacanth and Jaguar, even though these are of the 
type C classification. It should be noted that in 
general the onset of finite yield value occurs for a 
critical concentration for each gum and that further 
concentration increases result in extremely high 
yield values. Only the 60" data are given for TIC 
Colloid-600. An average value is given for the 
Carbopol941 and for the CMC systems. 


Table IV gives values characterizing the critical 
parameters of each gum system. The suspenda- 
bility is defined by analogy to the pourability as the 
logarithm of the yield value. Chong (4) found the 
logarithm of yield values to be related to the sus- 
pending requirements. 


In Fig. 8 yield value is related to pourability. It 
is quite apparent that for a given gum the increase 
in yield value is paralleled by an increase in the poura- 
bility index. Only one line each was generated by 
the Carbopol and CMC systems, and by the dif- 
ferent temperatures for the TIC Colloid-600 system. 
Since the lines are not all parallel, it  also follows 


TABLE III.-EFFEcT OF CAB-0-SIL ON YIELD VALUE 
(dynes/cm.*) AND POURABILITY INDEX OF CMC-12 
H P  IN 50/50 GLYCBROL/WATER, MEASURED AT 8 


DAYS 


Cab-0-Sil Concn. 
CMC-19 HP 0.0% 0.25% 0.50% -1.0%- 


Concn. P.I.' P.I.0 P.I." Y.V. P.I. 
0.75% 2.03 2.06 2.08 4 2.34 
i.00'" 2.29 2.32 2.38 10 2.59 
1.25 2.52 2.60 2 60 12 2.79 
1.50 2.69 2.77 2.87 15 2.96 
1.75 2.90 2.99 3.04 19 3.06 
2.00 3.04 3.18 3.13 21 3.19 


~ 


a No yield value observed. 
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that the best suspending agent a t  lower values is not 
also the best, automatically, at high yield stresses, 
considering ease of pouring as the criterion of judg- 
ment. 


DISCUSSION 


When yield values were calculated by both the 
Casson and Fitch procedures, i.e., by the T*' vers115 
D1'* and T vem45 D1'p methods, respectively, the 
Casson plot inevitably was slightly higher in resultant 
yield value than the Fitch plot. The agreement was 
always good. In some systems, one yielded a better 
straight line than the other; and in some neither 
was too satisfactory. 


In general, when the Power law index is small, the 
Casson plot permits better straight lines. For the 
higher indexes, the Fitch plot is concave to the 
abscissa and the Casson convex. Thus the considera- 
tion of both plots leads to a more valid yield value. 


The need for obtaining relatively low shear rates 
for yield value extrapolation is clearly evidenced by 
the logarithmic plot. Unless upward curvature has 
been established, the yield value obtained by 


,.--- 
,<YMC PLUS 


*I. CAB-0-SIL 


L I I , I ,  , I I I  i I . 1  


' 0  0.4 0 0  1.2 I 6  2 0  
WEIGHT PERCENT C W  


Fig. 7.-Dependency of yield value on gum conceti- 
tration. 


TABLE IV.-CRITICAL PARAMETERS FOR THE GUM 
SYSTEMS, RELATING POURABILITY INDEX (P.I.), 


SUSPENDABILITY (S), AND CONCENTRATION 
-~ 


Concn. 
f o r S = l .  P.I. P.I./S S/P.I.  


Gum yo s = 1 (S > 1) (S > 1) 
Carbopol941 0.01 2.0 1.0 1 . 0  
Keltose 0.4 2 .1  0 .7  1 . 5  
Jaguar 0 . 8  2.6 0 . 3  3 . 5  
Kelcosol 0 .9  2 . 7  0 .7  1 .5  
Tragacanth 1.3 2 . 8  0.3 3 . 5  
TIC Colloid 600 0.4 2 . 2  0 . 4  2 .5  
Guartec G F  0 . i  2 . 2  0 . 3  3 . 5  
Viscarin 0 . 9  2 . 3  0 . 3  3 . 5  
Seakeni (2.7) . . .  . . .  . . .  
CMC ( + I %  


Cab-0-Sil ) 1.0 2 . 6  1.8 0 . 5  
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Fig. 8.-Dependency of yield value on pourability 
for various gum systems. 


mathematical or graphical extrapolations of low 
shear points is of no significance. 


Thus in Figs. 5 and 6, if the lowest available shear 
rates had been for DU2 of 2, obviously quite different 
results would have been obtained. The Carbopol 
941 yield values would have been much higher and 
the Jaguar ones finite and appreciable. Similar re- 
sults were recently reported by Charm (13), who 
found yield values of different orders of magnitude 
for foods when measured on high and low shear 
rheonieters. 


The use of viscosity alone, without benefit of a 
yield value, cannot lead to a pourable stable suspen- 
sion. Accordingly, the ability of an agent like 
Cab-0-Sil, which does not aloiie a t  low concentra- 
tions give a suitable system, to build yield value 
into such different systems as Carbopol 941 and 
CMC 12HP is of distinct value in the developing of 
practical suspending systems. I t  should be par- 
ticularly noted that for low concentration of the pri- 
mary gum, the Cab-0-Sil displayed no inherent 
yield value. 


Recognizing that suspending power can be built 
into an otherwise desirable but inadequate suspend- 
ing medium permits a latitude in formulation. Ob- 
viously, other systems than Cab-0-Sil may be con- 
sidered, including the bentonite and montmorillonite 
clays, dependingon the end use of the product. Thus 
for certain external applications Baymal" might 
well be considered. 


The rheology of mixed systems is virtually an un- 
touched area, although occasionally used in formu- 
lative practice on a "feel" basis. 


The pourability index, as defined, is a suitable 
measure of personal judgment of pouring. Others 
might prefer to define it a t  any shear rate other than 


' 1  B. I. du Pont de Nemours & Company. Inc.. Wilmington, 
Del . 
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our 50 seconds-', the choice in this work being a 
practical working range for extrapolation on the 
log stress-log shear rate plot for the rheometer used. 


In  the judgment of relative merits of different sus- 
pending systems, two ratios can prove valuable for 
comparison. These are the ratios of the suspenda- 
bility to  the pourability index and the reciprocal of 
this ratio. The fist is a measure of suspendability 
of a given degree of flow, the other the ease of pour- 
ing for a definite degree of suspending ability. The 
first ratio defines the relative ordinate value in Fig. 
8 for a given abscissa and the reciprocal the abscissa 
for a given value of the ordinate. 


Both are useful terms to use to  characterize in 
tabular form the data of Fig. 8 for given values of 
pourability or suspendability. The ratio, its param- 
eters, along with the critical concentration to give 
a suspendability of unity, permit an excellent 
system characterization as is seen in Table IV. 


SUMMARY 
The use of log shear stress-log shear rate for low 


shear rate data is suggested as desirable for deter- 
mining whether yield value character is, or is not, 
implicit in a given rheogram. 


The practical difficulty of extrapolation to a yield 
value may, in practice, be estimated by either a 
Casson or Fitch plot. 
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Many gum systems, on increase in concentration 
of gum, show the development of yield value 
characteristics. These characteristics may be 
markedly enhanced by a second agent whose own 
yield value will be developed at low concentration. 


Since yield value is a direct measure of suspenda- 
bility and viscosity of pourability, a suspendability- 
pourability relationship has been developed for a 
series of gum systems. Tables and plots suitable 
for suspending gum characterization are given. 
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Action and Interaction of Gibberellic Acid 
and B995 on Datzlru innoxia 


By ROGER P. JAMES* and LEO A. SCIUCHETTI 


Thirty-three-day-old Datnra innoxia seedlings were treated weekly for a period 
of 4 weeks with 5 0  mcg. of GA, 100 to 1000 p.p.m. solutions of BWS, or combina- 
tions of both. The GA-treated plants indicated significantly increased height, 
increased stem dry weight, and e n e d y  decreased alkaloid concentration. Plants 
treated with the combination ofthe growth factors closely paralleled those treated 
with GA. Plants treated with B995 closely resembled controls, except for a de- 
crease in alkaloid Concentration in the roots at the last harvest. The results of a 


modified Dragendorff analysis are reported. 


ESEARCH recently completed on several dif- 
ferent compounds revealed that  B995, 


known chemically as  N-dimethylaminosuc- 
cinamic acid, produced growth retardation in 
plants (1). Numerous chemical compounds 
having the specific effect of retarding stem elonga- 
tion have recently been described (2-9). These 
growth retardants cause a marked decrease in 
stem and petiole elongation and exert relatively 
little influence on root development or leaf 
expansion, unless administered in high doses. 
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Lockhart (7) has indicated that several of the 
growth retardants interact competitively with 
gibberellin on stem growth, and  tha t  they act to  
retard stem elongation by partially blocking the 
system which provides active gibberellin to the 
growth mechanism. Others have indicated ap- 
parent interactions between gibberellin and cer- 
tain retardants in Ulothrix growth (lo), cell 
division of chrysanthemum ( l l ) ,  and in bean 
internode growth (12). 


Most growth inhibitors are known to stimulate 
growth at dilute concentrations and inhibit at 
high concentrations (4, 10, 13). Low concentra- 
tions of Amo-1618 stimulated the growth of 
cucumber seedlings, whereas higher concentra- 
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the apparent diffusion coe5cients, an increase in 
temperature causing an increase in the rate of 
diffusion. The diffusion coe5a&ts have an order 
to around 10- cm.*/second. These values were 
slightly less than, but not too far from, the values 
observed with a group of weak organic acids reported 
previously (3). Table I11 and Fig. 6 reveal that the 
original concentration of solution will have a direct 
effect on the apparent diffusion coefficient at any 
particular temperature or, in this case, as the 
original concentration in the solution is increased, 
the apparent diffusion coefficient decreases. These 
results suggest that the larger number of sorbic 
acid molecules (at the higher concentration) will 
have a tendency to reduce the mobility of the 
molecules as they attempt to traverse the matrix of 
the plastic. Conversely, in a more dilute solution 
of sorbic acid, less of the sorbic acid molecules 
will enter the plastic and less hinderance to passage 
or diffusion will occur. 


The activation energy (AE) further confirms the 
d e c t  concentration of the solution has on diffusion- 
from a low value of 3.07 Kcal./mole for the highest 
concentration of sorbic acid studied to a value of 
26.2 Kcal./mole for the lowest concentration em- 
ployed. 


SUMMARY 


Sorption studies were conducted on sorbic acid 
a t  a number of concentrations and at  several tem- 
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peratures. nylon 66 being used as the substrate. 
From these experiments it was possible to evaluate a 
number of constants such as ( a )  saturation value of 
solute in plastic, ( b )  standard affinity of solute for 
nylon 66, (c) standard heat of sorption, (a) apparent 
d8usion coefficient of sorbic acid in nylon 66, and 
(e) activation energy of diffusion in the plastic. 
The value of approximately -10.0 Kcal./mole for 
AH’ suggested that there was a possibility of a 
double hydrogen bond formation between the sorbic 
acid and a reactive site in the plastic. Some evi- 
dence during the experiments also suggested that 
a slight chemical reaction might be taking place 
between the sorbic acid and the nylon 66. This 
point must, however, be further investigated. 
Results of the diffusion experiments revealed that 
concentrations of the original solutions in5uenced 
the rate of diffusion: the higher the concentration 
the slower the rate. 


REFERENCES 
(1) Marcus. E., Kim, €I. K., and Autian, J., TEIE J O ~ N A L ,  


2 Autian J andShaikh 2 I &up Sld 28 103(1960) 
131 Kapadh “A J C u d ,  W:’L.. and A h &  J., T H I ~  


JOURNAL s zb(i ia4.  
(4) Vikdsta6 T.. “The Physical Chemistry of Dyeing ” 


Interscience Pubhers,  Inc., New York, N. Y., 1954, Gp. 
1 nn-I 132 


48.457(1959). 


-_- 
5) Berthiu, G., J .  Chim. Phys 49 527(1952). 


IS) Cmnk, J., “The Mathemaiics’of Difiusion,” Oxford 


(7) Kapodia, k J., Guus, W. L., and Autian, J., THIS 
University Prrss London, 1956 p. 55. 


JOURNAL, 53 ,7ao( iw) .  


Wurster Coated Aspirin I1 


An In Vitro and In Vim Correlation of Rate from 
Sustained- Release Preparations 


By JOHN H. WOOD and JOHN SYARTO 


In  vitro and in vivo evaluations have been made of the salicylate releose characteristics 
of as irin coated by the Wurster process. The 6lms used were of methyl and ethyl 
cellfose plasticized by glycerol. The in  vitro release rates of such coatings were 
shown to be hst order. The in vivo release may be best represented as iirst order. 
A mathematical correlation between in viw and in vitro rates is possible, but &is 
correlation is directl dependent on 6lm composition. It is shown that the slower 
the release attern, d e  less complete is the apparent plasma availability, due to in- 
complete pgy sical release and insacient time for complete biologic absorption. 


HE LAST DECADE has seen an exponential 
in number and diversity of publica- 


tions, both original and review, dealing with some 
aspect of the controlled rate of release of medi- 
cament following oral administration. These 
have covered both in Oivo and in mtro evaluation 
and their possible correlations. 


As part of our program of the study of dosage 
forms suitable for proprietary use, we were inter- 
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ested in release performance of crystalline drugs 
coated in the Wurster apparatus (1) to yield 
delayed release characteristics. The first paper 
of this series (2) describes the preparation of 
granules and their incorporation into a rapidly 
disintegrating tablet. The coatings were made of 
various ratios and amounts of ethyl and methyl- 
cellulose plasticized with glycerol. 
Since it has been shown that stomach pH’s may 


be quite variable (3) and since the normal stom- 
ach residence time and average emptying time 
may range up to several hours (4, 5), it is desir- 
able for more uniform release between individuals 
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TABLE I.-~OHPOSITION AND CHARACTERISTICS OF TEST DELAYED-RELEASE ASPIRIN PRODUCTS USED IN 
THIS STUDY 


c Code - 
134B 134C 152 I38 


Ratio ethyl to methylcellulose 75/25 25/75 82.5/17.5 100/0 


Tablet disintegration time, sec. 40-60 25-35 3 6 


Cornstarch 0.87 gr. 0.90  gr. 0.96 gr. 0.96 gr. 
Talc ... ... 0.13 gr. 0.13 gr. 


Aspirin mesh size - 20 - 40 -20+40 -20+40 
Amount of coating (wt. %) 2.7% 4.8% 6% 6% 


Aspirin content 5 gi. 5 gr. 5 0. 5 gi. 


that the coatings not be significantly dependent 
upon ambient pH for their rate of release. This 
criterion is met by the coatings chosen here. 


From a series of preparations of various in d r o  
release rates, i t  was desirable to  establish the 
extent to which these could be differentiated 
in duo. In this study acetylsalicylic acid was the 
drug of choice. Normally, salicylate would not 
be considered as a likely candidate for sustained 
release since its biologic half-life in a normal 
population is 6.2 hours by plasma studies (6) and 
6 hours by urinary recovery (7). However, sus- 
taining is practical and, in the case of the chronic 
arthritic under salicylate therapy, can be highly 
desirable for minimizing the excursions in plasma 
level (8) that are a necessary consequence of the 
usual periodic massive dosages. The hydrolysis 
in viuo of aspirin is very rapid so that the apparent 
plasma half-life is short (9). Thus, the permis- 
sible rate of release to maintain an aspirin level is 
limited by the residual free salicylate levels. 
In viuo evaluation of aspirin release was, there- 


fore, monitored in this report by the plasma 
salicylate levels rather than by urinary recovery. 


EXPERIMENTAL 
Preparation of Dosage Forms.-The preparation 


of the granules and tablets is described elsewhere 
(2). The specific composition of the test products is 


I I 


TIME (nMla) 
I 2 3 4 5 6 7 .  
r \  I 


Fig. l.-In vitro release characteristics of the test 
tablets. 


given in Table I. In each case the cellulose deriva- 
tives are plasticized with 17% glycerol. 


In Vitro Evaluation.-Because tablet environmen- 
tal conditions in viao were felt to be variable and in- 
determinate, a test medium of pH 4 was arbitrarily 
chosen for use. Initially, McIlvaine standard buffer 
solution (12.29 ml. of 0.1 M citric acid plus 7.71 ml. 
of 0.2 M NarHPOJ was used. Since the pH shifted, 
in test, from 4.00 to 3.80. the Na2HPO4 concentra- 
tion was arbitrarily raised to 0.2125 M so that the 
pH shift was 4.05 to 3.95 during test. To 500 ml. 
of test solution in a 1-L. round-bottom flask ther- 
mostated a t  37O, 15 gr. of coated aspirin product 
was added, either as granules or tablets. Stirring 
was with a '/4-in. stainless steel rod, bent to a 
'/h. loop off the axis of rotation, the end being on 
the axis. This was rotated at 420 r.p.m. using an 
Eberbach 7065 three-speed stirring motor.' This 
was a similar physical assembly to that which has 
been in use since 1957 and found valuable in study 
of normally fast-releasing tablets (10). 


Aliquots were removed periodically and analyzed 
for salicylate following alkaline hydrolysis by read- 
ing on a Beckman DU at 298.5 ma. 
Release characteristics are shown graphically in 


Fig. 1. In Table 11, replicability of the test pro- 
cedure is demonstrated. 


In Vivo Evaluation.-Plasma salicylate levels were 
determined as a function of time over a 24-hour 
period using the Brodie (11, 12) procedure after 
allowing the whole blood to stand for several hours 
to permit complete enzymatic hydrolysis of any 
aspirin (ASA) to the salicylate (SAID (13). Thus, 
the procedure measures total plasma salicylate (and 
salicylurate, SUA. if any) present. It does not 
detect salicyl glucuronides (SG). 


Administration was 20 gr. ASA a t  one time. As 
the control, buffered aspirina was used to provide 
rapid complete absorption (13). The plasma levels 
obtained for the various dosage preparations tested 
are given in Table 111. 


I t  has recently been emphasized (14) that, be- 
cause of the kinetics involved, a metabolite cannot 
per se be used directly to follow the rate of uptake 
of a parent drug. In the case of a sustained-release 
aspirin preparation it can be shown that plasma 
salicylate levels do meet the requirements of the 
simplied kinetic picture. where K A  and K E  are the 
apparent rate constants for absorption and elimina- 
tion. 


Solid d Plasma Salicylate ___t Organs of 
Drug lt Elimination 


Apparent Volume of Distribution 


K.4 R E  


1 Eberbach Corporation, P.O. Box 1024, Ann Arbor, Mich. 
f We wish to acknowledge that these levels were obtained 


by Drs. W. D. Paul and J. I. Routh, School of Medicine, 
State University of Iowa, Iowa City. 


I Marketed as Bufferin by the Bristol-Myers Co. 
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TABLE II.-REPLICABILITY OF In VdYO TEST PROCEDURE, PERCENTAGE DISSOLVED AS A FUNCTION OF TIME 


-pie 138- d m p l e  1 5 L  -Sample 152 Repeat- 
Time Run 1 Run2  Run3  Run 1 Run 2 Run 1 Run 2 
5 min. 0 0 .. 7 'I 6 6 
15 6 6 .. 13 11 13 13 
30 17 16 .. 22 20 22 23 
1 hr. 28 29 31 36 36 37 37 
2 44 42 42 51 55 57 61 
3 58 58 60 69 69 74 74 
4 68 64 69 77 79 80 85 


TABLE III.-SALICYLATE PLASMA LEVELS FOR INDIVIDUALS FOR TEE VARIOUS FORMS AS FUNCTION OF TIME 
(20 OR. ASPIRIN ADMINISTERED) - Plasma Lrveli, mg./ml. - 


Sample Subject. 1/a hr. 1 hr. 2 hr. 4 hr. 8 hr. 12 hr. 24 hr. 


aspvin 2 30.5 79.2 111.0 87.0 60.5 40.0 6.3 
3 20.7 64.2 103.4 104.4 64.4 38.2 0.4 
4 54.5 84.0 86.0 70.0 46.4 24.4 4.0 
5 105.7 112.2 104.7 94.7 58.2 31.7 0.6 


134B 1 38.7 65.9 95.9 99.2 69.5 41.7 0.3 
2 3.0 8.0 44.7 77.2 59.7 37.1 2.0 
3 0.7 6.2 38.4 91.2 75.4 41.4 0.4 


Buffered 1 87.0 120.0 125.0 108.0 69.3 36.5 0.0 


- ~ 


4 9.3 17.3 58.0 62.5 46.4 23.4 0.3 
134C 1 56.5 98.2 131.2 116.2 78.0 50.9 6.5 


2 6.3 20.3 55.2 81.7 50.7 30.7 1.7 
3 9.0 12.8 24.0 87.2 75.6 43.0 0.0 
4 34.0 57.5 59 .O 45.4 21.3 8.0 1.0 


138 2 6.0 13.3 25.3 36.4 35.0 29.0 9.3 
3 1.7 6.0 17.7 29.8 37.8 37.4 7.4 
4 2.0 10.3 19.4 24.8 27.0 23.4 1.3 
5 7.7 17.4 22.0 32.4 45.4 48.4 5.4 ... -. 


152 2 1 .o 6.4 20 .o 42.9 49.0 29.2 1.0 
3 2.6 11.3 25.0 49.3 57.5 63.5 5.3 
4 6.0 13.0 30.8 42.5 37.5 24.3 0.0 
5 20.0 36.8 60.0 65.0 64.0 45.0 2.0 


0 Subject 1, female! age 30, 110 lbs. Subject 2, male, age 48, 155 lbs. Subject 3, mole. sage 30, 150 Ibs. Subject 4, male, 
age 32, 205 lbs. Subject 5, female, age 40. 130 l b .  


TABLE IV.-ACCUICVLATBD SALICYLATE DELIVERY TO THE PLASMA WITH Tnw AS A PERCENTAGE FUNCTION 
OF THR TOTAL ABIOUNT DELIVERED FROM A FAST-RELEASING TABLET - Percentage of Possible Total Delivery - 


Sample Subject 1/s hr. 1 hr. 2 hr. 4 hr. 8 hr. 12 hr. 24 hr. 
134B 1 21 37 58 72 89 93 90 


2 3 7 42 82 89 86 80 - -~ 
3 1 5 30 73 91 87 80 
4 7 14 48 62 74 77 77 
Av. 8 16 44 72 86 86 82 


134c 1 27 48 69 75 92 97 100 -~ ~ 


2 6 25 59 95 88 87 80 
3 6 9 18 69 88 86 73 
4 26 46 53 52 55 52 53 
Av. 16 32 50 73 81 81 77 


138 2 5 11 22 36 46 52 54 
3 1 4 13 35 42 55 59 


152 


~. ~~ 


4 2 s 17 26 40 59 59 
5 5 11 16 28 50 69 72 
Av. 4 8 17 31 44 59 61 
2 1 5 17 41 61 57 51 
3 2 8 19 41 65 82 80 
4 5 11 27 44 58 63 61 ~~ ~- -. 


5 12 25 44 58 79 90 89 
Av. 5 12 27 46 66 73 70 


A more realistic approximation of the various 
processes involved is given by 


h 
kl br h' ks 


Solid I h g  -. $kdUtiCJll --c Blood .4SA 4 Blood SA - Organs of S.4 - SUA 1 k,  
ASA ASA ka' I T  \ Metabolism kr  , + SA -D Urine 


V A S A  + S c :  f 
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where V is the effective equivalent distribution 
volume, and k is the salicylate elimination con- 
stant. For each individual the value of XI may 
be calculated as a function of time in units of the 
individual V. 


The value of X at infinite t i m e h e r e  8, 12, and 
24 hours-for the fast-releasing tablet is then con- 
sidered to represent complete biologic recovery for 
20 gr. of aspirin. Thus 


X, = V A L m  C d t  (Eq. 2) 


Then, for each of the test drugs, XI may be eval- 
uated as a function of time for each person. The 
ratio X t / X ,  then constitutes the fraction ab- 
sorbed at that time, and this fraction becomes in- 
dependent of the distribution volumes. The in- 
dividual percentages of theoretical maximum are 
tabulated in Table IV, and the averages shown 
graphically in Fig. 2. 


DISCUSSION 


The general validity of the use of Eq. 1 is demon- 
strated by the good plateauing of total delivery 
values occurring for the later time periods for all 
the drug forms as shown in Table IV. 


Careful minor reassignment of half-lives of the 
individuals would prevent the slight apparent fall 
off in total recovery tabulated for 24 hours; but 
this violates the calculation criterion set in the 
beginning of this report-namely, that the fast- 
release form of aspirin would be used as the sole 
criterion against which to judge the delayed forms. 


As fist pointed out by Wiegand and Taylor (20). 
the i n  vitm release of many sustained preparations 
is exponential and usually displays first-order kinetics. 
This is clearly seen in Fig. 1 for the dosages used 
in this study and was found for all preparations 
tested (2). It is surprising that no induction period 
appears to exist, since some initial limited destruc- 
tion of the film might reasonably be expected. 
Any major cracking of the film is evidenced by 
rapid initial release, i.c., a curve showing two release 
rates with time. 


Plots of the cumulative in Yivo release by both 
zero and first order gave somewhat better fits for 
the first order as shown in Fig. 2. 


The literature contains frequent reference (21) 


where VASA and V ~ A  are the apparent volumes of 
distribution of both ASA and SA, respectively. 


It has been shown by h n a r d s  (15, 16) that ASA 
is absorbed intact and very rapidly. Therefore, 
in a sustained-release preparation k, will be very 
much faster than R1 and hence k1 will be the rate 
determining step, equivalent to  KA of the simpli- 
fied version. Although there is speculation con- 
cerning the site of ASA hydrolysis, the measured 
apparent in t h o  blood half-life is appreciably less 
than 10 minutes and the half-life for k,' is of the 
same magnitude (6). Judging by Leonards' dog 
data (15), k,' is of the same order as kd'. Thus, it 
may be concluded that there is rapid hydrolysis 
and rapid dynamic equilibration of both species for 
their respective volumes of distribution. Both 
Leonards (15) and Smith (17) have reported that 
ASA yields slightly lower plasma levels than SA, 
presumably because of serum albumen binding of 
SA implying that the relative volumes of distribu- 
tion are not greatly dissimilar. However, by 1 hour 
essentially no ASA remains in the plasma from a 
fast releasing form (15), and trivial percentages may 
be calculated to be present from a sustained form 
so that the consideration of an average volume of 
distribution V may be reasonably assumed. 


Under dosage there is some tubular resorption of 
SUA and SG (lS), totaling 1% at 2 hours and 6% 
at 24 hours of the total salicyl then present in 
plasma. Almost half of this is the SUA, which 
will be detected by the Brodie procedure. The 
correction then necessary to  consider net ks equiv- 
alent to KB of the simplified version is then 
negligible. 


Thus, the Brodie procedure as used to  measure 
the summation of drug and essentially all plasma 
metabolite gives a direct measure of total drug 
absorption and loss as required (14) for simplified 
kinetics. Internal self-consistency of the data thus 
obtained then becomes a verification of the as- 
sumptions. 


From the plasma levels obtained from buffered 
aspirin, the apparent biologic half-life for each 
subject was determined. The range and average 
(6.1 hours for tin), for the group was within that 
normally to be expected (6). The rate constants 
for elimination from the plasma were for subjects 
one to five 0.147, 0.099, 0.129. 0.150. and 0.145 
hours-', respectively. Certain assumptions must 
then be made to calculate percentage recoverable 
from the delayed-release forms. First, for the time 
intervals used, plasma levels are in dynamic equi- 
librium with the tissues, and no appreciable quantity 
is irreversibly removed by a depot. For salicylates. 
this would appear to  be the case (6). Second, it is 
assumed that first-order elimination rates are not 
dependent on dosage form. In this case, the kinetics 
are as already shown. The elimination is, at any 
time, proportional to the level present, and the 
total amount eliminated up to any time is readily 
obtained by mathematical or graphical integration. 
Thus. the amount absorbed to the plasma, xi, at 
any time t is given by a summation of the amounts 
eliminated and the level G at that time. One of 
the possible forms of the equations representing this 
process is that given by Wagner, et al. (19), and 
was 


10- 1 1 I I I 
0 2 4 6 8 10 I2 


TIME ( HUJRSI 


Fig. 2.-Zn viwo absorption characteristics of test 
tablets. 
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a t  8 hours, and that about 16 and 20%, respectively, 
are not apparently available for release. In the 
slowest releasing preparation, 138, all subjects 
show uptake to the 12-hour period. It is suggested, 
since so much aspirin is still unaccounted for, that 
this may signal the end of the period of ready 
biologic adsorption. 


Thus, for release to occur over an %hour period. 
there is some loss in yield to the plasma. This 
loss increases with the slowing of the release rate. 


I t  is then evident that integrated plasma levels 
can serve as a very convenient method for the study 
of drug release characteristics, both for the es- 
tablishment of rates of absorption and for com- 
pleteness of recovery. 
As a result of the incomplete plasma recovery 


from delayed release and the long salicylate half- 
life in plasma, a t  no point does the sustained form 
provide superior plasma levels to those obtained 
from a fast-releasing tablet. However. where the 
elimination rate has been accelerated. as for arthrit- 
ics under salicylate therapy (6), it is apparent that 
prolonged levels may be attained by suitable 
choice of dosage release rate. 


SUMMARY 
For aspirin coated with films of ethylcellulose- 


methylcellulose plasticized with glycerol. in uiw- 
in &o correlations of release rates have been made. 
High ratios of ethyl to methylcellulose would appear 
to have one correlation curve. Variations in 
ratio to higher methylcellulose content are re- 
flected in individual divergent correlations. 
In vitro release rates from the film coatings used 


obeyed first-order kinetics. 
The plasma absorption rate in this study would 


appear to closely obey first-order kinetics. The 
slower the sustained release, the less complete 
is the absorption recovery of the drug, probably 
due to incomplete release in all preparations and 
insufficient time for biologic absorption in the slower 
releasing preparations. 
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Alkalinized Glutaraldehyde, a New Antimicrobial Agent 
By P. M. BORICK, P. H. DONDERSHINE, and V. L. CHANDLERt 


A high degree of microbiological activity was demonstrated when aqueous glutar- 
aldehyde solutions were alkalinized with the appropriate buffer. The potent 
bactericidal, tuberculocidal, fungicidal, sporicidal, and virucidal activity of alkal- 
inized glutaraldehyde was not Pfiected by the presence of serum and retained ac- 
tivity for a minimum of 2 weeks. Acidic glutaraldehyde solutions, stored at room 
temperature, are highly stable. Alkalinized glutaraldehyde solutions show a 
significant change in  pH and loss of glutaraldehyde after 2 weeks. They have a 
mild odor and exhibit a relatively low order of toxicity as they are only slightly 
irritating t o  the skin when not removed. No damage to  lensed instruments was 


observed with 2 per cent solutions. 


HE IMPORTANT ROLE played by the environment T in the spread of disease has emphasized the need 
for effective chemical disinfectants. The use of 
delicate instruments and equipment which cannot be 
heat-sterilized makes an extensive microbiological 
testing program essential in searching for potent 
antimicrobial agents (1 ). Adequate disinfection 
may not be achieved by agents destroying only 
bacterial forms. Antimicrobials intended for uni- 
versal application should possess practical 
bactericidal, tuberculocidal, fungicidal, sporicidal, 
and virucidal activity as well. They should not be 
harmful to  individuals or cause damage to instru- 
ments (6). 


This is a report on alkalinized glutaraldehyde 
solutions' which meet most of these requirements.. 


EXPERIMENTAL 


Test Agent.-The dialdehyde, glutaraldehyde 
(Union Carbide Chemical Co.. N. Y.), undergoes 
typical aldehydic reactions to  form acetals, cyano- 
hydrin, oximes, and hydrazones. Oxidation results 
in glutaric acid, while reduction produces 1,5- 
pentanediol. Aqueous glutaraldehyde solutions are 
stable for at least 2 years while still acidic with 
little change in pH. Alkalinized glutaraldehyde 
solutions show a significant change in pH after 
2 weeks. 


GlufaraMehyde-OCH( CH&CHO-Antimiaobial 
action was demonstrated upon the addition of o.3y0 
sodium bicarbonate to 2% aqueous glutaraldehyde 
solutions; this alkalinization was necessary to elicit 
activity (5). When alkalinized. 2% aqueous 
glutaraldeh yde solutions continued to show micro- 
bicidal activity for a minimum of 2 weeks at room 
temperature. These solutions were nonflammable 
and of low volatility. Glutaraldehyde, concentra- 
tions were confirmed by the bisulfite iodometric 
technique of Siggia (7). 


Test Organisms.-The following test organisms 
were used: 
(a) Nonsporeforming bacteria : Sfaphylococcus 


aurms, American Type Culture Collection (ATCC) 
6538; S. aureus, penicillin-resistant strain (Hunter- 
don Medical Center, Flemington, N. J.); Strcptococ- 
cus pyogenes. ATCC 12384 ; Diplococcus pneumoniae, 
Type I11 (W. J. Nungester. University of Michigan); 
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Escheruhia coli, ATCC 6880; Pseudomaas 
aeruginosa, ATCC 10145; Proleus vulgaris, ATCC 
6380; Klebsielh pneumoniae, ATCC 132; Myco- 
bacterium tuberculosis, ATCC 7690. 


( b )  Sporeforming bacteria : Bacillus globigiz, 
BaciUus subtilis, Clostridium tefuni, Clostridium per- 
fringens ( L .  S .  Ortenzio, U. S. Department of 
Agriculture). 


(c) Fungal strain : Trichophyta interdigifule, 
ATCC 640. 


( d )  Vises: Poliomyelitis virus, Types I and 
11; Coxsackie virus, B-1; Echo 6; Herpes simplex; 
Vaccinia; Intluenza A-2, Asian; Adeno virus, type 
2; mouse hepatitis virus, MHV-3 (M. Klein, 
Temple University). 


The bactericidal action of alkalinized 2% aqueous 
glutaraldehyde solutions was determined by the 
modified usedilution method of Ortenzio and Stuart 
(4). This technique employs polished stainless steel 
cylinders (penicylinders) as carriers of the inoculum. 
After determining that each test organism had a 
uniform resistance t o  phenol, the inoculum was dried 
onto the penicylinders. The contaminated peni- 
cylinders were immersed in 10 ml. of the test agent 
and, after predetermined exposures, transferred to 
40 ml. of eugonbroth (BBL) for incubation a t  37" 
for 48 hours. All negative broth tubes were chal- 
lenged for bacteriostasis by reinoculation. 


Testing of alkalinized glutaraldehyde solutions on 
a human strain of M. tuberculosis was accomplished 
by exposing approximately 10,000 tubercle bacilli/ml. 
of saline to the test solution for 10 minutes at 30" (8). 
Samples of this mixture were used to  inoculate 
Lowenstein-Jensen slants and inject the inguinal 
glands of guinea pigs. The slants were incubated 
for 4 weeks at 37". The animals were sacrificed 
after 6 weeks, and all involved organs were examined 
for tubercle lesions. 


Sporicidal tests were performed according to  the 
method of the Association of Official Agricultural 
Chemists (5). This method contains features not 
found in earlier procedures. These are the inclusion 
of 2.5 N HCl as a standard reference solution to  in- 
sure that the spores meet a prescribed resistance, 
porcelain penicylinders (Fisher Scientific Co., N. Y.) 
as inoculum carriers, and maintenance of 20' as 
the testing temperature. Each porous penicylinder 
holds approximately 1.3 X 1W spores. The test 
method and the stasis challenge were conducted as 
previously described. Incubation was in fluid 
thioglycollate broth (BBL) for 7 days at 37". 


Fungicidal action of aqueous, alkalinized glutar- 
aldehyde solutions was assessed by exposing conidial 
suspensions of T. interdzgitale in accordance with 
Association of Official Agricultural Chemists pro- 


1273 







1173 Journal of Pharmaceutical Sciences 


aqueous, alkalinized 2y0 glutaraldehyde solutions 
when tested against the spores of aerobic and 
anaerobic bacteria. According to  AOAC-20" test- 
ing, the o r i g i ~ l l y  observed level of sporicidal 
activity appears to  be maintained for 8 weeks after 
activation at pH 8.3 to 7.7 and glutaraldehyde con- 
centrations of 2.02 to 1.39y0. I t  is interesting t o  
note the change in pH and the loss of glutaraldehyde 
during these tests. 


When preparations of alkalinized glutaraldehyde 
were tested against conidial suspensions (5 X lo6/ 
ml.) of T. interdigitale (Table IV), an exposure of 
30 seconds did not yield viable spores. 


Aqueous, alkalinized glutaraldehyde solutions 
prevented the multiplication of all viruses tested in 
less than 10-minute exposure at the 2% level (Table 
V). The susceptibility of the mouse hepatitis virus 
to glutaraldehyde does not necessarily infer a similar 
susceptibility to  human hepatitis virus. However, 
since this is one of the few experimental hepatitis 
viruses which could be tested, the results are 
significant. Viability controls were positive for all 
strains tested. 


The ability of antimicrobial agents to maintain 
their activity in the presence of organic material is 
extremely important, and alkalinized glutaraldehyde 
was tested with increasing concentrations of sterile 
bovine serum (Table VI). It is noteworthy that 
the serum was neither precipitated nor coagulated 
by the activated microbicide, and that all of the 
species tested appeared to be sensitive to alkalinized 
glutaraldehyde a t  the original levels previously noted 
regardless of the presence of organic matter. 


The oral LDm in mice was determined in our 
laboratories to be approximately 352 mg./Kg. of 
glutaraldehyde. Toxicological studies indicate that 
contact, as well as vapors, were nonirritating to the 
skin of laboratory animals or human subjects (9). 


DISCUSSION 


The addition of slight amounts of sodium bicar- 
bonate to glutaraldehyde with its concomitant rise 
of pH resulted in broad antimicrobial activity ac- 
companied by no detectable deleterious effects on 
the tissues of test animals. Both the aqueous and 
alcoholic preparations showed considerable anti- 
microbial activity (5) when this was done. I t  was 
felt that the aqueous preparation deserved greater 
attention since it possessed predictably a lower ir- 
ritant and inflammability index than the alcoholic 
preparation. In addition, it is characterized by a 
lower volatility and will not exert solvent damage t o  
adhesives in lenses, instruments, plastics, rubber, or 
other material. 


The findings presented here strongly support the 
view that alkalinized glutaraldehyde is a highly 
effective germicidal agent. It exerts its activities 


TABLE I .-BACTERICIDAL ACTIVITY OF AOUEOUS. 
. \ L K A L I N I Z E D  2% GLUTARALDBHYDE SOLUTIONS 


A T  20" c. 
-. - -. . .- .. .- .. 


Chal- Chal- 
lenged lenged 
2 Wks. 4 Wko. 
After After 


Immediate Activa- Activa- 
Challenge tion t ion 


KO. of samples 
tested 11 11 5 


Mean pH 8.3 7 . 9  7 . 7  
Mean yo glutaralde- 


hyde 2.02 1.71 1.50 
--Killing Time, Min.- 


S .  aureus <1 <1 <1 
S. nureus, penicillin 


resistant <1 <1 <1 
Str. pyogenes < 1  <1 <1 
D .  pneumonia? < I  <1 <1 
E. coli <1 <1 <1 
Ps. aeruginosa <1 <1 <l 
P .  vulgaras < 1  <1 <1 
K. pneumoniat! <1 <1 <1 


TABLE II.-TUBERCULOCIDAL ACTIVITY OF AQUE- 
OUS, ALKALINIZED 2% GLUTARALDEHYDE SOLUTIONS 


AT 30' C. . 
-M. tuberculosis growth- 


Lowenstein- 
Jensen Guinea Pig 


2% Aqueous 
glutaraldeh yde - 0  - 


Aqueous control +* + 
Saline control + + 


a -, No growth and absence of lesions. b +. Growth 
and presence of lesions. 


cedures (3). Subcultures were incubated at 25" 
for 10 days. 


Antiviral activity of alkalinized glutaraldehyde 
solutions was determined according t o  the method 
reported by Klein (2). 


RESULTS 


Table I presents the bactericidal testing results of 
aqueous, alkalinized 2 % glutaraldehyde solutions 
against Gram-positive and Gram-negative, non- 
sporeforming microorganisms. According to  use- 
dilution techniques, the originally observed level of 
bactericidal activity appears to  be maintained for 
4 weeks after alkalinization and at pH 7.7 to  8.3 
and at glutaraldehyde concentrations of 1.50 to 


Table I1 describes the tuberculocidal activity of 
aqueous, alkalinized glutaraldehyde solutions 
against M. tuberculosis after 10 minutes exposure a t  
30". 


Table 111 hows the results of the same lots of 


2.02%. 


TABLK III.-SPORICIDAL ACTION OF AQUEOUS, ALKALINIZED 2y0 GLUTARALDBHYDE SOLUTIONS AT 20" C. -- 
Post Activation Challenge 


Immediate 2 wks. 4 wks. 6 wks. 8 wks. 
No. of samples tested 11 11 5 4 2 
Mean pH 8 . 3  7 . 9  7 . 7  7 . 7  7 . 7  
Mean '% glutaraldehyde 2.02 1.79 1.50 1.40 1.39 


B . globigii <3 <3 <3 <3 <3 
B .  subtilis <3 <3 <3 <3 <3 
Cl. tetani <3 <3 <3 <3 <3 
Cl. perfringens <3 <3 <3 <3 <3 


Killing Time, Hr. 
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ALKALINIZBD 2% GLUTARALDEHYDE SOLUTIONS AT 
ROOM TEMPERATURE 


TABLE IV.-FUNGICIDAL ACTION OF AQUEOUS 


1275 


germicidal agents usually do not exert a tuber- 
culocidal effect i n  udro, the antimycobacterial 
activity demonstrated would exclude alkalinized 
glutaraldehyde from this category. While anti- 
fungal activity was tested with only one filamentous 
species, the speed with which conidia were eradicated 
suggests an efficient fungicidal agent. Since a 
high degree of microbicidal activity was demon- 
strable with alkalinized glutaraldehyde, one cannot 
deny the very broad antimicrobial capabilities 
possessed by this molecule. Its use in medical and 
commercial preparations for disinfection would 
seem appropriate. 


SUMMARY AND CONCLUSIONS 


The findings presented support the conclusion 
that aqueous, alkalinized 2% glutaraldehyde solu- 
tion is a highly efTective microbicidal agent. This 
broad spectrum antimicrobial killed Gram-positive 
and Gram-negative bacteria as well as tubercle 
bacilli within the minimum exposure time of the 
test. Alkalinized glutaraldehyde solutions killed 
aerobic and anaerobic spores in addition to the 
conidia of a common dermatophyte. Aqueous 
alkalinized 2% glutaral?!%yde solutions were shown 
to be potent virucidal agents as well. The in uitro 
activity of this microbicide was not affected by the 
presence of bovine serum in the concentrations used. 


Acidic glutaraldehyde solutions were stable for at 
least 2 years. while alkalinized 2% solutions re- 
tained full antimicrobial activity for 2 weeks. 
However, a diminution of glutaraldehyde con- 
centration with changes in pH occurred with time 
when alkalinized glutaraldehyde solutions were 
tested during this period. 


Aqueous glutaraldehyde solutions have a mild 
odor, low volatility, are nonflammable, and will not 
damage lensed instruments or equipment. 
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No. of samples tested 
Mean pH 
Mean yo glutaraldehyde 


5 
7.8 
1.41 


Killing Time, Min. 
i“. interdigitale <0.5 
Phenol 1 : 60, control 3-5 


TABLE V.-VIRUCIDAL ACTIVITY OF AQUEOUS, 
ALKALINIZED 2% GLUTARALDBHYDE SOLUTIONS 


Virus Activity 
Poliomyelitis, types I & 11 
Echo type 6 
Coxsackie B-1 
Herpes simplex complete inhibition 
Vaccinia in <10 min. 
Influenza A-2, Asian 
Adeno type 2 
Mouse hepatitis (MHV3) 


~ ~~~~ 


TABLE VI.-INFLUENCE OF SERUM ON THE MICRO- 
BICXDAL ACTION OF AQUEOUS, ALKALINIZED 2% 


GLUTARALDEHYDB 


Bovine Serum Concn.. % 
5 10 20 


Mean pH 
Mean yo glutaraldehyde 


S. aureus <I <1 < 1  
S. aureus, penicillin- 


resistant < I  < 1  <1 
Str. pyogenes <1 < I  <1 
D .  pneumoniue < 1  <1 <I 
E .  coli < 1  < 1  <1 
Ps. aeruginosa <1 <1 < 1  
P. vulgaris <1 <1 <1 
K. pneurnoniue <1 < I  <1 


B . globigii <3 <3 <3 
B. subtilis <3 <3 <3 
C1. tetani <3 <3 <3 
C1. perfringens <3 <3 <3 


Vegetative Bacteria ---Killing Time, Min.- 


Spores -Killing Time, Hr.- 


Fungi ,---Killing Time, M i n . 7  
T.  interdigitale <0.5 <0.5 <0.5 


against Gram-positive and Gram-negative bacteria; 
it is very eiiicient in preventing germination of 
aerobic and anaerobic bacterial spore suspensions. 
Despite the contention that aqueous solutions of 
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REVIEWS 


A Bibliography of the Tabletting of Medicinal Sub- 
stances. Compiled by A. J. EVANS and D. TRAIN. 
The Pharmaceutical Press, 17 Bloomsbury 
Square, W.C. 1, England, 1963. 159 pp. 14 X 
18.5 cm. 
A comprehensive bibliography of publications on 


medicinal tabletting is presented classified into five 
main groups: general, tablets, tabletting practice 
(with subdivisions for granulation, compression. 
coating, standardization and variation, packaging 
and storage), materials, and fundamentals. In all, 
it  contains about 900 references from the 1945-1961 
period as well as references to fundamental papers 
published since 1935. The authors explain that 
they hope to supplement the volume with additional 
references as well as publications appearing since 
1961. Author and subject indexes are provided. 


Hirman Aging. Edited by J. E. BIRREN, R. N. 
BUTLER, S. W. GREEHOUSE, L. SILOLOFF, and 
M. R. YARROW. Public Health Service, National 
Institutes of Health, Bethesda, Md. Available 
from the Superintendent of Documents, U. S. 
Government Printing Office, Washington 25, 
D. C. 1963. xi + 328 pp. 17 X 25 cm. Price 
$3. 
The efforts of 22 investigators from the National 


Institutes of Mental Health toward elucidating the 
biological and behavioral aspects of the human aging 
process are presented. The entire volume deals 
with the study of 47 aged males, and the authors note 
that the study should be considered a pilot rather 
than a definitive study. Some 15 phases of the 
study are described in detail. 


The Clinical Chemistry of Monoamines. Edited by 
H. VARLEY and A. H. GOWENLOCK. Elsevier 
Publishing Company, Inc., 52 Vanderbilt Ave., 
New York 17, N. Y., 1963. xvi + 242 pp. 
18.5 X 24 cm. 
The volume reports a symposium organized 


around three major topics: the clinical chemistry of 
catecholamines, the clinical chemistry of 5-hydroxy- 
indoles, and pharmacological and toxicological as- 


Price $11. 


19) Pu. S. J.. Birnbaum. S .  M., and Greenstein, J. p., 
J .  A m .  Chcm. Sac., 76, 6054(1954). 


(10) Greenstein. I. P..  and Winitz. M I  “Chemistry of the 
Amino Acids,” Vol. 1. John Wiley and Sons, Inc., New York, 
N .  Y., 1961. p. 165. 
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pects of monoamines. The volume will be of 
general interest and utility to pharmaceutical 
scientists particularly the papers covering the 
determination of catecholamines in biological 
materials, the determination of metabolites of 
catecholamines by chromatographic and other 
techniques, thin-layer chromatography in the 
diagnosis of phaeochromocytoma and malignant 
argentafinoma, the formation and metabolism of 
hydroxyindoles, and the toxicology of monoamine 
oxidase inhibitors and tranquilizers. A subject 
index is appended. 


Analysis Instrumentation, 1963. Edited by L. J. 
FOWLER, R. D. EANES, and T. J. KEHOE. Ple- 
num Press, Inc., 227 West 17th St., New York 11. 
N. Y., 1963. x + 261 pp. 21.5 X 28 cm. 
Price $12.50. 
A survey of analytical automation is presented in 


this volume which reports the proceedings of an 
annual symposia sponsored by the Instrument 
Society of America. Among the papers presented 
were those on methods of calibrating the process gas 
chromatograph, sampling systems and methods for 
precise analyzer pressure control, polymer molecular 
weight distribution measurement by liquid chro- 
matography, potentiometric determination of chlo- 
ride impurity in various salts, continuous measure- 
ment of moisture in flowing solids, and quantitative 
analysis by charged particle bombardment. The 
papers are well illustrated with pictures, figures, and 
graphs. Only an author index is provided. 


Medical Mycology. By C. W. EMMONS, C. H. 
BINFORD, and J. P. UTZ. Lea & Febiger. 600 S. 
Washington Square, Philadelphia 6, Pa., 1963. 
380 pp. 17.5 X 26 cm. Price $14. 
A general introduction to  general mycology is 


presented with detailed descriptions, clinical de- 
scriptions, diagnostic clues, directions for diagnostic 
laboratory procedures, and information about 
environmental sources of infection. The first seven 
chapters introduce the reader to mycology, medical 
mycology, and some of the general problems pre- 
sented by mycoses. The remaining chapters are de- 
voted to  specific mycoses or groups of closely related 
mycoses. Appendices present information on culture 








Soluble Steroids I1 
Amino Acid Derivatives 


By WINTHROP E. LANGE and MARTIN E. STEIN* 


A series of amino acid derivatives of cholesterol, 9a-fluorohydrocortisone, 6u-fluoro- 
16a-hydroxycortisone- 16,17-acetonide, and 2a-methyl-5cr-dihydrotestosterone have 
been synthesized in a further attempt to provide compounds with increased a ueous 
solubility. The ac lable hydrosy group of the steroid was converted to the c%loro- 
formate and was d e n  condensed with the appropriate amino acid. The potassium 
salts of the various derivatives which have been prepared possess 100-600 times 
the aqueous solubility of the parent compounds. infrared characteristics of the 
several compounds have been determined. Pharmacological studies have been 
undertaken and show, in general, reduced activity when the derivatives are admin- 


i s twd subcutaneously. 


HERE ARE two general methods by which the 
Tacjueous solubility of steroids has been in- 
creased. The first method is the addition of an 
adjunct; the second method is the preparation of 
derivatives having greater water solubility than 
the parent steroid. Of the many modifications 
that have been reported, the preparation of 
carbamates have been mentioned in only a few 
cases. In the first paper in this series (1) 
glucamine, glucosamine, and N-methylglucamine 
carbamates of various steroids were prepared. 
These derivatives possessed eight to 13 times the 
aqueous solubility of the parent compounds. 
Thus, it was felt that a series of steroids con- 
taining amino acid moieties, capable of salt 
formation, should give even greater water solu- 
bility. The slow hydrolysis of carbamates should 
give depot solutions of the various steroids. 


The references to the use of amino adds to 
solubilize steroids are found primarily in the 
patent literature. A British and a Dutch patent 
describe the preparation of various steroid esters 
of amino acids and their treatment with hydro- 
halides to give compounds which are readily 
soluble in water (2, 3). Another patent covers 
salts of amino acid esters as well as diethyl- 
amine, piperidine, morpholine, and piperazine 
carbamates of hydrocortisone (4). 


Amino acids have been used to increase the 
water solubility of antibiotics (5). When methi- 
onine, glutamic acid, or their N-acyl derivatives 
were allowed to react with streptomycin, di- 
hydrostreptomycin, neomycin, viomycin, or other . .  
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basic antibiotics, the toxicity of the antibiotics 
was reduced while the water solubility increased. 


The effect of the presence of carbamate or car- 
bonate moieties on the pharmacological activity of 
steroids has been reported by Brown and co- 
workers (6). They reported that N-alkyl 21- 
carbamates of corticosteroids had local but no 
systemic activity, while the 21-ethylcarbonate of 
hydrocortisone had systemic activity comparable 
to the free alcohol. 


The present investigation is thus intended to 
make available for pharmacological testing vari- 
ous steroids containing amino acid moieties, such 
as glyane, phenylalanhe, and glutamine. 


DISCUSSION 
Cholesterol was used as the model steroid for 


preliminary investigation because of its cost and ease 
of conversion to its chloroformate. The chloro- 
formate was prepared according to the method 
described by Wieland, Honold, and Pascual-Vila (7). 
The chloroformate was then rduxed with an excess 
of glycine in a dioxane-water mixture. The re- 
action was completed in 4 hours, and the product, 
3&(Scholestenyl)N-glycylcarbamate, was isolated. 
Carbon-hydrogen analyses on recrystallized samples 
of th is  compound indicated that the desired deriva- 
tive had been obtained. The glycine derivative was 
also successfully prepared by rduxing an acetone- 
water mixture of the starting materials for 4 hours. 
However, with pyridine as the solvent, only 38-(5 
cho1estenyl)formate was obtained. 


3&(5Cholestenyl) chloroformate was also coupled 
with phenylalanine, glutamine, and the ethyl ester 
of &ahnine. However, no product was isolated 
when the chloroformate was treated with methionhe, 
cysteine, glutamic acid, or serine under identical 
conditions. Further attempts to prepare these 
derivatives of cholesterol by either changing the 
solvent system, refluxing time, or concentration ratio 
were all unsuccessful. 


The potassium salts of the phenylalanyl and 
glycyl carbamates of cholesterol were prepared by 
dissolving the carbamates in n-butanol and adding, in 
portions, a 40% solution of potassium 2-ethyl- 
hexanoate in n-butanol until no further precipita- 
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TABLE ~.-CHLOROFORMATE AND AMINO ACID DERIVATIVES OF SELECTED STEROIDS 
- ___- - 


Analyzes. %*- . 
Yield. Carbon Hydrogen 


Compd M p , OC" To Formula Calcd Found Calcd Found 


Cholesterol-GC' 220-222 95 C~HIQNOI 73 92 74 16 10 12 9 67 . ~~ ~ ~~ 


Cholesterol-PC' 1g-166 60 Cj;H&O;.HzO 74.59 75.15 9.64 9.65 
Cholesterol-GIC' 138-140 60 C38H.wN205 70.92 70.36 9.76 9.81 
Cholesterol-GC, R salt 240-242 85 C ~ H ~ S N O ~ K  68.53 67.81 9.19 9.75 
Cholesterol-PC, K salt 195-197 70 CI~HUNOIK 72.15 71.83 8.83 9.02 
Cholesterol-GIC, I; salt 212-215 80 C ~ J H ~ N ~ O ~ K  66.43 65.98 8.95 8.61 


9a-Fluorohydrocortisone-GC 165-166 80 CMH~ZFNO~ 59.87 60.70 6.69 7.32 
9a-Fluorohvdrocortisone-PC 165-167 75 C~IH~SFNOS 65.13 65.21 6.70 7.41 


Cholesterol- AC" 100-102 50 CsaHssNOc 74.81 75.56 10.46 10.22 


9a-FIuoroh~drocortisone-GIC 170-172 60 C Z ~ H ~ ~ F N O O  58.65 60.01 6.75 7.45 
Fluandrenalone chloroformate 175-177 90 Cz5HazCIFOI 60.20 60.85 6.27 6.62 
Fluandrenalone-GC 164-166 40 C27HasFNOo 60.10 60.14 7.15 6.97 
Fluandrenalone-GC, K salt >300 75 CZIH~SFNODK 56.33 55.93 6.13 6.41 
2-Methyl-dihydrotestosterone 


chloroformate 153-156 60 Cz1HaiC103 68.85 69.50 8.54 8.15 
2-Methyldihydrotestosterone-GC 209-211 25 C23H36Pr'OS 68.20 68.69 8.69 8.44 
2-Methyldihydrotestosterone-GC, 


K salt 223-226d 80 C ~ H ~ . I N O ~ K  62 67 62.45 7.72 8.00 


a Melting points are uncorrected. 
- 


b Analyses by Weiler and Straws. Oxford, England c GC is A-glycyl carbamate. PC 
i s  A-phenylalanyl carbamate, GIC is N-glutamine carbamate, AC is zV-(8-alanyl ethyl ester) carbamate. d With decomposition. 


tion was noticed. The potassium salt of the glycyl 
carbamate was hygroscopic. 


The product obtained after the treatment of 9a- 
fluorohydrocortisone with phosgene, containing only 
one chloroformyl group, has been previously de- 
scribed (1). Similarly, i t  was found that only a 
monochloroformate of fluandrenalone (6~-fluoro- 
I G a ,  17a-isopropylidenedioxy- A4- pregnen- 11&21-di- 
hydroxy-3.20-dione) could be prepared. Treatment 
of 9a-fluorohydrocortisone and fluandrenalone with 
glycine, phenylalanine, and glucamine gave the 
desired carbamates. 


An attempt was also made to  prepare various 
amino acid derivatives of 2a-methylandrostan-3-one- 
17p-ol( 2-methyl-dihydrotestosterone). The chloro- 
formate was obtained in a 70% yield, but only the 
glycine derivative was obtained in a pure form. 
The incompleteness of the reaction and the diffi- 
culty in finding a good purification system affected 
the preparation of the other amino acid derivatives. 
The physical properties, analyses, and yields of the 
various chloroformate and amino acid derivatives are 
given in Table I. 


Infrared Data.-The significant changes which 
could be observed in the infrared spectra between 
2.5 and 7.0 p of the amino acid derivatives can be 
attributed to the particular product obtained. 


The carbonyl band of the chloroformyl radical ex- 
hibits a maximum between 5.62 and 5.63 p for all of 
the steroids. The carbonyl band for the substituted 
carbamates exhibits a maximum between 5.80 and 
5.95 p .  The amino acid derivatives also show a new 
band between 6.5 and 6.6 p which is attributed to  the 
amide I1 band of secondary amides or secondary 
carbamates. The carboxyl group of the amino acids 
appears as a maximum at 5.70 t o  5.82. When the 
potassium salt was prepared, the carboxyl band at  
5.70 to  5.82 p shifts to 6.20 to 6.30 p (8). The 
band at 5.94 to 6.05 p in some steroids is attributed 
to the 3-keto function. 


Thus, the presence of the characteristic carbamate 
band, the carboxyl band, the ability of the amino 
acid compounds to form pure potassium salts, and 
the preparation of a carbamate with the ethyl ester 
of 8-alanine furnishes evidence that the derivatives 


are carbamates and not carbonates. The charac- 
teristic maxima of the compounds are listed in Table 
11. 


Solubility Studies.-Since the primary objective 
of this project was a further attempt to prepare a 
series of steroid derivatives which would have an 
increased solubility in water over the parent steroids, 
a solubility study was undertaken. Utilizing 
the gravimetric procedure previously described ( 1 ) .  
it was found that the amino acid moiety had very 
little effect on the water solubility of the parent 
steroid. However, when the potassium salt of the 
glycyl derivative was tested, it  increased the solu- 
bility of cholesterol 600 times, fluandrenalone 100 
times, and 2a-methyl-dihydrotestosterone 200 times. 
The potassium salt of the glutamine derivative was as 
effective in increasing the solubility of cholesterol, 
but the potassium phenylalanyl derivative was only 
one-half as effective. 


Preliminary Pharmacological Results.-At the 
present time, the potassium salt of the glycyl deriva- 
tives of 2-methyl-dihydrotestosterone and fluandren- 
alone have been tested in the pharmacology labora- 
tories of Eli Lilly and Co. 


The fluandrenalone-glycyl carbamate when ad- 
ministered subcutaneously to mice or rats a t  a dose 
level of 0.25 to  1.0 mg./Kg. was inactive in either 
anti-inflammatory or antiestrogenic studies. The 2- 
methyl-dihydrotestosterone compound, when tested 
for myotrophic-androgenic activity by subcutaneous 
injection in rats, was about one-third to one-fourth 
as active as Dromostanolone propionate (myo- 
trophic-androgenic ratio of 1.58). At present, 
the studies of the same compounds given by oral 
administration have not been completed. 


EXPERIMENTAL 


Where a number of compounds were synthesized 
by a similar method, a typical preparation is given. 
6a - Fluoro - 16a,17a - isopropylidenediory - A'- 


pregnen- 1 1,9-hydrory-3,20-dione-Z l-chlorofonnate. 
-A solution of 2 Gm. (0.0044 mole) of fluandren- 
alone (Cordran, Eli Lilly and Co.) in 50 ml. of tetra- 
hydrofuran was saturated with phosgene. The 
solution was allowed to stand for 3 hours, and the 
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TABLE II.-INPRARED ABSORPTION CHARACTERISTICS 


Compd. c Absorption Maxima, - 
Cholesterol 


" chloroformate 
" GCb 
" GC, K salt 
" PCb 
" GICb 
' I  GIC, K salt 
" ACb 


9a-Fluoroh ydrocortisone 
" chloroformate 
" GC 
" P C  
" GIC 


Fluandrenalone 
" chloroformate 
" GC 
" GC, K salt 


2a-Meth yldihydrotestosterone 
" chloroformate 
" GC, K salt 
" GC, K salt 


2.80 


2.90 
2.95 
2.80 
2.85 
2.80 
2.80 
2.90 
2.85 
2.80 
2.85 
2.86 
2.83 
2.84 
2.83 
2.85 
2.82 


2.82 
2.88 


. . .  


. . .  


. . .  
5.62 
. . .  
... 
... 
. . .  
. . .  
. . .  
. . .  
5.60 
... ... 
... 
... 
5.66 
. . .  
. . .  
. . .  
5.62 
... 
... 


. . .  


. . .  
5.70 


5.73 
5.73 


... 


5 . K  5.78 
... . . .  


5.79 
5.75 
5.77 


... 


. . .  
5.75 


. . .  


. . .  


. . .  
5.75 


... 


. . .  


. . .  
5.95 
5.90 
5.89 
5.89 
5.89 
5.82 
5.80 
5.90 
... 
... 
. . .  
5.83 
5.78 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 


. . .  


. . .  


. . .  


. .. 


... 
6.00 
6.00 


6.01 
6.10 
6.00 
6.05 
6.00 
5.94 
6.00 
6.00 
6.00 
5.95 
6.00 
5.95 
5.92 


. . .  


. . .  


. . .  


. . .  
6.20 


6.30 
6.20 


. . .  


. . .  


. . .  


. . .  


. . .  


... 


... 


... 


. . .  


. . .  
6.25 
. . .  
. . .  
. . .  
6.25 


... 


. . .  
6.35 
6.55 
6.55 
6.45 
6.50 
6.60 
. . .  
. . .  
6.50 
6.60 
6.50 


6.60 
6.50 
6.50 


. . .  


. . .  


. . .  
6.50 
. . .  


o All determinations were made on a Perkin-Elmer model 137 Infracord spectrophotometer. Samples were mounted as 
b GC is N-glycyl carbarnate, PC is N-phenylalanyl carbamate, GIC is N-glutarnine carbarnate. and AC is N -  Nujol mulls. 


(8-alanyl ethyl ester) carbarnate. 


solvent was removed in vacuu. The residue was dis- 
solved in hot acetone, the solution was treated with 
charcoal, and was filtered. The solvent was allowed 
to evaporate spontaneously; the product which re- 
mained melted a t  175-177'. The compound dark- 
ened on exposure to moisture and light. 


2 1 - ( 6 ~  Fluoro - lba,17a - isopropylidenedioxy-AL 
pregnen- 11 p - hydroxy - 3,20 - dione) - N - (carboxy- 
methy1)carbamate Potassium Salt-To 1.5 Gm. 
(0.003 mole) of 6a-fluoro-16a,l7a-isopropylidene- 
dioxy-A'-pregnen-ll p-hydroxy3,20-dione-2l-chloro- 
formate in 30 ml. of acetone was added 0.75 Gm. 
(0.01 mole) glycine (Merck and Co., Inc.) in 30 ml. 
of water. The mixture was refluxed for 4 hours, 
filtered hot, and the resulting filtrate was concen- 
trated by spontaneous evaporation. The result- 
ing precipitate was collected on a filter. Purifica- 
tion of the product was accomplished by treating an 
acetone solution of the compound with charcoal and 
recrystallization from ethanol. The tan product, 
after drying, melted at 164-166'. 


The potassium salt was prepared by dissolving 
0.35 Gm. of the compound in 5 ml. n-butanol and 
adding 0.5 ml. of a 40% solution of potassium 2- 
ethylhexanoate in n-butanol. The resulting pre- 
cipitate was collected on a filter and dried. An 80% 
yield of the water-soluble product, m.p. 212-215", 
was obtained. 


17@-(2a-Methylandrostan- 3-one)N - (carboxy- 
methy1)carbamate Potassium Salt.-To 1.84 Gm. 
(0.005 mole) of 2a-methylandrostan-3-one-l7@-yl- 
chloroformate (obtained in the usual manner from 
2a-methyl-5A-dihydrotestosterone, Eli Lilly and 
Co.) in 50 ml. of dioxane was added 0.75 Gm. (0.01 
mole) glycine in 25 ml. of water. The mixture was 
refluxed for 2 hours and was allowed to  stand over- 
night. I t  was again refluxed for 2 hours, cooled, and 
the solvent evaporated in vacua The resulting 
product was recrystallized from acetone. A 25% 
yield of white platelets, m.p. 205-2438", was obtained. 


The potassium salt, prepared in the previously de- 
scribed manner, was obtained in an 80% yield and 
melted with decomposition at 221-224". 


REFERENCES 


(1) Lange. W. E., and Amundson, M. E., TEIS JOURNAL, 
51, 1102(1962). 


(2) Organon Laboratories Ltd. Brit. pat. 833 582(1959). 
,*nre\ (3) van Dorp, D.,  and d; Jon&. H., Dutch ;at. 89,140 
{Zrdo,. 


(4) Chas. Pfizer and Co. Brit. pat. 810 170(1960). 
(5) Laboratories Atral grit. pat. 857 8?5(1961). 
(6) Brown, H. D., M a t h ,  A. R., Hdff, D. R., and Sarett, 


(7),'Wieland, H. ,  Honold, E.. and Pascual-Vila. J., Z .  


(8) Bellany. L. J., "The Infra-red Spectra of Complex 


L. H. J .  Olg. Chcm., 27.961(1962). 


Physaol. Chcm.. 130. 335(1923). 


Molecules." 2nd ed., John Wiley and Sons, N e w  York, N.  Y.  
1959, pp. 234-245. 








Preservatives for Poliomyelitis (Salk) Vaccine I1 
Formaldehyde and Esters of p-Hydroxybenzoic Acid 


By J. M. TRACY, D. G. GLASS, M. J. NICHOLSON, and HILLIARD PIVNICK 


k i n g  the manufacture of poliomyelitis vaccine, 92 p.p.m. of formaldehyde was 
added to inactivate the virus. After 2 years at 4', 70-80 p.p.m. was still present. 
If not neutralized by bisulfite, this concentration of formaldehyde was a potent 
antibacterial agent, but had little antimycotic activity. The addition of toxoids and 
pertussis vaccine to poliomyelitis vaccine to form DFT polio caused no immediate 
loss of formaldehyde but after about 10 months at 4' and 25"  there were losses of 
about 5 0  and 80 per cent, respectively. The loss of 50 per cent of the formaldehyde 
decreased the preservative activity. The methyl and propyl parabens in a ratio of 
10: 1 and a final concentration of 0.165 per cent were only moderately antibacterial, 
but were effective antifungal agents. The addition of parabens to vaccine contain- 
in nonneutralized formaldehyde gave a mimure of preservatives which was in- 
hititory a ainst high concentrations of both bacterial and fungal contaminants. 


ParaLns also prevented loss of formaldehyde from DFT polio vaccine. 


PREVIOUS STUDY (1) showed that benze- A thonium chloride possessed limited useful- 
ness as a preservative for inactivated polio- 
myelitis vaccine (Salk). However, the anti- 
biotics and formaldehyde added to the vaccine 
during the manufacturing process possessed con- 
siderable antibacterial activity. The antibiotics 
are added to the tissue culture used for prolifera- 
tion of the poliomyelitis virus to prevent the 
growth of bacterial contaminants; in the finished 
vaccine 135 p.p.m. of streptomycin and 10 
p.p.m. of neomycin were found. Formalin is 
added to a concentration of 1 :4000 (92 p.p.m. of 
formaldehyde) to inactivate the virus. The 
residual formaldehyde (70-80 p.p.m.) may be 
neutralized with bisulfite or it may be left with- 
out neutralization. If not neutralized, the for- 
maldehyde serves as an antibacterial agent. 


Neither the antibiotics nor the formaldehyde, 
at the concentration used in poliomyelitis vac- 
cine, possess marked antimycotic activity. 
However, the esters of p-hydroxybenzoic acid 
(parabens) have excellent antimycotic activity 
(2, 3) and do not destroy poliomyelitis antigen 
(4). Because of the possibility of comple- 
mentary activity of antibiotics, formaldehyde, 
and parabens against both bacteria and fungi, 
we studied mixtures of these materials in polio- 
myelitis vaccine. This report presents the re- 
sults of the study. 


EXPERIMENTAL 


Poliomyelitis vaccine with and without neutrali- 
zation of formaldehyde by bisulfite, the combination 
of pertussis vaccine, toxoids, and poliomyelitis vac- 
cine (DPT polio vaccine), HB597 medium, and the 
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microbial cultures have been described previously 


Antibiotics, added to the tissue cultures used for 
growing the poliomyelitis virus, were present in the 
finished vaccine (I). To obtain comparable concen- 
trations of antibiotics in HB597 medium, we added 
140 p.p.m. of streptomycin and 2 p.p.m. of neo- 
mycin. 


Cultures used for challenge were four strains of 
Pseudomonas aeruginosa, four unidentified Pseudo- 
mows species, a Proteus species, Shigella flexneri, 
Salmonella paratyphi C, two strains of Stuphylococcus 
aureus, Soccharomyces ellapsoidcw, Debaromyces 
kloeckeri, S .  rouxii. Rhodotorula glutinis, Rhizopus 
oryeae, Fusarium lini, and Circinella spinosa. Prep- 
aration of cultures, numbers of cells used in the 
challenge, and criteria for growth in the challenged 
preparations have been described (1). 


Formaldehyde was measured by the method of 
Nash (5) and a modification of this method (6). 
The former measures total formaldehyde, i .e.,  free 
formaldehyde plus that which is combined with bi- 
sulfite, while the latter method measures only free 
formaldehyde. 


Esters of p-hydroxybenzoic acid (parabens) were 
added as a 29y0 w/v ethanolic solution to obtain a 
mixture containing 1.5 mg. of the methyl ester and 
0.15 mg. of the propyl ester per milliliter. Higher 
concentrations crystallized when the vaccine was 
stored at 4'. Parabens were assayed by the method 
of Jones, et al. (7). 


(1). 


RESULTS 


The antimicrobial activity of formaldehyde and 
antibiotics was tested in HB597 medium. This 
medium is a component of the tissue culture used for 
growing poliomyelitis virus and comprises most of 
the volume of the hished poliomyelitis vaccine. 


Table I shows that HB597 medium supported 
growth of all bacteria, even when the challenge dose 
was diluted to lo-' (approximately 100 viable cells 
per challenge), but the medium was less suitable for 
growth of small inocula of yeasts and molds. The 
addition of 46 p.p.m. of formaldehyde to  HB597 
medium inhibited the growth of bacteria, but did 
not affect yeasts and molds. Increasing the form- 
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TABLE  PRESERVATIVE EFFECT OF FORMALDEHYDE AND ANTIBIOTICS IN HB597 MEDIUM 
..__ _ _  _____ 


No. of Tubes with Growth 
7 7 


Dilutiono No. of Tubes Challenged 
Formaldehyde of --Antibiotics Absent-- --Antibiotics Present-- 


Added, Challenge Yeasts and Yeasts and 
p.p.m. Culture Bacteria Molds Bacteria Molds 


0 A'one 13/13 
i3 j i3  
13/13 


7/7 
6/7 
%/7 


11/13 
6/13 
3/13 


7/7 
6/T 
4 / i  


46 None 7/13 7/7 3/13 7/i 
1 0 - 3  1/13 6/7 1/13 6/7 
10-6 0/13 4/7 0!13 2/7 


92 None 2/13 6/7 1/13 6/: 
10-3 1/13 3 /7  0/13 a/ 1 


10 -6 0/13 2 / i  0/13 1 /7 


u Undiluted challenge cultures furnished challenge doses of approximately 1 X 1 8  bacterial cells or 1 X lo' yeast or mold 
cells. 


aldehyde to 92 p.p.m. gave an increased antibacterial 
activity and possibly some antimycotic activity. 
The addition of antibiotics to HB597 medium fur- 
nished moderate antibacterial activity but no anti- 
mycotic activity. Mixtures of antibiotics and form- 
aldehyde possessed greater antibacterial activity 
than either preservative by itself, but the anti- 
mycotic activity of the mixture appears to be due 
only to the formaldehyde. 


Table I1 shows that the residual formaldehyde 
in poliomyelitis vaccine contributed considerable 
antibacterial activity and that neutralization of 
formaldehyde by bisulfite destroyed this anti- 
bacterial activity. The loss of antibacterial activity 
resulting from neutralization of the formaldehyde 
confirmed the work of Taylor and Moloney (6). 
who showed that the Nash method of analysis for 


formaldehyde neutralized by bisulfite was not a true 
analysis of the free formaldehyde, whereas their 
modification of the assay measured free formalde- 
hyde. 


Table 111 shows that formaldehyde in polio- 
myelitis vaccine was stable for 2 years and that the 
addition of pertussis vaccine and toxoids to form 
UPT polio vaccine caused no immediate loss of 
formaldehyde. As will be shown later, however, 
prolonged storage of DPT polio vaccine may result 
in loss of formaldehyde. 


The failure of formaldehyde to inhibit yeasts and 
molds showed that some antimycotic compound 
should be added. Table I V  shows that parabens 
possessed a marked antifungal activity in HB59i 
medium but only moderate antibacterial activity. 
The mixture of parabens with formaldehyde, how- 


TABLE 11 .-EFFECT OF NEUTRALIZING FORMALDEHYDE IN POLIOMYELITIS \'ACCINE' BY ADDITION OF 
BISULFITE 


Vaccine 
Tested 


No. of Tubes with Growth 


P.P.rn. of No. of Tubes Challenged 
Formaldehyde, Dilution 


Yeasts and Modified Challenge 
Nash Nash Culture Bacteria Molds 


Poliomyelitis vaccine 82 73 None 2/13 6/7 
(Lot 155) 10-3 0/13 2/7 


10-6 0/13 1 /7  
Poliomy elit is vaccine 63 


(Lot 155) with 
hisulfite 


8 None 11/13 
10-3 3/13 
10 -6 0 . 1 3  


7 / 7  
5/7 
6/7 


a Antibiotics present. 


TABLE III.-STABILITY OF THE ANTIBACTERIAL ACTIVITY OF FORMALDEHYDE IN POLIOMYELITIS VACCINE 


No. of Tubes with Growth 
Formaldehyde, Dilution 


Storage P . P . ~ .  of No. of Tubes Challenged 
Yeasts and Period Modified Challenge 


Prepn. Tested at 4' C. Nash Nash Culture Bacteria Molds 
HB59ia 0 4 4 None 13/13 7/z 


10-3 13/13 6/ I 
1 0 - 6  13/13 5/7 


Poliomyelitis" vaccine 0 82 73 None 2/13 6/7 
1 0 - 3  0/13 2/7 
1 0 - 6  0/13 1/5 


Poliomyelitis* vaccine 1 yr. 69 62 None 2/13 6 / 7  
10-3 0/13 4/7 
1 0 4  0/13 1 / 7  


Poliomyelitis* vaccine 2 yr. i 6  70 None 1/13 6/7 
10-8 0/13 4/7 
10-6 0/13 0/7 


DPTb polio vaccine 7 days 76 76 None 3/13 6/7 
10- 0/13 5/7 
10 --8 0/13 3/7 


0 Formaldehyde and antibiotics absent. b Formaldehyde not neutralized; antibiotics present. 
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TABLE IV.-ANTIMICROBIAL EFFECT OF PARABENS MIXED WITH FORMALDEHYDE IN HB597 MEDIUM 


No. of Tubes with Growth 
Dilution - 


-Formaldehyde. p.p.m.- Of No. of Tubes Challenged 


76 Nash Nash Culture Bacteria Molds 
Parabens. Modified Challenge Yeasts and 


0 


0 


4 


52 


0.165 4 


0.165 50 


8 


53 


8 


54 


None 
10-3 
10- 
None 
10 - 3  


10-6 
None 
10-3 
10-8 
None 
10 -3 
10- 


13/13 
131 13 
13/13 
10/13 


7/7 
5/7 
5/ 7 
7 17 


4; 13 4; 7 
0/13 3 /7 
7j i3  3; 7 
51 13a 017 


% 3/ 13b 
0/13 
0113 Oj7 
0/13 0/7 


a ' / b  cultures which grew were Ps. anuginosa; '/L was S. aurcus. b s/s cultures which grew were Ps. acruginosa; * /a  was 
S. aurcus. 


ever, inhibited growth of all bacteria and six of 
seven yeasts and molds when the undiluted inoculum 
was used for challenge. 


Table V confirms that formaldehyde with the 
antibiotics is an excellent antibacterial mixture, even 
in DPT polio, but that the addition of parabens is 
necessary for antifungal activity. 


The stability of preservatives in DPT polio vac- 
cine was studied. Table V I  shows that there was 
no immediate loss of parabens when poliomyelitis 
vaccine was mixed with other antigens to form DPT 
polio but within 7 months there was a decrease from 
0.165 to  0.1470. After 11 months' storage at 4', 
there was a further decrease to 0.12% (Table VII). 
This loss of parabens did not result in a significant 
decrease in antimicrobial activity but did cause a 
drop in pH, shown by the phenol red indicator pres- 
ent in the vaccine. 


Table VII shows that the stability of formaldehyde 
in DPT polio vaccine during storage for 9 to 11 
months depended on both temperature and the pres- 
ence of parabens. In the absence of parabens, about 
50 and 85% of the formaldehyde was lost when 
temperatures of storage were 4' and 25'. respec- 
tively. This resulted in a marked loss of antibac- 
terial activity. In  the presence of parabens, form- 
aldehyde was stabilized and retained its antibacterial 
activity. 


Studies similar to those reported in Table VII 
were done by adding 25 p.p.m. of benzethonium 
chloride (BEC) to DPT polio vaccine. The BEC 


TABLE V.-ANTIMICROBIAL ACTIVITY OF PARABRNS 
IN DPT POLIO VACCINE 


No. of Tubes 
with Growth 


No. of Tubes 
Challenged 


____ 


Dilution Yeasts 


Prepn. Tested Culture Bacteria Molds 
of Challenge and 


HB59'ia None 13/13 7/7 
10 - 3  13/13 6/7 
10-8 13/13 4/7 


DPTb polio vaccine None 1/13 6/7 
10- 0/13 6/7 
lo-& O/i3 3/7 


DPT polio vaccine None 1/13 3/7 
with 0.165yo 10-3 0/13 0/7 
parabens 10-0 0/13 0/7 


was reduced to 3-4 p.p.m. by the addition of per- 
tussis vaccine ( l ) ,  and this residuum had no effect 
on the stability of the formaldehyde. 


DISCUSSION 


The most important requirements for preserva- 
tives in vaccines are activity against diverse micro- 
organisms, compatibility with the vaccine, stability, 
and lack of toxicity. 


Antimicrobial activity is necessary to prevent the 
growth of microorganisms which may be introduced 
when samples are withdrawn from multiple-dose 
containers (1 ,  8-10). The antimicrobial agent 
should prevent the growth of large numbers of a 
wide variety of bacteria, yeasts, and molds. Pref- 
erably, it should destroy them quickly, although 
failure to  act quickly should not invalidate an other- 
wise useful compound. 


Compatibility of the preservative with the vac- 
cine may be considered from several standpoints. 
The preservative must not lower the potency of the 
vaccine below permissible levels; it should not form 
a precipitate; and i t  should not be inactivated by 
the vaccine. The compatibility must be maintained 
for periods of time and under conditions of storage 
and transportation which would not adversely af- 
fect the antigen if the preservative were not added. 


Adequate stability of the preservative during the 
shelf life of the vaccine is essential. However, if 
breakdown occurs, it should not result in a marked 
decrease of the antimicrobial activity, visible 
changes, or destruction of the antigen. In addition, 
the preservative should not precipitate in the cold 
or be absorbed by the rubber stopper. 


These numerous and exacting requirements make 
it unlikely that a universal preservative will be 
found which will be suitable for all vaccines. In- 


TABLE VI .-PARABEN CONTENT OF POLIOMYELITIS 
AND DPT POLIO VACCINES 


-Poliomyelitis V a c c i n b  c D P T  Polio Vaccin- 
Lot Paraben content, Lot Paraben Content, 
No. 7% No.0 % 
1 0.15 1A 0.16 
2 0.16 2A 0.16 
3 0.17 3A 0.16 
4 0.17 +A 0.17 
5 0.17 5A 0.17 
6 0.17 6A 0.14 


a Formaldehyde and antibiotics absent. b Formaldehyde 
not neutralized; antibiotics present. 


0 Lots 1A-5A were analyzed within 2 weeks. and Lot 6A 
was analyzed 7 months after preparation. 







662 Journal of Pharmaceutical Sciences 


TABLE VIL-RECOV~RY OF PRESERVATIVES IN DPT POLIO VACCINE AFTER PROLONGED STORAGE 
- 


Vaccine 
NO. 


Tubes with Growth 
-Preservatives Recovered- 


Preservatives Formaldehyde, Parabens, Tubes Challensed 
Added p.p.m. 70 BC Y and Md 


11 Mo. a t  4' C. 
486 Forma 25 9/13 4/6 
467 Form 45 
468 Form 40 
484 Form + para" 71 0.13 0/13 1 /6 
488 Form + para 71 0.12 1/13 0/6 


486 Form 11 11 0 3  6/6 
481 Form + para 67 0.10 l j13 1/6 
488 Form + para 64 0.10 1/13 0 /6 


HB597 Nonee 13/13 6 16 


91 Mo. at  25' C. 


a 92 p,p.m. formaldehyde. b 92 p.p.rn, formaldehyde and 0 .1S5~0  parabens. c Bacteria-10-3 dilution of inoculum used for 
a Control on ability of inoculum to initiate challenge. 


growth in HB597 medium. 
d Yeasts and molds-10-1 dilution of inoculum used for challenge. 


I Stored 1-2 months at 4" C. and then 9 f 1 month at 25O C. 


deed, it is difficult to find a single preservative which 
fulfills all requirements for a single vaccine. 


Falk and Applington (11) recognized the de- 
ficiencies of a single preservative for vaccines and 
showed that mixtures of thimerosal with phenol 
were superior to either compound alone. We also 
have shown that mixtures of preservatives are use- 
ful in poliomyelitis vaccine. The mixtures we have 
used include the two antibiotics, formaldehyde and 
methyl and propyl esters of p-hydroxybenzoic acid. 


The antibiotics added to  the tissue culture to pre- 
vent bacterial contamination during manufacture 
have considerable stability (1, 12). The mixture of 
streptomycin and neomycin has the advantages of a 
wide spectrum of antibacterial activity, low tox- 
icity, and apparent compatibility with the antigen. 
The antibiotics fail, however, to control heavy con- 
tamination with most bacteria or even light con- 
tamination with fungi and some strains of Ps. aeru- 
ginosa. 


Formaldehyde, which may also be present in polio- 
myelitis vaccine ( 13-16) has excellent antibacterial 
activity against most bacteria and is especially im- 
portant because of its activity toward ps. aeru- 
ginasa (17). This species is one of the most diffi- 
cult organisms to inhibit (18-20), and even a few 
cells of some strains can initiate growth in the pres- 
ence of both the antibiotics and p-hydroxybenzoate 
esters at the concentrations used in this investiga- 
tion. The excellent stability of formaldehyde in 
poliomyelitis vaccine, its compatibility with other 
antigens, its ready solubility, and its lack of toxicity 
a t  levels which are adequate for antibacterial ac- 
tivity make it a useful preservative. Formalde- 
hyde has been used for the preservation of solutions 
of penicillin and streptomycin (21 ) and suspensions 
of procaine penicillin (22). Schmidt-Lorenz has re- 
cently reviewed the use of formaldehyde as a pre- 
servative (23). 


The concentration of formaldehyde in polio- 
myelitis vaccine may vary considerably. Although 
formalin is added to a concentration of 1:4OOO (92 
p.p.ni.) to inactivate the virus, the residual form- 
aldehyde may be neutralized by bisulfite (16) or it 
may be left without neutralization. If left without 
neutralization, we have found 60-80 p.p.m. Other 
workers have found more (13, 14). I t  is permissible 
to inactivate the virus for vaccine without using 
formaldehyde (16), and some manufacturers use 8- 
propiolactone for inactivation. 


The antimicrobial activity of the parabens has 
been described in numerous publications; a compre- 
hensive review is available (3). The main advan- 
tages of the parabens are their demonstrated 
ability to  inhibit fungi, their lack of harm to anti- 
gens and, in DPT polio vaccine, their stabilizing ef- 
fect on formaldehyde. Their disadvantages are their 
low solubility at temperatures at which vaccines are 
usually stored (4-10'). their moderate antibacterial 
activity, especially against Ps. aeruginosa (18, 19), 
and a lowering of pH when vaccines containing para- 
bens are stored. 


The stability of formaldehyde in poliomyelitis vac- 
cine and its instability in DPT polio vaccine during 
prolonged storage is unexplained. Also unexplained 
is the ability of parabens to stabilize the formalde- 
hyde in DPT polio vaccine. Any hypothesis con- 
cerning these phenomena should take into account 
the following observations: (a) formaldehyde is 
stable in DPT polio vaccine for at least 7 days after 
the poliomyelitis vaccine is mixed with the toxoids 
and pertussis; (b) pertussis vaccine alone or mixed 
with toxoids is far more stable than pertussis vac- 
cine mixed with polio vaccine (24); and (c) the addi- 
tion of Versene to  DPT poliomyelitis vaccine de- 
creases degradation of pertussis (25). It is possible 
that the instability of formaldehyde and pertussis 
vaccine in DPT polio vaccine are related. 


One hypothesis concerning the instability of form- 
aldehyde and pertussis vaccine is that poliomyelitis 
vaccine contains proteolytic enzymes which slowly 
break down pertussis cells. This breakdown pro- 
duces sites which react with formaldehyde. Un- 
fortunately, this and several other hypotheses do 
not accommodate all of the known observations and 
additional work must be done. 


The value of a preservative in a vaccine can only 
be established when adequate tests have been con- 
ducted concerning not only its antimicrobial ac- 
tivity but also its Compatibility with the antigens 
which it preserves. Such tests have been conducted 
by various departments in these laboratories. To 
date, there has been no contraindication concerning 
the use of the antibiotics, formaldehyde, and para- 
bens in the concentrations mentioned. 
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Quantitative X-Ray Diffraction Analysis of Intact 
Tablets 


By G. J. PAPARIELLO, €3, LETTERMAN, and R E. HUETTEMA" 


An investigation into the ossible use of X-ray diffraction techniques to analyze in- 
tact tablets was made. d e  analysis of various pharmaceutical compounds in tablet 
form by X-ray diffraction was considered. Of those tested, only in glutethimide 
tablets, where the percentage of active component weight in total formulation weight 
is high, was the analysis of the intact tablet feasible. Methods of improving the 
reproducibility of this intact tablet analysis were considered. A procedure which 
makes it possible to assay 10 individual glutethimide tablets in 25 minutes was 


developed. 


HE DEVELOPMENT of rapid analysis of unit T dose formulations is a problem which has 
only recently come into the forefront. In 1961, 
Head (1) investigated the possible use of solid 
state fluorescence for the analysis of individual 
intact tablets and demonstrated that fluorescence 
was not totally acceptable for this purpose. 
The author did, however, suggest that X-ray 
diffraction techniques might possibly be more 
useful. 


Taking advantage of this suggestion, an in- 
vestigation into quantitative X-ray diffraction 
was initiated in this laboratory with the view that 
it might be possible to develop this technique to 
assay individual intact tablets both rapidly and 
automatically. It was felt that this investiga- 
tion could uncover the answers to the following 
questions: What adaptations and precautions 
are necessary to obtain acceptable reproduci- 
bility in the analysis of an intact tablet by X-ray 
diffraction techniques? What concentration of a 
drug within the normal tablet matrix can be de- 
tected by these techniques? What precision can 
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be obtained and how rapid can an analysis be 
run on individual intact tablets? 


The theory of quantitative X-ray diffraction 
analysis is authoritatively considered by Klug 
and Alexander (2), while a brief but lucid account 
has recently been given by Shell (3). Con- 
sequently, a treatment of the underlying theory 
will not be considered here. However, it  must 
be noted that the attainment of high precision in 
intensity measurements of diffracted X-rays 
demands careful attention to a number of factors, 
even when one is dealing with a carefully packed 
powdered sample. These factors- the particle 
size of the crystallite, preferred orientation, etc- 
were considered in this work but could not be 
dwelled upon because of the nature of the sample. 
It is understood that an attempt at  doing quanti- 
tative X-ray diffraction work without careful 
precautionary sample preparation is unusual 
and may be viewed with distress by a purist. 


The work that is reported here is essentially 
a two-part study. The fist part consists of an 
X-ray examination of various representative 
tablet formulations to determine what tablets 
might be assayed by this technique. The 
second part is a report on the analysis of glutethi- 
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our 50 seconds-', the choice in this work being a 
practical working range for extrapolation on the 
log stress-log shear rate plot for the rheometer used. 


In  the judgment of relative merits of different sus- 
pending systems, two ratios can prove valuable for 
comparison. These are the ratios of the suspenda- 
bility to  the pourability index and the reciprocal of 
this ratio. The fist is a measure of suspendability 
of a given degree of flow, the other the ease of pour- 
ing for a definite degree of suspending ability. The 
first ratio defines the relative ordinate value in Fig. 
8 for a given abscissa and the reciprocal the abscissa 
for a given value of the ordinate. 


Both are useful terms to use to  characterize in 
tabular form the data of Fig. 8 for given values of 
pourability or suspendability. The ratio, its param- 
eters, along with the critical concentration to give 
a suspendability of unity, permit an excellent 
system characterization as is seen in Table IV. 


SUMMARY 
The use of log shear stress-log shear rate for low 


shear rate data is suggested as desirable for deter- 
mining whether yield value character is, or is not, 
implicit in a given rheogram. 


The practical difficulty of extrapolation to a yield 
value may, in practice, be estimated by either a 
Casson or Fitch plot. 
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Many gum systems, on increase in concentration 
of gum, show the development of yield value 
characteristics. These characteristics may be 
markedly enhanced by a second agent whose own 
yield value will be developed at low concentration. 


Since yield value is a direct measure of suspenda- 
bility and viscosity of pourability, a suspendability- 
pourability relationship has been developed for a 
series of gum systems. Tables and plots suitable 
for suspending gum characterization are given. 
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Action and Interaction of Gibberellic Acid 
and B995 on Datzlru innoxia 


By ROGER P. JAMES* and LEO A. SCIUCHETTI 


Thirty-three-day-old Datnra innoxia seedlings were treated weekly for a period 
of 4 weeks with 5 0  mcg. of GA, 100 to 1000 p.p.m. solutions of BWS, or combina- 
tions of both. The GA-treated plants indicated significantly increased height, 
increased stem dry weight, and e n e d y  decreased alkaloid concentration. Plants 
treated with the combination ofthe growth factors closely paralleled those treated 
with GA. Plants treated with B995 closely resembled controls, except for a de- 
crease in alkaloid Concentration in the roots at the last harvest. The results of a 


modified Dragendorff analysis are reported. 


ESEARCH recently completed on several dif- 
ferent compounds revealed that  B995, 


known chemically as  N-dimethylaminosuc- 
cinamic acid, produced growth retardation in 
plants (1). Numerous chemical compounds 
having the specific effect of retarding stem elonga- 
tion have recently been described (2-9). These 
growth retardants cause a marked decrease in 
stem and petiole elongation and exert relatively 
little influence on root development or leaf 
expansion, unless administered in high doses. 
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Lockhart (7) has indicated that several of the 
growth retardants interact competitively with 
gibberellin on stem growth, and  tha t  they act to  
retard stem elongation by partially blocking the 
system which provides active gibberellin to the 
growth mechanism. Others have indicated ap- 
parent interactions between gibberellin and cer- 
tain retardants in Ulothrix growth (lo), cell 
division of chrysanthemum ( l l ) ,  and in bean 
internode growth (12). 


Most growth inhibitors are known to stimulate 
growth at dilute concentrations and inhibit at 
high concentrations (4, 10, 13). Low concentra- 
tions of Amo-1618 stimulated the growth of 
cucumber seedlings, whereas higher concentra- 
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tions retarded growth (4). A similar effect was 
noted when onion roots were treated with maleic 
hydrazide (13) and when U. subtillisma was 
treated with AMAB (10). 


The following general gibberellin effects have 
been reported in the solanaceous plants pro- 
ducing tropane alkaloids : increased internodal 
elongation, taller and spindlier plants, slightly 
chlorotic leaves, increased stem growth, and re- 
duction in  the concentration of alkaloids in the 
aerial parts ( 14-20). 


The  purpose of this investigation was (a)  to  
determine whether B995 would retard the growth 
and/or influence the biogenesis of alkaloids and 
other components in Daturu znnoxia; (b) to 
ascertain whether this plant responded to gib- 
berellic acid (GA) as did other solanaceous plants; 
and ( c )  to  determine whether interaction oc- 
curred when the plant was treated with a com- 
bination of growth chemicals which generally in- 
duce opposite effects on stem growth. 


Journal of Pharmaceutical Sciences 


ment was a spray to "run-off." Specially prepared 
paper shields prevented the solutions from entering 
the soil. Plants receiving the combined treatment 
were administered the gibberellic acid 2 days before 
treatment with B995. The latter was administered 
weekly in the Same concentration as that used on 
the plants receiving it alone. 


A t  harvest time, each plant was immediately 
washed, cleaned, and the moisture was removed 
with towels. Then the plant was divided into 
leaf-tops, roots, and stem portions. The leaf-tops 
and stems were cut into small segments, and the 
fresh weight of each portion was taken immediately. 
Dry weights were taken after drying 48 hours in a 
forced air drier a t  48.5' C. The plant parts were 
then ground to a No. 40 powder in a Wiley mill, 
pooled according to treatment and harvest, and 
stored in colored glass containers in a desiccator 
until subsequent analyses were performed. 


Growth Effects.-The GA and combination- 
treated plants grew more rapidly and matured faster 
than the others. More and larger lateral buds and 
shoots were noted on these plants than in the con- 
trols and B995-treated plants. The stems of the 
latter were not so woody, nor did these plants 
bloom so fast as the GA and combination-treated 
plants. 


Height measurements, taken twice weekly, 
showed that there was no difference between GA 
and combination-treated plants, which grew sig- 
nificantly taller and more rapidly than controls and 
the B995-treated plants (Fig. 1). Throughout the 
experiment, the growth pattern of the controls and 
B995-treated plants were similar. At the end of 
the experimental period, both GA and combination- 
treated plants had attained heights about 146% 
of controls, whereas B995-treated plants were about 
10% shorter than controls (Fig. 1). 


Fresh and Dry Weights-The total dry weight 
of the GA-treated group was about 15% greater 
than control plants a t  the second and fourth weeks. 
This increase was due to about a 60% gain in stem 
weight (Table I). The leaf-tops weight of this 


EXPERIMENTAL 


Procedure.-Ninety-six D. innoxia seedlings which 
were approximately 33 days old were used in this 
study. The seedlings were grown from a 1961 
seed crop a t  Oregon State University and were kept 
under greenhouse conditions at a temperature rang- 
ing from 65 to  85" F. throughout the experiment. 
The seedlings were transplanted to individual 
1-gal. metal cans 9 days before the experimental 
period began and were randomized on a greenhouse 
bench. The soil mixture consisted of one part 
Sand, two parts loam, and 5 Gm. of Organic Morcrop' 
fertilizer per can. 


The experimental period started on July 5. 1962 
(zero time). and lasted 28 days. Three harvests 
were made, at 0. 2, and 4 weeks. Each harvest 
consisted of eight plants from each of the four 
groups, Gz., control plants, GA-treated plants, 
B995-treated plants, and plants receiving a com- 
bined treatment. The first harvest, at zero time, 
however, consisted of 32 plants, which were con- 
sidered controls since none had been treated. 
Weekly thereafter, the following treatments were 
instituted: the GA-treated group received 50 mcg. 
of GA in a volume of 0.02 ml., which was applied 
with a micropipet onto the growing apex of the 
plant. The B995 group received increasing con- 
centrations of the chemical, since visible growth 
retardation was not observed initially with the 
lower concentration of the growth inhibitor. A t  
zero time, a 100 p.p.m. solution of B995* was used. 
The next week a 500 p.p.m. solution was employed. 
The last two treatments consisted of lo00 p.p.m. 
solutions. The chemical was dissolved in distilled 
water, and two drops of Triton X100, a nonionic 
emulsifier, was added to  each liter of solution to 
provide better spreading properties. The treat- __ - 


1 Organic Morcrop, Chas. Lilly Co., Seattle. Wash. 
(analysis 5% of total nitrogen. 3% available phosphate, 
2% available potash). 


2 The B99S employed in this study was furnished through 
the courtesy of Dr. J .  A.  Riddell, Plant Physiologist, Naugu- 
tuck Chemical, Betheny, Conn. 


I -~ ~~~~ 


I 2 a 4 


TIM?3, WEEKS 
Fig. 1.-Height measurements of D. innoxia. 
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TABLE I.-WEICHTS OF Datura PLANT PARTS' 


--Total Wt.-- -Lcaf-Tops-- -Stems- --Roots-- 
Treatment Con- Con- Con- Con- 


and trol trol trol trol 
Harvest Dry Dry Dry Dry 
Time, Fresh, Dry, Wt.. Fresh. Dry, Wt., Fresh, Dry, Wt., Fresh, Dry. Wt.. 
Wk. Gm. Gm. % Gm. Gm. % Gm. Gm. % Gm. Gm. % 


Control. @ 4.18 0.276 . . . 3.11 0.223 . . . 0.57 0.028 _ _ .  O..W 0.026 . . . ~ . .  . . . 8158 o170- . .  


&ntrol; 2 56.92 5.43 . . . 32.62 3.38 14.72 1.35 . . .  . . .  
GA, 2 63.46 6.18 114 27.87 3.39 i00 29.41 2.21 im 6.18 0.58 83 
B995.2 53.93 5.58 103 32.12 3.71 109 13.88 1.19 88 7.93 0.68 97 
Combina- 


tion. 2 60.59 5.40 99 27.31 3.20 92 26.98 1-16 127 6-30 n..% 77 .. .~ ~ _ ~ _  . .  
COntrOiT4 ii8.G i8:99 ... 47.50 7.84 39.70 6.99 ... 3i170 4156 . . .  


B995, 4 116.60 18.75 99 50.90 7.52 98 36.40 6.22 89 29.30 5.01 115 
GA. 4 118.10 21.80 115 46.40 8.08 ioS 56.40 11.13 160 15.30 2.59 59 


Combina- 
tion.4 109.10 19.41 102 40.90 7.08 93 54.20 10.02 143 14.00 2.31 53 


~ 


a Mean weights per group of eight plants. * Mean weights of all four groups which were harvested but not treated at 0 time. 


group gained slightly, whereas the root weight was 
markedly reduced. The decrease of 41% in the dry 
weight of the roots at the fourth week was con- 
sidered significant. In general, the total dry 
weight and the dry weights of the individual organs 
of the B995 group approximated that of the con- 
trols. Although the total dry weight of the group 
receiving the combined treatment was about the 
same as the controls, significant differences were 
found in stem and root dry weights (Table I). 
Stem dry weights increased 23 and 43% at the 
second and fourth weeks. respectively. The in- 
creased stem weight of this group was not so great 
as that of the GA-treated group. Root dry weights 
were reduced 23 and 47% in the combination group 
at the second and fourth weeks, respectively. 
These decreases were larger than that noted in the 
group treated with GA. 
Analysis for Alkaloids.-The dried plant parts, 


using pooled samples, were assayed for alkaloid 
concentration, expressed as scopolamine, according 
to  the Brumrnett-Sciuchetti method (16). Two 
extractions were made per group, and each group 
was analyzed in duplicate. When duplicate de- 
terminations did not agree. two further extractions 
were made for each group. 


The concentration of alkaloids (mg./Grn.) in the 
organs of the GA-treated plants was markedly 
reduced, except that a gain was noted in the leaves 
of this group a t  the terminal harvest (Table 11). 
The B995-treated plants a t  the final harvest in- 
dicated about a 17y0 increase in the leaves and a 
35% decrease in the roots, with no appreciable 
change in the stems. All organs of this group con- 
tained less alkaloid a t  the second week harvest. 
Significant decreases were noted in all organs of 


the plants receiving a combination treatment at 
the second and fourth week harvests (Table 11). 
The reductions in the plant organs of this group 
were greater than either of the other two groups 
receiving treatments. In general, the gibberellin 
effect appeared to  be potentiated in plants receiving 
the combination treatment. 


Total Plant Alkaloids.-The total alkaloids per 
plant and per plant organ were obtained by multiply- 
ing the dry weight of the plant part by the per cent 
of alkaloids obtained from the alkaloid analyses, 
and expressing the results in milligrams. GA- 
treatment induced a slight decrease in the total 
alkaloids per plant (Table 111). However, the 
accumulation of alkaloids in the leaf-tops was in- 
creased, whereas total root alkaloids were sig- 
nificantly reduced. The B995 group approximated 
the controls in total alkaloids per plant. However, 
appreciable increases were noted in leaf and root 
alkaloids a t  the final harvest. In general, significant 
reductions per plant and per plant organ were 
noted in the total alkaloids of plants receiving the 
combination treatment. 


Selective Solvent Extraction.-Duplicate 2-Gm. 
samples of powdered leaf material from each group 
were selectively extracted in a Soxhlet apparatus in 
sequence with the following solvents: petroleum 
ether U . S . P . ,  anhydrous ether C.P., ethyl alcohol 
U.S.P., distilled water, sodium hydroxide solution 
(0.2%), and 1% hydrochloric acid according to a 
modified DragendorlT method (21). The powdered 
material was subjected to  each solvent until com- 
pletely extracted. Second duplicate determina- 
tions were carried out when agreement was not 
obtained between two samples from the same 
group. The weights of the dry extracts, obtained 


Treatment and 
Harvest Time, 


wk. 
Control, 0 
Control, 2 
GA, 2 
B995,2 
Combination, 2 
Control, 4 
GA, 4 
B995, 4 
Combination, 4 


TABLE II.-CONCENTRATION OF ALKALQIDS~ IN Datura PLANT PARTS 


Y-Leaf-Tops- -Stems- -Roots- 
Alkaloids, Controls, Alkaloids, Controls, Alkaloids, Controls, 
mg./Gm. % mg./Gm. % mg./Gm. % 


3.07 . . .  8.50 ... 5.01 . . .  
4.44 . . .  5.77 5.50 . . .  


4.40 99 4.88 85 4.80 87 
2.98 67 3 31 57 3.34 61 
2.56 . . .  3.49 . . .  6.12 . . .  
3.24 126 2.28 65 4.00 65 
2.99 117 3.68 105 4.00 65 
1.50 59 2.18 62 4.68 76 


4.04 91 3.79 '66 4.86 88 


a Expressed aa scopolamine. 
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TABLE III.-ToTAL ALKALOID CONTENTO (mg.) OF D. innoxiu 


Treatment and ---Per Plant-- --Leaf-Tops-- -- Stems- -- Roots ~ - 
Wk. .4Ikaloids Yo Alkaloids % Alkaloids /O Alkaloids % 


Contro!, 0 1.17 . _ .  0.80 . . .  0.25 . . .  0.12 . . .  
Control, 2 25.65 , . . 15.01 . . . 6.79 . . .  3.85 . . .  
GA, 2 24.88 91 13.70 91 8.36 123 2.82 73 
B995, 2 25.39 99 16.32 109 5.81 86 3.26 85 
Combination. 3 16.83 66 9.54 64 5.49 81 1 - 8 0  47 


-~ 


Harvest Time, Total Controls, Totals Controls. Total Controls, Total Controls. 
OI 


_ _  .. ~~ 


Control, 4 65.96 . . . 18.79 . . . 25.79 . . .  21.38 . . .  
GA, 4 61.92 94 26.18 139 25.38 98 10.36 48 
B995, 4 70.42 107 22.48 119 22.89 89 25.05 112 
Combination, 4 43.27 66 10.62 56 21.84 85 10.81 51 


Calciilated from dry weight and alkaloid analyses data: per = leaf-topsf plant stems + roots. 


by evaporation of the solvent on a water bath, 
followed by oven-drying at  48.5" C. for 21 hours, 
are given in Table IV. 


Considerable changes in the concentrations of the 
various extractives of the leaf-tops were noted 
in the treated groups. Considering the plants 
gathered a t  the final harvest as indicative of specific 
effects from the treatments, the following differences 
from controls were noted. Decreases of 17, 26, 
and 31 yo were found in the petroleum ether extract 
of the GA, B995, and combination groups, respec- 
tively. This suggests that lipid synthesis and/or 
accumulation was reduced in the leaf-tops. The 
ether extractive of the GA group only was affected 
(a  25% decrease). About a 14'% reduction was ob- 
served in the alcohol-soluble extractive of the 
B995 and combination groups, whereas a slight 
increase was noted in the GA group. Reductions 
of about 224;/, were noted in the water extracts of 
the GA and combination groups; an 11% decrease 
was found in the B995 group. The sodium hy- 
droxide extract was increased about 14% in the 
GA group, while decreases of 28% were noted in 
the B995 and combination extracts, respectively. 
No appreciable changes were found in the hydro- 
chloric acid extracts. Where appreciable changes 
occurred in the various fractions, the B995 and com- 
bination groups indicated decreases from controls. 
The reductions were of a greater magnitude in the 
group receiving a combined GA and B995 treat- 
ment than in the group treated with B995 alone. 


RESULTS AND DISCUSSION 


Slight growth retardation was induced by B995- 
This group of plants was about 90% as tall as the 
controls. Although some fluctuations were noted 
in the dry weights of the various organs of the 
B995 group, the general growth pattern was similar 
to  the controls. Inconsistent trends were noted 
regarding alkaloid concentration. All of the organs 
of the plants treated with B995 had a lower alkaloid 


concentration a t  the second week, while a t  the 
fourth week a 17% increase was found in the leaf- 
tops and a decrease in the roots. The total alkaloid 
content per treated plant approximated the con- 
trols. At the final harvest appreciable decreases 
were noted in the petroleum ether, alcohol, and 
sodium hydroxide extracts. This indicates that 
treatment with B995 did markedly affect the quan- 
tity of components soluble in these solvents. I t  
is the authors' opinion that more striking effects 
might have been induced on internode elongation 
(height) had a much higher concentration of B995 
been employed during the treatment period. 
D. innoria responded to  GA-treatment, regarding 


growth and concentration of alkaloids in the aerial 
parts, in a manner similar to that previously re- 
ported for D. stramonium (14-16, 19) and D. mete- 
loides (18). The general trends in growth and 
effect on alkaloid concentration as reported by 
Kapoor and Kaul(20) in D. znnoxia were confirmed. 
However, the concentration of alkaloids in the leaf- 
tops and roots of our plants was about twice as 
high in both treated and untreated groups. This 
difference was most likely due to divergences in 
the environmental conditions and the experimental 
design of the two investigations. In addition to 
a favorable effect on growth (as indicated by in- 
creased dry weights) the GA-treated plants flowered 
earlier than controls. The stems also appeared to 
be more woody. The total alkaloid content per 
plant at the final harvest was about 69; less than 
controls. This was due to significant reductions 
in the concentration of alkaloids in the stems and 
roots accompanied by a significant increase in leaf- 
tops alkaloids. About a 20% decrease was noted 
at the final harvest in the petroleum ether, ether, 
and water-soluble extractives of the leaf-tops of 
the GA group. Slight increases were noted in the 
alcohol-soluble and sodium hydroxide-soluble ex- 
tractives. The increase in the former correlates 
with the increased concentration of alkaloids found 
in the leaf-tops of the GA group. 


TABLE IV.--RESULTS" OF SELECTIVE SOLVENT EXTRACTION OF LEAF-TOPS OF D. annoxia 
_______ 


Treatment and Petroleum 
Harvest Time, Wk. Ether Ether Alcohol Water NaOH HCI 
Control, 2 34.8 15.3 213.4 101.7 142.2 88.5 
GA, 2 36.1 13.4 245.6 109.3 151 .O 89.8 
B995, 2 34.6 17.0 214.0 116.6 147.7 92.5 
Combination, 2 33.0 12.0 266.5 144.5 190.1 106.5 
Control, 4 26.4 11.5 367.1 158.9 305.9 85.2 
GA, 4 21.9 8 . 6  390.4 123.9 348.8 81.3 


Combination, 4 18.3 10.4 319.8 123.8 210.9 76.9 
B995, 4 19.5 11.9 316.1 140.9 217.7 82.2 


-. _- 
a Concentrations given in mg./Gm. 
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A most interesting aspect of this experiment was 
the apparent synergistic effect treatment with B995 
had when it was combined with GA. The gib- 
berellin effects (on internode elongation and on 
alkaloid concentration) generally appeared to be 
potentiated. Plants treated with B995 only were 
shorter than controls. GA-treatment induced about 
a increase in height. Plants receiving the 
combined treatment were also approximately 46% 
taller than controls. In this case, as well as with 
the decrease in root dry weight, the combination 
treatment apparently potentiated the effect noted 
with GA alone. The stem alkaloid concentration 
a t  the last harvest was about 65% of controls in the 
GA group, 105% in the B995 group, and 62% in 
the group receiving the combined treatment. In  
general, when reduced concentrations of alkaloids 
were found in the organs of the GA group, the 
decreases were of a greater magnitude in the com- 
bined group. The total alkaloid content per plant 
among the treated groups was the greatest in the 
B995 group, considerably less in the GA group, 
and the least in the combined group. Where ap- 
preciable changes were noted in the various selective 
solvent extracts of the 6995 group, the variations 
were greater when B995 was combined with GA 
than when B995 was employed alone. 


CONCLUSIONS 


B995 had a slight effect on the retardation of stem 
elongation at the concentrations employed. The 
total alkaloid content of this group approximated 
the controls. However, results from the selective 
solvent extraction procedure indicated marked de- 
creases in the quantity of the ether, alcohol, and 
sodium hydroxide extracts from the leaf-tops. 


This plant responded to  GA-treatment in a 
manner similar t o  other solanaceous plants. The 
following characteristic gibberellin effects were 
noted: taller and spindlier plants, significantly 
increased internodal elongation. slightly chlorotic 
leaves, woodier stems, a significant increase in stem 
weight, and a general reduction in the concentration 
of alkaloids in the aerial parts of the plant. Also, 
decreases of about 20y0 were found in the petroleum 
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ether, ether, and water-soluble extractives of the 
the leaf-tops. 


A most interesting interaction occurred when 
the plants were treated with a combination of 
growth chemicals. Only slight growth retardation, 
as indicated by height, was noted in D. innoxia 
treated with B996. Significantly increased height 
was induced with GA. However, the gibberellin 
effect predominated or was apparently potentiated 
when both treatments were employed. A similar 
trend was usually noted in the alkaloid concentra- 
tions of the various plant organs. This suggests 
that the concentration of B995 used in this experi- 
ment was not sufficiently high to induce definite 
growth retardation. but was low enough to dem- 
onstrate a slight stimulatory (gibberellin) effect. 
Others (4,10, 13) have shown that growth inhibitors 
at dilute concentrations stimulate growth, whereas 
at high concentrations growth is inhibited. 
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Evaluation of Polymeric Materials I11 
In Vitro and In Vivo Testing of Granules Coated with the n-Butyl 


Half Ester of Poly (Methyl Vinyl Ether) /Maleic Anhydride 


By ROBERT JAY NESSEL*, H. GEORGE DEKAY, and GILBERT S. BANKER 


A sustained-action dosage form was developed in which slm coated granules de- 
signed for independent distribution in the stomach were compressed into tablets 
for subsequent release in an intaa condition upon disintegration of the tablet. The 
polymeric c o a t i 3  developed contained the n-butyl half ester of poly(methy1 vinyl 
ether)/maleic a ydride, diethylqhthalate, sorbitan monooleate, and precipitated 
calcium carbonate. The olymeric coating was a plied to medicinally active ran- 
ules of Amphetamine s&ate which were assayedsy in w h o  and in vivo methots for 
drug release. The administration of the coated granules to a series of rats roduced 
a statistically significant duration of action of 11.5 hours as compared to 7 tours  for 
the uncoated granules. The coated granules were tableted utilizing polyethylene 
glycol 6000 as the matrix. The tablets of coated granules continued to roduce in- 
creased motor activity in the test animals after 12 hours, while the tahets of un- 


coated granules showed no increased activity after 7.5 hours. 


ANY INVESTIGATORS (1, 2) have studied 
various chemical and physical methods 


of controlling drug release from solid dosage 
forms intended for oral administration. One 
of the most prominent physical methods of 
achieving this goal has been the use of coatings. 
In the last decade, a large number of products 


has been introduced that are designed to provide 
a prolonged duration of drug action. One of 
the most prominent of these consists of en- 
capsulated coated pellets or beads. In the coating 
of these pellets mixtures of various fatty ma- 
terials and/or waxes have been the most widely 
used materials, however, various synthetic 
polymers (3, 4) have also been used as coatings 
in the preparation of sustained-release dosage 
forms. 


The tableted sustained-release products have 
been compressed ion-exchange resins, or dmg- 
wax or drug-resin fusion products or similar 
mixtures. Coated particles designed for sustained 
release are conventionally placed in hard gelatin 
capsules. The virtual absence of coated particles 
designed for sustained release and placed in 
tablet form, with the dosage form designed to re- 
lease the granules in the stomach, may be due to 
inadequately plasticized films, the use of less 
pliable films (cellulosics), the lack of a suitably 
elastic tablet matrix, or a combination of these 
factors. 


The preparation of coated pellets in a tablet 
dosage form would be advantageous over the 
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conventional encapsulated form from the stand- 
points of expense, patient convenience, accuracy 
of dosage, and eaSe of manufacture. This 
investigation was undertaken to study the feasi- 
bility of preparing a sustained-release dosage 
form in which coated particles designed for inde- 
pendent distribution in the stomach would be 
compressed in tablet form for subsequent intact 
release upon tablet disintegration. 


EXPERIMENTAL 


Polyvinylpyrrolidone-d-Amphetamine Sulfate Di- 
alysis.-Polyvinylpyrrolidonel was selected as the 
granulation binding agent because it produces very 
hard granules. This characteristic is necessary in 
the formation and coating of granules by the pan 
method, and was considered vital to the objectives 
of the study. 


Since polyvinylpyrrolidone has been reported to 
interact with a variety of medicinals (5), it was 
necessary to determine if any such interaction 
occurred with d-amphetamine sulfate and if the 
polymer interfered with the assay procedure. 


Twenty milliliters of a 3.5 X lo-' M solution 
of polyvinylpyrrolidone was accurately pipeted 
into bags prepared from Nojax Visking casing. 
The bags were placed in bottles containing 70 ml. of 
a 5 X 10-8 M solution of d-amphetamine sulfate. 
Four such bottles were prepared, tightly sealed, 
and rotated end over end at  41 r.p.m. in a water 
bath maintained at 37 f 2'. Two bottles were 
removed after 24 hours and the others after 48 
hours. Control bottles were similarly prepared by 
( a )  substituting distilled water for the polyvinyl- 
pyrrolidone, and (b)  replacing the drug solution 
with distilled water. These samples served to 
determine drug-membrane binding and polymer 
permeability of the membrane. The assay for drug 
content was conducted using the baseline technique, 
as described by Royal (6) .  on the internal and the 
external solutions. The Bausch & Lamb spec- 


1 Antarn Chemicals, Division of Genud Aniline and Film 
Cow.,  N e w  York, N. Y. 
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tronic 605 recording spectrophotometer' was used 
to obtain the data on the polyvinylpyrrolidone- 
distilled water samples. The assay for drug content 
was conducted on the Beckman DU model 2400 
spectrophotometer.l 


Preparation of Granules.-The granulation used 
for the coating procedure was 


&Amphetamine Sulfate 
Lactose 
Polyvinylpyrrolidone K-30 


+$ 
Ethyl Alcohol 75% 9.S. 


The dry ingredients (3 Kg.) were mixed and granu- 
lated with the alcohol. The mass was passed through 
a 20-mesh screen by hand and the resulting wet 
granules were placed in a standard 12-inch stainless 
steel coating pan revolving at 36 r.p.m. The 
granules were allowed to rotate until they were 
rounded and the granule surfaces smoothed, after 
which an infrared lamp was directed into the revolv- 
ing pan for drying. The dried granules were sized 
and those passing through a 20;mesh but not a 30- 
mesh screen were selected for coating. 


Coating Procedure.-In the preparation of a 
coated granulation, 160 Gm. of 20/30-mesh granules 
was placed in a 6-inch copper coating pan.' Coating 
solutions containing 5% w/v of the n-butyl and 
isobutyl half esters and the 2-ethylhexyl partial 
ester of PVM/MA [poly(methyl vinyl ether)/ 
maleic acid], one or the other, and 1% w/v of 
sorbitan monooleate plasticizer in the acetone- 
alcohol solvent system, were separately applied to 
the granules. Application was achieved by spraying 
the various solutions on the moving bed of granules, 
with a No. 15 Devilbid atomizer. Coating was 
continued until 10% polymer, based on granulation 
weight, was applied. The acrylic/methacrylic co- 
polymer was similarly applied, but due to its high 
molecular weight and high viscosity could be 
applied in a solution concentration of only 1%. 
and was thus added as a coating a t  a lower level; 
1% polymer to granulation weight. 


In addition to coating the granules with the 
polymer films described above, the granules were 
also coated with a combination of polymer material 
and dusting powder. In this study the coating 
procedure involved spraying 150 Gm. of 3% d- 
amphetamine sulfate granules, as previously de- 
scribed, with Fully Plasticized Coating Solution 
(No. 1) 


n-Butyl Half Ester of P V M m A  


Ethyl Acetate aa q.s. 100% 


5% 


l.% 
Sorbitan Monooleate 
Diethylphthalate 
Acetone 


A sufficient quantity of solution was sprayed on the 
moving granule bed to completely wet the granules 
to the point that they began to adhere to each 
other. One of the three dusting powders (talc, 
magnesium stearate, or precipitated calcium car- 
bonate) was then applied in a quantity sufficient to 
restore free bed movement. An infrared lamp was 
used to thoroughly dry the coating before repeating 
the cycle. Each dusting powder was used with 
the coating solution a t  a 5% and a t  a 10% level of 


f Bausch & Lomb Optical Co., Rochester, N. Y. 
8 Beckman Instrument Co.. Fullerton, Calif. 
4 Arthur Colton Co., Detroit, Mi& 
@ The DeVilbiss Co.. Somerset, Pa. 


polymer to uncoated granulation starting weight 
(150 and 300 ml. of coating solution). In coating 
with the dusting powder, the coating solution 
containing the highest concentration of sorbitan 
monooleate and phthalate plasticizer which would 
produce an intact film was used, in order that the 
final film containing a high level of dispersed solid 
would retain some degree of flexibility. 


In Vitro Assay and Sampling Procedure.-The 
assay procedure of Royal (6) was modified in the 
case of the coated granules, due to polymer and 
plasticizer interference. The modification entailed 
the use of carbon tetrachloride as a selective solvent 
for the plasticizer and an ion-exchange resin, Amber- 
lite IRC-50: to separate the polymer and the drug. 


Approximately 1.0 Gm. of coated granules was 
accurately weighed and placed in a 90-ml. bottle 
to which was added 60 ml. of simulated gastric 
fluid. The bottle was tightly sealed and rotated at 
41 r.p.m. in a water bath maintained a t  37 f 2'. 
Samples of the test solution were periodically with- 
drawn and replaced with other test solutions as 
shown in Table I. 


TABLE 1 . 4 A M P L I N Q  TJME AND FUl'ID 
RICPLACEMBNT FOR In VdfO ASSAY 


Sample pH of 
Time, Withdrawn, Replacement T u t  
hr. ml. Fluid ml. Solution 
0.0 .. 1.2 


1.5 2o 30 Intestinal 30 2.4 
2.5 40 Intestinal 40 6.8 
4.5 30 Intestinal 29 . . . 


NaOH T.S. 1 7.6 
6.6 30 Intestinal 29 .. . 


Na0HT.S. 1 7.6 
8.0 30 ... .. ... 


0.5  Gas&; * 20 1.2 


A 10-ml. aliquot of each sample which was with- 
drawn after the time intervals shown in the table 
was pipeted into a separator containing 10 ml. of 
carbon tetrachloride, and the mixture was agitated 
until equilibrium was obtained. The aqueous 
layer was then quantitatively transferred to an ion- 
exchange column and allowed to filter a t  the rate 
of 1 ml. per minute. To each of the 10-ml. aliquots 
removed from the samples withdrawn after 0.5. 
1.5. 2.5, and 4.5 hours, sodium hydroxide test 
solution was added to neutralize the acid present 
and thus prevent premature elution OF the drug. 
The column was then washed with approximately 
30 ml. of distilled water. Elution of the drug was 
camed out using 0.5 N sulfuric acid and the eluate 
was collected in a 50 ml. volumetric flask at the 
rate of 1 ml. per minute. The acid was passed 
through the column until the eluate measured 50 ml. 
Each solution was then assayed for drug content on 
the Beckman DU model 2400 spectrophotometer. 


In Vivo Assay of Grander-The method used in 
the determination of the in viw release data involved 
the use of the Williamson activity cage' to measure 
increased spontaneous motor activity. 


Female Holtzman rats were used throughout the 
study. Their initial weight in each case was between 
150 and 175 Gm. In all cases, the rats were fasted 
18 to 24 hours prior to dosing and were precondi- 


Rohm & Hpps Co Philadelphia Pa. 
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TABLE II.-TWENTY-FOUR HOUR DIALYSIS STUDY 


SULFATE 
OF POLYWNYLPYRROL~ONE AND d-hPHETAMINE 


Solution Solution 
Inside Outside Drug 


Permenble Permeable Sample Concn.. 
SIX Sac Assayed mg. /d .  


P V P  solution Drug Inside sac 1.5 
PVP solution Drug Outside sac 1 .4  
Water (control) Drug Inside sac 1.5 
Water (control) Drug Outside sac 1.5 
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sorbitan monooleate SOY0 and diethylphthalate 
3370 based on polymer weight, and using precipitated 
calcium carbonate as the dusting powder. A 
series of ten trials was conducted and the responses 
per half-hour interval were averaged. Statistical 
analysis was accomplished using the Student New- 
man Kuels test as described by Wmer (7). 


Preparation of Tablets.-The formulas for the 
tablets were 


Polyethylene Glycol 6OOO1* (20- 


Coated Granules 40 mg./tablet 


Polyethylene Glycol 6OOO (20-mesh 
flakes) 90 mg. 


Lactose 18 mg. 
Uncoated Granules 22 mg./tablet 


Polyethylene Glycol 6OOO (20-mesh 
flakes) 90 mg. 


Lactose 40 mg. 
Tablets were designed to  contain the correct drug 


dose (10 mg./Rg.) for each rat according to  weight. 
The quantity of each ingredient per tablet was 
weighed separately, mixed, and transferred to a 
'/cinch die for compression by hand on a single 
punch tablet machine, to  a hardness of 5 to 7 Kg. 


In yivo Assay of Tablets.-Administration of the 
tablets to  the test animals was accomplished by 
surgical procedure. Female rats were fasted as previ- 
ously described and were then anesthetized. An 
indm was made in the area of the greater curva- 
ture in the cardiac region of the stomach, and three 
tablets of one of the three series were introduced 
into the stomach. The incision was then sutured 
and the animals were transferred to activity cages. 
Three groups of animals were used as before (one 
group for tablets containing coated drug granules, 
one for uncoated granules, and one for the control 
tablets), but in this case only three or four animals 
were used per group. Statistical analysis of the 
results was conducted in the same manner as that 
used for the granules. 


RESULTS AND DISCUSSION 
Polyvinylpyrrolidone-d-Amphetamine Sulfate Di- 


alysis.-Prior to  the preparation of the d-amphet- 
amine sulfate granulation, it was necessary to deter- 
mine the existence or extent of drug-polymer granu- 
lating agent interaction. The results of the dialysis 
study relating to this portion of the work are shown 
in Table 11. Other dialysis samples which were 
run for 48 hours demonstrated the same results as 
those shown in the table, i.e., free and equilibrated 
drug exchange across the membrane indicating no 
significant polymer drug binding. 


Drug Release from Coated Granules.-The in 
vitro release rates of the 3y0 &amphetamine sulfate 
granulation coated with 10% w/w polymer are 
given in Table 111. Only 1% w/w of acrylic/ 
methacrylic copolymer coating was used as previ- 
ously discussed. The rapid release rates found for 
these coated granules was at fist regarded as sur- 
prising, but on more careful analysis was concluded 
to be the result of inadequate coating. 


I* Carbowax, Union Carbide nod Carbon Co., New York, 
N. Y. 


TABLETS OF COATED GRANULBS 


mesh flakes) 90 mg. 


TABLETS OR UNCOATED CRANULFS 


CONTROL TABLETS 


Pdyvinglpyrrolidone. 


tioned 30 minutes to  acquaint the animal with the 
cage. In all portions of this study, three groups of 
animals were used simultaneously. One group 
served as controls, one received uncoated granules 
of the drug, and the third group received coated 
&amphetamine sulfate granules. Ten animals were 
employed in each group. All doses were ad- 
ministered by stomach tube as 5 ml. suspensions in 
5% hydroxypropyl methyl cellulose* solution. 
The control animals each received 5 ml. of the 
suspension vehicle. 


Each dose was calculated on the basis of 10 mg. of 
drug per kilogram of body weight, taking into 
consideration the weight of the coating. Five 
milliliters of the suspension vehicle WBS poured into 
the barrel of a 5 ml. hypodermic syringe, to  which 
was attached a No. 10 French catheter by means of a 
collar. The granules were added to  the barrel and 
mixed with the suspension vehicle. The catheter 
was then forced down the esophagus of the pre- 
conditioned rat into the stomach, and the suspension 
was i n t r o d u d  with the aid of the syringe plunger. 
The animals were placed in the Williamson activity 
cages, the room darkened, and the recorder started. 
The door to the test room was closed and other 
steps were taken to reduce external animal stimula- 
tion due t o  noise. The test period lasted 12 hours, 
a t  which time the total number of responses in each 
s u c m i v e  half-hour period was determined. For 
each run of the activity cages at least one animal 
received coated granules, one received uncoated 
material, and one (the control) received the vehicle 
only. Amrding to  this method, any condition 
resulting in external stimulation of the animals 
would affect all thret test groups and would thus 
have a minimal effect on the end results. As 
stated above, ten animals received coated granules, 
ten received uncoated granules, and ten served to 
provide the control activity line. 


The hydroxypropyl methyl cellulose suspension 
vehicle for the coated and uncoated granules, was 
selected from a series of suspension vehicles studied, 
and was virtually the only vehicle of the group which 
did not appear to dect (retard) the absorption of 
the drug studied. The vehicles studied included 
solntiWS or dispersions of starch. Methocel4Oo0,e 
sodium carboxymethykellulose,@ and Cab-O-Sil,lo 
as well as Tween 80.11 and corn oil. 


The in vim assay procedure utilized the granula- 
tion coated with 10% w/w of n-butyl half ester of 
PVM/MA [poly(methyl vinyl ether)/maleic acid, 
low molecular weight grade], plasticized with 


I Methocel 60HG. 60 CDS.. Dow Chemical Co.. Midland. . - .  
Mich. * CMC-'IHG, Hercules Powder Co., Wilmington, Del. 
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TABLE III.-RELEASB OF ~ - ~ P H E Z A ~ I I N E  SULFATE 
FROM COATED GRANULES 


% w/w of % Release 
Polymer with Time 


PVM/MA2-ethylhexylester 10 84 100 
PVM/MA n-butyl half ester 10 82 100 
PVM/MAisobutylhalfester 10 86 100 
Acrylic/methacrylic 


Polymer Coating Coating ' / a  Hr. l'/a Hr. 


copolymer 1 96 100 


One gram of uncoated 20/30-mesh drug granula- 
tion was found to  contain about 1750 granules. 
Since the rounded granules passed a No. 20 U. S. 
Sieve Series standard sieve and were retained on a 
No. 30 sieve, the mean diameter of the granules 
might be taken as the mean open dimension of these 
sieves, or 0.72 mm., as a sieve analysis approxima- 
tion. The surface of 1750 such particles if they were 
true spheres, would be 28.2 em.'. Since many of 
the "rounded" granules were observed to  be 
elongated the actual surface was probably consider- 
ably larger than this. If a thin film such as the 
0.003-inch dry film which was the thinnest studied 
in the permeability study, was applied to  completely 
coat 1 Gm. of granulation, 0.214 cm.' of polymer 
would be required (28.2 cm.' area X 0.0076 cm. 
thickness). This corresponds to  0.278 Gm. of 
polymer film material needed to coat 1 Gm. of 
granulation (the film density was 1.30 Gm./cm.'). 
In other words if the granules had been truly 
spherical, nearly 30% of polymer composition would 
be required, based on the weight of the uncoated 
granulation, to produce a thin drug impermeable 
film about the granules. Since the granules were 
not truly smooth surfaced and spherical, the 
actual percentage of polymer coat material needed 
to  produce the necessary protective film, might be 
closer to  50 to  1 0 0 ~ o  of the granulation weight 
being coated at a 20/30-mesh uncoated particle 
size range. 


Selection of a Filler-Coating Dusting P0wde.r.- 
Since the application of more than 10% w/w of 
polymer film composition could not be conveniently 
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or economically applied to  the granules, various 
dusting powders were studied as coating adjuvants 
in order to  increase eflective coat thickness without 
having to  resort to  long coating times and high 
polymer concentrations in the dosage form. The 
materials used 89 dusting powders included two 
agents which are substantially insoluble in the pH 
environment of the alimentary canal-talc and 
magnesium stearate-and one material, precipitated 
calcium carbonate, which is reactive and soluble 
in the acid environment of the stomach. 


Eight granulations were coated with the aid of 
the three dusting powders and the average amount of 
each coating constituent per gram was calculated 
(Table IV). Utilizing the extraction procedure for 
the removal of the plasticizer from solution, each 
granulation was assayed with time and pH change to 
determine the drug release rate (Table V). 


In reference to  Table V i t  will be noted that 
the granulations coated with the aid of magnesium 
stearate as a dusting powder, showed some promise 
as prolonged-action coatings as the concentration 
of dusting powder was increased. However the 
low density of the material resulted in more than 
doubling the granule size when 0.20 Gm. of mag- 
nesium stearate was added to  the uncoated granule 
weighing 0.40 Gm. The coatings containing mag- 
nesium stearate were also friable. 


The granulations coated with the aid of talc pre- 
liminarily released the drug i n  yilro even at the 
higher dusting powder concentrations. 


Precipitated, calcium carbonate even though it 
was the only dusting powder used which was not 
inert in the test solutions, most effectively prolonged 
drug release in vilro, of the three dusting powders 
used. More recent work with other polymers, as 
well as the data reported by Wagner (4), suggests 
that each polymeric coating must be separately con- 
sidered to determine the best dusting powder filler. 
It might be hypothesized that the various polymer 
film surfaces vary in their affinity for the various 
dusting powders, and that this affinity is an im- 
portant consideration in this type of dosage form 
development. 


TABLE IV.-AVERAGE AMOUNT OF COATING CONSTITUENT APPLIED TO EACH  GRANULE^ 
Diethyl- Magnesium 


Coating Polymer! phthalate, Stearate, 
Number mg. mir. mg. 


1 0.0284 0.0085 ... 
2 0.0568 0.0171 ... 
3 0.0284 0.0085 ... 
4 0.0568 0.0171 


6 0.0568 0.0171 0.2041 
7 0.0284 0.0086 ... 
8 0.0568 0.0171 ... 


5 0.0284 0.0085 o .'ioi4 


Preclpitated 
Calcium Carbonate, 


mg. ... ... 
. . I  ... 


0.2i30 
0.3860 


Talc. 
mg. 


... 
0: isS 
0.368 ... ... ... ... 


0 Calculation: 0.402 Gm. of uncoated granola - 707 granules on the avernge; therefore, 150 Gm. - 263.806 granules. 
Thus, (total quaotity of material dded/263.808) - qupntity/grmule. * n-Butyl half nter of PVM/MA. 


TmLB v.-It8 vitro ASSAY OF PER CENT DRUG RELEASE FROM GRANULES COATED WITH THE DIFFERENT 
DUSTING POWDERS 


coating Per Cent Release After (Hr.) - 
Number" 0.6 1.6 a.6 4.5 6.5 8 


1 69.48 1.66 0.00 Dissolved ... . . .  
2 44.41 24.67 0.49 Dissolved ... ... 
3 64.34 3.28 0.00 Dissolved ... ... 
4 60.96 7.64 0.00 Dissolved ... 
7 48.16 16.05 0.00 5.55 Dissolved 
8 26.69 35.60 0.00 0.00 9.91 Dissolved 


Constituents listed in Table IV. 
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and coated granules. The results of the disintegra- 
tion tests on the tablets prepared with U e r e n t  
polyethylene glycols showed that the addition of 
starch and lactose had no effect on the disintegration 
time as compared t o  that of tablets using polyethyl- 
ene glycol alone. During the compression of the 
coated granules the pressure was adjusted to produce 
tablets of a hardness of 6 to 7 Kg., so as to  maintain 
a disintegration time of 15 to  20 minutes and pre- 
vent rupture of the granule coating. Disintegra- 
tion time increased considerably and the coating 
ruptured when the hardness of the tablets was 9 Kg. 
or higher. Analysis of the disintegrated tablets for 
ruptured granules showed that polyethylene glycol 
6000.20-mesh flakes, was the best matrix. 


As a result of the tableting investigation, a maxi- 
mum of approximately 30% coated granules was 
found to produce the most satisfactory tablets. 
Concentrations of coated granules exceeding this 
resulted in ruptured coatings due to an inadequate 
amount of “cushioning” material. Granules with 
ruptured coatings were identified by their ability to 
float, upon tablet disintegration, as compared to the 
denser intact granules. The floating granules were 
found to be empty shells. The pattern of granule 
release upon tablet disintegration is shown in Fig. 
2. 


Figure 3 shows the time-response curves for each 
group of tablets. The onset of action of the tablets 
containing coated granules occurred 2 to  3 hours 
after administration, which was considerably slower 
than the onset of the coated granules. This is due 
to  the fact that the tablets must disintegrate before 
the granules are released. Although the disintegra- 
tion time in vitro was between 16 and 20 minutes, 
this time period was probably considerably longer 
in w’vo due to the smaller volume of fluid present 
in the animal’s stomach. In the formulation of a 
complete product, it  would thus be desirable to  
combine coated granules with some uncoated 
granules in order to  provide the initial dose. 


The release of the d-amphetamine from the un- 
coated granules compares favorably t o  the release 
obtained from tablets of the same granules. Sig- 
nificant reponses were obtained from the tablets for 
7.5 hours as compared to 7 hours for the independent 
granules. Tablets of the coated granules continued 
t o  show increased activity after 12 hours, while the 
independent granules showed no increased activity 
after 11.5 hours. 


Sustained action was obtained from these coated 
granules by two mechanisms. The first involved 
the random entry of the granules into the intestinal 
tract. The active constituent was then released 
by dissolution of the coating a t  the various pH levels 
of the intestine due to the small variation in coating 


16 ‘I n 


4 II 
1 2  3 4 5 6 7 8 9 101112 


TIME, HR. 


Fig. 1 .-In viva comparison of coated and uncoated 
granules. Key: 0 coated, 0 uncoated, @ control. 


In Vivo Activity of Coated Granules.-The in mvo 
activity of the coated granules was determined using 
the 3% d-amphetamine sulfate granulation coated 
with 10% of PVM/MA n-butyl half ester applied 
from the fully plasticized coating solution (No. 1). 
with the aid of the calcium carbonate dusting powder 
(101.8 Gm. of powder/l60 Gm. of uncoated granula- 
tion). The coated granules were then administered 
to  the test animals as previously described. The 
in Viva results of administering the coated granules, 
the uncoated granules, and the control material are 
presented in Fig. 1. Each line in Fig. 1 represents 
the average results from the responses of ten animals, 
With the data being averaged and plotted at half- 
hour intervals. 


The results of the Newman Kuels significance tests 
showed that the uncoated granules had an immediate 
onset of action (within the first half-hour), and that 
the duration of action lasted until the seventh hour. 
At this t h e  there was no significant difference be- 
tween the control and the uncoated granules (2 X 
3). The coated granules caused a sibificant 
response within 1 hour after administration. and 
provided a duration of significant therapeutic re- 
sponse lasting 11.5 hours. This is an increase 
in duration of activity of the coated granules over 
the uncoated material of 4.5 hours. In addition to  
the longer duration of activity the coated granules 
eliminated the high response peak in the first hour. 
This was statistically shown by the significant dif- 
ference between the coated and uncoated granules 
during that time period. 


Tableting of Coated Granules.-Polyethylene 
glycols with and without starch or lactose were evalu- 
ated as tablet matrices for the coated granules. The 
major criterion for the selection of the tablet matrix 
was the prevention of rupture of the granule coating 
upon compression. 


The tablets were prepared by mixing various 
ratios of polyethylene glycol 6000. 9OOO. and 20.000 Fig. 2 . 4 r a n u l e  release upon tablet disintegration. 
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SUMMARY 


&Amphetamine sulfate granules were successfully 
coated with a plasticized film of the n butyl half 
ester of PVM/MA 119 using each of three dtistkg 
powders: talc, magnesium stearate, and precipitated 
calcium carbonate. In viho release rates were 
determined for each coating and the granules coated 
with the aid of precipitated calcium carbonate pro- 
duced the most satisfactory results. In vitro tests 
indicated that  the coated granules could be re- 
covered intact from compressed tablets. 
Zn vivo release rates were determined using the 


Williamson activity cage to  measure spontaneous 
motor activity. The results obtained showed that 
the activity of the rats receiving the coated granules 
was 4.5 hours longer than those receiving uncoated 
granules. 
In viuo analysis of tablets prepared by compressing 


the coated granules in a polyethylene glycol 6OOO 
matrix, showed a continued increase in motor ac- 
tivity after 12 hours, while the tablets containing 
uncoated granules showed no increase after 7.5 
hours. 1 2  3 4 5 6 7 8 9101112 


TIME, HB. 


Fig. 3.-Z% viuo comparison of tableted coated 
and uncoated granules. Key: coated, 0 un- 
coated, @ control. 


thickness, which occurs in pan coating. This was 
shown by the in vivo procedure. 
An added advantage to this approach t o  obtaining 


sustained release is the use of a single coating com- 
position which is applied in one concentration to an 
entire batch of granules. Thudore  the entire coat- 
ing process is accomplished in one easy operation 
without additional coatings and mixing of the coated 
granules. 
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Gas Chromatography of Some Antihistamines 
By ALEXANDER MACDONALD, JR., and RONALD T. PFLAUM 


The gas chromatographic behavior of 16 antihistamines was investigated using 
packed 0.010-in. diameter capillary and 0.065-in. open tubular columns. All packet 
columns were 6 ft. Ion with a low phase to support ratio and were operated at 17 5 . 
The liquid phases usefwere Carbowu 20M, SE-30, XP-1150, and PDEAS. Of the 
seven solid su rts evaluated for ume in low loaded columns, only lass beads, Gas 
Chrom-P, ancf&omosorb W-HMDS proved to be satisfactory. Tte  most success- 
ful column for the separation of these antihistamines was a 6-k-0.08% PDEAS on 
120/170 glass-bead column operated at a temperature of 175'. This column pro- 
vided good separation and symmetrical peaks. Instrument limitations prevented 
any valid evaluation of the 0.010-in. capillary column and of the 0.065-in. open 


tub& column for antihistamine separation. 


AS CHROMATOGRAPHY has proved to be a have been successfully separated by gas chroma- G valuable tool for the separation and identi- tography. Toxicological screening of alkaloids 
fication of many types of compounds. In phar- and the above classes using gas chromatographic 
maceutical analysis, barbiturates (1-4), sympa- separation on a single column has been reported 
thomimetic amines (5-7), and tranquilizers (8,9) by Parker (10). Gas chromatographic data 


R - V ~  August 20, 1963, from the Department or Chem- on 14 antihistamines using a 5-ft. X I/&. 


diameter-2% Carbowax 20M on 10% KOH Accepted for publication November 21,1963. 
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Steroid Sapogenins VII. Identification and Origin of 
2 SD-Spirosta-3,5-diene Among the Fenugreek Sapogenins 


By M. S. BEDOUR, D. ELMUNAJJED, M. B. E. FAYEZ, and A. N. GIRGIS 


A reinvestigation of a certain fraction of the fenugreek sapogenin mixture led to the 
isolation of diosgenin, tigogenin, and gitogenin along with a fourth product identi- 
fied with 2 5D-spitosta-3,5-diene. No evidence was found for trigonellagenin, 
which has been reported previously to occur in the same fraction. Evidence is pre- 
sented which sug ests that the diene is actually an artifact derived from diosgenin and 


produce! early during the acid hydrolysis of the natural saponins. 


HE STEROID sapogenins of fenugreek, Trigonella T foenum gmecum, seeds have had a few sporadic 
investigations. In 1943, Soliman and Mustafa (1) 
first alluded to the presence of a steroid sapogenin 
in the alcoholic extract hydrolysate of the seeds, 
shortly afterward Marker et al. (2) identified it with 
diosgenin. In a later communication (3), Marker 
el al. reported that the sapogenin mixture was made 
up mostly of diosgenin along with a small quantity 
of gitogenin and a trace of tigogenin. Soliman and 
Mustafa (4) then reported once again on the steroid 
sapogenins of fenugreek seeds and confirmed 
Marker's findings with resy=ct to the presence of 
diosgenin and gitogenin, they did not mention tigo- 
genin. Moreover, Soliman described another ster- 
oid sapogenin which he isolated in appreciable 
amounts from the mixture and, assuming i t  to  be 
new, named it "trigonellagenin." 


In the present search for steroid sapogenins in 
various sources from the local flora, fenugreek seeds 
were considered on account of their reputed (3) 
attractive diosgenin content. The processing of the 
seeds was conducted essentially according to the 
description of Wall el al. (5), where saponin-rich 
concentrates were prepared using n-butanol, and 
hydrolysis was effected by boiling in 4 N hydro- 
chloric acid solution for 3 hours. The sapogenin 
mixture was next solvent-fractionated in the manner 
described by Soliman et al. (4) (cf. Erperimcntal); 
the present report is concerned with that fraction 
from which the latter authors isolated trigonella- 
genin. A careful resolution of this fraction (of 
acetylated material) on alumina gave us tigogenin, 
diosgenin, and gitogenin along with a fourth adjunct 
having low polarity. The latter was purified with 
difficulty because of much contaminant matter and 
evidently possessed properties, m.p. 162-163'. 
[U]D - 179', different from those reported by Soli- 
man et d .  for trigonellagenin, m.p. 18&190', 
[ U ] D  - 72.9', acetate, m.p. 156-158' (4). No 
other products were isolated in appreciable amounts 
from this fraction. 


The new product was soon realized to be non- 
hydroxylic, for it was recovered unchanged after 
treatment with acetic anhydride under normal 
acetylation conditions as well as after treatment with 
alkali. It also exhibited no apparent hydroxyl 
absorption in the infrared spectrum. However, its 
color reaction with the tetranitromethane reagent, 
taken together with the characteristic absorption 
(triplet max. at 229, 234. and 245 ma) exhibited in 
the ultraviolet region of the spectrum, indicated the 
presence of a heteroannular conjugated diene system 
of the type present in cholesta3,5diene. That the 
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compound possessed a steroid sapogenin nucleus 
with an intact spiroketal side chain was evident from 
the infrared spectrum which contained pronounced 
absorptions at 985, 920, 900, and 888 cm.-l, with 
the 900 em.-' peak stronger than that at 920 em.-', 
an indication of 25D configuration. The substance 
was finally established to be 25D-spirosta-3,5-diene 
(I) by direct comparison with the synthetic product. 


, O d - - - '  


I 
With regard to the origin of 25D-spirosta-3,5- 


diene. it  is safe to say that it could not have possibly 
existed as a glycoside, engaging the hydroxyl of the 
open ring F in the corresponding furostane, in the 
natural fenugreek saponins-not only because of the 
experimental evidence reported here but also because 
of the established (6) fact that saponins. like their 
aglycones, possess intact spiroketal side chains. 
The isomerizing effect of mineral acids on the con- 
figuration at C-25 has long been recognized and is 
now well established (7). The susceptibility of 
steroid sapogenins to  the dehydrating action of 
mineral acid does not, however, seem to have been 
sufficiently appreciated. We are in possession of 
evidence which strongly suggests that the 25D- 
spirosta-3,5-diene was an artifact produced from 
diosgenin, the principal sapogenin of fenugreek, 
during the acid hydrolytic processing of the saponins 
This was sought by the direct treatment of chroma- 
tographically pure diosgenin with hydrochloric acid. 
The treatment (1 hour reflux, 4 N HCI) was milder 
than that normally employed for the hydrolysis of 
the saponins (3  hours reflux, 4 N HCI). Chromato- 
graphic resolution of the reaction mixture gave a 
crop constituting l8yO, which was shown to be 25D- 
spirosta-3,5-diene and which was identical in all 
aspects with the fourth product isolated from the 
sapogenin mixture of fenugreek seeds. This re- 
action might also have led to some isomerization 
at C-25 as well as other unpredictable complications. 
This was evident from the continued analysis of the 
reaction mixture on thin layers of silica gel, although 
the period of reaction (1 hour) was far short of the 
time known (7) to be necessary for the attainment of 
equilibration. In a study of the hydrochloric acid- 
catalyzed equilibration of 25D and 25L spirostanes, 
Wall el al. (7) described an impure product, m.p. 
130-140', which was the sole crystalline substance 
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resulting in low yield from refluxing yamogenin, 
25Gspirost-kn-38-01, with concentrated hydro- 
chloric acid in ethanol for 96 hours. The product, 
which they rightly designated 25D-spirosta-3,5- 
diene, must evidently have resulted from the isom- 
erization of the side chain to the more stable 25D 
configuration preceded by dehydration in ring A. 
The circumstances of its formation and its survival 
under such conditions are evidence to the durability 
of its structure, an observation which we endorse and 
which finds support in the results in this report. 


We have also prepared the diene ( I )  by treatment 
of diosgenin methanesulfonate with pyridine under 
reflux, and the product was identical with the diene 
preparations already discussed. 


In the literature (8 )  25D-spirosta-3,5-diene had 
been previously identified among the sapogenin 
mixtures isolated from Heloniopsis orientalis, 
Thunb. and Mianthemum dilatatum, Wood. In 
both sources diosgenin was a prominent constituent 
of the mixture; therefore, i t  is likely that the diene 
was not a genuine natural product. Wall and Serota 
(9) have also described its synthesis by treatment of 
diosgenin tosylate with sodium iodide in acetone 
under pressure. 


EXPERIMENTAL 


The melting points were determined on a Kofler 
block and are uncorrected; the optical rotations 
were measured in chloroform in a 1-dm. tube a t  room 
temperature. The infrared spectra were deter- 
mined with a Perkin-Elmer Infracord 137 spectro- 
photometer in sodium chloride cells in carbon 
disulfide solution. 


Processing of Plant Material.-The powdered 
seeds of fenugreek were defatted by extraction with 
light petroleum, and a quantity (10 Kg.) was ex- 
hausted with hot ethanol. The extract was then 
concentrated and diluted with water (2 L.). The 
solution was repeatedly washed with light petroleum 
and again concentrated to 4 L. The saponins were 
taken up in n-butanol saturated with water. This 
was done after the aqueous solution had first been 
treated with sodium chloride (5% w/v) and adjusted 
to pH 4 with hydrochloric acid. Concentration of 
the n-butanol extracts to a small volume was fol- 
lowed by treatment with hydrochloric acid and 
adjustment of the solution to 4 N. After a reflux 
period of 3 hours, water was added and the mixture 
worked up through chloroform. The dark resin so 
obtained was freed from much phenolic matter by 
refluxing in benzene (1 L.) with an alcoholic solution 
(300 ml.) of sodium hydroxide (50 Gm.) for 20 
minutes. Working up the product gave 39 Gm. of 
crude sapogenin matter. 


Isolation of 25D-Spirosta-J,S-diee.-The crude 
material mentioned above was fractionated using 
solvents according to the prescription of Soliman 
and Mustafa (4). Extraction of the mixture with 
light petroleum (b.p. 70-80") in a Soxhlet apparatus 
removed 30 Gm. of brownish semisolid ( A ) ;  then 
extraction with ether removed 3.9 Gm. of partly 
crystalline material (23). Fraction A was acetylated 
(acetic anhydride-sodium acetate, 2 hours of heating 
a t  100"). and the product (32 Gm.) then was treated 
with 150 ml. of cold methanol. The insoluble part 


'The method of Wall d al. (5) for the enrichment of 
saponinns waa referred to that described by Soliman and 
Mustafa (4) ngich involved the use of barium hydroxide and 
gave no satidactory results in this investigation. 
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was again treated with boiling methanol (400 ml.) 
for 30 minutes and filtered while hot from insoluble 
matter. The hot filtrate was allowed to cool and 
again freed from deposited matter. The filtrate 
thus obtained was evaporated to dryness to give 
8.58 Gm. of the fraction from which Soliman and 
Mustafa (4) isolated trigonellagenin acetate by 
repeated crystallization. Chromatographic resolu- 
tion of this fraction on an alumina (210 Gm.) 
column gave the following characterized products.' 


( a )  A fraction (0.72 Gm.) eluted with light 
petroleum which after repeated crystallization from 
ethanol gave 25D-spUosta-3,5-dienene. m.p. 162-163' 
(undepressed), [U]D - 179'. [Reported m.p. 164', 
[U]D - 175' (9 I]. The infrared absorption spectrum 
was identical with that determined for an authen- 
tic sample prepared from diosgenin (v ide  infra). 
The ultraviolet absorption spectrum (ethanol) 
exhibited triplet maximal absorption with peaks at 
229,234, and 245 (sh) mp ( c 28O00,28600, and 18800, 
respectively). The substance gave a strong orange 
color reaction with tetranitromethane in chloroform. 


(b) A fraction (1.04 Gm.) eluted with benzene/ 
light petroleum (1: 1) which afforded tigogenin 
acetate, mp.  204-208", undepressed by authentic 
sample, [ U ] D  - 71.63'. [Reported m.p. 204', 
[U]D - 73' (5)]. The infrared absorption spectrum 
was superimposible on that of authentic material. 


(c) A fraction (0.35 Gm.) eluted with the same 
solvent mixture which after repeated crystallization 
gave diosgenin acetate, m.p. 190-194' (undepressed). 
[&I - 107'. The identity was further confirmed 
by comparison of the infrared absorption spectra. 
[Reported m.p. 202O. [O]D - 115' (lo)]. 


(d) A fraction (0.77 Gm.) removed with the 
same eluent which afforded gitogenin diacetate, 
melting point and mixed m.p. 233-236". The 
infrared absorption spectrum was identical with that 
of authentic material. 


(c) A fraction (0.76 Gm.) eluted with 3% chloro- 
form in benzene which afforded tigogenin, melting 
point and mixed m.p. 201-204', [ a ] ~  - 78O. 
[Reportedm.p. 206". [ a ] D  - 67' (5)]. The identity 
was further confirmed by comparison of the infrared 
spectra and by acetylation to give a product identical 
in all respects with tigogenin acetate. 
(f) A fraction (0.32 Gm.) removed with 3% 


ethanol in benzene which afforded gitogenin, m.p. 
268-270" (undepressedj, [U]D - 80.6". [Reported 
m.p. 268', [ a ] ~  - 63" (l l)] .  Acetylation of this 
material gave gitogenin diacetate, m.p. 233-237'. 
[a]D - 91.7'. 1Reportedm.p. 237-242', [a]n - 98' 
( l l)] .  Infrared absorption spectra were identical 
with those of authentic samples. 


Preparation of 2SD-Spirosta-J,S-Diene.-A solu- 
tion of chromatographically pure diosgenin (0.5 Gm.) 
in alcohol (160 ml.) was refluxed for 1 hour with 
enough concentrated hydrochloric acid to attain a 4 
N mixture. After working up the reaction product, 
the residue (0.47 Gm.) was chromatographed on 35 
Gm. of activated alumina. The course of fractiona- 
tion was followed on thin layers of silica gel' using a 
mixture of acetone/benzene (1: 5) for development 
and chlorosulfonic acid reagent for spraying the 
plates. Elution with dry benzene removed 0.086 Gm. 


*The chromatogp hy. having lasted several days. must 
have rnvolved p a N a f  hydrolysis of the acetylated material. 


I Actually it was adduced from various experiments that 1 
hour reEux was optimal for the formation of the diene, R I  
0.96; for diosgenin. I21 0.55 (same indicated d v e n t  systcm). 
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fraction (30 mg.) recovered with light petroleum. 
This was repeatedly crystallized from light pe- 
troleum-methanol to give a pure sample of 25D- 
spirosta-3,5-diene, melting point and mixed m.p. 
160-162", which was identical in all respects with 
the preparations described previously. 
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of a crystalline product, m.p. 162-163', which did not 
depress the melting point of the product isolated 
from the sapogenin mixture of fenugreek seeds. 
The infrared spectra were identical in all details. 
Elution with 20/, methanol in benzene recovered 
most of the unchanged diosgenin. 


Diosgenin Methunesulfonate.-This was prepared 
by treatment of a solution of diosgenin (0.34 Gm.) 
in pyridine (5  ml.) with methanesulfonyl chloride 
( 2  ml.) at room temperature for 18 hours. Working 
up in the usual manner afforded 0.22 Gm. of the 
desired product which, after repeated crystallization 
from methanol, gave a pure sample, m.p. 162-163". 


Anal.-Calcd. for C2sHuOaS: C, 68.30; H, 8.94. 
Found: C, 68.27; H. 9.00. 


A solution of this substance (0.1 Gm.) in ppidine 
(3 ml.) was refluxed for 10 hours. After dilution 
with water and isolation of the product, chroma- 
tography on a column of 4 Gm. of alumina gave a 
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Study of the Polyvinyl Alcohol-Borate-Iodine Complex 111. 
Detection of Borates in Urine 


By ANTHONY J. MONTE-BOW, JOHN J. SCIARRA, and VINCENT DE PAUL LYNCH 


A survey of the prevalence of boric acid toxicity indicates the difficulty encountered 
in detecting cases of poisoning by this commonly used substance. Because of this 
situation, an investigation was carried out utilizing a previously reported method for 
the detection of borates b the polyvinyl alcohol-borau-iodine reaction. T h e  test 
was extended i n  this stu& to permit the detection of boric acid in  the urine of 
poisoned animals. Rabbits were fed varying quantities of boric acid, and urine 
Sam les were collected. After concentration of the urine Sam le, the polyvinyl 
alcogol-iodine reagent was applied to the residue. Results of g o t h  in uitro and 
in viuo studies indicate that this method is capable of detecting as little as 0.3 mg. 


of boric acid (0.05 mg. B). 


AE CHARACTERISTIC blue produced when solu- T tions of polyvinyl alcohol (PVA) and iodine 
were brought into contact with boric acid has been 
reported in several diverse areas (1-5). Since most 
of these applications involved macroquantities of 
boric acid, there was need to  determine the suita- 
bility of this method for the detection of smaller 
quantities and to  extend the investigation further 
for the purpose of determining the possibility of 
utilizing this test for the detection of boric acid in 
animal fluids and tissues. 


That such a test is desirable becomes apparent 
when one surveys the literature concerned with case 
histories of poisoning by boric acid. As early as 
1904 (6) and as recently as March 1963 (7), attention 
was called to  the toxic nature of boric acid. In a 
previous study, Sciarra ( 8 )  summarized the preva- 
lence of poisonings due to boron compounds. Most 
cases reported in the literature involved children 
ranging in age from a few weeks to 12 years. In 
many of these instances i t  was noted that several 
days elapsed between the time of admission to the 
hospital and the time a t  which boric acid poisoning 
was first suspected. This problem is further com- 
plicated by the fact that the afRicted children usually 
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were not given medical attention during the critical 
early stages of poisoningapparently because the 
toxicity symptoms are not characteristic. 


Many investigators have called attention to this 
problem. McNally and Rukstinat (9) commented 
on 58 cases, 28 of which proved fatal. Pfeiffer (10) 
revealed 86 cases, of which 42 were fatal. Gold- 
bloom and Goldbloom (11) reported on 109 poison- 
ings by boric acid. Valdes-Dapena and k e y  (12) 
analyzed 175 cases, of which 86 resulted in death. 
It may be that there is some duplication in reporting 
these cases. Nevertheless, the records clearly 
indicate the prevalence of boric acid poisoning; and 
in spite of the many articles and warnings relative 
to the toxic nature of the boron compounds. poison- 
ing continues. As late as 1962 (12) and 1963 
(13, 18), accidental deaths due to the erroneous 
use of these compounds have been reported. It 
should also be noted that  many of these investigators 
mention the probability that many such cases of 
poisoning go undetected, since the symptoms pro- 
duced may be confused with those produced by 
other illnesses. This is especially true in cases of 
chronic toxicity; for acute poisoning usually de- 
mands rapid medical treatment which, while it may 
not be specific for boron compounds, will at least 
counteract the poison and prevent further damage 
to  the victim. The problem is complicated further 
because, through the ingestion of certain foods 
boron can be found in the blood. A range of 0- 
0.72 mg./100 ml. of blood was reported (12). In 
addition, the expanding use of boron industrially 
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REVIEWS 


A Bibliography of the Tabletting of Medicinal Sub- 
stances. Compiled by A. J. EVANS and D. TRAIN. 
The Pharmaceutical Press, 17 Bloomsbury 
Square, W.C. 1, England, 1963. 159 pp. 14 X 
18.5 cm. 
A comprehensive bibliography of publications on 


medicinal tabletting is presented classified into five 
main groups: general, tablets, tabletting practice 
(with subdivisions for granulation, compression. 
coating, standardization and variation, packaging 
and storage), materials, and fundamentals. In all, 
it  contains about 900 references from the 1945-1961 
period as well as references to fundamental papers 
published since 1935. The authors explain that 
they hope to supplement the volume with additional 
references as well as publications appearing since 
1961. Author and subject indexes are provided. 


Hirman Aging. Edited by J. E. BIRREN, R. N. 
BUTLER, S. W. GREEHOUSE, L. SILOLOFF, and 
M. R. YARROW. Public Health Service, National 
Institutes of Health, Bethesda, Md. Available 
from the Superintendent of Documents, U. S. 
Government Printing Office, Washington 25, 
D. C. 1963. xi + 328 pp. 17 X 25 cm. Price 
$3. 
The efforts of 22 investigators from the National 


Institutes of Mental Health toward elucidating the 
biological and behavioral aspects of the human aging 
process are presented. The entire volume deals 
with the study of 47 aged males, and the authors note 
that the study should be considered a pilot rather 
than a definitive study. Some 15 phases of the 
study are described in detail. 


The Clinical Chemistry of Monoamines. Edited by 
H. VARLEY and A. H. GOWENLOCK. Elsevier 
Publishing Company, Inc., 52 Vanderbilt Ave., 
New York 17, N. Y., 1963. xvi + 242 pp. 
18.5 X 24 cm. 
The volume reports a symposium organized 


around three major topics: the clinical chemistry of 
catecholamines, the clinical chemistry of 5-hydroxy- 
indoles, and pharmacological and toxicological as- 


Price $11. 
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pects of monoamines. The volume will be of 
general interest and utility to pharmaceutical 
scientists particularly the papers covering the 
determination of catecholamines in biological 
materials, the determination of metabolites of 
catecholamines by chromatographic and other 
techniques, thin-layer chromatography in the 
diagnosis of phaeochromocytoma and malignant 
argentafinoma, the formation and metabolism of 
hydroxyindoles, and the toxicology of monoamine 
oxidase inhibitors and tranquilizers. A subject 
index is appended. 


Analysis Instrumentation, 1963. Edited by L. J. 
FOWLER, R. D. EANES, and T. J. KEHOE. Ple- 
num Press, Inc., 227 West 17th St., New York 11. 
N. Y., 1963. x + 261 pp. 21.5 X 28 cm. 
Price $12.50. 
A survey of analytical automation is presented in 


this volume which reports the proceedings of an 
annual symposia sponsored by the Instrument 
Society of America. Among the papers presented 
were those on methods of calibrating the process gas 
chromatograph, sampling systems and methods for 
precise analyzer pressure control, polymer molecular 
weight distribution measurement by liquid chro- 
matography, potentiometric determination of chlo- 
ride impurity in various salts, continuous measure- 
ment of moisture in flowing solids, and quantitative 
analysis by charged particle bombardment. The 
papers are well illustrated with pictures, figures, and 
graphs. Only an author index is provided. 


Medical Mycology. By C. W. EMMONS, C. H. 
BINFORD, and J. P. UTZ. Lea & Febiger. 600 S. 
Washington Square, Philadelphia 6, Pa., 1963. 
380 pp. 17.5 X 26 cm. Price $14. 
A general introduction to  general mycology is 


presented with detailed descriptions, clinical de- 
scriptions, diagnostic clues, directions for diagnostic 
laboratory procedures, and information about 
environmental sources of infection. The first seven 
chapters introduce the reader to mycology, medical 
mycology, and some of the general problems pre- 
sented by mycoses. The remaining chapters are de- 
voted to  specific mycoses or groups of closely related 
mycoses. Appendices present information on culture 
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New Instrument for Measuring Structure in Fluids 
By DUNCAN E. McVEANt and JERE E. GOYANS 


A new instrument was developed to study the structural properties of fluids. The 
instrument consists of a steel sphere suspended from a strain gauge in a 
fluid sample contained in the core of an electromagnet. Static yield values can be 
obtained by variation of the electromagnetic field. The behavior of structural 
fluids in this instrument appears to be in agreement with Bingham’s theory on 


fluid structure. 


REVIOUS EXPERIMENTAL methods designed 
pto evaluate the yield values of suspending 
agents have involved flow of the sample. Once a 
flow curve of the sample was obtained, the linear 
portion of the curve was extrapolated to the stress 
axis and this intercept taken as the classical the 
Bingham yield value (1). Figure 1 presents an 
actual rate of shear versus stress curve obtained 
from the M-2 viscometer (2) for a 0.30% 
Carbopol-934 mucilage which illustrates the three 
yield values described by Fischer (3). They are 
the Bingham yield value, fe, the value most com- 
monly used in pharmacy; f,,, a lower value which 
is fixed at the beginning of shear (this is not neces- 
sarily laminar flow); and fm, the maximum 
yield value which is established presumably by 
the beginning of laminar flow. 


Bingham (4) postulated that a certain portion 
of the shearing stress was used in overcoming 
the “internal friction” of the material. He 
stated that if the material were perfectly elastic, 
it  would undergo elastic deformation at stresses 
below the yield value. The initial restoring force 
is zero before stress is applied, then gradually in- 
creases to a maximum as the shear force is in- 
creased. If the applied force increases beyond 
the maximum value of the restoring force, flow 
begins. 


In a static system forces must still be acting 
on the suspended particle even though no flow is 
occurring. If the forces on the particle can be 
controlled, then the particle itself can be used to 
study the physical properties of the suspending 
agent. One method of controlling forces acting 
on a particle is through the use of a magnetically 
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Fig. 1.-Flow curve for 
a 0.30% Carbopol-934 
mucilage illustrates the 
three classical yield 
values. 


susceptible particle. If such a particle is placed 
in a magnetic field, the downward force exerted 
by the particle can be controlled by varying the 
intensity of the field. 


ELECTROM AGNETOYIELDOMETER 
@MY) 


Figure 2 presents a schematic diagram of the 
instrument. It consists essentially of a steel 
sphere attached through a spring to a strain 
gauge. The sphere is placed in the sample which 
is contained in the core of an electromagnet. The 
position of the sphere within the sample can be 
controlled by adjusting the support of the strain 
gauge and/or the support of the electromagnet. 
As voltage is applied to the electromagnet, the 
sphere is pulled through the sample. The force on 
the sphere is detected by the strain gauge. 


The sphere will descend a lesser distance in a 
sample of a structural fluid than in a sample of a 
nonstructural fluid for the same applied voltage, 
since the structural fluid exerts an additional upward 
force on the sphere. I n  a nonstructural fluid there 
is no additional upward force, and the sphere de- 
scends to the point where it is in equilibrium with 
the upward force of the strain gauge. Thus, the 
difference between the equilibrium force for a non- 
structural fluid and that for a structural fluid is re- 
lated to the yield value of the structural fluid. This 
can best be seen by analyzing the forces acting on 
the sphere. 


The force acting downward, j 4 , is 
j l  = V ( p z ) g  + M 0%. 1) 


where V is the volume and pt the density of the 
sphere, g is the gravitational acceleration, and M 
is the force due to the magnetic field. For a non- 
structural fluid the force acting upward,f t , is 
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Ill-' r' 


LI 
Fig. 2.-The electromagnetoyieldometer. 1, 


Strain gauge support; 2, Statham transducer, GL- 
1.5-350, Statham Instruments, Hato Rey, Puerto 
Rico; 3, spring; 4, steel sphere, diameters 0.635, 
0.794, and 1.111 cm.; 5, magnetic wire wound 
on hollow glass cylinder; 6, laboratory jack; 7, 
vibradamp. Fischer Scientific Co.; 8, powerstats. 
type 116, The Superior Electric Co., Bristol, Conn.; 
9, Varian recorder, G-10, Varian Associates, Instru- 
ment Division, Palo Alto, Calif. 


V' 
Fig. 3.-A nonstructural fluid, water, (0) com- 


pared with a structural fluid, ( 0 )  tragacanth supreme 
mucilage, from data obtained from the electromag- 
netoyieldometer a t  high voltages. 


where p1 is the density of the sample, and Fs is the 
upward force of the spring. At equilibrium these 
forces are equal and 


FS = V ( m  - Pi)g + M (Eq. 3) 


In the case of a structural 5uid the force acting 
downward is the same as Eq. 1, but the upward 
force becomes 


It = V(pi)g + Fs + Y (Eq. 4) 
where Y is the resisting elastic force of the 5uid. 
Note that Y will depend on the distance the sphere 
has moved reaching a maximum just before flow 
begins. Again, a t  equilibrium these two forces 
are equal and 


Fs = V ( m  - pi)g + M - Y (Eq. 5) 


Therefore, the value for FS in Eq. 3 is less than 
the value for Fs in Eq. 5 by the value of Y. 


RESULTS OBTAINED WITH THE EMY 


The magnetic field intensity is proportional t o  
the square of the applied voltage (5). Therefore, 
a plot of the force on the sphere (recorded as milli- 


volts) ucrsus the square of the applied voltage is 
linear. Such a plot was designated an EMY curve. 


Experiments showed that  the sphere could be 
varied +1 mm. in position with no measurable 
change in magnetic force. The sphere was allowed 
to descend no further than 100 p. 


Experimentation was carried out to  show that 
the decrease in force on the sphere in structural 
liquids was actually due to  a structural resistance 
and not due to  a difference in magnetic susceptibility 
of the liquid or to  viscosity. A o.31y0 aqueous 
solution of sodium nitrate, possessing the same 
viscosity as water but higher ionic strength than 
the Carbopol-934 solutions, was tested. The 
EMY curve for this experiment coincided with 
the EMY curve for water, showing that neither 
ionic interference or magnetic susceptibility were 
factors. A sample of 97% glycerin in water whose 
viscosity was 100 times greater than that of water 
was studied under the same conditions. The 
data again showed no difference in the EMY curves. 


Experiments did show that the results were very 
sensitive to  temperature changes. As the applied 
voltage was increased, heating and expansion of the 
sample occurred. The sample expanded upwards, 
carrying the sphere with it in the case of structural 
liquids. This upward movement was detected as a 
decrease in the strength of the signal from the strain 
gauge. This heating effect caused resulting EMY 
curves to  bend toward the force axis. 


The coefficient of thermal expansion for water 
a t  25' is 64 X 10- (degrees-'). Assuming that 
the temperature is uniform across the core of the 
electromagnet, a 0.2" temperature change corre- 
sponds to  a volume change of 1.52 X cm.* 
This would be equivalent to  a change in height of 
the sample in the electromagnet of 15.8 p. At 3 v. 
applied potential the sphere moved 50 p ,  the  error 
introduced by such a change in height would be 
approximately 32y0. The heating effect was cir- 
cumvented by applying potentials to the electro- 
magnet rapidly in increments of 2 v. Experimenta- 
tion ceased when 0.01' change in temperature was 
noted in a thermistor bridge monitor. 


Water was used as the standard nonstructural 
liquid. Once the linear EMY curve was obtained 
for water, a structural fluid such as o.1570 Carbopol- 
934 mucilage was tested under the same conditions. 
The resulting EMY curve was at first linear with a 
slope much less than the slope of the curve for water; 
then i t  curved upward until it  appeared to  be paral- 
lel to the curve for water. The point where curva- 
ture begins can be defined as the elastic limit of 
the material in analogy to  the stress-strain curve of 
metals. Figure 3 is representative of the EMY 
curves obtained with structural and nonstructural 
fluids. The 5uids studied were the tragacanth 
super initial and supreme mucilages and the muci- 


TABLE I.-YIELD VALUES OF SELECTED 
MUCILAGES EXPRESSED IN DYNES/CM.~ 


1.111 cm. Diam. 
Mualage ., Sphere Sphere 


0.23yo 175.6 161.2 


0.794 cm. Diam. 


Carbopol-934 


Tragacanth 
0.1570 34.5 . . .  
Supreme 113.0 ... 
Super initial 124.8 ... 
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TABLE II.-COMPARXSON OF YIELD VALUES OBTAINED FROM THE EMY WITH THOSE OBTAINED FROM THE 
RISING CYLINDER RHEOMETERO 


Yield Value - 
?-Carbopo1-934-- -- Tragacanth- 


Method 0.15% 0.23% Supreme Super Initial 
EMY a t  25' C. 34.5 175.6 113.0 124.8 
Rising cylinder a t  30" C. 16.8 131.7 123.4 156.4 


a Values are expressed in dynes/crn.z 


TABLE III.-EFFEcT OF TEMPERATURE ON 
YIELD  VALUE^ 


--Temp.,o C.-- 
Mucilage 30' 260 


Carbopol-934 023% 134.5 175.6 
Tragacanth super initial 56.5 78.3 


" T h e  1 . l l l - c m .  diam. sphere was used in the E M Y .  
Values are expressed in dynes/cm.z 


lages of Carbopol-934 prepared in the manner 
previously described (6). 


The values of the forces acting on the different 
sized spheres in the same sample appeared t o  be 
approximately in the ratio of the squares of the 
diameters of the spheres. Because a suspended 
particle is being acted upon by forces on all sur- 
faces, i t  was decided to use the surface area when 
evaluating the force per unit area. 


Figure 3 illustrates the method used to  evaluate 
the yield value of the mucilages. The important 
section of the figure is the points where the curves 
for water and the structural liquid are parallel. The 
distances between these parallel lines are taken as 
the yield force of the mucilagenous structure. The 
values of these forces in terms of surface area for the 
samples tested are listed in Table I. The single 
value for the 0.794-cm. sphere is presented for com- 
parison of the value obtained from a different sized 
sphere. 


DISCUSSION 


The behavior of the EMY curves for structural 
fluids agrees with Bingham's theory of an opposing 
elastic force which resists the downward movement 
of the sphere. This resisting elastic force increases 
as the sphere moves downward. The curve initially 
is linear, followed by a nonlinear section where the 
force is not directly proportional to displacement. 
Finally, the downward force is large enough to  
rupture the structure of the fluid. The structure is 
instantaneously recoverable, so the downward force 
upon the sphere is continually resisted by the elastic 
forces. This is the region of the parallel EMY 
curves. The distance between the curves a t  the 
same voltage is the amount of force required to 
exceed the yield force. If a fluid possesses a struc- 
ture, it can be detected and evaluated in this manner. 
When flow curves of fluids possessing structure are 
evaluated, it should be recognized that a resisting 
elastic force is always present in addition to  the 
resisting viscosity forces. 


Table I1 presents a comparison of the Bingham 
yield values obtained from data collected from the 


Rising cylinder rheometer (6) with the yield values 
obtained from EMY curves. The correlation of 
the yield values obtained by extrapolating low shear 
data with the EMY yield values supports the sur- 
face area dependency of the forces acting on a 
suspended particle. 


The data presented in Table I1 indicate that 
the method of Bingham is not applicable to the 
pseudoplastic tragacanth system and that even 
though the extrapolation to  the stress axis was 
made from an apparently linear portion of the 
flow curve, curvature was still present. The dis- 
crepancy in the data with the Carbopol-934 muci- 
lages is due t o  the effect of temperature. The 
data from the EMY were collected a t  room tempera- 
ture (approximately 26'). while those from the 
Rising cylinder rheometer were collected at 30" 


To study the effect of temperature upon the 
yield value, Carbopol-934 mucilage 0.239/, and 
tragacanth super initial mucilage were studied again 
in the EMY a t  3O0(Table 111). As wasexpected. the 
yield values of the mucilages were less a t  30' than 
a t  26". The yield value of the Carbopol-934 muci- 
lage appeared to  agree favorably with the yield value 
obtained with the Rising cylinder. However, the 
value for the tragacanth mucilage did not. This 
mucilage was studied again a t  26', and its yield 
value at this temperature did not agree with the 
previous determination. I t  was noted that the 
previous determination had been made on freshly 
prepared mucilage, while the mucilage currently 
being studied was 1 month old. This indicated 
that the tragacanth mucilage lost considerable 
suspending ability in 1 month. 


Bingham yield values were obtained for other 
tragacanth mucilages utilizing data collected from 
the Rising cylinder rheometer and tabulated previ- 
ously (6). These same mucilages were now studied 
in the EMY and found to  have little or no yield 
values. The mucilages had been aging for 6 
months. It can be concluded therefore that the 
structural properties of Carbopol-934 mucilages is 
relatively permanent, while those of tragacanth 
mucilages deteriorate rapidly with time. 
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Quantitative X-Ray Diffraction Analysis of Intact 
Tablets 


By G. J. PAPARIELLO, €3, LETTERMAN, and R E. HUETTEMA" 


An investigation into the ossible use of X-ray diffraction techniques to analyze in- 
tact tablets was made. d e  analysis of various pharmaceutical compounds in tablet 
form by X-ray diffraction was considered. Of those tested, only in glutethimide 
tablets, where the percentage of active component weight in total formulation weight 
is high, was the analysis of the intact tablet feasible. Methods of improving the 
reproducibility of this intact tablet analysis were considered. A procedure which 
makes it possible to assay 10 individual glutethimide tablets in 25 minutes was 


developed. 


HE DEVELOPMENT of rapid analysis of unit T dose formulations is a problem which has 
only recently come into the forefront. In 1961, 
Head (1) investigated the possible use of solid 
state fluorescence for the analysis of individual 
intact tablets and demonstrated that fluorescence 
was not totally acceptable for this purpose. 
The author did, however, suggest that X-ray 
diffraction techniques might possibly be more 
useful. 


Taking advantage of this suggestion, an in- 
vestigation into quantitative X-ray diffraction 
was initiated in this laboratory with the view that 
it might be possible to develop this technique to 
assay individual intact tablets both rapidly and 
automatically. It was felt that this investiga- 
tion could uncover the answers to the following 
questions: What adaptations and precautions 
are necessary to obtain acceptable reproduci- 
bility in the analysis of an intact tablet by X-ray 
diffraction techniques? What concentration of a 
drug within the normal tablet matrix can be de- 
tected by these techniques? What precision can 
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be obtained and how rapid can an analysis be 
run on individual intact tablets? 


The theory of quantitative X-ray diffraction 
analysis is authoritatively considered by Klug 
and Alexander (2), while a brief but lucid account 
has recently been given by Shell (3). Con- 
sequently, a treatment of the underlying theory 
will not be considered here. However, it  must 
be noted that the attainment of high precision in 
intensity measurements of diffracted X-rays 
demands careful attention to a number of factors, 
even when one is dealing with a carefully packed 
powdered sample. These factors- the particle 
size of the crystallite, preferred orientation, etc- 
were considered in this work but could not be 
dwelled upon because of the nature of the sample. 
It is understood that an attempt at  doing quanti- 
tative X-ray diffraction work without careful 
precautionary sample preparation is unusual 
and may be viewed with distress by a purist. 


The work that is reported here is essentially 
a two-part study. The fist part consists of an 
X-ray examination of various representative 
tablet formulations to determine what tablets 
might be assayed by this technique. The 
second part is a report on the analysis of glutethi- 
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midel tablets N.F. by this technique and the 
factors influencing this method. 


EXPERIMENTAL. 


X-Ray Equipment.-A General Electric XRD-5 
diffraction spectrogoniometer was employed in this 
work. X-ray radiation was provided by a copper 
target high intensity X-ray tube operated at 50 KVP 
and 15, 20, or 31 ma. A 3' beam slit, along with a 
medium resolution soller slit and a 0.1' detector slit 
made up the slit system used for most of this work. 
A 4' beain axis to target angle and a time constant 
of 1.0 seconds were crnployed. A gas proportional 
counter (General Electric No. 6 tube) was used as 
the detection device, its output being graphically dis- 
played on a Leeds and Northrup Speedomax re- 
corder. The scanning speed of the goniometer used 
throughout this study was either 2 or 0.2' per minute. 


Sample Holders.-Powdered samples were packed 
in the normal shallow Bakelite trays l l / d  X 1 in. in 
size; intact tablet samples were mounted in a 
specially designed sample holder fabricated out of 
Bakelite. This holder is illustrated in Fig. 1. 


Qualitative Pattern Examination.-Powdered 
samples were finely powdered, passed through a 
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in the specially designed intact tablet sample bolder 
and scanned from 5 to 30' 28. 


Quantitative Analysis of Glutethimide Tablets.- 
A tablet is placed in the intact tablet sample holder 
with its bisection facing forward. The tablet is 
oriented in the bolder so that its bisection is per- 
pendicular to  the path of the X-ray beam. The 
sample bolder is fastened in place on the diffrac- 
tometer. A scan is made from 16 to  18' 26 using a 


RECESSION OF &:+- 1 
HOLE FOR 
r 4 8 L E T  
PLbCEMENT 


. . . . . . - - - . - . . . 


RE4N VIEW 


HINGED ___. .__-  
STEEL 
C L I P  - 


. . . . . - - . . . - - . ., 
0 0 


Fig. 1.-Intact tablet sample holder. 


TABLE L-TABLET FORMULATIONS INVESTIGATED 


Active 
Component 


in Total 
Formulation 


Wt. (76) 


Tabieta Wt. 
Methylphenidate hydrochloride, 10 
mg. 7 


Hydrochlorothiazide U.S.P., 50 mg. 17 
Tolazoline hydrochloride U.S.P., 25 


mg. 17 
Tripelennamine hydrochloride U.S.P., 


50 mg. 25 
Glutethimide N.F., 500 mg. 77 


a Marketed as Ritalin, Esidrix, Priscoline. Pyribenzamine, 
and Doriden, respectively, by Ciba Pharmaceutical Co.. 
Summit. N. J. 


standard No. 320 sieve, and carefully packed in a 
shallow Bakelite tray. These samples were scanned 
from 5 to 30" 28. Intact tablets were merely placed 


1 Marketed as Doriden by Ciba Pharmaceutical Co.. 
Summit, N. J. 


Fig. 2.-X- 
ray diffraction 
pattern of meth- 
y l p  h e n  i d a t  e 
hydro c h 1 o r  i de 
powder. 


Fig. 3.--X- 
ray diffraction 
pattern of pow- 
dered methyl- 
phenidate hy- 
drochloride tab- 
let formulation. 


linear count r&ge of 2000 counts per second and the 
instrumental conditions as previously indicated. 
This procedure is repeated for every sample tablet 
and the standard tablet. 


For each tablet measure the height of the peak 
from its base is at approximately 17' 28. The equa- 
tion (height of sample peakheight of standard 
peak)*100 = per cent glutethimide in tablet com- 
pares the peak intensity of the sample to  that of the 
standard to  obtain the analytical result. 


RESULTS AND DISCUSSION 
X-Ray Diffraction Examination of Representative 


Tablet Formulations.-The purpose of this part of 
the study was to determine what tablet formula- 
tions might possibly be analyzed by X-ray diffrac- 
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tiori techniques. From the  outset  i t  was understood 
tha t  absorption and  matrix interference preclude the 
u\c of this rriethod for very small dosage tablet 
forrnulaticiric. Srverthelcss, there a re  rriany other 
tahlet forniulations where t h e  percentage of drug  
weight in total formulation weight is at a level where 
analysis might he possible. Tablet  formulations 
whose prrcrntage of drug weight in total formulation 
Wright was from 7 t o  7iC/b were considered. The  


Fig 4-X- 
ray diffraction 
pat tern of pow- 
dered methyl- 
phenidate hy-  
drorhloridt. pla- 
cebo tablet for- 
rnulation. 


Fig. 5.--5- 
ray  diffraction 
pat tern of an 
intact  methyl- 
phenidate by- 
drochloride tab-  
let. 


Fig. 6 -X- 
ray  diffraction 
pat tern of a n  
intact  tnethyl- 
phenidate hy- 
drochloride pla- 
cebo tablet .  


cominercial tablet  formulations investigated a re  
listed in 'Table I .  


The mariner in which these various formulations 
were examined is qui te  biniple. First a diffraction 
pa t te rn  o f  t h e  powdered drug itself is obtained, anti 
t h r  most in tmse  diffraction praks noted.  Then  a 
diffraction pat tern of the  powdered tablet forrnula- 
tiori containing t h e  drug in question is taken. This 
pa t te rn  is studied, a n d  one seeks o u t  those diffraction 
peaks which were previously noted to  be large on the  
pat tern of the pure drug. A difiraction pat tern of 
t h e  powdered placebo formulation will a id  h th i s  
esarnination, since the  other compone~i t s  in a 
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formulation have diffraction pat terns  of their own 
and can obscure or interfere with t h a t  of the drug 
itself. 'The final s tep  is obtaining and examining 
diffraction pat terns  of t h r  intact  tablet and t h e  
u i ta r t  placebo tablct .  


l h u s e  pat terns  obtained for t h e  nicthylpheniciatc 
hydrochloride invrstigation a rc  shown iii Figs 2 
through G a s  a n  illustration of the  type  of results 
ohtairied. By examining Figs. 2 ,  3. and 4 ,  one will 
notice t h a t  a good many of t h e  strong diffraction 
peaks sern in t h e  nicthylphrnidate hydrochloridr 
powder pat tern a re  ohscured or absorbed in  t h r  
 atte tern of t h e  powdered formulation. 1Iowevc.r. if 
one were interested in pcrforniing t h e  analysis on  the  
powcler ra ther  than  thc intact  tablet ,  it W C J U I ~  be 
entirrly possible sincc there a re  still rneasurablr 
peaks a t  8.1", 11 3 " .  arid l.l.!lo 20 in the  powdered 
formulation diffraction pat tern.  Figures 5 and 6 
clearly drrnonstrate t h a t  t h e  number and intensity 
o f  t h e  diffraction peaks obtained from the densr  
intact  tablet sample definitely diniiriishes. I t  can 
be seen t h a t  there a re  no diffraction peaks prrsent  
whir11 might reflect t h e  amount  of methvIphenidatc 
hydrochloride present in t h e  intact  tablet .  hl: the 
intact  tablet pat terns  o f  t h e  compounds studied 
except for glutethirnide were like those of methyl- 
pheiiitlate hydrochloride a n d  were drtc.rmined t o  he 
unsuitable for use in an analytical mrtllotl 


Diffraction pat terns  for powderrd s;~mples of 
Klutethirnide itself, glutethiinide tablet formulation, 
and  glutcthimide jilncebu forriiulation indicated t h a t  
most of the  diffraction peaks were due  t o  thc  gluteth-  
h i d e  itself (see Figs. 7, 8, and 9). Seventy-seven 


Fig. 7 - X- 
ray  diffraction 
pat tern of glute- 
thimidr powder. 


Fig. 8:- -X- 
ray  diffraction 
pat tern of 
powdered glute- 
thimide tablet  
formulation. 


Fig. 9.-X- 
ray diffraction 


powdered glute- 
thimide placebo 
tablet. 


pat tern of 
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Fig. 10.-X- 
ray diffraction 
pattern of an 
intact glutethi- 
mide tablet. 


per cent of the tablet formulation is glutethimide, 
making it the predominant crystalline component 
in the formulation. Thus these diffraction results 
were expected. From an examination of Figs. 10 
and 11 it can be seen that, although decreased, the 
glutethimide peaks in the intact tablet pattern are 
still distinguishable. The most intense diffraction 
peak, that at 17" 28, was chosen as the peak to  use 
in an attempt to analyze glutethimide intact tablets 
quantitatively. 


Quantitative Analysis of Glutethimide Tablets.- 
Having found a diffraction peak which was intense 
enough to warrant investigation in thecaseof gluteth- 
imide, it was then necessary to show that this peak 
did indeed reveal the quantity of glutethimide 
present in an intact tablet. Proof of this nature 
was obtained by preparing tablets of known com- 
position and analyzing them by the diffractiou 
technique. That is, several small batches of tablet for- 
mulation were prepared, and tablets were nlanually 
compressed using a Stokes model E tablet press.l 
Measurements were made on these tablets with 
ultraviolet spectrophotometry and X-ray diffraction 
techniques. A plot of the results of these analyses 
indicate that the intensity of the peak at 1 7 O  28 for 
the intact tablet is dependent on the quantity of 
glutethimide present in the tablet. Figure 12 shows 
that over a rather large concentration range this 
dependence is linear. 


I t  was originally intended to use the tablets pre- 
pared by the above indicated method as standards 
for the analysis of the glutethimide production tab- 
lets. When this was attempted, however, it  was 
noted that the difiaction intensities for the produc- 
tion tablets were less than that for the standard 
tablets. This observation was investigated and was 
shown to be a pressure effect. The pressure used in 
compressing the production tablets is, of course, 
much greater than that used in preparing the 
standard tablets. This pressure effect might be due 
to preferred orientation or a reduction in the size of 
the crystallites. It has been reported that the 
presence of a large proportion of crystals less than 
0.2 p in size in a sample will result in sufficient line 
broadening to produce an abnormally low peak 
height ( 4 ) .  


The existence of this pressure effect made it 
impossible to  use the specially prepared standard 
tablets. It was necessary to use a production tablet 
as a standard tablet. Such a tablet was obtained by 
measuring the peak intensity at 17' 28 for a group of 
production tablets. Each time a set of two tablets 
having identical peak height intensities was found- 
one member of the set was assayed by ultraviolet 
spectrophotometry, while the other was saved intact 
to  be used as a standard. 


The authors are grateful to Dr. Arge Drubulis, who pre- 
pared these special tablets. 


Fig. 11.- --X- 
ray diffraction 
pattern of ari 
intact glutethi- 
mide placebo 
tablet. 


Table I1 compares the ultraviolet spectrophoto- 
metric and the difiaction analyses of 10 glutethimide 
tablets. The results for the diffraction analysis are 
given in peak heigbt units (millimeters) and can be 
converted to milligrams per tablet by use of a stand- 
ard production tablet. However, this conversion 
is not necessary if one is checking for dosage uni- 
formity since limits in millimeters can be specified. 
The analysis of the intact tablets by diffraction took 
25 minutes, whereas the ultraviolet spectrophoto- 
metric analysis of the powder of these tablets took 
over 2 hours. The reproducibility obtainable by 
the spectrophotometric method is greater than that 
obtained by the diffraction technique, but the dif- 
fraction technique's reproducibility is certainly 
acceptable if one were performing dosage uniformity 
analysis. 


The monogram and scoring of a tablet have an 
etrect on the absorption and scattering of the X-ray 
radiation. Consequently, one must always present 
the same surface similarly positioned in the X-ray 
beam if any sort of reproducibility is hoped for. 
Even when this precaution is taken, the reproduci- 
bility of measurements when the tablet is taken from 
the sample holder and then replaced in a similar 
manner is only =!=2.5%. These results, however, are 
not greatly different from those obtained by Klug 
for the quantitative X-ray diflraction determination 
of powdered samples (5). 


Shifting of the analytical peak from 16.93" to 
17.18'' 28 has been noted. This shifting is the reason 
for obtaining a recorded scan and measuring the 
peak height rather than obtaining a count for a 
preset time a t  exactly 17.00' 28. Such peak shifting 
is not unusual when one is using large scanning 
speeds and large time constant values. 


""I 


me 4m 450 l X  
a d  


YILLffiRANS PER ThBLE T 


Fig. 12.-Relationship between the milligrams of 
glutethimide present in the intact tablet and the 
measured peak height intensity a t  17" 28. 
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TABLE II.-COYPARISON OF DIFFRACTION AND ULTRAVIOLET SPECTROPHOTOMETRIC ANALYSES OF INDIVIDUAL 


GLUTETHIMXDE TABLETS 


Pcpk Ht., Deviation from Deviation from U.V. Analysis Deviation from Deviation from 
Tablet No. mm. Mean, mm. Mean. % mg./Tablet Mean. mg. Mean. 7% 


1 128 1 0.5 498 3 0.6 
2 130 __. 


3 131 
4 133 
5 132 


-_ - 
1 0.6 491 4 0.6 
2 1.8 489 6 1.1 
4 2.7 51 1 16 3.3 
3 1.9 497 2 0.6 


6 136 7 4.8 486 1 0.2 ~. - 
7 120 9 6.6 484 11 2.1 
8 133 4 2.8 493 2 0.2 
9 119 10 7.1 491 4 0.7 
10 129 0 0.3 495 0 0.1 
Av. 129 4 2.9 495 5 1.0 


SUMMARY It  has also been shown that intact nlutethimide 
tablets can be assyed by this X-ra; dihaction 
technique with a reproducibility of f3%, This investigation has demonstrated that the per- 


centage of drug weight in the total formulation - -  
weight must be large before one can consider the 
use of X-ray diffraction intact tablet analysis. From REFERENCES 
the data collected, it appears as if the drug must be 
at  least 50% of tbe total formulation weight before 


by this damctjon procedure could mn- 
templated. Of course, this judgement will depend 
on the crystalline character of the drug and the 
absorption effects of the tablet matrix. 


(1) Head w. F. Tms JormNar. so 1041(1961). 
(2) Klug,’H. P., hnd Alexander, i. i., “X-Ray Diffraction 


(3) Shell J. w. TEIS JOUPNAL ~2,24(1983) .  


(5) ‘ d g ,  H. P.. ibid., 25 ,704(1963). 


Ptoccdura.” John WileY and Sons, Inc.. New York N. y 
1854. 


$),. ~ @ ~ & ~ ~ $ ’ ” ~  R. B.*’and Williama 3. F. lAna 


Qualitative and Quantitative Tests 
for Sulfaphenazole 


Provisional, unofficial monographs are develo ed by the Drug Standards Labora- 
tory, in cooperation with the manufacturers o t the  drug concerned, for publication 
in the Journal of Pbarmaceutical Sciences. The ready availability of this information 
affords discriminating medical and pharmaceutical practitioners with an added basis 
for consdence in the quality of new drug products generally, and of those covered by 
the monographs particularly. Such mono aphs will appear on drugs representing 
new chemical entities for which suitable iznti ty tests and assay procedures are not 
available in the ublished literature. The purity and assay limits reported for the 
drugs and their gosage forms are based on observations made on samples re resen- 
tativt of commercial production and are considered to be reasonable w&in ex- 


pected analytical and manufacturing variation. 


N’ - (1  - PHENYLPYRAZOLYL - 5)SULPANIL.hMIDE; 
C,&I~N,OS; mol. wt. 314.37. The structural 
formula of sulfaphenazole may be represented - 


Y’ 


Recaved December 31, 1863. from the Drug Standards 


DATION W~shington D. C. 20037 
Amkted for publication Jan+ 31, 1984. 
Pbysanns Products Co., Inc., Petenbm Va., b u  co- 


operated by furnishing samples and data to aidin the develop- 
m-t and preparation of thus monograph. 


Laboratory, AXBRIM PHARMACEUTICAL ASSOCIATION FOUN- 


Physical Properties.-Sulfaphezole occurs as a 
white to cream-colored, fine crystalline powder, m.p. 
17&182’, U.S.P. XVI Class I. It  is freely soluble 
in acetone, sparingly soluble in alcohol, and prac- 
tically insoluble in water. Sulfaphenazole dissolves 
in dilute mineral acids and in solutions of alkali 
hydroxides. 


Identity Tests.-To about 100 mg. of sulfaphena- 
zole, add 5 ml. of diluted hydrochloric acid, and boil 
gently for about 6 minutes. Cool in an ice bath, add 
4 ml. of a solution of sodium nitrite (1 in loo), dilute 
to 10 ml. with water, and place the mixture in an 
ice bath for 10 minutes. To 6 ml. of the cooled 
mixture, add a solution of 50 mg. of betanaphthol in 
2 ml. of sodium hydroxide solution (1 in 10): an 
orange-red precipitate is formed, 
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SUMMARY 


&Amphetamine sulfate granules were successfully 
coated with a plasticized film of the n butyl half 
ester of PVM/MA 119 using each of three dtistkg 
powders: talc, magnesium stearate, and precipitated 
calcium carbonate. In viho release rates were 
determined for each coating and the granules coated 
with the aid of precipitated calcium carbonate pro- 
duced the most satisfactory results. In vitro tests 
indicated that  the coated granules could be re- 
covered intact from compressed tablets. 
Zn vivo release rates were determined using the 


Williamson activity cage to  measure spontaneous 
motor activity. The results obtained showed that 
the activity of the rats receiving the coated granules 
was 4.5 hours longer than those receiving uncoated 
granules. 
In viuo analysis of tablets prepared by compressing 


the coated granules in a polyethylene glycol 6OOO 
matrix, showed a continued increase in motor ac- 
tivity after 12 hours, while the tablets containing 
uncoated granules showed no increase after 7.5 
hours. 1 2  3 4 5 6 7 8 9101112 


TIME, HB. 


Fig. 3.-Z% viuo comparison of tableted coated 
and uncoated granules. Key: coated, 0 un- 
coated, @ control. 


thickness, which occurs in pan coating. This was 
shown by the in vivo procedure. 
An added advantage to this approach t o  obtaining 


sustained release is the use of a single coating com- 
position which is applied in one concentration to an 
entire batch of granules. Thudore  the entire coat- 
ing process is accomplished in one easy operation 
without additional coatings and mixing of the coated 
granules. 


REFERENCES 


1) Lpmnw, J., and Cooper, J.. J .  Phorm. Pkormocol.. 11, 
d ( 1 9 5 9 )  
- - (2) - - - St&pel. . . - . - . B.. J. AM. PEARS. ABNc., Pam. PRAIIY. ED., 


(4) Wagner J. G. (to Upjohn Co.), U. S. pat. 2,897,121 
(Jul 28.1959). 


(57 Higuchi, T., and Kuramoto, R., THIS JOURNAL, 43, 
393. 399(1954). 


Gas Chromatography of Some Antihistamines 
By ALEXANDER MACDONALD, JR., and RONALD T. PFLAUM 


The gas chromatographic behavior of 16 antihistamines was investigated using 
packed 0.010-in. diameter capillary and 0.065-in. open tubular columns. All packet 
columns were 6 ft. Ion with a low phase to support ratio and were operated at 17 5 . 
The liquid phases usefwere Carbowu 20M, SE-30, XP-1150, and PDEAS. Of the 
seven solid su rts evaluated for ume in low loaded columns, only lass beads, Gas 
Chrom-P, ancf&omosorb W-HMDS proved to be satisfactory. Tte  most success- 
ful column for the separation of these antihistamines was a 6-k-0.08% PDEAS on 
120/170 glass-bead column operated at a temperature of 175'. This column pro- 
vided good separation and symmetrical peaks. Instrument limitations prevented 
any valid evaluation of the 0.010-in. capillary column and of the 0.065-in. open 


tub& column for antihistamine separation. 


AS CHROMATOGRAPHY has proved to be a have been successfully separated by gas chroma- G valuable tool for the separation and identi- tography. Toxicological screening of alkaloids 
fication of many types of compounds. In phar- and the above classes using gas chromatographic 
maceutical analysis, barbiturates (1-4), sympa- separation on a single column has been reported 
thomimetic amines (5-7), and tranquilizers (8,9) by Parker (10). Gas chromatographic data 


R - V ~  August 20, 1963, from the Department or Chem- on 14 antihistamines using a 5-ft. X I/&. 


diameter-2% Carbowax 20M on 10% KOH Accepted for publication November 21,1963. 
istry, State Umversity of Iowa. Iowa City. 
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TABLE L-RETENTION TIMES OF ANTIHISTAMINES ON FOUR PHASES 


Carbowax 
SE-30," PDEAS," XP-1150.5 ZOM,' 


C0mpd.J Min. Min. Min. Min. 


Carbinoxamine (McNeil Laboratories) 4 . 3  8 . 5  10.6 10.6 


Chlorothen (Lederle Laboratories) 5 . 3  10.5 13.5 10.6 
Chlorpheniramine (Schering Research) 3 . 0  5 . 2  6 . 6  6 . 0  
Cyclizine (Burroughs Wellcome) 3 . 2  4 . 9  6 . 2  4 . 8  
Diphenhydramine (Parke, Davis & Co.) 1 . 7  2 . 5  3 . 9  2 . 9  
Doxylamine (Wm. S. Merrell Co.) 2 . 3  3 .9  4 .2  4 .5  
Meclizine (Chas. Pfizer & Co.) N.R.c N.R." N.R.c N.R.c 
Methapyrilene (Irwin Neisler & Co.) 2 . 8  5 . 8  7.7 5 . 5  
Pheniramine (Dorsey Laboratories) 1.4 2 . 1  2 .8  2 . 4  
Promethazine ( Wyeth Laboratories) 7 . 2  21.7 27.9 17.1 
Pyrilamine (Dorsey Laboratories) 7 . 6  20.3 23.6 20.2 
Thenyldiamine (Sterling Winthrop Research In- 


stitute) 2 . 6  6 . 9  9 . 7  6 . 1  
Thonzylamine ( Warner-Lambert Research Insti- 


tute) 6 . 2  18.0 20.6 17.2 
Tripelennamine (Ciba Pharmaceutical Co.) 2.7  5 . 0  6 . 5  5 . 0  
Support Glass beads Glass beads Chromosorb Gas Chrom 


Liquid phase, w/w"/;, 0.07 0 .08  1.07 1.08 


argon Bow rate. 60 ml./minute. 
compound. 


b b Antamline (Ciba Pharmaceutical Co.) ... 65.8 ... ... 
Chlorcyclizine (Burroughs Wellcome) 6 . 2  12.9 14.9 12.0 


b 


W-HMDS P 
Mesh 120/170 120/170 100/120 100/120 


a Column length, 6 ft.; column temperature, 175' C.; detector temperature 230° C.; injection point temperature, 260° C.; 
Slight response due to decomposttion prdduct observed. Supplier of No response. 


coated 60/80 Chromosorb W has been reported 
by Fontan (11). 


Present interest was concerned with the gas 
chromatographic behavior of a series of 16 anti- 
histamines. Optimum conditions for packed 
column separation of these antihistamines on four 
different phases were established after evaluating 
the effect of phase loading, solid support, and 
column operating conditions. These groups of 
antihistamines were also investigated using a 
0.010-in. diameter capillary column and a 0.065- 
in. diameter open tubular coated column. 


EXPERIMENTAL 


Apparatus and Reagents.-A Barber-Colman 
model 10 dual column gas chromatograph equipped 
with an argon ionization detector and a hydrogen 
flame ionization detector was used in this work. 
All packed columns were prepared from 6-ft. glass 
U-tubes having an inside diameter of 3 mm. A 100- 
f t .  stainless steel capillary column of 0.010 in. inside 
diameter and a 100-ft. copper open tubular column 
of 0.065 in. inside diameter were also used. Each of 
these columns was wound on a 5-ft. section of X 
ll/2-in, steel bar designed to  fit conveniently into the 
column oven of the chromatograph. 


Seven solid supports were investigated for use in 
column packings. Gas Chrom-P was obtained from 
Applied Science Laboratories, State College, Pa. 
Chromosorb W-HMDS, Fluoropak-80, and glass 
beads were obtained from Wilkins Instrument and 
Research, Inc., Walnut Creek, Carif. Gas Pack-F 
was obtained from Chemical Research Services, 
Inc., Addison, Ill. Crushed firebrick and acid 
washed crushed firebrick were prepared in this lab- 
oratory from G-30 insulating firebrick obtained from 
A. P. Green Firebrick Co., Mexico, Mo. 


The following four liquid phases were used in the 


various columns: polyethylene glycol (Carbowax 
20M, Union Carbide Chemicals Co., New York, 
N. Y.), methyl silicone rubber gum (SE-30, Applied 
Science Laboratories), nitrile silicone polymer liquid 
(XF-1150, Wilkins Instrument and Research), and 
phenyldiethanolamiie succinate polymer (PDEAS, 
Wilkins Instrument and Research). 


The 10 antihistamines were generously furnished 
by the pharmaceutical companies listed in Table I. 
All were used as received without further purifica- 
tion. 


PROCEDURES 


The column packings were prepared by adding a 
weighed amount of the liquid phase in a suitable 
solvent to  a weighed amount of the solid in a 1-L. 
creased round bottom flask (12). The solvent was 
removed using a rotary evaporator and the phase 
coated support dried at 110' for 4 hours. The glass 
columns were filled by the slow addition of packing 
to  the tube which was settled by vibration (vibrating 
spatula) and tapping (rubber mallet). The pre- 
pared columns were equilibrated for 12 hours a t  a 
temperature of 175' and a flow rate of 20 ml./minute. 


The procedure outlined by Averill was followed in 
coating the capillary and open tubular column with a 
liquid phase (13). 


Two procedures were used for the preparation of 
chromatographic samples. In the first, a stock 
solution of 0.5 Gm. of the antihistamine salt in 
50 ml. of distilled water was prepared. A 5-ml. 
aliquot of this solution was placed in a 30-mI. sep- 
arator, 1 ml. of 6 N NHIOH added, and the free 
amine extracted with 0.5 rnl. reagent grade chloro- 
form. 


In the second procedure, a weighed sample of 0.01 
Gm. of the salt was dissolved in 5.0 ml. of distilled 
water. One milliliter of 0 N NHlOH was added to 
the 5-ml. solution in the separator and the free 
amine extracted with 0.5 ml. of reagent grade chloro- 
form. 
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Fig. l.-Separation using a e-ft.-0.07% SE-30 
on 120/170 glass bead column at 176' C. Key: 
A, diphenhydramine; B, doxylamine; C, metha- 
pyrilene, thenyldiamine; D, chlorcyclizhe, thonzyl- 
amine; and E, promethazhe, pyrilamhe. 


Synthetic mixtures of the antihistamines were pre- 
pared either by combination of the individual ex- 
tracts or by the treatment and extraction of a mix- 
ture of the antihistamine salts. 


889 


A Hamilton 10-PI. syringe was used to inject the 
chloroform extract into the chromatographic 
column. 


The behavior of several antihistamines was used 
to evaluate the following column parameters over 
the indicated ranges: liquid phase per cent (l-S%), 
solid supports (seven listed), column length (6 to 8 
ft.), column temperature (155 to 189'). injection 
port temperature (185 to 260'), and column flow 
rate (10 to 85 ml./minute). The maximum number 
of theoretical pIates calculated was used as the 
criteria to determine the optimum value for each of 
the above variables. 


RESULTS AND DISCUSSION 


Separation of the antihistamines with minimal 
tailing in a short analysis time was desired for each 
of the four liquid phases. The optimum operating 
conditions determined for each phase and the anti- 
histamine retention times on them are listed in 
Table I. The separation obtainable with each of 
these columns is shown in Figs. 14. Figures 1-4 
indicate that Carbowax 20M. PDEAS, and XF-1160 
are much better phases for the separation of these 
compounds than SE-30. The PDEAS and XF-1150 
columns offer comparable separation to the Car- 
bowax 20M column but with a decrease in tailing. 
The 0.8% PDEAS on 120/170 glass-bead column 
was the most efiicient column used because it pro- 
vides adequate separation and symmetrical peak 
shapes. The response of the argon ionization de- 
tector, using the PDEAS on glass-bead column, was 
hear over the range of 1-20 mcg. of antihistamine. 
The minimum identifiable amount was arbitrarily 
chosen as the amount which would give a 10% scale 
unattenuated response using the argon ionization 
detector. The minimum amount determined for 
each antihistamine is shown in Table 11. 


Samples of antazoline yield very small peaks 
with short retention times on all columns, which 
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0 e I2 I8 24 3 0  
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Fig. 2.-Separation us- 
ing a 6-ft. - 1.08% Carbo- 
wax 20M on 100/120 
Gas Chrom-P column 
170' C. Key: A, di- 
phenhydramine; B, doxyl- 
amine; C, methapyrilene; 
D, thenyldiamine; E, 
chlorcyclizine; F, pro- 
methazine, thonzylamine; 
and G, pyrilamine. 
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Fig. 4 .4eparat ion using a 6-ft -0.08% PDEAS 
on 120/170 glass bead column at 175" C. Key: 
A. diphenhydramine; B, doxylamine; C, metha- 
pyrilene; D, thenyldiamine; E, chlorcycliiine; 
F, thonzylamine; and G, promethazine. pyrilamine. 


corresponds to the results reported by Fontan (11). 
However, during the evaluation of the last column 
investigated, 0.07% PDEAS on 120/170 glass beads, 
the first small peak was obtained, and the chromato- 
graph was allowed to run for an extended period of 
time. A very strong peak was obtained with the 
retention time of 65.8 minutes. This indicated that 
the small peak obtained with the other columns was 
not antamline, but an impurity or decomposition 
product. A retention time of 41.0 minutes was ob- 


Fig. 3.-&paration us- 
ing a 6-ft.-1.0770 XF- 
1150 on 100/120 Chromo- 
sorb W-HMDS column 
at 174" C. Key: A, di- 
phenhydramine; B, 
doxylamine; C, antazo- 
line (decomposition prod- 
uct); D, methapyrilene; 
E, thenyldiamine; F, 
chlorcyc l ie ;  G. thon- 
z y e e ;  and H. pyril- 
amme. 


tained by Kirk (8) using a 4 ft.-0.05% SE30 on 
sO/SO mesh glass beads at 165". No response for 
meclizine was obtained with the columns tested. 


The first sample procedure in which aliquots of a 
stock solution of the antihistamine salt in water were 
made basic and extracted with chloroform often 
produced multiple peaks, indicating decomposition 
when injected into the chromatograph (14). The 
second procedure used a single weighed amount of 
the antihistamine salt which was dissolved in water, 
made basic, and extracted with chloroform. In- 
jected samples using this method produced single 
peaks and showed that the decomposition experi- 
enced with the first method occuned in the stock 
solution of the antihistamine salt in water. 


Since all column packings used in this investiga- 
tion were lightly loaded, the solid support used has a 


TABLE II . -MIN~uM AMOUNT NECESSARY FOR GAS 
CHROMATOGRAPHIC IDENTIFICATION USING A 6 FT.- 
0.077% PDEAS ON 120/170 GLASS-BEAD COLUMN 


AT 175" C. 
Compd. Amount, mcg. 


Antazoliue 5.4 
Carbinoxamine 0.4 
C h l o r c y c l i e  1.7 
Chlorothen 0.7 
Chlorpheniramiie 0.4 
Cyclizine 0.2 
Diphenhydramine 0.2 
Doxylamine 0.3 
Meclizine N R a  
Methap yrilene 0.3 
Pheniramine 0.1 
Promethazine 0.2 
Pyrilamine 0 . 8  
Thenyldiamine 0.2 
Thonzylamine 0.9 
Tripelennamine 0.2 


No responue. 
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definite bearing on the usefulness of any column 
packing prepared. The performances of the seven 
supports mentioned previously were examined under 
the same operating conditions. The supports that 
can be used for lightly loaded packings are: glass 
beads, Gas Chrom-P, and Chromosorb W-HMDS. 
The other four supports cannot be used for lightly 
loaded column packing since their interaction with 
the antihistamines causes excessive peak tailing. 


The hydrogen flame detector used in conjunction 
with the 0.010-in. stainless capillary column would 
not respond to compounds with boiling points above 
330”. This limitation prevented evaluation of this 
column for the analysis of these antihistamines. 


The 100-ft. 0.065-in. copper open tubular column 
was coated with XF-1150 and evaluated using the 
above group of antihistamines. The Srw ionization 
detector was used with a column flow of 36 ml./ 
minute. The retention times obtained were com- 
parable to the 6-ft.-XF-1150 packed column, but the 
peak base widths were considerably wider. Because 
of this increase in base width. the 0.065-ii. column 
was less efficient than the 8-ft. packed column. 


A 250-ft. 0.065-in. column wound on a 11/&i. 
diameter mandrel has been reported to be more 
efficient than a packed column (15). There are two 
possible reasons why efficiency was less than pre- 
viously reported: (a) the column was shorter (100 
ft.). and (b) the winding configuration was markedly 
different. The column was wound on a 11/, X 


bar which resulted in a definite ilattening of 
the tube around the edge of the bar. 
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CONCLUSIONS 


The antihistamines investigated. except for 
meclizine, can be separated, identified, and concen- 
tration estitnated using the Carbowax 20M. PDEAS. 
and XF-1150 columns described. The PDEAS 
column is the most efficient of the three for the 
analysis of antihistamines. 


The usefulness of the 0.010-in. capillary and the 
0.066-in. open tubular columns cannot be properly 
evaluated until the mentioned limitations are re- 
moved. 
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Castor Oil as a Vehicle for Parenteral 
Administration of Steroid Hormones 


By C. RIFFKIN, R. HUBER, and C. H. KEYSSER 


Steroid hormones may be administered parenterally in high concentrations as oil 
solutions. In this form they exhibit a prolonged action and reduce the number of 
injections required. To accommodate the demand for increasingly greater concen- 
trations of hormones in solution, castor oil in combination with other suitable oil- 
miscible solvents, has been found to fulfill a need. The development of several 
formulations together with the results of animal testing, as well as clinical trials in 


humans, attest to the acceptability of this oil for the purposes intended. 


IXBD OILS are included in the “United States 
Pharmacopeia XVI” as nonaqueous vehicles 


for injection and are characterized as being of 
vegetable origin, essentially odorless, and with- 
out suggestion of rancidity. They must also 
comply with certain measurable physical limits 
specified for the saponification, acid, and iodine 
values. 
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After subcutaneous injection, Deanesly and 
Parkes (1) observed the persistence of olive oil 
and castor oil in animal tissue. Comparing other 
oils Brown, et al. (2), reported that sesame and 
corn oils were superior to cottonseed and peanut 
oils because they were less irritating, less anti- 
genic, more quickly released from tissue, and 
possessed superior physical properties. 


More recently the use of steroid hormone 
medication has expanded considerably. Due to 
limited water solubility, hormones have been 
administered as aqueous suspensions or solu- 
tions in oil. It has been claimed that the latter 
provided the slow release preferred in cyclical 








Disposition of S"-Prochlorperazine in the Rat 
By BARRIE M. PHILLIPS* and TOM S. MIYA 


Prochloroperazine was shown to be distributed in the organs of  the rat much like 
other weak organic bases. Drug absorption was retarded in  repeatedly treated rats 
and certain tissues ap eared to play a stora e role. Excretion studies revealed that 
the fecal route plays 8 e  major role in  prochorperazine excretion, less than 2 5 per 
cent of the administered dose being excreted in the urine of intraperitoneally dosed 
control rats. A trend toward decreased urinary and increased fecal excretion was 
observed in repeatedly treated intraperitoneally dosed and orally dosed rats. Excre- 
tion via the bile was shown to be a major route in  intraperitoneally dosed rats. Un- 
changed prochlorperazine and three metabolites were demonstrated in the urine. 


N RECENT YEARS numerous reports have ap- I peared concerning the metabolic fate of a 
variety of N-substituted phenothiazines. How- 
ever, with the exception of the recent reports 
of Symchowicz et al. (perphenazine) (1, 2) and 
Flanagan et al. (prochlorperazine) (3), no in- 
vestigations have been reported regarding the  
disposition in animals of the piperazine-linked 
analogs of this class of compounds. The  pres- 
ent report deals with studies of the distribution 
and excretion of prochlorperazine. Since the de- 
velopment of tolerance t o  this compound fol- 
lowing prolonged administration has been re- 
ported (4), a portion of the study was designed to  
demonstrate any changes in drug disposition 
which might occur following repeated administra- 
tion. We have reported previously (5) on the 
excretion of this agent in the  experimentally 
stressed and jaundiced rat. 


METHODS AND MATERIALS 
Male albino Holtzman rats of from 250 to 350 


Gni. body weight were employed in these studies. 
All animals were allowed food and water ad Witurn 
up to the time of drug administration. Repeatedly 
treated rats received single intraperitoneal daily 
doses of 25 mg./Rg. of unlabeled prochlorperazine 
base (as the dimaleate) for 13 days. They were 
utilized on the fourteenth day. No attempt was 
made to determine if a pretreatment regimen of 
this nature would result in the development of 
tolerance. 


Sa-Labeled prochlorperazine dimaleate was used 
in these studies. It was administered orally or 
intraperitoneally as a 1.25% suspension in 4% 
acacia in a dose of 25 nig./Kg. (of the base), as was 
the unlabeled drug. Each rat received 10 rc. of 
S" per 275 Gm. of body weight. Within the 
individual studies, all animals were dosed from the 
same freshly prepared suspension of drug. 


Distribution, metabolism, and excretion studies 
Received December 31. 1963, from the Department of 
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Purdue Univehty, Lafayette, Ind. 
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were conducted on orally dosed, acutely 
intraperitioneally dosed, and repeatedly intra- 
peritoneally dosed rats. Aside from the method of 
administration and the tissues sampled, the Same 
techniques were employed in each study. 


Drug distribution was studied in three groups of 
21 animals, each divided into seven groups con- 
taining three rats each. In each group the animals 
were sacrificed at intervals of 1, 2, 4, 8, 16, 24, and 
48 hours after drug administration. Samples of 
blood, brain [brain samples from intraperitoneally 
dosed rats were divided into the four areas described 
by Emmerson el al. (6), only cerebral tissue was 
assayed from orally dosed animals], lung, liver, 
kidney, spleen, fat, heart, skin, and muscle were 
obtained from each rat. Tissues were prepared for 
liquid scintillation counting by adding 3 ml. of a 
3:l mixture of approximately 1 M hyamine 
hydroxide and 30y0 aqueous potassium hydroxide 
to approximately 100-mg. portions of tissues con- 
tained in Wheaton vials. The vials were then 
heated at 60' for 2 hours. After cooling a t  room 
temperature for 12 hours, 1 ml. of glacial acetic acid 
and 14 ml. of a scintillator solution (XDC) con- 
taining naphthalene, 80 Gm./L; 2,5-diphenyloxa- 
zole, 10 Gm./L, and 1,4-di [2-( 5-phenyloxazolyl)] 
benzene, 0.5 Gm./L; in a 1:3:3 mixture of xylene, 
dioxane, arid ethylene glycol monoethyl ether were 
added. 


The urinary and fecal excretion of Sas was investi- 
gated in three groups containing six rats each. After 
administration of the labeled drug, the rats were 
placed in stainless steel metabolism cages. Urine 
excreted by these rats was collected under toluene 
at 4, 8, 12, 24, 36, 48, 60, 72, 84. and 96 hours; 
feces were collected at 24, 48, 72, and 96 hours after 
dosing. Biliary excretion of SM was studied in five 
animals by inserting a polyethylene cannula into 
the bile duct under ether anesthesis. When the 
animal began to recover from the anesthesia, the 
labeled drug suspension was administered intra- 
peritoneally, and the animals were restrained in 
Bollman cages (7). Bile excreted by these animals 
was collected for 24 hours. Urine and bile samples 
were prepared for liquid scintillation counting as 
described previously (8). Feces samples were pre- 
pared by adding 3 ml. of the hyamine hydroxide- 
potassium hydroxide mixture to 50-mg. portions of 
finely ground feces powder in Wheaton vials. The 
vials were then heated at 60" for 5 hours. After 
cooling to room temperature, 4 drops of 30% hydro- 
gen peroxide were added to  each vial. When the 
evolution of gas was complete, the vials were heated 
a t  60" for 2 additional hours. After standing a t  
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room temperature for 12 hours, 2 ml. of glacial acetic 
acid and 14 ml. of XDC scintillator solution were 
added to each vial. 


The samples prepared as above were cooled to 0' 
and counted in a liquid scintillation spectrometer for 
a period sufficient to give less than 2y0 counting 
error. Count rates obtained from these samples 
were corrected to  absolute efficiency by a technique 
developed by Bruno and Christian (9) or by internal 
standard techniques. A CI4 internal standard was 
employed to avoid the problems associated with the 
relatively short half-life of S". Appropriate decay 
corrections were made in the count rates obtained 
with all S" samples. 


Recovery of metabolites from urine and bile was 
accomplished by extraction of the total volume 
excreted by the individual rats during the 96- or 24- 
hour intervals with ethylene dichloride as described 
by Fishman and Goldenberg (10) for chloroproma- 
zine. Hydrolysis of the urine (5-25 ml.) or bile 
(1-10 ml.) was accomplished by adding equal 
amounts of 1 M p H  5 acetate buffer and B-glucuroni- 
dase, 2,000 units per original 5 ml. of urine or 5,000 
units per original 5 ml. of bile. The mixtures were 
then transferred to  50-ml. conical flasks and in- 
cubated at 37" for 18 hours in a Dubnoff shaker. 


Urine and bile extracts, reconstituted in 1 ml. of 
ethylene dichloride, were chromatographed on 
Whatman No. 3 chromatographic paper using the 
upper phase of an iso-amyl :tertiary-amyl formic 
acid: water (5:5:4: 8) system. Chromatograms 
were developed in the absence of light in a nitrogen 
atmosphere. Prochlorperazine and its metabolites 
were visualized on these chromatograms by observa- 
tion under short-wave ultraviolet light and after 
spraying with the iodoplatinate reagent described by 
Smith (11). 


Corrected count rates obtained in the distribution 
studies were treated statistically by the method of 
least squares so that the concentration of radio- 
activity in tissues with time could be expressed as a 
straight line. The biological half-life of S' in the 
various tissues was calculated using first-order rate 
equations (12). The significance of differences 
between the levels of radioactivity in the several 
tissues in a single group of animals and between the 
rates of disappearance of S" from those tissues was 
tested by the Newman-Keuls test (13); the error 
terms employed in these tests were determined by 
analysis of variance. All other differences were 
tested by the t test. 
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RESULTS 


Distribution.-The data in Table I describe the 
distribution plots in the various tissues of the three 
groups of animals. Data for blood are not in- 
cluded, since in all three studies blood levels were 
extremely low and nonlinear. 


In general, the various tissues can be divided into 
two categories: ( a )  those from which S' leaves 
relatively rapidly (brain and fat) and (b) those from 
which i t  disappears more slowly (reticuloendothelial 
tissues). Kidney, heart, and skin fall intermediate 
between these two categories (see Table I). How- 
ever, while there are roughly two rates at which 
S' is lost from tissues, the average concentrations 
reached in the tissues vary widely. In orally dosed 
rats there is no clear-cut delineation between the 


rates of disappearance of S& from the various tissue; 
but there are only minor differences resulting in a 
spectrum of slopes, only the extremes of which 
differ significantly. Sz disappears most rapidly from 
cerebrum, fat, and muscle. and more slowly from the 
reticuloendothelial tissues. This was because, a t  
least in part, the levels were linear over fewer time 
intervals; therefore, a more conservative error term 
was employed. In the repeatedly treated rats, evels 
of S" in the cerebrum are significantly greater than 
levels in the other brain areas examined, whereas in 
control rats, S" levels reached in cerebrum, 
midbrain, and hindbrain are not significantly dif- 
ferent. 


Tests of differences between distribution plots in 
corresponding tissues indicated that S" disappeared 
from liver, kidney, heart, and muscle at a 
significantly more rapid rate in control than in 
repeatedly treated rats, as illustrated by the longer 
half-lives in these tissues in the latter animals. 
In addition, in nearly every tissue of repeatedly 
treated rats, peak levels of S" are not reached until 
2 hours after drug administration, while in control 
animals peak levels are attained in 1 hour in almost 
every tissue. The result of this change in the 
pattern of drug absorption in the major brain areas 


TABLE ~.-DISTRLBUTION AND Su-BIOLOGICAL 
HALF-LIVES 


Tissue 


Cerebrum 
Midbrain 
Cerebellum 
Hindbrain 
Lung 
Liver 
Kidney 
Spleen 
Fatb 
Heart 
SkinC 
Muscle 


Cerebrum 
Midbrain 
Cerebellum 
Hindbrain 
Lung 
Liver 
Kidney 
Spleen 
Fatb 
Heart 
ski= 
Muscle 


Cerebrum. 
Lung' 
Liverb 
Kidneyb 
Spleenb 
Fatb 
Hearth 
Skin" 
Muscle 


Av. Su 
CWUI.' 


Control-i.p. 
4.21 
3.48 
3.02 
3.49 


41.05 
48.55 
18.19 
23.32 


103.03 
4.59 
6.95 
2.54 


7.55 
5.36 
4.38 
4.69 


100.46 
76.54 
31.76 
43.65 
73.10 
12.83 
5.75 
3.66 


2.19 
28.02 
48.72 
15.44 
17.25 
5.87 
4.49 
1.98 
1.48 


Repeated-i.p. 


Oral 


Half-Life, 
Hr. 


7.08 
7.82 
7.79 
7.79 


10.75 
12.06 
9.81 


11.62 
6 .08  
9.64 
9.69 
8.81 


8.66 
8.14 
8.49 
7.79 


12.15 
18.83d 
15. lod 
14.06 
8.22 


15.29d 
12.15 
10. 96d 


8.82 
11 .03  
26.08 
18.63 
16.63 
12.15 
14.43 
13.64 
12.70 


O Mean concentrations over all time intervals expressed 
OIL micrograms of prochlorperazine base per gram of wet 
tissue. c Linenr from 4 to.48 
hours. d Significantlylonger (0.05) than in the corresponding 
tissue in control-intrapentoned animals. 


Linear lrom 2 to 48 hours. 
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TABLE II.-MEAN CUMULATIVE PER CENT OF 
ORIGINAL DOSE OF sD EXCRETED IN URINE AND 


FECES FOLLOWING ADMINISTRATION OF 
S~-PROCHI,ORPERAWNE TO RATS 


Route 
of 


E m -  I. p. I. p. 
tion Control Repeateda O d  


Urine 
4b 0.94 1.68 0.92 
8 6.98 4.91 3.27 


12 9.09 7.09 6.56 
24 17.87 12.70 13.35 
36 21.49 15.01 14.51 
48 22.64 16.24 15.10 
Ro 22.85 16.71 15.54 
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is extractable from bile with ethylene dichloride 
(lOoJo), and incubation with @-glucuronidase does 
not result in subsequent extraction of an ap- 
preciably greater quantity (16Y0). Metabolites in 
the various tissue samples could not be determined. 


DISCUSSION 
The finding that blood levels were low a t  all time 


intervals is typical of many phenothiazines (1, 14, 
15). One exception is that the brain levels deter- 
mined in this study were much lower with respect 
to other tissues than were brain levels of chlor- 
promazine determined by Salzman and Brodie (14). 
Symchowicz et aZ. (1) found that the piperahe- 
linked phenothiazine, perphenazine, was less con- 
centrated in the brain than in reticuloendothelial 
tissues. but more concentrated than in skeletal 
muscle. Thus, somewhat lower brain levels may be 
characteristic of piperazine-linked N-substituted 
phenothiazimes. 


These findings demonstrate that repeated ad- 
ministration of prochlorperazine does not result in an 
increased rate of disappearance of drug from the 
brain, although peak levels are reduced. The fact 
that S* disappears more slowly from liver. kidney, 
heart, and muscle in repeatedly treated rats com- 
pared with controls suggests that these tissues may 
play a storage role in the repeatedly treated animal. 
In addition, there appears to be a decrease in the rate 
of absorption of the test dose in repeatedly treated 
rats. 


It was anticipated that fecal excretion of pro- 
chlorperazine would be an important route since this 
is typical of organic bases in general. However, it 
was not expected that there would be such a marked 
difference in the relative importance of the two 
routes since Emmerson and Miya (16) found that 
fecal and urinary routes of excretion of chlor- 
promazine in the rat were of essentially equal 
importance. These findings are compatible with 
those of Flanagan et al. (3), although a direct com- 
parison is not possible because of the difference in 
doses employed. In view of the Sndhgs of Sym- 
chowicz d al. (1). this pattern of excretion should be 
considered typical of the piperazine-linked pheno- 
thiazines. However, while the rate of urinary 
excretion of prochlorperazine and perphenazine 
during the initial 24 hours after drug administration 
is virtually identical, fecal excretion of pro- 
chlorperazine occurs a t  a much slower rate than is 
the case with perphenazine. Results of the excre- 
tion study in orally dosed rats are in agreement with 
the findings of the distribution study. The de- 
creased urinary excretion of S' and the rapid ap- 
pearance of S" in large quantities in the feces 
implies slower absorption of prochlorperazine. 
This suggestion is supported by the lower tissue 
levels of S' obtained in orally dosed rats. 


The excretion studies revealed a major alteration 
in drug disposition resulting from repeated dosing 
with prochlorperazine. The results are similar to 
the findings of Mellett and Woods (17), who observed 
a trend toward decreased urinary and increased fecal 
excretion of morphine in morphine-tolerant rats. 
In contrast to these findings, however, Emmerson 
and Miya (16) found that rats repeatedly treated 
with chlorpromazine excreted more of a test dose of 
chlorpromazine in the urine and less in the feces than 
control rats. 


~~ _. _ -  
72 22.98 i7.12 15.86 
84 23.04 17.33 16.03 
96 23.20' 17.62" 16.15 


=to. 6l= f0.92c f1.21C 
Feces 


24 2.75 8.64 42.87 
48 56.39 66.35 71.58 
72 68.10 76.42 74.27 
96 71 .51"' 78.73" 75.12 


f 3 . 4 9  f2.67c f4.54C 
Total 94.71' 96.34"' 91.27 


h3.W f2.73" f5.61" 


Q Mean of five rats, others the mean of six rats. Hours 
after drug administration. c i Standard error; I 0s. 11. 
significant at the 0.01 level; 111 0s. IV nnd V or. VI, not 
significant at the 0.06 level. 


is that the initial peak levels obtained in control 
animals are never reached in the repeatedly treated 
rat, although levels at later time intervals are some- 
what higher in repeatedly treated animals. Bio- 
logical half-lives of S" in tissues of orally dosed rats 
are 10 to 1 0 0 ~ o  longer than in intraperitoneally 
dosed control rats, probably the result of a more 
prolonged drugabsorption time. 
Sm Excretion.-Table I1 summarizes the results 


of the urinary and fecal excretion studies. These 
data emphasize the importance of the f e d  exae- 
tion route for prochlorperazine; urinary excretion 
accounts for less than 26% of the total amount 
excreted by control rats. A significsntly smaller 
portion of the original dose was excreted in the urine 
by repeatedly treated rats than by control rats; 
this was compensated by inaeased fecal excretion. 
In the biliary excretion study 36.79 * 4.72% of the 
administered dose of S* appeared in the bile in 24 
hours. 


Matabolite.-Four basic compounds were de- 
tected in urine extracts by paper chromatography 


0.84). None of metabolite I appeared in the bile. 
Comparison of the chromatographic behavior of 
IV with authentic prochlorperazine in the solvent 
system described indicated it to be unchanged pro- 
chlorperazine. No attempt was made to identify 
the other metabolites. Because of the relatively 
small percentage of the original dose excreted in the 
urine, none of these represented a substantial portion 
of the dose administered. About 65y0 of the S* 
excreted in the urine was extractable by the method 
employed, only an additional 7% was extractable 
following the treatment with 8-glucuronidase. 
Thus, among the three groups of rats, only lCrlS% 
of the dose of Sa was excreted in the urine as organic 
extractable material. Very little of the S* present 


( R /  values: I = 0.15, I1 = 0.20.111 = 0.38. IV = 







Thin-Layer Radiochromatographic Study of 
Prochlorperazine Photodeterioration 


By SETSUYA SENO, WAYNE V. KESSLER, and JOHN E. CHRISTIAN 


Procedures to determine microquantities of photochemical deterioration products 
of prochlo~azine  were developed by using thin-layer chromatography in com- 
bination wi the radioisotope tracer technique. Up to 11 products were separated 
on a silica el thin-layer plate using ethylene dichloride-methanol-ammonia as the 
solvent. &e separated radioactive s ts were m p e d  off the plate, suspended in a 
Thixcin scintillator gel, and c o u n t s  Quantitative results for each product indi- 
cated that complex reactions are involved in the photochemical deterioration of 


prochlorpernzine. 


HENOTHIAZINE DERIVATIVES are decomposed 
pby light into various oxidative and cleavage 
compounds (1-3). They are metabolized by N- 
methyl and side chain cleavage and formation 
of sulfoxides, phenols, free radicals, and N-oxides 
(4). Several analytical procedures have been 
used for separating and identifying phenothiazine 
derivatives and metabolites, especially those of 
chlorpromazine (4). The most important of 
these was paper chromatography in combina- 
tion with spectrophotometry and the radioisotope 
tracer technique. 


Thin-layer chromatography recently has be- 
come widely recognized because of many ad- 
vantages over paper chromatography, such as 
speed, simplicity, and high sensitivity. The 
combination of thin-layer chromatography and 
the radioisotope tracer technique is especially 
well adapted to very small samples. This 
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combination was reported by Snyder and Steph- 
ens (5) in which C1* and Ha labeled lipids 
were analyzed. The purpose of this study was 
to use thin-layer chromatography combined with 
the radioisotope tracer technique for the micro- 
quantitative study of the photochemical deterio- 
ration of prochlorperazine. 


EXPERIMENTAL 
Materirls.-Fixed thickness chromatofilm assem- 


bly, ascending (model 200-1, Research Specialties 
Co., Richmond, Calif.) with 8 X Sin. glass plates 
was used. Also used were silica gel G (Merck, 
Germany); prochlorperazine ethanedisulfonate and 
prochlorperazhe-S-35 ethanedkulfonate (Smith 
Kline and French Laboratories, Philadelphia, Pa.) 
(the purity of the labeled compound was 99.10Jo); 
a Beckman model DB spectrophotometer; a 
Paclcard model 314-X Tri-Carb liquid scintillation 
spectrometer; and solvents and chemicals of reagent 
grade or equivalent. 


Thin-Layer Chromatognphy.-Aqueous solutions 
of unlabeled prochlorperatine ethanedisulfonate 
(0.010, 0.10, and 5.0 mg./ml.) were irradiated by 
sunlight for 2 hours. The solutions became colored 
shortly after exposure and darkened further upon 
continued exposure. The change in We absorption 
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Results of the biliary excretion study imply that 
the disposition of material excreted into the duo- 
denum uia the  bile does not involve simple direct 
excretion in the feces. Excretion of large amounts 
of S& into the duodenum ma the bile does not lead 
to fecal excretion of an appreciable quantity of S" 
during the initial 24 hours after intraperitoneal drug 
administration. However, about five times as 
much is excreted in the feces during the first 24 
hours when the drug is introduced directly into the 
gastrointestinal tract (oral dosing). The finding 
that none of the administered dose is excreted in 
the bile as metabolite I implies that this metabolite 
represents further alteration of either metabolite 
I1 or 111. 
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fraction (30 mg.) recovered with light petroleum. 
This was repeatedly crystallized from light pe- 
troleum-methanol to give a pure sample of 25D- 
spirosta-3,5-diene, melting point and mixed m.p. 
160-162", which was identical in all respects with 
the preparations described previously. 
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of a crystalline product, m.p. 162-163', which did not 
depress the melting point of the product isolated 
from the sapogenin mixture of fenugreek seeds. 
The infrared spectra were identical in all details. 
Elution with 20/, methanol in benzene recovered 
most of the unchanged diosgenin. 


Diosgenin Methunesulfonate.-This was prepared 
by treatment of a solution of diosgenin (0.34 Gm.) 
in pyridine (5  ml.) with methanesulfonyl chloride 
( 2  ml.) at room temperature for 18 hours. Working 
up in the usual manner afforded 0.22 Gm. of the 
desired product which, after repeated crystallization 
from methanol, gave a pure sample, m.p. 162-163". 


Anal.-Calcd. for C2sHuOaS: C, 68.30; H, 8.94. 
Found: C, 68.27; H. 9.00. 


A solution of this substance (0.1 Gm.) in ppidine 
(3 ml.) was refluxed for 10 hours. After dilution 
with water and isolation of the product, chroma- 
tography on a column of 4 Gm. of alumina gave a 


[ a ] D  - 108'. 


Study of the Polyvinyl Alcohol-Borate-Iodine Complex 111. 
Detection of Borates in Urine 


By ANTHONY J. MONTE-BOW, JOHN J. SCIARRA, and VINCENT DE PAUL LYNCH 


A survey of the prevalence of boric acid toxicity indicates the difficulty encountered 
in detecting cases of poisoning by this commonly used substance. Because of this 
situation, an investigation was carried out utilizing a previously reported method for 
the detection of borates b the polyvinyl alcohol-borau-iodine reaction. T h e  test 
was extended i n  this stu& to permit the detection of boric acid in  the urine of 
poisoned animals. Rabbits were fed varying quantities of boric acid, and urine 
Sam les were collected. After concentration of the urine Sam le, the polyvinyl 
alcogol-iodine reagent was applied to the residue. Results of g o t h  in uitro and 
in viuo studies indicate that this method is capable of detecting as little as 0.3 mg. 


of boric acid (0.05 mg. B). 


AE CHARACTERISTIC blue produced when solu- T tions of polyvinyl alcohol (PVA) and iodine 
were brought into contact with boric acid has been 
reported in several diverse areas (1-5). Since most 
of these applications involved macroquantities of 
boric acid, there was need to  determine the suita- 
bility of this method for the detection of smaller 
quantities and to  extend the investigation further 
for the purpose of determining the possibility of 
utilizing this test for the detection of boric acid in 
animal fluids and tissues. 


That such a test is desirable becomes apparent 
when one surveys the literature concerned with case 
histories of poisoning by boric acid. As early as 
1904 (6) and as recently as March 1963 (7), attention 
was called to  the toxic nature of boric acid. In a 
previous study, Sciarra ( 8 )  summarized the preva- 
lence of poisonings due to boron compounds. Most 
cases reported in the literature involved children 
ranging in age from a few weeks to 12 years. In 
many of these instances i t  was noted that several 
days elapsed between the time of admission to the 
hospital and the time a t  which boric acid poisoning 
was first suspected. This problem is further com- 
plicated by the fact that the afRicted children usually 


Received May 16, 1963 from the Departments of Phar- 
maceutical Chemistry and Pharmacology College of Phar- 
macy St ohn's University Jamaica N' Y. 


A&eptebfor publication March 3 '19th 
Presented. to the Scientific Sccdon. A.Pa.A., Miami 


Beach meettug May 1963 
The ~uthors' uprug  thdr thanks to Mr. Nicholas G. 


Camarlncu and Mr. Lawrence Sell for their aid and technical 
assistance during this investigation. 


were not given medical attention during the critical 
early stages of poisoningapparently because the 
toxicity symptoms are not characteristic. 


Many investigators have called attention to this 
problem. McNally and Rukstinat (9) commented 
on 58 cases, 28 of which proved fatal. Pfeiffer (10) 
revealed 86 cases, of which 42 were fatal. Gold- 
bloom and Goldbloom (11) reported on 109 poison- 
ings by boric acid. Valdes-Dapena and k e y  (12) 
analyzed 175 cases, of which 86 resulted in death. 
It may be that there is some duplication in reporting 
these cases. Nevertheless, the records clearly 
indicate the prevalence of boric acid poisoning; and 
in spite of the many articles and warnings relative 
to the toxic nature of the boron compounds. poison- 
ing continues. As late as 1962 (12) and 1963 
(13, 18), accidental deaths due to the erroneous 
use of these compounds have been reported. It 
should also be noted that  many of these investigators 
mention the probability that many such cases of 
poisoning go undetected, since the symptoms pro- 
duced may be confused with those produced by 
other illnesses. This is especially true in cases of 
chronic toxicity; for acute poisoning usually de- 
mands rapid medical treatment which, while it may 
not be specific for boron compounds, will at least 
counteract the poison and prevent further damage 
to  the victim. The problem is complicated further 
because, through the ingestion of certain foods 
boron can be found in the blood. A range of 0- 
0.72 mg./100 ml. of blood was reported (12). In 
addition, the expanding use of boron industrially 
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TABLE I.-DBTECTION OF Bomc ACID ADDED TO 
AQUEOUS AND HUMAN URXNE SoLUTIONS 


--RCSultS- 
HIBCh. A ueous Urine 


Sample mg. B, mg. L n .  Soln. - - 1 0 0 
2 50.0 8.75 ++ ++ 
3 25.0 4.40 ++ ++ 
4 12.5 2.20 ++ ++ 
5 6.3 1.10 ++ ++ 
6 3.2 0.56 ++ ++ 
7 2.5 0.44 ++ ++ 
8 1.3 0.23 + + 
9 0.6 0.11 + + 


t t 10 0.3 0.05 
11 0.15 0.03 
12 0.03 0.005 - - 


a - Negative test, M shown by the formation of rose- 
brown' to yellow-brow?; ++.. +ongIy positive tat. M 
shown by the formatlon of dlstrnct blue to blue-block; + weakly positive test, nn shown b the formation of faint 
blhe-red solutions leaving a distincdy blue ring around the  
edges of the dish M it stands for 10-16 minutes; *, incon- 
clusive test. 91) shown by bwely perceptible blue-red. 


and in household products has increased the pos- 
sibility of occupational poisoning by such sub- 
stances (15). 


Many tests have been developed for the purpose 
of detecting such boron compounds. The commonly 
known turmeric paper test has been unreliable (1) 
and unless carefully controlled will give false or 
confusing results. Smith d d. (15) report good 
results by using carminic acid to produce a color 
and measuring its intensity in a DU spectrophotom- 
eter. Draize and Kelley (16) also used a Carminic 
acid reagent for a series of studies and reported good 
results. 


Since the previously mentioned PVA-borate- 
iodine reaction gave reliable, accurate, and repro- 
ducible results on a macrosc8le. it  was decided to 
investigate the possibility of adapting this test to the 
detection of lesser quantities of boric acid in both 
in vitro and in mu0 conditions. The problems as- 
sociated with the methods of detecting boron com- 
pounds in body fluids have already been reported 
(14-17). 


EXPERMENTAL 
Detection of Boric Acid in Aquem Solution.- 


A solution containing 50 mg. of boric acid U.S.P. 
in 10 ml. of water was prepared. Varying quantities 
of this solution were diluted as necessary. then 
placed into small porcelain casseroles in such volumes 
to yield a range of boric acid from 0.03 to 60 mg. 
as shown in Table I. A few drops of a 670 d" 
hydroxide solution was added to render the solutnon 
slightly alkaline to litmus paper. This procedure 
decreases the volatility of boric acid by converting 
it to sodium borate. The resulting solution is then 
evaporated to dryness over a steam bath and re- 
acidified with 3-4 drops of hydrochloric acid to 
make the solution slightly acid to litmus; 3-4 
drops of a 2Y0 PVA solution1 (6146 or equivalent) 
and 1 drop of approximately 0.1 N iodine solution 
are added. A positive test is indicated by the 
appearance of a blue-black or blue color. the intensity 
of which depends upon the concentration of bonc 
acid. A negative test produces a yellow. yellow- 
brown, or red-brown color. The resdtsobtainedare 
shown in Table I and represent the average of five 


13.. Inc.. WUminpton. Del. 
1 Marketed M Elvonol by E. I .  du Pout de Nemours and 


determinations for each concentration of boric 
acid. 


Detection of Boric Acid in Human Urine.-The 
above procedure was then adapted to detect the 
presence of boric acid in human urine and to de- 
termine whether the normal constituents found in 
human urine would interfere with the test and 
possibly lead to false results. 


Samples of human urine were collected and tested 
for the presence of boric acid utilizing the procedure 
described under Dckctk of Boric Acid in Aqueous 
Sdulion. All samples gave negative results. Other 
samples of this same urine were then mixed with 
varying amounts of a solution containing 50 mg. 
of boric acid U.S.P. in 10 ml. of urine and diluted 
with urine if necessary to give the concentrations of 
boric acid as shown in Table I. The urine samples 
were then treated as for the aqueous solutions. The 
results are also shown in Table I. From this table. 
it  can be seen that as little as 0.3 mg. of HsBOI 
(0.05 mg. B) can be detected by this method. 


Detection of Boric Acid in Animal Urine.Since 
the addition of boric acid to voided human Urine 
indicated the absence of naturally occurring sub- 
stances which might interfere with the test, further 
investigation of its applicability to the detection of 
boron compounds in animal tissues and fluids was 
camed out. 


Rabbits were chosen as the test animals for this 
study, mainly because of their ease of handling and 
because other investigators have used these animals 
for similar studies. 


Initially, samples of urine were obtained by cathe- 
terization from normal animals maintained on 
similar routine diets. These samples were evapo- 
rated and treated as previously described under 
Dctcdion of Bmic Acid in Human Urine. All tests 
performed on these samples were negative and dem- 
onstrated that normal rabbit urine did not contain 
a substance which might interfere with this test. 


Test animals were then given boric acid solutions 
by the oral and i. v. routes in concentrations as shown 
in Table 11. Urine samples were collected by 


TABLE II.-DETECTION OF BORIC ACID IN URINE 
OF RABBITS GIVEN BORIC ACID" 


Time Period 
Dose of HIBO; Route of over which 


mg./K of Adminis- Urine WM 
Bodvbt .  tration Collected. Hr. Resultsc 


50 
100 
50 
75 
110 
110 
150 
160 
215 
300 
300 
440 
570 
750 
1m 


I.V. 
I.V. 
oral 
Oral 
oral 
oral 
O r a l  
oral 
oral 
Oral 
Oral 
Oral 
oral 
Oral 
Oral 


2 
1.5 
5 
5 
3 
4.5 
3 
4.5 
4 
4 
6 
4 
5 
5 
3 


+ ++ + + + + ++ + ++ ++ + ++ ++ ++ ++ 
*Table I1 represwnt. a minimum of three lpecimuu at 


epchdoselevel bLetbldose. 0 ++.Indicntuustron y 
positive teat. hs shown by the formntloq of dbtmct &e 
or blue-block; +. indicates a weakly posltrve teat 91) shown 
by the fotmation of f h t  blue-red solutions leading a dip 
tinctl colored ring wound the edges of the dish M it stands 
for I&M minutes; -, negative test would show as a rose- 
browh tb yellow-brown. 
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While there are several other tests available for 
the detection of small quantities of boric acid as 
cited in the literature, the PVA-borate-iodine com- 
plex offers another accurate and sensitive method. 
This test can also be used as a confirmatory test 
when other methods give inconclusive results. 
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Chromatographic Method for the Simultaneous Determination of 
Aspirin, Caffeine, and Acetaminophen 


By K. THOMAS KOSHY 


A procedure for the quantitative determination of aspirin, cde ine ,  and acetamino- 
phen in a mixture is described using a modified chromatographic technique de- 
veloped by Levine. I n  addition, this procedure can be used for the estimation of 


salicylic acid, if present in the mixture. 


REMARKABLE chromatographic technique for A the analysis of mixtures of aspirin, caffeine, 
and phenacetin was developed by Levine (1) using 
a duplex column having aqueous solutions of sodium 
bicarbonate and sulfuric acid as immobile phases on 
a Celite support. The technique was extended by 
Heuermann and Levine (2) to  the analysis of more 
complex mixtures. In principle, this technique is 
adaptable to the separation of acidic, basic, and 
neutral components in a mixture, provided suitable 
solvents are available. Since there are many 
formulations containing aspirin. caffeine, and 
acetaminophen (APAP), the purpose of this study 
was to  determine these constituents in such a 
mixture. The study was further extended to the 
determination of p-aminophenol and salicylic acid in 
the presence of these components. The latter two 
are hydrolytic degradation products of APAP and 
aspirin, respectively. 


EXPERIMENTAL 
Preparation d Chromatngziphic cOlurnn.-Com- 


mercial acid-washed kieselguhr (Celite 545 Johns- 
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Manville Corp.) was used in this study. It con- 
tained impurities which interfered in the analysis 
of p-aminophenol and was purified by boiling for 1 
hour with concentrated hydrochloric acid, washing 
with water, and drying at 100". The column was 
prepared as described by Heuermann and Levine 
(2). However, column arrangement was reversed. 
The column containing sulfuric acid as the immobile 
phase (column A) was mounted in such a manner 
that the effluent would flow into the column con- 
taining sodium bicarbonate as the immobile phase 
(column B). This was done to avoid contact of 
p-aminophenol with the sodium bicarbonate column 
since it was observed that this compound was not 
stable in the presence of bases. 


Procedure.-Water-washed solvents were used 
throughout the chromatographic separation of the 
constituents. The sample size could be varied 
within wide limits depending on the composition of 
the material to  be analyzed. Ethyl acetate was 
used as solvent for the sample. Chloroform could 
be used, provided the sample was first dissolved in a 
few milliliters of alcohol. However, excess alcohol 
should be avoided, as this would remove water from 
the column. 


The columns mounted as described above were 
washed with 50 ml. of ethyl ether. The accurately 
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REVIEWS 


A Bibliography of the Tabletting of Medicinal Sub- 
stances. Compiled by A. J. EVANS and D. TRAIN. 
The Pharmaceutical Press, 17 Bloomsbury 
Square, W.C. 1, England, 1963. 159 pp. 14 X 
18.5 cm. 
A comprehensive bibliography of publications on 


medicinal tabletting is presented classified into five 
main groups: general, tablets, tabletting practice 
(with subdivisions for granulation, compression. 
coating, standardization and variation, packaging 
and storage), materials, and fundamentals. In all, 
it  contains about 900 references from the 1945-1961 
period as well as references to fundamental papers 
published since 1935. The authors explain that 
they hope to supplement the volume with additional 
references as well as publications appearing since 
1961. Author and subject indexes are provided. 


Hirman Aging. Edited by J. E. BIRREN, R. N. 
BUTLER, S. W. GREEHOUSE, L. SILOLOFF, and 
M. R. YARROW. Public Health Service, National 
Institutes of Health, Bethesda, Md. Available 
from the Superintendent of Documents, U. S. 
Government Printing Office, Washington 25, 
D. C. 1963. xi + 328 pp. 17 X 25 cm. Price 
$3. 
The efforts of 22 investigators from the National 


Institutes of Mental Health toward elucidating the 
biological and behavioral aspects of the human aging 
process are presented. The entire volume deals 
with the study of 47 aged males, and the authors note 
that the study should be considered a pilot rather 
than a definitive study. Some 15 phases of the 
study are described in detail. 


The Clinical Chemistry of Monoamines. Edited by 
H. VARLEY and A. H. GOWENLOCK. Elsevier 
Publishing Company, Inc., 52 Vanderbilt Ave., 
New York 17, N. Y., 1963. xvi + 242 pp. 
18.5 X 24 cm. 
The volume reports a symposium organized 


around three major topics: the clinical chemistry of 
catecholamines, the clinical chemistry of 5-hydroxy- 
indoles, and pharmacological and toxicological as- 


Price $11. 
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pects of monoamines. The volume will be of 
general interest and utility to pharmaceutical 
scientists particularly the papers covering the 
determination of catecholamines in biological 
materials, the determination of metabolites of 
catecholamines by chromatographic and other 
techniques, thin-layer chromatography in the 
diagnosis of phaeochromocytoma and malignant 
argentafinoma, the formation and metabolism of 
hydroxyindoles, and the toxicology of monoamine 
oxidase inhibitors and tranquilizers. A subject 
index is appended. 


Analysis Instrumentation, 1963. Edited by L. J. 
FOWLER, R. D. EANES, and T. J. KEHOE. Ple- 
num Press, Inc., 227 West 17th St., New York 11. 
N. Y., 1963. x + 261 pp. 21.5 X 28 cm. 
Price $12.50. 
A survey of analytical automation is presented in 


this volume which reports the proceedings of an 
annual symposia sponsored by the Instrument 
Society of America. Among the papers presented 
were those on methods of calibrating the process gas 
chromatograph, sampling systems and methods for 
precise analyzer pressure control, polymer molecular 
weight distribution measurement by liquid chro- 
matography, potentiometric determination of chlo- 
ride impurity in various salts, continuous measure- 
ment of moisture in flowing solids, and quantitative 
analysis by charged particle bombardment. The 
papers are well illustrated with pictures, figures, and 
graphs. Only an author index is provided. 


Medical Mycology. By C. W. EMMONS, C. H. 
BINFORD, and J. P. UTZ. Lea & Febiger. 600 S. 
Washington Square, Philadelphia 6, Pa., 1963. 
380 pp. 17.5 X 26 cm. Price $14. 
A general introduction to  general mycology is 


presented with detailed descriptions, clinical de- 
scriptions, diagnostic clues, directions for diagnostic 
laboratory procedures, and information about 
environmental sources of infection. The first seven 
chapters introduce the reader to mycology, medical 
mycology, and some of the general problems pre- 
sented by mycoses. The remaining chapters are de- 
voted to  specific mycoses or groups of closely related 
mycoses. Appendices present information on culture 
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which included outstanding scientists such as Sir 
Julian Huxley, J. B. S. Haldane, and Carleton 
Coon. The controversial, provocative, and un- 
inhibited deliberations reported present a review of 
current thinking among research workers. 


media, diagnostic materials and methods, and special 
fungi stains. 


Physical and Technical Pharmacy. Edited by 
H. M. BURLAGE, C. 0. LEE, and L. W. RISING. 
The Blakiston Div., McGraw-Hill Book Co., Inc., 
,330 West 42nd St., New York 36, N. Y., 1963. 
ix + 740 pp. 15 X 23 cm. Price $16. 
Organized to meet the need for a student text to 


correlate principles of mathema tics, physics, and 
chemistry with pharmaceutical procedures, meth- 
ods, and technology, this volume presents materials 
on mathematics, and pharmaceutical calculations, 
the physicochemical sciences as they apply to 
pharmaceutical technology, stability of drugs and 
pharmaceutical systems with particular reference to 
storage conditions, and adjuncts of importance in 
the formulation of satisfactory products. Ten 
pharmaceutical scientist contributors to  the volume 
have assisted the editors in presenting a volume 
which will be a significant contribution to  pharma- 
ceutical education. 


Hallucinogenic Drugs and Their Psychotherapeutic 
Use. Edited by R. CROCKET, R. A. SANDISON 
and A. WALK. Charles C Thomas, Springfield, 
Ill., 1963. xiii + 191 pp. 15.5 X 25 cm. Price 
$7.50. 
The proceedings of the quarterly meeting of the 


Royal Medico-Psychological Association held in 
February 1961 are presented. The papers are 
grouped under six topics: the historical and psycho- 
pharmacological background, hallucinogenic agents 
and their general application, techniques and 
methodology, the use of hallucinogens in specific 
conditions, clinical observations and phenomeno- 
logical interpretation, and the moral, religious. and 
social significance of experience under hallucinogenic 
drugs. The purpose of the conference was to bring 
investigators from fields other than the clinical 
and psychotherapeutic areas to discuss the psychic 
changes accompanying the administration of the 
hallucinogens; the editors have created a stimulating 
and valuable volume. 


A n  Introduction to Clay Colloid Chemistry. 


A brief glossary is also included. 


By H. 
VAN OLPHEN. Interscience Publishers, Div. of 
John Wiley & Sons, 605 Third Ave., New York 
16, N. Y ,  1963. xvi + 301 pp. 15.5 X 23 
cm. Price $10. 
Modern concepts in colloid and surface chemistry 


are discussed as they apply to clay systems. The 
book stresses the effect of changes in fluid com- 
position on the forces acting between suspended clay 
particles, and the consequences of such changes on 
the bulk physical and mechanical properties of the 
suspensions which are important in clay technology. 
The treatment in the text is elementary which will 
limit its usefulness to workers active in clay tech- 
llology but will provide a workable background 
knowledge for persons less knowledgeable in the 
field. 


Man and His Future. Edited by G. WOLSTBN- 
HOLME. Little, Brown and Co., Boston, Mass., 
1963. vi + 410 pp. 13 X 20.5 cm. Price 
$6. 
The biological, environmental, and social aspects 


of inan and his future were treated in a symposium 


The Pathogenesis of Leprosy. Edited by G. E. W. 
WOLSTENHOLME and M. O'CONNOR. Little, 
Brown and Co., Boston, Mass., 1963. ix + 
101 pp. 12 X 18.5 cm. Price $2.95. 
Another booklet in the Ciba Foundation Study 


Group series, this volume serves to focus attention 
on the progress and problems of research on leprosy. 
Papers presented were devoted to  experimental 
observations related to the histopathology of 
leprosy, cytopathology of the Virchow cell of human 
leprosy, applicability of experimental murine 
leprosy to  the study of human leprosy, experi- 
mental studies on human leprosy, and leprosy 
bacilli in mouse foot-pads. 


Chemistry: A Survey of Principles. By G. W. 
Ewmc, and E. G. MEYER. John Wiley & Sons, 
Inc., 605 Third Ave., New York 16, N. Y., 1963. 
ix + 239 pp. 15 X 23 cm. Price $4.95. 
A student textbook for a one-semester course in 


chemistry for non-chemistry major students is 
presented which balances basic theory with de- 
scriptive materials on such topics as biochemistry, 
organic reaction mechanisms, thermodynamics, 
chemical equilibrium and reaction rates, and metal- 
organic and metal-inorganic complexes. Labora- 
tory experiments are integrated and require the 
student to work with modern laboratory instru- 
ments such as the pH meter, photoelectric colorim- 
eter, and nuclear counting equipment. Many of 
the experiments are quantitative in nature and de- 
velop some concepts not covered in the text. 


Medicinal Chemistry. Vol. VI. Edited by E. E. 
CAMPAIGNE and W. H. HARTUNG. John Wiley 
& Sons, Inc., 605 Third Ave., New York 16, N. Y., 
1963. x + 356 pp. 15 X 23 cm. Price $10. 
Volume six of this monograph series covers non- 


barbiturate hypnotics, spinal cord depressant drugs 
derived from polyhydroxy alcohols, and X-ray 
contrast media. Much of the data is presented 
in tabular form as was in the case in prior volumes. 
The style and format of the earlier volumes as well 
as the objective to include references to all the com- 
pounds which have been tested for a particular type 
of pharmacological activity in a given chapter have 
been retained. Numerous references are included 
for each chapter and a general index is provided. 


Advances in  Organic Chemistry: Methods and 
Results. Vol. 4. Edited by R. A. RAPHAEL, E. C. 
TAYLOR, and H. WYNBERG. Interscience Pub- 
lishers, 605 Third Ave., New York 16, N. Y., 
1963. vii + 361 pp. 15 X 23 cm. Price $14.50. 
This fourth volume in a series created to  meet the 


need for critical appraisal and evaluation of useful 
new methods and ideas generated in the rapid 
evolution of organic chemistry treats enamines, 
synthetic methods in the carotenoid and vitamin A 
fields, and the coupling of acetylenic compounds. 
Author and subject indexes are included as well as 
a cumulative index for volumes 1-4 in the series. 








Inhibitory Effect of Gums and Adsorbants Upon the 
Migration of FD&C Blue No. 1 in Lactose 


By JONAH JAFFE* and IRWIN LIPPMA" 


The dekree of mi ration of FD&C Blue No. 1 on a lactose granulation column was 
determined. Adtitives to act as dye migration inhibitors were uniform1 incor- 
porated into lactose granulation columns (prior to wetting with aqueous Jye solu- 
tions) and evaluated. Tragacanth (1 per cent), acacia 3 per cent), attapulgite 


levels. Solka-Floc was stown to have dye migration tendencies, but was still not 
completely effective at the 9 per cent level. 


(5 per cent), and talc (7 er cent) were effective dye inhi b itors at their respective 


ISUAL OBSERVATIONS of commercially avail- 
Vable uncoated colored tablets reveal the need, 
in many instances, for an examination into the 
cause of lack of uniformity of the tablet color and 
into a method for its improvement. In a recent 
article (l), the operation of fluidized bed drying 
was reported to be an effective procedure in im- 
proving color uniformity of colored granulations. 
Aside from the manufacturing techniques in- 
volved in mixing, blending, and drying colored 
granulations, the problem appears to center on 
those factors influencing the uniformity of applim- 
tion of dyes to a granulation, the most pronounced 
phenomenon being migration of the dye. 


When a powder or granulation previously 
wetted with an aqueous dye solution is being air 
dried, the solvent rises through the powder by 
means of capillary action and diffusion and evap- 
orates at the surface. Under these conditions, a 
hydrophilic dye with little affinity for the powder 
or granulation would, if present, rise with the 
aqueous solvent and be deposited at the solid- 
gas interface. This process then could be likened 
to adsorption chromatography wherein a water 
soluble dye applied to a weak adsorbant passes 
through the column with the aqueous eluent. 


Although texts on tableting (2, 3) recognize 
the problem of dye migration, no evaluation or 
treatment of the subject appears to have been 
reported. It was therefore of interest to deter- 
mine quantitatively the degree of migration of a 
dye in a granulation being dried and to examine 
the inhibitory influence of several additives on 
dye migration during the drying process. 


EXPERIMENTAL 
An aqueous solution of FD&C Blue No. 1 a t  0.1% 


concentration was prepared. To 500 Gm. of lactose 
U.S.P. (in a Hobart mixer, model N-50) 60 ml. of the 
dye solution was slowly added and mixed to  a rea- 
sonably uniform color dispersion. (This required 
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about 5 minutes.) The colored and dampened 
material was then hand screened through a 16-mesh 
stainless steel screen. Clear glass vials of uniform 
internal diameter (29 mm.) and of uniform height 
(69 mm.) were then rapidly filled in duplicate to 
within 5 rnm. of the top of the vial with approxi- 
mately 29 Gm. of colored granulation. The material 
was settled by gently tapping the underside of the 
vial. The uncovered vials were then placed to dry 
in a dehumidified room held to a relative humidity of 
20y0 and a temperature of 25". 


FD&C Blue No. 1, having a relatively large de- 
gree of water solubility, was chosen as representa- 
tive of the FD&C dyes commonly employed. The 
adsorptive abilities of the powder and its constitu- 
ents must be taken into consideration, as we were 
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Fig. 1.-Concentration in mg./Gm. of FDLC 
Blue No. 1 in various segments of a lactose col- 
Urn. 
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interested in examining the migration aspects of the 
dye. It has been indicated by several authors (4, 5) 
that an inverse relationship between solubility and 
adsorbability appears to  exist. The triphenyl- 
methane group of dyes generally shows better water 
and polar solvent solubility than the azo, indigoid, 
and xanthene dyes. FD&C Blue No. 1, a tri- 
phenylmethane dye with three sulfonic acid groups, 
should serve as a dye more difficult to  adsorb onto 
a column than other triphenylmethane dyes with 
fewer sulfonic acid groups. The inverse relationship 
of adsorption from aqueous solutions and the num- 
ber of sulfonic acid groups present on i i  dye molecule 
has been reported (6). 


As adsorption takes place better at lower tempera- 
tures (7), a temperature of 25“ was chosen in prefer- 
ence to higher oven drying temperatures. A slow 
uniform rate of drying also precludes the possibility 
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Fig. 2.-Concentration in mg./Gm. of FD&C 
Blue No. 1 in various segments of lactose columns 
containing different levels of acacia. Key: A = 
2%, B = 3%, C = 4%. 


of “case hardening” and subsequent retention of 
moisture within the column. 


After a period of 5 days, to permit the moisture 
level to  drop to insignificant levels (less than 0.4% 
measured on a Cenco moisture balance) and to 
assure contact of the dye with any adsorbent that 
may be present, the columns of material were re- 
moved by inverting the vials and tapping the sides 
and glass bottoms smartly. The intact formed 
cylinder of granulation was then measured off into 
equal sections and cut with a sharp blade. Each 
section was then weighed and dissolved in 50 ml. of 
distilled water. Absorbance readings, using a 
Beckman model DU spectrophotometer a t  a wave- 
length of 630 ma, were recorded and the dye concen- 
tration in milligrams per gram of lactose were cal- 
culated (see Fig. l).  


Since the dye solution is absorbed by the lactose in 
a sponge-like manner and since the color can be 
readily washed out of the granulation (as exhibited 
by the rapid migration of the dye), the process of 
coloring the lactose is said to be one of “imbibition” 
and not one of true dyeing (8). This suggested that 
“colloids which imbibe to  their fullest” (9) might act 
to  localize the color and prevent migration. “Thick- 
eners,” exemplified by acacia and tragacanth, have 
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Fig. 3.-Concentration in mg./Gm. of FD&C 
Blue No. 1 in various segments of lactose columns 
containing different levels of tragacanth. Key: 
A = l % , B  = 2%,C = 3%. 


been employed in textile dyeing for just this pur- 
pose (10). As these gums readily fonn colloidal 
dispersions, they were incorporated into the columns 
of lactose in an attempt to  inhibit the migration of 
the dye. 
Solka-Floc, a purified wood cellulose, has been 


listed as an organic adsorbant (11); this material 
also has the property of absorbing moisture. These 
properties led to the inclusion of Soka-Floc as an 
additive to be evaluated. 


Adsorptions of dyes on mineral substances have 
been amply described in the literature (12). Based 
on their dispersed position throughout a lactose 
granulation, it was thought that inert adsorbants, 
such as talc and activated attapulgite, might adsorb 
and hold the dyes in place, thereby preventing 
migration of a hydrophilic dye as the water sur- 
faced and evaporated. 


The experimental procedures employed to  eval- 
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Fig. 4.-Concentration in mg./Gm. of FD&C 
Blue No. 1 in various segments of lactose columris 
containing different levels of Solka-Floc. Key: 
A = 3%, B = 6%, C = 9%. 
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uate the effect of gums and adsorbants on the migra- 
tion of dyes were the same as described above, except 
that  each column now contained a uniformly in- 
corporated additive. The calculated concentrations 
of the prepared dye solutions added to the different 
granulations was not exactly 0.1?40 for each solution 
prepared. I t  is the relative dye concentration found 
within each individual column, however, that  points 
to the degree of migration. A level of 3% was first 
chosen to establish a basis for comparison. Addi- 
tional concentration levels of the additives were then 
incorporated and evaluated in an attempt to deter- 
mine that  level which would be effective in inhibiting 
the migration of the dpc. 


RESULTS AND DISCUSSION 


Figures 2 4  offer a visual representation of the 
Uniformity of height of the bars indicates results. 
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Fin. 5.-Concentration in mn./Cm. of FD&C 
Blue-No. 1 in various segments of lactose columns 
containing different levels of talc. Key: A = 3y0, 
B = 570, C = 770. 


the  ideal situation of uniformity of color throughout 
the columns. 


Figure 4 reveals the concentration of dye found 
in the upper portions of the column expressed as per 
cent of total dye recovered from the column. 


Acacia, a t  the 3% level. inhibited the migration 
of FD& C Blue No. 1 in our lactose column. Traga- 
canth appears t o  be equally effective a t  the 1% level. 
The adsorbants. talc and attapulgite, were also 
effective, but required a greater concentration of 
additive than that  required for the gums. .4pproxi- 
mately 5yG of activated attapulgite was comparable 
in effect t o  7yG talc. Solka-Floc exhibited migration 
inhibiting tendencies as shown by the inverse rela- 
tionship between concentration of additive and con- 
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Fig. B.-Coneentration in mg./Gm. of FD&C 
Blue No. 1 in various segments of lactose columns 
containing different levels of attapulgite. Key: 
A = 370, B = 470, C = 57”. 
centration of dye into the upper portions of the col- 
umn. However, complete inhibition was not found 
a t  the 9% level of additive. Surface area of adsorb- 
ant may be a factor influencing the relative abilities 
of the various additives to inhibit dye migration, 
but this has not yet been evaluated 


I t  would seem from the above that  gums and 
adsorbants can be successfully employed to inhibit 
the migration of F D & C  Blue No. 1 on a lactose 
column. In  the order or effectiveness, i t  has been 
found that  1% tragacanth is roughly equivalent to 
3y0 acacia, which is approximately equivalent to 5y0 
attapulgite or 7 7 ,  talc. Extrapolation of the data 
in Fig. 4 indicates that Soka-Floc a t  the 12-lS’3.0 
level might also be an effective dye migration inhibi- 
tor. Thus, i t  appears that  incorporation of selected 
gums and mineral adsorbants into formulations of 
wet granulations inhibits the migration of dycs. 
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TABLE II.-COYPARISON OF DIFFRACTION AND ULTRAVIOLET SPECTROPHOTOMETRIC ANALYSES OF INDIVIDUAL 


GLUTETHIMXDE TABLETS 


Pcpk Ht., Deviation from Deviation from U.V. Analysis Deviation from Deviation from 
Tablet No. mm. Mean, mm. Mean. % mg./Tablet Mean. mg. Mean. 7% 


1 128 1 0.5 498 3 0.6 
2 130 __. 


3 131 
4 133 
5 132 


-_ - 
1 0.6 491 4 0.6 
2 1.8 489 6 1.1 
4 2.7 51 1 16 3.3 
3 1.9 497 2 0.6 


6 136 7 4.8 486 1 0.2 ~. - 
7 120 9 6.6 484 11 2.1 
8 133 4 2.8 493 2 0.2 
9 119 10 7.1 491 4 0.7 
10 129 0 0.3 495 0 0.1 
Av. 129 4 2.9 495 5 1.0 


SUMMARY It  has also been shown that intact nlutethimide 
tablets can be assyed by this X-ra; dihaction 
technique with a reproducibility of f3%, This investigation has demonstrated that the per- 


centage of drug weight in the total formulation - -  
weight must be large before one can consider the 
use of X-ray diffraction intact tablet analysis. From REFERENCES 
the data collected, it appears as if the drug must be 
at  least 50% of tbe total formulation weight before 


by this damctjon procedure could mn- 
templated. Of course, this judgement will depend 
on the crystalline character of the drug and the 
absorption effects of the tablet matrix. 


(1) Head w. F. Tms JormNar. so 1041(1961). 
(2) Klug,’H. P., hnd Alexander, i. i., “X-Ray Diffraction 


(3) Shell J. w. TEIS JOUPNAL ~2,24(1983) .  


(5) ‘ d g ,  H. P.. ibid., 25 ,704(1963). 


Ptoccdura.” John WileY and Sons, Inc.. New York N. y 
1854. 


$),. ~ @ ~ & ~ ~ $ ’ ” ~  R. B.*’and Williama 3. F. lAna 


Qualitative and Quantitative Tests 
for Sulfaphenazole 


Provisional, unofficial monographs are develo ed by the Drug Standards Labora- 
tory, in cooperation with the manufacturers o t the  drug concerned, for publication 
in the Journal of Pbarmaceutical Sciences. The ready availability of this information 
affords discriminating medical and pharmaceutical practitioners with an added basis 
for consdence in the quality of new drug products generally, and of those covered by 
the monographs particularly. Such mono aphs will appear on drugs representing 
new chemical entities for which suitable iznti ty tests and assay procedures are not 
available in the ublished literature. The purity and assay limits reported for the 
drugs and their gosage forms are based on observations made on samples re resen- 
tativt of commercial production and are considered to be reasonable w&in ex- 


pected analytical and manufacturing variation. 


N’ - (1  - PHENYLPYRAZOLYL - 5)SULPANIL.hMIDE; 
C,&I~N,OS; mol. wt. 314.37. The structural 
formula of sulfaphenazole may be represented - 


Y’ 


Recaved December 31, 1863. from the Drug Standards 


DATION W~shington D. C. 20037 
Amkted for publication Jan+ 31, 1984. 
Pbysanns Products Co., Inc., Petenbm Va., b u  co- 


operated by furnishing samples and data to aidin the develop- 
m-t and preparation of thus monograph. 


Laboratory, AXBRIM PHARMACEUTICAL ASSOCIATION FOUN- 


Physical Properties.-Sulfaphezole occurs as a 
white to cream-colored, fine crystalline powder, m.p. 
17&182’, U.S.P. XVI Class I. It  is freely soluble 
in acetone, sparingly soluble in alcohol, and prac- 
tically insoluble in water. Sulfaphenazole dissolves 
in dilute mineral acids and in solutions of alkali 
hydroxides. 


Identity Tests.-To about 100 mg. of sulfaphena- 
zole, add 5 ml. of diluted hydrochloric acid, and boil 
gently for about 6 minutes. Cool in an ice bath, add 
4 ml. of a solution of sodium nitrite (1 in loo), dilute 
to 10 ml. with water, and place the mixture in an 
ice bath for 10 minutes. To 6 ml. of the cooled 
mixture, add a solution of 50 mg. of betanaphthol in 
2 ml. of sodium hydroxide solution (1 in 10): an 
orange-red precipitate is formed, 
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Fig. 1 .-Ultraviolet absorption spectrum of sulfa- 
phenazole in :tlcohol (10 mcg./ml.); Beckman model 
DK-2A spectrophotometer. 


To about 20 mg. of sulfaphenazole suspended in 5 
nil. cif water add, dropwise, sodium hydroxide T.S. 
until dissolved, then add 2 or 3 drops of cupric 
sulfate T.S. : a characteristic light bluish-green 
precipitate forms which remains unchanged on 
standing. 


A 1 : 100,OOO solution of sulfaphenazole in alcohol 
eshibits an ultraviolet absorbance maximum at 
about 268 mp [absorptivity (1%, 1 cm.) about 6401 
and a minimum at about 225 mp. The spectrum is 
shown in Fig. 1 .  


The infrared spectrum of a o.5yO dispersion of 
sulfaphenazole in potassium bromide, in a disk of 
about 0.82 nim. thickness, is shown in Fig. 2. 


Purity Tests.-Dry about 1 Gm. of sulfaphena- 
zole, accurately weighed, at 105' for 4 hours: it 
loses not more than 0.5y0 of its weight. 


Char about 1 Gm. of sulfaphenazole, accurately 
weighed, cool the residue, add 1 ml. of sulfuric acid, 
heat cautiously until evolution of sulfur trioxide 
ceases, ignite, cool, and weigh: the residue does not 
exceed 0.2%. Retain the residue for the heavy 
metals test. 


Dissolve the sulfated ash obtained from 1 Gm. of 
sulfaphenazole in a small volume of hot nitric acid 
and evaporate to dryness on a steam bath. Dissolve 
the residue in 2 ml. of diluted acetic acid, dilute to 
25 nil. with water, and determine the heavy metals 
content of this solution by the U. S. P. XVI heavy 
metals test, method I :  the heavy metals limit for 
sulfaphenazole is 20 p.p.m. 


Digest 2 Gm. of sulfaphenazole with 100 ml. of 
carbon dioxide-free water a t  about 70" for 5 minutes, 
cool at once to about 20°, and filter. To 25 ml. of 
the filtrate, add 2 drops of phenolphthalein T.S. 
and determine the acidity by titration with 0.1 N 
sodium hydroxide: not more than 0.25 ml. is 
required for neutralization. Retain the remainder of 
the filtrate for the chloride and sulfate limit tests. 


Determine the chloride content of sulfaphenazole 
by the U.S.P. XVI chloride limit test, using a 2 5  
ml. portion of the filtrate prepared in the test for 
acidity: the sample shows no more chloride than 
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corresponds to 0.1 ml. of 0.02 N hydrochloric acid 
(140 p.p.m.). 


Determine the sulfate content of sulfaphenazole 
by the U.S.P. XVI sulfate limit test, using a 25-ml. 
portion of the filtrate prepared in the test for acidity: 
the sample shows no more sulfate than corres- 
ponds to 0.2 ml. of 0.02 N sulfuric acid (400 
p.p.m.). 


Assay.-Weigh accurately about 500 mg. of sulfa- 
phenazole, previously dried at 105" for 4 hours, and 
transfer to a 250-ml. beaker. Add 20 ml. of hydro- 
chloric acid and 50 ml. of water, stir until dis- 
solved, cool to room temperature, add about 25 Gm. 
of crushed ice, and slowly titrate with 0.1 M sodium 
nitrite, stirring vigorously, until a glass rod dipped 
into the titrated solution produces an immediate 
blue ring when touched to starch iodide paper. 
When the titration is complete, the end point is 
reproducible after the mixture has been allowed to 
stand for 1 minute. Each milliliter of 0.1 M 
sodium nitrite is equivalent to 31.44 nig. of CIE.HM- 
N40S. The amount of sulfaphenazole found is not 
less than 99.0% and not more than 101.070 of the 
weight of the sample taken. 


DOSAGE FORMS OF SULFAPHENAZOLE 


Sulfaphenazole Tablets 
Identity Test.-Finely powder a number of sulfa- 


phenazole tablets. To a portion of the powder 
equivalent to about 100 mg. of sulfaphenazole, add 
5 ml. of diluted hydrochloric acid, boil gently for 
about 5 minutes, and filter. Cool the filtrate in an 
ice bath, add 4 ml. of a solution of sodium nitrite 
(1 in loo), dilute to 10 ml. with water, and place the 
mixture in an ice bath for 10 minutes. To 5 ml. of 
the cooled mixture, add a solution of 50 mg. of 
betanaphthol in 2 ml. of sodium hydroxide solution 
(1 in 10): an orange-red precipitate is formed. 


Assay.-Weigh and finely powder not less than 20 
sulfaphenazole tablets. Weigh accurately a portion 
of the powder, equivalent to  about 500 mg. of sulfa- 
phenazole, and transfer to a 250-ml. beaker. Pro- 
ceed as directed in the Assay in the monograph for 
sulfaphenazole beginning with "Add 20 ml. of 
hydrochloric acid. . . ." Each milliliter of 0.1 M 
sodium nitrite is equivalent to  31.44 mg. of C15H14- 
N40,S. The amount of sulfaphenazole found is not 
less than 95.0y0 and not more than 105.0% of the 
labeled amount. 


Sulfaphenazole Suspension 
Identity Tests.-To a volume of sulfaphenazole 


suspension equivalent to  about 100 mg. of sulfa- 
phenazole, add 5 ml. of diluted hydrochloric acid 
and proceed as directed in the Identity Test in the 
monograph for sulfaphenazole tablets beginning 
with ". . . boil gently for about five minutes. . . ." 


Fig. 2.-Infrared spectrum of sulfaphenazole in 
potassium bromide disk (0.5%); Perkin-Elmer 
model 21 spectrophotometer, sodium chloride prism. 







Vol. 53, No. 6,  June 1964 


Transfer a volume of sulfaphenazole suspension 
equivalent to about 500 mg. of sulfaphenazole to  a 
glass-stoppered centrifuge tube, add 15 ml. of water, 
and shake vigorously. Centrifuge, decant and 
discard the supernatant liquid, and wash the 
residue with two additional 15-ml. portions of 
water, centrifuging and decanting each time. 
Transfer the residue of sulfaphenazole to a piece of 
filter paper or porous plate and allow to air dry. 
Prepare a 0.5y0 dispersion of the dry residue 
in potassium bromide and compress. The infrared 
spectrum in the range of 2 to 15 p exhibits absorb- 
ance maxima at the same wavelengths as a similar 
preparation of sulfaphenazole reference standard. 


Assay.-Determine the specific gravity of sulfa- 
phenazole suspension. Weigh accurately an amount 
of suspension equivalent to  about 500 mg. of sulfa- 
phenazole and transfer to a 250-ml. beaker. Pro- 
ceed as directed in the Assay in the monograph for 
sulfaphenazole beginning with “Add 20 ml. of 
hydrochloric acid. . . .” Each milliliter of 0.1 M 
sodium nitrite is equivalent to  31.44 mg. of ClsHlr- 
N d W .  By means of the specific gravity, calculate 
the amount of sulfaphenazole present in the volume 
of the suspension taken. The amount of sulfa- 
phenazole found is not less than 93.0% and not 
more than 107.070 of the labeled amount. 


DISCUSSION 
U.S.P. and N.F. terminologies for solubility, 


melting range, reagents, etc., have been used 
wherever feasible. 


Sulfaphenazole,‘ synthesized by Schmidt and 
Druey (l), is a rapidly absorbed, long-acting sulfa 
drug. The tests and standards provided in these 
monographs are closely patterned after those present 
in U.S.P. XVI and N.F. XI for similar sulfon- 
amides and their dosage forms. 
Identity Tests.-The chemical tests provided give 


results which are characteristic of many and do not 
serve to distinguish sulfaphenazole from other sulfa 
drugs. Such distinction can be made by comparing 
the ultraviolet and infrared spectra with those 
which have been published for a number of the 
official sulfonamides (2). A short review of pub- 
lications dealing with identification methods for 
sulfonamides was prepared by Woods and Schnel- 
ler (3). 


Quantitative Methods.-The functional groups 
common to most sulfonamides are the primary 
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aromatic amine and the acidic hydrogen of the 
sulfonamide group. Upon these are based most of 
the analytical methods which have been used for the 
determination of these compounds. Because of the 
presence of the arnine group, sulfonamides have been 
determined volumetrically by diazotization, bromina- 
tion. iodination, and by nonaqueous titration with 
acetous perchloric acid. The acidic hydrogen has 
been titrated argentimetrically and acidimetrically 
with alkali metal alkoxides in nonaqueous media. 
Among the many colorimetric methods which have 
been used for the sulfonamides, most prominent is 
the diazotiazation and coupling method of Bratton 
and Marshall. These and other methods were 
extensively discussed by Woods and Schneller (4). 


The diazotization reaction made use of in the 
nitrite titration assay procedure which is common 
to many of the official sulfonamide monographs is 
irreversible and complex, the kinetics being in- 
fluenced by such factors as the basicity of the amine 
group, the acidity of the medium, and the presence 
of a catalyst such as bromide ion. The methods of 
end point detection include the use of (a )  external 
indicators such as starch iodide paste or paper, 
acriflavine, and 3,7-thiaxanthenediamine-5,5-dioxide 
(Eastman 8776), (b)  internal indicators such as 
orange IV, metanil yellow, and diphenylbenzidine 
disulfonic acid, ( c )  photometric titration, and (d) 
various electrornetric methods. The latter include 
amperometric, conventional potentiometric (at 
zero current), potentiometric at constant current, 
and dead-stop titration methods. The various 
methods may have advantages in increased ac- 
curacy, precision, sensitivity, speed,l or applicability 
to unusual situations, but the classical starch iodide 
method usually suffices for most pharmaceutical 
control purposes. Analysis of bulk sulfaphenazole 
gave an average value of 100.2 f 0.170, while 
analysis of commercial tablets (500 mg.) and 
suspension (100 mg. per milliliter) gave respective 
average values of 100.1 f 0.1% and 103.7 f 0.1% 
of the labeled amounts. 
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Thin-Layer Radiochromatographic Study of 
Prochlorperazine Photodeterioration 


By SETSUYA SENO, WAYNE V. KESSLER, and JOHN E. CHRISTIAN 


Procedures to determine microquantities of photochemical deterioration products 
of prochlo~azine  were developed by using thin-layer chromatography in com- 
bination wi the radioisotope tracer technique. Up to 11 products were separated 
on a silica el thin-layer plate using ethylene dichloride-methanol-ammonia as the 
solvent. &e separated radioactive s ts were m p e d  off the plate, suspended in a 
Thixcin scintillator gel, and c o u n t s  Quantitative results for each product indi- 
cated that complex reactions are involved in the photochemical deterioration of 


prochlorpernzine. 


HENOTHIAZINE DERIVATIVES are decomposed 
pby light into various oxidative and cleavage 
compounds (1-3). They are metabolized by N- 
methyl and side chain cleavage and formation 
of sulfoxides, phenols, free radicals, and N-oxides 
(4). Several analytical procedures have been 
used for separating and identifying phenothiazine 
derivatives and metabolites, especially those of 
chlorpromazine (4). The most important of 
these was paper chromatography in combina- 
tion with spectrophotometry and the radioisotope 
tracer technique. 


Thin-layer chromatography recently has be- 
come widely recognized because of many ad- 
vantages over paper chromatography, such as 
speed, simplicity, and high sensitivity. The 
combination of thin-layer chromatography and 
the radioisotope tracer technique is especially 
well adapted to very small samples. This 
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combination was reported by Snyder and Steph- 
ens (5) in which C1* and Ha labeled lipids 
were analyzed. The purpose of this study was 
to use thin-layer chromatography combined with 
the radioisotope tracer technique for the micro- 
quantitative study of the photochemical deterio- 
ration of prochlorperazine. 


EXPERIMENTAL 
Materirls.-Fixed thickness chromatofilm assem- 


bly, ascending (model 200-1, Research Specialties 
Co., Richmond, Calif.) with 8 X Sin. glass plates 
was used. Also used were silica gel G (Merck, 
Germany); prochlorperazine ethanedisulfonate and 
prochlorperazhe-S-35 ethanedkulfonate (Smith 
Kline and French Laboratories, Philadelphia, Pa.) 
(the purity of the labeled compound was 99.10Jo); 
a Beckman model DB spectrophotometer; a 
Paclcard model 314-X Tri-Carb liquid scintillation 
spectrometer; and solvents and chemicals of reagent 
grade or equivalent. 


Thin-Layer Chromatognphy.-Aqueous solutions 
of unlabeled prochlorperatine ethanedisulfonate 
(0.010, 0.10, and 5.0 mg./ml.) were irradiated by 
sunlight for 2 hours. The solutions became colored 
shortly after exposure and darkened further upon 
continued exposure. The change in We absorption 
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Results of the biliary excretion study imply that 
the disposition of material excreted into the duo- 
denum uia the  bile does not involve simple direct 
excretion in the feces. Excretion of large amounts 
of S& into the duodenum ma the bile does not lead 
to fecal excretion of an appreciable quantity of S" 
during the initial 24 hours after intraperitoneal drug 
administration. However, about five times as 
much is excreted in the feces during the first 24 
hours when the drug is introduced directly into the 
gastrointestinal tract (oral dosing). The finding 
that none of the administered dose is excreted in 
the bile as metabolite I implies that this metabolite 
represents further alteration of either metabolite 
I1 or 111. 
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with the highest Rj value (Rf = 0.83) correspond 
to  intact prochlorperazine. Others are those of 
deterioration products. They were not identified 
in this study. 
Thin-Layer Radiochromatography and Scintilla- 


tion Counting.-F’rochlorperazine-S-35 ethanedisul- 
fonate was dissolved in water to yield a concentration 
of 1.188 mg./ml. (specific activity 0.839 pc./ml.). 
Aliquots of this solution, each measuring 3.5 ml., 
were placed in test tubes and irradiated with ultra- 
violet light for 1 to 33 hours in the same manner as 
the unlabeled prochlorperazine. Five-microliter 
aliquots of the original and irradiated solutions 
were then chromatographed. An autoradiogram 
of the chromatogram was made by placing a sheet of 
X-ray film (Kodak No-screen) directly in contact 
with the silica gel layer and exposing for 80 hours. 
The developed autoradiogram is shown in Fig. 4. 


The radioactivity of each spot located by auto- 
radiography was measured with a liquid scintil\ation 
spectrometer. Since silica gel is insoluble and tends 
to settle in ordinary scintillator solutions and since 
the complete extraction of adsorbed radioactive 
material is uncertain, it was desirable to use a 
scintillator gel system for the radioactivity measure- 
ments. A Thixcin gel scintillator Similar to that 
reported by White and Helf (6) was used. The gel 
consisted of 2.5% Thixcin R in a toluene scintillator 


spectrum is shown in Fig. 1. After irradiation, 
prochlorperazine lost the characteristic absorption 
maximum at 255 mp, became colored, and showed 
an absorption maximum at 500 mp. The resultant 
solutions which were assumed to  contain intact 
prochlorperazine and its deterioration products 
were analyzed by thin-layer chromatography. 


Silica gel G thin-layer plates were prepared in the 
usual manner. The plates were activated a t  105’ 
for 1 hour. They were spotted with 5, 10, and 25- 
pl. aliquots of the irradiated solutions and were 
developed. Twelve solvent systems were examined. 
It took 30 minutes to 2 hours for the solvent front 
to  advance 10 to 15 an., the time depending on the 
nature of the solvent and the temperature of the 
developing chamber. After the solvent had ad- 
vanced 10 to 15 cm. from the starting point, the 
plate was removed from the chamber, dried in a 
hood a t  room temperature, and subjected to  detec- 
tion of the separated spots. Ultraviolet lamps 
(dominant wavelengths 2537 and 3660 A,), iodine 
solution ( 1  yo in methanol), 2‘,7’-dichlorofluorescein 
solution (0.2yo in methanol), iodoplatinic acid solu- 
tion (0.3% aqueous), sulfuric acid (20% aqueous), 
and antimony trichloride solution (20% in chloro- 
form) were used. Color production by spraying 
with antimony trichloride solution gave the highest 
sensitivity. The detection limit was approxi- 
mately 0.1 mcg. of prochlorperazine ethanedisul- 
fonate. The best separation was obtained with an 
ethylene dichloride-methanol-ammonia (65 : 35 : 5) 
mixture. 


Five-milliliter aliquots of aqueous prochlor- 
perazine ethanedisulfonate solution (1.0 mg./ml.) 
were placed in test tubes. The test tubes were 
plugged with Saran wrapped corks, placed under an 
ultraviolet lamp (dominant wavelength 3660 A.) 
40 cm. from the filter, and irradiated for 1 to 30 
hours. Irradiation caused changes in their color 
and absorption spectra. Changes in absorbance 
values at 255 and 500 mp are shown in Fig. 2. Five- 
microliter aliquots of the original and irradiated 
solutions were spotted on a thin-layer plate and 
chromatographed using the ethylene dichloride- 
methanol-ammonia solvent. From one to  eight 
separate spots were detected on the thin-layer plate 
by the color reaction with antimony trichloride. 
The chromatogram is shown in Fig. 3. The spots 


w L E m i n  (my1 


Fig. 1.-Change in absorption spectrum of pro- 
chlorperazine upon exposure to sunlight. Concen- 
tration of prochlorperazine ethanedisulfonate was 
0.010 mg./ml. 


0-1 ,  I 


IRRAMATION TIME Ibl 


Fig. 2.-Effect of ultraviolet irradiation (domi- 
nant wavelength 3600 A.)  on the absorption spectra 
of prochlorperazine. 
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Fig. 3.-Thin-layer chromatogram of photode- 
terioration products of prochlorperazine. Solvent 
front averaged 13.3 cm. from the starting point. 
Color of spots (using antimony trichloride reagent) 
were: A, pink; B, faint pink; C, purple; D. faint 
violet; E, dark blue: F. violet. 
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Fig. 4.-Autoradiogram of thin-layer chromato- 
gram of photodeterioration products of prochlorpera- 
zine-$35. Spot 1 corresponds to prochlorperazine. 


IRRAUATIW TIME Ik.1 


Fig. 5.-Decrease in prochlorperazine content of a 
sample upon ultraviolet irradiation. 


containing 0.570 PPO (2,5diphenyloxazole) and 
0.03% POPOP [ 1,4biS-2-( !5-phenyloxazolyl)-ben- 
m e ] .  


The adsorbed spots on the thin-layer chroma- 
togram were scraped quantitatively into a counting 
vial. The silica gel powder was then suspended in 
15 ml. of the scintillator gel. A slight yellow colora- 
tion of the gel caused some depression of the counting 
efficiency. This coloration was prevented by adding 
50 d. of dimethylformamide. All samples counted 
with the same efficiency. The quantity of material 
in a spot a t  each irradiation t ime was calculated 
as the per cent of the total count rate a t  that irradia- 
tion time. 


The decrease in the prochlorperazine content of 
the samples upon irradiation is shown in Fig. 5. 
The curve is that of a first-order reaction during the 
initial 15 hours, but it deviates thereafter. The 
calculated first-order rate constant is 0.037 hour-1. 


Fig. 6.-Relationships between the concentration 
of the deterioration products of prochlorperazine and 
irradiation time. Numbers on curves refer to spot 
numbers in Fig. 4. Spot 7 is included with spot 8 at 
33 hour. Spot 11 refers to starting point. 


Figure 6 shows the concentration changes of the 
deterioration products detected. These curves 
show that progressive changes of the products into 
new ones are occurring in the photochemical de- 
terioration process. 


CONCLUSIONS 


The detection sensitivity of the separated spots 
was greater in the autoradiographic procedure 
(Fig. 4) than in the chemical procedure (Fig. 3) 
in which antimony trichloride was used. This was 
shown by the greater number of spots detected in 
the autoradiographic procedure. The detection 
sensitivity could be increased by increasing the 
exposure time of the autoradiogram and the specific 
activity of the sample. 


The technique in which thin-layer chromatography 
is combined with autoradiography and scintillation 
counting is useful in the study of drug stability, 
especially in the early stage of deterioration. The 
sensitivity of the technique would be generally much 
greater than that of other methods of analysis. 
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definite bearing on the usefulness of any column 
packing prepared. The performances of the seven 
supports mentioned previously were examined under 
the same operating conditions. The supports that 
can be used for lightly loaded packings are: glass 
beads, Gas Chrom-P, and Chromosorb W-HMDS. 
The other four supports cannot be used for lightly 
loaded column packing since their interaction with 
the antihistamines causes excessive peak tailing. 


The hydrogen flame detector used in conjunction 
with the 0.010-in. stainless capillary column would 
not respond to compounds with boiling points above 
330”. This limitation prevented evaluation of this 
column for the analysis of these antihistamines. 


The 100-ft. 0.065-in. copper open tubular column 
was coated with XF-1150 and evaluated using the 
above group of antihistamines. The Srw ionization 
detector was used with a column flow of 36 ml./ 
minute. The retention times obtained were com- 
parable to the 6-ft.-XF-1150 packed column, but the 
peak base widths were considerably wider. Because 
of this increase in base width. the 0.065-ii. column 
was less efficient than the 8-ft. packed column. 


A 250-ft. 0.065-in. column wound on a 11/&i. 
diameter mandrel has been reported to be more 
efficient than a packed column (15). There are two 
possible reasons why efficiency was less than pre- 
viously reported: (a) the column was shorter (100 
ft.). and (b) the winding configuration was markedly 
different. The column was wound on a 11/, X 


bar which resulted in a definite ilattening of 
the tube around the edge of the bar. 
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CONCLUSIONS 


The antihistamines investigated. except for 
meclizine, can be separated, identified, and concen- 
tration estitnated using the Carbowax 20M. PDEAS. 
and XF-1150 columns described. The PDEAS 
column is the most efficient of the three for the 
analysis of antihistamines. 


The usefulness of the 0.010-in. capillary and the 
0.066-in. open tubular columns cannot be properly 
evaluated until the mentioned limitations are re- 
moved. 
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Castor Oil as a Vehicle for Parenteral 
Administration of Steroid Hormones 


By C. RIFFKIN, R. HUBER, and C. H. KEYSSER 


Steroid hormones may be administered parenterally in high concentrations as oil 
solutions. In this form they exhibit a prolonged action and reduce the number of 
injections required. To accommodate the demand for increasingly greater concen- 
trations of hormones in solution, castor oil in combination with other suitable oil- 
miscible solvents, has been found to fulfill a need. The development of several 
formulations together with the results of animal testing, as well as clinical trials in 


humans, attest to the acceptability of this oil for the purposes intended. 


IXBD OILS are included in the “United States 
Pharmacopeia XVI” as nonaqueous vehicles 


for injection and are characterized as being of 
vegetable origin, essentially odorless, and with- 
out suggestion of rancidity. They must also 
comply with certain measurable physical limits 
specified for the saponification, acid, and iodine 
values. 
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After subcutaneous injection, Deanesly and 
Parkes (1) observed the persistence of olive oil 
and castor oil in animal tissue. Comparing other 
oils Brown, et al. (2), reported that sesame and 
corn oils were superior to cottonseed and peanut 
oils because they were less irritating, less anti- 
genic, more quickly released from tissue, and 
possessed superior physical properties. 


More recently the use of steroid hormone 
medication has expanded considerably. Due to 
limited water solubility, hormones have been 
administered as aqueous suspensions or solu- 
tions in oil. It has been claimed that the latter 
provided the slow release preferred in cyclical 
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TABLE I . - fhALYSIS OF COMMERCIAL OILS AND COMPARISON TO U.S.P. XVI SPECIFICATIONS 


ml. 0.02 N NaOH 
Equiv. to Free 
Fatty Acid in 


Oil Lot No. 10-Gm. Sample Sapon. Value Iodine Value 
Castor Oil 


Sesame Oil 


U.S.P. specs. 
23946 
25589 
23463 
33742 
U.S.P. specs. 
235498 
26953 
33646 
29981 


Cottonseed Oil U.S.P. specs. 


Corn Oil U.S.P. SDeCS. 


49684 
44441 


Cottonseed Oil U.S.P. specs. 


Corn Oil U.S.P. SDeCS. 


49684 
44441 


52148 
36716 


Peanut Oil 


33436 
33715 
U.S.P. SDeCS. 
22160 
20993 
33622 
26147 


35.00 
14.0 
4.6 
7.9 
9.2 
3.0 
0.5 
1.4 
0.75 
0.45 
2.0 
. . .  
. . .  
2.0 
1 .o 
1.2 
1.2 
1 .o 
2.0 
1.2 
1.4 
0.8 
1.2 


179-185 
183.3 
179.8 
182.7 
180.4 
188-195 
189.6 
194.0 
189.6 
191.7 
190-198 
196.9 
196.3 
187-193 
194.5 
191.4 
189.3 
189.3 
185-195 
192.0 
191.7 
193.1 
190.4 


83-88 
84.8 
87.0 
84.5 
84.2 


103-116 
106.9 
111.8 
104.7 
108.2 
109-116 
111.8 
113.1 
102-128 
119.1 
124.4 
125.0 
123.0 
84-100 
94.4 
93.2 
87.8 
93.9 


The U.S.P. specifies that the titration of free fatty acids in oral grade castor oil shall not exceed 7 ml. of 0.1 N NaOH 
which is rqual to 35.0 ml. of 0.02 N NaOH. 


TABLE II.-%LUBILITY OF STEROIDS IN U.S.P. 
OILS AT 25’ 


P m g .  /ml . - 
Castor Sesame Peanut 


Steroid Oil Oil Oil 
17-Hydroxyprogesterone 


caproate 55.6 23.4 27.9 
Testosterone 38.6 5.4 8.1 
Estradiol valeratc 60.6 16.1 18.8 
Progesterone 52.0 22.9 23.6 


therapy (3). Using withdrawal bleeding in 
human females as the criterion, Master, et al. 
(4), compared the duration of action of an 
aqueous suspension of progesterone with an oil 
solution, and coniirmed the superiority of the 
latter. The prolongation of activity was gen- 
erally related to storage in the fatty depots of 
the body (5). 


In  1952 Junkmann (6) determined that a 
testosterone ester dissolved in Sesame oil pro- 
longed the androgenic effects in castrated rats. 
Davis and Wied (7) demonstrated that pro- 
longed activity was also obtained in humans 
when oil solutions of a progesterone derivative 
were injected. There was still a limiting factor, 
however, in that only a relatively small amount 
of hormone could be dissolved in the traditional 
oils. To increase the solvent power of the oil 
it  was necessary to add compatible and non- 
irritating cosolvents. Such additions consisted 
of benzyl benzoate, benzyl alcohol, ethyl lactate, 
ethyl oleate, etc. The U.S.P. recognized the 
need for such “other vehicles,” with the re- 
strictions that they must be safe in the volume 
of injection administered, and that they should 


not interfere with the therapeutic efficacy of the 
preparation or its testing. 


Demand for increased hormone concentrations 
per dose, furthered the search for an acceptable 
oil with greater solubilizing power ger se. Bos- 
chann (8)  in 1954, observed that 17-hydroxypro- 
gesterone caproate in a castor oil-ethyl lactate 
vehicle was well tolerated. In  addition, private 
communications from clinicians in West Ger- 
many* reported good tolerance to Proluton-Depot 
containing a castor oil-benzyl benzoate vehicle. 
Since then other hormones have been used as 
solutions in rianoleic acid esters, as well as in 
castor oil (9-11). Accordingly, an investiga- 
tion was undertaken into the suitability of cas- 
tor oil as a vehicle for parenteral administration 
of steroid hormones. 


METHODS AND RESULTS 
Representative samples of U.S.P. oils obtained 


from commercial sources were tested in accordance 
with the official method for free fatty acid content, 
saponification, and iodine values. The results are 
listed in Table I along with the U.S.P. XVI specifica- 
tions for these oils. 


Solubility of selected steroids in various oils was 
determined in the following manner. An excess of 
steroid was stirred for 4 hours at  room temperature 
(25’) in the test oil, after which the undissolved 
solids were removed by filtration, and the clear solu- 
tion assayed for steroid content. Table I1 shows the 
results obtained. 


An attempt was made to reduce the free fatty acids 
in castor oil by treatment with alumina and anhy- 


I Dr. Napp, Universitats-Krankenhaus. Hamburg; Dr. 
Pots, Humboldt-Univdtat-Charite , Frauenkliiik, Berlin. 
Dr. Prill, UniversitP+r-Frauenklinlk, Wunburg; and 
Dr. Rauscher. Universitats-Frauenkllnlk, Vienna. 
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TABLE III.-AESORPTION OF On. FROM ANIMAL 
M a u v  


Days ml. 0.02 N 
after NaOH Residual Oil in 


Injection Oil Bquiv. Musde (estd.) 
1-3 Castor oil 50 1 day -50% 


U.S.P. 3 days-lO% 
1-3 Sesame oil 1 . 4  1 day -30% 


U.S.P. 3 days-30% 
7-60 All oils . . . Declining 10 


(aged). 3 days-20 yo 
1 3  Castor oil 13 1 day -30% 


to  2% 
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animal muscle irritation testing prior to  release for 
clinical investigation. 


DISCUSSION 
Throughout the investigation i t  was desirable to 


have a reference oil to serve as a basis for comparison. 
Since sesame oil is universally accepted as a paren- 
teral oil vehicle, i t  was chosen as the “standard” 
vegetable oil to  be compared to  castor oil, with and 
without other cosolvents. The physical, chemical, 
and biological properties of sesame oil are well 
documented and require no comments here. 


Chemically. castor oil consists of the triglycerides 
of ricinoleic acid, together with small quantities of 
glycerides of other acids. The quantitative com- 
position is given by Eckey ( 12) as follows : ricinoleic 
acid 87%, oleic acid 7.470, linoleic acid 3.lYob, dihy- 
droxyricinoleic acid 0.6%, and miscellaneous acids 
2.4%. Two grades are commonly recognized in this 
country-US. No. 1 which is cold pressed oil, and 
US. No. 3 which is oil extracted from the pressed 
cake. Only the former is used for medicinal purposes. 


The high viscosity of castor oil compared to  other 
vegetable oils is undoubtedly related to  hydrogen 
bonding and it is probably the hydroxy groups 
which contribute to  the greater polarity and superior 
solvent power of the oil. As indicated in Table I, 
the saponification and iodine values of commercial 
castor oil appear to  be slightly lower than the U.S.P. 
XVI limits for oils used for injection. On the other 
hand, the content of free fatty acids even in fresh oil, 
varies considerably and exceeds the traditional 
limits for injectable oils. The significance of this is 
somewhat obscure, although “Remington’s Practice 
of Pharmacy, 12th edition,” page 387, states “a low 
free fatty acid content is essential since it indicates a 
fresh and pure product and not one that is likely t o  
have become old and heavily contaminated with bac- 
terial products.” 


Despite better solubility of steroids in castor oil, 
other cosolvents were necessary to dissolve the 


TABLE IV.-LOCAL I~RITAT~ON PRODUCED IN 
-BIT MUSCLE BY INJECTION OF VARIOUS OIL 


VBHICLES~ 


Lesion size, 
Identification Composition ma.’  
SHY-47-2 Sesame oil 98y0 61 


Benzyl alcohol 20/, 
SHY-47-4 Castor oil 98% Too small to 


Benzyl alcohol 2% measure 
SHY-47-3 Sesame oil 950/, 506 


Benzyl alcohol 5% 
SHY-47-5 Castor oil 95% 106 


“ 1 ml. injected into back musde of rabbit, 


drous sodium sulfate. Three grams of dried, pow- 
dered, amorphous aluminum oxide (Merck No. 1097) 
and 6 Gm. of anhydrous sodium sulfate, reagent 
grade, were suspended in 120 ml. of oil and heated 
a t  80’ under a blanket of nitrogen for 1.6 hours. 
After allowing the oil to cool to room temperature, 
the solids were filtered off and the acids titrated in 
the usual manner. A significant reduction in free 
fatty acid was not obtained. 


The absorption characteristics of oils with varying 
fatty acid content were examined and compared on a 
biological basis. Aged castor oil with a high free, 
fatty acid content was compared to fresh U.S.P. 
castor oil with a low acid content and U.S.P. sesame 
oil by injecting 1 ml. of oil into the back muscles of 
rabbits, approximately 2 in. from the iliac crest. A 
rotational pattern of injection was used and the oil 
samples were stained to aid visibility in the tissues. 
The animals were sacrificed and the muscles excised 
and examined grossly. The results were averaged 
and appear in Table 111. 


The test disclosed that oil migrated or was carried 
to the fascia, and very small amounts remained for 
60 days. Localized degeneration produced by the 
high acid value castor oil was essentially healed in 7 
days, and the low acid value castor oil appeared to 
be no more irritating than sesame oi1.4 


In a specific test for irritation 0.25 ml. of the above 
oil samples were also injected into the uastw &eralit 
muscles of rabbits. After 2 days the animals were 
sauificed and the injected muscles examined grossly 
for evidence of imtation. It was found that the 
castor oil containing a high level of free fatty acid 
produced a lesion size measuring approximately 121 
mu.*. The lesion itself was characterized mainly by 
degeneration of local tissue without necrosis. Cas- 
tor oil with low free fatty acid and sesame oil, on 
the other hand, produced no measurable lesion at the 
injection site. 


Combinations of benzyl alcohol and benzyl benzo- 
ate with both castor oil and sesame oil were also 
injected into the vastus lateralis muscles of rabbits 
and Table IV lists the lesion sizes produced. 


Solutions which were formulated for clinical trials 
in humans were prepared by dissolving the steroid 
hormones in appropriate vehicles at 60’ under 
nitrogen. The solutions were then filtered through 
a coarse sintered-glass filter with the aid of nitrogen 
pressure, filled into vials, and sterilized by autoclav- 
ing for 2 hours at 121“ (15 lb. steam pressure). The 
products were then submitted for assay, safety, and 


¶Due  to the apparent increase in free fatty acids with 
aging, subsequent work utilized fresh oils which required for 
neutralization less than 3 ml. of 0.1 N NaOH (15 ml. of 0.2 N 
NnOH) per 10 Gm. of sample. 


-~ - - _  
Benzyl alcohof 5% 


SHY-14-2 Sesame oil 65% 291 
Benzyl benzoate 35% 


SHY-14-5 Castor oil 65% 184 
Benzyl benzoate 35% 


SHY-47-6 Sesame oil 63% 207 
Benzyl benzoate 35% 
Benzyl alcohol 2% 


SHY-47-7 Castor oil 63% 262 
Benzyl benzoate 35% 
Benzyl alcohol 2% 


SHY-14-3 Sesame oil 50% 291 
Benzyl benzoate 50% 


SHY-14-6 Castor oil 50% 158 
Benzyl benzoate 5oy0 


a A 0.25-ml. quantity of the oil vehicle was injected into the 
Two days later the oasfw lateralis muscle of the rabbit. 


muscle was excised and the lesion size measured in mm.8. 
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increasingly higher concentrations required by 
therapeutic regimens. Often these materials con- 
tributed additional advantages. For example, the 
addition of benzyl alcohol or benzyl benzoate to 
castor oil resulted in a lower and more favorable 
viscosity, making i t  easier to inject. Also, benzyl 
alcohol waa an effective preservative and local 
anesthetic. 


The nature of the irritative response depended on 
the particular hormone, its concentration in the 
formulations, and/or the composition of the vehicle. 
Although rabbit muscles are more sensitive than 
human muscles, they were selected primarily because 
local changes in the muscle were observed easily. 
It was not always possible, however, to correlate 
muscle irritation in animals to  that of humans. 


A numerical assignment to  lesion size was used 
solely as a convenience for grading response. The 
numbers alone do not adequately describe the 
nature of the response. however. More completely 
it is characterized by the amount of hemorrhage and 
edema and the incidence, degree, and extent of local 
degeneration produced by the injection. A slight, 
reversible irritative response may cover a large area 
and a severe irreversible one may be comparatively 
small. A decrease in the size of the degenerated 
area indicates a reversible condition. The presence 
of necrosis, which is the most damaging situation, 
means that the cellular structure was destroyed and 
repair must take place. The debris must be re- 
moved and the original cellular mass in the area re- 
placed with fibrous connective tissue. The extent 
of this fibrosis or formation of scar tissue gives an 
index of the amount of irreversible damage. For- 
tunately necrosis was not encountered, indicating the 
lack of permanent muscle damage. Since these 
changes take time, final assessment of the effects of 
an injection in the muscle frequently required 
observation for 7 days or longer. 


It is unfortunate that pain cannot be measured by 
any known method of animal testing. The animal 
usually does not respond unless the painful stimulus 
is marked. Furthermore, the pain caused by injec- 
tion into human muscle is not usually proportionate 
to  the irritation produced either in animal muscle 
or in human muscle. Realizing that these limita- 
tions are inherent in animal test methods, it  re- 
mained for final acceptability to be determined in 
man. 


When i t  was discovered that  17-hydroxyprogester- 
one caproate possessed high progestational activity, 
potencies of the order of 65 mg./ml. were used. By 
increasing the dose, additional prolongation of ac- 
tion was obtained, and eventually concentrations of 
the order of 250 mg./ml. were required. Such a 
solution in sesame oil produced acceptable animal 
muscle tolerance, but the pain and local reaction in 
humans was so great as t o  prohibit the adoption of 
the formulation as a commercial product (see Table 
v, Lot Pr. 142-53/15-10).’ Solutions were also 
prepared using castor oil as the vehicle, and Table V 
lists the formulations tested and the results ob- 
tained. Information obtained from the clinical 
trials (14-21) attested to  the acceptability and 
safety of the adopted formulations. 


Inherent in the development of an acceptable 
formulation of 17-hydroxyprogesterone caproate was 


SRepctionr in excess of 6 4 %  were considered unaccept- 
able. 


Journal of Pharmaceutical Scictrces 


TABLE V.-EVUUATION OF 250 mg./ml. 17-HY- 
DROXYPROCESTERONE CAPROATB SOLUTIONS IN 


VARIOUS OIL VEHICLES 


Animal 
Muscle Lot Number and 


Vehicle Lesion Remarks on Clinical 
Coq~positron Size, mm.’a Testing 


Sesame oil 50% 1049 Pr.142-53/15-7--238 
Benzyl benzoate injections, 2O.6yO 
50% reactions, rejected 


Castor oil 58% 691 Pr.142-53/15-8-270 
Benzyl benzoate injections, 23.2% 


40% reactions, rejected 
Benzyl alcohol 2% 
Sesame oil 60% 697 Pr.142-53/15-10- 
Benzyl benzoate 189 injections, 


Benzyl alcohol 5% rejected 
Castor oil 54% 258 Pr.142-53/15-11- 
Benzyl benzoate 503 injections, 


4.2y0 reactions, 
accepted 


Castor oil 52y0 633 Pr.142-53/15-13- 
Benzyl benzoate 924 injections, 
48% 1.370 reactions, 


Benzyl alcohol 2oJ, accepted 


35% 10.’i’70 reactions, 


46% 


.a Injection of 0.25 ml. into vasfus lalnalis muscle of rabbits 
and lesion size determined 2 days after injection. 


TABLE VI.-EVALUATION OF ESTRADIOL VALERATE 
IN VARIOUS OIL VEHICLES 


Animal 
Muscle 
Lesion Lot Number and 


Composition Size, mm.ao Remarks 
20 mg./ml. in Cas- 197 Es.31-53/15-B- 


tor oil 78%. commercially 
Benzyl benzoate available 
20%, Benzyl al- 
cohol 2% 


30 mg./ml. in Ses- 306 DEK-98-2-Not 
ame oil 60%. tested clinically ; 
Benzyl benzoate dosage increased 
40% to 40 mg./ml. 


30 mg./ml. in Cas- 191 Es.31-53-V-Not 
tor oil So%, tested clinically; 
Benzyl benzoate dosage increased 
20% to 40 mg./ml. 


40 mg./ml. in Ses- 803 SHX-94-4-Too 
ame oil 6570, irritating; not 
Benzyl benzoate tested clinically 
3oY0. Benzyl al- 
cohol 5% 


40 mg./ml. in Ses- 496 Es.31-53-8-201 in- 
ame oil Myo, jections, 23.2% 
Benzyl benzoate reactions, rejected 
40700, Benzyl al- 
cohol 2% 


40 mg./ml. in Cas- 250 Es.31-53-A-828 
tor oil 580J0, injections, 2.67y0 
Benzyl benzoate reactions (all 
40y0, Benzyl al- mild), accepted 
cohol 2% 


0 Injection of 0.25 ml. into vastus lateralis muscle of 
rabbits and lesion size determined 2 days after injection. 


the required development of a suitable assay method. 
This was accomplished by Roberts and Florey (13) 
using paper-strip chromatography. 


Since estrogens are more potent than progestogens 
and require less per dose, an acceptable formulation 
of estradiol valerate was easier to prepare. Be- 
sides use in estrogen therapy, estradiol valerate has 
found utility in the treatment of carcinoma, and for 
that  purpose high dosages were required. Concen- 
trations were increased from 10 to  40 mg./ml. and 
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again formulations containing castor oil in the ve- 
hicle proved to be less irritating than similar prepara- 
tions containing sesame oil. Physically and chem- 
ically both oil solutions were stable. Based on 
acceptable preliminary data, formulations such as 
those listed in Table VI were prepared and tested. 
Acceptability in humans was confirmed by clinicians 
and described in the literature (22, 23) and in case 
reports.' 


SUMMARY 
The development and testing of parented 


steroid hormone formulations has been described, 
using castor oil as a vehicle. 


2. Afterascertsl 'ning stability and animal muscle 
irritation, selected formulations were evaluated in 
humans. They exhibited a prolonged action, were 
effective and well tolerated. 


Examples of commercially available products 
are the estrogen, estradiol valeratd at 20 mg./ml. 
and 40 mg./ml.. and the progestogen, 17-hydroxy- 
progesterone caproateo at 250 mg./ml. 


4 Case reports: estradiol volerate. 20 m /ml in castor oil 
78%. henzyl benzoate 20%. benzyl a lco~ol  2'6/,-90 injec- 
tions in 46 patients. Two mild l o d  reaction*. Batradio1 
valerate 40 m /ml. in castor oil 58%, benzyl bazoate  40%. 
benzyl dcoho?2%-51 atients. Number of injections not 
completely tabulated. 8ne report is in press. 
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Isolation of Marrubiin, a Sterol, and a 
Sesquiterpene from Marrzlbizlm vzllgare 


By HAROLD J. NICHOLAS* 


A simple column chromatographic method for isolating the bicyclic diterpene 
marrubiin from acetone and ethanol extracts of Mambivnr unlgare L. is described. 
An unsaturated sterol of the stigmastanol series, present in esterified form, and a 


sesquiterpene (C'J-IaOt) have been isolated from the extracts. 


N PREPARATION for radioactive tracer work on 
the biosynthesis of marrubiin it was necessary 


to examine extracts of the plant for associated 
terpenoid substances. A convenient column 
chromatographic method was therefore devised 
for separating relatively pure marmbiin from 
crude acetone extracts. Two new terpenoid 
substances were detected in the extracts. 


EXPERIMENTAL 
Materials and Methods.4round M. d g a r e  L. 


was obtained from the Wunderlich-Diez Corp., 
Received August 15, 1963, from the Department of 


Obstetrics and Gynecology, University of Kansas M a d  
Center, Kansas City. 


Accepted for publication November 6, 1963. 
This investigation was supported by a grant from the 


National Institutes of Health, U. S. Public Health Service, 
Bethesda, Md. 


The author is indebted to Fuad Jarjoura and Sharon 
Moriarity for their technical assistance. * Present address: Institute of Medical Education and 
Research, St. Louis. Mo and Department of Biochemistry. 
St. Loth U d v u d t y  Schbol of Medicine, St. Louis. Mo. 


Hasbrouck Heights, N. J.I This material was 
exhaustively extracted with hot acetone or hot 
ethanol. Either solution on removal of solvent 
by distillation (the last stages in vacuo) yielded 
black, viscous material which was used for further 
examination. Melting points were determined on a 
Fisher-Johns melting point apparatus. Optical 
rotations (in CHCS) and C-H analyses were 
determined by Drs. G. Weiler and F. B. Strauss, 
Microanalytical Laboratory, Oxford, England. An 
infrared spectrum of the unidentified diterpene was 
determined on a Perkin-Elmer spectrophotometer 
by the KBr disk method.' An infrared spectrum 
of the sterol was determined in chloroform solution 
in a 0.1-mm. sealed cell, compensated with CHCL, 
on a Beckman IR-4 recording infrared spectro- 
photometer,a and by the KBr disk method. The 


1 This firm has given assurance that the material investi- 
gated was M. onlparc or white horehound, not Ballola hirruta 
(black horehound). 


2 We are indebted to the Department of Pathology, 
University of Kansas, for this determination. 


8 Determined by Sadtler Research Laboratories, Phila- 
delphia, Pa. 
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While there are several other tests available for 
the detection of small quantities of boric acid as 
cited in the literature, the PVA-borate-iodine com- 
plex offers another accurate and sensitive method. 
This test can also be used as a confirmatory test 
when other methods give inconclusive results. 
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Chromatographic Method for the Simultaneous Determination of 
Aspirin, Caffeine, and Acetaminophen 


By K. THOMAS KOSHY 


A procedure for the quantitative determination of aspirin, cde ine ,  and acetamino- 
phen in a mixture is described using a modified chromatographic technique de- 
veloped by Levine. I n  addition, this procedure can be used for the estimation of 


salicylic acid, if present in the mixture. 


REMARKABLE chromatographic technique for A the analysis of mixtures of aspirin, caffeine, 
and phenacetin was developed by Levine (1) using 
a duplex column having aqueous solutions of sodium 
bicarbonate and sulfuric acid as immobile phases on 
a Celite support. The technique was extended by 
Heuermann and Levine (2) to  the analysis of more 
complex mixtures. In principle, this technique is 
adaptable to the separation of acidic, basic, and 
neutral components in a mixture, provided suitable 
solvents are available. Since there are many 
formulations containing aspirin. caffeine, and 
acetaminophen (APAP), the purpose of this study 
was to  determine these constituents in such a 
mixture. The study was further extended to the 
determination of p-aminophenol and salicylic acid in 
the presence of these components. The latter two 
are hydrolytic degradation products of APAP and 
aspirin, respectively. 


EXPERIMENTAL 
Preparation d Chromatngziphic cOlurnn.-Com- 


mercial acid-washed kieselguhr (Celite 545 Johns- 
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Ind. 


Accepted for publibation M e  49, 1964. 
The author thanks Lester L.'Shankle for,,%hnicd prairt- 


ance in this study. 


Manville Corp.) was used in this study. It con- 
tained impurities which interfered in the analysis 
of p-aminophenol and was purified by boiling for 1 
hour with concentrated hydrochloric acid, washing 
with water, and drying at 100". The column was 
prepared as described by Heuermann and Levine 
(2). However, column arrangement was reversed. 
The column containing sulfuric acid as the immobile 
phase (column A) was mounted in such a manner 
that the effluent would flow into the column con- 
taining sodium bicarbonate as the immobile phase 
(column B). This was done to avoid contact of 
p-aminophenol with the sodium bicarbonate column 
since it was observed that this compound was not 
stable in the presence of bases. 


Procedure.-Water-washed solvents were used 
throughout the chromatographic separation of the 
constituents. The sample size could be varied 
within wide limits depending on the composition of 
the material to  be analyzed. Ethyl acetate was 
used as solvent for the sample. Chloroform could 
be used, provided the sample was first dissolved in a 
few milliliters of alcohol. However, excess alcohol 
should be avoided, as this would remove water from 
the column. 


The columns mounted as described above were 
washed with 50 ml. of ethyl ether. The accurately 
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TABLE I.-ANALYSIS OF KNOWN MIXTURES OF A P U .  ASPIRIN, CAFFEINE. AND P-AMINOPHSNOL 
HYDROCHLORIDE 


-Acetaminophen- -Aspirin- - - - - - - - C a f f e i n -  -9-Aminophenol KCI- 


ed, Found, covery, ed, Found, covery. ed, Found, covery, ed, Found, covery, 
Add- Re- Add- Re- Add- Re- Add- Re- 


mx. mg. % mg. mx. 75 mg. mg. % mg. mg. % 
I 491 491 100 0 977 060 98.3 103 103 100 . . .  . . .  . . .  
Z 330 32.5 . 98 5 647 627 96.9 64.3 65.9 102.5 . . . . . . ... 
3 650 657 101 1 1300 1303 100.2 137 136 RR.3 . . .  . . .  ... 
4 500 512 102.4 507 409 98.4 104 103 9n. 0 . . . . . . ... 
5 511 500 W7.9 099 081 98.2 162 159 08.2 . . . . . . . . .  
6 503 506 100.6 1000 9a3 98.3 121 121 100.0 . . . . . . . . .  
7 125 124 09 2 220.5 218 98.9 29.8 30.1  101.0 1 .9  2 .2  115.8 


12s 100.0 21.5 97,s 30.1 101.0 2 0 105.3 
123 98.4 216 08.0 30.1 101.0 2 . 1  110.5 


8 125 126 100.8 220.5 218 V8.9 29.8 20.8 100.0 0.97 1 . 1  113.4 
127 101.6 218 98.9 30.1 101.0 1 . 2  123.7 
126 100.8 210 99.3 30.1 101.0 1 .1  113.4 


P 123 127 101.6 220.5 223 101.1 29.8 3 0 . 1  101.0 3 . 0  3 . 9  100 0 
127 101.6 222 100.7 3 0 . 1  101.0 3.9 100.0 
127 101.6 223 101.1 30.0 100.7 3 .8  97.4 


TABLE II.-ANALYSIS OF Two COMMERCIAL TABLET FORMULATIONS OF APAP, ASPIRIN, AND CAFFEINE 


-Acetaminophen- -- Aspirin -Caffein- 
Labeled Labeled Labeled Labeled Labeled Labeled 
Amount, Found, Amount. Amount, Found. Amount, Amount, Found, Amount, 


mK. mg. % mu. mg. % mg. mg. 7% 
1 125 120.4 96.3 230 229.8 99.9 30 29.0 96.7 


121.0 96.8 231.8 100.8 29.0 96.7 
119.3 95.4 230.5 100.2 29.0 96.7 


2 162.5 165.0 101.5 325 314.0 96.6 32.5 32.5 100.0 
166.0 102.2 317.0 97.5 33.3 102.5 
162.0 99 .7  317.0 97.5 33.5 103.1 


weighed sample powder was  dissolved in 100 ml. 
ethyl acetate in a volumetric flask. Quick dissolu- 
tion was effected if the flask was heated gently on a 
steam bath for a few minutes. A suitable aliquot 
(2-5 ml.) was pipeted onto column A and allowed 
to run through column B into a 100-ml. volumetric 
flask. After all the solution had passed onto the 
adsorbent, the columns were washed with two 10-ml. 
portions of ether, allowing the first portion to run 
through the column before adding the second. 
More ethyl ether was passed through the columns 
until about 90 ml. was collected. The flask was 
removed and ether added to volume. This fraction 
contained APAP. A suitable aliquot was evapo- 
rated to dryness on a steam bath. The residue was 
dissolved in ethanol and diluted to a definite volume. 


A second 100-ml. volumetric flask was placed as 
the receiver and the columns eluted with about 
50-60 ml. of chloroform and brought to  volume with 
more chloroform. This fraction contained caffeine. 
If necessary, a suitable dilution was prepared using 
chloroform as a diluent. 


Column A was now removed but not discarded. 
Column B was eluted with 5 ml. of 10% glacial acetic 
acid in chloroform, followed by 90 ml. of 1% glacial 
acetic acid  in chloroform. The effluent was col- 
lected in a 100-ml. volumetric flask and brought to 
volume with 1% glacial acetic acid in chloroform. 
This fraction contained aspirin and any salicylic 
acid that was present in the sample. Suitable 
dilutions, if necessary, were prepared with chloro- 
form. 


Column A containing p-aminophenol was eluted 
with approximately 40 ml. of ethyl ether to remove 
the chloroform from the previous operation. The 
ether washings were discarded. The Celite support 


was extruded from the column with air under 
pressure and collected in a 150-ml. beaker. The 
ether was evaporated by gentle heating on a steam 
bath. Exactly 20 ml. of 0.1 N HCl was added to 
the Celite, stirred to dissolve the p-aminophenol, 
and filtered through Whatman No. 44 filter paper. 
A 5-ml. aliquot of the filtate was used for the colori- 
metric determination of p-aminophenol using 
I-naphthol as desdbed by Greenberg and Lester 
(3) .  


The absorbance of each solution was determined 
on a Beckman model DU spectrophotometer against 
corresponding reagent blanks. The readings were 
taken at 245 mp for APAP, 276 mp for caffeine, 
278 mp for aspirin, 310 mp for salicylic acid, and 
580 mp for P-aminophenol. The concentrations 
were calculated trom the absorbance values of 
standard solutions of pure materials. The absorb- 
ance of aspirin is affected by acetic acid. There- 
fore, chloroform containing the same amount of 
acetic acid as the sample was used to  prepare 
standard solutions of aspirin. This solution was 
freshly prepared for each analysis. In the 
determination of p-aminophenol, it  was necessary to  
use a standard solution of p-aminophenol hydro- 
TABLE III.-EFFEcT OF COLUMN ON ABSORBANCE 


OF ASPIRIN SoLUTIONS 


-A, 278 ,mp- -A, 310 mr- 
Aspirin, Thrbugh Through 


mcg./ml. Original Column Original Column 


24.17 0.171 0.170 0.000 0.020 
48.34 0.360 0.355 0.000 0.028 
72.51 0.550 0.540 O.Oo0 0.036 
96.68 0.730 0.720 0.007 0.049 


Soln . Solo. 


0.00 o.Oo0 o.Oo0 
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TABLE IV.-ANALYSIS OF MIXTURES OF ASPIRIN AND SALICYLIC ACID (SA) 


Recovery, % 
Added, mg. Found, mg. SA SA 


Aspirin SA Aspirin SA Aspirin Exptl. Corrected 


24.16 00.00 23.80 . . .  98.5 


24.16 6.03 24.21 6.51 100.2 108.0 99.2 
24.16 9.05 23.94 9.67 99.1 106.9 101.0 
24.16 12.07 24.76 12.50 102.5 103.6 99.3 


24.16 3.02 24.16 3.62 100.0 i i9:g 100: 0 


chloride which was passed through the column and 
treated in the same manner as the sample. This 
standard was prepared by completely hydrolyzing 
APAP to p-aminophenol hydrochloride by refluxing 
for 30 minutes a solution of 0.2 Gm. of pure APAP in 
45 ml. of 8 N HCl. After cooling, i t  was diluted to 
exactly 100 ml. with ethanol. A second dilution of 
1 to  100 was made with ethyl acetate. Five milli- 
liters of this solution was used as standard. 


As a guide to the selection of sample size, the 
dilution of the effluent, and the preparation of the 
standard solutions, the following concentrations of 
materials gave the indicated absorbance reading: 
50 mcg./ml. aspirin, 0.360; 10 mcg./ml. caffeine, 
0.485; 5 mcg./ml. APAP, 0.430; 25 mcg./ml. 
salicylic acid, 0.740; and 2 mcg./ml. p-aminophenol, 
0.370 (1-cm. cells). 


RESULTS AND DISCUSSION 


Results obtained on the analysis of synthetic 
mixtures of aspirin, caffeine, APAP. and p-amino- 
phenol hydrochloride are given in Table I .  


Quantitative recoveries were obtained for APAP, 
aspirin, and caffeine. There is good precision but 
variability in percentage recoveries for p-amino- 
phenol. It may be mentioned that the quantities 
of p-aminophenol present in the mixtures are much 
higher than would normally be encountered in a 
tablet formulation of APAP. It is significant that 
p-aminophenol can be separated from the other 
components of the mixture, but the analysis of 
p-aminophenol itself is only of academic interest 
since the allowable limit for a tablet containing 125 
mg. of APAP is only 0.06 mg. 


Data on the analysis of two commercial tablet 
formulations of APAP, aspirin, and caffeine are 
shown in Table 11. Most tablet excipients are 
either insoluble in ethyl acetate or would not absorb 
ultraviolet light in the concentration in the final 
dilutions used for spectrophotometric analysis. 
Therefore, this procedure should be applicable to  
other tablet formulations containing these active 
ingredients. 


Attempts were made during this study to make 
simultaneous quantitative determinations of all 
components of a mixture of aspbin, APAP, caffeine, 
p-aminophenol, and salicylic acid. The results 
were always high for salicylic acid. Yet if there was 
no aspirin in the mixture, the results were very 
satisfactory for this compound. In  these experi- 
ments, aspirin was allowed to  remain on the column 
for the minimum time that was possible to prevent 
hydrolysis. Freshly prepared solutions of sodium 
bicarbonate were used to prepare the columns, as it 
was known that the pH of sodium bicarbonate in- 
creases on standing. The possibility of interference 
from impurities from Celite was ruled out because 
solvents alone passed through the column did not 
have absorbance at 310 mp. .A mixture of APAP. 


caffeine, and p-aminophenol hydrochloride passed 
through the columns under identical conditions did 
not cause interference. Levine ( 1 )  had reported re- 
sults on the analysis of two mixtures of aspirin. 
phenacetin, caffeine, and salicylic acid. Although 
results for salicylic acid were high in both cases. no 
comments were made by the author. A solution of 
aspirin in chloroform containing 1.5% acetic acid 
has practically no absorption a t  310 mp, the wave- 
length of maximum absorption for salicylic acid. 
However, a solution of aspirin, which has been 
passed through the column, shows a slight absorption 
at this wavelength. This is illustrated in Table 111. 


It appears that the interference may be the result 
of slight hydrolysis of aspirin or some interaction of 
aspirin with the column material. This phenom- 
enon was observed in all the experiments. The 
absorbance a t  310 mp for the aspirin solution passed 
through the column would cause an appreciable 
percentage error in the salicylic acid analysis be- 
cause of the relatively small concentration of the 
latter in a realistic mixture of the two substances. 
This seemingly explains the results obtained from 
mixtures of aspirin and salicylic acid as shown in 
Table IV. The per cent recovery of aspirin was 
good, that of salicylic acid was high, but decreased 
as the salicylic content was increased. 


Table I11 reveals that for solutions of aspirin 
passed through the columns, which gave absorbance 
readings of 0.360and0.550at 278 mp,thecorrespond- 
ing readings at 310 mp were 0.028 and 0.036. Since 
it is possible to  adjust the concentration of aspirin in 
a mixture containing salicylic acid to  obtain a read- 
ing of about 0.4 at 278 mp, it would seem possible to  
obtain a good approximation of salicylic acid content 
by subtracting 0.03 from the observed absorbance 
at 310 mp. This correction factor was applied, and 
the results obtained are shown in the last column of 
Table IV. As can be seen, the corrected results 
are within 1% of theoretical, apparently validating 
this correction factor. However, this value might 
vary slightly under different operating conditions 
and should be determined experimentally. 


SUMMARY 


Mixtures of acetaminophen, aspirin, and caffeine 
were separated by a chromatographic procedure and 
determined quantitatively by ultraviolet spectro- 
photometry. This method is applicable to stability 
samples containing hydrolytic degradation products 
of acetaminophen and aspirin-namely, p-amino- 
phenol and salicylic acid, respectively. In addition, 
salicylic acid can also be determined to obtain a 
reasonable estimation of aspirin stability. 
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which included outstanding scientists such as Sir 
Julian Huxley, J. B. S. Haldane, and Carleton 
Coon. The controversial, provocative, and un- 
inhibited deliberations reported present a review of 
current thinking among research workers. 


media, diagnostic materials and methods, and special 
fungi stains. 


Physical and Technical Pharmacy. Edited by 
H. M. BURLAGE, C. 0. LEE, and L. W. RISING. 
The Blakiston Div., McGraw-Hill Book Co., Inc., 
,330 West 42nd St., New York 36, N. Y., 1963. 
ix + 740 pp. 15 X 23 cm. Price $16. 
Organized to meet the need for a student text to 


correlate principles of mathema tics, physics, and 
chemistry with pharmaceutical procedures, meth- 
ods, and technology, this volume presents materials 
on mathematics, and pharmaceutical calculations, 
the physicochemical sciences as they apply to 
pharmaceutical technology, stability of drugs and 
pharmaceutical systems with particular reference to 
storage conditions, and adjuncts of importance in 
the formulation of satisfactory products. Ten 
pharmaceutical scientist contributors to  the volume 
have assisted the editors in presenting a volume 
which will be a significant contribution to  pharma- 
ceutical education. 


Hallucinogenic Drugs and Their Psychotherapeutic 
Use. Edited by R. CROCKET, R. A. SANDISON 
and A. WALK. Charles C Thomas, Springfield, 
Ill., 1963. xiii + 191 pp. 15.5 X 25 cm. Price 
$7.50. 
The proceedings of the quarterly meeting of the 


Royal Medico-Psychological Association held in 
February 1961 are presented. The papers are 
grouped under six topics: the historical and psycho- 
pharmacological background, hallucinogenic agents 
and their general application, techniques and 
methodology, the use of hallucinogens in specific 
conditions, clinical observations and phenomeno- 
logical interpretation, and the moral, religious. and 
social significance of experience under hallucinogenic 
drugs. The purpose of the conference was to bring 
investigators from fields other than the clinical 
and psychotherapeutic areas to discuss the psychic 
changes accompanying the administration of the 
hallucinogens; the editors have created a stimulating 
and valuable volume. 


A n  Introduction to Clay Colloid Chemistry. 


A brief glossary is also included. 


By H. 
VAN OLPHEN. Interscience Publishers, Div. of 
John Wiley & Sons, 605 Third Ave., New York 
16, N. Y ,  1963. xvi + 301 pp. 15.5 X 23 
cm. Price $10. 
Modern concepts in colloid and surface chemistry 


are discussed as they apply to clay systems. The 
book stresses the effect of changes in fluid com- 
position on the forces acting between suspended clay 
particles, and the consequences of such changes on 
the bulk physical and mechanical properties of the 
suspensions which are important in clay technology. 
The treatment in the text is elementary which will 
limit its usefulness to workers active in clay tech- 
llology but will provide a workable background 
knowledge for persons less knowledgeable in the 
field. 


Man and His Future. Edited by G. WOLSTBN- 
HOLME. Little, Brown and Co., Boston, Mass., 
1963. vi + 410 pp. 13 X 20.5 cm. Price 
$6. 
The biological, environmental, and social aspects 


of inan and his future were treated in a symposium 


The Pathogenesis of Leprosy. Edited by G. E. W. 
WOLSTENHOLME and M. O'CONNOR. Little, 
Brown and Co., Boston, Mass., 1963. ix + 
101 pp. 12 X 18.5 cm. Price $2.95. 
Another booklet in the Ciba Foundation Study 


Group series, this volume serves to focus attention 
on the progress and problems of research on leprosy. 
Papers presented were devoted to  experimental 
observations related to the histopathology of 
leprosy, cytopathology of the Virchow cell of human 
leprosy, applicability of experimental murine 
leprosy to  the study of human leprosy, experi- 
mental studies on human leprosy, and leprosy 
bacilli in mouse foot-pads. 


Chemistry: A Survey of Principles. By G. W. 
Ewmc, and E. G. MEYER. John Wiley & Sons, 
Inc., 605 Third Ave., New York 16, N. Y., 1963. 
ix + 239 pp. 15 X 23 cm. Price $4.95. 
A student textbook for a one-semester course in 


chemistry for non-chemistry major students is 
presented which balances basic theory with de- 
scriptive materials on such topics as biochemistry, 
organic reaction mechanisms, thermodynamics, 
chemical equilibrium and reaction rates, and metal- 
organic and metal-inorganic complexes. Labora- 
tory experiments are integrated and require the 
student to work with modern laboratory instru- 
ments such as the pH meter, photoelectric colorim- 
eter, and nuclear counting equipment. Many of 
the experiments are quantitative in nature and de- 
velop some concepts not covered in the text. 


Medicinal Chemistry. Vol. VI. Edited by E. E. 
CAMPAIGNE and W. H. HARTUNG. John Wiley 
& Sons, Inc., 605 Third Ave., New York 16, N. Y., 
1963. x + 356 pp. 15 X 23 cm. Price $10. 
Volume six of this monograph series covers non- 


barbiturate hypnotics, spinal cord depressant drugs 
derived from polyhydroxy alcohols, and X-ray 
contrast media. Much of the data is presented 
in tabular form as was in the case in prior volumes. 
The style and format of the earlier volumes as well 
as the objective to include references to all the com- 
pounds which have been tested for a particular type 
of pharmacological activity in a given chapter have 
been retained. Numerous references are included 
for each chapter and a general index is provided. 


Advances in  Organic Chemistry: Methods and 
Results. Vol. 4. Edited by R. A. RAPHAEL, E. C. 
TAYLOR, and H. WYNBERG. Interscience Pub- 
lishers, 605 Third Ave., New York 16, N. Y., 
1963. vii + 361 pp. 15 X 23 cm. Price $14.50. 
This fourth volume in a series created to  meet the 


need for critical appraisal and evaluation of useful 
new methods and ideas generated in the rapid 
evolution of organic chemistry treats enamines, 
synthetic methods in the carotenoid and vitamin A 
fields, and the coupling of acetylenic compounds. 
Author and subject indexes are included as well as 
a cumulative index for volumes 1-4 in the series. 








Notes 


Hydronopol and Its Derivatives as Possible Sources for 
New Medicinal Agents 


By HEINO A. LUTS, W. ZUCCARELLO, J. F. GRATTAN, and W. LEWIS NOBLES* 


A rou of-compounds prepared from nopol has been synthesized for pharmacologi- 
caf evakauon. Prelimnary studies indicate that they have only a very limited poten- 


tial in this area, but further studies are in process. 


YDRONOPOL was first prepared (1) b y  condensing H (-) p-pinene (I), a constituent of turpentine, 
with paraformaldehyde, thus obtaining an alcohol 
(II), which was named nopol. Hydrogenating nopol 
over Raney nickel yielded a saturated alcohol (III), 
the hydronopol. 


I I1 III 
Reviewing the literature for new avenues, we 


found that some nopol and hydronopol derivatives 
have been made (2, 3). but these were not screened 
for physiological activity; an exploratory study was 
thus begun. 


CHzCH2OR 


VI 63 
CHZCHa 


V 8 
GENERAL SCHEME OF SYNTHESIS 


I n  this study compounds 1,2 ,  and 3 (Table 1) had 
been previously reported (1. 2); the conipounds of 
Type V were prepared by reacting hydronopol 
bromide with hydrazine in xylene. The compounds 
of Type VI were prepared by reacting compound 111 
with a corresponding chloro derivative in the pres- 
ence of sodium. 


1. Spontaneous Motor Activity in Mice and 
Rats.-Animals receiving intraperitoneal injections 
of these derivatives exhibited a biphasic motor re- 
sponse which was characterized by a brief stimula- 
ory phase preceding a period of depression. During 
the latter stage, the animals exhibited varying 
degrees of ataxia and sedation, but loss of the right- 
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ing reflex did not occur. Derivatives $11 and V I l  
appeared to  produce the most profound degree of 
depression, although none of the hydronopol com- 
pounds exerted a significant hypothermic effect. 


2. Effect of Barbiturate or Ethanol Hypnosis.- 
Among the various derivatives examined, only V was 
found to potentiate hexobarbital hypnosis, to  effect 
reinduction of hexobarbital-induced sleep, and to 
augment ethanol narcosis. The remaining deriva- 
tives were inconsistent with regard to the ability to 
alter the depressant effects of either evipal or 
ethaiol. Derivatives IV, VI, and VII produced 
varying degrees of mydriasis a t  high dose levels, but 
this response was unrelated to  their actions on 
barbiturate ur ethanol-induced sleep. 


3. Anticondsant Action in Mice.-The ability of 
these compounds to antagonize strychnine-induced 
convulsions in mice was studied. A t  the high dose 
levels employed, only compound 11 exerted a definite 
protective effect against strychnine. 


4. Analgesic Activity.-The analgesic activity of 
the hydronopol derivatives was assessed through the 
use of the following tests: ( a )  phenylquinone- 
induced writhing, and (b)  rat tail-flick. Possible 
analgesic activity was detected in the phenylquinone 
writhing test for derivatives IV, V, and VI. although 
none of the compounds was active at the levels used 


TABLE I.-HYDRONOPOL AND ITS DERIVATIVES 
SYNTHESIZED AND TESTED 


Compd. 
N O .  R 
1 OH 
2 Br 
3 OCHzCHzOH 


7CH3 
4 OCHzCHeNCH, Ie 


'CH3 


5 %Hq EHg 3 Bre 
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in the rat tail-flick test. Further, none of the deriva- 
tives appeared to possess either antipyretic or anti- 
inflammatory activity. 


5. Anticholinergic Action, In Vitro.-Compounds 
IV, VI, and VII effectively antagonized the ileal 
contractures induced by acetylcholine. Compounds 
I11 and V were less active, while I1 was without 
anticholinergic action even at high concentrations. 


6. Cardiovascular Eff ects.-Hydronopol deriva- 
tives IV and VII elicited an immediate, transient, 
dose-dependent hypotensive response in the chlora- 
losed cat. Both compounds potentiated the pressor 
response consequent on the intravenous injection of 
epinephrine, but neither compound altered the 
depressor responses following the administration of 
either acetylcholine or histamine. Other studies in- 
dicated that these actions reflected the ganglionic- 
blocking property of these derivatives. 


Compounds V and V I  also elicited a weak, tran- 
sient hypotensive response in the anesthetized cat. 
Like IV, compound V caused relaxation of the 
nictitating membrane and mydriasis. Neither V nor 
VI altered the cardiovascular changes after acetyl- 
choline or histamine. 


The hypotensive actions of these compounds were 
not altered when studied in the bilaterally vagoto- 
mized, atropinized cat. 


7. Local Anesthetic Action.-Derivative IV ex- 
erted a local anesthetic effect when applied to  the  
cornea of the rabbit. Associated with this effect, 
however, was a marked irritation of the ocular 
mucosal membrane. No attempt was made to  
titrate these responses. 


EXPERIMENTAL1 
2-Hydronopoxy-l-ethyldimethylamino Methio- 


dide.-Seven grams (0.03 mole) of 2-hydroxy-l- 
ethylmethylamino hydrochloride was converted to  
the corresponding base by dissolving it in 15 ml. of 
water and made basic with sodium carbonate. 
After salting with sodium chloride, the mixture was 
extracted twice with 50 ml. of ether. Ether extracts 
were combined and dried over sodium carbonate. 
The ether was then evaporated; 15 ml. of dry ace- 
tone was added with 5 ml. of methyliodide and re- 
fluxed for 5 minutes. The acetone was evaporated 
and 15 ml. of dry ether added. The formed crys- 
talline product was separated by filtration and washed 
twice with 10 ml. of ether, m.p. 169-170°, yield 
85%. 


And.-Calcd. for ClsHa21NO: C, 50.04; H, 8.48; 
I,33.03. Found: C,49.89; H, 8.41; I,33.24. 
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1 Analyses performed by G .  Robertson, Florham Park, 
N. J. All melting points are uncorrected. 


Hydronopolhydrazide Dihydrobr0mide.-A 22.99- 
Gm. (0.1 mole) quantity of hydronopol bromide and 
3.7 Gm. (0.1 mole) of hydrazine (85%) in 100 ml. of 
ethanol were refluxed for 20 hours; the reaction 
mixture was evaporated to volume and 100 ml. of 
ether added. Then the mixture was cooled, and the 
formed crystals were separated by filtration and 
washed twice with 15 ml. of ether, m.p. 200°, yield 
12%. 


Anal.-Calcd. for C1lHz,BrzN,: C, 38.39; H, 7.02; 
N,8.10. Found: C.38.21; H,  7.17; N. 7.88. 
2-Hydronopoxy-1-ethylpiperazine Dihydrochlo- 


ride.-A 6.5-Gm. (0.05 mole) quantity of hydroxy- 
ethylpiperazine was refluxed with 1.14 Gm. (0.05 
mole) of sodium in 35 ml. of xylene for 30 minutes. 
To the formed sodium salt was then added 11.45 
Gm. (0.05 mole) of hydronopol bromide; the mix- 
ture was refluxed for 20 hours. The reaction mix- 
ture was then filtered and the filtrate evaporated to 
dryness in high vacuum. Seventy milliliters of dry 
ether was added and acidified with dry HCI. The 
formed crude product was collected by filtration and 
recrystallized from the ethanol-ether mixture, m.p. 
1690, yield 78%. 


Anal.-Calcd. for CI,H&lNzO: C, 64.22; H, 
10.77: N. 7.99. Found: C. 64.01; H, 10.69; N, . .  
8.25. 
2-Hydronopoxy-l-ethyldi1nethylamino Hydro- 


chloride.-A 8.9 Gm. (0.1 mole) portion of dimethyl- 
aminoethanol was refluxed with 2.29 Gm. (0.1 mole) 
of sodium in 100 ml. of xylene. After the salt forma- 
tion was complete, 22.99 Gm. (0.1 mole) of hy- 
dronopol bromide was added; the mixture was re- 
fluxed for 18 hours. The formed sodium bromide 
was filtered off and the filtrate evaporated to  dry- 
ness. To the residue was then added 100 ml. of dry 
ether, and it was acidified with dry HCI. The 
formed product was separated by filtration and 
washed twice with 15 ml. of ether, m.p. 113O, yield 
82%. 


Anal.-Calcd. for CllHnsNO: C, 67.17; H, 8.64; 
N, 5.14. Found: C,67.02; H,8.59; N, 5.13. 


SUMMARY 
A brief, preliminary evaluation of the pharmaco- 


logic activity of several hydronopol derivatives in- 
dicates that the compounds studied in the reported 
series have only limited potential in this area. 
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(3) Clark, S. F., Bicber. T. I., and Bisell, R. E.. {bid., 8, 
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Spray Congealing: Particle Size Relationships 
Using a Centrifugal Wheel Atomizer 


By MORTON W. SCOTT*, MANFORD J. ROBINSON, JOHN F. PAULS, 
and RUSSELL J. LANTZ 


Stearic acid+xhylcellulose mixtures were spray congealed using a specially instru- 
mented Niro laboratory model spray dryer. Thirty-five runs were conducted under 
various operating conditions. The variables studied included atomizer wheel speed 
( 1  1,900 to 43,100 r.p.m.), feed rare (32 to 280 Gm. per minute), and feed viscosity 
(0.098 to 1.995 poise . The volume-surface mean diameter, D-,, for each congealed 


each variable o n  the mean particle size is correlated by simple exponential equation 
which relates D,, to feed viscosity, peripheral wheel velocity, and to feed rate per unit 
wetted wheel periphery. Predicted particle sizes closely agree with those deter- 


mined experimentally. 


product was obtaine d from Fisher subsieve sizer measurements. The influence of 


HE USE OF spray congealing techniques for 
Tmodifying the physical, chemical, and/or 
physiological behavior of pharmaceutical mate- 
rials has gained increasing attention within recent 
years. Robinson and co-workers, in their de- 
velopment of sustained-release sulfonamides 
(1 ,2 ) ,  extended the conventional spray congealing 
or “prilling” unit operation (3) to pharmaceutical 
formulations. The general technique was ap- 
plied by others in the preparation of tasteless 
forms of several water-soluble vitamins (4) and 
iron salts (5)  and in formulating stabilized, 
sugar-based flavoring agents (6). The use of 
spray congealing in conjunction with fluidization 
procedures for the manufacture of free flowing 
particles containing vitamin A and other liquid 
materials has been reported (7). Spray congeal- 
ing methods also have been applied to citric acid, 
sodium bicarbonate, and other pharmaceutical 
materials in order to modify their moisture sensi- 
tivity, rate of solubility, and compatibility (8). 


These spray congealed products generally are 
prepared by suspending the active ingredient in a 
melt of a suitable “coating” or matrix material, 
then atomizing the hot liquid mixture into a cool 
chamber. Conventional spray dryers operating 
with a cool inlet air often are used for this pur- 
pose. Feed rates and temperature conditions are 
adjusted to insure rapid congealing of the atom- 
ized liquid droplets. The powder collected as 
product consists of individual, more or less, spheri- 
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cal particles, each of which contains bits of 
active ingredient suspended in a matrix of the 
coating agent (8). 


Waxes, fatty acids and alcohols, plastics, 
sugars, and other materials which are solids at  
room temperature and melt without decomposi- 
tion can be used as matrix agents. The behavior 
of the final congealed product depends in part on 
the properties (solubility, hydrophobicity, perme- 
ability, etc.) of the specific matrix selected. The 
characteristics of the congealed material also are 
governed by the particle size of the product. 
This factor is particularly important in con- 
trolling the bulk density, grittiness, and the dis- 
tribution and coverage of the active ingredient 
in the matrix. 


The engineering literature includes a number 
of reports in which relationships between the 
particle size characteristics of atomized materials 
and the conditions of atomization have been 
studied (9-13). The majority of work has con- 
cerned nozzle-type atomizers (1417). Cen- 
trifugal wheel-type atomizers of the type com- 
monly used in pharmaceutical operations have 
been studied, but usually in connection with spray 


Fig. l.--Centrifugal wheel 
atomizer. Wheel has radius 
= 2.50 cm., 24 vanes, vane 
height = 5.82 mm., width of 
vaneopening = 3.51 mm. 
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pumped per unit time through the steam-traced feed 
line leading t o  the atomizer. This measure of flow 
rate was repeated at the start and end of each run. 
The rates obtained by these measurements agreed 
with each other within *l.O%. Cyclone losses 
were estimated from material balance calculations. 
The over-all equipment setup used in these studies is 
illustrated in Fig. 2. 


Continuous readings of atomizer wheel speeds 
during each run were obtained using a Minitron 
proximity impulse generator' mounted opposite a 
steel extension of the wheel shaft. A small hole was 
drilled through this extension to  break the magnetic 
field of the generator, thus creating two impulses per 
wheel revolution. The signals from the generator 
were amplified and fed to a Hewlett-Packard ta- 
chometer indimto+ which gave direct dial readings 
of wheel speed in revolutions per minute. 


Wheel speeds were controlled by regulating the 
turbine air pressure through a pressure reducer and 
needle valve assembly which is standard equipment 
on the Niro unit. Wheel speed was maintained 
substantially constant (*200 r.p.m.), during each 
run. 


Feed temperature at the wheel was obtained from 
a thermocouple which had been introduced down the 
a t o m i w  feed tube and terminated at the liquid 
entrance to  the wheel. In all cases, this tempera- 
ture measurement was within f0.5' of the feed 
temperature measured at the feed pot. 


Figure 3 presents a schematic diagram of the 


* n 


0 1  L I n 
I1 I WI 


lhs&i!Ei I 


Fig. 2.--Schematic diagram of equipment used 
for spray congealing. Instruments and controls 
include: T,, pot thermometer; P. pressure gauge; 
R, reducer value; N, needlevalve; Tc. thermostatic 
control; T.4, outlet air thermocouple; w jacketed 
gate valve. + 


drying applications (18-21). Information of 
direct value in the spray congealing of pharma- 
ceutical systems has not appeared in  the literature 
previously. 


The object of the present study was to  develop 
the relationships between the average particle 
size of a spray congealed product and several of 
the more important process variables. A cen- 
trifugal wheel-type atomizer was used, and the 
variables studied included liquid feed rate, feed 
viscosity, and atomizer wheel speed. The ex- 
perimental system was designed so that  the 
results would have particular application to  spray 
congealing procedures of interest in pharmacy. 


EXPERIMENTAL 


Materials.-Molten stearic acid (single-pressed) 
thickened with various proportions of dissolved 
ethylcellulose1 was used as the test system. Melt 
viscosities for each mixture were determined using a 
Epprecht viscometer.* Over the range of ethyl- 
cellulose concentrations (0 to  4.0% w/w) and tem- 
perature (68.0 t o  72.0') studied, all systems showed 
Newtonian flow characteristics. Measurements of 
surface tension a t  68 to  72' were obtained with a 
D u  Nouy tensiometer using a hot water jacketed 
Petri dish as a sample holder. 


Equipment.-A Niro laboratory spray dryera 
operating with inlet air at ambient temperature 
(25-27') was used for the spray congealing studies. 
The Niro unit employs an air-driven, rotating, 
vaned wheel for atomization of the liquid feed. A 
single wheel of the type showo in Fig. 1 was used 
for all runs 


A calibrated Maisch metering pump,' electrically 
heated by nichrome wire windings, was used to de- 
liver feed material to  the atomiw.  Flow rates 
were calculated by measuring the liquid volume 


1 Ethocel 50 cps. Dow Chemical Co. Midland, Mich. * Ameridn O p t i d  Co. Pittsburgh P i .  
I Nichols Engineering 'and R e r e a h  Corp., New York, 


4 Mechanical Product Corp., Chicago, nl. N. Y. 


Fig. 3.-Schematic diagram of atomizer and 
instrumentation. 


atomizer head and its accompanying instrumenta- 
tion. 


Operating Procedure.-At the start of each run 
the atomizer head was brought to approximately 75" 
by using heated air at 80" t o  drive the air turbine. 
This preheating prevented the melt from congealing 
in the atomizer feed lines or on the wheel during the 
run. Molten feed then was circulated through the 
pump and feed lines until a constant flow rate and a 
constant melt temperature in the range of 68-72' 
was obtained. The atomizer wheel was brought to 
approximately the desired speed, and feed t o  the  
wheel started. Slight corrections in the turbine air 
pressure, which were required to  compensate for the 
increased load on the wheel, were made immediately. 
The small amount of product (5-10 Gm.) collected 
in the cyclone during this start-up period was dis- 


Minatron Corp.. Belle Mead, N. J. 
a Model 500 C. Hewlett-Packard, Inc.. Palo Alto, Calif 
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carded. Approximately 2000 Gm. of product was 
prepared in each test. The entire equipment 
assembly was dismantled and cleaned between runs. 


For these studies, feed rates were varied from 32 t o  
980 Gm. per minute. Wheel speeds ranged from 
11,900 t o  43,100 r.p.m. The viscosities examined 
were from 0.098 to 1.995 poise. Viscosity values 
were obtained from predetermined relationships 
between viscosity and temperature for each stearic 
acid-ethylcellulose mixture and from the measured 
temperature of the feed at the wheel. 


The order in which the operating variables were 
changed from run to  run followed a predetermined 
randomized design so that experimental bias would 
be minimized. Four sets of duplicate experiments 
were conducted to  establish the reproducibility of the 
results. 


The experimental conditions used in each run are 
listed in Table I. 


Particle Size Determinations.-Samples taken for 
particle size analysis were obtained as coned and 
quartered aliquots of the total product collected in 
each run. To confirm the reliability of this sampling 
procedure, analyses were occasionally performed on 
duplicate samples obtained by repeating the cone 
and quartering procedure. In all cases examined, 
the agreement of the results was within f 2 R .  


The particle size was determined with the Fisher 
subsieve sizer. Density values required for these 
determinations were obtained for each composition 
by the (liquid) pycnometer method. 


TABLE  EXPERIMENTAL CONDITIONS USED IN 
SPRAY CONCEALING RUNS 


Run 
1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 


System (Wt. % 
Ethylcellulose 


Combined with 
Stearic Acid) 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.5 
2.5 
2 .5  
2.5 
2.5 
1.5 
1.5 
4.0 
4.0 


Feed 
Rate, F 
(Gm. 
Min./ 


47 
170 
168 
32 


280 
32 
33 
33 


110 
110 
170 
110 
112 
272 
46 


111 
46 
46 


272 
168 
168 
46 
32 


110 
168 
46 


110 
46 


110 
168 
272 
32 
46 
32 


110 


Feed 
Temp., 


OC. 
67.5 
68.0 
68.0 
68.5 
70.5 
69.0 
69.0 
71 .O 
68.5 
69.0 
69.5 
69.5 
68.5 
69.5 
68.5 
69.0 
72.0 
71.6 
72.0 
70.0 
70.0 
71.0 
70.5 
70.0 
70.0 
70.0 
72.0 
71.5 
70.5 
71.5 
72.0 
72.0 
70.5 
70.5 
69.5 


Wheel 
Speed, 


W 8  
(r.p.m.) 
20300 
20500 
31900 
41300 
17600 
43100 
22300 
30400 
38200 
25300 
33200 
16800 
28900 
18500 
11900 
36600 
29600 
20300 
21600 
23600 
29400 
39000 
18400 
25200 
31800 
29600 
34300 
38500 
20300 
30700 
27900 
24500 
30500 
37100 
24000 
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OPERATING VARIABLES AND AVERAGE PARTICLE 
TABLE II.-vALuBS FOR THE EXPERIMENTAL 


SIZES 


Run 
1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 


Feed Rate 
Per Unit 
Wetted 
Wheel 


Periphery: 
FP 


(Gm./Sec./ 
cm.) 


0.0174 
0.0630 
0.0622 
0.0118 
0.104 
0.0118 
0.0122 
0.0122 
0.0408 
0.0408 
0.0630 
0.0408 
0.0415 
0.101 
0.0170 
0.0412 
0.0170 
0.0170 
0.101 
0.0622 
0.0622 
0.0170 
0.0118 
0.0408 
0.0622 
0.0170 
0.0408 
0.0170 
0.0408 
0.0622 
0.101 
0.0118 
0.0170 
0.0118 
0.0408 


Peripheral 
Wheel 


Veloaty,' 
VP 


(cm./Sec.) 
5300 
5400 
8300 


10800 
4600 


11300 
5800 
8000 


10000 
6600 
8700 
4400 
7600 
4800 
3100 
9300 
7700 
5300 
5700 
6200 
7700 


10200 
4800 
6600 
8300 
7700 
go00 


10100 
5300 
8000 
7300 
6400 
8ooo 
9700 
6300 


Feed 
Viscosity, 


(&el 
0.108 
0.107 
0.107 
0.106 
0.102 
0.105 
0.105 
0.100 
0.106 
0.105 
0.104 
0.104 
0.106 
0.106 
0.106 
0.105 
0.098 
0.099 
0.098 
0.102 
0.102 
0.100 
0.102 
0.102 
0.102 
0.102 
0.613 
0.619 
0.671 
0.624 
0.613 
0.328 
0.341 
1.845 
1.940 


Mean 
Surface- 
Volume 
Particle 
Size of 


Pr0duct.c 
DVI 
( P )  


25.4 
31.6 
25.7 
17.4 
38.2 
18.2 
26.5 
19.3 
22.3 
26.4 
25.8 
32.2 
25.1 
39.7 
35.6 
23.5 
22.1 
26.5 
39.7 
31.5 
26.9 
18.1 
28.4 
27.3 
25.8 
23.1 
23.4 
18.1 
30.9 
25.7 
29.0 
22.0 
18.8 
17.9 
28.4 


a Calculated from feed rate, F, as listed in Table I by 
F (Gm./min.) '' 6O(sec./min.) X P (cm.) 


where P i s  the total periphery of vane openings of the wheel 
P = 18.66 (mm./vane opening) X 24 (vane openings) d 
45 cm. * Calculated from wheel speed, WI, listed in 
Table I by 


PrR(cm./rev.) X Ws (r.p,m.) 
60 (sec./min.) V P  = 


where R - wheel radius = 2.5 cm. Fisher subsieve sizer 
values. 


using the Sharples Micromerograph. 
Particle size distributions were obtained also 


RESULTS 


To establish a correlation between the operating 
variables (feed rate, F, feed viscosity, fi, and wheel 
speed, W,) and the average particle size, a simple 
exponential equation was assumed t o  apply.' 
Equation 1 served as the starting point 


where D, is the mean volume-surface diameter of 
the productp F is the feed rate, p is the feed viscos- 
' It  was assumed thereby that e5ecta produced by the 


This 


* Average cle sizes obtained by Fisher subsieve sizer 


interaction of the variables would not be significant. 
assumption appearn to he justified by the results. 


analysis are E a l u e s .  
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ity, W, is the wheel speed, a, b, c are dimensionless 
constants, and K is a constant (proportionality 
factor) with dimensions necessary to  make the 
equation dimensionally correct. 


It was considered desirable to  include appropriate 
terms in the final correlation t o  account for the 
differences in atomizer wheel size which may be 
employed with units of different production capaci- 
ties and which have been studied by other workers 
(18, 20). Equation 1 confined itself t o  data ob- 
tained with a single wheel size. To remove this 
limitation, various methods of expressing feed rate, 
F, and the wheel speed, W., which were independent 
of wheel size, were tested in Eq. 1. Equation 1 was 
best modified by expressing wheel speed in terms of 
peripheral wheel velocity and feed rate in terms of 
feed rate per unit wetted wheel periphery. Equation 
2 shows this form of the relationship 


where Fp is the feed rate per unit wetted wheel 
periphery, grams per second per centimeter, Vp is 
the peripheral wheel velocity, centimeters per sec- 
ond, and K, a, b, c, and p are as defined in Eq. 1. 


The values of Fp, V,, and feed viscosity for each 
experimental run are listed in Table 11. The 
average particle size of the product obtained in each 
run is given in Table I1 also. 


Equation 2 was set in logarithmic form and the 
constants K, a, b, and c calculated from the experi- 
mental data by the method of least squares. The 
best fit to  the experimental data was obtained by 
Eq. 3 


where Fp is the feed rate per unit wetted wheel 
periphery, grams per second per centimeter, V, is 
the peripheral wheel velocity, centimeters per sec- 
ond, and p is the feed viscosity, poise. 
D,. values were calculated from Eq. 3 using the 


values of F,, V,, and p established in each run 
(Table 11). These calculated average particle sizes 
are compared with those determined experimentally 
in Fig. 4. 


Dw = K(Fp)O( V ~ ) * ( ( P ) ~  (Eq. 2) 


D,. = 524o~,o.niy P I r  - o . m  - 0 . 0 1 1  (Eq. 3) 


DISCUSSION 


The instrumentation developed for this study 
allowed close control of the spray congealing process. 
As a result. essentially constant operating conditions 
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C’ . 
I5 20 25 30 35 40 


LXPCRIMEITAL V M I M  OF PARllCLE SIZE - Mlel)(w 


Fig. 4.--cOmparison of experimental values of 
average particle size (Ow) with values predicted by 
Eq. 3. 


Dbmeter -Microns 
Fig. 5.-Micromerograph data for runs 1 and 18 


illustrating reproducibility of results. 


could be maintained during the course of each run. 
I t  was also possible t o  set each variable at its pre- 
determined level quickly at the start of each run and 
thereby minimize product contamination during the 
start-up period. The Minitron generator and Hew- 
lett-Packard tachometer system for measuring 
wheel speed was particularly useful, since pre- 
liminary trials showed that neither friction ta- 
chometers nor stroboscopic techniques could be 
applied for measuring this variable. 


The particle size characteristics of the spray con- 
gealed products appear to  be reproducible. This is 
indicated, for example, by comparison of the average 
particle size values obtained in duplicate rums 3 and 
25 (25.7 and 25.8 p, respectively), duplicate runs 17 
and 26 (22.1 and 23.1 p, respectively), and duplicate 
runs 4 and 6 (17.4 and 18.2 p, respectively). Parti- 
cle size distributions obtained with the Sharples 
Micromerograph are shown in Fig. 5 for duplicate 
runs 1 and 18 and further demonstrate the repro- 
ducibility of results. 


Cyclone losses in the present experiments were 
estimated to  be less than 0.3%. The particles pass- 
ing the cyclone were most probably those with the 
smallest diameters. While the presence of these 
particles would modify average particle size values 
if calculated on the basis of particle count,@ their 
influence on Fisher D, averages would not be 
significant. 10 


In developing final relationships between the 
particle size and the operating variables, several 
techniques of measuring and expressing the average 
particle size were tested. Correlations were gener- 
ated using average particle size values obtained by 
Micromerograph analysis and expressed both in 
terms of D,, and Dmm (mass median diameter). 
These correlations, however, did not fit the experi- 
mental data so closely as the correlation obtained 
using Fisher D.. values (Eq. 3). 


The final correlation derived in this study is given 
by Eq. 3 and shows that particle size increases with 


* As obtained from microscopic analysis for example. 
1oThia was shown by calculation of D.. values for an 


extreme hypothetical system containing 99.7% (b weight) 
of partides with diameter equal to 10 .u plus 0.3% orparticles 
with diameter equal to 1 p. This Ds* value di6ered by only 
2.5y0 from the value calculated assuming no small particles 
were present in the system. The conclusion also was con- 
firmed ex erimentally. This was done by blending 2.0% by 
weight o?particlq having a measured Fisher Dv. of 17.4 .u 
with 98% of des having a DU of 30.7 p. The Fisher 
value obtnined)aN mth the mixture was 39.6 p. 
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values are evident in Fig. 5. Table 111 summarizes 
data on the deviation of calculated and experimental 
values. The average deviation for all runs was 
1.0 p. The deviation was less than 1.8 p in 31 of the 
35 runs. 


These results also suggest that second and higher 
order interactions of the variables are not involved 
in the atomization. 


Changes in surface tension of the liquid feed have 
been reported to have a small but significant effect 
on particle size (18). In the present study, surface 
tension was relatively constant at 27.8 dynes per cm. 
and did not vary by more than 3=1.0% for any of 
the test systems. The correlation, therefore, could 
not be extended to  include this variable. The in- 
fluence of surface tension is contained, however, in 
the statement of the constant K in Eq. 3. This 
constant would be expected t o  take higher numerical 
values with increasing surface tension. 


The stearic acid-ethylcellulose system selected for 
this study is representative of other wax mixtures 
which may be used as matrix agents in spray con- 
gealing operations. The system exhibited Newton- 
ian flow characteristics over the complete range of 
test conditions. This simplified the estimation of 
feed viscosity at the point of atomization, ic., at 
the wheel periphery. It should be noted, however, 
that concentrated suspensions of active ingredients 
in molten wax often are of interest in spray con- 
gealing processes. These systems may show non- 
Newtonian behavior. For such cases, the viscosity 
at the wheel will vary with sheer rate, and therefore 
with wheel speed. Viscosity is not in effect an 
independent variable and must be estimated inde- 
pendently for each wheel speed used. 


decreasing wheel speed (peripheral velocity), in- 
creasing feed rate, and decreasing feed viscosity. 
The present results indicate that particle size varies 
inversely as the 0.54 power of the peripheral velocity. 
This value is in reasonable agreement with Wallman 
and Blyth’s value of 0.6 (21) and Meyer’s value of 
0.69 (20). However, Friedman, el al., found that  
particle size varied inversely as the 0.9 power of the 
peripheral velocity (18). 


The present correlation also shows that particle 
size varies directly as the 0.17 power of feed rate. 
This result closely agrees with the results of Wallman 
and Blyth (O.ll), Friedman, et al. (0.2), and Meyer 
(0.21). Thus, feed rate appears to  exert less influ- 
ence on particle size than wheel speed. This 
points to  the relative importance of controlling 
wheel speed to obtain spray congealed products 
with reproducible size characteristics. 


The correlation expressed in Eq. 3 shows that feed 
viscosity has little if any influence on particle size. 
The negative value of the exponent, however, is 
surprising in view of the reports of others which 
indicate that particle size tends to  increase with 
increasing viscosity (13, 18). 


The close agreement of the particle sizes calcu- 
lated by Eq. 3 and the experimentally determined 


’rABLE III.-cOMPARISON OF EXPERIMENTALLY 
DETERMINED AVERAGE PARTICLE SIZE WITH 


PREDICTED VALUES 


Run 
1 
2 
3 
4 
5 
6 
n 


i 
9 


10 
11 
12 
1 3  
14 
1.5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 


Exptl. 
Value of 
Particle 


SizP 
(d 
25.4 
31.6 
25.7 
17.4 
38.2 
18.2 
26.5 
19.3 
22.3 
26.4 
25.8 
32.2 
25.1 
39.7 
35.6 
23.5 
22.1 
26.5 
39.7 
31.5 
26.9 
18.1 
28.4 
27.3 
25.8 
23.1 
23.4 
18.1 
30.9 
25.7 
29.0 
22.0 
18.8 
17.9 
28.4 


Predicted 
Value of 
Particle 


Siz& 
(Id 
26.9 
33.2 
26.3 
17.2 
39.4 
16.8 
24.1 
20.3 
22.1 
27.7 
25.7 
34.4 
25.7 
38.3 
35.8 
23.0 
22.0 
26.9 
35.0 
30.8 
27.4 
18.9 
26.6 
27.7 
26.3 
22.0 
22.7 
18.4 
30.1 
26.0 
29.6 
22.3 
21.1 
18.0 
27.0 


Deviation 
(d 
1.5 
1.6 
0.6 
0.2 
1.2 
1.4 
2.4 
1.0 
0.2 
1.3 
0.1 
2.2 
0.6 
1.4 
0.2 
0.5 
0.1 
0.4 
4.7 
0.7 
0.5 
0.8 
1.8 
0.4 
0.5 
1.1 
0.7 
0.3 
0.8 
0.3 
0.6 
0.3 
2.3 
0.1 
1.4 


Av. Dev. = f l . 0 ~  


0 Fisher subsieve sir- values. * Values predicted by 
Eq. 3. 


CONCLUSIONS 


The results of this study show that the average 
particle size (D,) of spray congealed stearic acid 
varies directly with the 0.17 power of the feed rate, 
inversely with the 0.54 power of the peripheral wheel 
velocity, and inversely with the 0.02 power of feed 
viscosity. Except for the latter variable, the corre- 
lations developed here are in general agreement with 
those previously reported for spray drying opera- 
tions. The lack of agreement regarding the influ- 
ence of feed viscosity is of little practical concern 
since changes in viscosity over the limits studied in 
this report (and in the reports of others) exerted 
negligible effects on particle size. 


Average particle sizes calculated by the equations 
derived in this report showed excellent agreement 
with the experimental values. The average devi- 
ation of the predicted values from the experimental 
values was f1.0 p. The results of duplicate runs 
indicate that products with reproducible particle 
size characteristics are obtainable. 


In the absence of other information, the correla- 
tion developed here should be useful in arriving at 
first estimates of the wheel speed and feed rate 
required to  obtain a given desired particle size. 
When specifications for the product have been 
established in laboratory runs, the correlating equa- 
tion (Eq. 3) may help in approximating scale-up 
factors for the pilot and production level operations. 


The instrumentation developed in the study was 
reliable, simple to  construct, and provided close 
control of the congealing process. 
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Change of Ethylene Oxide Concentration During 
Gaseous Sterilization Process 


By D. SATAS 


The change of etbylene oxide concentration 
during the operation of laboratory and pro- 
duction sterilizers is reported. The rate of 
sorption is high at the beginning and decreases 


toward the end of a sterilization cycle. 


TWLENE OXIDE (ETO) gas and its mixtures E with carbon dioxide and fluorocarbons are 
widely used in the chemical sterilization of various 
pharmaceutical and hospital products. The prin- 
cipal use is for the sterilization of products which 
cannot be sterilized by steam without damage to 
their appearance or functionality. With an in- 
creasing utilization of heat-sensitive plastic 
materials, the importance of ETO as an efficient 
and economical sterilizing agent is growing. 
This paper considers the change of ETO con- 


centration during sterilization in laboratory and 
production size sterilizers, and discusses some of 
the experiences with a 10% ETO 90% COs 
mixture at the Chicago Division of the Rendall 
co. 


Methods of ETO Analysis.-Chemical and infra- 
red gas analyses were employed to assay the ETO 
concentration in the gaseous phase. 


The reaction between epoxide compounds and 
hydrochloric acid to form the corresponding chloro- 
hydrin was utilized to determine the ETO concen- 
tration (1). The reagent was prepared by dissolv- 
ing 810 Gm. of C~CIS.HZO and 95 ml. of concen- 
trated HC1 in 1400 ml. of water. Although several 
gas sampling techniques provided adequate ac- 
curacy, it was most convenient to bubble the gas 


Received May 27, 1963, from the Kendall Co., Barringtou. 
l l l  


slowly through gas washing bottles equipped with 
fritted glass cylinders and filled halfway with 150 
ml. of reagent. Two wash bottles in series were used. 
At bubbling rates of 150-200 ml./minute and ETO 
concentrations of 10% or below, practically all ETO 
was absorbed in the first bottle. The gas flow rate 
was measured by a rotameter in series with the 
washing bottles. The amount of ETO absorbed 
was determined by titration of the excess acid with 
NaOH. 


Infrared gas analysis is especially suitable for 
quick continuous determination of ETO and has 
been successfully used also by other workers (2). A 
known mixture of ETO and Nt was used for calibra- 
tion of the instrument. Such mixtures should be 
prepared carefully to assure their homogeneity. If 
any ETO is condensed in the calibration gas con- 
tainer, the discharge concentration will vary and 
might result in erroneous calibration of the instru- 
ment. For this reason, other more difficultly con- 
densible gas mixtures (a-butane in Nz) can be used 
more conveniently for checking the analyzer once it 
has been calibrated with ETO. 
ETO Changes in the Laboratory Sterilizer.-The 


change of ETO concentration in an 80-L. laboratory 
sterilizer manufactured by American Sterilizer Co. 


i t  


_... 
P-ccepted for publication August 15. 1963. 
The author is grateful to Mr. W. 0. Elson and Dr. P. Laakso Fig* Of the equipment 


for support and helpful discussions. for the laboratory sterilizer tests. 
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again formulations containing castor oil in the ve- 
hicle proved to be less irritating than similar prepara- 
tions containing sesame oil. Physically and chem- 
ically both oil solutions were stable. Based on 
acceptable preliminary data, formulations such as 
those listed in Table VI were prepared and tested. 
Acceptability in humans was confirmed by clinicians 
and described in the literature (22, 23) and in case 
reports.' 


SUMMARY 
The development and testing of parented 


steroid hormone formulations has been described, 
using castor oil as a vehicle. 


2. Afterascertsl 'ning stability and animal muscle 
irritation, selected formulations were evaluated in 
humans. They exhibited a prolonged action, were 
effective and well tolerated. 


Examples of commercially available products 
are the estrogen, estradiol valeratd at 20 mg./ml. 
and 40 mg./ml.. and the progestogen, 17-hydroxy- 
progesterone caproateo at 250 mg./ml. 


4 Case reports: estradiol volerate. 20 m /ml in castor oil 
78%. henzyl benzoate 20%. benzyl a lco~ol  2'6/,-90 injec- 
tions in 46 patients. Two mild l o d  reaction*. Batradio1 
valerate 40 m /ml. in castor oil 58%, benzyl bazoate  40%. 
benzyl dcoho?2%-51 atients. Number of injections not 
completely tabulated. 8ne report is in press. 


8 Marketed as Delestrogcn by B. R. Squibb h Sons. New 


1. 


3. 


Vmk. N V 


ROS 


- -_ -. -. . - . 
Marketed as Dclolutin by B. R. Squibb lk Sons, New 


York'N. Y. 
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Isolation of Marrubiin, a Sterol, and a 
Sesquiterpene from Marrzlbizlm vzllgare 


By HAROLD J. NICHOLAS* 


A simple column chromatographic method for isolating the bicyclic diterpene 
marrubiin from acetone and ethanol extracts of Mambivnr unlgare L. is described. 
An unsaturated sterol of the stigmastanol series, present in esterified form, and a 


sesquiterpene (C'J-IaOt) have been isolated from the extracts. 


N PREPARATION for radioactive tracer work on 
the biosynthesis of marrubiin it was necessary 


to examine extracts of the plant for associated 
terpenoid substances. A convenient column 
chromatographic method was therefore devised 
for separating relatively pure marmbiin from 
crude acetone extracts. Two new terpenoid 
substances were detected in the extracts. 


EXPERIMENTAL 
Materials and Methods.4round M. d g a r e  L. 


was obtained from the Wunderlich-Diez Corp., 
Received August 15, 1963, from the Department of 


Obstetrics and Gynecology, University of Kansas M a d  
Center, Kansas City. 


Accepted for publication November 6, 1963. 
This investigation was supported by a grant from the 


National Institutes of Health, U. S. Public Health Service, 
Bethesda, Md. 


The author is indebted to Fuad Jarjoura and Sharon 
Moriarity for their technical assistance. * Present address: Institute of Medical Education and 
Research, St. Louis. Mo and Department of Biochemistry. 
St. Loth U d v u d t y  Schbol of Medicine, St. Louis. Mo. 


Hasbrouck Heights, N. J.I This material was 
exhaustively extracted with hot acetone or hot 
ethanol. Either solution on removal of solvent 
by distillation (the last stages in vacuo) yielded 
black, viscous material which was used for further 
examination. Melting points were determined on a 
Fisher-Johns melting point apparatus. Optical 
rotations (in CHCS) and C-H analyses were 
determined by Drs. G. Weiler and F. B. Strauss, 
Microanalytical Laboratory, Oxford, England. An 
infrared spectrum of the unidentified diterpene was 
determined on a Perkin-Elmer spectrophotometer 
by the KBr disk method.' An infrared spectrum 
of the sterol was determined in chloroform solution 
in a 0.1-mm. sealed cell, compensated with CHCL, 
on a Beckman IR-4 recording infrared spectro- 
photometer,a and by the KBr disk method. The 


1 This firm has given assurance that the material investi- 
gated was M. onlparc or white horehound, not Ballola hirruta 
(black horehound). 


2 We are indebted to the Department of Pathology, 
University of Kansas, for this determination. 


8 Determined by Sadtler Research Laboratories, Phila- 
delphia, Pa. 
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TABLE ~.-CHEOMATOGRAPHY OF CRUDS M. Dulgarc ACETONE EXTRACTS 


Fraction" Eluting Solven@ Material Eluted, Gm. 
1 
2 Petroleum 'e'ther 0.2, orange wax-like substance 
3 5 ethylether 0.6 ,  orange wax-like substance $ ethyl ether 0.6, orange wax-like substance 


10 ethyl ether 0.4, orange wax-like substance 
10 ethyl ether 0.3, orange wax-like substance 
20 ethyl ether 0.2, orange wax-like substance 
20 ethyl ether 1.8, brown wax-like substance 


3.2, blackish, crystalline wax-like substance 
1.3, blackish, crystalline wax-like substance 
0.7, black glass-like substance 
1.3, black glass-like substance 


4 
5 
6 
7 
8 
9 4Oy0 ethyl ether 


10 40% ethyl ether 
40y ethyl ether 


ethyl ether 
3.6, blackish-green, crystalline solid 


11 
12 
13 100 ethyl ether 
14 100% ethyl ether 5.0, blackish-green, crystalline solid 
15 100yo ethyl ether 1.4, dark green glass-Like substance 
16 l O O y  ethyl ether 0.8, black wax-like substance 
17 1 0 0 8  ethyl ether 1.4, black wax-like substance 
18 1 0 0 ~ o  ethyl ether 1.5, black wax-like substance 
19 100% ethyl ether 1.1, black wax-like substance 
20 1 0 0 ~ o  ethyl ether 0.5 ,  black wax-like substance 
21 lOOyo ethyl ether 1.2, black wax-like substance 
22 100yo ethyl ether 0.8, dark green, semicrystalline solid 
13 100yo ethyl ether 0.2, dark green, semicrystalline solid 
24 100% ethyl ether 0 .1 ,  dark green, semicrystalline solid 
25 5y0 ethanol in benzene 0.1, greenish solid 
26 5% ethanol in benzene 2.0, black glass-like substance 
27 5% ethanol in benzene 2.2, black glass-like substance 
28 5y0 ethanol in benzene 1.9, black glass-like substance 
29 1 : 1 ethanol-benzene 1 .6, black wax-like substance 


11.8, reddish, crystalline wax-like substance 


1 
m.3 


0 Each fraction 800 ml. in volume. The percentages of ethyl ether refer to mixtures with petroleum ether (v/v). Bthanol- 
benzene mixtures are also expressed as v/v; 


alumina used was Merck, acid-washed. The silicic 
acid was Mallinckrodt A.R. grade, 100 mesh, heated 
to 100-110" for 1 hour just prior to use. Except 
for material used to perform the initial extraction 
of plant material, all solvents were distilled before 
use. The petroleum ether had a boiling point of 
30-60 '. 


Chromatography of Crude Extract.-Acetone or 
ethanol proved satisfactory for extracting marrubiin, 
sterol, and sesquiterpene from the plant, but a 
comparison of yields from each solvent was not 
made. The black viscous concentrate from either 
solvent contained some benzene-insoluble tar4 
which interfered with chromatography. Since 
hot benzene effectively separated the materials 
under investigation from the tar, a preliminary 
separation was made, based on this differential 
solubility in hot benzene. A description of isolation 
from acetone concentrates follows. 


Benzene soluble material (78 Gm.) in 200 ml. of 
benzene was diluted with an equal volume of petro- 
leum ether and poured onto a 5.5-cm. diameter 
column containing lo00 Gm. of alumina. After the 
solvent was all on the column, an additional 600 
ml. of petroleum ether was added and the eluate 
was collected as Fraction 1. Additional 800-ml. 
fractions containing varying quantities of ethyl 
ether or ethanol-benzene were subsequently 
collected. Table I gives the composition of the 
eluting fractions and a description and yield of 
material eluted after removal of solvent. Only 
about 5570 of the original benzene-soluble material 
was recovered from the column. 


Isolation of Marrubk-Fractions 13 to 15 were 
combined and crystallized to constant melting point 
from absolute ethanol, giving rods, m.p. 160-161'; 


4 Examination of this hot benzene-insoluble fraction 
yielded no products of interest. 


[a]?" = +42.9" (1). Yield: 8.0Gm. Marrubiin 
also is slowly removed from alumina with 80% 
ethyl ether in petroleum ether. An additional 
small amount was recovered from Fraction 12. 
In a control experiment 50 mg. of pure marrubiin in 
30 ml. of 1: 1 benzene-petroleum e t h d  was placed 
on a 1.2-cm. diameter column containing 15 Gm. 
of alumina. The eluate was collected as Fraction 1.  
An additional 30 ml. of petroleum ether was poured 
through as Fraction 2. Three 30-ml. fractions 
each of 5, 10,20,40, and 80% ethyl ether in petro- 
leum ether (v/v), respectively, were poured through, 
followed by three ethyl ether fractions, each also 
30 ml. in volume. A small amount of solid was 
removed by the second and third 80% ethyl ether 
fractions. The bulk of the material was recovered 
from the 100% ethyl ether fractions. Total re- 
covery from the column: 37.4 mg. (74.8%). 
ISOLATION OF STEROL FRACTION AND 


PREPARATION OF DERIVATIVES 
The material in Fractions 9 and 10 (4070 ethyl 


ether fraction) had the characteristics of a steroid 
ester. It readily became semifluid a t  steam bath 
temperature and gave no precipitate with digitonin. 
On saponification with 10% KOH in ethanol, a 
nonsaponilkble fraction was obtained, representing 
a large portion of the original wax. After several 
crystallizations of the nonsaponihble fraction from 
acetone-methanol, crystals melting in the range 
1o0300° were obtained; these slowly gave charac- 
teristic colors with the Liebermann-Burchard rea- 
gent and gave a precipitate with digitonin. Since 
a nonsaponifiable fraction of the original acetone 
or ethanol concentrates proved a more ready source 
of the sterol mixture, purified sterol was obtained 


At benzene-petroleum ether ratios, less than 1 : 1 the 
marmbiin precipitated. 
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in the following manner. Black gummy extractive 
from ethanol concentrates of M. vulgare was refluxed 
for 2 hours in 2 L. of 10% alcoholic KOH. After 
cooling, the mixture was diluted with HzO and ex- 
tracted thoroughly with ethyl ether. The latter 
was washed with HzO and distilled, leaving 104 Gm. 
of orange, semisolid nonsaponifiable fraction. 
This was shaken thoroughly with 1.5 L. of petroleum 
ether and decanted from 22.5 Gm. of insoluble red 
oily substance which was not further examined. 
The petroleum ether solution was poured onto a 
5.5-cm. diameter column containing lo00 Gm. of 
alumina. The column was washed with petroleum 
ether until only traces of yellow gummy substance 
were eluted. It was then washed with 3200 ml. of 
2% ethanol in petroleum ether which yielded on 
distillation 32.8 Gm. of a red wax-like substance. 
This proved to  be the source of the sterol and un- 
identified diterpene. On trituration with acetone- 
methanol and standing overnight, the solid pre- 
cipitated. This was crystallized from acetone, 
yielding 2.3 Gm. of yellow solid as crude sterol. 
The filtrate on removal of solid gave viscous, red 
oily substance with a faintly fragrant odor, the 
crude diterpene fraction. 


Purification of SteroL-Crude sterol (9.9 Gm.) 
was converted to the acetate with acetic anhydride 
and anhydrous pyridine under reflux. The acety- 
lated crystalline product so obtained could not 
be purified to a constant melting point by chro- 
matography on silicic acid and crystallization from 
several solvents. It was therefore saponified with 
5% alcoholic KOH. The free sterol was dissolved 
in 20 ml. of warm benzene, diluted with 100 ml. of 
petroleum ether, and poured onto a 2.2-cm. diameter 
column containing 100 Gm. of alumina. The eluate 
was collected as Fraction 1. Seven 50-ml. fractions 
of petroleum ether were taken (yielding a small 
amount of colorless oily substance: discarded), 
followed by sixty 50-ml. fractions of benzene. 
Of the latter, Fractions 15 to 60 yielded white 
crystalline solid, combined weight 4.0 Gm. 


Sterol Acetate.-The above product was acety- 
lated with pyridine and acetic anhydride under 
0.5-hour reflux, then processed in the usual manner. 
After three crystallizations from acetone-methanol, 
2.6 Gm. of scales were obtained, m.p. 133-134'. 
Four additional crystallizations from the same 
solvent mixture or acetoneethanol gave scales, 
m.p. 134-136"; [a]Y" = -45.61". 


Anal.-Calcd. for C,,HWOS: C, 81.88; H, 11.08. 
Found: C, 81.81; H. 11.11. 


Free Sterol.-Saponification of the above acetate 
with 5% alcoholic KOH (steam bath, 2 hours) 
gave rods after five crystallizations from either 
acetone, ethyl acetate-methanol, or acetone- 
methanol, m.p. 158-160". An additional crystal- 
lization from acetone-methanol gave needles, m.p. 
159-160"; [a)y' = -46.52'. The compound ex- 
hibited only nonspecific end absorption in the region 
220-300 mp. In the Liebermann-Burchard test 
( CHCls-HAc underlayed with concentrated H a d )  
the compound gave no immediate color in either 
liquid phase, although a pink interface developed 
within a few minutes. After 30 minutes, a light 
green developed in the CHCl, layer, remaining 
several hours. The substance, therefore, falls in 
the category of a "slow-reacting'' sterol (2). It 
gave a negative Tortelli-Jaffe reaction (4). 
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Ad.-Calcd. for G r H ~ O :  C, 84.40; H, 11.73. 
Found: C, 84.45; H, 11.51. 


The infrared spectrum obtained in chloroform 
solution showed a close similarity to that of 8- 
sitosterol, but was characterized by general poor 
resolution of the bands. The spectrum obtained 
by the KBr disk method was identical with that of 
8-sitosterol, except for the appearance of an ad- 
ditional band at 14.3 p. 


Sterol Benzoate.-Free sterol (290 mg.), benzoyl 
chloride (1 ml.), and 3 ml. of anhydrous pyridine 
were refiuxed 1 hour. The cooled mixture was 
diluted with HrO, filtered, and washed thoroughly 
with 5% Na&O; and H 2 0 ,  respectively. The 
product was then crystalllzed to a constant m.p. 
of 151-153" from benzene-ethanol. acetone-meth- 
anol, or chloroform-acetone; [a]':" = -21.67". 


And-Calcd. for C8eHmOz: C. 83.68; H, 10.15. 
Found: C, 83.42; H,  9.90. 


Reduction of Sterol Acetate in Neutral Medium.- 
The sterol acetate (70 mg., m.p. 134-136") 
was shaken for 8 hours under 60 p s i .  hydrogen 
pressure in the presence of 50 mg. of Pt02 and 30 
ml. of ethyl acetate. After three crystallizations 
from acetone-methanol, the product so obtained 
gave scales, m.p. 122-124", unchanged by an ad- 
ditional crystallization from chloroform-methanol; 
[a]:" = fO". Yield: 45 mg. 


Reduction of Sterol Benzoate in Neutral Me- 
dium.-The sterol benzoate (93 mg., m.p. 151-153") 
was hydrogenated as described for the above 
acetate. The product crystallized readily from 
acetone-methanol giving microscopic needles, m.p. 
122-124". after four crystallizations; [a]y" = 
26.74". Yield: 80 mg. 


Free Sterol After Reduction in Neutral Medium.- 
The benzoate (m.p. 122-124', 60 mg.) was 
saponified with 5y0 KOH in ethanol. The product 
was recovered by dilution with HzO, extraction 
with ethyl ether, etc. After two crystallizations 
from acetone-methanol, needles (m.p. 136-137') 
were obtained, unchanged after an additional 
crystallization from acetone-ethanol; [a]y = 
+23.5'. The compound gave a melting point 
depression of 3-5" on admixture with stigmastane- 


Reduction of Sterol Acetate in Acidic Medium.- 
Sterol acetate (107 mg.) in 15 ml. of glacial acetic 
acid was shaken under 60 p.s.i. hydrogen pressure 
in the presence of 50 mg. of Pt02 for 8 hours. 
After filtration, acetic acid was removed in  vacuo 
and the product crystallized four times from either 
aqueous acetone or acetone-methanol giving needles, 
m.p. 134435"; [a]Yo = +15.36". The melting 
point was undepressed on admixture with stigma- 
stanol acetate. 


Free Sterol After Reduction in Acidic Medium.- 
Saponification of the above acetate with 10% 
alcoholic KOH (steam bath, 1 hour) and work-up 
of the product gave needles, m.p. 137-139", after 
four crystallizations from acetone-methanol ; [a] Y o  
= +19.06'. The melting point was undepressed 
on admixture with stigmastane-3&01. 


Examination of Mother Liquors.-Extensive ex- 
amination of the combined filtrates from crystal- 
lization of the original sterol mixture revealed 
free sterol, m.p. higher than 142", acetate 133"+. 
It appeared likely that little or no 8-sitosterol was 
present in the nonsaponifiable fraction of the plant. 


38-01. 
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TABLE ~I.-~HROMATOGRAPHY OF CRUDE ACETYLAT~D SESQUITRRPENE PREPARATION 


Fractiona Eluting Solvend Material Eluted, Gm. 
1 t o  5 Petroleum ether None 
6 to  20 Petroleum ether 1.1, colorless oily substance 


0 ethyl ether 
ethyl ether 


0.8. light yellow oily substance 
0.5,  partially crystalline yellow 


oily substance 
!? 21 t o  25 


26 to  39 


40 to 44 2% ethyl ether 6.0, semicrystalline oily sub- 


45 to  50 
51 to  64 
65 to 70 
71 to  75 
76 to  80 
81 to 90 
92 


stance 
2% ethyl ether 
2y0 ethyl ether 
5% ethyl ether 


10% ethyl ether 
20yo ethyl ether 
50yo ethyl ether 


100yo ethyl ether 


11.6, yellow crystalline solid 
5.2, yellow gummy substance 
0.2,  yellow gummy substance 
1.2, yellow gummy substance 
3.0,  yellow gummy substance 


1.5, yellow gummy substance 
17.0, red oily substance 


-h fraction 100 2, in volume. b The percentages of ethyl ether refer to admixture in petroleum ether. 


TABLE I I I . a - M ~ ~ ~ ~ ~ ~  ROTATION DIFFERENCES BETWEEN DERIVATIVES OF STEROL FROM M. vulgare 
A M )  As- AND A7-sTENOLS 


-Molecular Rotation (MD) of -MD (deriv.) -MD (sterol)- 
Free Sterol Acetate Benzoate Acetate Benwate 


As-Stenolsb - 1 5 3 f 8  - 1 9 0 f 1 2  - 145 -35 f 16 +81 f 16 
A7-Steno1sc +35 f 8 +31 f 8 + 6 8 * 8  -15 f 15 +20 f 14 


Stigmastadiene 38-01 (6). 


From M. mclgare - 192 -207 -113 - 15 + 79 


a Data, other than for M. oulgore sterol, largely from References 5 and 6. A', Il(?)-Stigmastadiene-d&ol (6). A7,11(?)- 


ISOLATION OF TERPENES 


A quantity of the viscous red oily substance 
obtained from the filtrates in the preliminary 
crystallization of the crude sterol mixture was 
rduxed with excess acetic anhydride and anhydrous 
pyridine for 1 hour. The cooled mixture was diluted 
with H,O and extracted thoroughly with ethyl 
ether. The latter was washed alternately with 
dilute HCl, HzO, 5y0 NaOH and HzO, then distilled, 
yielding 59 Gm. of viscous red oily substance. 
In 100 ml. of petroleum ether this oily substance was 
poured onto a 4.5cm. diameter column containing 
300 Gm. of silicic acid. The column was sub- 
sequently washed with 100-ml. volumes of petro- 
leum ether and ethyl ether in petroleum ether. 
Yields and a description of the products are given 
in Table 11. 


Most of the crystalline solids (Fractions 44 to  
50) proved to be sterol acetate retained in the 
original filtrates. The unidentified diterpene was 
found in Fractions 81 to 90. This material was 
heated on the steam bath in 5% KOH in ethanol 
and a neutral fraction obtained with ethyl ether 
in the usual manner as 15.9 Gm. of deep red oily 
substance. On distillation at 0.6 mm. Hg, a frac- 
tion boiling at 200-205" was obtained as a pale 
yellow, viscous gummy substance.O The color was 
not removed by further distillation. Yield: 2.8 
Gm.; flyo = 1.5231. 


And-Calcd. for ClsHaOl (bicyclic, 2 double 
bonds): C, 76.88; H, 9.42. Found: C. 76.92; 
H, 9.63. The product exhibited only nonspecific 
end absorption in the region 230300 mp. Molecu- 
lar weight (Rast): 244,257; no optical rotation in 
chloroform. The presence of a hydroxyl group(s) 


8 An additional viscous oily substance boiling unsharply 
at this pressure and a t  a considerably higher temperature 
(250°+) waa obtained from the madue remaining after 
distillatlon of the aesquiterpene. It  '198 not fvrther ex- 
amimed. 


was substantiated by an infrared curve of the 
compound (absorption band, 3.0 p). 


In  the Liebermann-Burchard test the substance 
gave colors in the H&04 layer ranging from orange 
to pink. A faint green CHCIJ developed after about 
1 hour. These reactions were interpreted as 
additional evidence for unsaturation. Attempts to 
form a crystalline phenyl urethane, acetate, or 
benzoate were unsuccessful. 


Reduction of Unidentified Sesquiterpene.-Puri- 
fied sesquiterpene (1.25 Gm.. b.p. 200-205°/0.6 
mm. Hg) in 50 ml. of ethyl acetate was shaken for 
7 hours under 60 p.s.i. hydrogen pressure with 
100 mg. Pta .  The product was recovered and 
distilled under 0.6 mm. Hg pressure. The bulk of 
the material (0.80 Gm.) was received as a pale 
yellow oily substance at 268-270O; nyo = 1.5134. 


And-Calcd. for C1J&O2: C, 75.58; H, 10.91. 
Found: C, 75.66; H, 11.00. 


No optical rotation was found in CHCIs. Oxida- 
tion of 520 mg. of this product with CrOI in glacial 
acetic acid gave 211 mg. of neutral material and 234 
mg. of acidic product, both as yellowish g u m m y  
substances. Neither product yielded an identifiable 
substance. 


DISCUSSION 
In addition to the bicyclic diterpene marrubiin 


(1) and ursolic acid (3), two additional substances 
may now be included as major lipid constituents of 
M. wlgare L. One of these, a sterol, is present in 
the plant in esterxed form. Although the presence 
of other sterols was not excluded, the unidentified 
sterol appeared to be the major one present in 
Marrubium. g-Sitosterol appeared to  be the major 
sterol of several other members of the Lubiahe 
family (4). Reduction of the sterol in acidic me- 
dium gave stigmastane-3g-01, proving the relation- 
ship of the substance to members of the sitosterol 
series. 
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It appears that two double bonds are present in 


the sterol, although unequivocal evidence must 
await further data. One double bond is at  position 
6(6)-; rotational differences between the new 
sterol and its acetate and benzoate coincide with 
established differences for As-stenols (Table 111). 
This is substantiated by the similarity of the infrared 
spectrum to 8-sitosterol and the rate of the Lieber- 
mann-Burchard reaction. The exact position of 
the second double bond cannot be ascertained with 
the available data, which were limited by the supply 
of sterol on hand. However, nuclear positions 
i(8)-, 8(9)-. 8(14)-, and 9(11)- can be ruled out 
because of the rotational values in Table I11 and 
because of the negative Tortelli-Jaffe reaction 
(Reference 5. p. 101). Positions 7(8)- and 3(4> 
can be eliminated since no conjugation was indi- 
cated in the ultraviolet spectrum, and position 11 
can be eliminated because of the lack of identity 
with the A*,(ll’)-stigmastadienol of Idler el d. (6). 
Hydrogenation in neutral medium converted the 
sterol to a compound (unidentified) that was not 
A‘-stigmastenol (&sitosterol). Therefore, the 
second (presumed) double bond must have been 
more resistant to hydrogenation than A6. This 
eliminates the side chain positions 22(23>, 24(26)-. 
or 24(28)- (6). It also eliminates position 14(16)- 
(7). With these eliminations ring A, positions 


l(2)- or 2(3)- become possibilities, since some 
“vicinal)’ effect (Reference 5, p. 209) is indicated 
by the MD for both the free sterol and acetate 
(Table 111). The significance of the peak a t  14.3 
p in the infrared shows promise for later identifica- 
tion; at the moment its significance is unknown. 


The other substance new to M. dgare.  a strongly 
polar sesquiterpene which probably contains two 
nonconjugated double bonds, was not isolated 
from the crude extracts but was readily isolated 
from nonsaponiiiable fractions of extracts of the 
plant. Neither the sterol nor the sesquiterpene 
has yet been equated with known substances; we 
are describing them as “unidentitied,” pending 
further experimentation. 
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Preservatives for Poliomyelitis (Salk) Vaccine I11 
2-Phenoxyethanol 


By HILLIARD PIVNICK, J. M. TRACY, A. L. TOSONI, a n d  D. G. GLASS 


Poliomyelitis vaccine contains antibiotics, but the antibiotics are inadequate for pre- 
venting the growth of heavy contamination with bacteria or light contamination 
with.fun i. The addition of 0.375 per cent v/v of 2-phenoryethanol to poliomyelitis 
vaccine Lnished  a stable mixture of preservatives (sueptom cin, neom cin, and 2- 
phenoxyethanol) which was inhibitory to both bacteria angfungi. Tiis mixture 
was also effective when poliomyelitis vaccine was mixed with diphtheria and tetanus 


toxoids and pertussis vaccine. 


ACCINE packaged in multiple-dose vials must The present report concerns 2-phenoxyethano11 
contain a preservative to prevent the growth (ethylene glycol monophenyl ether) (2-POE) as a 


of microbial contaminants which may be intro- preservative for poliomyelitis vaccine. This 
duced when samples are withdrawn. In studies compound was chosen for study because of its 
of preservation of poliomyelitis vaccine and DFT activity against Psdomonas aeruginosa (3-6) a 
polio vaccine (1, 2) we showed that antibiotics, potential pathogen which may grow in vaccines 
benzethonium chloride, formaldehyde, and esters and other medicinals (7-9). 
of p-hydroxybenzoic sad (parabens) alone, or in 
various combinations, had deficiencies as pre- MATERIALS AND METHODS 
servatives. 
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ZPhenoxyethanol was sterilized by Seitz filtra- 
tion, added to vaccines or media and the mixture 
was stirred slowly for a few hours to effect solution. 


A method of assay for 2-POE in poliomyelitis 


1 Marketed as Phenoxetol by Nipa Laboratories Ltd., Tre- 
forat Industrial Estnte, near Cardiff, Wales, U.K. 








Synthesis of Alkyl Amino Alkanol Esters of p-Ethoxy Benzoic Acid 
By F. F. MILLIKAN and A. E. WADE 


A series of eight alkyl amino alkanol esters of ethoxy benzoic acid were pre- 
pared having hydrogen, methyl, ethyl, isopropyl, gityl, t-but 1, benzyl, and benzyl- 
methyl groups so attached to give a secondary nitrogen in  i v e  of the compounds. 
Some physical properties were determined for comparative purposes in  connection 


with the pharmacological studies. 


ARLY WORK in the field of local anesthetics E established that these compounds were com- 
posed of three parts: ( a )  an acid portion, generally 
a derivative of benzoic acid, (b)  an alkyl chain, 
and ( c )  a basic nitrogen group. This combination 
is achieved by the esterification of the appropriate 
acid with an amino alcohol, usually a dialkyl 
alcohol. Of the various acids employed for the 
acid portion (a) of the local anesthetic molecule, 
derivatives of p-ethoxy benzoic acid have exhibited 
satisfactory pharmacological activity. Some of 
these derivatives have been patented and are cur- 
rently being used clinically (1). With this data in 
mind, the synthesis of some derivatives of p -  
ethoxy benzoic acid have been prepared for pharma- 
cological studies. The compounds and their 
physical properties (given in Table I) were prepared 


amine (VII); and benzylmethylethanolamine (VIII). 
Esters.-A slight modification of the method de- 


scribed in Mannich's patent (2) was used to  pre- 
pare the esters. In this work the alcohols (0.05 M) 
were dissolved in a volume of chloroform that 
equaled the weight of the particular alcohol; this 
cooled solution was added slowly dropwise to a 
solution of the acid chloride (0.05 M 4- 10% excess) 
in a volume of chloroform equal to  its weight. 
The mixture was maintained a t  0" throughout the 
reaction. 


After all alcohol was added, the reaction mixture 
was allowed to  stand for about 15 hours. This 
mixture was then heated for 2 hours at 45-50". 
after which the solvent was removed under reduced 
pressure without heat. The residue in the flask 
was treated with dry ether and those which were 


TABLE I.-DATA FOR THE ESTERS PREPARED 


RI H R ,  0 


Surfacee 
- 4 u b s t i t u e n t  Group- pHb 0.03M, Tension, 1% 


Ester d ?b RI M.p.. "C.0 1 %  Solution pH Dynes/cm. Yield 
I CHI H H 165.0 5.65 5 . 6  61.7 50.0 
I1 CHa CHa CHI 170.0 4.50 5.4 59.2 91 .o 


111 GHr H H 157.0 5.80 5.5 59.6 19.9 
IV is0 CIHT H H 212.0 6.65 5 .6  60.18 31.0 


140to 141.0 4.80 5 .3  48.4 23.1 
c c 29.0 


V n-GHod H H 
VI & C H I  H H 222.0 4.80" 


VII Benzyl H H 178 to 177.0 5.05 5.05 60.9 23.0 
VIII Benzyl CHz H 168.5to 170.0 4.40 4.40 53.1 70.0 


0 Fisher-Johns uncorrected. 
ally, U. S. pat. 2,372,116(1945). 


* Beckman pH meter model G .  C Solubility did not permit 1% solution. Prepared origin- 
s Fisher model 20 DuNouy tensiometer. 


from secondary and tertiary amino alcohols by 
esterification with p-ethoxy benzoyl chloride. 


EXPERIMENTAL. 
Acid Chlpride.-p-Ethoxy benzoic acid and ex- 


cess thionyl chloride were refluxed for 3 hours. 
The residue remaining after removal of last traces 
of sulfur dioxide, hydrogen chloride gas, and excess 
thionyl chloride, was distilled. The portion boiling 
at 128-130°/6 mm. was collected. 
Alkyl Amino Alkano1s.-The following alcohols' 


were used: methylethanolamine (I);  l-dimethyl- 
amino-2-propanol (11); ethylethanolamine (111); 
isopropylethanolamine (IV) ; n-butylethanolamine 
( V ) ;  t-butylethanolamine (VI); benzylethanol- 
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alcohols: 
V1. Rohm and Haas. VII and VIII. Sumner Chemical Co. 


oily to semisolid solidified with stirring. This 
solid material was collected, washed with dry 
ether, dissolved in isopropyl alcohol, and heated 
(not boiled) with Darco. The crystals forming 
after removal of carbon were then further purified 
by recrystallization from isopropyl alcohol. 


DISCUSSION 


The first pH values using a 1% w/v solution 
showed little relationship to  each other when 
plotted against molecular weight. However, a 
0.03-M solution of those compounds having a 
secondary nitrogen, except for Compound IV, gave 
a straight line when the pH was plotted against 
milligrams of chemical per 100 ml. (Fig. 1). The 
graph showed that the pH decreased in value as the 
molecular weight increased. 


The ultraviolet absorption maximum of the 
esters as hydrochlorides (5 X M) in water 
using a Beckman D U  spectrophotometer occurred 
at 260 mp (Fig. 2). The absorption peak of p- 
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TABLE II.-ANALYTICAL DATA FOR ESTERS 


c- C-- -H-  -N- -HCl- 
Compd. Pound Calcd. Found Calcd. Found Calcd. Found Calcd. 


I 


11 


I11 


IV 


V 


VIO 
VII 


VIII 


55.75 55.46 6.91 6.98 5.44 5.39 13.77 14.07 CnHi?NOa.HCI 
55.68 6.71 5.38 13.79 
58.45 58.40 7.53 7.51 4.97 4.86 12.68 12.67 CirHnNOa.HC1 
58.55 7.47 4.81 
57.12 57.01 7.29 7.36 5.19 5.11 13.21 13.33 CiaHisNO,.HCl 


58.31 58.40 7.95 7.71 4.81 4.86 12.66 12.67 CirHziNOa*HCl 


59.59 59.66 7.76 8.01 4.73 4.64 11.82 12.08 CaH2nN03.HCI 


57.17 7.27 5.02 


58.26 7.62 5.09 
-. .. ~ 


59.73 8.01 4.58 
59.98 59.66 7.85 8.01 4.68 4.64 11.82 12.08 CisHliNOs.HCI 
64.22 64.35 6.67 6.60 4.38 4.17 10.46 10.85 CiaH2iN03.HCl 
64.18 6.39 4.12 
65.03 65.21 6.75 6.91 3.89 4.00 10.42 10.42 CioHzaNOa.HC1 
64.88 6.64 4.04 


a Insufficient sample for check analysis. 


5.0 5.2 5.4 5.6 5.8 
PH 


Fig. 1.-Plot of pH values vs. 0.03 M solution 
milligrams per 100 ml. Key: A. @-methylamino- 
ethyl-P-ethoxybenzoate HCl (I); 0, ,%ethyl- 
aminoethyl-p-ethoxybenzoate HCl (111); .. 8-n- 
butylaminoethyl-p-ethoxybenzoate HC1 (V) ; and 
0, &benzylaminoethyl-p4hoxybenzoate HCI (VII). 


ethoxy benzoic a a d  (5 X 10- M) in isopropyl 
alcohol came at 265 mp. The alcohol of Compound 
VII (5 X 10- M) in isopropyl alcohol gave an 
absorbance reading of 0.40 at 205 mp; the ab- 
sorbance dropped rapidly before reaching 220 mp, 
and at 230 mp approached w o  and remained there. 
The alcohol in Compound VII contained a benzyl 
group; since it did not change the general curve, it 
may be assumed that the alcohols just shift the 
maximum peak toward the longer wavelength. 
The shoulder or irregularity in the curve between 


0.40 
0.20 
0.00 


0 0 0  0 
~ 3 x m  


WAVELENGTH, mp 
Fig. Z.-General curve which all compounds 


followed. 


200 and 215 mp may be due in part to the alcohol 
portion of ester. Six of the compounds had a 
molecular extension coefficient of 17,200, and Com- 
pounds V and IV had values of 17,100 and 17,800, 
respectively. 


The surface tension results seem to follow the 
observations of Weiser (3) that the surface tension 
of water is lowered most strongly by organic com- 
pounds with a long chain of carbon atoms or with 
one or more benzene rings. The values obtained 
indicate that the substituent groups on the nitrogen 
influence the surface tension more than the benzoic 
acid group does. 
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Modified U.S.P. Tablet Disintegration Apparatus 
By LEONARD L. KAPLAN 


N AN EARLIER REPORT (1) a modification of the I U.S.P. tablet disintegration apparatus was de- 
scribed which creates more uniform attrition on all 
sides of the test tablet surfaces and serves to  obviate 
the need for the disks in tablet disintegration testing. 


Received June 3, 1963, from Walker Laboratories, Mount 


Accebted for publication July 17.1963. 
Vernon N Y. 


The modification consists of a thin flexible insert 
placed inside the glass tubes of the apparatus at 
the lower end in contact with the bottom stain- 
less steel wire cloth. The dimensions of this insert 
are external diameter 21.5 mm., internal diameter 
15 mm., wall thickness 3.25 mm., and insert thick- 
ness 3.5 mm. The U.S.P. XVI specifies a basket 
rack assembly consisting of six open glass tubes, 
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which included outstanding scientists such as Sir 
Julian Huxley, J. B. S. Haldane, and Carleton 
Coon. The controversial, provocative, and un- 
inhibited deliberations reported present a review of 
current thinking among research workers. 


media, diagnostic materials and methods, and special 
fungi stains. 


Physical and Technical Pharmacy. Edited by 
H. M. BURLAGE, C. 0. LEE, and L. W. RISING. 
The Blakiston Div., McGraw-Hill Book Co., Inc., 
,330 West 42nd St., New York 36, N. Y., 1963. 
ix + 740 pp. 15 X 23 cm. Price $16. 
Organized to meet the need for a student text to 


correlate principles of mathema tics, physics, and 
chemistry with pharmaceutical procedures, meth- 
ods, and technology, this volume presents materials 
on mathematics, and pharmaceutical calculations, 
the physicochemical sciences as they apply to 
pharmaceutical technology, stability of drugs and 
pharmaceutical systems with particular reference to 
storage conditions, and adjuncts of importance in 
the formulation of satisfactory products. Ten 
pharmaceutical scientist contributors to  the volume 
have assisted the editors in presenting a volume 
which will be a significant contribution to  pharma- 
ceutical education. 


Hallucinogenic Drugs and Their Psychotherapeutic 
Use. Edited by R. CROCKET, R. A. SANDISON 
and A. WALK. Charles C Thomas, Springfield, 
Ill., 1963. xiii + 191 pp. 15.5 X 25 cm. Price 
$7.50. 
The proceedings of the quarterly meeting of the 


Royal Medico-Psychological Association held in 
February 1961 are presented. The papers are 
grouped under six topics: the historical and psycho- 
pharmacological background, hallucinogenic agents 
and their general application, techniques and 
methodology, the use of hallucinogens in specific 
conditions, clinical observations and phenomeno- 
logical interpretation, and the moral, religious. and 
social significance of experience under hallucinogenic 
drugs. The purpose of the conference was to bring 
investigators from fields other than the clinical 
and psychotherapeutic areas to discuss the psychic 
changes accompanying the administration of the 
hallucinogens; the editors have created a stimulating 
and valuable volume. 


A n  Introduction to Clay Colloid Chemistry. 


A brief glossary is also included. 


By H. 
VAN OLPHEN. Interscience Publishers, Div. of 
John Wiley & Sons, 605 Third Ave., New York 
16, N. Y ,  1963. xvi + 301 pp. 15.5 X 23 
cm. Price $10. 
Modern concepts in colloid and surface chemistry 


are discussed as they apply to clay systems. The 
book stresses the effect of changes in fluid com- 
position on the forces acting between suspended clay 
particles, and the consequences of such changes on 
the bulk physical and mechanical properties of the 
suspensions which are important in clay technology. 
The treatment in the text is elementary which will 
limit its usefulness to workers active in clay tech- 
llology but will provide a workable background 
knowledge for persons less knowledgeable in the 
field. 


Man and His Future. Edited by G. WOLSTBN- 
HOLME. Little, Brown and Co., Boston, Mass., 
1963. vi + 410 pp. 13 X 20.5 cm. Price 
$6. 
The biological, environmental, and social aspects 


of inan and his future were treated in a symposium 


The Pathogenesis of Leprosy. Edited by G. E. W. 
WOLSTENHOLME and M. O'CONNOR. Little, 
Brown and Co., Boston, Mass., 1963. ix + 
101 pp. 12 X 18.5 cm. Price $2.95. 
Another booklet in the Ciba Foundation Study 


Group series, this volume serves to focus attention 
on the progress and problems of research on leprosy. 
Papers presented were devoted to  experimental 
observations related to the histopathology of 
leprosy, cytopathology of the Virchow cell of human 
leprosy, applicability of experimental murine 
leprosy to  the study of human leprosy, experi- 
mental studies on human leprosy, and leprosy 
bacilli in mouse foot-pads. 


Chemistry: A Survey of Principles. By G. W. 
Ewmc, and E. G. MEYER. John Wiley & Sons, 
Inc., 605 Third Ave., New York 16, N. Y., 1963. 
ix + 239 pp. 15 X 23 cm. Price $4.95. 
A student textbook for a one-semester course in 


chemistry for non-chemistry major students is 
presented which balances basic theory with de- 
scriptive materials on such topics as biochemistry, 
organic reaction mechanisms, thermodynamics, 
chemical equilibrium and reaction rates, and metal- 
organic and metal-inorganic complexes. Labora- 
tory experiments are integrated and require the 
student to work with modern laboratory instru- 
ments such as the pH meter, photoelectric colorim- 
eter, and nuclear counting equipment. Many of 
the experiments are quantitative in nature and de- 
velop some concepts not covered in the text. 


Medicinal Chemistry. Vol. VI. Edited by E. E. 
CAMPAIGNE and W. H. HARTUNG. John Wiley 
& Sons, Inc., 605 Third Ave., New York 16, N. Y., 
1963. x + 356 pp. 15 X 23 cm. Price $10. 
Volume six of this monograph series covers non- 


barbiturate hypnotics, spinal cord depressant drugs 
derived from polyhydroxy alcohols, and X-ray 
contrast media. Much of the data is presented 
in tabular form as was in the case in prior volumes. 
The style and format of the earlier volumes as well 
as the objective to include references to all the com- 
pounds which have been tested for a particular type 
of pharmacological activity in a given chapter have 
been retained. Numerous references are included 
for each chapter and a general index is provided. 


Advances in  Organic Chemistry: Methods and 
Results. Vol. 4. Edited by R. A. RAPHAEL, E. C. 
TAYLOR, and H. WYNBERG. Interscience Pub- 
lishers, 605 Third Ave., New York 16, N. Y., 
1963. vii + 361 pp. 15 X 23 cm. Price $14.50. 
This fourth volume in a series created to  meet the 


need for critical appraisal and evaluation of useful 
new methods and ideas generated in the rapid 
evolution of organic chemistry treats enamines, 
synthetic methods in the carotenoid and vitamin A 
fields, and the coupling of acetylenic compounds. 
Author and subject indexes are included as well as 
a cumulative index for volumes 1-4 in the series. 
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Change of Ethylene Oxide Concentration During 
Gaseous Sterilization Process 


By D. SATAS 


The change of etbylene oxide concentration 
during the operation of laboratory and pro- 
duction sterilizers is reported. The rate of 
sorption is high at the beginning and decreases 


toward the end of a sterilization cycle. 


TWLENE OXIDE (ETO) gas and its mixtures E with carbon dioxide and fluorocarbons are 
widely used in the chemical sterilization of various 
pharmaceutical and hospital products. The prin- 
cipal use is for the sterilization of products which 
cannot be sterilized by steam without damage to 
their appearance or functionality. With an in- 
creasing utilization of heat-sensitive plastic 
materials, the importance of ETO as an efficient 
and economical sterilizing agent is growing. 
This paper considers the change of ETO con- 


centration during sterilization in laboratory and 
production size sterilizers, and discusses some of 
the experiences with a 10% ETO 90% COs 
mixture at the Chicago Division of the Rendall 
co. 


Methods of ETO Analysis.-Chemical and infra- 
red gas analyses were employed to assay the ETO 
concentration in the gaseous phase. 


The reaction between epoxide compounds and 
hydrochloric acid to form the corresponding chloro- 
hydrin was utilized to determine the ETO concen- 
tration (1). The reagent was prepared by dissolv- 
ing 810 Gm. of C~CIS.HZO and 95 ml. of concen- 
trated HC1 in 1400 ml. of water. Although several 
gas sampling techniques provided adequate ac- 
curacy, it was most convenient to bubble the gas 


Received May 27, 1963, from the Kendall Co., Barringtou. 
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slowly through gas washing bottles equipped with 
fritted glass cylinders and filled halfway with 150 
ml. of reagent. Two wash bottles in series were used. 
At bubbling rates of 150-200 ml./minute and ETO 
concentrations of 10% or below, practically all ETO 
was absorbed in the first bottle. The gas flow rate 
was measured by a rotameter in series with the 
washing bottles. The amount of ETO absorbed 
was determined by titration of the excess acid with 
NaOH. 


Infrared gas analysis is especially suitable for 
quick continuous determination of ETO and has 
been successfully used also by other workers (2). A 
known mixture of ETO and Nt was used for calibra- 
tion of the instrument. Such mixtures should be 
prepared carefully to assure their homogeneity. If 
any ETO is condensed in the calibration gas con- 
tainer, the discharge concentration will vary and 
might result in erroneous calibration of the instru- 
ment. For this reason, other more difficultly con- 
densible gas mixtures (a-butane in Nz) can be used 
more conveniently for checking the analyzer once it 
has been calibrated with ETO. 
ETO Changes in the Laboratory Sterilizer.-The 


change of ETO concentration in an 80-L. laboratory 
sterilizer manufactured by American Sterilizer Co. 


i t  


_... 
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was investigated under various conditions. A mix- 
ture of 10% ETO and 90% COZ was used for these 
experiments. Figure 1 shows the setup used for 
these tests. Liquid ETO is introduced through the 
addition port into evacuated sterilizer, and the 
proper amount of COI is allowed to  enter the steri- 
lizer from the expansion tank. The rotameter and 
wash bottles are connected to  the sterilizer for the 
assay of ETO concentration in the manner described 
above. 


Figure 2 shows the change of ETO content in the 
sterilizer without a load at two different tempera- 
tures and two different water surface areas available 
for gas absorption. Water was introduced by plac- 
ing pans of 10 to  70 sq. in. surface area into the 
sterilizer. The quantity of water was 1 L. in both 
cases. 


The linearity of the curves suggests that the rate 
of ETO sorption is independent of ETO concentra- 
tion in the gaseous phase and that the diffusion of 
ETO in water might be the rate-controlling step. 
The difference between curves A and B, however, 
cannot be attributed t o  the effect of temperature on 
ETO diffusivity in water. Increase of temperature 
might cause eddy diffusion in water and possibly 
some condensation of water on the cooler sterilizer 
surfaces, rendering the analysis of data difficult. 


The sorption of ETO was sharply increased when a 
load of 8 lb. of cotton was placed in the sterilizer 
(Fig. 3). If the load is wetted with 100 ml. water, 
the ETO removal from the gas is further accelerated, 


TIME IN WUfG 


Fig. 2.-ETO removal in an empty laboratory 
sterilizer a t  different temperatures and available 
water surfaces for gas absorption. Key: (A) 
80"F., 10 sq.  in.; (B)  140°F., 10 sq. in.; (C) S O O F . ,  
70 sq. in.; (D)  14O0F., i 0  sq. in. Total pressure 30 
p.s.i.g. 


? 


a c 


0 0.5 1.0 15 2.0 25 
TIME IN HOURS 


Fig. 4.-Change of ETO concentration in a lab- 
oratory sterilizer during a simulated sterilization 
cycle. 


w TIME IN HOURS 
Fig. 5.-Typical ETO concentration change in a 


production sterilizer. 


as evident from the differences between curves A 
and B. 


The change of ETO concentration during a simu- 
lated sterilization cycle of a product containing 
cellulosic and plastic materials is shown in Fig. 4. 
Steam was introduced to preheat and humidify the 
load. Formation of fine condensate droplets in- 
creased the rate of ETO sorption and the amount 
of the gas absorbed by  the load. 


ETO Change in the Production Sterilizer.- 
Sterilizing gas can be introduced into the sterilizer 
either directly from a compressed gas cylinder or 
through auxiliary equipment designed to heat the 
gas. The ETO concentration change was followed 
in a 200-cu. ft. sterilizer by continuous infrared 
analysis as shown in a typical curve (Fig. 5) .  In this 
case, the gas was allowed to warm up in a jacketed 
expansion tank before introduction into the steri- 
lizer. The sorption of ETO by the load of cellulosic 
and plastic material was faster than in the labora- 


TABLE I.-CHANGE OF ETO CONCENTRATION IN 
STERILIZATION OF VARIOUS PRODUCTS 


Av. ETO Concm- Difference 
VOl. % Retween 


First Nominal 
Rending 10% Con- 


at the At the centration 
Start of End of and Last 


Product Cycle Cycle Reading 
Porous, fine cotton 7.6 6 .1  3 .9  
Mixture of 1 and 3 7.9 6 . 3  3 .7  
Cotton gauge goods 8 . 1  7.0 3 . 0  
Plastic and cellulosic 


materials 8.3 7.2 2.8 
Heavy cotton goods 9.4 8.8 1.2 
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WAVELENGTH IN MICRONS 


Fig. 6.-Infrared absorption of polyethylene glycol. 


tory sterilizer. The first reading was invariably be- 
low the initial nominal 10% ETO concentration. 
The sudden increase in concentration at the ends of 
the cycles occurs during discharge, when the pres- 
sure drops from 30 p.s.i.g. to  atmospheric, and some 
ETO is released by the load. Such a release was 
also observed by El Khishen in the fumigation of 
grain (4). 


The ETO consumotion varied with different 
products as summarized in Table I. ETO consump- 
tion appears to  be related to the surface area of the 
product rather than the weight. The products 
which exhibited the highest rate of sorption initially, 
as shown by the decrease of ETO concentration from 
the initial 10% to  the value given by the first reading 
(second column Table I), also consumed more ETO 
during the sterilization. 


Polymerization Products of ET0.-ETO poly- 
merization products, an oily viscous fluid of dark 
brown, are found in the expansion tank where 
the ETO-COs mixture is stored a t  about 140' F. 
The residue was analyzed by the infrared method, 
and the spectra are similar to  that of polyethylene 
glycol (Figs. 6 and 7). The additional bands at 5.5, 
5.7. and 14 p could be attributed to ethylene car- 
bonates. The results agree with other reports (5,6). 


Summary and Discussion.-The rate of ETO 
sorption is rapid at the start of a sterilization cycle 
and decreases after 30 minutes to 1 hour. An in- 
crease of moisture content increases the rate of sorp- 
tion as well as the amount of ETO removed from the 
gas by the product. The absorbed gas does not 
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WAVELENGTH IN MICRONS 


Fig. 7.-Infrared absorption of ethylene oxide poly- 
merization products. 


remain in the load, but a part is released when the 
pressure in the steriliiw decreases. 


If the sterilization takes place Via diffusion of ETO 
in the aqueous phase t o  bacteria as suggested by 
Mayr (3), then the rate of ETO absorption, most of 
which is probably dissolved by water in the load, 
and the amount of ETO removed from the gaseous 
phase, become a measure of the process efficiency. 
The removal is facilitated by forced diffusion and 
increased moisture content. Too much moisture, 
however, might cause a nonuniform distribution of 
ETO in the aqueous solution throughout the load, 
since a portion of ETO might be removed by the 
condensate on the outside of packages before the gas 
actually reaches the sterilization site. The impor- 
tance of relative humidity in the vicinity of the spores 
and the danger of stripping the gas of ETO before 
the spores are. reached has also been emphasized by 
Opfell and co-workers (7). An excessive amount of 
moisture would also decrease the ETO concentra- 
tion in the aqueous phase, and thicker water film 
would hinder the dfiusion of the sterilizing agent. 
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Synthesis of 3-Alkylsydnone-4-carboxylic Acids 
By LEMONT B. KIER*, DEVINDRA DHAWAN, and MELVIN J. FREGLY 


The synthesis of the first of the alkylsydnone 
catboxylic acids is reported. A brief review 
of the effects of 3-iso~ro~~ls~dnone-4-car- 
h v ' i c  acid 00 urinary o ~ ~ u t  and blood 


pressure is included. 


a number of 3-alkylsydnones (1,2) and 3,4dialkyl- 
sydnones (3) in an effort t o  determine the effect of 
ring substituents 011 physical parameters and bio- 
logical action. A significant influence on partition 
coefficient and convulsive activity by the 3-alkyl 
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Physical Factors Affecting the Subcoating of 
Compressed Tablets I 


Instrumentation 


By V. N. BHATIA and A. L. BETTS 


The objective of this study is to measure the effect of the many physical factors in- 
volved in subcoating; this paper deals with a description of an instrument designed 
for the study. The relative smoothness (or the relative absence of roughness) is 
being used as the index for evaluation of the subcoating. This has necessitated the 
development of an instrumem which makes possible the quantification of roughness. 
The “tablet roughness recorder” is a specially designed distance transducer for re- 
cording an enlarged profile of a small part of the surfaces of a series of tablets. The 
area enclosed by these protiles or curves can be measured; thus, comparisons can be 
made between different batches of tablets. This establishes the relative significance 
of the physical factors. Their exact quantitative influence can then be individually 


studied. 


N RECENT YEARS there has been considerable I interest in the development of new methods 
and equipment for tablet coating (1-i). How- 
ever, the process of tablet coating in conven- 
tional pans has undergone very little change, 
particularly along the lines of better controlled 
and instrumented equipment and procedures. 
An important reason for this lack of improvement 
and change in the basic operations of pan coat- 
ing might stem from the absence of fundamental 
studies aimed a t  elucidating the physical phenom- 
ena that  affect the process. Several years ago 
Koren and Benton (8) showed that  i t  was pos- 
sible to  standardize the method of coating. 
However, extensive standardization, moderniza- 
tion of equipment, and eventually automation 
could best be achieved if they were based on 
quantitative fundamental studies. 


This study is designed t o  evaluate quantita- 
tively the physical factors that  affect the sub- 
coating process. Subcoating has been selected 
as the first operation to be studicd. Not only 
does it have more variables than the other steps 
in the coating process, but also it is the first 
major step in the entire coating operation- 
hence, i t  greatly allects the quality of the other 
steps. 


EVALUATION OF THE SUBCOATING 


The uniformity of deposition of the subcoating 
materials on the tablet appeared to be the most 
-. ~ 
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likely criterion for the evaluation of the efficiency of 
subcoating. The uniformity of the deposition 
would be related to the relative roughness of the 
subcoated tablet surface. 


The evaluation of the relative roughness, however, 
is a more complex problem. I t  has necessitated the 
development of a special instrument and technique 
for recording and evaluating the roughness of the 
tablet surface. 


The instrument (hereafter referred to as the 
roughness recorder) records a nine times magnified 
equitorval profile of a portion (4.2 f 0.2 mm.) of the 
top central surface of a tablet. The area enclosed 
by the profile or the curve and a chosen base line is 
measured and serves as the index of roughness of the 
tablet surface. Comparison of the average indices of 
batches of tablets coated under varying physical 
conditions provides a quantitative method for the 
evaluation of the factors affecting the coating. 


ROUGHNESS RECORDER 


The roughness recorder consists of the following 
three main parts. 


Signal Source (S in Fig. I).-It yields a constant 
output  of 3 v. at loo0 c.p s. 


Roughness Detector ( R  in Fig. I).-The track 
( T )  (shown in Figs. 1 and 2) is so arranged that a 
row of tablets up to ’/16 of an in. can be placed to a 
cardboard or metal strip (14 by 11 / ,  in,). The 
strip can be moved with motor M at a constant 
speed of 3 mm. per minute. 


U S 


R 


M 


T 
Fig. 1.-The roughness recorder 


1104 







1105 Vol. 53, No. 9, September 1964 


2 


~~ ~ 


Fig. 2.-The track. 


Fig. 3.-The detector. 


The mechanical portion of the detector is shown 
in Figs. 3 and 4. It consists of the probe A which 
protrudes down over track T through the hinged 
guide G. The probe moves in a vertical plane as it  
encounters the roughness or convolutions on a tablet 
surface. The movements of this probe are me- 
chanically magnified by lever C and transferred to a 
second probe B; this in turn moves between two coils 
arranged in a balancing bridge housed in assembly D. 


Assembly D can be raised or lowered to the proper 
setting on post E. Lever C can also be raised and 
lowered to calibrate the span setting on recorder by 
turningcam F. 


The electrical circuitry of the detector is shown in 
Fig. 5. The balancing bridge is driven by the input 
from the signal sources and feeds into a bridge detec- 
tor which in turn feeds into a recorder. The move- 


I 


1- -- 
' A-2 0-IK 


ments of the second probe cause variations in the 
inductance of the coils, resulting in proportional 
change in the output voltage of the bridge. This is 
recorded as the tablet profile. 


In operation, the bridge is balanced by first switch- 
ing the input to  the bridge comer at point X and 
adjusting R-l and R-2 to  a zero setting, the point at 
which a minimum tone is heard through the headset. 
The input is then switched to position Y and R-3 
and L-l are similarly adjusted. Finally, the input is 
switched back to position X. It may be necessary 
also to readjust the height of assembly D on post E 
from time to time to check its zero setting. This 
adjustment should, of course, be carried out prior to 
the adjustment of R-1. R-2, R-3, and L-1. 


Thus, when the instrument is adjusted, there is no 
current 0owing through the bridge. Now any 
movement of probe B will result in the increase of 
the inductance of one of the coils wound around the 
probe and a decrease in the inductance in the other, 
producing a voltage across the output terminals. 
The output voltage is fed to the rectifying bridge 
which has the effect of removing loo0 C.P.S. and leav- 
ing the modulation envelope to be fed to the recorder. 
The modulation envelope then is determined by the 
roughness of the surface under the probe A. 
The Recorder (U in Pip. l).-The recorder used 


in the instrument is the Beckman potentiometric 
strip-chart recorder. This recorder has an adjust- 
able span which must be calibrated prior to the opera- 
tion. This is done using cam F. Lever C in the 
detector is raised as high as possible with the cam 
and held in that position while the recorder pen is 
brought to a predetermined position in the top part 
of the span. The cam is then turned to allow the 
lever to return to  its lowest position. at which point 
the zero setting of the instrument is fixed. 


n 
Fig. 4.-Mechan- 


ical portion of de- 
tector. 


Fig. 5.-Electrical cir- 
cuit of detector. 
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Operation 
The following steps are involved in using the 


instrument: 


A tablet strip is prepared by affixing 25 tablets from a 
batch on a 14 by li/~-in. thin piece of cardboard. 
A drop of glue is put on each of the tablets; they 
are placed in a straight line along the center of the 
cardboard strip. 


The tablet strip is placed on the track and connected 
to the motor which pulls it along the track. 


The power supply to the signal source and the re. 
corder are turned on and the instrument allowed 
to “warm up” for 10 minutes. 


The zero and span settings of the recorder are set, 
and the detector is zero balanced. 


The track motor and the recorder are started and 
the profile of the tablets recorded. 


The operations are repeated with additional tablet 
strips until recordings of the desired number of 
tablets have been obtained. The roughness index 
of the batch can then be calculated. 


Reproducibility of Recordings 
Repeated runs made with the same tablet strip of 


subcoated a/&. deep concave tablets gave identical 
results. The detector portion of the instrument was 
so balanced that total weight on the tablet a t  the 
point where it was contacted by probe A was less 
than 4 Gm. This was insufficient to scratch or 
damage a tablet surface of normal hardness. Thus, 
not only are the records true representations of the 
surface roughness, but also repeat runs on the same 
tablet strip may be obtained if necessary. 


Analysis showed that there was no significant dif- 
ference between the data on roughness index obtained 
from several different 100-tablet samples of the same 
batch of tablets. However, the data on roughness 
index for batches of tablets coated under different 
conditions have been different, even when their sur- 
face roughness could not be differentiated by visual 
observation. 


Interpretation of Data 
Figure 6 shows a typical recording obtained from a 


subcoated tablet and the method used in reading the 
recorded curve. It will be noted that in the central 
part of the curve the recordings tend to be somewhat 
more linear than the normal convexity of the tablet 
surface because of the mechanical effect of the 
hinged guide (G in Fig. 4). A similar recording ob- 
tained from a polished metal disk having the same 
general shape and size as the subcoated tablets 
showed a smooth profile. 


In order to read the curve it was iirst bisected by 
the line A B. Lines CD and EF were drawn parallel 
to A B  and 1.5 cm. from it. Lines CD and EF were 
connected by line GH, which was so located that it  
touched the lowest point of the curve between CD 
and EF (point X). Line G H  was drawn at a right 
angle to lines CD and EF. The area enclosed by the 
recorded curve and lines CD, EF, and GH (shaded 
area) was then measured with a planimeter. This 
procedure standardizes the area measurement by 
having it apply to the same portion of the recorded 
ciirve for each tablet. The average area for 100 tab- 
lets of a batch is designated as the “roughness index” 
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L L  
Fig. 6.-Method for reading the area. 


for the batch. The index would be zero for a com- 
pletely smooth surface and increase in value as the 
roughness increases. It can be used for comparing 
the degree of roughness of different batches. 


The method used for reading the curve was chosen 
for two reasons: (a) the same middle portion of a 
curve may be read for each tablet, and (b) a small 
area of the recording may be measured because it is 
assumed that each tablet is uniformly coated up to 
the thickness represented by point X, and the rough- 
ness occurs above this point. This is obvious be- 
cause point X represents the deepest depression on 
the subcoated tablet surface. 


Another Application of the Roughness Recorder 
The roughness recorder should prove useful as a 


control instrument for checking the roughness of 
coated tablets. The Beckman potentiometric re- 
corder used in this instrument can be equipped with 
an external circuit controller. With this accessory, 
consisting of two (upper and lower limit) external 
circuit switches, the instrument becomes a monitor 
which automatically activates a warning or com- 
pensating system when the pen records surface 
roughness beyond predetermined limits. Each con- 
troller operates an independent microswitch that 
can be used to activate separate external circuits 
when the pen crosses a preselected point in its travel. 
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Ultraviolet Absorption of trans-3-Halo-2-decalones 
By 0. KRISTIANSEN, E. E SMISSMAN, and E. M. KOSOWER. 


HE AVAILABILITY of some trans-3-halo-2-decal- T ones from other research (1) allowed an examina- 
tion of the solvent effect on the n + r*-transition. 
The results of the investigation of the ultraviolet 
spectra of these ketones in a series of solvents chosen 
for their range of 2-values (2) are reported in Table I. 


The pattern of results for the 3-halo-2-decalones 
resembles that previously summarized for the con- 
formationally fixed cyclohexanones (3). The change 
in n -c **-transition energy on substitution is fairly 
similar in both series as shown by the A-values listed 
in Table 11. 


As noted before (3), the solvent sensitivities of the 
n -* T* transitions of the halo ketones is consider- 
ably lower than that for the unsubstituted ketones. 
It is imperative, then, that derived quantities (like 
A) for which some attempt a t  theoretical interpreta- 
tion is made be recorded in the same nonpolar sol- 
Vent. 


TABLE 11.- A - V A L ~ S  


A (Kcal./ cyclo- 
mole)" hexanones". 


-5.42 -4.7 


+0.58 +1.89 


(axial) -7.02 -7.4 


0 Represents the difference in the n 7 T* transition energy 
of the derivative and the parent ketone in a nonpolar solvent. 
b Reference 3. 


TABLE 1.- ULTRAVIOLET SPECTRA OF KETONES~ 


2845 (19) 2825 (22) 2783 
99.10 100.49 101.20 102.73 


2885 (18) 


3062 (41) 3038 (44) 3026 (37) . . .  
93.68 94.11 94.48 


2878 (23) 2&16 (24) 
99.34 100.46 


(20) 
99.68 


3105 (104) 3103 (102) 3038 (102) 
92.08 92.14 92.73 


2868 (28) 
99.69 


2865 (30) 
100.14 


2838 (31) 
100.74 


. . .  


... 


... 


Transition energies are given in KcPl./mole immediately below the figure for A,-.. 2-vdue (Reference 2). 
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Notes-, 


Polarographic Analysis of Some Sulfonic Acids 
By EDWARD E. SMISSMAN and CHARLES F. BARFKNECHT 


Sulfonic acids gave fine olarographic waves. U y l  sulfonic acids have a half-wave 
potential of - 1.6 v., wi i le  the half-wave otential of aromatic sulfonic acids can 


vary with sugstituents. 


URING THE investigation of the antimicrobial D factor in the giant milkweed bug, N-methyl- 
taurine (I)  was isolated and identified (1). The 
authors concluded that since the spot test for sul- 
fonic acids involves the reduction to  sulfite (2 ) ,  the 
polarographic reduction should also occur. 


CHsNCHtCH2SOaH 


I 
H 


Using a rapid-dropping mercury electrode, N- 
methyltaurine gave a fine wave and a half-wave po- 
tential of -1.6 v. Camphor-10-sulfonic acid and 
methane sulfonic acid also gave the same half-wave 
potential. These values neglect internal resistance 
within the cell. 


Polarographic reductions of sulfonic acids have 
not been reported previously, although the reduction 
of sulfonic esters, amides, and acid chlorides have 
been observed (3). Zuman reported a correlation 
of half-wave potentials and Hammett sigma values 
for a large number of aromatic sulfonic acid deriva- 
tives. Some correlation appears to exist for 
aromatic sulfonic acids (Table I). Benzene sulfonic 
acid and p-toluenesulfonic acids exhibit half-wave 
potentials a t  - 1.6 v., p-acetamidobenzene sulfonic 
acid, somewhat more negative, and p-nitrobenzene- 
sulfonic acid exhibited a half-wave potential at  - 1.5 
v. Irregular behavior was observed in polarograms 
of ortho-, meta-. and para-aminobenzenesulfonic 
acids. These three compounds all exhibited half- 
wave potentials of -1.6 v. Zuman (3) had re- 
ported that groups capable of mesomeric effects (e.g., 
p-hydroxy, p-amino) generally did not fit his plots 
of half-wave potentials uersus Hammett sigma values. 
He did not attempt to explain this observation. 
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TABLE I.- HALF-WAVE POTENTIALS OF SULFONIC 
ACIDS 


Half-wave 
Compd. Potential. v. 


N-Methyltaurine -1 .6  
Camphor-10-sulfonic acid -1 .6  
Benzenesulfonic acid -1.6 
pToluenesulfonic acid -1.6 
p-Nitrobenzenesulfonic acid -1.5 
p-Acetamidobenzenesulfonic acid > - 1 . 6  
p-Aminobenzenesulfonic acid -1.6 
m-Aminobenzenesulfonic acid -1.6 
o-Aminobenzenesulfonic acid -1.6 


If the amino group existed as the ammoniuni 
cation in the aromatic sulfonic acids, the half-wave 
potential should have been less negative, since the 
cation would withdraw electrons from the ring and 
in turn make the sulfur more positive. If the amino 
group were present in the free form, the para and 
the ortho isomers could have participated in reso- 
nance stabilization involving the sulfur which should 
have made the half-wave potential more negative. 
Since neither of these possibilities appeared to occur, 
it might be attractive to postulate the removal 
of the amino group prior to reduction of the sulfonic 
acid to account for the identical half-wave po- 
tentials. 


EXPERIMENTAL 


To 1 ml. of loMa M sulfonic acid solution was 
added 9 ml. of 10-1 M tetramethylammonium iodide 
solution. In those cases where 10-8 M solutions 
could not be formed, a saturated solution was  em- 
ployed. 


The solution was deoxygenated using nitrogen gas 
and the polarograms run within 30 minutes of mix- 
ing. A Metrohm polarograph equipped with a 
rapid-dropping mercury electrode was used Versus 
an Ag, AgCI, anode. 
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WAVELENGTH IN MICRONS 


Fig. 6.-Infrared absorption of polyethylene glycol. 


tory sterilizer. The first reading was invariably be- 
low the initial nominal 10% ETO concentration. 
The sudden increase in concentration at the ends of 
the cycles occurs during discharge, when the pres- 
sure drops from 30 p.s.i.g. to  atmospheric, and some 
ETO is released by the load. Such a release was 
also observed by El Khishen in the fumigation of 
grain (4). 


The ETO consumotion varied with different 
products as summarized in Table I. ETO consump- 
tion appears to  be related to the surface area of the 
product rather than the weight. The products 
which exhibited the highest rate of sorption initially, 
as shown by the decrease of ETO concentration from 
the initial 10% to  the value given by the first reading 
(second column Table I), also consumed more ETO 
during the sterilization. 


Polymerization Products of ET0.-ETO poly- 
merization products, an oily viscous fluid of dark 
brown, are found in the expansion tank where 
the ETO-COs mixture is stored a t  about 140' F. 
The residue was analyzed by the infrared method, 
and the spectra are similar to  that of polyethylene 
glycol (Figs. 6 and 7). The additional bands at 5.5, 
5.7. and 14 p could be attributed to ethylene car- 
bonates. The results agree with other reports (5,6). 


Summary and Discussion.-The rate of ETO 
sorption is rapid at the start of a sterilization cycle 
and decreases after 30 minutes to 1 hour. An in- 
crease of moisture content increases the rate of sorp- 
tion as well as the amount of ETO removed from the 
gas by the product. The absorbed gas does not 


#I . ' . . . ' ' * . . ' J 
2 3 4 5 6 7 8 9 1 0 1 1 P U 1 4 1 5  


WAVELENGTH IN MICRONS 


Fig. 7.-Infrared absorption of ethylene oxide poly- 
merization products. 


remain in the load, but a part is released when the 
pressure in the steriliiw decreases. 


If the sterilization takes place Via diffusion of ETO 
in the aqueous phase t o  bacteria as suggested by 
Mayr (3), then the rate of ETO absorption, most of 
which is probably dissolved by water in the load, 
and the amount of ETO removed from the gaseous 
phase, become a measure of the process efficiency. 
The removal is facilitated by forced diffusion and 
increased moisture content. Too much moisture, 
however, might cause a nonuniform distribution of 
ETO in the aqueous solution throughout the load, 
since a portion of ETO might be removed by the 
condensate on the outside of packages before the gas 
actually reaches the sterilization site. The impor- 
tance of relative humidity in the vicinity of the spores 
and the danger of stripping the gas of ETO before 
the spores are. reached has also been emphasized by 
Opfell and co-workers (7). An excessive amount of 
moisture would also decrease the ETO concentra- 
tion in the aqueous phase, and thicker water film 
would hinder the dfiusion of the sterilizing agent. 
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Notes 


Synthesis of 3-Alkylsydnone-4-carboxylic Acids 
By LEMONT B. KIER*, DEVINDRA DHAWAN, and MELVIN J. FREGLY 


The synthesis of the first of the alkylsydnone 
catboxylic acids is reported. A brief review 
of the effects of 3-iso~ro~~ls~dnone-4-car- 
h v ' i c  acid 00 urinary o ~ ~ u t  and blood 


pressure is included. 


a number of 3-alkylsydnones (1,2) and 3,4dialkyl- 
sydnones (3) in an effort t o  determine the effect of 
ring substituents 011 physical parameters and bio- 
logical action. A significant influence on partition 
coefficient and convulsive activity by the 3-alkyl 


Rcccived June 27, 1963, from the Department of Pharma- 
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readily apparent pattern in the mmp&ndc studied, 
Florida, Gaincsville. 


University, Columbus. 


In  an effort to learn more about the influence of 


studying the effect on biological activity produced 
J-: of Phprmocy, State ring substitution, we have begun a program of 
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by introducing ring substituents other than short 
alkyl groups. This communication deals with the 
preparation and preliminary pharmacological study 
of two 3-alkylsydnone-4-carboxylic acids. A more 
detailed pharmacological evaluation and comparison 
with other sydnones is being published elsewhere (4). 


Early attempts to prepare sydnone-4-carboxylic 
acids (J) included the oxidation of 3-phenyl-4- 
methylsydnone ( 5), the reaction of potassium 
cyanide with 3-phenyl-4bromosydnone (6), and the 
reaction of carbon dioxide with the Grignard com- 
pound derived from 3-phenyl-4-bromosydnone (7). 
Kato and Ohta (8) successfully prepared the first 
sydnone-4-carboxylic acid-namely, 3-phenyl- 
sydnone-4 carboxylic acid. In their procedure they 
obtained the lithium compound by treating 3- 
phenyl-4-bromosydnone with n-butyl lithium. Sub- 
sequent treatment with carbon dioxide gave the acid. 


We have modified this procedure slightly and 
have obtained the first reported 3-alkylsydnone-4- 
carboxylic acids-namely, the 3-isopropyl and the 
3-sec-butyl acids. The two 4-bromosydnones were 
prepared by direct bromination of an acetic acid 
solution of the 3-alkylsydnones. The two bromo- 
sydnones were crystalline and stable compounds. 
Commercial n-butyl lithium in hexane was used to 
form the lithium compounds which were then car- 
bonated in situ with dry ice. Both sydnone acids 
were crystalline and easily purified. 
3-Isopropylsydnone-4-carboxylic acid as the 


sodium salt was studied along with other sydnones 
for their effects. A more detailed treatment of these 
findings will be published later (4). The 3-isopropyl- 
sydnone-4carboxylic acid had only a moderate effect 
in raising urinary output and excretion rates of 
sodium, potassium, and chloride. Theeffect was 
less than for the alkyl and dialkylsydnones 
studied. There was no effect on the blood pressure 
of hypertensive rats compared with a moderate 
activity for the other sydnones tested. The acid 
was much less toxic than the other sydnones and 
produced none of the convulsions previously re- 
ported (1). 


EXPERIMENTAL1 


3-Isopropyl4bromosydnone.-A solution was 
prepared containing 5 Gm. of 3-isopropylsydnone 
(2) and 5 Gm. of fused sodium acetate in 40 ml. of 
glacial acetic acid. A 5-Gm. quantity of bromine 
was added to this with stirring and cooling. After 
10 minutes, the solution was diluted with 400 ml. of 
water and extracted with ether. The ether solution 


1 AU melting points are corrected. Analyses were per- 
formed hy Galbraith Laboratories, Knoxville, Tenn. 


R- ]Yo + I  8 


h-0 
(1) 


was washed with sodium bicarbonate solution until 
neutral, then dried. The residue from the ether was 
crystallized from ethanol, m.p. 80 to 81.5', yield 


Anal.-Calcd. for C6H7BrN:0s: C, 28.98; H, 
3.38; Br.38.64; N, 13.52. Found: C, 29.00; H, 
3.65; Br, 38.60; N, 13.48. 


3-Isopropylsydnone4carboxylic Acid.-A solu- 
tion of 10 ml. of n-butyl lithium (16% in hexane) 
was added dropwise to  a suspension of 2 Gm. of 3- 
isopropyl-4-bromosydnone in 10 ml. of dry ether a t  
-50' with stirring. After 30 minutes, the reaction 
mixture was poured over 5 Gm. of powdered dry 
ice. After all of the dry ice had sublimed, the 
solution was shaken with water. The aqueous 
phase was washed with ether and then acidified. 
The precipitate was filtered and crystallized from 
ethanol, m.p. 143-144'. yield 60%. 


Anal.-Calcd. for C&NrO,: C, 41.86; H, 4.68; 
N, 16.28. Found:C, 42.01; H,  4.81; N, 16.26. 
3-sec-Butyl4bromosydnone.-This compound 


was prepared as previously described. The material 
was crystallized from ethanol, m.p. 61 to 62.5', 
yield 80%. 


And-Calcd. for CeH*BrN:Oz: C, 32.58; H, 
4.07; Br, 36.19; N, 12.67. Found: C, 32.74; 
H, 4.16; Br, 35.98; N, 12.80. 


3-sec-Butyl-4-carboxylic Acid.-This compound 
was prepared as previously described. The mate- 
rial was crystallized from ethanol, m.p. 88-89", 
yield 579r,. 


Anal.-Calcd. for C,HloN:O~: C, 45.16; H, 5.67; 
N, 15.05. Found: C, 45.33; H, 6.04; N, 15.32. 


70%. 
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which included outstanding scientists such as Sir 
Julian Huxley, J. B. S. Haldane, and Carleton 
Coon. The controversial, provocative, and un- 
inhibited deliberations reported present a review of 
current thinking among research workers. 


media, diagnostic materials and methods, and special 
fungi stains. 


Physical and Technical Pharmacy. Edited by 
H. M. BURLAGE, C. 0. LEE, and L. W. RISING. 
The Blakiston Div., McGraw-Hill Book Co., Inc., 
,330 West 42nd St., New York 36, N. Y., 1963. 
ix + 740 pp. 15 X 23 cm. Price $16. 
Organized to meet the need for a student text to 


correlate principles of mathema tics, physics, and 
chemistry with pharmaceutical procedures, meth- 
ods, and technology, this volume presents materials 
on mathematics, and pharmaceutical calculations, 
the physicochemical sciences as they apply to 
pharmaceutical technology, stability of drugs and 
pharmaceutical systems with particular reference to 
storage conditions, and adjuncts of importance in 
the formulation of satisfactory products. Ten 
pharmaceutical scientist contributors to  the volume 
have assisted the editors in presenting a volume 
which will be a significant contribution to  pharma- 
ceutical education. 


Hallucinogenic Drugs and Their Psychotherapeutic 
Use. Edited by R. CROCKET, R. A. SANDISON 
and A. WALK. Charles C Thomas, Springfield, 
Ill., 1963. xiii + 191 pp. 15.5 X 25 cm. Price 
$7.50. 
The proceedings of the quarterly meeting of the 


Royal Medico-Psychological Association held in 
February 1961 are presented. The papers are 
grouped under six topics: the historical and psycho- 
pharmacological background, hallucinogenic agents 
and their general application, techniques and 
methodology, the use of hallucinogens in specific 
conditions, clinical observations and phenomeno- 
logical interpretation, and the moral, religious. and 
social significance of experience under hallucinogenic 
drugs. The purpose of the conference was to bring 
investigators from fields other than the clinical 
and psychotherapeutic areas to discuss the psychic 
changes accompanying the administration of the 
hallucinogens; the editors have created a stimulating 
and valuable volume. 


A n  Introduction to Clay Colloid Chemistry. 


A brief glossary is also included. 


By H. 
VAN OLPHEN. Interscience Publishers, Div. of 
John Wiley & Sons, 605 Third Ave., New York 
16, N. Y ,  1963. xvi + 301 pp. 15.5 X 23 
cm. Price $10. 
Modern concepts in colloid and surface chemistry 


are discussed as they apply to clay systems. The 
book stresses the effect of changes in fluid com- 
position on the forces acting between suspended clay 
particles, and the consequences of such changes on 
the bulk physical and mechanical properties of the 
suspensions which are important in clay technology. 
The treatment in the text is elementary which will 
limit its usefulness to workers active in clay tech- 
llology but will provide a workable background 
knowledge for persons less knowledgeable in the 
field. 


Man and His Future. Edited by G. WOLSTBN- 
HOLME. Little, Brown and Co., Boston, Mass., 
1963. vi + 410 pp. 13 X 20.5 cm. Price 
$6. 
The biological, environmental, and social aspects 


of inan and his future were treated in a symposium 


The Pathogenesis of Leprosy. Edited by G. E. W. 
WOLSTENHOLME and M. O'CONNOR. Little, 
Brown and Co., Boston, Mass., 1963. ix + 
101 pp. 12 X 18.5 cm. Price $2.95. 
Another booklet in the Ciba Foundation Study 


Group series, this volume serves to focus attention 
on the progress and problems of research on leprosy. 
Papers presented were devoted to  experimental 
observations related to the histopathology of 
leprosy, cytopathology of the Virchow cell of human 
leprosy, applicability of experimental murine 
leprosy to  the study of human leprosy, experi- 
mental studies on human leprosy, and leprosy 
bacilli in mouse foot-pads. 


Chemistry: A Survey of Principles. By G. W. 
Ewmc, and E. G. MEYER. John Wiley & Sons, 
Inc., 605 Third Ave., New York 16, N. Y., 1963. 
ix + 239 pp. 15 X 23 cm. Price $4.95. 
A student textbook for a one-semester course in 


chemistry for non-chemistry major students is 
presented which balances basic theory with de- 
scriptive materials on such topics as biochemistry, 
organic reaction mechanisms, thermodynamics, 
chemical equilibrium and reaction rates, and metal- 
organic and metal-inorganic complexes. Labora- 
tory experiments are integrated and require the 
student to work with modern laboratory instru- 
ments such as the pH meter, photoelectric colorim- 
eter, and nuclear counting equipment. Many of 
the experiments are quantitative in nature and de- 
velop some concepts not covered in the text. 


Medicinal Chemistry. Vol. VI. Edited by E. E. 
CAMPAIGNE and W. H. HARTUNG. John Wiley 
& Sons, Inc., 605 Third Ave., New York 16, N. Y., 
1963. x + 356 pp. 15 X 23 cm. Price $10. 
Volume six of this monograph series covers non- 


barbiturate hypnotics, spinal cord depressant drugs 
derived from polyhydroxy alcohols, and X-ray 
contrast media. Much of the data is presented 
in tabular form as was in the case in prior volumes. 
The style and format of the earlier volumes as well 
as the objective to include references to all the com- 
pounds which have been tested for a particular type 
of pharmacological activity in a given chapter have 
been retained. Numerous references are included 
for each chapter and a general index is provided. 


Advances in  Organic Chemistry: Methods and 
Results. Vol. 4. Edited by R. A. RAPHAEL, E. C. 
TAYLOR, and H. WYNBERG. Interscience Pub- 
lishers, 605 Third Ave., New York 16, N. Y., 
1963. vii + 361 pp. 15 X 23 cm. Price $14.50. 
This fourth volume in a series created to  meet the 


need for critical appraisal and evaluation of useful 
new methods and ideas generated in the rapid 
evolution of organic chemistry treats enamines, 
synthetic methods in the carotenoid and vitamin A 
fields, and the coupling of acetylenic compounds. 
Author and subject indexes are included as well as 
a cumulative index for volumes 1-4 in the series. 
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Review Article- 


Theory of Coarse Suspension Formulation 
By EVERETT N. HIESTAND 


INTRODUCTION vent fearing) powders present no difficulty. 


COMPLETE REVIEW of the theory of the A physical stability of suspensions would in- 
clude a survey of a large part of colloid science. 
However, by limiting the discussion to a descrip- 
tive treatment of coarse (particles larger than 
0.1-p diameter) suspensions,' a reasonably com- 
prehensive outline of the basic concepts may be 
considered in this brief review. 


The primary objective is to present informa- 
tion useful to the formulator. Current theories 
of suspension stability will be examined and the 
experimental evidence considered. Shelf-life' 
stability usually requires the use of flocculated 
particles when suspensions are formulated; there- 
fore, most of this discussion will describe floccu- 
lated suspensions. The objective in most dis- 
cussions of dispersions is to produce the stable 
(peptized) condition; hence, textbooks of colloid 
chemistry provide a much more thorough treat- 
ment of the deflocculated state. 


FUNDAMENTALS 


Wetting 


The introduction of the particle into the vehicle 
is a critical step in the preparation of an elegant 
suspension. Usually, slightly lyophobic3 (sol- 


Received from The U john Co. Kalamazoo Mich. 
Part of this motcriafwas p r e k t e d  orall; at the Third 


Annual National Industrial Pharmaceutical Research Confer- 
ence, June 4-7. 1961, and put at the St.  John's University 
Pharmacy Congress. April 18, 1963. 


1 Throughout this review, suspension shall r c f u  to use of 
particles >0.1 and dispersion to particles <0.1 # diameter. 


* Only the ptysical stability aspects are considered in this 
paper. 


1 Lyophilic particles are those that disperse spontaneously. 


Strongly lyophobic powders may float because of 
the high interfacial energy of the vehicle-powder 
interface. Forced deaggregation of a nonwet 
powder may create some difficult problems be- 
cause microscopic quantities of air stick to the 
particle surface. The particles tend to clump and 
float to the surface of the suspension. Usually, 
the objectionable air may be removed by high 
shearing action such as that obtained in a colloid 
mill; the presence of a wetting agent facilitates 
this operation. Either detergents or polyelectro- 
lytes may be used as the surfactants. Detergents 
are superior in penetration because of their lower 
molecular weight. 


If a good penetrating surfactant is present when 
the powder is added, the penetration of the liquid 
phase into the powder will be sufficiently rapid to 
displace the air from the particles. Also, the 
particles will separate at low shear forces and an 
elegant preparation is made more readily. 


Contact Angle.-Equation 1 can be used in 
some cases to describe the thermodynamics of 
wetting in terms of the interfacial tension and 
the contact angle at the point of contact of the 
three phases. 


y.si = + cos e (Eq. 1) 


yJA, yLA, and yLs  are interfacial tensions at the 
air-solid, liquid-air, and liquid-solid interfaces, 
respectively. 0 is the contact angle measured 
through the liquid. 


For a discussion of this equation, nearly any 
general book on colloid chemistry may be con- 


1 
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to the formulator. The author has used a nar- 
row, very lyophobic trough several inches long 
(either paraffin coated or made of Teflon for 
aqueous systems). Powder is placed a t  one end 
of the trough; the other end is filled with a solu- 
tion of the wetting agent. The relative rates 
of penetration of various agents may be ob- 
served directly. A more elaborate method of 
determining dispersibility is described by Zacek 
(12). He observes the fraction of the powder that 
passes through a standard gauze, which is wet by 
the solution. when a given amount of the disper- 
sant solution is dropped onto it from a fixed point. 


Based on the above procedure and knowledge, 
it shall be assumed that the formulator has found 
a satisfactory wetting agent and now has the 
powder immersed in the liquid phase. 


Sertling 
If particles immersed in a liquid are not in true 


solution, usually the thermodynamic conditions 
favor aggregation. Lowering of the interfacial 
tension will reduce the associated free energy 
change, but will not remove it entirely. However, 
it is possible to shield particles from each other by 
surrounding them with an energv barrier, and 
thereby reduce the rate of aggregation to a 
negligible value. 


Peptized Particles.-For peptized particles 
of colloidal size, ambient convection currents 
arising from slight thermal gradients will produce 
adequate mixing to overcome the very slow 
sedimentation. Consequently, colloidal particles 
may remain uniformly dispersed indefinitely. 
The significance of the very small size in produc- 
ing a small sedimentation velocity is evident 
from Stokes” law for the free fall of a sphere in a 
very large body of fluid 


sulted, (e.g., References 1, 2, and 3). Equation 1 
describes an equilibrium situation and says 
nothing about the rate of the penetration. Of 
course, it does indicate when spontaneous spread- 
ing will not occur, i .e . ,  when 0 > 0’. At the 
other extreme of good wetting, the contact angle 
becomes zero at relatively low energies (4). The 
equation’s primary value to the formulator is in 
helping him understand the wetting process. 
One seldom has the necessary data to use the 
equation; and obtaining the data is more time 
consuming than just trying a few surfactants. 


Penetration Rate.-With the same objective, 
it is interesting to examine some of the kinetic 
studies that have been reported. Eley and 
Pepper ( 5 )  studied the displacement of one 
fluid by another from a capillary and also for 
displacement from a powder. They obtained 
the equation 


where r is the average radius of the equivalent 
capillaries, k is the tortuosity factor and is ob. 
tained from bulk density and gas permeability 
data, y12 is the interfacial tension between the two 
fluids, 1 is the length of the equivalent capillaries, 
x is the distance through which the meniscus 
has advanced in time, t ,  and I]? are the viscosi- 
ties of the two fluids, and is the contact angle. 
Equation 2 confirms one’s intuitive expectations, 
however, these investigators found reproducibility 
only when the surfaces had been previously wet 
by the advancing liquid. Furthermore, the work 
of Kling and Lange (6) did not fit Eq. 2. Ka- 
wasaki (7)  discussed some other factors con- 
sidered in wetting, such as penetration of water 
molecules, change in orientation of polar groups 
in the solid surface, and the migration of polar 
groups of impurity molecules from the interior of 
the solid toward the surface. Bristow (8) re- 
views the theory of wetting and penetration in 
more detail. Obviously, much more work must 
be done before the rate of penetration of a fluid 
into a powder bed can be described quantitatively. 


Supplemental reports of theoretical interest 
may be found in a group of papers on the “Inter- 
action of Water and Porous Materials” (9) and 
on “Contact Angles, Spreading and Wetting” 
(10). Zisman and co-workers (1 1) have demon- 
strated the existence of a critical surface tension 
which may be considered as that value of the 
surface tension of a liquid below which liquids 
spread on the solid surface. 


Selecting Surfactants.-In a more practical 
interest, a simple method can be used to screen 
wetting ageiits when penetration is a problern 


where 11 is the velocity, r the radius, Ap the density 
difference between fluid and sphere, g the gravita- 
tional constant, and 7 is the viscosity of the 
Newtonian liquid. 


Sometimes the conceritration equalizing proc- 
ess of diffusion is combined with Eq. 3 to estimate 
how much settling must occur before the sedi- 
mentation rate becomes equal to the opposing 
diffusion rate. Pemn’s equation includes these 
factors 


(Eq. 4)  


where nl and are the number of particles in 
each of the two layers spaced h distance apart, v is 
the volume of the particle, N is Avagadro’s num- 
ber, T is the absolute temperature, arid R is the 


N In n’ n2 = - RT v ( A p )  gh 
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gas constant. However, one should remember 
that a net transfer by diffusion occurs only when 
there is a concentration gradient-something one 
would like to avoid. 


Sample calculations often are used to provide 
perspective for the appreciation of these equations 
(Reference 1, Chapter 3). When they are made, 
one is forced to conclude that single large parti- 
cles in suspensions will sediment in the usually 
accepted shelf-life requirement of pharmaceutical 
products. 


Flocculated Particles.-Subsidence is a term 
often used to describe the settling of flocculated 
suspensions. The subsidence rate usually re- 
fers to the settling rate measured by following 
the boundary between the sediment and the 
clear liquid overhead. This could not apply to 
peptized polydispersed suspensions because the 
boundary is not well defined. The large par- 
ticles settle downward past the smaller ones; 
the smallest ones may fall very slowly. In a 
concentrated peptized suspension the particles 
do not fall completely independent of each 
other; the largest are said to undergo hindered 
settling and the smallest are accelerated over the 
Stokes’ law value (13). In flocculated suspen- 
sions the particles are linked together into floe 
and they settle initially a t  a rate determined by 
the floc size and the porosity of the aggregated 
mass. Later the rate is a compaction and re- 
arrangement process. Because the smallest 
particles are a part of the flocs, they do not re- 
main behind to form the cloudy layer on top. 
Probably intermediate cases are possible in which 
the particles are not all associated into flocs. 


Both subsidence and hindered settling have 
been studied by various investigators. Oden (1 4) 
has summarized the early work. Better known 
are the works of Robinson (15), Egolf and Mc- 
Cabe (16), and Ward and Kammermeyer (17). 
Kynch (18) gave a very detailed theoretical 
treatment. Steinour (19) considered the settling 
of nonflocculated suspensions of spheres of uni- 
form size under conditions that made Stokes’ 
law applicable at infinite dilution. He found 
the empirical Eq. 5 represented all of his data for 
the settling rate,Q, of the top surface 


(Eq. 5 )  


where 10-1 ~ ( l - ‘ )  is the empirical term which 
represents both size and shape of flow space; 
us is the Stokes’ velocity, and c is the volume frac- 
tion of the liquid. Steinour modified this equa- 
tion by using the hydraulic radius as a spacing 
factor and obtained an equation similar to those 
obtained by Higuchi (20) and others (31,22), who 
have based their equations either on the Kozeny 


Q = v, eZ 10-1 82(1-c) 


equation for permeability or on correction terms 
to Stokes’ equation. 


Steinour (23) considered concentrated floccu- 
lated suspensions in another communication. 
His equation (Eq. 6.) fits most of the data and 
includes an empirical dimensionless constant, wt, 
and the specific surface, u, calculated on an equi- 
valent sedimenting sphere basis. The other terms 
in Eq. 6 have the same significance as before. 


(Eq. 6 )  
0.246 . gAp(c - Wi)’ 


Q = c * ( 1  - Wi)* n(l - c )  


Starting with the equation of Richardson and 
Zaki (21), Michaels and Bolger (24) describe the 
settling rate and the sediment volume of aqueous 
flocculated suspensions as a function of concentra- 
tion and container dimensions. Their model 
assumes that small flocs form and become the 
primary fundamental structural unit moving at 
the low shear of gravitational settling. Aggre- 
gates grow by collision of the flocs but may be 
broken by the shear force resulting from the 
weight of the particles above. This compacts 
the bottom layers. The settling rate, the sedi- 
ment volume, and the aggregate size are expressed 
in terms of the floc volume concentration and the 
attractive force between the flocs. 


Forces Between Particles 


Even when the surface is covered with a good 
wetting agent, the interfacial tension may be 
finite. Therefore, two particles that make con- 
tact reduce the interfacial area and produce a 
lowering of the total free energy of the system. 
If this energy is small, comparable to the thermal 
energy, some spontaneous dispersion will result. 
However, van der Waals’ forces of attraction must 
be considered also. Therefore, flocculation would 
be expected to occur. The deflocculated con- 
dition is a thermodynamically unstable one. How- 
ever, i t  can be made to appear stable by surround- 
ing the particles with ions so that the particles 
repel each other. This may reduce the rate of 
combination to a negligible rate. The stability 
of unprotected lyophobic colloid sols may be 
assigned to this mechanism. 


Before proceeding further, a preferred definition 
of the terms lyophobic and lyophilic should be 
given. These terms are used ambiguously bysome 
investigators. Sometimes they are considered to 
be synonomous with nonwetting and wetting. As 
noted in an earlier paragraph, the process of 
wetting involves the relative magnitude of three 
interfacial layers. Usually, the air-liquid and 
the air-solid interfaces as well as the liquid-solid 
interface are considered. The terms are more 
useful in the discussion of the stability of sus- 
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pensions or dispersions if lyophobic and lyophilic 
are considered as properties of only the liquid- 
solid interaction. A consequence of this defini- 
tion is that some lyophobic particles are wet by 
the liquid-hence, the use of slightly and strongly 
lyophobic in the discussion of wetting. 


Rebinder (25, 26) considers lyophilic materials 
to be those whose interfacial tension is less than 
some critical value, ym, which is fixed by the 
temperature, ie., ynr is proportional to kT. A 
lyophobic material has an interfacial tension 
larger than ym. Lyophilic materials tend to dis- 
perse spontaneously because of the entropy factor. 
Glazman (27) disagrees and says that some mate- 
rials that have interfacial tensions larger than 
ym are lyophilic. He distinguishes between the 
two by observing their behavior a t  various elec- 
trolyte concentrations. Lyophobic sols are very 
sensitive to the addition of electrolytes, and 
lyophilic sols are not. The test of sensitivity to 
electrolytes is used by Kruyt and Overbeek (28) 
also, but with the added test of reversibility. A 
lyophilic material that has been precipitated by 
electrolytes will redisperse upon dilution with the 
vehicle; a lyophobic substance will not. I t  is 
unnecessary to choose among these definitions in 
this discussion. By any of these standards, the 
subject discussed here is the theory of the formu- 
lation of suspensions of lyophobic materials. 


The shelf-life stability of suspensions ideally 
requires that no settling occurs; but if some 
settling is allowed, it requires that the sediment 
be readily redispersed by mild shaking. Also, 
after shaking i t  must remain uniformly dispersed 
long enough for the withdrawal and administra- 
tion of an accurately measured dose. Obviously, 
a peptized suspension that settles to form a clay 
does not meet these requirements. However, it  
is necessary to understand the theory of lyophobic 
colloid stability, which produces the peptized 
condition, in order to understand the unstable or 
flocculated condition. A brief review of these 
factors will be given. 


Forces of Attraction.-van der Waals’ equa- 
tion for gases is well known. The constant for 
the attraction between molecules is usually 
given the symbol “a” in his equation. This 
constant does not designate the origin or the 
nature of the attractive forces. After Mar- 
genau (29) and de Boer (30), the definition of 
van der Waals’ forces used here will include 
forces from dipolar and quadrupolar molecules 
as well as nonpolar forces. London (30, 31) 
discovered the close connection between non- 
polar van der Waals’ forces and optical tiis- 
persion. Consequently, these nonpolar forces 
are often called dispersion forces; they are also 
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called London-van der Waals’ forces to distin- 
guish them from the other van der Waals’ forces. 
London deduced on a theoretical basis that even 
for apolar atoms an attraction exists. This at- 
traction arises because even neutral atoms consist 
of charged particles which form oscillating fields. 
These oscillating charges mutually interact to 
produce a net force of attraction. For atoms, the 
potential energy of interaction is inversely pro- 
portional to the sixth power of the distance, r ,  
between the atoms. Deryagin, Abricosova, and 
Lifshitz (32) state that the interaction is through 
the magnetic fields. Because of the time required 
to transmit an electromagnetic wave, the inverse 
sixth power law does not hold at all distances. 
A detailed analysis of this subject is beyond the 
scope of this review. 


Obviously, any interactions that depend on the 
inverse sixth power of the distance cannot act 
over a very long range. However, for colloids 
and larger particles, one is not considering isolated 
atoms, in which case an estimate of the London- 
van der Waals’ energy may be obtained by sum- 
ming the interactions between the atoms of the 
particles; the London energies are to a f i s t  
approximation independent of the interaction 
with other atoms. 


These calculations have been conducted by 
assuming that, except for close neighbors, the 
summation sign may be replaced by the integral. 
In this case, for flat plates, the interaction energy 
varies inversely as the third power of I ,  but for 
perfectly conducting plates it is as the fourth 
power. For two spheres this complex problem 
has been solved by Hamaker (33) to give, a t  small 
distances, a variation inversely proportional to 
r .  One must again emphasize that these con- 
clusions hold only for close distances compared 
to the size of the particle and the wavelength 
associated with the interaction; but, at least the 
forces may be considered active for distances ap- 
proximating the particle radius. Overbeek points 
out that the ratio of the radius to the distance 
between the particles is the important factor, not 
the absolute size. 


Deryagin and Abricosova (32, 34) were the 
first to measure accurately the London-van der 
M‘aals’ forces by using an extremely well designed 
negative feed back balance. They measured the 
attraction between a quartz plane and a convex 
surface. They claim closer correlation to a theory 
they assign to Lifshitz (32) than to the earlier 
theories. Lifshitz’s theory permits calculations 
without some of the assumptions in the method 
described above. However, most important, 
Deryagin and Abricosova obtained a correlation 
with the theoretical prediction of the power of the 
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term for distance between particles. They 
measured these forces at distances of 10-6 and 
10-4 cm.; therefore, long range forces are ob- 
served. The quantitative aspects are beyond 
the scope of this review. The reader is referred to  
original references (32, 34-38) that pursue this 
subject. 


The Diffuse Double Layer.-The theory of 
the double layer which is a primary factor in 
the stability of hydrophobic dispersions is 
equally as complicated as the London-van der 
Waals' force theory. However, in a qualita- 
tive sense i t  is easily understood. One's fa- 
miliarity with the Debye-Huckel theory of elec- 
trolytes provides additional background. 


As a result of either the preferential adsorption 
of ions from the surrounding liquid or the pref- 
erential loss of ions from the crystal surface, a 
net charge exists at the surface of most solids im- 
mersed in a liquid. Only by careful adjustment 
does one neutralize this charge. In the absence 
of thermal motion this charge would be neutra- 
lized by intimately associated ions of opposite 
charge. However, the ions of opposite charge 
have Brownian motion and tend to diffuse away 
from the surface. Consequently, they distribute 
themselves in the vicinity of the particle; the 
largest concentration of these countex ions is near 
the particle surface, and the concentration di- 
minishes a t  greater distances because of the 
shielding effect of the ions nearer the surface. 


Ions of the same charge as the particle will be 
repelled from the region near the particle, but 
thermal motion will tend to redistribute these 
ions also. Their concentration profile would be 
the mirror image of that of the counter ions, ex- 
cept that the screening effect is more limited by 
the solution concentration. The total result of 
the distribution of charges about the particle is to 
produce a diffuse region called the double layer 
that surrounds the particle. (Reference 1 de- 
velops these concepts in this way but in much 
more detail.) 


Because the potential in this double layer di- 
minishes gradually, the double layer cannot be 
assigned an absolute thickness that includes all 
of it. However, a reference thickness has been 
chosen as that thickness in which the potential 
decreases by a factor of l/e. An additional com- 
plication arises because the actual charge of the 
particle surface cannot be determined experi- 
mentally. A part of the double layer is im- 
mobilized and moves with the particle. There- 
fore, the charge determined by electrokinetic 
methods such as electrophoresis is the charge at  
this shear plane and is not the true charge a t  the 
particle surface. This charge is called the zeta 


potential and is often used as the best available 
estimate of the particle charge. 


Combined Attraction and Repulsion Forces. 
-Deryagin (32) and independently Verwey 
and Overbeek (35) combined the potential en- 
ergy resulting from the diffuse double layer with 
the London-van der Waals' energy of attrac- 
tion to obtain the potential energy curves for 
model cases. They concluded that for suffi- 
ciently small or sufficiently large separation 
the potential energy is always negative, i.e., 
attractive forces predominate. However, at 
intermediate distances the potential energy 
may become positive because of the repulsion 
from the double layers of the two surfaces. It is 
this positive potential energy region that pro- 
vides in effect the "activation energy" to the proc- 
ess of the combining of two particles. Always, 
the probability is finite that the kinetic energy 
of two particles may exceed this bamer and the 
particles combine; but the rate of flocculation 
may be extremely small. The particles that do 
combine usually cannot be separated by thermal 
energy, for the potential energy minimum that 
exists when two particles are in contact is deep 
when compared to kT. 


In calculating the potential energy curves for 
the interactions of particles, a smaller minimurn, 
usually called the secondary minimum, is found 
a t  much greater distances from the particle sur- 
face than the larger minimum. The secondary 
minimum has significant magnitude only for 
particles larger than colloidal size. Schenkel and 
Ritchener (38) described a case of flocculation in 
this secondary minimum. They used surface 
sulfonated polystyrene beads of 10-p diameter. 
Adding electrolytes, they observed flocculation 
when the energy barrier a t  close approach was 
estimated to be greater than 24 kT. They con- 
cluded that the flocculation must be in the secon- 
dary minimum. Flocculation in the secondary 
minimum should be readily reversed because the 
energy well is not deep. However, one should 
not conclude that whenever easily reversible 
flocculation is observed, i t  necessarily is a case of 
flocculation in the secondary minimum. 


Because the repulsion between particles results 
from the diffuse double layer, the ionic strength 
and the kinds of ions on the surface and in the 
double layer will influence the total charge and/or 
the thickness of the double layer. Also, the effec- 
tiveness of the double layer in preventing the 
flocculation of particles will be related to  both the 
total charge and the thickness of the double layer. 
It often has been demonstrated that particles may 
be flocculated by increasing the ionic strength 
and thereby reducing the thickness of the double 
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layer. Also, specific adsorption of a charged ion 
such as a detergent ion may, on the first addition, 
reduce the charge to the extent that i t  allows 
floccuIation, while further additions reduce the 
charge to zero, reverse the charge, and finally, 
produce a large enough charge of opposite sign to 
form a peptized dispersion of opposite charge. 
Detergents are believed to adsorb in micellar or 
heniimicellar form when the concentration exceeds 
the critical micelle concentration (39, 40). This 
is easily detected by a discontinuity in the ad- 
sorption isotherm 


Pharmaceutical suspensions predominately are 
in aqueous vehicles. However, some products 
use lipophilic vehicles. Because of the large 
difference in the dielectric constant, there are 
significant differences in the stability characteris- 
tics of particles in the two types of vehicles. The 
poteiitial between two charges is inversely pro- 
portional to the dielectric constant of the medium 
between them. Therefore, the distribution of 
ions in the double layer will depend on the dielec- 
tric constant of the vehicle. In low dielectric 
liquids such as oils, the double layer will be many 
times thicker than in liquids with a high dielectric 
constant such as water. Also, only a few ions in 
ari oil will produce the same potential produced 
by many ions in water 


Albers and Overbeek (41) have concluded that 
for water-in-oil emulsions, except in extremely 
dilute systems, the thickness of the double layer 
is large compared to the distance between two 
particles. The potential energy of the particles 
is larger than when the particles are at infinite 
distance, i e . ,  located outside each other’s double 
layer regions. Therefore, the potential energy 
that must be overcome to bring two particles to- 
gether is reduced by this amount. Consequently, 
in ah oil vehicle the double layer around the 
particles often will not protect the particles 
against flocculation. 


The only repulsion force usually considered to 
be acting between particles is based on the elec- 
tric layer as described above. However, Voro- 
paeva, Deryagin, and Kabanov (42) have ob- 
tained evidence of a repulsion force of undeter- 
mined origin. They measure the forces acting 
between two crossed platinum wires as they are 
brought closer and closer together. The wires 
have external electrical connections through 
which charges on the wires may be controlled. 
Present knowledge does not justify speculating on 
the possible role this nonelectrical repulsion force 
may play in suspension formulation. 


Adsorbed Layers.-In the early literature, 
part of the stability of sols was assigned to the 
formation of lyospheres, Le., a thick layer of 
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adsorbed vehicle covering the surface of the 
particle. These layers were considered some- 
what diffuse. They provided protection 
against flocculation by reducing the interfacial 
tension to a negligible value and by preventing 
the particles from approaching sufficiently 
close to undergo strong interaction from the 
London-van der Waals’ attraction. Proof of 
such thick films is lacking, although their ex- 
istence has been invoked to explain numerous 
observations. 


The confusion existing a t  the present time is 
illustrated in three papers that discuss the 
preferred contents of a course in colloid chemistry 
(25, 43, 41). Because only the Deryagin- 
Verwey-Overbeek theory of stability has yielded 
to quantitative interpretation, the relative im- 
portance of other factors has been a point of 
disagreement among various investigators. Dery- 
agin has described the phenomena in term of a 
disjoining pressure consisting of two components: 
the electrical (P,) and nonelectrical (Po).  
Glazman (27)  refers to this classification arid con- 
cludes that for ideal lyophobic sols, P,, is much 
smaller than P,. For Iyophilic sols, P,  is 
ilearly zero and P,, dominates. He concludes 
that in real cases, lyophobic sols are nearly alwavs 
solvated so that Po is a factor i n  nearly all stable 
syslems. 


Yampolskii and Shu-Chiu (4.5) studied the 
electrical conductivity of carbon-black suspen- 
sions in oil. They found that the conductivity 
increased with increase in  temperature of their 
flocculated suspensions. This and other observa- 
tions were consistent with the view that a very 
thin solvent layer is left between the dispersed 
particles. Rebinder (2G) discusses these thin 
interlayers of the medium in his review article. 


These concepts and the Deryagin-Venvey- 
Overbeek theory of lyophobic colloid stability 
will aid us in discussing qualitatively the theory 
of suspension formulations. The thick solvation 
layer concept does not appear to be valid or 
necessary to account for the shelf-life stability of 
suspensions. 


The influence of adsorbed layers of nonsolvent 
molecules on the particle interactions has been 
considered in a theoretical treatment by Vold (46). 
She has derived a general formula for the inter- 
action of spherical particles surrounded by ad- 
sorbed layers. Her calculations show that the 
London-van der Waals’ attraction might be re- 
duced by as much as 20% which is less than the 
possible reduction calculated for bound solvent 
layers. In both cases it is concluded that floccu- 
lation can be inhibited significantly only for very 
small particles or for very thick adsorbed layers. 
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Her calculations were not extended to layers more 
than 20 A. thick. Mackor and van der Waals 
(47) treated the adsorption of rod-shaped 
molecules. They concluded that the free energy 
rises due to the interaction of two adsorbed layers 
and they give an expression for the free energy of 
repulsion. 


More will be said about various factors in floc- 
culation when it will be possible to show their 
function in influencing the shelf-life stability of a 
suspension. First, the kinetics of flocculation 
will be discussed. 


Flocculation Rate 


The rate of disappearance of primary particles 
has been treated by von Smoluchowski (48) as a 
collision rate calculation that is diffusion con- 
trolled. Every collision is assumed to result in 
the combination of two primary particles, and no 
repulsion forces are present. Many books dis- 
cuss this subject in a reasonably concise manner 
(1,49). The rate is given by 


_ _  dn = 4sDRna 
dt 


where n is the total number of particles, t is the 
time, D is the diffusion coefficient, and R is the 
collision radius usually assumed to be equal to the 
particle diameter. If the diffusion coefficient is 
replaced by Einsteins’s equation D = k T / 3 q R ,  
where k is the Boltzman constant, 9 is the vis- 
cosity, and T is the absolute temperature, it may 
be shown that the time, t1/2, required to reduce 
the total number of particles to one-half their 
original number is 


31 
4/r = 


Any reasonable value for n and 9 substituted into 
this equation results in a small value for t1i2. 


If every collision does not result in a combina- 
tion, tnen some protection exists. If the particle 
is assumed to be protected by an energy barrier, 
V,  a rough approximation of the rate of disappear- 
ance of primary particles is obtained by multiply- 
ing Eq. 7 by exp( V/nkT) .  Obviously, the larger 
the protective energy barrier, the slower the rate 
of combination. The initial rate of coagulation 
has been observed experimentally and used to 
estimate the magnitude of V (50,51).  When Vis 
very large, possibly 25 kT,  the rate of flocculation 
is going to be negligible. von Smoluchowski’s 
equations have been extended to describe other 
cases than spherical particles (52).  


Gillespie (53) studied the flocculation of latex 
by methyldulose and found that in this case 


there seemed to be a deflocculation rate also. An 
equilibrium existed between the rates of floccula- 
tion and of deflocculation. This is not expected 
in the usual case for electrolyte flocculation where 
the deflocculation rate will be negligible because 
of the deep potential energy minimum for two 
particles in contact. Flocculation produced by 
polymers forming “molecular bridges” between 
particles must be considered as a special case. 
They will be discussed in a later section. 


When slow coagulation by electrolytes is con- 
sidered, Bhattacharya and Bhattacharya (54) 
have demonstrated that in many cases the fol- 
lowing relation holds 


where G is the electrolyte concentration, t is time 
of coagulation-or more accurately-the time 
required to reach a preselected degree of floccula- 
tion, and m, n, and a are constants. In this 
equation, plots of c versus 1 / t  have an intercept on 
the c axis at  I / t  = 0 or t + 0 3 ,  so a is the con- 
centration of electrolyte up to which the stability 
of the sol remains unaffected. When 1 /1  is very 
large, compared to n, i .e . ,  as t - 0, may be 
neglected so that c - a + m in the rapid coagula- 
tion zone; therefore, m represents the concentra- 
tion of electrolyte in excess of a that will produce 
very rapid coagulation. I t  can be shown that n 
has thedimensions of l/(time). Note that n ap- 
pears in the slope term of the linear equation. It 
can be shown that n represents the sensitivity of 
the sol to the electrolyte; thismust bea cumulative 
effect of such things as shape, charge, dielectric 
constant, etc. Obviously, this type of informa- 
tion helps one to compare the flocculation of any 
systems to which it applies. 


Another factor of interest in coarse suspensions 
is the comparison of the rate of collision produced 
by thermal energy and by mild laminar flow. 
Reich and Vold (55) discuss the analogy between 
temperature in a chemical reaction rate study and 
agitation in the flocculation rate of large particles. 
This analogy is possible because Brownian motion 
may be relatively ineffective in producing colli- 
sions of large particles when compared to the 
collision rate produced by agitation (48,55) .  The 
collision of uniform spheres in sheared suspen- 
sions have been treated theoretically by von 
Smoluchowski (48) and by Manley and Mason 
(56).  Reich and Vold give sample calculations 
for different diameter particles using a shear rate 
of 100 set.-* They assumed the weight fractions 
of solids constant; therefore, the total number of 
particles change. For 0.1-p particles the proba- 
bility of collision from Brownian motion is 100 
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von Smoluchowski equation could be used by re- 
placing the normal diffusion coefficient with an 
eddy diffusivity constant. 


Michaels and Bolger (61) considered the 
equilibrium between shear flocculation and de- 
flocculation in a detailed mechanistic interpreta- 
tion of the plastic flow behavior of kaolin sus- 
pensions. Smellie and LaMer (62) have de- 
veloped a mathematical treatment of the com- 
peting flocculation and deflocculation processes 
produced in a polymer bridging process. Healy 
and LaMer (63) have extended the earlier model. 
The importance of agitation is indicated in their 
statement that if polymers are used to insure 
complete dispersion of a colloidal material, in- 
tense agitation should he used so that macro-flocs 
will be destroyed and complete adsorption, i e., 
total surface coverage, attained. This important 
work will be discussed in a later section. 


Another important observation is that mild ag- 
itation mav increase markedly the flocculation 
rate (64, 65). Freundlich and Juliusburger (G6) 
discovered the analogous process in gels and gave 
the phenomenon the name rkeopexy. The 
nature of flocculated suspension that seems to 
develop from all of these studies i s  not grossly 
different from that pictured by rheologists, pre- 
viously. Specifically, it is one of the formation of 
small flocs which aggregate to form larger particle 
clusters. These aggregates form loose networks 
that extend throughout the suspension. These 
are broken by agitation-first into the aggregate 
a t  low shear, then into the flocs, and finally a t  
high shear may be deflocculated. I t  is the prob- 
lem of the formulator to control the nature of the 
flocculation in a manner that will produce a large 
sedimentation volume Ideally, the individual 
flocs and aggregate size should be sufficiently 
small to produce a smooth appearance to the eye 
and to produce the large sedimentation volume, 
Neither the agitation in large tanks nor the 
filling of bottles provide sufficient shear to break 
the smallest flocs. Therefore, in practice, the 
flocculation and sedimentation processes do not 
start from the completely deflocculated state. 


times greater than from the agitation. However, 
for a 1-1 particle, the agitation-produced collision 
rate is ten times the Brownian motion rate. 
While these are calculated for a specific case, 
they illustrate the importance of particle size in 
determining which factor is significant as one goes 
from the colloidal size range to the microscopic 
size. 


Reich and Vold conclude for unstabilized 
systems that even though the rate may be very 
small, the Aoc size will continue to grow in the 
absence of agitation. However, when they be- 
come large enough, they may be broken by the 
mild shearing forces produced by ambient thermal 
convection. Most important, however, is their 
observation that large particle systems defloccu- 
lated by agitation may appear nearly frozen in 
this deflocculated state for several hours. Since R 
appears in Eq. 8 indirectly because it determines 
n (when weight per cent is constant), either the 
floe size must be large or the volume fraction must 
be small before this apparent frozen state would 
be possible. Reich and \'old used low concen- 
trations of solids in their studies. 


Voet (57) has combined the methods of 
rheology, conductivity, and dielectric constant 
measurements to observe the flocculation break- 
down during shear and also reformation of 
structure on the cessation of shear. In some 
cases, flocculation continued over a very long 
period of time. Both temperature and concentra- 
tion effects were observed. For example, in a 2% 
dispersion the conductivity remained constant for 
about 1000 seconds after shearing was stopped; 
then the conductivity increased rapidly. This 
apparent induction period probably was the 
period of small agglomerate formation; it was 
followed by the formation of aggregates of 
sufficient size to bridge between the electrodes. 
Both higher temperatures and higher concen- 
trations of solids reduced this induction period 
No induction period was observed a t  8% or 
higher concentrations. 


The probability of flocculation of large parti- 
cles of different size during sedimentation has been 
considered by Andersson (13, 58). His theo- 
retical treatment applies to very dilute systems. 
He concluded that hydrodynamic effects decrease 
the flocculation rate. 


Hubley, Robertson, and Mason (59) used light 
scattering to observe flocculated suspensions sub. 
jected to laminar shear. Their apparatus re- 
sembled a Couette viscometer. Controlled shear 
rate was possible during the observations. They 
observed plug flow at very low shear rates. Frisch 
(60) studied coagulation in a turbulent flow sys- 
tem. He found that at low coagulation rates the 


PREVENTING SEDIMENTATION AND 
CAKING 


So far in this discussion, several major steps 
have been taken toward a basic understanding of 
the shelf-life stability of a suspension: 


I t  has been recognized that for peptized sus- 
pensions, gravitational forces on large particles 
are sufficient to produce sedimentation. 


A relatively low interfacial energy is preferred to 
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produce proper wetting when the particles go 
into the vehicle. 


Flocculation of the suspension is possible, but the 
nature of the flocs may vary. 


The initial flocculation rate may be fast, but the 
attainment of equilibrium may be very slow. 


Therefore, to prevent sedimentation, one must 
either learn to control the flocculation process to 
produce the desired characteristics or find some 
other way of supporting the particles. One at- 
tractive concept is to trap the particles into a 
structure built of other materials. This will be 
called a structured vehicle since the structure is to 
be a part of the vehicle. Presumably, the parti- 
cles will remain effectively deflocculated because 
they will be trapped into individual cells. It may 
help to peptize the particles so that they will stay 
apart long enough to permit the cells to form 
about them. 


Structured Vehicles 


Obviously, i t  will be necessary to construct the 
cells so that their holes are smaller than the 
particle to be trapped; otherwise, the particle will 
slip through. Therefore, the structure-former 
must have a smaller particle size than the parti- 
cles to be suspended. One group of materials 
that might meet the requirements is soluble 
polymers. Thermal setting gels are not ideal 
because the suspensions might have to be heated 
before a dose could be withdrawn. Linear poly- 
mers usually do not form linkages of long dura- 
tions, so they would pennit the particles to drift 
downward as the Brownian motion of the polymer 
molecules released them. Of course, a t  very high 
concentrations they might function satisfactorily; 
but this forms a high apparent viscosity 
medium. It already has been concluded that 
acceptable fluidity is not compatible with the 
high viscosity needed to retard the sedimentation 
of the particles sufficiently. 


McVean and Mattocks (67) report that Car- 
bop01 934 solutions behave as an elastic body and 
do not relax when a small applied force is used. 
They conclude that this should be the ideal sus- 
pending agent. The author must agree with this 
conclusion but is unaware of definitive experi- 
ments that have been conducted to demonstrate 
that in the completed pharmaceutical suspension, 
Carbopol 934 produces a pure example of a 
structured vehicle. It would be necessary to 
demonstrate the absence of flocculation in the 
same system to do this. However, Meyer and 
Cohen (68) report the ability to suspend per- 
manently marbles, golf balls, and sand. Cer- 
tainly this is convincing evidence that structured 


vehicles are a possible approach to supporting 
large particles in a suspension. 


Belugina, Zakieva, Konstantinova, and Re- 
binder (69) studied structured vehicles for sus- 
pending aluminum powder in a hydrocarbon 
medium. Aluminum soaps of oleic acid and 
naphthenic acids were used as typical surface- 
active structure producing agents, and polyiso- 
butylene (mol. wt. 200,000) as an example of a 
surface-inactive structure producing agent. They 
did not obtain complete retardation of sedi- 
mentation in some of their suspensions. Con- 
sequently, they recommended that both ad- 
sorptional (protective colloid effect) and volume 
structuralization be used in the same system. 
Steiger-Trippi (70) has worked with aqueous 
systems and has concluded that structure in the 
vehicle supplemented by structure produced by 
flocculation of the suspended particles produces 
optimum results. Because the materials used to 
produce structure also adsorb on the particles, it 
will be advantageous to reconsider the combined 
effect after polymer flocculation has been dis- 
cussed in more detail. Probably some suspend- 
ing agents produce both structure in the vehicle 
and flocculation of the particles. The author has 
examined numerous elegant suspensions, some 
produced in our own laboratories and some by 
other pharmaceutical companies. The visco- 
elastic properties of the suspensions were ob- 
served; then the solids were removed by either 
filtration or centrifugation; the vehicle was re- 
examined. Usually no structure was detected in 
the vehicle. While the sensitivity of the method 
might not have been adequate to detect very 
weak structures, the evidence was sufficient to 
justify the conclusion that for these suspensions 
much of the structure was associated with the 
particles, i.e., they were flocculated. Therefore, 
it  appears that many elegant suspensions can be 
prepared in which structured vehicles are not the 
major “force” supporting the particles. This 
possibility will be explored in following sections. 


Flocculated Suspensions 


Let us consider the evidence that flocculation 
can produce the desired characteristics in a 
suspension. Later, possible mechanisms will be 
considered. One important aspect is the sedi- 
mentation volume which sometimes is defined as 
the final apparent volume the sediment occupies. 
Superior definitions wil! be considered also. 


Sedimentation Volume.-By itself, the sedi- 
mentation volume is a meaningless number for 
lack of a reference value. To avoid this diffi- 
culty, Robinson (15) and Ward and Kammer- 
meyer (17) used the ratio of the ultimate 
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settled height to the original height, F = H,/H,. 
H,, is the apparent height of solids after sedi- 
mentation, and H,, is the total height of the origi- 
nal suspension before settling. Dintenfass (71) 
used the same ratio in terms of volumes to 
describe sedimentation volume, F = V,'/V0, but 
extends its usefulness to describe degree of 
flocculation designated as j3. 


A completely peptized suspension sediments to 
a close-packed structure of very small volume 
which he calls V,. F, = V,/Vo, so the ratio 
j3 = F/F ,  is the degree of flocculation. Din- 
tenfass identifies three classes of sediments, viz., 
cases where F<1, F>1, or F = 1. At first this is 
hard to accept since for F>l (he claims values as 
high as 4 or 5) ,  the settled volume must be larger 
than the total original volume. However, he 
points out that by dilution with the vehicle these 
suspensions will settle to occupy more than the 
original volume before dilution. These he calls 
compressed sediments when confined to the 
original suspension volume. The values for F< 1 
are obviously the usual ones, and he calls these 
expanded sediments. When F = 1, he says the 
system is in true equilibrium. 


Dintenfass determines F, either by observing 
a completely peptized suspension or by estimating 
i t  from rheological data. He states that log 
t),/t) = F J - F , ,  where r] = viscosity of liquid 
vehicle, and t), is viscosity of suspension at in- 
finite shear-rate, i.e., when all flocs are broken 
by the shearing action. 


If sedimentation in the suspension is acceptable, 
a large sedimentation volume still is desirable be- 
cause the particles are much less likely to form a 
hard cake. Therefore, the flocculated suspension 
is considered the preferred form and has sedi- 


t 
Deflocculated 


Colloidally 
"stable" ? Close pockinq 


mentational stability, especially when the sedi- 
mentation volume equals the total volume, i c . ,  
F> 1 .  Note that this is not a stable suspension in 
the usual colloid science sense. Chwala (72) 
described this situation as the "sedimentation 
paradox" (see Fig. 1). 


Vold ( i 3 )  has conducted some interesting theo- 
retical studies that indicate how porous a sediment 
may be. She used a computer generated statis- 
tical model in which the probability of cohesion of 
two spherical particles upon contact varies from 
0 to 1. According to these results, when the 
probability of cohesion is less than about 0.35, 
the sediment volume depends critically upon this 
probability. For higher probabilities of cohesion 
the sediment volume is not a sensitive measure of 
particle interactions. Also, when the probability 
equalled I ,  her results indicated that for poly- 
dispersed systems the number of particle contacts 
mav average 2 ( i 4 ) .  While this model has some 
deficiencies in predicting lower volumes than may 
he observed, it emphasizes the point that a 
flocculated suspension may reasonably have a 
very porous structure. She concludes that the 
model needs to include both sedimentation and 
flocculation to give more representative results. 
In  real cases still other factors map be important. 


Nakagaki and Sunada ('75) calculated the 
sedimentation volume of spherical particles at- 
tracted by cohesional forces. A simple relation- 
ship was found between the sedimentation volume 
and the ratio of range of attractive force to the 
radius of the'sphere. 


Another important consideration in any real 
suspension is the distribution of particle sizes. 
Vold (74) concluded that for the case she con- 
sidered, the sediment structure was more sensi- 


Flocculated 


U 


Fig. 1.-Most sus- 
pensions undergo sedi- 
mentation in the ab- 
sence of structural sup- 
port. Peptized sus- 
pensions (on left) form 
clays that are difficult 
to redisperse. Con- 
trolled flocculation can 
produce a hrge sedi- 
ment volume. (From 
Reference 86). 


Sediments slowly to 
Small Sediment Volume 
Difficult to redisperse 


Sediments rapidly to 
Lorqe Sediment Volume 
Easily redispersed 
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tive to size distribution than to the model used for 
interaction. There Seems to have been no de- 
tailed experimental evaluation of this factor; 
however, Wolf and Kurtz (76,77) observed that 
the smaller the particles, the greater the sediment 
volume. Wolf and Wolff (78) observed the effect 
of temperature on the sedimentation volume. 
Kuno (79) has determined the influence of 
vehicle viscosity and density. Except for the 
choice of vehicle, these factors are relatively un- 
important, and are not variables that the formu- 
lator may use to control the sedimentation vol- 
ume. Instead, the problem is to control the 
flocculation in a manner to obtain the desired 
characteristics in the vehicle when using particle 
sizes chosen on therapeutic criteria. 


Figure 2 illustrates how much the sedimenta- 
tion volume may vary. Note the gradual in- 
crease in sedimentation volume with increase in 
surfactant addition. Each graduate contains 
exactly the same weight of solid medicament. 
Often one adds a surfactant to produce de- 
flocculation. But in this example the surfactant 
is producing the opposite effect. It is so effective 
that the sedimentation volume exceeded the 
total volume of the suspension. When enough 
surlactant was added, i t  became a rigid gel if 
confined in volume. 


Redispersion.-When a flocculated suspen- 
sion settles to occupy less than the total vehicle 
volume, there is an inherent benefit in the use 
of large particle size. Everyone is aware of the 
“Shake Well Before Using” label. Overbeek 
(80) considers the influence of particle size on 
the effectiveness of shaking in repeptizing a 
coarse suspension. He states, “Qualitatively 
this easy repeptization can be explained in the 
following way: By agitation a shearing motion 
of the liquid is excited. This causes a force 
trying to tear two neighboring particles apart, 
which force is proportional to the radius of the 
particles (Stokes’ law) and to the distance be- 
tween their centres (difference in the velocity of 
the liquid). So the separating force is propor- 
tional to the square of the radius of the particles. 
On the other hand, the attractive force is, at best, 
proportional to the first power of the radius of the 
particles (London force for spherical particles), 
and if the particles are not very regularly formed, 
the attractive forcewill won be independent of the 
overall dimensions. . . . It may be remarked 
here that although a flocculated suspension is 
easily repeptized it is very dficult  to redisperse 
the compact sediment of a stable suspension. . . . 
The sediment is so compact that the particles can 
only be attacked by hydrodynamic motions layer 
by layer which evidently is a very slow process.” 
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The difference between a peptized suspension and 
a flocculated one is shown diagrammatically in 
Fig. 1. 


So far, this discussion has been presenting 
evidence that a flocculated suspension may be a 
preferred condition in avoiding caking in a sus- 
pension. The long history of the use of floccula- 
tion to produce a desirable suspension and the 
methods by which it has been obtained should be 
a convincing and interesting argument for it. 
Kinsman and Bowles (81) have reviewed the use 
of flocculation in pigment suspensions; Haines 
and Martin (82) used the sedimentation volume 
as a criterion of flocculation in their study of the 
prevention of caking. They related the floccu- 
lation characteristics to the zeta potential of the 
particles. One problem in discussing the results 
of studies of this kind is the difficulty of describing 
the real character of the flocs. Part of this 
difficulty arises because only a gross property, 
such as sedimentation volume, usually is ob- 
served. Unless this is expressed as a 0 value, the 
meaningful reference pointj-is missing. Such 
phrases as partial flocculation or degree of floc- 
culation are not very specific. They not only 
lack a quantitative interpretation, but also lack a 
clear connotation. For this reason, a terminology 
that seems to offer some advantages will be 
adopted in this review. 
Sediment Structure.-When an interaction 


between two particles results in sufficient at- 
traction to hold them together for a sig- 
nificant time, the interaction will be considered 
to have produced a link between the particles. 


F> 2 F=1.7 F=1.06 F=.52 F-=. l  


Fig. 2.-The sedimentation volume of this sus- 
pension increased with increased surfactant concen- 
tration. Equilibrium vehicle was added to three 
containers on the left to provide space in which to 
sediment. Twenty-five mg./ml is normal dosage 
level. Center suspension would be a satisfactory 
product since at F = 1 sediment volume is equal to 
total volume desired. (From RefeiencP 86). 
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preparing elegant suspensions is given direction. 
Perhaps this is a part of the explanation of the 
success of the flocculation study reported by 
Haines and Martin (82). However, their cationic 
coating agent did not reduce the coordination 
number sufficiently, so they added a suspending 
agent also. They observed that the suspending 
agent stabilized against sedimentation but did not 
report whether the suspending agent was acting 
also as a flocculating agent. 


Probably as suggested above, thixotropy occurs 
only when there is a low coordination number for 
the particles. Elongated (flat or long) particles 
often produce thixotropic suspensions. One 
might expect the ends or edges to have different 
energies than the bulk of the surface. These 
could influence the effective number of coagulation 
centers. I t  has been demonstrated that the 
method of producing the flocculation may de- 
termine whether a gel is produced. For example, 
kaolinite flocculated with hydrochloric acid pro- 
duces the scaffold-like “edge-to-face” flocculation; 
while sodium chloride flocculation produces 
“face-to-face” flocculation (84), a much more 
compact floc. Heller (85) has studied the floccu- 
lation of anisometric particles and has concluded 
that rapid flocculation by electrolytes produces 
structurally isotropic coagula, while slow floccu- 
lation by electrolytes and by stimng produces 
anisotropic coagula. Of course, his results cannot 
be extended to isometric particles. 


Methods of Producing Flocculation.-The 
suspension may flocculate without the inten- 
tional addition to, or adjustment of, the vehicle 
to produce flocculation. Of course, the causes 
of flocculation in this case are identical to the 
intentionally induced flocculation. However, 
some points of interest are worth discussing, 


Link is chosen in preference to bond to elimi- 
nate confusion between primary chemical 
honds and the interactions producing floccula- 
tion. A particle may form links to more than 
one neighboring particle. The number of par- 
ticles to which links are formed will be called 
the coordination number of the particle. This 
terminology would permit a reasonably clear 
description of the flocculated state if sufficient 
information were available; but it never is. 
However, it avoids possible confusion between the 
completeness of the process. the strength of the 
links, and the structure of the flocculated 
particles. 


Two extreme cases are observed repeatedly 
(see Fig. 3). A compact floc consists of particles 
of very high coordination number. A loose floc 
has an open, scaffold-like, three-dimensional 
structure with many large void spaces, almost 
cellular in character. The average coordination 
number will be smaller in the loose flocs than in 
the compact ones. However, some of the scaffold 
building units may be small aggregates instead of 
individual particles. In this case a broad range 
of coordination numbers would exist. An ade- 
quate description of the structure would require 
a knowledge of the distribution of coordination 
numbers. Qualitatively, one would expect the 
high coordination number case to correspond to 
a low value of & a broad distribution of coordina- 
tion numbers to an intermediate value of p ,  and 
a low coordination number to a large value of 8. 
For uniform spheres, the maximum number of 
nearest neighbors is 12, and the corresponding co- 
ordination number would be 12. For poly- 
dispersed systems, values larger than 12 would be 
possible for the large particles, but certainly the 
sediment containing particles whose average 
coordination number approaches 12 would not 
produce the large sediment volume of interest to 
the formulator. As previously mentioned, Vold 
( i 4 )  and also Nakagaki and Sunada (75) have 
explored the relationship between coordination 
number and sediment volume for idealized cases. 


Rebinder (83) describes a most interesting case 
in which, apparently, the coordination number 
was controlled by the number of coagulation 
centers. This influenced the character of the 
flocculation produced. He states that where the 
area of these regions is a considerable fraction of 
the total particle surface, compact aggregates 
form. However, when the coagulation centers 
are localized a t  a few points, a network structure 
with thixotropic properties is formed. He ad- 
sorbed surfactants onto calcium stearate to con- 
trol the number of coagulation centers. If one 
may generalize his observations, the procedure for 


Fig. 3.-Comparison of flocculated sediments 
that produce a large sediment volume (left) and a 
small sediment volume (right). Both are aged slides 
to permit both flocculation and sedimentation to 
proceed. Initial suspensions had the  same solids 
content. 
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In theory, any pure lyophobic material should 
flocculate when put into the pure vehicle unless 
a protective double layer forms. Pure is the im- 
portant property to be considered here. Very 
few solids are pure, especially with respect to 
uncontaminated surfaces, and very few vehicles 
are pure enough to contain insufficient impurity 
to adsorb onto the particle surface. Conse- 
quently, it  is not possible to predict a priori 
whether a flocculated or peptized suspension will 
result when a powder is put into a simple liquid. 
If a large sedimentation volume results, and if 
the particles are isometric, one may suspect that 
the surface is contaminated either initially or by 
adsorption from the vehicle. In some cases this 
can be demonstrated by noting a marked change 
in sediment volume when powders have been 
pretreated by placing them under vacuum for 
several hours or passing helium over them for 
several hours to remove impurities. Of course, 
the impurity has to be volatile for this to be effec- 
tive. The technique is not selective to surface 
impurities since molecules of solvation might be 
removed by the same pretreatment. In one case 
observed in this laboratory, the crystals were 
extremely difficult to wet with water; most sur- 
factants were ineffective. However, when the 
residual solvent was removed, the crystals wet 
readily without a surfactant. A formulation 
based on the purified material could have been 
entirely unsatisfactory if made using the con- 
taminated powder. Subtle changes in the trace 
impurities may result from changes in the purifi- 
cation or crystallization procedure used in manu- 
facturing the raw chemical. These changes may 
not be detected by usual control procedures; yet, 
they may produce marked changes in the 
characteristics of a simple suspension. It is 
feasible to use a control procedure based on the 
sedimentation volume in simple liquids to warn of 
such changes in the raw material. 


1 3  


secondary minimum might I)e different because 
of the ease of redispersion. 


Electrolyte Floccnlation 


The basic theory that applies to electrolyte 
flocculation has been discussed in an earlier sec- 
tion of this paper. The use of electrolyte floc- 
culation does not provide a means of controlling 
the coordination number of the particles. In the 
absence of other controls, flocs produced by add- 
ing electrolytes would be expected to produce 
coarse, compact masses with a curdled appear- 
ance. Often, this is observed. The floc size 
probably is determined more by the kinetics of 
the process than by any other factor. Of course, 
this conclusion assumes that the flocculation is 
in the primary minimum. Flocculation in the 


Detergent Flocculation 


Detergent is used here in preference to sur- 
factant to avoid confusion. Surfactant has al- 
ready been used in a more general connotation 
than will be implied in this section. Detergents 
may be of the ionic type or nonionic type. 


Ionic Detergents.-The influence of the ionic 
type on the double layer has been considered 
already. Neutralization and reversal of charge 
has been observed on numerous occasions 
(39,40,82). Figure 2 is an example of the control 
of the sedimentation volume using an ionic de- 
tergent. This figure is from a previous publica- 
tion (86). Tomlinson (87) observed the sedi- 
mentation volume of Prussian blue as the 
adsorbent for cetyltrimethyl-ammonium bromide. 
The maximum sedimentation volume in water 
approximately coincided with the minimum sedi- 
mentation volume in benzene. The importance 
of the extent of the lyophilic character of the 
surface was demonstrated. As an explanation 
of the inefficiency of the cationic detergents as 
detergents at  concentrations between 1 and 3%, 
Doscher (88) proposed that these materials are 
adsorbed as charged aggregates above their criti- 
cal micelle concentration and that this leads to a 
more hydrophobic exterior. The hydrophobic 
surfaces interact to form links between particles. 


Nonionic Detergents.-Nonionic detergents 
have not been studied as extensively as ionics 
Kuno and Abe (89) observed the adsorption of 
various polyoxyethylated nonylphenols on cal- 
cium carbonate. They detected no adsorption 
until after the critical micelle concentration was 
reached. However, on carbon black the ad- 
sorption occurred at lower concentrations. 
Mathai and Ottewill (90) observed the mobility 
of particles as a function of nonionic surfactant 
addition. The mobility decreased gradually as 
the concentration increased. This suggests that 
the surface charge density remained constant and 
the increased solvation camed by the nonionic 
detergent caused the electrokinetic plane of shear 
to move further into the liquid phase. The non- 
ionic detergent produced some protection against 
flocculation by electrolytes. Flocculation seemed 
to result from a compression of the double layer 
and not by a bridging action. Koelman and 
Overbeek (91) concluded that some slight stablili- 
zation occurs with nonionics as a result of keeping 
the particles further apart. 


Nonionic detergents would be expected to 
possess lower heats of adsorption than ionics. 
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increase the number of collisions and thereby in- 
crease the opportunities for the particles to in- 
crease their coordination number. When ade- 
quate liquid is present to form the links, a com- 
pact aggregate results. Ohviously, the inter- 
facial tension in the regions of the link provide 
the forces acting to hold the particles together. 
llydrophobic solids in water may be flocculated 
by adding hydrophobic liquids (97). The mecha- 
nism is the same. 


In our own laboratories, liquid-bridge floccula- 
tion has been found useful. The assumption has 
been that for it to produce the desired properties, 
the maximum possihle coordination number of the 
particles must be limited. This is accomplished 
hy a partial coating of the lyophobic surface with 
a surface-active material. Then the liquid 
brid$ngagent is added to produce the flocculation. 
A product with a large sedimentation volume 
results. Again, protection against compaction 
on standing is not inherently present. However, 
the lower sediment volume suspension that re- 
sults from compaction is readily redispersed. 


Polymers as Flocculating Agents 


By far the largest number of pharmaceutical 
suspensions contain lyophilic polymers as suspend- 
ing agents. The success of the numerous hydro- 
colloids to suspend particles in aqueous vehicles 
is well known. They are used so frequently that 
it is hard to believe that the details of the mecha- 
nism of their action have not been resolved com- 
pletely. The possible role of bridge flocculation 
in this suspending action will be explored. 


Sensitizntion and Probclion.-Classically, the 
action of hydrophilic colloids has been studied 
using particles of colloidal size. Zsigmondy (98) 
reported that gold sols were protected against 
coagulation by electrolytes when gelatin was 
present. Reinders and Bendien (99), using 
electrophoretic measurements, concluded that the 
particles were covered completely by the gelatin. 
Instead of protection, sensitization (less electro- 
lyte required) was observed if the gelatin was pres- 
ent in small amounts. Zsigmondy and Joel (100) 
concluded that small amounts of gelatin caused 
the sensitization because the sol tried to envelope 
the gelatin. This last conclusion is not correct 
because the aggregates do not form until the 
shielding of the double layer is reduced by 
electrolyte addition. In modem terminology, 
the protection and sensitization are described in 
terms of the adsorption of the hydrocolloid onto 
the particles. 


Heller and Pugh (101) have discussed the pro- 
tective action of polymers in terms of steric pro- 
tection. Only slight interpenetration would be 


Usually the energy involved would not he suffi- 
cient to orient the detergent molecule in a manner 
to produce a much more lyophobic surface. In 
cases where liquid nonionic detergents producc 
flocculation, the liquid bridge mcchanism iiiav 
account for their action. In our own lahoratory, 
nonionic detergents have been used to increase 
the sedimentation volume of flocculated sus- 
pensions. Less than a monolayer of surfactant 
is necessary; otherwise, the desired mosaic sur- 
face character with only a few coagulation centers 
would not be produced and the effective control 
of the coordination number would be lost. It is 
believed that the mosaic surface is effective only 
during the initial part of the flocculation process. 
Other controls must exist in the suspension if the 
slow compaction settling process is to be effec- 
tively arrested. Structured or high viscosity 
vehicles may be sufficient. Additional study is 
necessary before the above concept can be fully 
evaluated. 


Detergents usually are considered to differ from 
polymers because often polymers have a very high 
molecular weight with many active centers spaced 
along the chain. A detergent usually has a much 
lower molecular weight and, a t  most, a few active 
centers on a single molecule. The importance of 
this will be emphasized in the section on polymer 
flocculation. 


L i p i d s  as Flocculating Agents 


Water has been used for many years to prevent 
hard settling or clay formation of the pigments in 
oil base paints. In 1931, Rhodes and Jebens (92) 
attributed the function of water to the formation 
of structure within the paint. Fischer (93) 
describes the mechanism. When a hydrophilic 
solid is dispersed in oil, a small amount of water is 
collected by each particle. When two particles 
touch, the liquid film collects between the parti- 
cles to form a liquid bridge. 


Bloomquist and Shutt (94) observed the sedi- 
mentation volume of glass spheres in water and 
organic liquids. In  some organic liquids, only 
when they are carefully dried, was the sedimenta- 
tion volume as low as in water. In some cases 
the sedimentation volume was proportional to the 
water content; in others the liquid had to be nearly 
saturated before flocculation was observed. Zettle- 
moyer (95) reports that less than a monolayer of 
water may produce flocculation of some systems. 
It is not clear that such cases are liquid-bridging. 
Farnand, Smith, and Puddington (96) described 
the formation of compact aggregates in a liquid 
medium using liquid-bridge flocculation. The 
mechanism is essentially the same as that for the 
granulation of powders. Mild agitation is used to 
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expected of polymer chains, which extend out- 
ward from neighboring particles. These pro- 
truding chains keep the particles separated suffi- 
ciently to avoid large interactions from dispersion 
forces. Rebinder (25, 26) describes the protec- 
tive action as structural protection in the layer 
around the particle. 


Sensitization results because polymer molecules 
can form bridges between two particles by ad- 
sorbing different portions of themselves onto 
each of two particles. Excess polymer reduces 
the uncoated area so that the probability of a 
link forming between two particles is reduced. 
This simple model has been used by Smellie and 
LaMer ( G 2 )  to develop a quantitative theory for 
the flocculation of phosphate slimes. These 
investigators were interested in obtaining a high 
filtration rate. Consequently, the coordination 
number of the particles in the sediment they find 
to be optimum for filtration may be higher than 
desired for maximum sedimentation volume of the 
suspension. This illustrates the problem pre- 
viously mentioned; ciz.,  the inability to describe 
adequately the flocs produced in a given process. 


Polymer Adsorption.-It is desirable to con- 
sider the adsorption of polymers in more detail 
before continuing u ith the discussion of floccula- 
tion. Silberlxrg ( I W ) ,  in presenting a theoretical 
treatment of polymer adsorption, also reviewed 
the established facts of polymer adsorption that 
any theory must include. Some of these facts 
are of particular interest. The numerous refer- 
ences are not included here; the reader is referred 
to Silberberg’s excellent paper which has an ex- 
tensive bibliography. The amount of polymer 
that is adsorbed from solution is an unusually 
high proportion of the polymer molecules up to 
some limiting amount; thereafter, increases in 
polymer concentration in solution have little 
effect on the adsorption. In the regions of rela- 
tively low molecular weight, the amount ad- 
sorbed increases with molecular weight of 
polymer, but at higher molecular weights the 
amount adsorbed seems to be independent of the 
polymer molecular weight. 


The polymer molecules may be considered as 
consisting of active centers spaced along the 
“backbone” of the molecule. The fraction of 
total segments adsorbed, i.e., actually attached to 
the particle surface, is less than one-half of the 
total segments. The adsorption phenomenon is 
relatively insensitive to temperature changes, 
solvent changes, and even changes in adsorbent 
surface. (Little wonder that polymers have such 
universal application.) 


The model that is most successful in explaining 


the observations is based on the adsorption of 
several adjacent segments of the polymer, and 
then several other adjacent segments forming a 
loop out into the vehicle. followed by the adsorp- 
tion of another group of segments of this same 
molecule, etc. It had been assumed previously 
that many loose ends project into the vehicle; 
but Silberberg’s theoretical treatment predicts 
that at equilibrium the ends are adsorbed and 
loops stick out into the vehicle. With molecules 
of this size, the equilibrium arrangement would 
be approached very slowly. (See the discussion 
a t  the end of Reference 102.) In a real case, 
there probably are ends available for adsorption 
onto bare portions of other particles. The effect 
of time of agitation was noted by Kraugh and 
Langston (103) with gelatin adsorbed on quartz. 
They observed an apparently irreversible effect in 
the direction of deflocculation. They postulated 
that when particles are kept apart long enough 
by agitation one may obtain a gradual rearrange- 
ment on the particle to adsorb more free chains 
onto the particle so that they are no longer avail- 
able to form bridges. 


That polymer bridge flocculation may be im- 
portant in pharmaceutical suspensions has been 
suggested previously (86). Because hydrocol- 
loids are macromolecules with numerous hydro- 
philic regions, it is not surprising that they may be 
used to flocculate particles. Because they are 
polyelectrolytes, the influence of pH and of ionic 
strength may not be negligible. Kraugh and 
Langston (103) observed an optimum pH for both 
settling rate and adsorption for gelatin systems. 


At  least part of the suspending action of 
hydrocolloids results from their adsorption and 
the associated flocculation. It is difficult to 
demonstrate the relative importance of various 
factors in a given suspension. However, in un- 
published studies some insight has been obtained. 
Using different concentrations of the same sus- 
pending agent and the same solid material, a 
series of suspensions having different sedimenta- 
tion volumes were prepared. Several techniques 
(to be described in the next section of this manu- 
script) were used to evaluate the suspensions. 
The observations lead us to postulate that the 
suspending agent is functioning both as a pro- 
tective colloid and as a flocculating agent, just as 
in the filtration rate studies of Smellie and LaMer 
(62). It is performing these functions on different 
parts of the same particle. When most of the 
surface is covered, there is little free surface onto 
which many particles may attach to form polymer 
bridges. Therefore, the coordination number 
tends to be low. At lowcr surface coverage, the 
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Fig. 4.-Time se- 
quence p h o tomicr o- 
graphs of flocculation 
process .  Case  of a 
large sediment volume. 
F r e s h l y  p r e p a r e d  
slide. (Left). Three 
and one-half  hours 
a f te r  preparation. 
(Center). Forty-five 
and one-half hours after 
preparation. (Right). 
Freshly prepared slides 
may be misleading. 


coordination number may be larger and the sus- 
pension appears more coarse. Here, the links 
need not be all polymer bridges. 


Methods of Evalrratirig Suspessiotis 
Techniques for evaluating the character of a 


suspension have been developed. Many of these 
have been reviewed by Kinsman and Bowles (81). 
Dielectric constant methods and electrical con- 
ductivity are useful only in nonconducting fluids. 
Conductivity methods have the further require- 
ment that the particles must be conducting. 
Nevertheless, these methods have been most re- 
vealing of the nature of the flocculation process, 
see, for example, the work of Voet (57). Other 
methods, such as light scattering, are useful only 
in dilute suspensions. Less direct methods are 
often more easily applied and more suitable for 
the usual pharinaceutical suspension. 
Low Shew Rnk -In our laboratories, it has 


been demonstrated that suspensions may be ele- 
gant products with reasonably long shelf-life 
stability even when the particles have not at- 
tained their maximum possible coordination 
number. This is demonstrated by agitating the 
suspension a t  an extremely low rate. The 
author uses a round bottle tilted at 45’ from the 
vertical and rotated a t  4 revolutions per hour. 
The bottle is not filled beyond the point where 
the contents have a triangular cross section if 
viewed in a plane through the axis of rotation. 
One pharmaceutically elegant suspension has heen 
found that will “curdle” in less than 1 hour in this 
apparatus. Other good products withstand this 
trealment for several hours with no apparen 1 
change in their physical characteristics. il 
suspension that undergoes a significant change in 
the coordination numher of its particles in this 
device might do 50 under the mild agitation it 
would receive in shipment. However, the con- 
ditions are not the same and further testing 
should be conducted. 


The acceleration of flocculation a t  very low 
levels of agitation has been reported previously 
(64, 65). Also, some dispersions flocculate under 


high shear (81, 104). The author has not worked 
with any pharmaceutical suspensions that behave 
in this manner. 


One experimental lot that contained a suspend- 
ing agent was observed to “curdle” in less than 
1 5  minutes when subjected to the rotation test. 
This suspension will be identified as suspension 
A .  When it stood on the shelf in a carboy, within 
3 months the solids had contracted so that a thin 
layer of clear liquid existed a t  the outside edge. 
Also, large cracks had developed. They ex- 
tended into, but not through, the total structure 
of the solids. I t  is postulated that a slow rear- 
rangement of the particles had occurred on 
standing; this resulted in a slight increase in the 
coordination number of the particles (syneresis 
phenomenon). In small containers the con- 
traction was not obvious except by careful 
examination. 


In discussing the adsorption of polymers, it  was 
stated that the amount of polymer adsorbed is 
an unusually high fraction up to some limiting 
amount; thereafter, increases in polymer con- 
centration in solution have little effect on the 
adsorption. Apparently, the surface becomes 
almost completely coated with polymer before a 
high concentration can exist in the equilibrium 
liquid. However, in the slow rotation experi- 
ment with suspension A ,  the suspending agent did 
not provide complete protection against floccula- 
tion; but enough of it  must have been in the 
vehicle to provide sufficient structure to inhibit 
the flocculation process in the unagitated suspen- 
sion. Adsorption isotherms can be made to 
determine the equilibrium concentrations. 


Rheology.-Suspension A was studied further 
by using a Couette-type viscometer. The inter- 
action energy was evaluated using the method of 
Gillespie (105). The Bingham yield values were 
nearly identical for the suspension and the equilib- 
rium vehicle. Therefore, the presence of signifi- 
cant amounts of suspending agent in the vehicle 
was demonstrated clearly. Viscoelastic proper- 
ties of both the suspension and the vehicle were 
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estimated using a device somewhat like that 
described by McVean and Mattocks (67). An 
important difference in technique is that the 
suspension is not disturbed to introduce a sphere 
beneath its surface. Instead, a probe is lowered 
into the aged suspension. The relaxation curve 
of the suspension demonstrated the existence of a 
structure that relaxed very slowly. The relaxa- 
tion plot fit the logarithmic box distribution 
model. By comparison, the equilibrium vehicle 
exhibited a very weak structure. The apparatus 
used was not sensitive enough to permit charac- 
terization of the relaxation curve: 


Microscopic Observations.-Microscopic obser- 
vations of suspension A were not particularly 
useful because of the high (13%) solids content. 
When diluted with equilibrium vehicle to 2.6% 
solids, no significant flocculation was observed, 
even after standing for 2 weeks. 


Suspension A seems to be an example of a 
suspension containing flocculated particles. How- 
ever, the flocculation process has been arrested 
by either the structure and/or the high apparent 
viscosity of the vehicle. Therefore, the parti- 
cles have not attained the maximum .possible 
coordination number. Its shelf-life stability in 
small bottles was satisfactory to qualify as an 
elegant product. 


Similar studies of other suspensions have 
demonstrated that other conditions also result in 
an elegant product. For example, a suspension 
that did not “curdle” in the slow rotation device 
produced very interesting photomicrographs. 
To obtain useable photomicrographs, i t  was 
necessary to dilute the suspension to one-fifth the 
original concentration. Both the dilution and 
the walls of the slide may influence the particle 
behavior; hence, one cannot be certain that the 
suspension looks like the photomicrograph. 
Figure 4 shows the results of this study. The 
zero time photomicrograph does not show floc- 
culation. After 3.5 hours, noticeable flocculation 
has occurred. After 45.5 hours, the flocculation 
has produced the open-scaffold structure. Fig- 
ure 3 shows the sediment of two suspensions of 
the same solid content. In one case very little 
suspending agent was used; both a small sediment 
volume and a large coordination number resulted. 
Increased amount of suspending agent resulted in 
the formation of the scaffold structure and a 
large sediment volume. The dilution step, 
necessary to obtain the photomicrographs, re- 
duces the initial flocculation rate to approxi- 
mately one-twenty-fifth of its rate in the undiluted 
suspension. Nevertheless, the results demon- 
strated the need to evaluate a microscope slide 


after waiting sullicient time for the flocculation to 
develop. 


To obtain the photomicrographs in Figs. 3 and 
4, each slide contained a well about 500 p deep. 
This was filled with the freshly stirred suspension. 
The cover slip was carefully placed over the well 
and sealed. The slides were stored at 60’ from 
the horizontal so that both sedimentation and 
flocculation could occur. Without the sedi- 
mentation, the high coordination number would 
not develop. 


The observations discussed in the above para- 
graphs are consistent with the theoretical con- 
cepts presented. The basic principles involved 
in producing colloidally stable dispersions are not 
sufficient for shelf-life stability. Instead, it is 
necessary to use a structure produced by the 
particles themselves. 


Phase Volume Ratio 


Very little has been said directly about the 
phase volume ratio. Obviously, the particle 
population is important since a maximum theo- 
retical limit must exist for the sedimentation 
volume of a dilute suspension and for the mini- 
mum volume of a highly concentrated suspension. 
The rheological properties will vary with the total 
solids. Chessick (106) has described methods to 
increase solid con tents of nonaqueous dispersions 
without other effects. This involves the control 
of the interactions between particles. Both 
pediatric drops and parenteral dosages may re- 
quire very high solids contents. The finished 
products will involve differences in the desired 
coordination number, etc., from more dilute sus- 
pensions. Particle size control may be of value 
(107), but the dissolution rate and therein the 
availability for adsorption may limit the choice of 
particle size. 


It is obvious that there is no single answer to 
the question, “What conditions produce a stable 
(shelf-life) suspension?” Nevertheless, some 
guiding theories and useful techniques are avail- 
able to the formulator. In an effort to present 
the above material in a manner as logical as possi- 
ble, many of the complicating details have been 
neglected. At present, the body of knowledge 
available to the formulator provides only the 
guide lines. Each formulation presents unique 
problems. These relate to the chemical com- 
position and physical properties of the suspended 
materials. Even chemically similar materials 
may exhibit different physical properties. This 
is especially true of surface properties where trace 
impurities are often the dominating factor. 
Consequently, guided empiricism shall continue 
to be the dominant course toward preparing an 
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elegant pharmaceutied product. However, as Fms:,, ~ ~ ~ ~ ~ $ ;  $ i l ~ ~ ~ ) ~ o V e r b e e k *  J. Th. G.* Discussion 


[undamental principles are unveiled, product 
formulation will shed its empirical character. 


these developments. I t  is in this interest that 
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TABLE II.-ANALYTICAL DATA FOR ESTERS 


c- C-- -H-  -N- -HCl- 
Compd. Pound Calcd. Found Calcd. Found Calcd. Found Calcd. 


I 


11 


I11 


IV 


V 


VIO 
VII 


VIII 


55.75 55.46 6.91 6.98 5.44 5.39 13.77 14.07 CnHi?NOa.HCI 
55.68 6.71 5.38 13.79 
58.45 58.40 7.53 7.51 4.97 4.86 12.68 12.67 CirHnNOa.HC1 
58.55 7.47 4.81 
57.12 57.01 7.29 7.36 5.19 5.11 13.21 13.33 CiaHisNO,.HCl 


58.31 58.40 7.95 7.71 4.81 4.86 12.66 12.67 CirHziNOa*HCl 


59.59 59.66 7.76 8.01 4.73 4.64 11.82 12.08 CaH2nN03.HCI 


57.17 7.27 5.02 


58.26 7.62 5.09 
-. .. ~ 


59.73 8.01 4.58 
59.98 59.66 7.85 8.01 4.68 4.64 11.82 12.08 CisHliNOs.HCI 
64.22 64.35 6.67 6.60 4.38 4.17 10.46 10.85 CiaH2iN03.HCl 
64.18 6.39 4.12 
65.03 65.21 6.75 6.91 3.89 4.00 10.42 10.42 CioHzaNOa.HC1 
64.88 6.64 4.04 


a Insufficient sample for check analysis. 


5.0 5.2 5.4 5.6 5.8 
PH 


Fig. 1.-Plot of pH values vs. 0.03 M solution 
milligrams per 100 ml. Key: A. @-methylamino- 
ethyl-P-ethoxybenzoate HCl (I); 0, ,%ethyl- 
aminoethyl-p-ethoxybenzoate HCl (111); .. 8-n- 
butylaminoethyl-p-ethoxybenzoate HC1 (V) ; and 
0, &benzylaminoethyl-p4hoxybenzoate HCI (VII). 


ethoxy benzoic a a d  (5 X 10- M) in isopropyl 
alcohol came at 265 mp. The alcohol of Compound 
VII (5 X 10- M) in isopropyl alcohol gave an 
absorbance reading of 0.40 at 205 mp; the ab- 
sorbance dropped rapidly before reaching 220 mp, 
and at 230 mp approached w o  and remained there. 
The alcohol in Compound VII contained a benzyl 
group; since it did not change the general curve, it 
may be assumed that the alcohols just shift the 
maximum peak toward the longer wavelength. 
The shoulder or irregularity in the curve between 


0.40 
0.20 
0.00 


0 0 0  0 
~ 3 x m  


WAVELENGTH, mp 
Fig. Z.-General curve which all compounds 


followed. 


200 and 215 mp may be due in part to the alcohol 
portion of ester. Six of the compounds had a 
molecular extension coefficient of 17,200, and Com- 
pounds V and IV had values of 17,100 and 17,800, 
respectively. 


The surface tension results seem to follow the 
observations of Weiser (3) that the surface tension 
of water is lowered most strongly by organic com- 
pounds with a long chain of carbon atoms or with 
one or more benzene rings. The values obtained 
indicate that the substituent groups on the nitrogen 
influence the surface tension more than the benzoic 
acid group does. 
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Modified U.S.P. Tablet Disintegration Apparatus 
By LEONARD L. KAPLAN 


N AN EARLIER REPORT (1) a modification of the I U.S.P. tablet disintegration apparatus was de- 
scribed which creates more uniform attrition on all 
sides of the test tablet surfaces and serves to  obviate 
the need for the disks in tablet disintegration testing. 


Received June 3, 1963, from Walker Laboratories, Mount 


Accebted for publication July 17.1963. 
Vernon N Y. 


The modification consists of a thin flexible insert 
placed inside the glass tubes of the apparatus at 
the lower end in contact with the bottom stain- 
less steel wire cloth. The dimensions of this insert 
are external diameter 21.5 mm., internal diameter 
15 mm., wall thickness 3.25 mm., and insert thick- 
ness 3.5 mm. The U.S.P. XVI specifies a basket 
rack assembly consisting of six open glass tubes, 







~~ ~~~ ~. -_ 
l'hrrapcutic 


Class 


En7yxne 
1,ipotrupic 


\'itamin El 


Vitamin R I  


Vitamin C 


Tran qui liizcr 


Analgesic 


Multivitariiin 


En z y ine 


1.a sod i la t o r  


Diuretic 
A n t  ;icitl 


I.-J'RODUCTS ITSHD IS THIS STUDY 
- 


~~~~ ~ ~ 


Tablet '1'he:apeutic 
Il lam.,  in. I ' i  0 , I  I I C  t Clas, 


'/IS flat facc 1.3 Antihistarriinc 
' 3 / 3 z  reg 


concave 14 Vasodilator 
b/ l l  reg. 


concave 15 Digestant 
 IS reg. 


concave 1 B .Mu It iv i t am in 
5 / l &  reg. 17 Muscle relaxant 


concave 
" / l a  reg. 18 Energizer 


concave 
reg. 19 1)igestant 


13/82 reg 20 Multivitamin 
concave 21 \ -asd i la tor  


,/: reg 
concave 22 31 u I t iv i t am iri 


7/i l  r v  23 Digestant 
concave 34 Antihistarnine 


7/11 flat face 25 Calciurti 
:6/3? flat face pantothenate  


CoIlcavC 


~ -~ 


'Iahlet 
I)ium , in 


6 / l h  reg. 
concave 


I/? r rg  
concave 
reg. 


concave 
'/;e square 
' / I 6  reg. 


concave 
'/32 reg. 


concave 
1/2 reg. 


concave 
I / 2  oval 
l J / 2 ?  reg. 


lo!,? oval 


q / , r  flat face 
) / I &  reg. 


CoIIcave 


5 1 8  nat face 


cl)rlcavr 


ea(.)l - I - r  .> riii lorig, arid rach having :in insidc 
diameter o f  approkinlately 21 5 tiiiii. ( 2 ) .  Thus ,  thc  
net  effect of tlie insert is t o  decrease the  inside tliarri- 
etcr of tlie lower end of the  g h s s  tube  in contact  
with thc  wire cloth to  15 0 i i i r r i .  


For any  fluid of constant density passing through 
a st ream tube,  the  product of the  cross-srctional 
area :tnd vr lnci ty  is constant a t  all points along tlie 
strtx;irii tuhe i S )  This is shown by 


Q = A:L71 : .1,I/.? : h' ( E q .  1) 


cross-scctional area,  A ,, of ttie tube  is decreased by 
the  insert to A 2 ,  t h e  velocity of t h e  fluid passing 
through t h e  tube  a t  t h a t  point increases propor- 
tionately from VI t o  I/? t o  maintain t h e  constant 
flow r a t r  Q,  This  increase in fluid velocity a t  tlie 
cciristricted point creates a turbulence as ttie basket 
rack assembly rises arid falls. This  turbulrnce 
causes ttie tablets  t o  "bob" up  and down with 
greater action, resulting in inorr uniform attrition to 
all of the  tablet  surfaces arid prevcnts adhesion of 
ttie tablets  t o  the  bot tom Hire cloth. 


wlirre Q is t h e  f low,  ra te  constant A-, rZ is t h r  cross- 
sectional xrt'x of t h r  s t r e m i  t u b e ,  nnd V is tlie 'l'wcnty-five commercially available uncoatcd 
velocity of the  fluid in motion This equation o f  compressed tab l r t  products were subjected to  
continuity s ta tes  t h a t  in s t r a d y  flow, the  IIGLSS of tablet disintrgratiori testing b y  three rriethtxis. 
fluid passing all cross sections of : I  st ream tube pr r  ( ( I )  U.S.1'. SVI apparatus ,  ( b )  17 S.P. XVI apparatus  
unit of time reiiiains constant. Thrrrfore .  :IS the  with disks, and  ( c )  C.S 1'. appara tus  with insert 


EXPERIMENTAL 


TAHLE I I . - - K A N G E  OF I)ISINT6CKATION KHSULTS' 
- _ _  - - - - -_ - - .- - - ~~~ 


~~~ ~ ~ ~~ ~ 


- _  . _ _  - - - - h l j n u t e c  ~~~~~ ~~~ ~ 


Product hlrthod AD %lethod IV Slethod C d  
1 1:*1x ( 3 )  12x3) (18)  10-11 ( I )  
2 12-16 i l l  
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
1 3 
1 4 
1 .; 
16 
17 
18 
19 
20 
21 
32 
Z? 
24 
2 5  


17-22 
3 - -5  


' /?  


1-2 
1-4 


2 0 4 7  
14-17 
4-1 1 
7-10 " +I/= 


12-13 
1 s23 
1 W 9  
1 5 2 2  
K-11 


2 
'/z-l  


"0 -23 
3 -5 


' / 2  


1/2-1 
' / 2  -3 
23 -29 
12-15 
17--26 
1 6  
2 


2 5  -33 
"8 40 
4%-57 
25-32 
17-30 
' / r 2  


2 -3 
- . Figures in parentheses represent the range rprend in minutes for each product tested by each of the three methud% U S.P. 


apparatus. C U.S.P nppnrntus with disks. d U.S.P. apparatus with insert modification. 







&I9 


ihated at 70 minutes and therefore also are not 
included in this analysis. This left ten products, 
identified in Table I as products 1. 2, 5, 6, 9. 16. 
17, 19, 20, and 22 for the statistical analysis. 


The arithmetic mean, standard deviation, and 
coefficient of variation for the ten products tested 
by each of the three disintegration methods are re- 
ported in Table 111. The consistently lower stand- 
ard deviation and coefficient of variation obtained 
with the insert modified apparatus (Method C) com- 
pared to  the U.S.P. apparatus (Method A )  and the 
U.S.P. apparatus with disks (Method B )  indicates 
the degree of variance in the disintegration results 
caused by the apparatus. The coefficient of varia- 
tion as a determinant of the relationship between 
the arithmetic mean and the standard deviation per- 
mits comparison of the relative variability introduced 
by each of the three disintegration methods. The 
chi-square test determining the goodness of fit 
of the actual data to  the hypothesized distribution 
was applied to  the coefficients of variation and stand- 
ard deviations of the ten products ranked for each 
of the three test methods.’ With four degrees 
of freedom, the tabled 1% value of chi-square is 
13.277. For the coefficient of variation data, 
chi-square is 13.2, with a probability value of 
pw.01. For the standard deviation data, chi- 
square is 17.4, for which p is less than 0.01. Hence, 
the hypothesis of a uniform distribution is rejected, 
the acceptable alternative is that the insert modifica- 
tion provides a disintegration method with signifi- 
cantly less apparatus induced variance than the 
present U.S.P. apparatus, with and without disks. 


CONCLUSIONS 
Disintegration studies conducted on 25 commer- 


cially available uncoated, compressed tablet prod - 
ucts indicate a wide range in results for each 
product. 


Comparative determinations of the apparatus 
induced variance of the three disintegration meth- 
ods indicate that the U.S.P. XVI apparatus, with 
or without disks, introduces a significantly greater 
degree of variance than the insert modified appara- 
tus. 


Based upon the results of this study, the insert 
modified apparatus warrants consideration as an 
improved laboratory control method for the in witro 
testing of tablet disintegrations. 
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TABLE III.-STATISTICAL ANAEYSIS 


Test 
Product Method 


1 A” 
Bb 
C” 


2 A 
B 
C 


5 A 
B 
C 


6 A 
B 
C 


9 A 
B 
C 


16 A 
B 
C 


17 A 
B 
C 


19 A 
B 
C 


20 A 
B 
C 


22 A 
B 
C 


Arithmetic 
Mean. 
min. 
16.7 
19.3 
10.8 
30.7 
12.6 
13.6 
5.9 
4.3 
2.6 
8.4 
5.1 
5.3 
32.8 
20.3 
21.9 
39.0 
6.4 
20.2 


7 . 4  
7.9 
4.9 
37.3 
12.2 
28.3 
63.4 
18.1 
34.0 
55.5 
18.6 
28.8 


S.D. 
1.2 
6.6 
0.4 
3.5 
3.6 
2.4 
2.3 
1.1 
0.6 
0.9 
0.4 
0.3 
3.0 
1.5 
0.4 
14.8 
3.5 
2.9 
1 .o 
1.2 
0.6 
0.6 
0.8 
1.3 
4.5 
2.6 
3.5 
7.8 
2.2 
1.2 


Coefficient 
of Variation, 


% 
7.3 
34.2 
3.9 
11.5 
28.6 
17.2 
38.1 
25.1 
21.2 
10.2 
7.8 
4.9 
9.3 
7.3 
1.8 


37.8 
54.4 
14.1 
13.2 
15.4 
11.6 
1.6 
6.5 
4.5 
7.2 
14.2 
10.4 
14.1 
12.0 
4.2 


a U.S.P. XVI apparatus. bU.S.P.. XVI apparatus with 
disks. C U.S.P. XVI apparatus anth insert modification. 


modification. Water maintained at 37” was used 
as the disintegrating medium as specified in the 
U.S.P. XVI monograph for uncoated tablets. 
Eighteen tablets of each product were tested using 
each method. The products used in this study and 
their therapeutic class, tablet weight, and tablet 
diameter are listed in Table I. 


The results of these disintegration studies in 
terms of range for the 18 tablets tested for each 
product are reported in Table 11. Observations 
were terminated at the 70-minute period for the 
purpose of this study. The figure in the parenthesis 
represents the range spread in minutes for each 
product tested by each of the three methods. 


ANALYSIS OF RESULTS 
Those products in which the mean average dis- 


integration times were less than 5 minutes for all 
three methods and those products in which the dis- 
integration time end points exceeded 70 minutes are 
omitted from the statistical analysis of this report. 
From a practical standpoint, the disintegration 
times in fractions of minutes recorded for the quickly 
disintegrating products could not be precisely noted, 
and therefore would not be valid in the statistical 
analysis. For purposes of laboratory expediency, 
the longer disintegrating tablet studies were term- 


(1) Kaplan. L. L., and Kish, J. A,, THIS JOURNAL, 51 


(2) “United States Pharmacopeia.” 16th rev., Mack Puh- 


(3) Vennard, J. K . ,  Eledentary Fluid Mechanics,” 3rd 


706( 1962). 


lishing Co., Eadon, Pa.:,1960 p. 934. 


ed.. John Wiley and Sons, New York, N. Y.. 1954. p. 74. 


1 A formula for chi-square algebraically simplified for this 
study is 


where n is the number of methods ranked, N is the number 
of products tested, and f is the frequency of results per rank- 
ing column. 
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It appears that two double bonds are present in 


the sterol, although unequivocal evidence must 
await further data. One double bond is at  position 
6(6)-; rotational differences between the new 
sterol and its acetate and benzoate coincide with 
established differences for As-stenols (Table 111). 
This is substantiated by the similarity of the infrared 
spectrum to 8-sitosterol and the rate of the Lieber- 
mann-Burchard reaction. The exact position of 
the second double bond cannot be ascertained with 
the available data, which were limited by the supply 
of sterol on hand. However, nuclear positions 
i(8)-, 8(9)-. 8(14)-, and 9(11)- can be ruled out 
because of the rotational values in Table I11 and 
because of the negative Tortelli-Jaffe reaction 
(Reference 5. p. 101). Positions 7(8)- and 3(4> 
can be eliminated since no conjugation was indi- 
cated in the ultraviolet spectrum, and position 11 
can be eliminated because of the lack of identity 
with the A*,(ll’)-stigmastadienol of Idler el d. (6). 
Hydrogenation in neutral medium converted the 
sterol to a compound (unidentified) that was not 
A‘-stigmastenol (&sitosterol). Therefore, the 
second (presumed) double bond must have been 
more resistant to hydrogenation than A6. This 
eliminates the side chain positions 22(23>, 24(26)-. 
or 24(28)- (6). It also eliminates position 14(16)- 
(7). With these eliminations ring A, positions 


l(2)- or 2(3)- become possibilities, since some 
“vicinal)’ effect (Reference 5, p. 209) is indicated 
by the MD for both the free sterol and acetate 
(Table 111). The significance of the peak a t  14.3 
p in the infrared shows promise for later identifica- 
tion; at the moment its significance is unknown. 


The other substance new to M. dgare.  a strongly 
polar sesquiterpene which probably contains two 
nonconjugated double bonds, was not isolated 
from the crude extracts but was readily isolated 
from nonsaponiiiable fractions of extracts of the 
plant. Neither the sterol nor the sesquiterpene 
has yet been equated with known substances; we 
are describing them as “unidentitied,” pending 
further experimentation. 
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Preservatives for Poliomyelitis (Salk) Vaccine I11 
2-Phenoxyethanol 


By HILLIARD PIVNICK, J. M. TRACY, A. L. TOSONI, a n d  D. G. GLASS 


Poliomyelitis vaccine contains antibiotics, but the antibiotics are inadequate for pre- 
venting the growth of heavy contamination with bacteria or light contamination 
with.fun i. The addition of 0.375 per cent v/v of 2-phenoryethanol to poliomyelitis 
vaccine Lnished  a stable mixture of preservatives (sueptom cin, neom cin, and 2- 
phenoxyethanol) which was inhibitory to both bacteria angfungi. Tiis mixture 
was also effective when poliomyelitis vaccine was mixed with diphtheria and tetanus 


toxoids and pertussis vaccine. 


ACCINE packaged in multiple-dose vials must The present report concerns 2-phenoxyethano11 
contain a preservative to prevent the growth (ethylene glycol monophenyl ether) (2-POE) as a 


of microbial contaminants which may be intro- preservative for poliomyelitis vaccine. This 
duced when samples are withdrawn. In studies compound was chosen for study because of its 
of preservation of poliomyelitis vaccine and DFT activity against Psdomonas aeruginosa (3-6) a 
polio vaccine (1, 2) we showed that antibiotics, potential pathogen which may grow in vaccines 
benzethonium chloride, formaldehyde, and esters and other medicinals (7-9). 
of p-hydroxybenzoic sad (parabens) alone, or in 
various combinations, had deficiencies as pre- MATERIALS AND METHODS 
servatives. 


Received Octobu 29 1963 from Connaught Medical R+ 
search Laboratories, Gaixdity of Toronto, Tmnto. On- 
tario. Canada. 


Accepted for publication November 19.1983. 
The authors acknowledge the interest and excellent tech- 


nical pgirtonce of A. von Seefried and A. Ph. van den 
Ekhout. 


ZPhenoxyethanol was sterilized by Seitz filtra- 
tion, added to vaccines or media and the mixture 
was stirred slowly for a few hours to effect solution. 


A method of assay for 2-POE in poliomyelitis 


1 Marketed as Phenoxetol by Nipa Laboratories Ltd., Tre- 
forat Industrial Estnte, near Cardiff, Wales, U.K. 
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culturea grew when approximately 25 X lW cells 
were added to each milliliter of HB597 medium. 
This medium with added antibiotics is used in 
monkey kidney tissue culture for growing poli- 
omyelitis virus and is a major part of the finished 
vaccine. This table also shows that 0.75% v/v 
of 2-POE did not inhibit growth of all the cultures 
but 1% did. 


Table I1 shows the effect of challenging, with 
three concentrations of 12 different bacterial 
cultures, poliomyelitis vaccine containing ZPOE. 
Poliomyelitis vaccine is mainly HB597 medium 
with killed virus and antibiotics. This vaccine 
contained 135 p.p.m. of streptomycin and 2 p.p.m. 
of neomycin (1). The vaccine itself had considerable 
antibacterial activity and this was greatly increased 
by 0.375% but not by 0.25% of 2-POE. A con- 
centration of 0.5'$& of 2-POE gave the same results 
as 0.375% but o.75y0 prevented growth of all 
cultures. For further work we used 0.375% v/v 
of 2-POE. 


The preservative activity of the mixture of 
antibiotics and 2-POE was stable. Vaccine con- 
taining 0.376% of 2-POE was challenged with the 
13 bacterial cultures using the three concentrations 
of cells previously employed. After 60 days at  
room temperature those tubes in which growth 
was not evident were rechallenged with freshly 
prepared inoculum. As a result of the first chal- 
lenge, growth occurred in 3 of the 39 tubes. When 
the tubes without growth were rechallenged 60 
days later, growth occurred in only one. 


2-Phenoxyethanol was effective as a preserva- 
tive when challenged poliomyelitis vaccine was 


TABLE II.-ANTIBACTEFUAL ACTMTY OF 2- 
PHENOXYBTHANOL IN POLIOMYELITIS VACCXNP 


Approximate 


TABLE  ANTIBACTERIAL ACTIVITY OF 2-PHENOXY- 
ETHANOL IN HB597 MEDIUM' 


Challenge No. of -2-Phenoxyethanol, %- 
Culture Culture 0 0.5 0.75 1.0 


Pseudqmonas 


Pseudonumas 


Psendqmonas 


Psewiponas 


Pseudomonas 


Pseudomonas 


PseudTonas 


PseudTonas 


SfzigeZlu&xneri C-8 + + - - 
Protcus species C-9 + + - - 
Salmonella 


paratyphi C C-12 + + - - 
Stap hylococcics 


aurems c-10 + + - - 
Staphylococcus 


aurcus c-11 + + + - 


species c-1 +* - - -  
species c-2 + - 
speaes c-3 + - 


speaes c - 5  + - 
acrugmosa C-4 + - - - 
aerugznosa C-6 + + - - 
aerugsnosa C-13 + + - - 


- -  
- - 
- - 


mrugtnosa C-16 + + + - 


- 
a No antibiotics present. b 4- - growth within 60 days at 


room temperature; - = no growth. 


vaccine was developed. A standard curve of 
2-POE, distilled in a fractionating column, was 
prepared. The relation between the absorbance 
at 271 mp in reagent grade ethylene chloride com- 
pared to a solvent blank was found to be linear in 
the range from 0 to  0 . ~ 5 0 / ,  v/v. To assay poli- 
omyelitis vaccine, a suitable volume of sample was 
extracted with an equal volume of ethylene chloride 
by thoroughly shaking in a separator for 
1 minute. The ethylene chloride extract was 
diluted 1:lOO with ethylene chloride and the 
absorbance read on a Beckman DK-2 spectro- 
photometer at 271 mp. Centrifugation was usually 
necessary to obtain clear extracts when working 
with DPT polio vaccine. Poliomyelitis vaccine 
which did not contain 2-POE gave no absorbance 
and it was found that one extraction gave essentially 
quantitative recovery. 
All other materials and methods have been 


previously described (1.2). 


RESULTS 


All inoculated media and vaccines were incubated 
at room temperature, unless otherwise stated, 
and examined after 4,11, and 60 days of incubation. 
When HB597 medium without preservatives was 
inoculated, growth was visible within 4 days. 
When medium or vaccine containing preservatives 
was inoculated, only about two-thirds of all tubes 
which eventually contained visible growth did SO 
by the fourth day. Most of the remainder were 
positive by the eleventh day. Subcultures were 
usually done on the eleventh day after inoculation 
and about SIOyo of those t u b  which did not 
show macroscopic evidence of growth contained 
viable cells. Rarely did these viable cells pro- 
liferate sufficiently to give macroscopic evidence 
of growth within 60 days after inoculation. 


Table I shows that all 13 bacterial challenge 


cells Number per ml ,  of No. of Tubes with Growth % % ~ ~  of Vaccine No. of Tubes Challenged 
0 25 X 106 12/12 


25 X 10' 4/12 (Cl ,  C2, C3, 
25 0/12 C13)a 


0.25  25 X 108 9/12 
25 X lo3 5/12 ((2, W, C4, C6, 


25 0/12 C13) 
0.375 25 X 1V 3/12 (C4, C6, C13) 


25 0/12 
25 X lo* 0/12 


a Formaldehyde neutralized. Numbers in brackets refer 
to cultures listed in Table I and identify the cultures which 
grew. 


TABLE III.-PRESBRVATIVB EFFECT OF %@fa- 
cHLOROPHENOXYETHAXOLa AND 2-PHBNOXY-1- 


YBTHYLETHANOL~ IN POLIOMY ELITIS VACCINE 
~~ 


Approximate No. Of Tube$ Number of with Growth 
Cells per ml. No. of Tuber 


Vaccine of Vocdne Challenged 
Poliomyelitis 25 X l@ 12/13 


25 X 10' 8/13 
26 8/13 


Poliomyelitis + 25 X 1 W  0/13 
0.270 of 2-para-. 25 X 10' 0/13 


25 0/13 
Poliomyelitis + 25 X l @  10/13 


0.3% of 2- 25 X 10' 8/13 
phenoxy-b 25 6/13 
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TABLE Iv.-PRESERVATIVE ACTIVITY OF 2-PHENOXYBTHANOL I N  VACCINE CONTAINING NONNEUTULIZED 


FORMALDEHYDE 


-Bacteria 
Approximate Yeasts and Moldsa- 


Cells per ml. Number of 
Number of Growthb Approximate Growth 


Preparation Tested of Vaccine Challenged Cells per ml. Challenged 
HB597 25 X 10s 13/13 2.5 X lo8 7/7 


25 X loa 13/13 2.5 X 10' 
25 13/13 2.5 


DPT polioc vaccine 25 X l@ 1/13 2.5 X 10' 6/7 
25 X 10' 0/13 2.5 X 10' 6/7 


25 0/13 2.5 3/7 (C28, C33, C35d) 


of 2-phenoxyethanol 25 X 10' 0/13 2.5 X 10' 0/7 
25 0/13 2.5 0/7 


DPT polio vaccine + 0.375% 25 X 106 0/13 2.5 X 10' 3/7 (C28, C33. C35) 


C27-Saccharomyces dligsoideur: C2&Debaromyces klocckni: CZQ-Swcharomyces rouxii; C3O-Rhodalorula pid in is  
C32-Rhiwf1us oryzae; C33-Fusarium lini; C35-Circindla spinma. No. of cultures with growth/No. of cultures used 10; 
challenge. a DPT polio vaccine WM made by combining 100 volumes of poliomyelitis vacdne with 4 volumu of a mixture of 
diphtheria and tetanus toxoids and pert- vaccine. Bracketed figures identify cultures which grew. 


stored at 4'. When the vaccine without 2-POE 
was challenged with 12 different bacterial cultures, 
8 of the 12 grew within 10 weeks at 4' but when the 
vaccine contained 0.375% of 2-POE, none grew 
within 15 weeks. 


Two other compounds similar to 2-POE were 
also tested briefly as preservatives in poliomyelitis 
vaccine in which the formaldehyde had been 
neutralized. These were Z-para-chlorophenoxy- 
ethanol (Para-phenoxetol) and 2-phenoxy-1-meth- 
ylethanol (Propylene phenoxetol). Table I11 shows 
that the former, at a concentration of 0.2y0 
v/v had excellent antibacterial activity while the 
latter was useless at o.3y0 v/v. The high anti- 
bacterial activity of 2-para-chlorophenoxyethanol 
indicates that further study of this material may 
be rewarding. 


Formaldehyde may be added to poliomyelitis 
virus to inactivate the virus in order that i t  may 
be used for Salk vaccine. The residual formalde- 
hyde (70-80 p.p.m.) may be left or it may be 
neutralized by bisulfite (2). If not neutralized the 
formaldehyde supplements the antibacterial activity 
of the antibiotics in the vaccine but has little 
antimycotic activity (2). Table I V  shows that 
2-POE provided antifungal activity for DPT polio 
vaccine which contained nonneutralized formalde- 
hyde and already posessed adequate antibacterial 
activity. This table also gives evidence that the 
2-POE was not inactivated by the toxoids and 
pertussis vaccine in DPT polio vaccine or by the 
formaldehyde. 


Studies were done to  determine the stability 
of 2-POE in DPT polio vaccine stored for 11 
months at 4'. During this time the 2-POE de- 
creased from 0.375 to 0.33yo but the antimicrobial 
activity of the vaccine was not diminished. 


DISCUSSION 


2-Phenoxyethanol has not been used widely as 
a preservative for biologicals and would not be 


useful by itself unless about 1.0% were added. 
Its solubility at 20' in water is only 2.4%. As 
part of a mixture of preservatives in poliomyelitis 
and DPT polio vaccine it does, however, appear 
to be useful. It supplements the antibacterial 
activity of the antibiotics, provides adequate 
antifungal activity, and has excellent stability. 
Moreover, it  is not inactivated by components of 
DPT polio vaccine nor, unlike parabens, does it 
cause a change of pH in the vaccine during pro- 
longed storage. Besides its preservative activity. 
2-POE has other necessary attributes of a preser- 
vative for vaccines-it is nontoxic and it does not 
destroy antigenicity of any of the components of 
DPT polio vaccine when used at a concentration 
of o.375y0 and stored at 4' (10). Thus, 2-POE 
appears to  be a satisfactory preservative for this 
vaccine. 


2-Phenoxyethanol may have further application 
as a preservative for biologicals which contain high 
concentrations of proteins. Berry (3) has stated 
that the bacteriostatic concentration is not greatly 
increased by 20y0 of serum. It must be emphasized, 
however, that the bacteriostatic concentrations 
are about 0.8OjO for S. aweus. We believe that the 
best method of using 2-POE is in conjunction with 
stable antibiotics such as streptomycin and neo- 
mycin, in which mixtures i t  may be satisfactory for 
a variety of products. 
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Physical Factors Affecting the Subcoating of 
Compressed Tablets 11 


Preliminary Screening of Some Variables 


By M. R. NAZARETH and V. N. BHATIA 


A series of preliminary experiments was performed to screen several physical factors 
that might Pftect the subcoating process. On the basis of this preliminary screening, 
three variables were selected for further study: tablet density, pan speed, and pan 
load. The effect of each of these variables on the “roughness index” was studied. 
All three strongly influenced the roughness index value of the subcoated tablets. 
Two equations were developed-one showing the relationship between pan load 
and roughness index and the other showing the relationship between tablet density 


and roughness index. 


HE NUMBER of physical factors that could pos- 
sibly have an &ect on the quality of sub- 


coating is great. They include such variables as 
tablet weight, size, surface characteristics, and 
geometry; batch size, pan dimensions, volume, 
and speed; physical properties of the submating 
fluid and its constituents; physical properties of 
the subcoating powder; amount and frequency 
of addition of the fluid and the powder; tem- 
peratures involved in the process; and many 
others. 


Obviously, it would be difficult to study such a 
large number of variables in a single series of 
experiments. Hence, the following limited num- 
ber of factors were selected for the first pre- 
liminary screening: (a) tablet weight, (b) tablet 
diameter, (c) tablet thickness, (d) pan depth, 
(e) pan diameter, cf) pan volume, (g) rotational 
speed, (h) volume of fluid per application, ($3 
number of fluid applications, 0 time between 
applications, (K) weight of subcoating powder, 
and (Z) pan load. 


Actually (a), (b), and (c) vary as a single 
group when tablets of different sizes are used. 
Similarly, (d), (e), and (f) vary as a group with a 
change in pan size. Other factors (e.g., tempera- 
ture, viscosity and density of coating’syrup, 
temperature of drying air, etc.) were held con- 
stant in these experiments. 


The procedure of this investigation involved 
the following steps: (a) the subcoating of a 
number of batches of tablets under strictly 
controlled conditions, with the quantitative 
level of one or two of the physical factors sharply 
varied in each batch (two quantitative levels 
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were used for each of the factors), (b) quantita- 
tive evaluation of the subcoating for each batch, 
and (c) further studies using the roughness re- 
corder (1) developed for this study to establish 
the exact quantitative affect of the physical 
conditions or factors which affect the operation 
significantly. 


EXPERIMENTAL 


Materials 
Subcoating Syrup.-The heavy gelatin syrup 


recommended by Clarbn  (2) was used. 
Subcoating Powder.-The subcoating powder 


used was the subcoating dusting powder recom- 
mended by Clarkson (2). 


Tablets.-Three kinds of tablets were used in this 
study: (a) lactose tablets, (b) sodium bicarbonate 
tablets, and (c) zinc oxide-lactose tablets. 


Lactose Tab&s.--Lactose was moistened with 
sufficient 20% w/v acacia solution, wet granulated 
through a 10-mesh screen, dried, and passed through 
a 16-mesh screen. The granules were then lubri- 
cated with o.75y0 magnesium stearate and 2y0 talc 
and compressed into 0.300-Gm. tablets on a Stokes 
B2 rotary machine using a/&. deep concave 
punches. The tablets had a hardness of 6 as meas- 
ured with a Strong-Cobb hardness tester and a 
thickness of 0.435 cm. 


Sodium Bicarbonate Tablets.-Sodium bicarbonate 
was wet granulated with 20% w/v acacia solution, 
dried, and passed through a 16-mesh screen. The 
granules were lubricated with 0.75% magnesium 
stearate and 2% talc and compressed into 0.600-Gm. 
tablets on a Stokes B2 rotary machine using ‘/I& 
deep concave punches. The tablets had a hardness 
of 6 as measured on a Strong-Cobb hardness tester 
and a thickness of 0.445 cm. 


Zinc Oxide-Lactose Tablek-Zinc oxide was wet 
gntnulated with 2075 w/v acacia solution, dried, and 
passed through a 16-mesh screen. The granules 
were lubricated with o.75y0 magnesium stearate. 


Batches of zinc oxide-lactose tablets having dif-  
ferent densities were made by mixing varying pro- 
portions of lubricated zinc oxide granulation and 
lubricated lactose granulation (similar to that used 
for the lactose tablets) and compressing the mixed 
granulation on a Stokes B2 rotary machine using 
*/&. deep concave punches. The thickness of the 
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tablets was maintained at 0.435 cm. The actual 
density of each batch of tablets was determined by 
dividing the mass of a tablet by the volume of liquid 
(liquid petrolatum) displaced by it. 


Equipment and Methods 
Coating Pan.-Two pear-shaped copper pans of 


39.3 and 30.7 cm. maximum diameter were used. 
They were equipped with variable speed drives and 
suction and hot air ducts; the temperature of the hot 
air was regulated with a rheostat. 
Subcoating Procedure.-Powder-free tablets were 


placed in the pan and preheated with hot air at 55' 
for 30 minutes. The pan was rotated at a predeter- 
mined rate. The hot air was turned off, and hot 
subcoating solution (50") was poured over the 
tumbling tablets in a thin stream directed back and 
forth across the surface of the tablets. The tablets 
were immediately raked twice by hand to distribute 
the syrup and allowed to roll for 2 minutes (at the 
faster pan speeds, the tinie was shortened to 1 
minute) before the subcoating powder was sprinkled 
over the tablets. The tablets were then raked 
again by hand and allowed to roll for 5 minutes 
before the hot air (55") and suction was turned on. 
The tablets were allowed to roll under these condi- 
tions until a total of 20 minutes had elapsed from 
the time the subcoating solution was added. At the 
end of this period, the suction and the hot air were 
turned off, and the next addition of syrup was com- 
menced. This process was repeated until the de- 
sued increase in weight was achieved. All the 
tablets used were subcoated until they reached a 
specific weight. This final weight for the subcoated 
tablets was 0.430 Gm. for the */*-in. lactose tablets 
and 0.i60 Gm. for the 7/l~-in. sodium bicarbonate 
tablets. 


RESULTS AND DISCUSSION 


Over 50 batches needed to be subcoated to com- 
plete the preliminary screening of the factors under 
study. The data are presented only in those in- 
stances where the factor or factors had a significant 
influence in the roughness index. Where the rough- 
ness index was not significantly affected by the 
variations of a physical factor, the negative data 
have not been included in the report. Wherever 
necessary, the results were statistically analyzed 


TABLE I.--INFLUENCE OF PAN SPEED ON THE 
ROUGHNESS INDEX OF SMALL TABLETS" 


Pan Size Pan Speed Roughness Index 
Small Slow 0.4574 
Small Fast 0.4112 
Large Slow 0.4456 
Large Fast 0.3808 
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Subcoated in small and large pans at slow and fast pan 
speeds 


TABLE II.-INFLUENCE OF PAN SPEED ON THE 
ROUGHNESS INDEX OF LARGE TABLETS' 


Pan Size Pan Speed Roughness Index 
Small Slow 0.4668 
Small Fast 0.4656 
Large Slow 0.4488 
Large Fast 0.4422 


10 20 30 90 50 60 70 
o w l  I ' ' ' I ' 1 


RPH - 
Fig. 1.-Influence of pan speed on the roughness 


index. 


using the Student t values to  test for statistical 
significance. In the presentation of the data, the 
physical factors not specifically mentioned were held 
to a constant value. In the interests of brevity, 
certain terms are used in the following statements. 
These terms and their meanings are: 


Small TabIet-O.300 Gm. lactose tablets, 0.952 cm. 
diameter, 0.435 an. thick, having a density of 
1.463 Gm./cm.a. 


Large Tablets-O.600 Gm. sodium bicarbonate tab- 
lets, 1.111 cm. diameter, 0.445 cm. thick, having a 
density of 2.000 Gm./cm.*. 


Small Pan-pear-shaped copper coating pan, 30.7 
cm. maximum diameter, 24.5 an. deep, having a 
capacity of 13.7 L. 


Large Pan-pear-shaped copper coating pan, 39.3 
cm. maximum diameter, 30.2 cm. deep, having a 
capacity of 28.8 L. 


Slow Pan Speed-29 r.p.m. 
Fast Pan S p e e d 4 7  r.p.m. 
Pan Load-unless specsed, the pan load for the 


small pans was maintained at 3 lb. of tablets and 
for large pans, at 6 Ib. of tablets. 


Amount of Subcoating Solution per Addition.- 
The optimum amount of subcoating solution used 
per addition was determined empirically. The 
amount used was just sufficient to wet the entire 
surface of the tablets. When a smaller amount was 
employed, relatively rougher tablets were obtained. 
The increase in the roughness index as the amount 
of subcoating solution is decreased is predictable 
since the smaller amount of syrup used failed to wet 
the entire tablet surface and caused the subcoating 
powder to adhere in patches. Also, because the 
tablets were not completely wetted under these 
conditions, grooves on the edges of the tablets were 
observed. Therefore, this variable has an effect on 


TABLE III.-INFLUENCE OF P A N  SPEED ON THE 
ROUGHNESS INDEX" 


Pan Speed, r.p.m. Roughness Index 
18 0.4706 
23 0.4652 
29 0.4574 -_  
32 
37 
47 
64 


- .  


0.4365 
0.4158 
0.4112 
0.3951 


a Subcoated in small and large pans at slow and fast pan 
speeds. a Small tablets and small pan. 
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TABLE IV.--INFLUENCE OF PAN LOAD ON THE 
ROUGHNESS  INDEX^ 


Pan Load, Ib. Roughness Index 


0 5 3  


1010 


- - 
go., 


d 9 


I I a‘0 
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index was relatively small. A further increase in 
the speed of rotation caused a sharper decrease in the 
roughness index until a speed of 37 r.p.m. was 
reached. Then as the speed of rotation was increased 
further. the drop in the roughness index tended to  
level off. This effect of pan speed on the roughness 
index appeared to  be related to the influence of pan 
speed on the visually observed roll characteristics of 


enhanced the tumbling of the tablets, causing them 
to roll better. The effect was more gradual until a 
pan speed of 29 r.p.m. was reached. Further in- 
creases in the pan speed caused a marked improve- 
ment in the roll characteristics until a speed of 37 
r.p.m. was reached. An additional increase in the 
pan speed did not markedly change the roll charac- 
teristics. 
Pan Load.-In the preliminary screening, pan load 


(batch size) affected the roughness index, with the 
smaller pan loads producing a lower roughness index. 


- 


- 


the tablets being coated. An increase in the speed 


- 


- 


1 .o 
1 . 5  
2.0 
3.0 
4.0 
4.5 
5.0 
6.0 


0.3670 
0.3833 
0.4083 
0.4574 
0.4689 
0.5221 
0.5343 
0.5397 


a Small tablets, small pan, slow speed. 


the roughness index. However, this appears to  be an 
easily controlled variable since it is relatively simple 
to  arrive at the amount of subcoating solution that 
is just sufficient to wet the entire surface of the 
tablets. For this reason this factor was not selected 
for further study. 


Amount of Subcoating Powder per Addition.- 
The optimum amount of subcoating powder used 
was determined empirically. After allowing the 
wetted tablets to  roll until tacky, just sufficient sub- 
coating powder was added to cause the tablets to roll 
smoothly again without adhering to  each other or t o  
the sides of the pan. An increase in the amount of 
subcoating powder per addition caused a decrease 
in the number of additions necessary to add on the 
desired weight of subcoat, but had little influence on 
the roughness index of the subcoated tablet. (The 
excess of subcoating powder often accumulated at 
the back of the pan and formed small granules on the 
next addition of syrup. The granules attached 
themselves to  the tablets which increased the number 
of rejects by creating tablets which had adhering 
particles. ) 


Time Between Additions.-The time between 
additions of subcoating solution had little influence 
on the roughness index of the subcoated tablet as 
long as there was sufficient time to dry the previous 
coat. With the temperature of the hot air blast at 
55O, 20 minutes between additions insured complete 
drying. When the time between additions was re- 
duced to  15 minutes, the roughness index of the 


TABLE V.-INFLUENCE OF TABLET SIZE ON THE 
ROUGHNESS INDEX OF TABLETS~ 


Tablet Size Pan Size Roughness Index 
Small Small 0.4574 
Small Large 0.44% 
Large Small 0.4668 
Large Large 0.4488 


a Subcoated in small and large pans at the slow pan speed. 


TABLE VI.--INFLWNCE OF TABLET SIZE ON THE 
ROUGHNESS INDEX OF TABLETSO 


Tablet Size Pan Size Roughness Index 
Small Small 0.4112 small Large 0.3804 
Large Small 0.4056 
Large Large 0.4422 


a Subcoated in small and large pans at the fast pan speed. 


tablets was affected little; however, the previous coat 
did not dry completely and could easily be scraped 
off. This could create serious problems in the com- 
pletely coated tablets as the trapped moisture would 
cause the coating to crack and peel. 
Pan Size.-Changing the pan size with propor- 


tional changes in pan load had no significant effect 
statistically on the roughness index of the coated tab- 
let. Slightly smoother tablets were consistently ob- 
tained with the large pan compared to  the smaller 
pan. However, this dserence was not statistically 
significant. 


Speed of Rotation.-The preliminary data on the 
influence of pan speed on the roughness of subcoated 
tablets are shown in Tables I. 11. and Fig. 1. Pan 
speed had a considerable influence on the rough- 
ness index of the small tablets (Table I), but had 
little in5uence on the large tablets (Table 11). The 
differences in the results for small tablets were 
statistically significant ( p  < 0.05); this factor was 
selected for further study. The effect of pan speed 
on small tablets in small pans is shown in Table 111. 


An increase in the speed of rotation caused a de- 
crease in the roughness index of the subcoated tab- 
lets. As the speed was increased from 18 r.p.m. 
through 29 r.p.m., the decrease in the roughness 
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TABLE VII.-INFLUENCB OF TABLET DENSITY ON 
THE ROUGHNESS INDEX 


_.  . -. .-. . . 


Density, Gm./cm.’ Roughness Index 
1.463 0.4112 
1.756 0.4229 
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2.049 
2.439 
2.927 
3.658 


6.4319 
0.4597 
0.4683 
0.4986 


A pan load of 6 Ib. of tablets was used as the upper 
limit since this was the maximum load the pan could 
hold without an overflow. A pan load of 1 Ib. of 
tablets was chosen as the lower limit because a 0.5 Ib. 
load failed to tumble properly. 


An increase in the pan load while keeping all the 
other factors constant resulted in an increase in rough 
tablets. In the case of the tablets used there was 
almost a linear increase in the roughness index as the 
pan load was increased from 1 to  3 Ib. of tablets. 
The effect started to  level off in the 3 to Plb. pan 
load range before it again increased sharply in the 4 
to S-16. pan load range, and finally leveled off again 
at pan loads of 5 Ib. or more. 


The influence of pan load on the roughness index 
also appeared to correlate with the visually observed 
roll characteristics of the tablets. It is likely that 
as the pan load is increased, the number of times a 
tablet would tumble would be decreased. This 
hindrance in tumbling might be responsible for the 
increase in the roughness index with the increase in 
pan loads. There was not much difference in the 
visually observed roll characteristics of the tablets at 
pan loads of 5 and 6 Ib., which accounted for the 
leveling off of the roughness index at these loads. 
To establish an approximate relationship between 
pan load and the roughness index, the over-all slope 
of the c u v e  (Fig. 2) was determined by drawing a 
l i e  between the 1 and 5-lb. values on the Curve. 
This line corresponds to  the over-all linearity of the 
curve, except at the 4 and 6-lb. levels. at which this 
linearity does not exist. and gives the following 
approximate relationship between roughness index 
and pan load. 


Roughness Index = 0.0418 
X Pan Load (Ib.) + 0.3245 


where 0.0418 is the slope, and 0.3245 is the rough- 
ness index intercept. It would be interesting to  
determine if this relationship holds true for tablets of 
other size and geometry. 


Tablet Sine.-There appeared to  be little influence 
of tablet size on the roughness index of tablets at the 
slow speed. (See Table V.) The roughness indices 
of similar batches of tablets coated at the fast speed 
are given in Table VI. At the higher pan speed, the 
roughness index of the small tablet was reduced, but 
there was little influence on the roughness index of 
the large tablet. It was considered likely that tablet 
density rather than tablet size was the controlling 
factor in determining the roughness of the subcoated 
tablets. From the data accumulated, there was no 
way of determining whether tablet density or tablet 
size was the main controlling factor; tablet density 
was arbitrarily chosen for further study. 


0 so 


2 11.1 046 


H 
i O o 4  


! 
I 0 4 2  


040 
2 3 4 - TODIeI Dentiti. prn/CC _z 


Fig. 3.-Iduence of tablet density on the roughness 
index. 


The influence of tablet density on the roughness 
index of subcoated tablets is shown in Table VII and 
Fig. 3. The study was made using 3-lb. batches of 
zinc oxide-lactose tablets of varying density and 
weight but having the same diameter, thickness, and 
geometry. The small pan was used at the fast 
speed. The fast speed was used because in the pre- 
liminary studies a greater effect was observed 
at this speed. 


An increase in the tablet density while keeping the 
other factors constant resulted in an increase in 
rough tablets. This observation also appeared to 
correlate with the visually observed change in the 
roll characteristics of the tablets. The roll charac- 
teristics showed a progressive deterioration with 
increasing tablet density. A linear relationship 
existed between the roughness index and the tablet 
density under the above experimental conditions. 
This relationship was: 


Roughness Index = 0.039 
X Tablet Density (Gm./cm.*) + 0.3935 


where 0.039 is the slope, and 0.3935 is the rough- 
ness index intercept. Additional study would be 
necessary to see if this relationship between the 
roughness index and the tablet density would hold 
for tablets of other size and geometry. 


SUMMARY 


A preliminary study of 12 factors that might affect 
subcoating has been carried out. 


The effects of three factors-pan speed, pan load, 
and tablet density, which had significant effect on 
smoothness of the subcoating-have been studied 
further. 
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Synthesis and Activity of Phthalylglutamic Acid Analogs as 
Potential Folic Acid Antagonists in Bacteria 


By W- A. ZYGMUNT and W. T. COMER 
Four phthdylglutamic acid analogs were 
found to have no activity as inhibitors of 
bacterial growth in chemically defined media. 
More specifically, the compounds were not 
active as folic acid antagonists in  bacteria. 
Cell permeability studies on these sub- 
stances have not been conducted yet; con- 
sequently, this phenomenon is not ruled 
out as the mechanism whereby these com- 


pounds are inactive. 


AIGLE et at!. (1) found that the principal metabolic F products of N-(2,6-dioxo-3-piperidy1)phthalim- 
ide (thalidomide) in the dog were hydrolytic prod- 
ucts and consisted chiefly of glutamic acid deriva- 
tives. N-Phthalyl-D,L-g!utamic acid and N-(o- 
carboxybenzoy1)-D.L-glutamic acid were shown to be 
two of the main hydrolytic products. Interestingly, 
thalidomide is the only sedative thus far described 
whose metabolites are glutamic acid derivatives. 
Kempner (2) reported that thalidomide antagonized 
the growth and sexual development of cockerels 
and suggested that thalidomide or certain of its 
metabolites may be folic acid antagonists. A clear 
illustration of the structural similarities between folk 
acid and some thalidomide metabolites also was 
shown by Faigle el al. (1). These workers suggested 
that the neurotoxic and embryotoxic effects of tha- 
lidomide or products of its metabolism may be due to 
an antagonism of glutamic acid or glutamine. This 
view was also held by Roath et al. (3). who showed 
that both isomers of thalidomide and certain de- 
gradation products of the drug inhibited develop- 
ment of human leucocytes. In addition, Frank 
et al. (4) found that thalidomide inhibited the growth 
of certain protozoa, and that this inhibition was 
reversed by nicotinic acid, adenine dinucleotide. and 
menadione. 


On the basis that folk acid antagonists are known 
to be teratogenic (5) and that in many instances 
congenital malformations in animals are associated 
with vitamin deficiencies (primarily folic acid and 
riboflavin) and the suggestion of others that thalido- 
mide metabolites may function as folic acid antag- 
onists, it  was of interest to  test this hypothesis in a 
bacterial system. For this purpose, four phthalyl- 
glutamic acid analogs were synthesized and tested 
for possible antagonism of folic acid utilization and 
synthesis in a microorganism which requires pre- 
formed folk acid and in one which synthesizes all 
of its own vitamins and amino acids. 


The test compounds, N-phthalyl-D,L-glutamic 
acid anhydride, N-phthalyl-D,L-glutamk acid, and 
N-(o-carboxybenzoy1)-D.L-glutamic acid, were syn- 
thesized according to the methods of King and Kidd 
(6). The pure isomer. N-(0-carboxybenzoy1)-L- 
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glutamic acid, was prepared according to the method 
of Nefkens et al. (7) for N-phthalyl-L-glutamic acid, 
followed by partial alkaline hydrolysis. This iso- 
mer had a corrected melting point of 159.5 to 160.5', 
and [a]Ds = -29' (c = 1,methanol). Identityof 
all compounds was confirmed by melting point 
determinations. elemental analyses for carbon, 
hydrogen, and nitrogen, infrared and NMR spectra, 
and optical rotations. 


All compounds were tested for their ability to  
inhibit the growth of Escheruhia coli B in the syn- 
thetic medium of Davis and Mingioli (8). In  
addition, they were tested for their ability to  inhibit 
utilization of folk acid in Difco's folk acid assay 
medium, a modified medium of Capps et al. (9), 
using Streptococcus faecalis (ATCC 8043), a folk 
acid dependent bacterium. Neutralized solutions of 
test compounds, and of folic acid where applicable, 
were sterilized by Seitz filtration and portions added 
to  previously autoclaved culture tubes containing 
graded levels of sterile distilled water and basal 
medium. Only freshly prepared solutions of test 
compounds were used. Final assay volumes were 
6 ml. per culture tube (18 X 150 mm.). In the 
preparation of the inocula, precautions were taken 
t o  minimize the carry-over of preformed folk acid 
by appropriate washing of the cultures and by the 
use of small inocula. Incubation periods of 18-20 
hours at 35' were used with both cultures. Growth 
was measured turbidimetrically as absorbance using 
a Coleman junior spectrophotometer at a wavelength 
of 620 ma. 


All of the glutamic acid analogs studied, at h a 1  
concentrations of 1.0, 10, and 100 mcg./ml., fail to 
inhibit the growth of S. faecalis when cultured in the 
presence of 0.001 mcg./ml. of folic acid (a level re- 
quired for about half maximal growth). At the 
concentrations tested, the ratios of inhibitor to 
metabolite screened were 1OOO: l , lO ,OOO:  1, and 100,- 
00O:l (weight basis). In contrast, control tubes 
containing 4-amino-N10-methylpteroylglutamic acid, 
a known folk acid antagonist, showed 64 and 95% 
inhibition of growth at inhibitor to metabolite 
ratios of only 1 : 1 and 8: 1. 


Growth of E. coli (a bacterium capable of syn- 
thesizing all of its own vitamins and amino acids) 
was not inhibited by concentrations up to  100 mcg./ 
ml. of the glutamic acid analogs tested. 
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Modified Method for Studying Anorexigenic Agents in Dogs 
By H. J. ADAMS and L. C. GREENE 


Mongrel dogs, selected to accept a food offering every 10 minutes for 8 hours and to 
respond reproducibly to oral test doses of dextroamphetamine sulfate, have been em- 
ployed in a test procedure designed to evaluate anorexigenic agents quantitatively. 
Linear dose-response and dose-duration curves have been obtained, demonstrating 
the validity of the procedure and do rd ing  the possibility of quantitative comparisons 


of potency and duration of anorectic activity of various drugs. 


EVERAL METHODS of testing anorexigenic agents S in dogs have been described in the literature. 
Various end points, such as reduced consumption of 
food (l), complete refusal of food (2). and weight 106s 
(3) have been employed to axertah anorectic ac- 
tivity of test compounds. No attempts were made 
to obtain dose-response curves or time-action curves 
in order to compare potency and duration of action 
of different compounds. These methods are there- 
fore qualitative or a t  best semiquantitative. Wendel 
ct al. (4) described a quantitative test procedure 
for determining time-action curves of anorexigenic 
agents in sustained-release forms. A modifica- 
tion of their method is reported in this paper. 


The objectives of this study were twofold: first. 
to establish a test in which reproducible responses 
could be obtained in unoperated animals under 
normal physiological conditions; and second, to 
establish a test that would be pharmacologically 
valid as shown by (a) a linear relationship between 
the log of the dose of a drug and the biological re- 
sponse elicited, (b)  a hear relationship between 
the log of the dose and the duration of action of the 
dose, and ( G )  observing the desired biological activity 
a t  dosage levels far below those eliciting toxic side 
effects. 


METHODS 
Animal Selection.-Healthy mongrel dogs of 


either sex. weighing between 10 and 20 Kg., were 
tested and selected by the following criteria. 


Each animal, after 18 hours without food, accepted 
I/% lb. of canned dog food every 10 minutes for 8 
hours, then consumed an additional 1 Ib. of food 
(feeding control). Each animal showed some de- 
gree of anorexia a t  a dose of 0.75 mg./Kg. of dextro- 
amphetamine sulfate. No animal was so sensitive 
that it refused all six food offerings during any hour 
beyond the fifth hour a t  a dose of 0.4 mg./Kg. of 
dextroamphetamine sulfate. 


Test Frocedure.-A working colony of 10 animals 
selected from 17 dogs was maintained throughout the 
study. Frequent feeding controls and drug controls 
were conducted on the colony to insure reproduci- 
bility of the responses. During a feeding control 
each animal was offered lb. of dog food every 10 
minutes for 8 hours. An animal that did not accept 
every food offering was replaced. For the drug 
controls, the animals received orally one of the 
selected doses of dextroamphetamine sulfate (0.4, 
0.6, or 0.75 mg./Kg.) and were then offered food 
every 10 minutes for the subsequent 8 hours. The 
anorectic response of the whole colony and the 
responses of the individual animals were checked; 
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any animal failing to conform fully was replaced. 
In addition, animals that showed marked and per- 
sistent changes in their patterns of refusal after re- 
ceiving one of the standard doses of dextroamphet- 
amine sulfate were replaced. Only by taking such 
precautions can valid and reproducible results be 
obtained. 


The drug, in capsules, was included in the first 
food offering. If any food offering was not consumed, 
it was removed from the cage and reoffered. In this 
way no animal was presented with more than one 
food offering at a time. To facilitate the evalua- 
tion of the data, the following calculation was 
employed: 


'% Anorexia for each hr. interval = 
Total No. of refusals of colony during this hr. X 100 


Total No. of offerings to colony 


The colony was used not more than 1 day a week. 


TABLE I.-TYPICAL ANORECTIC RESPONSES OF 
THREE  ANIMAL^ M 0.6 mg./Kg. OF DEXTROAMPHET- 


AMINE S~ILFATE~ 


Ad- 
ma1 -Intervals Post Drug, Hr.- 
No. Date 1 2 3 4 5 6 7 8 
2 11/15/61 0 5 6 6 6 6 6 5 


11/29/61 2 6 6 6 6 6 6 4 
1/3/62 1 6 6 6 6 6 5 0 


7 11/15/61 0 3 6 6 6 0 0 0 
11/29/61 0 4 6 6 1 0 0 0 
1/3/62 0 5 6 6 3 0 0 0 


29 11/15/61 0 3 6 6 6 6 6 5 
11/29/61 2 6 6 6 6 6 6 5 
1/3/62 0 5 6 6 6 6 6 5 


O Numbers in the table show the number of refusals in any 
hourly interval. 


Fig. 1. - 
T i m e a c t i o n  
curves of ano- 
rectic activity of 
dextroamphet- 
amine sulfate 
(0.4 mg./Kg.) 
administered on 
two occasions 
about 1 year 


so apart. Data 
for each curve 
obtained on 10 


I0 ,# animals. cal- 
culation of per 


' * 7 cent anorexia is  
HOURS POST DRUO explained m 


text. Key:.--. 
May 31, 1961; ._ - - _. May 16, 
1962. 
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Fig. 2.-Dose-response curve for graded doses of 
dextroamphetamine sulfate administered orally to 
dogs. Peak activity in all cases occurred at 3 hours 
post drug. Confidence limie (95%) of the line are 
shown. 


// 
TABLE II.-SUMMARY OF DATA OBTAINED IN THIS STUDY 


Relative 
Areas 


Dose, Dogs Max. Duration of under 


Drug as Salt No. No. Yo Anorexia Hr.' Curves 
mg./Kg. per Trial, Trials, Responses, Action, Time- Action 


DextroamDhetamine 
sulfate 0.25 10 2 45 . . .  


0.40 10 3 67 1.5 
0.60 10 3 88 3 .O 


1.0  
2.1 
3.3 


0.75 10 2 96 4.5 >4.0 
1-Amphetamine sulfate 2.50 10 2 86 2 . 8  3.0 


For the purposes of t$s study duration of action was defined as the time required for anorectic activity to descend from the 
maximum to 50% anorena. 


RESULTS AND DISCUSSION 


Since the aims of this study were to  develop a 
test procedure that would give reproducible results 
and be pharmacologically valid, the results will be 
discussed accordingly. 


Reproducibility. - Individual Animals. - There 
was considerable individual variation in the response 
to the anorectic agents. This, however, appeared to 
be of minor importance as long as responses of the 
single animal and the colony as a whole were con- 
sistent. Nevertheless, the pattern of refusals was 
usually remarkably constant as shown in Table I 
for three typical dogs on 3 different days. 


Colony as a Whole.-The reproducibility of the 
colony as a whole tested on two occasions about 1 
year apart is summarized in Fig. 1. 


VaIidity.-The linearity of the log dose-response 
relationship obtained with four doses of dextro- 
amphetamine sulfate clearly demonstrates that the 
colony functioned as a pharmacologically valid test 
object (Fig. 2). Since the processes (redistribution, 
metabolism, excretion) responsible for decreasing 
drug concentration at the site of action are usually 
first-order processes, the decrease in the effective 
concentration of a drug is exponential. Therefore, 
the time required for the peak response to descend to 
some selected level should be linearly related to the 
log of the dose. Thus, the relationship between log 
dose and duration of action has been examined with 
our test procedure and was found to be linear (Fig. 
3). Some of the pertinent data are summarized in 
Table 11. A plot of relative areas under the time- 
action curves (total effectiveness) against log dose 
will also yield a linear relationship, which con- 
stitutes additional proof for the validity of the test 


procedure. Recently, Friedman ( 5 )  stated that the 
potency of the anorexigenic effect of 1-amphetamine 
sulfate had not been evaluated. In our test pro- 
cedure it required almost exactly four times as 
much of the lev0 form (2.5 mg./Kg.) to produce the 
same maximum anorexigenic activity as 0.6 mg./Kg. 
of the dextro form, and the total effectiveness (area 
under the time-action curve) was also nearly equal. 


Tolerance to the anorexigenic activity of dextro- 
amphetamine sulfate was not seen; undesirable side 
effects, such as excitation and salivation, occurred 
only rarely at the highest dose used (0.75 mg./Kg.). 


SUMMARY 


A test procedure in dogs for the quantitative 
evaluation of anorexigenic agents has been described. 
Strict adherence to the criteria established yields 
reproducible responses and linear log dose-response 
relationships, indicating that the procedure and 
the test object are pharmacologically valid. Anorec- 
tic activity can be demonstrated at doses well be- 
low those producing marked signs of CNS stimula- 
tion. Time-action curves of different agents and of 
several doses of the same agent can be obtained. 
Therefore, the test procedure appears to be ex- 
tremely useful for comparing the relative potencies 
and durations of action of anorexigenic agents. 
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Precision Apparatus for Dissolution Rate Determinations 
By GERHARD LEVY and WILLIAM TANSKI, JR. 


An apparatus particularly usdul for intrinsic dissolution rate determinations by the 
rotating disk method is described. It affords precision speed control, wide range 
of rotation rates, good shaft concentricity, and maintains constant speed over ex- 
tended periods of time. The  apparatus is particularly useful for dissolution rate 


studies at very low rates of rotation. 


HE USEFULNESS of the rotating disk method for T intrinsic dissolution rate determinations based 
either on periodic assays of the medium (1) or on 
determination of weight loss of the disk (2) has 
been demonstrated and discussed in a number of 
recent publications (1-7). I t  is frequently necessary 
to  determine the dissolution rate of a given drug at 
different rates of agitation in order to  characterize 
fully its dissolution behavior and to  elucidate the 
mechanism governing the rate of dissolution (6, 8 ) .  
This makes it desirable to  have available an ap- 
paratus which affords rates of rotation encompassing 
as much as two orders of magnitude. The stirrer 
shaft must be free of vibration and other extraneous 
(nonconcentric) motion, particularly a t  higher 
speeds, and the apparatus must maintain a given 
rate of rotation accurately for extended periods of 
time, despite motor heating. The latter require- 
ment is particularly important at the lower speeds, 
in view of the marked effect of rate of rotation on 
dissolution rate at lower rotation rates, and the 
longer duration of experiments performed at low 
rotation rates. These requirements are not satis- 
fied by the usual commercial stirrers which we have 
examined. The electronically controlled stirrer 
which we have used in previous studies (9) permits 
precision speed control, but is not functional at very 
low speeds and does not offer a vernier device for 
rapid regulation of speed. The apparatus to  be 
described in this communication was designed to  
fulfill the stated needs. 


A model T-8 Sigmamotor pump’ consisting of a 
I/, hp., 110 v., 60 cycle, 1725 r.p.m. single phase 
explosion-proof motor connected to a model 14 
Revco Zero Max speed changer (with vernier con- 
trol), which in turn is connected to  a Sigmamotor 
pump head, provided the basic equipment. The 
pump head was removed, and two vertical support 
rods were attached t o  the base of the unit in its 
stead. A vertical sliding bar was attached to  the 
support rods. Clamps were provided to secure the 
vertical bar at any desired height. A heavy duty 
flexible shaft (the speedometer cable from a truck) 
was coupled to  the output shaft of the speed changer. 
The flexible shaft terminates a t  the cross-bar, where 
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it was coupled to a short (9 cm.), 0.75 cm. diameter, 
rigid stainless steel shaft. Vertical motion of the 
latter was prevented by a sleeve at the cross.bar. 
while nonconcentric motion was minimized by 
keeping the steel shaft short. A disk holder (1) 
can be attached t o  the end of the steel shaft with 
another accurately machined sleeve. The disk 
holder can be removed easily by loosening two set- 
ting screws in the sleeve. Immersion of the disk 
holder into and removal from the dissolution medium 
are accomplished by lowering and raising, respec- 
tively, of the cross-bar. The apparatus is shown 
in Fig. I. 


The vernier speed control is calibrated readily by 
means of a suitable tachometer (at higher speeds) 
or by stop-watch (at lower speeds). The equip- 
ment has been operated continuously for up t o  48 
hours without difficulty. Dissolution rate experi- 
ments at speeds as low as 4 r.p.m. and of 6 hours 
duration have been carried out without measurable 
variation in rate of rotation, evidenced by periodic 
direct speed determinations and by the constancy 
of the dissolution rate data. The range of rotation 
rates of the apparatus is approximately 3 to 400 
r.p.m. 
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Oral Absorption with Various Preparations of 
Spironolactone in Dogs 


By C. M. KAGAWA, D. J. BOUSKA, and M. L. ANDERSON 


Gastrointestinal absorption of various spironolactone preparations was investigated 
in acute tests with dogs treated with an aldosterone-like steroid. Absorption was 
determined by the appearance in  plasma of aldadiene, a major spironolaaone me- 
tabolite with fluorogenic roperties, and by renal manifestations of mineralocorticoid 
antagonism. Variable &sorption was noted with tablet forms of spironolaaone 
with particle size controlled to suggest a profound influence of harmaceutical for- 
mulation. Available data would indicate that the assay using fogs is valuable for 
clinical prediction of absorption differences between spironolactone preparations. 


PIRONOLACTONE' is a steroidal spirolactone (1) S with the ability to inhibit competitively the renal 
electrolyte effects of aldosterone (2, 3). Therefore, 
it  has been of interest as a diuretic agent in clinical 
edema characterized by hyperaldosteronism (4-6). 
Recently, clinical evidence was presented to  suggest 
differences in gastrointestinal absorption of various 
pharmaceutical formulations of spironolactone, as 
judged by the concentration of its fluorogenic An- 
metabolite, aldadiene, in plasma (7-9) or by renal 
properties of the preparations (7, 8, 10-14). Note- 
worthy in these observations is that relatively poor 
absorption occurred with commercial tablets of 
spironolactone, which contrasted with the view 
developed independently from data on mineralo- 
corticoid-blocking properties of the pure drug in 
the laboratory (2). All these observations have 
suggested the need for further studies on absorption 
characteristics with various pharmaceutical formula- 
tions of spironolactone. This report indicates that 
satisfactory absorption data may be derived from 
plasma aldadiene and urinary electrolyte measure- 
ments in acute tests with dogs. 


EXPERIMENTAL 
Healthy female mongrel dogs (14 to  19 Kg. body 


weight), maintained under constant laboratory con- 
ditions of temperature (22-25') and humidity ( 2 5  
5O(jb), were used for the experiments. A standard 
diet consisting of 300 Gm. of homogenized dog meal 
reconstituted to contain 75 meq. Na was fed each 
day to  the animals; water was provided ad libitum. 
All animals had been previously used for other tests 
and were acquainted with procedures of bleeding 
from the jugular vein and bladder catheterization. 
Spironolactone given either as the milled powder 
or tablet form was administered orally t o  dogs 
treated with a mineralocorticoid. deoxycorticosterone 
acetate (DCA). Each animal was injected intra- 
muscularly in the thigh with 0.25 mg. of DCA in 
oil a t  the time of oral treatment with spironokactone, 
then placed in a metabolism cage for 6 hours. A t  
intervals of 2 hours, a urinary specimen was ob- 
tained by catheterization, followed by a 6-7-ml. 
blood sample from the jugular vein using a heparin- 
ized syringe. Preliminary time-response tests with 
spironolactone (powder or tablets) indicated that 
there was no advantage in extending the 6-hour 
period of assay, considering the time factor for 
maximal plasma aldadiene response and schedule of a 
working day. DCA was used in conjunction with 
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spironolactone treatment to  induce a relative hyper- 
aldosterone-like state, a condition required for 
demonstrating renal properties of a mineralocorticoid 
antagonist. DCA alone was expected to  reduce the 
ratio of urinary Na/K, a frequently used criterion of 
its aldosterone-like activity (15), by inducing Na 
retention and K loss. Antimineralocorticoid effects 
were measured by reversal of the Na/K response to 
DCA. Spironolactone was given in gelatin capsules 
as the milled powder, as whole 100-mg. tablets* 
wherein spironolactone is compacted in the tablet 
core, or as whole 25-mg. uncoated tablets* which 
differ in pharmaceutical compounding from the press- 
coated tablets by dispersion of the drug in tablets 
with a water-soluble matrix. Both tablet forms 
were prepared from the powder of spironolactone, 
with mean particle diameter of 20 p measured by a 
Coulter counter. Standard U.S.P. disintegration 
tests have revealed that the uncoated and coated tab- 
lets of spironolactone disintegrate in 1.5 and 20-30 
minutes, respectively. Aldadiene concentration in 
plasma was determined by a fluorometric technique 
using the Aminco-Bowman spectrophotometer (16), 
and urinary Na and K determined on the Beckman 
&me photometer. Relative potencies of various 
spironolactone preparations were calculated by the 
method of Irwin as discussed by Pugsley (17). 


RESULTS AND DISCUSSION 


Table I describes the mean plasma aldadiene and 
urinary Na/K response following oral administra- 
tion of spironolactone (powder form) in animals 
treated with DCA.' In general, increasing doses of 
spironolactone induced progressively higher levels 
of plasma aldadiene at each 2-hour interval of meas- 
urement; accordingly, the aldadiene level over the 
total period of test, 0-6 hours, determined by averag- 
ing the values obtained at 2 ,4 ,  and 6 hours for each 
of the animals, showed a stepwise increment with 
dosage of spironolactone. Noteworthy in these 
0-6-hour data is that each doubling of the dose pro- 
duced an average change of 0.28 units (antilog of 
which is 1.9) or approximately a twofold increment. 
to  indicate a direct proportionality between dosage 
and plasma level of aldadiene. Furthermore, the 
time-response data demonstrate that maximal levels 
of plasma aldadiene were achieved more frequently 
in the fourth hour of study than with measurements 


* Marketed as Aldactone by G. D. Searle and Co., Chicago, 
Ill. 


'Marketed as Aldactone-A by G. D. Searle and Co., 
Chicago, Ill. 


6 Transformation of the original values to logarithms pro- 
vided homogeneous variances with the various treatments as 
determined by Bartletts' test (18) and, thereby, a statis- 
tically useful index for evaluation of the data. 
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TABLE I.-PLASMA ALDADIENE CONCENTRATION AND URINARY Na/K RESPONSE FOLLOWING ORAL 
ADMINISTRATION OF GRADED DOSES OF SPIRONOLACT~NE IN Docs TREATED WITH A MINERALOCORTICOID 


-Treatment Total Dose, mg.- Animals, Plasma Aldadien- Urinary 
DCA Spironolactone No. 2 Hr. 4 Hr. 6 Hr. 0-6 Hr. Na/Kb 
. . .  . . .  9 . . .  . . .  . . .  . . .  1.36 
0.25 . . .  6 . . .  . . .  . . .  . . .  0. 77c 
0.25 25 6 0.79 0.86 0.69 0.78 0.93 
0.25 
0.25 
0.25 


50 
100 
200 


6 0.64 1.27 1.12 1 .oi i .o5 
9 1.46 1.57 1.42 1.48 1 .23d 
6 1.66 1.60 1.53 1.60 1 .26d 


0.25 400 6 1.61 2.02 2.01 1.88 1 . 5 6 d  
a Mean log micrograms of aldadiene per 100 ml plasma. pooled s = 0.232 at 2 4 or 6 hours (degrees of freedom or DF = 


p < 0.05 relative to un- 60) and 0.210 at  0-6 hours (DF = 20). * Mean iog (Na ’X 10)/K in the &B-h~k’measurement. 
treated controls (pooled s = 0.268, DF = 23). p< 0.05 relative to DCA alone. 


TABLE II.-RELATIVE POTENCIES OF VARIOUS 
SPIRONOLACTONE PREPARATIONS GWEN ORALLY IN 


Docs TREATED WITH DCA 


Spirono- Plasma UrinnrY 


f o m  0.99 0.81 


tablets 


tablets 


tablets (2.81 to 15.89) (1.50 to9.20) 


Potency (95% confidence interval), as judged by the &6- 
hour measurements. Xrtests for arallelism of the dase- 
responsc curves ind iked  validity orthe assays (X’ 0.878, 
whch is far below value of 3.841 required for significance at 
p of 0.06). 


at 2 or 6 hours. To circumvent the problem 
of quantitating time-response data statistically, the 
04-hour response-an index determined from multi- 
ple measurements-was selected as the criterion for 
the assay of absorption differences. The effects of 
spironolactone on the ratio of urinary Na/K in the 
total period of test are summarized in the table, 
together with reference data of untreated and DCA- 
treated controls. DCA alone gave a relatively low 
ratio of Na/K; but, co-administration of spirono- 
lactone in graded doses propssively reversed 
the response t o  DCA, with significant inhibition oc- 
curring at the 100,200, and 400-mg. doses. These 
data demonstrate the association of antimineralo- 
corticoid effects and plasma aldadiene levels, not 
unlike that found in man (7,s) and suggest the value 
of using dogs for absorption studies with spirono- 
lactone. 


Quantitative data on absorption differences with 
the spironolactone powder form and uncoated tablets 
using procedures of the 0-6-hour assay are summa- 
rized in Table I1 (Assay A). In  this evaluation both 
preparations were tested simultaneously at two 
dosage levels predetermined by preliminary tests and 
the experiments replicated to  obtain crossover data 
using a group of nine animals. With a weight 
dosage consideration of spironolactone, the uncoated 
tablets showed a relative potency that was statisti- 
cally indistinguishable from that of the powder form 
of spironolactone, judged by plasma aldadiene levels 
and urinary Na/K. Interpretation of these data 
suggests that absorption was either complete for the 


- 
-Relative Potencp- 


Assay lactone Aldadiene N a / R .  . 
A Powder 1 1 


Uncoated (0.45 to  2.18) (0.31 to 2.12) 


B Coated 1 1 


Uncoated 6.68 3.73 


tablet and powder form or, with particle size and 
disintegration time presumed equal, rate-limited by 
a common dissolution property. In contrast, similar 
data described an important difference in absorp- 
tion characteristics between the two tablet forms of 
spironolactone witnessed by data in Assay B, e.g., 
the uncoated tablets demonstrated a potency 
of approximately 7 and 4 relative to  that of the 
coated tablets, using plasma aldadiene and urinary 
Na/K, respectively, as the criterion of absorption. 
The difference cf potencies was highly significant 
in both comparisons (p < 0.01). Thus, it would 
appear from the available data that pharmaceutical 
formulation, expressed possibly by ultimate differ- 
ences in disintegration and/or dissolution rates 
of the tablets (8, 19), may be an important variable 
for absorption characteristics of coated tablets and 
uncoated tablets of spironolactone. The labora- 
tory data with these tablet forms parallel closely 
those of clinical studies based on plasma aldadiene 
levels (8, 9), mineralocorticoid-antagonism (10, 11). 
and diuretic efficacy in edematous patients ( 12-14). 


The assay procedures in dogs provide, there- 
fore, a convenient means for study of absorption 
differences with various pharmaceutical prepara- 
tions of spironolactone. Validity of the procedures 
is in good agreement with the laboratory data and 
clinical observations. 
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which included outstanding scientists such as Sir 
Julian Huxley, J. B. S. Haldane, and Carleton 
Coon. The controversial, provocative, and un- 
inhibited deliberations reported present a review of 
current thinking among research workers. 


media, diagnostic materials and methods, and special 
fungi stains. 


Physical and Technical Pharmacy. Edited by 
H. M. BURLAGE, C. 0. LEE, and L. W. RISING. 
The Blakiston Div., McGraw-Hill Book Co., Inc., 
,330 West 42nd St., New York 36, N. Y., 1963. 
ix + 740 pp. 15 X 23 cm. Price $16. 
Organized to meet the need for a student text to 


correlate principles of mathema tics, physics, and 
chemistry with pharmaceutical procedures, meth- 
ods, and technology, this volume presents materials 
on mathematics, and pharmaceutical calculations, 
the physicochemical sciences as they apply to 
pharmaceutical technology, stability of drugs and 
pharmaceutical systems with particular reference to 
storage conditions, and adjuncts of importance in 
the formulation of satisfactory products. Ten 
pharmaceutical scientist contributors to  the volume 
have assisted the editors in presenting a volume 
which will be a significant contribution to  pharma- 
ceutical education. 


Hallucinogenic Drugs and Their Psychotherapeutic 
Use. Edited by R. CROCKET, R. A. SANDISON 
and A. WALK. Charles C Thomas, Springfield, 
Ill., 1963. xiii + 191 pp. 15.5 X 25 cm. Price 
$7.50. 
The proceedings of the quarterly meeting of the 


Royal Medico-Psychological Association held in 
February 1961 are presented. The papers are 
grouped under six topics: the historical and psycho- 
pharmacological background, hallucinogenic agents 
and their general application, techniques and 
methodology, the use of hallucinogens in specific 
conditions, clinical observations and phenomeno- 
logical interpretation, and the moral, religious. and 
social significance of experience under hallucinogenic 
drugs. The purpose of the conference was to bring 
investigators from fields other than the clinical 
and psychotherapeutic areas to discuss the psychic 
changes accompanying the administration of the 
hallucinogens; the editors have created a stimulating 
and valuable volume. 


A n  Introduction to Clay Colloid Chemistry. 


A brief glossary is also included. 


By H. 
VAN OLPHEN. Interscience Publishers, Div. of 
John Wiley & Sons, 605 Third Ave., New York 
16, N. Y ,  1963. xvi + 301 pp. 15.5 X 23 
cm. Price $10. 
Modern concepts in colloid and surface chemistry 


are discussed as they apply to clay systems. The 
book stresses the effect of changes in fluid com- 
position on the forces acting between suspended clay 
particles, and the consequences of such changes on 
the bulk physical and mechanical properties of the 
suspensions which are important in clay technology. 
The treatment in the text is elementary which will 
limit its usefulness to workers active in clay tech- 
llology but will provide a workable background 
knowledge for persons less knowledgeable in the 
field. 


Man and His Future. Edited by G. WOLSTBN- 
HOLME. Little, Brown and Co., Boston, Mass., 
1963. vi + 410 pp. 13 X 20.5 cm. Price 
$6. 
The biological, environmental, and social aspects 


of inan and his future were treated in a symposium 


The Pathogenesis of Leprosy. Edited by G. E. W. 
WOLSTENHOLME and M. O'CONNOR. Little, 
Brown and Co., Boston, Mass., 1963. ix + 
101 pp. 12 X 18.5 cm. Price $2.95. 
Another booklet in the Ciba Foundation Study 


Group series, this volume serves to focus attention 
on the progress and problems of research on leprosy. 
Papers presented were devoted to  experimental 
observations related to the histopathology of 
leprosy, cytopathology of the Virchow cell of human 
leprosy, applicability of experimental murine 
leprosy to  the study of human leprosy, experi- 
mental studies on human leprosy, and leprosy 
bacilli in mouse foot-pads. 


Chemistry: A Survey of Principles. By G. W. 
Ewmc, and E. G. MEYER. John Wiley & Sons, 
Inc., 605 Third Ave., New York 16, N. Y., 1963. 
ix + 239 pp. 15 X 23 cm. Price $4.95. 
A student textbook for a one-semester course in 


chemistry for non-chemistry major students is 
presented which balances basic theory with de- 
scriptive materials on such topics as biochemistry, 
organic reaction mechanisms, thermodynamics, 
chemical equilibrium and reaction rates, and metal- 
organic and metal-inorganic complexes. Labora- 
tory experiments are integrated and require the 
student to work with modern laboratory instru- 
ments such as the pH meter, photoelectric colorim- 
eter, and nuclear counting equipment. Many of 
the experiments are quantitative in nature and de- 
velop some concepts not covered in the text. 


Medicinal Chemistry. Vol. VI. Edited by E. E. 
CAMPAIGNE and W. H. HARTUNG. John Wiley 
& Sons, Inc., 605 Third Ave., New York 16, N. Y., 
1963. x + 356 pp. 15 X 23 cm. Price $10. 
Volume six of this monograph series covers non- 


barbiturate hypnotics, spinal cord depressant drugs 
derived from polyhydroxy alcohols, and X-ray 
contrast media. Much of the data is presented 
in tabular form as was in the case in prior volumes. 
The style and format of the earlier volumes as well 
as the objective to include references to all the com- 
pounds which have been tested for a particular type 
of pharmacological activity in a given chapter have 
been retained. Numerous references are included 
for each chapter and a general index is provided. 


Advances in  Organic Chemistry: Methods and 
Results. Vol. 4. Edited by R. A. RAPHAEL, E. C. 
TAYLOR, and H. WYNBERG. Interscience Pub- 
lishers, 605 Third Ave., New York 16, N. Y., 
1963. vii + 361 pp. 15 X 23 cm. Price $14.50. 
This fourth volume in a series created to  meet the 


need for critical appraisal and evaluation of useful 
new methods and ideas generated in the rapid 
evolution of organic chemistry treats enamines, 
synthetic methods in the carotenoid and vitamin A 
fields, and the coupling of acetylenic compounds. 
Author and subject indexes are included as well as 
a cumulative index for volumes 1-4 in the series. 
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Evaluation of Certain Hypotensive Agents V 
Substituted Polymethylenediamines 


By ROBERT P. HALLIDAYt, WILLIAM J. KINNARD, 
and JOSEPH P. BUCKLEY 


ound to normotensive animals produced a mild transient depression of systolic 
glood pressure; however, 40 mg./Kg. administered orally to renal bypertensive 
dogs produced a marked decrease in  systolic blood pressure which persisted from 
34 to  57 hours. The  data suggest that the rimary mechanism of the hypotensive 


activity of J B  5058 is competitive blockacfe of the a adrenergic receptors. 


EVERAL ETHYLENEDIAMINE derivatives have s been reported to  produce hypotensive activity 
in experimental animals. Tonks ( I )  reported 
that  a series of compounds structurally related 
to mepyramine, N, N-dimethyl-N'-(4-methoxy- 
k n z y l )  - N' - (2 - pyridyl) - ethylenediamine, pro- 
duced mild transient hypotension. The pressor 
response to  epinephrine in the anesthetized dog 
and cat was potentiated by all of the compounds 
in this series except the N-ethyl-N-(2-naphthyl)- 
N',N'-dimethyl derivative which exhibited ad- 
renolytic activity. Graham and Tonks (2) 
reported that  2 mg./Kg. of this compound re- 
versed the pressor response to epinephrine and 
blocked the pressor response of levarterenol in 
the cat. 


This report is concerned principally with the 
evaluation of the hypotensive activity of several 
substituted polymethylenediamines' in rats and 
dogs and the oral hypotensive activity in un- 
anesthetized hypertensive dogs of the most 
promising compound of this series, JB  ,5058, 
N,N'  - bis - [ a  - (2  - pyridyl)ethyl] - ethylene- 
diamine dimaleate. 


EXPERIMENTAL. 
Hypotensive Activity in Normotensive Rats.-The 
Received June 3, 1963, from the Department of Pharmacol- 


ogy, Schuul of Pharmacy, University of Pittsburgh. Pitts- 
burgh, Pa. 


Accepted for publication June 20, 1963 
This investigation was supported in part by a research 


grant from Lakeside Laboratories. Milwaukee. Wis.. and 
Grant H-3475 from the National Institutes of Health, U. S .  
Public Health Service, Bethesda,. Md. 


Presented to the Scientific Section, A. PH. A., Miami Beach 
meeting, May 1963. 


t Present address: Section of Pharmacology, Edtun 
Laboratories, Norwich Pharmacal Co..  Norwich. N. Y. 


I Compounds supplied by Lakeside Laboratories. Mil- 
waukee, Wis 


experimental compounds were screened for hypo- 
tensive activity in normotensive Wistar rats, anes- 
thetized with 1.2 Gm./Kg.. i.p., urethan as described 
by Bickerton, el al .  (3). All compounds were admin- 
istered in aqueous solution v i a  a femoral vein in 
graded doses from 1-60 mg. /Kg. ; each animal re- 
ceived only a single dose of one of the compounds. 
In some instances, due to low water solubility or 
insufficient compound, the higher dosage range 
could not be administered. 


Hypotensive Activity in Normotensive Dogs.- 
Certain compounds were further evaluated in the 
anesthetized normotensive dog. Mongrel dogs were 
anesthetized with pentobarbital sodium, 35 mg./ 
Kg., i.v., and blood pressure recorded from a cannu- 
lated femoral artery w i n  a Statham transducer onto 
a Grass polygraph. The effects of the experimental 
compounds on the pressor activity of the following 
were also recorded: epinephrine. 2 mcg./Kg.; 
levarterenol, 2 mcg./Kg. ; bilateral carotid occlusio?, 
15 seconds; and synthetic angiotensin 11, 1 mcg./ 
Kg. All compounds were administered Yia the 
femoral vein. 
Oral Hypotensive Activity in Unanesthetized 


Normotensive and Hypertensive Dogs.-Renal 
hypertension was produced in dogs utilizing the 
method described by Grollman (4). The blood 
pressures of the normotensive and hypertensive dogs 
were determined by the method of Prioli and Win- 
bury (5). The dogs were restrained in a harness 
which limited movement but did not fully support 
the animals. The tail was shaved and a microphone 
of an Infraton unit secured to the tai l  beneath the 
coccygeal artery so that the pulse wave could be 
observed on the screen of an oscilloscope. A 
digital cuff (Beckman Instruments) was placed 
proximal to the microphone and the pressure in- 
creased in the cuff until pulse waves were no longer 
visible. The pressure was then reduced slowly 
until the pulse waves  reappeared and the systolic 
pressure in inin. Hg recorded. JB 5058 was 
adniinistered orally in capsule form to dogs fastrd 
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ANESTHETIZED NORMOTENSIVE RATS 
TABLE ~.-EVAI.UATION OF CERTAIN SUBSTITUTED POLYMETHYLENEDIAMINES ON THE BLOOD PRESSURE OF 


Compd. R 


E X 2 8 X  0 \ -CHZCH 


EX 3144 [-JCH 


CH, 


EX 3460 / -CH 0 LH3 


EX 4420 (&CH 


H I '  CH, 


I 


CH, 


J B  5058 @CH 


Animals, Dose, 
mg./Kg Salt NO. 


Group I 
K-HN-CH2-CH2-KH- R 


Dimaleate 


Dimaleate 


4 HCI 


Tetraiiialeatt- 


Ditiialeate 


Dimaleate 


Diinaleate 


Diriialeate 


6 


15 


6 


6 


6 


8 


(i 


10 
1 


CH:i 


Group I1 


A kNL CH-R-CH 
I I 


CHI CH3 


ES 35i1 - -~ (CH1) (CH*)a~(CH, i )  4 HCI 6 
EX 4525 . -  -NH(CHZ)IKH Dimaleate 13 
EX IOWO -NH(CHZ):SNH 4 HCI 1 1  


Group 111 


CH,Br B 


Fuiiiarate 8 


"0 


40 


(io 


20 


10 


(jo 


(i( ) 


10 


10 
20 
10 


30 


80 


?& 
Drop, b.y. 
i f S.D. 


0 


0 


0 


0 


5 1 f  4 


0 


4 2 f  x 


48 f 10 


4 8 f  5 
0 


47 f (i 


0 


0 


Uuration. 
rnin. x S.D. 


0 


0 


0 


0 


190 to 490 


0 


63 f 20 


150 to 840 


140 to 360 
0 


2T0 to 490 


0 


0 
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TABLE I.-( Continued) 


Compd. 


EX 4938 


EX 4949 


EX 4950 


EX 4955 


EX 4959 


EX 4963 


EX 3132 
EX 3500 


R 
Animals, 


Salt No. 


2 HCl 6 


-CH2NHCH3 Maleate 7 


6 --CHzNHCHzCHzN NH 4HCI 
/--\ 
\-/ 


I I  
2 HCI 5 


6 Diacetate 


-CH NHC( CH3)3 Maleate - 
1 


I 
I 


CHs 
Group I V  


“LC-N-R 


Dose, 
mg.iKg 


20 


60 


60 


60 


40 


40 


50 
50 


% Duration, 
Drop. b.p. min. 
x f S.D. x =t S . D  


0 0 


0 0 


40 45 


0 0 


0 0 


0 0 


0 0 
0 0 


12 to 18 hours and the systolic blood pressure ob- 
tained periodically. 


RESULTS 
Hypotensive Activity in Rats.-The hypotensive 


activity of the experimental compounds in anesthe- 
tized rats is summarized in Table I. Insertion of a 
needle into the rat femoral vein, or the physical 
characteristics of the solution injected, often pro- 
duce transient hypotensive responses. To eliminate 


these possible artifacts, blood pressure recordings 
were measured 10 minutes after administration of 
the compound. This procedure, by necessity, also 
evaluated drug effects of less than 10 minutes 
duration as inactive. The compounds were divided 
into four structural groups, and doses listed in this 
table are either the HDw (hypotensive dosew, 
that dose which was estimated to produce ap- 
proximately a 50% reduction in mean arterial 
pressure) or the highest dose tested. Three com- 


TABLE II.-EFFECTS OF EXPERIMENTAL COMPOUNDS ON THE BLOOD PRESSURE A N D  SEVERAL VASCULAR 
RESPONSES IN THE ANESTHETIZED Doc 


Original % 7- yo Control Responses -- 
Dose. Blood Pressure, Fall, Duration, 


Compd. mg./Kg. mm. Hg b.p. min. BCO EPI L-ART ANG 
EX 2835 20 170 i 0  3 75 90 110 120 
EX 3144 20 92 0 . . .  60 75 100 100 
EX 3460 20 170 0 . . .  100 110 88 100 


62 Reversal . . . 160 
. . .  100 . . .  100 


170 1 60 130 
80+c 100 


EX 4467 20 120 50 
EX 4468 25 140 0 
EX 4525 20 150 0 . .  100 
EX 4914 20 150 33 1.5 90 80 86 100 
EX 4937 40  140 28 1 .0  63 180 112 120 
EX 4938 40 136 +58 11 100 100 91 i 1  
EX 4947 6( 1 160 31 80+-“ 60 Reversal 4 0  6T - EX 4949 20 145 +20 1 120 100 100 120 
EX 4950 20 138 86 138 15 150 140 160 
EX 4955 20 130 r) 100 100 100 100 
EX 4959 20 130 0 
EX 4961 20 124 0 


100 100 100 100 
75 140 140 100 


EX 4963 20 135 26 5 230 120 135 120 
EX 10006 25 132 62 168 25 78 108 113 
TB 5058 10 150 33 60 84 Reversal . . . .  


. . .  20 96 40 80+* 50 Reversal 60 69 


. . .  25 120 50 660 25 Reversal . . . 


. . .  40 1.10 49 1200+ 28 Reversal 32 
. . .  -- 


Blood pressure at termination of experiment was I04 mm. Hg. Blood pressure at termination of experiment was 65 mm. 
Hg. Blood pressure at termination of experiment was 80 mm. Hg. 
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angiotensin I I pressor responses, and both compounds 
markedly depressed the pressor effect produced by 
bilateral carotid occlusion. J B  5058 did not alter 
the pressor response to central vagal stimulation 
but did produce atropine-like effects on the cardiac 
response to peripheral vagal stimulation. 


Oral Hypotensive Activity in Unanesthetized 
Normotensive and Hypertensive Dogs.-Single doses 
of J B  5 ) s  were administered to two hypertensive 
dogs and one normotensive dog. Fnrty milligrams/ 
Kg., orally, reduced the systolic pressure of the first 
hypertensive dog from 200 to 110 mm. Hg and was 
effective for approximately 34 hours (Fig. 2). 
This same dose lowered th: systolic pressure of the 


pounds ill  Group I exhibited hypotensive activity: 
EX 494i a t  60 mg./Kg. and J B  50.58 and E X  4467 
at 10 mg./Kg. EX 4947 produced a mean drop of 
42y0 with a mean duration (time to return to pre- 
drug level) of 63 minutes. EX 4467 produced a 
mean drop in blood pressure of 511, and a duration 
of action ranging from 190 t o  430 minutes. J B  
5058 was the longest acting compound of this 
series since 10 mg./Kg. produced a mean tall in 
blood pressure of 48';.E persisting from 150 to 8.10 
minutes. Two of the three compounds in Group I1 
produced marked hypotensive effects. EX 3571 
and E X  10006 produced hypotensive responses in 
excess of 4 hours. Group I11 contained one com- 
pound which was moderately active. E X  4950 a t  
60 mg./Kg. produced a 40% fall in blood pressure 
with a duration of 45 minutes. Group I V  contained 
no active hypotensiveagents when tes'ed in the Kat. 


Modification of the  basic structure of J B  5058 
from the (2-pyridyl) to the (3-pyridyl) or (4-pyridyl) 
as seen in compounds E X  3460 and E X  4468 ap- 
parently eliminated the hypotensive activity. 
The  conversion cf both a-(2-pyridyl)ethyl groups 
to  picolyl groups ( E X  4467) produced a slight 
decrease in the duration of action. EX 10006, the 
trimethylenediamine homolog of JB ,W58. was 
highlv effective, whereas EX 4525, the pentamethyl- 
enediamine homolog. was inactive as was the hy- 
drazine, EX 4950, which has no alkylene chain. 


The data obtained from this series of compounds in 
anesthetized rats suggest that  the following struc- 
tural moieties should be present for optimal hypo- 
tensive activity: ( a )  the compound should contain 
two 2-pyridylmethyl groups joined by an alkylene- 
diamine chain, and ( 6 )  the distance between the 
alkylenedkamine nitrogens has a bearing on the hy- 
potensive activity since all the active compounds 
contairied a 2 or 3 carbon chain at this site. 


Hypotensive Activity in Normotensive Dogs.- 
The effects of the experimental cornpounds on the 
blood pressure of anesthetized dogs and on the vari- 
ous pressor responses in these animals are summa- 
rized in Table 11. All of the compounds which were 
active in rats were also active in the anesthetized 
dog. EX 4950 produced only moderate effects in 
anesthetized rats;  however, 20 mg./Kg., i.v., 
produced a mean drop in blood pressure of 86yo and 
a duration of action of 138 minutes. E X  3571 was 
not investigated in dogs because of the limited 
quantity of the compound available. EX -1947, 
J B  5058 (Fig. I ) ,  and EX 4467 reversed the pressor 
response of exogenous epinephrine. E X  4947 
and J B  5058 also depressed the levarterenol and 


100 


loo r 
5: 


10 


A a a c  L a 
0 


TIME, MIN. 


Fig. 1.-The effects of 40 mg.!Kg.. i.v., J B  5058 
o n  epinephrine, 2 mcg. /Kg., I .v.,  and bilateral 
carotid occlusion. 15 seconds, pressor responses. 
Key: A, epinephrine; B, carotid occlusion; C, 
J R  5058. 
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Fig. 2.-The effects of 40 rng./Kg. J B  5058, per 
os, on  the blood pressure of unanesthetized normo- 
tensive and renal hypertensive dogs. Key: ---, 
hypertensive; - , hypertensive; . . . , normo- 
tensive. 


DAYS 


Fig. 3.-The effects of 20 mg./Kg. JB 5058. per 
os, daily in hypertensive dog No. 1. Key: A, 
initiation of J B  5058 administration ; B, termination 
of treatment. 


--I 


DAYS 


Fig. 4.-The effects of 20 mg./Kg. JB  5058, per 
os, daily in hypertensive dog. No. 2. Key: A, 
initiation of J B  5058 administration ; B, termination 
of treatment. 


second hypertensive dog from 230 t o  150 min. Hg 
within 8 hours with pressure returning to pretreat- 
ment levels in approximately 57 hours. The oral 
administration of 40 mg./Kg. of this compound to a 
normotewive dog produced a transient decrease in 
systolic blood pressure of 30 mni. Hg. The only 
observable effect of the compound in these animals 
was a relaxation of the nictitating membrane. 
JB 5058 was also administered once a day, 20 
mg./Kg., per os, to two hypertensive dogs for 
periods of 7 and 12 days, respectively. The 
systolic pressure of the first dog decreased from 
200 to  120 mm. Hg by the second day (Fig. 3). 
The hlond pressure taken periodically each day 
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jections of angiotensin I I was decreased approxi. 
mately 25?& Pretreatment of anesthetized 
dogs with tripelannamine (sufficient to  abolish 
the depressor response of 2.5 mcg./Kg. of histamine) 
and dichloroisoproterenol (up to 10 mg./Kg.) did 
not alter the hypotensive effect of this compound. 
These preliminary data suggest that JB 5058 
blocks a adrenergic receptors (6) and that this action 
is most likely the primary mechanism of its hypo- 
tensive activity, 


SUMMARY 


Twenty-one substituted polymethylenediamines 
were investigated for their hypotensive activity. 
JB 5058, N, N’-bis- [a-(2-pyridyl)ethylj-ethylene- 
diarnine dimaleate; EX 4467, N, N’-bis-/2-pyridyl- 
methyl] -ethyienediamine dimaleate ; EX 3571, 
N,N’-bis - [a - (2 - pyridy1)ethyl) - N,N’ - dimethyl- 
ethylenediarnine tetrahydrochloride; and EX 10006, 
N,N‘ - bis - [a-(2-pyridyl)ethyl] -trimethylenediamine 
tetrahydrochloride were the most active hypotensive 
compounds in the current series. 


JB 5058 is a long-acting, orally effective hypo- 
tensive compound whose primary mechanism of 
action appears to be a blockade of a adrenergic 
receptors. 


REFERENCES 


DAYS 


Fig. 5.-The effects of 20 mg./Kg. JB 5058, per 
0s. daily in a normotensive dog. Key: A, initiation 
of JB 5058 administration; B, termination of 
treatment. 


during the 7-day period varied from a low of 120 
mm. Hg to a high of 150 mm. Hg. Treatment was 
then stopped, and the arterial pressure gradually 
returned to predrug levels in 4 days. The systolic 
blood pressure of the second hypertensive dog 
dropped from 240 to 155 mm. Hg over the 12-day 
period, returning to  predrug levels 5 days after 
withdrawal of the compound (Fig. 4). JB 5058, 
20 mg./Kg., administered orally each day to  a 
normotensive dog did not significantly lower the 
systolic blood pressure of the animal over a 7-day 
period (Fig. 5). 


DISCUSSION 


J B  5058, N.N’-bis-[a-(2-pyridyl)ethyll-ethylene- 
diarnine was the most active compound in a series of 
substituted polymethylenediamines. This com- 
pound produced marked hypotensive effects of long 
duration in anesthetized rats and dogs, reversed the 
pressor response to moderate doses of epinephrine, 
and decreased the pressor respcnse to levarterenol. 
The reversal of epinephrine pressor response could 
be overcome by administering relatively large 
doses of epinephrine. The pressor response to  
bilateral carotid occlusion was decreased but not 
abolished, and the pressor response to  single in- 


(1) Tonks, R. s., J .  Physiol.. 119, 25P(1953). 
(2) Graham, J. D., and Tonks. R. S., Brit. J .  Phormocol., 


11, l(lQS6). 
(3) Bi,&erton, R. K., Jacquart, M.  L.. Kinnard, W. J., 


Bianculli, J.  A,. and Buckley, J. P.. THIS JOURNAL, 49, 183 
(1960). 


(4) Grollrnan. A.. Proc. Soc. Expll. B id .  Med.,  57, 102 
110441 \ _ _ _ _ , _  


( 5 )  Prioli. N. A,,  and Winbury, M. M.,  J .  A p p l .  Physiol. 


(6) Ahlquist. R. P., Am. J .  Phrriol.. 153, 86(1948). 
15. 232(1960). 








Synthesis of Some apunsaturated 
8,s-Disubstituted s-Lactones 


By CLAUDE PIANTADOSI and VILHJALMUR G. SKULASON 


A series of 18 new a,&unsaturated &&&substituted &lactones was synthesized as 
possible therapeutic agents. The majority of the compounds described contain an 
aryloxy grou in the pposition of the lactone ring, while those naturally occurring 
in P+er mat&ticwn all contain an alkoxy group in this position. Some of the lac- 
tones were hydrogenated by means of palladium-on-charcoal to the corresponding 
dihydro derivatives. The infrared absorption spectra of most of the synthesized 


compounds were also studied. 


IPER METHYSTICUM Forst. of the family 
Peifiraceae is a shrub common to the islands 


of Indonesia where i t  is known in various dialects 
as kawa, kava, or ava. The rest of the kawa 
plant has been held in high esteem by the Poly- 
nesians from ancient times for its use in preparing 
an extract, which upon drinking, is reported to 
reduce fatigue and produce complete freedom 
from anxiety (1). 


“The National Standard Dispensatory” of 
1909 (2) describes P. methysticurm and lists as a 
pharmaceutical preparation fluid extract of kava 
N.F. The same edition has a long list on action 
and uses of the drug. 


Marpmann demonstrated in 1905 (3) that the 
constituent kawain possesses bacteriological 
properties, espeaally for the gonococcus, but also 
for the Coli bacillus. 


The remarkable physiological action of P .  
metkysticum has prompted numerous chemical 
investigations, dating from an article by Gobley 
in 1860 (4). The most extensive work on 
the constituents of this plant was carried 
out by W. Borsche and his co-workers, who 
in a series of 14 papers extending over a period of 
19 years (1914-1933) reported the isolation and 
structure of two new compounds, kawain 
(Gonosan) and dihydrokawain (DHK). These 
workers also elucidated the structures of other 
crystalline components, methysticin, dihydro- 
methysticin (DHM), and yangonin, which had 
previously been isolated from this plant. At the 
conclusion of his work, Borsche stated that all of 
these compounds failed to exhibit the typical 
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physiological action of the kawa root (5). In a 
later study, using chromatographic techniques, 
Van Veen isolated a substance “marindinin”’ 
which when administered in a lecithin-water 
emulsion in the amount of 50-70 mg. to pigeons 
and in the amount of 500 mg. to monkeys (weigh- 
ing 1 Kg.), exhibited the characteristic action of 
kawa (6). This compound was shown to be 
identical with dihydrokawain previously isolated 
by Borsche. Hansel and BeiersdorfT (7) showed 
that dihydromethysticin is another active in- 
gredient of the root. Besides the compounds al- 
ready mentioned, Klohs and co-workers (8) suc- 
ceeded in isolating a small quantity of a new 
compound which was designated as “compound 
A” and later shown to be desmethoxyyangonin 
(9). 


As can be Seen from Fig. 1 all the naturally 
occurring lactones of known structure are a- 
pyrones except for yangonin and desmeth- 
oxyyangonin which belong to the y-pyrone series. 


The structural determination of the kawa lac- 
tones was exclusively determined by degradation 
of the molecule and the final proof for kawain 
was accomplished by synthesis in 1950 and for 
methysticin and dihydromethysticin in 1959 
(10, 11). Another synthesis of kawain by a 
different method was announced in 1951 (12). 


EXPERIMENTAL2 


Ethyl p3lorocrotonate.-This compound was 
prepared by a modification of the method used by 
Thomas-Mamert (13) resulting in an improved 
yield. In a dry 1-L. round-bottom, three-necked 
flask equipped with a reflux condenser and placed 
under the hood 200 Gm. (0.154 mole) of ethyl 
acetoacetate and 400 ml. of petroleum ether (b.p. 
30-60”) were added. To this mixture 170 Gm. 
(0.816 mole) of phosphorus pentachloride was grad- 
ually added. Upon completion of the reaction, 500 


1 Named after the Marindines tribe of Netherlands New 
Guinea. * All melting points were taken with the Mel-Temp appa- 
ratus and are uncorrected as are the boiling points. The 
microanalyses were performed by Drs. Wciler and Strauss. 
Microanalytical Laboratories, Oxford, England. The infra- 
red spectra were determined on a Perkin-Elmer modd 137B 
spectrophotometer using 2.5% solution in chloroform and 
sodium chloride cell. 
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to a separator, and the layers separated, followed by 
washing the aqueous layer with three 100-ml. por- 
tions of petroleum ether (b.p. 30-60'). The com- 
bined yellow petroleum ether extracts were washed 


ml. of water was added in small portions, transferred O-cH3 


O C H - C H A  


903 


with a 20%-potassium carbonate solution, dried 


in wcuo. Distillation of the residue gave 48% of a 


Kawah (Gonosan) over anhydrous sodium sulfate, then evaporated O-CHs 


colorless ing turns liquid green, with b.p. a 163-176'. pungent odor, which on stand- 
Q . H ~ - - ~ H ~ ~ ~  


H2C,O ~ O Q C H ~ - C H ~ - J $ + ~  


Anil of Ethyl Acetoacetate.-This compound was 
prepared by a method previously described in the 
literature and used without further purification for 


Ethyl 8-n-Proporycrotonate and Ethyl B-Isoprop- 
ethyl 8-ethoxycrotonate (14). 


oxycrotonate.-These compounds were prepared 
essentially by the method of Koll(15). 


of all compounds listed in Tables I and 11. 


Dihydrokawain 


the preparation of ethyl 8-methoxycrotonate and O-c& 


Hz-C, CH= C H bo 
Methysticin 


A general method was employed in the preparation O-CHI 
The 


method of ethyl used 8-p-chlorophenoxycrotonate is illustrated below for the and synthesis ethyl-y- 
bromo 0-p-chlorophenoxycrotonate, respectively. 


pound was prepared by a modification of a method 
Ethyl 8-p-Chlorophenoxycrotonate.-This com- Dihydrome thysticin 


0 


\ 


Y1 
CH3-C=CH-COOC2H5 


/ON 
R -  alkyl or aryl 0-R 


I 
CH3-C=CH-COOCzHs 1;: 


I 
0-R 
I 


Br-CHz-C=CH-COOC2Hs 
1. Zn + Ar-CH=CH-CH=O 
2.H20 + NHdCl 


0-R 


Reaction Sequence Used in Present Synthesis 


Yangonin 9 


Desmethox y yangonin 
Fig. 1. 


described in the literature (14). To 11.5 Gm. (0.5 
Gm. At.) of sodium dissolved in 200 ml. of ethanol, 
85 Gm. (0.505 mole) of p-chlorophenol, and 85 Gm. 
(0.672 mole) of ethyl 8-chlorocrotonate were added. 
This mixture was heated on the steam bath for 2 
hours, a t  which time the mixture was almost neutral 
to litmus. The sodium chloride was filtered, the 
alcohol removed by distillation, and the resulting 
product triturated with water and extracted with 
ether. Unreacted phenol was removed from the 
ether layer by shaking it twice with 100-ml. portions 
of 5% solution of sodium hydroxide. The ether 
solution was dried over anhydrous sodium sulfate 
and evaporated. Distillation of the residue gave 
53yo of a colorless oil, b.p. 110-117" (0.8 mm.) 
Ethyl y-Bromo 6-p-Chlorophenoxycrotonate.- 


This compound was prepared by a modification of 
the procedure described by Kogl and deBruin (16). 
In a dry 1-L. round-bottom fIa& fitted with a re- 
flux condenser. 200 ml. of carbon tetrachloride and 
98 Gm. (0.407 mole) of ethyl p-p-chlorophenoxy- 
crotonate were added. To this solution 73 Gm. 
(0.410 mole) of N-bromo-succiniimide and 8 Gm. 
(0.033 mole) of benzoyl peroxide were added and 
the mixture heated on the water bath for 3 hours. 
The reaction mixture was then placed in the refrig- 
erator overnight, the succinimide removed by filtra- 
tion, and the solvent distilled in wacuo. Distillation 
of the residue gave 71% of a faint greenish liquid, 
b.p. 140-160' (0.15 to 0.25 mm.). After several 
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TABLE I.-ETHYL ~~-ARYLOXYCROTONATES 


0-Ar 
I 


CH-C=CH-COOGHb 


-C, %---- c _ H ,  %- Yield, 
Ar Formula B. p. Calcd. Found Calcd. Found % 


P-CI-GHa- C12H1~C10S 110-117 (0.8 mm.) 59.88 59.80 5.44 5.41 53" 
o - C H A G H 4 -  CIIH~EO, 120-132(0.8mm.) 66.09 66.00 6.82 6.79 55 
p-CHAe.H<- C~aHlsOs 70- 98(0.1 mm.) 70.88 70.73 7.32 7.26 51 
p-n-C4Ho-O-CEH4- Cl&& 139-147 (0.05 mm.) 69.04 68.94 7.97 7.90 47 


Calcd. for Cl: 14.73. Found: 14.68. 


TABLE IL-ETHYL 7-BROMO ~ A L K O X Y  (OR ARYLOXY) CROTONATES 
0-R 
I 


Br-CH-C=CH-COOGHs 
-_____ 


R Formula 
CH- 
CyHa- 
n-CaHr- 
i-CaH7 
CoH6 
9-CH-CeH4- 
o-CH-SCeH4- 
fi-Cl-CaH4- 
p-n-GHs-O-CeH4- 


CTHii BrOa 
CaHlzBrOa 
CBHuBrOa 
CnHuBrOa 
ClrHiaBrOa 
CuHIaBrOz 
CaaHaaBr 0 4  
CasHaBrClOa 
CaHr1Br04 


-C, %- -H, %- -Br, %- 
Calcd. Found Calcd. Found Calcd. Found B. n. ~. 


68-72 O l m m )  
79- 84 {O:15-0.05 mm.) 


165-170 (33 mm.) 
150-154 (35 mm.) 
108-124 0 3 mm.) 
127-140 {0:3 mm.) 
123-154 (0.35 mm.) 
140-160 ( 0 . 1 5 4 . 2 5  mm.) 
190-193 (0.40-0.55 mm.) 


. ~~ ~ ~ ~ _ _ _  
37.69 37.65 4.97 4.93 35.82 35.78 
40.52 40.49 5.53 5.47 33.70 33.66 
48.04 42.95 6.02 5.98 31.82 31.73 
43.04 42.99 6.02 5.95 31.82 31.69 
50.55 50.51 4.59 4.56 28.02 28.00 
52.19 52.08 5.05 5 .00  26.71 26.68 
49.54 49.50 4 .80  4 .78  25.36 25.27 
45.10 45.08 3.78 3.75 25.00 24.93 
53.79 53.73 5.92 5 .89  22.37 22.29 


Benzoyl peroxide was used as a catalyst. * Calcd. for CI: 11.09. Found: 11.00. Yields not calculated. 


TABLE I I I . - a , ~ - U N S A T v R A T E D  &&DISUBSTITUTED &LACTONES 


0-R 
I 


Yield, 
% 


78" 
75p 


6 
C 


39 
58 
7Iavb 
42 


Ar R' 
conp H 
CoHr- H 
CoHh- H 


CaH- H 
CbHa- H 


CeHa- H 
COHI- H 


C8HI- H 


CaH- CHa- 


H 


Cll 
QHh- CH- 


H (3 
CIH- CHa- 


C a r -  Br- 


CaHr- CHa- 


M.p --C, %-- -H, %- -C.%- Yield, 
OC." Calcd. Found Calcd. Found Calcd. Found % 


145-146" 
99-100 
77- 78 


94- 95 
135-136 


128-129 
144-145 


150-151 


74- 76 


73..?7 74:03 
74.42 74.25 


74.29 
74.42 74.14 
78.08 77.83 


77.44 
78.43 78.45 
74.54 74.26 


74.32 
69.81 69.71 


69.75 
74.39 74.28 


74.41 


... 
6.56 
7.05 


7 .05  
5.48 


5 .88  
5.65 


4.64 


7 .02  


... 
6.37 
7.13 
7.16 
7.25 
5 .58  
5.50 
5.75 
5.71 
5.86 
4.59 
4.73 
7.32 
7.40 


... ... ... ... . . .  . . .  


... ... . . .  ... 


... ... ... ... 
10.86 11.08 


11.20 ... ... 


17 
5 
6 


5 
12 


20 
13 


17 


8 


CtHa- 86- 87 66.65 67.16 6 .02  5.84 . . . . .. 2 
67.04 5.89 


fi-Cl-CaH4- 167-168 70.44 69.66 5.03 4.69 10.40 11.22 45 


fi-Cl-CoH4- 122-124 64.46 64.13 4.14 4.11 11.19 11.11 8 
69.86 4 .85  11.45 


64.31 4 .26  11.16 


CHt- 133-135 73.75 73.51 6.60 6.57 ... ... 17 


fi-Cl-CaH4- 173-174 56.25 56.51 3.48 3.76 ... .. . 27 
73.67 6.66 


56.70 3.88 


76.48 6 .95  
fi-n-GH-+CaHd- 107-10Sc 76.16 76.13 6.93 6 .93  ... ... 10 


a Melting point reported in the literature is 146-147' (6).  * All the compounds listed in Table 111 gave a'strongcharacteristic 
red when a few crystals were dropped on concentrated sulfuric acid in a test tube. C The synthesis of this compound required 
the addition of magnesium and iodine to  initiate the reaction. 


days at room temperature the compound turned to  
a solid, m.p. 30". 


4 - p - Chlorophenoxy - 6 - j3 - methylstyryl- 
5.6-dihvdro-2-~vrone.-To a comDletely dry 500-ml. 


mesh) was added.$ To this was added a solution 
of 32 Gm. (0.100 mole) of ethyl 7-bromo-8-p-chloro- 
phenoxy-crotonate and 15 Grn. (0.102 mole) of 
____ - - -  


round-tktom -&k fitted with a reflux condenser 
and a calcium chloride drying tube, 6.5 G ~ .  of 
pletely dry and activated zinc metal granules (40- 


a The activated zinc was obtained by allowing 10% hydro- 
chloric acid to act on i t  for 10 minutes, washing i t  thoroughly 
with water, acetone, alcohol. and anhydrous ether. respec- 
tively. Finally, it was  dried in a vacuum oven at  looo. 
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TABLE Iv.-a,~-tJNSATURATED &&DISUBSTITUTED &LACTONES 


P-R 


Ar-CH,-CH 
I 
k 


M.P., 4, %- -H, %- d, %- Yield, 
Ar R' R OC. Calcd. Found Calcd. Found Calcd. Found % 


C s H s  H CHa- 74- 75" 72.39 72.56 6.88 7.26 . . . ... 82 


CaH6- H p-CHrCaH4- 120-122 77.89 77.66 6.55 6.73 ... ... 92 


GHb- CHa- p-Cl-CsH4- 135-137 70.07 69.79 5.59 5.66 10.34 10.48 74 


Wc- H p-C1-c+&- 119-120 69.41 69.46 5.21 5.31 10.78 10.48 100 


c&- H o-CH+C~H~- 103-105 74.06 73.85 6.21 6.67 ... ... 69 


72.74 7.35 


77.75 6.84 


69.93 5.88 10.61 


69.53 5.62 10.50 


73.95 6.82 
Melting point reported in the literature is 76' (3). 


freshly distilled a-methylcinnamaldehyde in 200 ml. 
of tetrahydrofuran which had been previously dis- 
tilled over mineral oil. This mixture was heated 
to its boiling point, whereupon a small crystal of 
iodine was introduced to  help initiate the reaction. 
It was then refluxed with occasional shaking for 5 
hours. At the end of the rdux time, 5.9 Gm. of 
the zinc had dissolved. The mixture was cooled to 
room temperature and added with stirring to  600 ml. 
of a saturated solution of ammonium chloride. 
After extracting three times with chloroform (200 
ml. and 2 times 100 ml.), the combined chloroform 
extracts were washed once with 200 ml. of water, 
dried over and filtered through anhydrous sodium 
sulfate, and concentrated in vacuo to  a small volume. 
The residue was placed in the refrigerator overnight 
causing crystals to  separate. After washing with 
methanol and drying, the crystals had m.p. 164- 
166'. A second crop of crystals was obtained by 
evaporating the methanol solution and placing it in 
the refrigerator. Further recrystallization from a 
mixture of chloroform-ether afforded 45% of white 
crystals, m.p. 167-168". The compounds listed in 
Table I11 were prepared in an analogous manner. 


4 - p - Tolyloxy - 6 - phenethyl - 5,6 - dihydro - 2- 
pyrone.-A solution of 4.3 Gm. (0.013 moles) of 4-p- 
tolyloxy-6-styryl-5,6dihydro-2-pyrone in 30 ml. of 
tetrahydrofuran was treated with 0.2 Gm. of 15% 
palladium-carbon catalyst and hydrogenated at 30 
p.s.i. After 2.5 hours, the mixture had taken up 
one molecular equivalent of hydrogen. The catalyst 
was removed by filtration, and the solvent was dis- 
tilled in vacuo. Recrystallization of the residue 
from tetrahydrofuran gave 92yo of product, m.p. 
48-49'. Table IV lists the compounds prepared by 
the above method. 


Infrared Absorption Spectra.-The infrared ab- 
sorption spectra of all the lactones With a saturated 
side chain are similar to  those with an unsaturated 
side chain, except for the absence of the absorption 
band at 10.38 fi. which is assigned to the trans con- 
figuration of the unsaturated lactones, and conse- 
quently is absent in the saturated ones. The strong 
absorption bands a t  5.90 and 6.17 fi  are common 
to all the lactones and are assigned to  the C--0 
group in conjugation with the C=C grouping, 
respectively. 
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Notes 


Method For Recording Electrical Activity of the Isolated Heart 
By MARVIN L. WTWAN and ROBERT L. RUSSELL 


The simultaneous recordin of electrical activity from two sites on an isolated 
mammalian heart by a simpfe and effective method is described. The use of agar- 
6lled polyethylene tubing containing catton wick electrodes offess distinct advan- 


tages compared to the usual platinum hook electrodes. 


HE USUAL METHOD for recording electrical ac- T tivity from isolated hearts has involved the use 
of platinum hooks (1, 2). An alternate method 
which has several advantageous features is de- 
scribed. While recording the atrial and ventricular 
ECG from isolated rabbit hearts in the Anderson 
coronary perfusion apparatus, it was found that 
platinum hook electrodes had limitations. Not 
only was there injury to the tissue but also breaks 
between the leads and the platinum hooks occurred 
repeatedly. To alleviate these occurrences, it  was 
decided to  employ cotton wick electrodes. Ac- 
cordingly, the lower chamber of this unit as de- 
scribed by Anderson and Crave+ (3) was altered to  
allow the introduction of these wicks (Fig. 1). 


Two electrodes were positioned in each stopper. 
The wicks were made of cotton tufts saturated with 
the perfusing solution. Accordingly, each wick was 
tamped lightly into the end of the polyethylene 
tubing (PE 350, 0.d. 0.157 in., i.d. 0.125 in.) which 
had been filled previously with agar (Myo in 
mammalian Ringer's). Stainless steel wires or 
tantalum wires (0.025-in. diam.) were inserted into 
the agar-filled tubing for connection to a recorder 
with alligator clips. A piece of warmed P E  100 
was crimped to the wire as a sleeve to  keep the wire 
in place. Another adaptation is shown in the upper 
right corner of the figure. This was a hypodermic 
needle (No. 18, 1.5-in. length) inserted in the agar 
instead of the stainless steel wire, thereby making it 
possible to couple the electrode to the recorder with 
a banana plug. 


In addition to the two openings in the lower 
chamber for the introduction of the stoppers con- 
taining the polyethylene tubing, a third opening or 
port was provided in the original apparatus. Conse- 
quently, the experimenter is enabled to insert a probe 
or forceps through the port in order to  position the 
cotton wicks on specific areas of the heart as de- 
sired. After positioning the wicks, the port can be 
closed by inserting a stopper. 


Appropriate recording apparatus was used to 
record atrial ECG and ventricular ECG. Coronary 
flow and heart rate may also be recorded simul- 
taneously (Fig. 2). To determine any possible dis- 
torting effect of the wick electrodes on the ECG as 
compared to the record obtained with the usual 
hook electrodes, a simultaneous recording was ob- 
tained from a frog heart using both types of elec- 
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Fig. 1.- 
Modified lower 
chamber for re- 
cording of ECG 
from an iso- 
lated heart with 
wick electrodes. 
Key: W, cot- 
ton tuft; H, 
heart; S, stop- 
per; P, port. 
Insert: Alter- 
native con- 
nector to agar- 
electrode. (See 
text for de- 
tails.) 


Fig. 2.-Electrical activity and coronary flow in 
an isolated rabbit heart. From above downward 
the record presents coronary flow, atrial electro- 
cardiogram, ventricular electrocardiogram, and 
time in seconds. The coronary flow is indicated 
by the change in air pressure in a venous Statham 
pressure gage each time the coronary flow-meter 
empties. 


- -  


Fig. 3.-Simultaneous recording from the same 
sites on a frog heart. From above downward: 
ventricular electrical activity recorded through 
platinum hook electrodes, ventricular electrical 
activity recorded through wick electrodes, and time 
in seconds. Calibration indicates 2 mv. 
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trodes (Fig. 3). Although the amplitude of the re- note the difference between a control recording of an 
corded potential was reduced somewhat using the isolated cardiac preparation and that following ex- 
wick electrodes, the wave forms are essentially the perimental procedures, illustrating that the cotton 
same. The mass of the cotton wick electrodes is wicks retain their position and that no injury is 
extremely low and is a very flexible system. permit- produced from their use. 
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Microbiological Assay of Aspartocin in Pharmaceutical Preparations 
Containing C hlortetr ac y cli ne 


By ANTHONY ABBEY and DAVID B. HEWEL 
An agar dithsion rocedure, using StapLylococc#s cpidmnidir ATCC No. 12,228 and 
0.1 M calcium cfloride solution as diluent for aspartocin standard and samples, 
was evaluated. Satisfactory standard curves for aspartocin were obtained 
with concentrations of compound ranging from 0.5 mcg./ml. to 50 mcg./ml.; 
chlonetracycline (CTC) did not interfere in  the assay of aspartocin-CTC mixtures. 


HE FERMENTATION, isolation, and antimicrobial T properties of aspartocin have been previously 
reported (14). It is active primarily against Gram- 
positive bacteria; and although somewhat similar to  
amphomycin (5). aspartocin may be separated from 
this compound and identified by paper chromatog- 
raphy or electrophoresis (4). 


For microbiological assay, an agar-plate method 
using B. subtdis and alkaline conditions was pro- 
posed (4); however, the tetracyclines are highly 
active against this test organism, and aspartocin- 
tetracycline mixtures would be difficult to  assay 
under these conditions. With this in mind, the 
application of a tetracycline-resistant test organism 
was investigated. 


Staphylococcus epidermaifk ATCC #12,228 is 
routinely employed in thii laboratory for neomych 
assays, particularly with mixtures containing strepto- 
mycin and tetracycline, where resistance to these 
antibiotics (6) would be essential. Since the 
aspartocin antibacterial spectrum indicates that low 
concentrations inhibit staphylo&cci and streptococci 
in  vitro (2), Staphylococcus epidermaifis ,&TCC 
512,228 was evaluated for use in aspartocin micro- 
biological assays. 


EXPERIMENTAL 
The method outlined is a modification of FDA 


cylinder-plate procedures generally used in our 
laboratory for antibiotic assays; a more detailed 
description of antibiotic cylinder-plate methods 
appears in Grove and Randall (7 ) .  


Test Organism.-Staphylococcus epidermidk 
ATCC #12,228 (available from the American Type 
Culture Collection) is subcultured every 2 weeks on 
nutrient agar slants, incubated overnight at 30-35" 
and stored at 4'. 


For inoculum, suspend the growth from a stock 
slant in sterile 0.9% saline solution and inoculate a 
Roux flask containing 200 ml. sterile Difco Penassay 


Received November 4, 1963, from American Cyanamid 
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seed agar; incubate overnight at 30-35". Harvest 
this growth with approximately 50 ml. sterile saline 
solution and store at 4"; this concentrated suspen- 
sion may be used at least 5 to 6 days. Before the 
actual assay, determine what dilution of the concen- 
trate will give 80% light transmission using a 
Lumetron model #400 colorimeter and 650 mp 
filter. Use trial plates to determine the optimum 
concentration of diluted suspension for the assay 
(usually 0.5 to 1%). 


Assay Medium.-Difco Penassay seed agar (anti- 
biotic medium #1) is autoclaved 15 minutes at 121". 
cooled, and adjusted to pH 8.0 with 475 NaOH solu- 
tion. 


Diluent.-The diluent was calcium chloride 0.1 M 
in distilled water for aspartocin standard and un- 
knowns; anhydrous CaClr (reagent grade) 11.1 Gm. 
dissolved in distilled water t o  make 1.000 ml. of solu- 
tion (pH 5.8); it  was autoclaved for 15 minutes at 
121O. 


Aspartocin Standard Curve.-Sodium aspartocin 
(Lot #31460-165A) with an assigned potency of 
1,OOO mcgJmg.1 was used for the standard. 


Weigh 50 to  100 mg. of the standard and dissolve 
in sufficient distilled water to  obtain 1,OOO mcg./ml. 
stock solution. Dilute further in calcium chloride 
solution to obtain 50, 25, 12.5, 6.25, 3.12,1.56,0.78, 
and 0.39 mcg./ml.; the reference point solution is at 
10 mcg./ml. The stock solution is held refrigerated 
and may be used a t  least 7 days. 


Preparation of Test Plates.-The assay agar is 
cooled to  about 45" and inoculated with the test 
organism. A 6-ml. volume of inoculated agar is 
distributed evenly into each flat-bottomed Petri dish 
(Pyrex 53162) equipped with an unglazed ceramic 
cover, and allowed to solidify on a perfectly level 
surface. 


The agar is allowed to  harden 15 to  20 minutes at 
room temperature before placing six stainless steel 
Penicyliiders on each plate. These cylinder plates 


1 Obtained from the Biochemical Research Section, Lederle 
Laboratories Division, Amencon Cyanamid Co. 








Cell Surface Effects of a Phthalanilide Derivative 
By P. S. VASSAR and W. L S A N N E  


Using the technique of cell electro?horesis to estimate surface charge density of 
mammalian tumor c e h ,  a phthdarulide derivative (NSC 38280) caused a sign& 
cant fall in cell electrophoretic mobility. These results su gest that the drug forms 
an irreversible complex with cell surface components, therefy lowering their zeta PO- 
tentid. The cell aggregation may account or the thromboembolism noted chni- 


cally. 


Av'w&Tpof substituted phthalanilide derivatives 
possess antileukemic activity (1, 2). In view 


of the possibility that these compounds may form 
complexes with cell surface components, the present 
experiments were devised to study this phenomenon 
in  d r o .  The derivative used was the compound 
2chloro-4',4'-di(2-imidamlin-2-yl) terephthalanil- 
ide dihydrochloride (NSC 38280).' 


The experimental system used was based on the 
sensitivity of cell electrophoresis to detect changes 
in charge density of cell surfaces following sur- 
face binding of drugs (3, 4). The cell electro- 
phoresis equipment and technique have been 
described previously in detail (5). Briefly, the 
rectangular cell. maintained at 25". was in the lateral 
position, and readings were taken a t  the 6rst sta- 
tionary level using a current of 4.0 ma. The phos- 
phate-sucrose electrophoretic buffer had a relative 
viscosity of 1.14, pH 7.0. ionic strength 0.083, and 
osmolarity of 290 mosmoles. The tumor cells 
studied were Ehrlich ascites tumor cells, leukemic 
cells (buffy coat) from a patient with acute granu- 


an irreversible complex with cell surface proteins and 
blocks surface anionic groups. In all instances, it is 
significant that tumor cells exposed to the drug 
underwent considerable aggregation presumably re- 
lated to lowering of zeta potential. The mecha- 
nism of aggregation is probably complex, possibly 
initiated by London dispersion forces between small 
islands of adsorbed drug. These findings support 
the suggestion of York et d. (6) that phthalanilide- 
induced thromboembolism may be due to binding 
of the drug to cell surface components. The actual 
binding sites of the molecule include electrostatic 
forces of the imidamlin end-groups and hydrogen 
bonding a t  the amide bridges, although hydro- 
phobic attractions have been suggested also (7). 


During the cotme of these experiments an unex- 
pected result emerged-namely, drug-treated red' 
blood cells showed a slight increase in electro- 
phoretic mobility: this effect was abolished if the 
red cells were pretreated with sialidase. At present 
the significance of these finding is obscure. 


The possible relationship between NSC 38280 


TABLE I.-CELL SURFACE EFFECTS OF NSC 38280" 


&ontrol -NSC 38280 Treat&- 
Tumor Specimen u./sec./v./cm. ESU/cm.-s u./sec./v./cm. ESU/cm.-' 


Ehrlich's ascites tumor 1.33 2.66 x 10' 1.05 2.10 x 10' 
Chronic lymphatic leukemia 1.45 2.90 x 10' 1.18 2.36 X 10' 
Acute granulocytic leukemia 1.41 2.82 x 10' 1.16 2.32 X 10' 


~ a Mean ;@ti,, electrophoretic mobilitia, correct+ to viscosity of water at 25O, are expressed 
values represent the average of 30 or more readings, wlth S.D.'s 5 f0.05. 


u./&./v./cm. Mobility 


locytic leukemia, and cells from a patient with 
chronic lymphatic leukemia. 


The washed cells were suspended in Hanks bal- 
anced salt solution containing NSC 38280 (1.8 X 
10-'M, 100 mcg./ml.) for 30 minutes a t  room tem- 
perature; the cell concentration was 4 X 106/ml. 
The cells were then washed in phosphate-sucrose 
buffer and their electrophoretic mobilities de- 
termined. Control experiments, in the absence of 
NSC 38280, were run in parallel. Each experiment 
was repeated on three separate occasions. The 
results were highly reproducible, the figures in 
Table I represent the means of the experiments. 


The results, summarized in Table I, show that 
exposure of tumor cells to NSC 38280 resulted in a 
highly sisnificant (P < 001) drop in surface charge 
density. This finding suggests that the drug forms 
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cytotoxicity and the cell surface effect is unknown. 
Phthalanilide derivatives have been shown to sup- 
press protein synthesis (8), to complex with nucleic 
acids (7), and to be retained in leukemic ascitic 
fluid (9). In the present experiments a plausible 
explanation for the data may be some degree of 
denaturation of cell surface protein by the drug. It 
is of interest that another cytotoxic drug (chlor- 
ambucil) has been shown recently to affect cellsur- 
faces ( 10). 
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Essential Oils and their Constituents XXIII. 
Chemotaxonomy of the Genus Mentha 


By K. L HANDA*, D. M. SMITH, I. C. NIGAM, and LEO LEV1 


Essentialmoils derived from Mmtba aqvatica L.; M. citrafa Jhh.  (bergamot mint); 
M. pnle m L. (European and North African penn royal); Hrdeamapnkgioides (L.) 
Pers. ( x e r i c a n  penn royal); M. rotnnd#olu anBM. sylvestris L. were examined b 
gas-liquid partition cLomatographp using a polar (SAIB) and nonpolar (Vconf 
substrate, respective1 . Quantitative data illustrating the extent of compositional 
differences between dese  products are presented and compared with similar criteria 
of authenticity for M. a r v a s i s  (mint); M. pipuita (peppermint); M. cordirrca, M. spi- 
cata, and M. viridis (spearmints). The occurrence of isopiperitenone as a major 
constituent of M. rotnnd#olia derived from a French mutant strain and the detection 
of several terpenoids occurring as trace constituents in these species are reported for 
the tvst time. Correlation of the chemical data illustrates their value in plant classi- 


fication. 


EB CLASSIFICATION of aromatic plants considered T to belong to the genus Mentha-an important 
source of basic raw materials for the food, drug, and 
cosmetic industries-has always proved a difficult 
task to the botanist. geneticist, and physiologist 
engaged in natural products research. As yet, the 
many species of this genus cannot be unambiguously 
identified by a single technique. I t  is the purpose 
of this paper to demonstrate the value of using 
chemical analysis of the essential oils they yield for 
the recognition of botanical origins. 


EXPERIMENTAL 


Apparatus and analytica1 methods were described 
in previous publications (1-4). 


Essential Oils.-The Mentha a p u a t h .  M. cdrah, 
M. sylvestris, and Hedeoma pulegwidcs used were 
obtained through the courtesy of Dr. F. J. Cramer, 
A. M. Todd Co.. Kalamazoo, Mich. Plants used 
as the source of these oils were grown under the 
direction of Dr. M. J. Murray-herbarium speci- 
mens available at the Cornell University Herbarium 
and the Missouri Botanical Gardens, St. Louis, Mo. ; 
M. rofundifolia was obtained through the courtesy 
of Dr. Sumio Shimizu, Laboratory of Agricultural 
Chemistry, Shinshu University, ha-Nagano Ken, 
Japan. Plants used as the source of these oils were 
grown a t  the Okayama Agricultural Experiment 
Station and Laboratory of Plant Breeding under the 
direction of Drs. Sumio Shiiizu and Nagamori 
Ikeda. M e n t h  puIcgium-authenticated commer- 
cial products were obtained through the courtesy of 
Dr. E. Guenther, Fritzsche Brothers, Inc., New 
York, N. Y., Lautier Fils, New York, N. Y.. and 
Destilaciones Bordas Chinchuretta. S. A., Seville, 
Spain. 


RESULTS AND DISCUSSION 
Essential oils are typical end-products of plant 


metabolism and as such their composition reflects 
all biogenetic and biochemical processes sssociated 
with and characteristic of plant life. Thus, essential 
oils analysis can assume a key role in plant authen- 
tication. 


Table I lists the various constituents occurring 
in the products examined. Relative retention times 
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and quantitative data for the components are also 
given. They show that distinct qualitative and quan- 
titative difTerences as well as marked compositional 
similarities exist between essential oils of different 
botanical provenance. The value of specific ratios 
of biochemically related constituents as charac- 
teristic criteria of authenticity for several essential 
oils of the genus Mentha has already been demon- 
strated. Limonenecineole ratios, for example, 
were shown to distinguish readily M .  amensis from 
M. piperih (major constituent menthol) and provide 
reliable parameters of geographical provenance as 
well. They permitted, likewise, unambiguous dis- 
tinctions between M. cardiaca, M. spicatu, and M .  
viridis (major constituent carvone) of Werent 
geographical origins (1.2). The present study shows 
the specificity of this ratio for M. aqualica (0.29); 
M. syhestris (0.48); M. cdrata (5.5); and M. rotundi- 
foZia, French mutant strain (4.8), Italian strain 
(9.7). These oils can, moreover, be readily dis- 
tinguished from one another by analysis for their 
major constituents, e.g., M .  aquatica, menthofuran 
(51.3%); M .  citratu, linalyl acetate (45.6%); 
M. pulcgiutn, pulegone (77.6 f 6.3%); M. rotundi- 
f o l k ,  French strain, neo-iso-isopulegol (52.3’%), 
Italian strain, piperitenone oxide (87.3%); M .  
sylvestris, piperitone oxide (66.3%). 


The occurrence of isopiperitenone in M. rotundi- 
f o l k  (French strain) was established following 
isolation and purification of the compound by 
preparative gas chromatography. Hydrogenation 
of the isolate with Adams catalyst in methanol 
showed the presence of two double bonds in the 
molecule and yielded a product consisting of iso- 
menthone (7170). menthone (1770), and isomeric 
menthols (12%). Ultraviolet examination ( A ~ E  


233.5 mp) suggested the presence of an a,&un- 
saturated keto group. Infrared analysis of the 
compound (see Fig. 1) confirmed this deduction 
(1670 absorption) and showed, moreover, the 
presence of a terminal methylene group in a side 
chain (3080. 1787, 1640, and 888 cm.-l), as well as a 
trisubstituted double bond conjugated with a keto 
group (3035, 1617, and 787 cm.-I). 


One of the oils examined, Hedeoma plllcgioides 
(L.) Pers. (American pennyroyal), generally con- 
sidered belonging to a different genus of the Labiatae 
family, contained all constituents present in oil of 
M. pzJegium L. (European pennyroyal). Yet 
characteristic quantitative dserences were detected, 
e.g.. limonene-cineole ratio for H, @ l e g i d s  6.1; 
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in these oils of many more terpene compounds still 
unaccounted for as shown in Table I. 


The experimental data presented summarize 
results of a series of compositional studies on essen- 
tial oils of the genus Menthu. They serve to illus- 
trate further that distinct biochemical relationships 
exist between constituents synthesized by its differ- 
ent species and that such data, obtained exclusively 
by physiochemical analysis, provide important 
criteria for species characterization and classification 
via qualitative and quantitative chemotaxonomy. 
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Quantitative Evaluation of Infiltration Anesthetics in Albino Mice 
By W. R. JONES, T. L. KERLEY, and L. C. WEAVER 


Infiltration anesthetics were quantitatively 
evaluated using a test procedure based on 
the vocalization of mice in response t o  elec- 


trical stimulation. 


OST LABORATORIES today prefer to use the M mouse as a laboratory animal for prelim- 
inary toxicity work and primary pharmacodynamic 
evaluation of chemical compounds. The use of this 
species for the evaluation of local anesthetic ac- 
tivity is advantageous because of economy and 
the opportunity to compare more tests in the same 
species. Weidmann and Petersen (1) first used the 
mouse to study surface anesthesia, and a slight modi- 
fication of this method has been used in o w  labora- 
tories (2). In addition, mice have been used for the 
evaluation of anesthetics injected directly into the 
tissues (3, 4). A method using mice for the quanti- 
tative assessment of infiltration anesthetics is de- 
scribed in this communication. 


EXPERIMENTAL 
Male Swiss-Webster albino mice were used in 


the experiments. A constant volume (0.03 ml.) 
of drug solution was injected beneath the skin on 
the plantar surface of one hind foot, and an equal 
volume of 0.9% sodium chloride solution was in- 
jected similarly into the opposite foot. Ten minutes 
after injection, the control foot of each animal was 
stimulated rapidly and repeatedly until the animal 
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vocalized, then continued to vocalize in response 
to  10 successive stimulations. Immediately after- 
ward, the treated foot was stimulated five times, and 
any animal that failed to vocalize one or more times 
was classified as anesthetic. An electrical current 
(100 v. d.c.), delivered by a Grass model S4 stimu- 
lator, was used as the stimulus. Because of tissue 
damage resulting from the intense stimuli, each 
animal was used only once. To facilitate conduc- 
tion, each foot was moistened with 10% sodium 
chloride solution just prior to contact with the 
stimulating electrodes. Cocaine hydrochloride, pro- 
caine hydrochloride, dibucaine hydrochloride, and 
dyclonine hydrochloride were administered to  groups 
of 10 animals at a minimum of three different con- 
centrations to  establish dose response curves. 
The anesthetic dose for 50% of mice (ADw) was 
calculated for each drug and relative potency de- 
termined with respect to  cocaine hydrochloride 
(5 ,  6). 


RESULTS 
The ADw for each of the drugs was determined on 


four separate occasions, and the results obtained 
are presented in Table I. Experiments A ,  B ,  and 
C were each completed during a single day for all 
of the local anesthetics. For the preliminary ex- 
periment, the data (except for cocaine) were ob- 
tained over a period of 2 days. The results ob- 
tained show that the ADm values were consistent 
for procaine and dyclonine. There was one AD60 
value that was slightly low for dibucaine and one 
high for cocaine. 


The potency of these agents relative to cocaine 








Activation of Pancreatic Lipase by Pharmaceutical Bile 'Products 
By IRVING MELCER and E. A. LAZO-WASEM. 


The relative effectiveness of pharmaceutical bile products to  activate pancreatic 
lipase was compared using an assay technique which attempts to re5ect in  vim condi- 


tions of human intestinal digestion. 


OmNTIAnoN OF pancreatic lipase by bile has P been known for seven decades (1). However, 
the mechanism of action remains obscure (2). Con- 
tributing factors to this lack of knowledge have bean 
the unavailability until recently (3) of preparations 
of high purity pancreatic lipase and the diverse, 
nonspecific methodology used for lipolysis measure- 
ments. The same factors have militated against 
clear-cut ranking of the relative effectiveness of 
commercial bile acids and their conjugated salts as 
activators of pancreatic lipase. 


EXPERIMENTAL. 
Materials.-The lipase preparations and bile 


derivatives used were commercial products manu- 
factured in our laboratory. Dehydrated, defatted 
preparations of swine pancreas of equal lipase con- 
tent were used throughout tlie study. The bile 
products tested included desiccated ox and hog biles; 
ox bile extract N.F.. which constitutes the alcohol 
soluble portion of bile; sodium cholate, dehydro- 
cholate, dewxycholate. and hyodesoxycholate, all 
of purity approaching 100%; aud sodium tauro- 
cholate, 70% pure, consisting primarily of taurine 
conjugates of cholic and. to  a small extent, of des- 
oxycholic acids. 


Methods.-Two assay methods were utilized. 
The first was the procedure of Tietz, cf al. (4), which 
employs an olive oil substrate pre-emulsified with 
gum arabic (Mefhod A).  This technique was used 
to test the effect of prior substrate emulsification on 
lipcllytic activity. The remainder of the investiga- 
tion--the comparison of lipolytic activation by 
pharmaceutical bile products-was carried out using 
Method B .  The latter is an adaptation (5) of the 
procedure of Sammoiis, et al. (6). In the method, 
attempting to reflect in uiuo conditions, the coinmoii 
dietary lipid olive oil is the substrate. Emulsifica- 
tion is brought about by tlie addition of physio- 
logical concentrntions of bile constituents. intestinal 
motility is reproduced by agitation, and the reaction 
is carried out at 37' and pH 7.8. In both Methods A 
and B,  fatty acids liberated during the digestion 
period are titrated and the extent of lipolysis ex- 
pressed as the aniount of alkali consumed. 


The first series of experiments was designed to 
show the role of substrate emulsilication in activation 
of lipasc by bile using Mcfhod A .  The point was 
studied furtlirr ciriployiiig Method B .  Polpsorbate 
eiiiulsificrs' wtre aded to the incubation medium and 
the eficct of further addition of ox bile extract 
deterniincd. 111 the second series of experiments, 
carried out with dfrfhod B.  the relative lipase ac- 
tivating effect o f  bile tlrrivatives was determined. 
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A weighed amount of lipase was homogenized in a 
Waring Blendor, model 702A, with a suitable amount 
of water; aliquots representing 0.5 mg. of enzyme 
were incubated with the substrate containing the 
bile preparations dissolved in the 5 ml. of buffer 
required by the procedure (5). In this manner the 
total volume of the reaction mixture was kept con- 
stant. After a 30-minute digestion period, the re- 
action was stopped by the addition of 5 drops of con- 
centrated HCI, the liberated fatty acids were ex- 
tracted into benzene, and titrated with alcoholic 
NaOH with phenolphthalein as indicator (5). 


Results.-Addition of ox bile extract increased the 
enzymatic release of fatty acids from a pre-emulsified 
oil substrate (Table I). The same effect was demon- 
strated when utilizing a nonemulsified olive oil sub- 
strate, since, while the addition of polysorbate 
emulsifiers resulted in an increase in the rate of 
lipolysis, added ox bile extract again produced a 
further increase (Table 11). The level of poly- 
sorbatcs added corresponded to  a very narrow 
region in which potentiation of lipase activity could 
be demonstrated, presumably by substrate emulsifi- 
cation. In agreement with Minard (7), larger 
amounts of added emulsifiers had an inhibitory effect. 


Table I11 summarizes the relative effectiveness of 
bile derivatives as lipase activators. In the first 
series two chemically distinct biles. desiccated hog 
and ox biles, proved to  be similarly effective when 
tested at a concentration of 0.5%; the partially 
purified ox bile extract was slightly more potent. 


STABLE OLIVE O n  EMULSION BY PANCREATIC 
LIPASE 


TABLE I.-EFFECT OF BILE ON THE LIPOLYSIS OF A 


Ox Bile Extract Lipolytic Activity6 
Lipase (mg./ N.F. (mg./ (ml. 0.05 N NaOH/ 


Dinertion Flask) Diaestion Flask) Dination Flask) - 
0.123 None 1.5 
0.308 None 3.4 
0.616 None 5.4 
0.616 25 12.5 


0 Mrlhod A, employing lipase lot 109302. 


TABLE II.-COMPARATIVE EFFECTIVENESS OF BILE 
AND POLYWRBATE EMULSIFIERS IN THE ACTIVATION 


O F  PANCREATIC LIPASE 


yo Concn. of Additive in 5 ml. of Buffer 
-Added to Digestion Mixtur- 


Emulsifier Extract N.F. 
Ox Bile 


Nolle None 
None 0.5 
Polysorbate 130 0.01% None 
Polysorbate 80 0.05% None 
Polysorbate 80 0.2070 None 
Polysorbate 80 3.20% None 
Polysorbate 80 6.40% None 
Polvsorbate 80 0.0574 0.5  
Polysorbate 65 0.05% None 
Polysorbate 65 0.05% 0 .5  


Lipolytic 
Activity6 


(ml. 0.05 N 
NaOH/mg. 


Enzyme) 
0.8 
2.9 
1 . 1  
1.5 
0 . 7  
0 . 2  
0.1 
2 . 6  
I . 3  
2 . 8  


M d b d  B,  employing l i p u e  lot 108104. 
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TABLE III.-COYPARATIVE ACTIVATION OF 
PANCREATIC LIPASE BY BILE DERIVATIVES 


Liwlvtic 


% Concn. of Bile Derivative in 5 ml. of 
Buffer Added to Digestion Mixture 


None . . .  
Hog bile powder 0 . 5  
Ox bile powder 0 . 5  
Ox bile extract N.F. 0 . 2  
Ox bile extract N.F. 0 . 5  
Ox bile extract N.F. 1 . 0  
Ox bile extract N.F. 4 . 0  
Ox bile extract N.F. 8.0 
Ox bile extract N.F. 16.0 
Sodium cholate 0.1 
Sodium cholate 0 .25 
Sodium cholate 0 . 5  
Sodium cholate 2.0 
Sodium cholate 4.0 
Sodium desoxycholate 0 . 1  
Sodium desoxycholate 0.25 
Sodium desoxycholate 0.5 
Sodium desoxycholate 1 . 0  
Sodium desoxycholate 2 . 0  
Sodium desoxycholate 5 .0  


{Sodium desoxycholate {::y5 
Sodium hyodesoxycholate 0.1 
Sodium taurocholate 0.25 
Sodium taurocholate 0 .5  
Sodium dehydrocholate 0.25 


Sodium cholate 


Activity0 
(ml. 0.05 N 
NaOH/mg. 


Enzyme) 
1 .o 
2.2 
2.5  
2.4 
2 . 9  
3.3 
4 .5  
5.4 
6.0 
2 . 9  ~. 


3.3  
3 .7  
4.2 
3.8 
3.5 
3.8 
5.0 
5 .5  
6 . 2  
5 .9  
3 .4  


3.5 
1.7 
2.9 
0.8 


... 


a Method B ,  employing lipase lots 109104, 112753, and 
115037. 


Sodium cholate at a level of o.25yO and sodium 
desoxycholate at a level of 0.1% showed equivalent 
effects. Sodium cholate. the sodium salt of cholic 
acid (3,7,12-trihydroxycholanic acid), represents 
about 50% of dry ox bile and sodium desoxycholate, 
the sodium salt of desoxycholic acid (3.12-dihy- 
droxycholanic acid), accounts for 20%. The 
activating effect of 0.5% ox bile extract, therefore, 
can be accounted for by either of its constituent bile 
acids, no additive effects of the latter being apparent. 
This was confirmed by a separate experiment in 
which the two pure bile salts were added simultane- 
ously in the same concentrations present in 0.5% ox 
bile extract. The sodium salt of dehydrocholic acid. 
a chemically modified bile acid prepared by oxida- 
tion of cholic acid and lacking the characteristic 
hydroxyl groups of native bile acids, was without 
effect. 


On an absolute weight basis, desoxycholate was 
the most potent activator-as much as a sixfold 
increase in activity was obtained. Within certain 
limits, the effect was correlated with added bile acid 
with a linear logarithmic relationship prevailing over 
a twentyfold range in concentration (Fig. 1). 
Similar results were obtained when lipolytic potentia- 
tion by ox bile extract, which contains desoxycholate, 
was  tested (Table 111). 


In a further series of tests, the predominant and 
characteristic bile acid of hog bile, hyodesoxycholic 
acid (3,6-dihydroxycholanic acid), was compared to  
its isomeric counterpart of ox bile, desoxycholic acid. 
Both acids produced significant enzymatic activation 
of approximately the same magnitude at equal con- 
centrations in the reaction mixture. 


Since bile acids occur only as the glycine or taurine 
conjugates in native bile (2), the effect of one such 


compound was tested in a third series. Sodium 
taurocholate was chosen because this bile salt has 
become something of a standard for study in this 
field (2, 8-10). This bile salt did not achieve the 
degree of activation produced by the unconjugated 
bile acids in our study. Interpretation of the results 
is complicated because the material employed. 
representative of commercially available prepara- 
tions, was only 70% pure. 


DISCUSSION 


Sobotka (1) has reviewed the early literature con- 
cerning the effect of bile acids in pancreatic lipolysis, 
including the pioneer work of Japanese investigators 
which established that different bile acids may differ 
in their ability to  activate lipase. Independently, 
workers have claimed to achieve as much as a four- 
teenfold increase in the extent of the reaction by the 
use of bile, while others have observed no such activa- 
tion under their test conditions (1 1). Confusion has 
probably arisen from the lack of a sufficiently pure 
pancreatic lipase which leads to investigations with 
diverse and heterogeneous pancreas preparations 
and from the complex methodology encompassing 
titrimetric, manometric, nephelometric, and colori- 
metric procedures with substrates which have varied 
from simple aliphatic esters to long-chain mixed 
triglycerides (12). Thus, some authors have attrib- 
uted the accelerating effect of bile acids to mere 
substrate emulsification (13); others held that bile 
facilitates adsorption of the enzyme onto emulsified 
fat droplets (reviewed in Reference 2 ) ;  Borgstrom 
has concluded that the level of taurocholate em- 
ployed influences the pH optimum of the lipolytic 
reaction and hence its rate (10). More recently, 
Desnuelle attributed activation by taurocholate to  a 
conversion of lipolysis by the latter from a non- 
temperature dependent reaction to a faster tempera- 
ture dependent one (14). 


This last observation was confirmed by the work 
of De Moerloose (15). This author employed 
“pancreatic lipase preparations” not further charac- 
terized and a titrimetric procedure based on the use 
of a pre-emulsified olive oil substrate. Using the 
sodium salts of three bile acids, a descending order 
of activation was observed for desoxycholic. cholic, 
and taurocholic acids. The activation was attrib- 
uted to a facilitation of contact between enzyme 
and substrate independent of the surface-active or 
solubilizing properties of the bile salts employed. 


Our observations indicate that the physical state 
of the substrate plays a role in the over-all reaction, 
shown by the potentiating effect of added poly- 
sorbate emulsifiers. However, the increased and 


% SODIUbl DESOXYCHOLATE 


Fig. 1.-Effect of sodium desoxvcholate on activa- 
tion of pancreatic lipase (Method B). 
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additive effect of bile shows that this cannot be the 
entire explanation. Similar increases in activity 
produced by added taurocholate were reported by 
Guldman, et al. (8).  who employed emulsified fats of 
extremely small droplet size as s u b s t r a t e a n d  more 
recently, by Constantin and co-workers (9). utilizing 
an emulsified olive oil substrate and a pancreatic 
lipase claimed to  be homogeneous. 
In the present study both ox and hog bile proved 


to be excellent activators of lipolysis, in spite of their 
distinct chemical make-up. Ox bile consists 
primarily of cholic and desoxycholic acids, with con- 
jugation divided about equally between glycine and 
taurine; hog bile contains chiefly hyodesoxycholic 
and hyocholic acids, with exclusive glycine conjuga- 
tion (1,2). The dihydroxy acids, desoxycholic and 
hyodesoxycholic, had the greatest potentiating ac- 
tivity, with the trihydroxy acid, cholic, somewhat 
less. Dehydrwholic acid, lacking hydroxyl groups, 
did not show an effect in vitro. although in mvo i t  
would be expected to  exert a pronounced activating 
effect mediated by bile acids made available through 
its potent choleretic action (1). The foregoing 
structural specificity hints at a n  actual involvement 
of bile acids in lipolysis by some yet undescribed 
mechanism. 


SUMMARY 
Crude and purified bile derivatives showed activa- 


ting properties on the course of pancreatic lipolysis 
in aitro when employing assay methods utilizing 
both emulsified and nonemulsified olive oil sub- 
strates. Of the salts of purified bile acids tested, 
desoxycholate was the most potent-a sixfold in- 


crease in lipolysis was achieved. Considerable ac- 
tivation was also obtained with hyodesoxycholate, 
cholate. and taurocholate and with ox and hog biles. 
In contrast, dehydrocholate did not have in vitro 
effect. 


ADDENDUM 


Recently an article appeared [Fritz, P. J., and 
Melius, P., Can. J .  Biochem. Physiol., 41,719( 1963)], 
which advanced the theory that bile salts activate 
lipolysis by splitting the enzyme-diglyceride complex, 
thus increasing the action of lipase on the triglyceride 
ester. The activating effect was thought not to 
be due to simple emulsification. Glyco and 
taurocholate were superior to desoxycholate in 
contrast to the present findings and those of others 
(1, 15). 
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Ceric Sulfate as Permanganate Replacement in 
Pharmacopeial Assays 


By M. M. TUCKERMAN. N. DOCTOPSKY, R. PRICE, R. RAKE, S. RALPH, S. SHENK, 
and B. A. WISHNEV 


Standard 0.1 N potassium permanganate was replaced by standard 0.1 N ceric sul- 
fate and orchophenanthrolene T. S. indicator in  the o6cial assay of ferrous sulfate 
U.S.P., hydrogen peroxide U.S.P., and sodium perborate N.F. Statistical analysis 
of the results using the t test shows no s d c i e n t  reason to doubt that the two methods 


yield the same mean value at the 10 per cent significance level. 


NE OF THE tests of a rational philosophy is that 0 it contain no unnecessary axioms. One of the 
tests of a rational system of quantitative analysis 
might well be that i t  contain no unnecessary re- 
agents. The “United States Pharmacopeia” and 
“National Formulary” do not meet this criterion. 


This paper focuses attention on the use of strong 
oxidizing agents as standard solutions in titrimetry. 
Experience has shown the utility of three agents: 
ceric ion, dichromate, and permanganate. Of these, 
dichromate has slowly lost its status, being used now 
only as a precipitating agent in the determination of 
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quinacrine. With the change in assay of most of 
the calcium preparations from oxidation of the pre- 
cipitated oxalate with standard permanganate to a 
complexometric titration. the need for a standard 
permanganate solution has decreased. Materials re- 
quiring standard permanganate solution may be 
divided into five classes: (a) ferrous sulfate U.S.P.. 
exsiccated ferrous sulfate U.S.P., hydrogen peroxide 
solution U.S.P.. and sodium perborate N.F.; these 
are titrated directly. (b)  Dibasic calcium phosphate 
U.S.P. and cherry juice U.S.P.; these require 
titration of precipitated calcium oxalate. ( G )  Lead 
monoxide N.F., lead subacetate solution N.F., and 
diluted lead subacetate solution N.F. ; these require 
titration of oxalic acid left in the filtrate after pre- 
cipitation of lead oxalate. (d) Sodium nitrite U.S.P. 
which requires a residual titration involving both 
standard permanganate and standard oxalic acid. 








Browning of Spray-Processed Lactose 
By CHARLES A. BROWNLEY, JR., and LEON LACHMAN 


The relationship that exists between the discoloration of spray-processed lactose 
and the presence of 5- (hydroxymethyl)-2-furaldehyde (HMF) was investigated. 
The HMF was determined by reaction with 2-thiobarbituric acid using procedures 
developed by Keeney and Bassette. The  results obtained indicate that spray-proc- 
essed lactose contains significant quantities of HMF, while conventionally processed 


lactose contains essentially no HMF. 


OLLOWINC THE appearance of spray-processed F lactose on the market in 1956, a serious problem 
soon developed for the users of this common pharma- 
ceutical excipient. This sugar, unlike the lactose 
prepared by the conventional recrystallization 
methods, was occasionally received from the supplier 
brown instead of white, or else turned brown in 
storage or in systems where such color change had 
not been previously experienced. 


The literature on browning reactions has, in 
general, emphasized the complexity of the subject 
and the lack of specific knowledge of the chemical 
reactions and intermediates involved (1. 2). It is 
recognized today that browning of food products 
can be broadly classified into three types. 


The most common type-carbonyl-amine reac- 
tions-includes the reactions of aldehydes, ketones, 
and reducing sugars with amines, amino acids, 
peptides, and proteins. The term "Maillard 
reaction" (3) has been attached to  this type of 
browning in honor of the man who made the first 
definitive study of the phenomenon. This type of 
browning requires a relatively low order of energy 
for its initiation and exhibits autocatalytic qualities 
once it has begun. 


Another type, called caramelization, occurs when 
polyhydroxycarbonyl compounds (sugars, poly- 
hydroxycarboxylic acids) are heated to  relatively 
high temperatures in the absence of amino com- 
pounds. Dutra, Tarassuk, and Kleiber (4) found 
that this type of discoloration characteristically 
requires more energy to get started than carbonyl- 
amino reactions, other conditions being equal. 
Both acids and bases are known to catalyze cara- 
melization reactions, but little more than this is 
known. Patton (5) made the interesting commen- 
tary that pure caramelization is rarely encountered 
in the food field. 


A third type of browning frequently encountered 
by the food processor is the group of oxidative 
reactions which, for example, convert ascorbic acid 
and polyphenols into dicarbonyl and polycarbonyl 
compounds. Oxidative browning is exemplified 
by the so-called enzymatic browning in fruits and 
vegetables, but is not necessarily limited to  enzyme- 
initiated systems. 


The literature of the dairy chemists and food 
technologists is abundant with experiments con- 
cerning discoloration and degradation of manu- 
factured dairy products, especially dried milk 
products (4-15). A considerable amount of evi- 
dence has implicated Maillard-type browning as the 
main contributing factor in these products. 
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It becomes apparent, after considering the litera- 
ture on the types of browning, that in studying the 
browning experienced with lactose U.S.P. prepared 
by spray drying, investigation of the Maillard-type 
reaction provides a good starting point. 


I t  is the purpose of this paper to  show that a 
relationship exists between the concentration of 
5-(hydroxymethyl)-2-furaldehjrde (HMF), a reac- 
tion product of the Maillard-type browning, and 
the degree of browning of spray-processed lactose. 
In addition, an attempt is made to  relate the 
presence of H M F  to the relative stabilities of spray- 
dried and conventionally processed lactose. 


EXPERIMENTAL 


Materials 


Lactose U.S.P., prepared by spray drying and 
conventional drying after recrystallization; 5- 
(hydroxymethyl)-2-furaldehyde, ( Aldrich Chemical 
Co. Inc.), purified by recrystallization from ether 
and petroleum ether, m.p. 31.5"; 0.3N oxalic acid 
(H~C~04.2H20) (Fisher Scientific Co.); 40% tri- 
chloroacetic acid (Fisher Scientific Co.); and 0.05M2- 
thiobarbituric acid (Bios Laboratory, Inc. ) were 
utilized. 


2-Thiobarbituric (TBA) solution is prepared by 
warming to 60' and cooling t o  room temperature 
before use. The reagent must be prepared fresh. 
It remains relatively unchanged for a 6-hour period. 
After this period of time, the absorbance values 
decrease. 


Equipmeot 


Water baths a t  40 and looo, Beckman model 
DK-1 recording spectrophotometer, Beckman zero- 
matic pH meter, and a Beckman model DU spectro- 
photometer with fitted reflectance attachment were 
employed. 


Test Methods 


TBA Reaction.-The analytical procedure used 
for determining the concentration of H M F  in lactose 
includes the selective digestion procedure developed 
by Keeney and Bassette (16) to convert the early 
intermediates of the Maillard-type browning reac- 
tion into HMF. The HMF is then determined by 
spectrophotometric measurement of its 2-thio 
barbituric acid (TBA) reaction product. 


The TBA combines with furfural compounds by 
simple condensation reaction t o  yield yellow pig- 
ments. The reaction provides a sensitive method of 
measuring the extremely small quantities of the 
decomposed products of milk-namely, the car- 
bony1 compounds. 


Dissolve 5 
Gm. of lactose in sufficient purified water to  make 100 
ml. of solution. Pipet 10 ml. of the solution into a 
50-ml. test tube, and add 5 ml. of 0.3 N oxalic acid. 


The analysis is performed as follows. 


452 







Vol. 53, No. 4, April 1964 


0 5 -  


2 0 4 -  


453 


/ 


(aac./25 ML.)X lo2 
Fig. 1.-Colorimetric assay for 5 -(hydroxymethyl)- 
2-furaldehyde showing Beer’s law relationship. 


TABLE ~.--CONCENTRATION OF H M F  IN LACTOSE 
U.S.P. PREPARED BY SPRAY DRYING 


Sample Mg. Free Mg. Total Relative 
Age. HMF/Kg. HMF/Kg. Degree of Retlect- 
Mo. of Lactose of Lactose Browingi ance. % 


2 11.71 13.73 D 93.0 _ _  
i i  i4 .98 19.98 + . . .  
20 19.31 20.91 + 75.6 
22 17.95 24l.60 + . . .  
24 19.98 25.60 +++ 69.8 
26 21.23 26.84 +++ . . .  
27 18.73 23.43 + 75.0 
27 26.54 36.84 +++ . . .  
29 25.77 33.74 ++ 70.4 
29 32.78 41.52 +++ . . .  
30 23.43 31.24 +++ 72.7 
30 29.66 39.34 +++ . . .  


0 From 0 to + + + shows increase in browning. 


Cover the tube with an inverted 20-ml. beaker, and 
place i t  into a boiling water bath. Immerse it so 
that the top of the tube and the cover can be kept 
cool by a gentle flow of air. Remove the tube after 
1 hour; cool with cold water to  room temperature. 
(This heating step is omitted in the determination of 
the free HMF.) 


Add 5 ml. of 40% trichloroacetic acid t o  the 
digested solution. Mix the solution and filter 
through Whatman No. 42 paper. Collect the 
filtrate into a 25-ml. volumetric flask; add 2.5 ml. 
of 0.05 M TBA t o  the flask. Wash the filter paper 
with sufficient purified water to  bring the volume to 
25 ml. Heat the ilask and its contents to 40° 
in a water bath, and keep at this temperature for 
30 to  40 minutes. Remove the flask and cool t o  
room temperature. Measure the absorbance of the 
solution at 443 mp against a blank prepared in the 
same manner as the sample, substituting purified 
water for the lactose solution. Figure 1 shows that  
the absorbance of TBA/HMF reactant conforms 
with Beer’s law. 


The H M F  in the sample is converted to  milli- 
grams per kilogram of lactose by mg. HMF/Kg. 
lactose = (absorbance/6.36) X 2000. 


Test solutions for spectrophotometric measure- 
ment are stable for approximately 1 hour. 


The concentrations of H M F  found in the sample 
of lactose are expressed as free H M F  or as total 
HMF. Free H M F  value is the quantity found by 
direct analysis. The total H M F  value is a measure 
of the free HMF plus H M F  developed as a result of 
the selective digestion procedure used. 


Reflectance.-Color change in the powder samples 
was measured by reflectance at 480 mp. The refer- 
ence standard was a block of reagent grade mag- 
nesium carbonate, and the results are given as per 
cent reflectance. 


pH.-The pH of the test solutions were checked 
periodically. In the test procedures, the oxalic 
acid is employed to provide an optimum pH of 3.2 
to  produce the maximum amount of H M F  from its 
precursors. The trichloroacetic acid provides a pH 
of 0.8 to 1.0, which is the acidity necessary to carry 
out the TBA/HMF reaction. 


RESULTS AND DISCUSSION 
The relationship that exists between the presence 


of H M F  and the browning of spray-processed lactose 
was investigated. The data presented in Tables I 
and I1 show the H M F  concentration and extent of 
browning for various samples of spray-processed 
and conventionally dried lactose, respectively. 
These samples are representative of materials 
obtained from quality control reference stock and 
have been stored under ambient conditions for 
varying time intervals. 


It is evident from the data in Table I that as the 
concentration of free H M F  increases, the spray- 
processed lactose darkens in color. The data in 
Table I1 for conventionally processed lactose show 
the presence of no free H M F  or color change for 
storage up t o  36 months. 


The analysis for early browning intermediates 


TABLE II.-CONCENTRATION OF H M F  IN LACTOSE 
U.S.P. PREPARED BY CONVENTIONAL RECRYSTALLI- 


ZATION TECHNIQUESO 


Mg. Total 
Sample Age, HMF/Kg. Reflectance, 


Mo. of Lactose % 
2 6.87 94.7 


ii 
12 
13 


13.42 92.4 
16.39 93.0 
15.36 94.3 


17 16.39 90.5 
20 
28 
30 


11.23 
8.12 


11.71 


93.1 
91.9 
92.3 


34 12.49 91.9 
36 13.49 92.9 


0 No free HMF was detected and the lactose remained 
white with all samples. 


TABLE III.-CONCENTRATION OF H M F  AND PER 
CENT REFLECTANCE FOR SPRAY-PROCESSED LACTOSE 


STORED AT 80’ C. 


Mg. Free Mg. Total 


of Lactose of Lactose 
Time, HMF/Kg. HMF/Kg. Reflectance, 


% Hr. 
0 3.12 18.73 94 
2 9.37 24.98 91 
4 12.49 28.10 78 
6 18.73 32.78 73 
8 24.98 39.03 71 


16 46.83 . . .  02 
20 56.20 59 
24 62.44 73 : 34 59 
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that, as H M F  is formed, a concurrent production of 
coloring matter results. 


In an attempt to  determine whether the process 
of spray drying influences the H M F  content of 
lactose, a sample of conventionally processed lactose, 
containing no free H M F  and 13.42 mg./Kg. of total 
HMF, was spray dried. Testing of this spray-dried 
material for 1 year at ambient conditions gave no 
darkening. Spray drying a slurry containing 50% 
lactose, 5% dextrose U.S.P., and 5% galactose also 
showed no increase in total H M F  after drying and 
no darkening after storage for 1 year. 


These preliminary experiments indicate that the 
physical operations of spray drying and the addition 
of the common hydrolysis products of lactose give no 
additional quantities of HMF. I t  would appear 
that the simple hydrolysis products of lactose are 
not the major precursors of H M F  in spray-processed 
lactose. 


SUMMARY 
The results obtained in this investigation implicate 


the presence of free H M F  in lactose with resultant 
browning. Samples of conventionally processed 
lactose containing no free H M F  and heated for 24 
hours a t  80' and stored a t  ambient conditions for 
36 months showed no darkening. On the other 
hand, samples of spray-processed lactose, treated 
similarly, containing free HMF, darkened signifi- 
cantly. 


The TBA reaction provides a suitable quantitative 
method for determining free H M F  and should serve 
as a suitable technique for the quality control of 
lactose relative to  browning possibilities. 
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capable of being converted t o  H M F  produced a 
positive TBA reaction for spray-processed and con- 
ventionally processed lactose. This is evident 
by the total H M F  contcnt of up to 16.39 mg./Kg. 
lactose for conventionally prepared and up to  41.52 
mg./Kg. of lactose for spray-processed lactose. A 
definitive pattern of increase in total H M F  with 
storage time for spray-processed lactose appears t o  
exist, but no such relationship exists for conven- 
tionally processed lactose. 


The data in these tables attempt to relate total 
H M F  concentration to color development measured 
by reflectance readings for both conventionally and 
spray-processed lactose stored at ambient condi- 
tions. It is evident from these data that total 
H M F  does not appear to  be the criterion for color 
development since samples of conventionally 
processed lactose have considerably higher total 
H M F  values than spray-processed lactose without 
affecting the color of the lactose. It would appear 
from these results that it is the concentration of free 
HMF in the samples that is related to  color change, 
since none of the samples of conventionally processed 
lactose contained any detectable free HMF, while 
the spray-processed lactose samules contained 
varying amounts of free HMF. 


It appears from these data that the presence of 
free H M F  is an indication that the complex Maillard- 
type reaction has begun, and browning will take 
place once the concentration of H M F  reaches a 
critical value. The data obtained by other investi- 
gators appear to  substantiate this reasoning. 
Keeney and Bassette (14) made the general ob- 
servation that once H M F  in dry milk increased to  a 
certain level, flavors associated with color change 
develop. Craig (12) reported that a quantitative 
relationship existed between storage stability and 
initial H M F  concentration for vacuum foam-dried 
whole milk. Newth (16) also reported such a 
relationship for glucose solutions. 


To evaluate the effect of the presence of H M F  
precursors in conventionally and spray-dried 
processed lactose on color development, samples of 
both sugars were heated at 80" for 24 hours. At the 
end of 24 hours, the total H M F  present in conven- 
tionally processed lactose was approximately equal 
to  that determined initially. However, in spray- 
dried lactose an increase in free and total H M F  
took place as illustrated in Table 111. In addition, 
these samples exhibited a significant degree of 
darkening, evidenced by the decrease in reflectance 
values. The data presented in this table illustrate 
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Centrifugally Accelerated Thin-Layer Chromatography 


By B. P. KORZUN and S. BRODY 


Centrifugal force has been used to accelerate 
the development Ofhin-laYer c ~ o m a t o g r ~ s  
and *e results compared with data on the 


compounds in mixtures (1-4). This method was 
applied to  thin-layer chromatography on circular 
glass plates or aluminum plates. Comparisons were 


BNTRIFUGAL force has been employed to  ac- thin-laYer homatoflaPhY. The accelerated 
method was completed in about 10 minutes, corn- 
pared to  the 30 to 40 minutes required for the 


Circular glass or aluminum plates 26 cm. in diam- 


standard ascending development technique- made between thin-layer and 


celerate paper chromatographic separation of 
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which included outstanding scientists such as Sir 
Julian Huxley, J. B. S. Haldane, and Carleton 
Coon. The controversial, provocative, and un- 
inhibited deliberations reported present a review of 
current thinking among research workers. 


media, diagnostic materials and methods, and special 
fungi stains. 


Physical and Technical Pharmacy. Edited by 
H. M. BURLAGE, C. 0. LEE, and L. W. RISING. 
The Blakiston Div., McGraw-Hill Book Co., Inc., 
,330 West 42nd St., New York 36, N. Y., 1963. 
ix + 740 pp. 15 X 23 cm. Price $16. 
Organized to meet the need for a student text to 


correlate principles of mathema tics, physics, and 
chemistry with pharmaceutical procedures, meth- 
ods, and technology, this volume presents materials 
on mathematics, and pharmaceutical calculations, 
the physicochemical sciences as they apply to 
pharmaceutical technology, stability of drugs and 
pharmaceutical systems with particular reference to 
storage conditions, and adjuncts of importance in 
the formulation of satisfactory products. Ten 
pharmaceutical scientist contributors to  the volume 
have assisted the editors in presenting a volume 
which will be a significant contribution to  pharma- 
ceutical education. 


Hallucinogenic Drugs and Their Psychotherapeutic 
Use. Edited by R. CROCKET, R. A. SANDISON 
and A. WALK. Charles C Thomas, Springfield, 
Ill., 1963. xiii + 191 pp. 15.5 X 25 cm. Price 
$7.50. 
The proceedings of the quarterly meeting of the 


Royal Medico-Psychological Association held in 
February 1961 are presented. The papers are 
grouped under six topics: the historical and psycho- 
pharmacological background, hallucinogenic agents 
and their general application, techniques and 
methodology, the use of hallucinogens in specific 
conditions, clinical observations and phenomeno- 
logical interpretation, and the moral, religious. and 
social significance of experience under hallucinogenic 
drugs. The purpose of the conference was to bring 
investigators from fields other than the clinical 
and psychotherapeutic areas to discuss the psychic 
changes accompanying the administration of the 
hallucinogens; the editors have created a stimulating 
and valuable volume. 


A n  Introduction to Clay Colloid Chemistry. 


A brief glossary is also included. 


By H. 
VAN OLPHEN. Interscience Publishers, Div. of 
John Wiley & Sons, 605 Third Ave., New York 
16, N. Y ,  1963. xvi + 301 pp. 15.5 X 23 
cm. Price $10. 
Modern concepts in colloid and surface chemistry 


are discussed as they apply to clay systems. The 
book stresses the effect of changes in fluid com- 
position on the forces acting between suspended clay 
particles, and the consequences of such changes on 
the bulk physical and mechanical properties of the 
suspensions which are important in clay technology. 
The treatment in the text is elementary which will 
limit its usefulness to workers active in clay tech- 
llology but will provide a workable background 
knowledge for persons less knowledgeable in the 
field. 


Man and His Future. Edited by G. WOLSTBN- 
HOLME. Little, Brown and Co., Boston, Mass., 
1963. vi + 410 pp. 13 X 20.5 cm. Price 
$6. 
The biological, environmental, and social aspects 


of inan and his future were treated in a symposium 


The Pathogenesis of Leprosy. Edited by G. E. W. 
WOLSTENHOLME and M. O'CONNOR. Little, 
Brown and Co., Boston, Mass., 1963. ix + 
101 pp. 12 X 18.5 cm. Price $2.95. 
Another booklet in the Ciba Foundation Study 


Group series, this volume serves to focus attention 
on the progress and problems of research on leprosy. 
Papers presented were devoted to  experimental 
observations related to the histopathology of 
leprosy, cytopathology of the Virchow cell of human 
leprosy, applicability of experimental murine 
leprosy to  the study of human leprosy, experi- 
mental studies on human leprosy, and leprosy 
bacilli in mouse foot-pads. 


Chemistry: A Survey of Principles. By G. W. 
Ewmc, and E. G. MEYER. John Wiley & Sons, 
Inc., 605 Third Ave., New York 16, N. Y., 1963. 
ix + 239 pp. 15 X 23 cm. Price $4.95. 
A student textbook for a one-semester course in 


chemistry for non-chemistry major students is 
presented which balances basic theory with de- 
scriptive materials on such topics as biochemistry, 
organic reaction mechanisms, thermodynamics, 
chemical equilibrium and reaction rates, and metal- 
organic and metal-inorganic complexes. Labora- 
tory experiments are integrated and require the 
student to work with modern laboratory instru- 
ments such as the pH meter, photoelectric colorim- 
eter, and nuclear counting equipment. Many of 
the experiments are quantitative in nature and de- 
velop some concepts not covered in the text. 


Medicinal Chemistry. Vol. VI. Edited by E. E. 
CAMPAIGNE and W. H. HARTUNG. John Wiley 
& Sons, Inc., 605 Third Ave., New York 16, N. Y., 
1963. x + 356 pp. 15 X 23 cm. Price $10. 
Volume six of this monograph series covers non- 


barbiturate hypnotics, spinal cord depressant drugs 
derived from polyhydroxy alcohols, and X-ray 
contrast media. Much of the data is presented 
in tabular form as was in the case in prior volumes. 
The style and format of the earlier volumes as well 
as the objective to include references to all the com- 
pounds which have been tested for a particular type 
of pharmacological activity in a given chapter have 
been retained. Numerous references are included 
for each chapter and a general index is provided. 


Advances in  Organic Chemistry: Methods and 
Results. Vol. 4. Edited by R. A. RAPHAEL, E. C. 
TAYLOR, and H. WYNBERG. Interscience Pub- 
lishers, 605 Third Ave., New York 16, N. Y., 
1963. vii + 361 pp. 15 X 23 cm. Price $14.50. 
This fourth volume in a series created to  meet the 


need for critical appraisal and evaluation of useful 
new methods and ideas generated in the rapid 
evolution of organic chemistry treats enamines, 
synthetic methods in the carotenoid and vitamin A 
fields, and the coupling of acetylenic compounds. 
Author and subject indexes are included as well as 
a cumulative index for volumes 1-4 in the series. 








Evaluation of Certain Hypotensive Agents VI 


Tetramethylpiperidine Derivatives 


By JOSEPH P. BUCKLEY, SIDNEY SHANOR, JOHN GLOSS, 
and WILLIAM J. KINNARD 


The hypotensive activity of a series of 2,2,6,6-tetramethyl iperidine derivatives 
was investigated in anesthetized rats and dogs. The  iperixine compounds were 
derivatives of pempidine (1,2,2,6,6-pentamethyIpiperifine), an orally effective po- 
tent gan lionic blocking compound. N-Amino-N- [p- (2,2,6,6-tetramethylpiperi- 
dino-)-eiyll-guanidine sulfate (EX 45 10) appeared to be slightly more active than 
pempidine. All of the active hypotensive com ounds in this series which were 
tested against pressor challengers in anesthetize1 dogs otentiated the epinephrine 
and angiotensin I1 pressor responses and depressed or kocked  the bilateral carotid 
occlusion pressor response. Preliminary data suggest that the active compounds, 


like pempidine, are ganglionic blockers. 


NVESTIGATORS (1 -3) HAVE REPORTED that 
pempidine (1,2,2,6,6,-pentamethylpiperidine) 


is a long acting, orally effective ganglionic block- 
ing cornpound. Smirk and Hodge (4) discussed 
the hypotensive activity of several compounds 
chemically related to pempidine and concluded 
that 2,2,G,G,-tetramethylpiperidine hydrochloride 
was slightly more potent than pempidine and was 
the most potent compound in this particular 
series. All of the related compounds appeared to  
be ganglionic blocking agents and produced side 
effects in hypertensive patients characteristic of 
this class of compounds. Several other investi- 
gators (5 ,  6) have also reported that  pempidine is 
an orally effective ganglionic blocking compound 
in humans. 


Twenty-six compounds,' chemically related to  
pempidine,* have been synthesized by Biel and 
his coworkers (i) and evaluated for hypotensive 
activity in rats and dogs (see Table I). This 
present report concerns the hypotensive activity 
of this series of compounds and pempidine. 


EXPERIMENTAL 
Hypotensive Activity in Normotensive Rats.- 


The compounds were evaluated for their hypotensive 
activity in anesthetized normotensive Wistar rats 
using the method described by Bickerton, rt al. (8). 
Fresh aqueous solutions of the conipounds were ad- 
ministered intravenously via a femoral vein and 
the blood pressure obtained by direct cannulation of 
:I carotid artery and recorded on a slowly moving 
smoked kymograph. Blond pressure recordings 
were measured 10 minutes after adniinistration of the 
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compound. Compounds producing effects of less 
than 10 minutes' duration were classified as inactive. 


Hypotensive Activity in Nonnotensive Dogs.- 
Certain of the cornpounds were further evaluated in 
anesthetized normotensive dogs. Mongrel dogs were 
anesthetized with pentobarbital sodium, 35 mg./Kg., 
i.v., and the blood pressure recorded from a femoral 
artery onto a Grass polygraph utilizing a Stathani 
pressure transducer. The effects of the compounds 
on the pressor responses to 10-second bilateral caro- 
tid occlusion; epinephrine, l to 2 mcg./Kg., i.v.; 
and synthetic angiotensin I I ,a  1 mcg./Kg.. i.v., were 
also investigated. In several preparations 1 to 2 
mcg./Kg. levarterenol was also administered intra- 
venously. 


RESULTS 


Hypotensive Activity in Normotensive Rats.-The 
hypotensive activity o f  the conipounds studied in 
this current investigation is summarized in Table 11. 
All of the compounds except EX 4608, EX 4493, EX 
4399, and EX 4890 produced some degree of hypo- 
tensive activity. The most active compounds were 
pempidine; EX 4510, N-amiiio-N-[B-2,2,6,6-tetra- 
methylpiperidinn)-ethyl]-guanidinesulfate; EX4602, 
2.2.6,6-tetramethylpiperidine succinate, EX 4454, 
di-(2,2.6,6-tetramethyIpiperidine) dihyclrogenethyl- 
enediamine tetraacetate; EX 10020, N-methyl- 
amino-2,2,6,6-tetrarnethylpiperidine tartrate mono- 
hydrate; EX lW41, 4-nitrato-2,2,6.6- tetramethyl- 
piperidine inaleate; EX 4690, 2,2,6,6-tctramethyI 
piperidine salicylate; and EX -1707, 1,2,2,7,i- 
pentamethyl - 4 - ( @  -chlororthyl) -1iomo -piperazine 
dih ydrochloride. 


EX 4510 appeared to be slightly more active than 
pempidine, whereas EX 4602 appeared to  be approxi- 
mately equal in hypotensive action to pempidine. 
EX 4608, 0-(2,6-dimethylphenoxy)-,9-( 2',2',6',6'-tet- 
ramethylpiperidin0)-ethane hydrochloride produced 
marked pressor effects in the anesthetized rat, and 
EX 4453, N-j3-chloroethyl-2,2,6,6-tetramethylpiperi- 
dine hydrochloride, produced stirnulatory effects. 


Hypotensive Activity in Normotensive Dogs.- 
The effects of the compounds in anesthetized dogs 
are summarized in Table 111. ES 4510 was also 
the niost active compound when investigated in 


1 Kindly supplied as Hypertensin by  Ciha Pharmaceutical 
Products, Inc.. Summit. N. J. 
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TABLE L-CHEMICAL STRUCTURES OF COMPOUNDS INVESTIGATED 


Group I 


Compd. 


Pempidine 
EX 4392 
EX 4399 ~ ~~ ~~.~ 


EX 4431 
EX 1450 
EX 4453 
EX 4454 


EX 4458 


EX 4464 


EX 4469 
EX 4489 


EX 4493 


EX 4510 


EX 4513 


EX 4531 
EX 4602 


EX 4608 


EX 4690 
EX 10020 


EX 4451 


EX 4601 
EX 4611 


R 


CHa 
CHzCOOCzH, 
CHLOOH 
H 
CHzCH?OH 
CH2CH2CI 
H 


CH 3 
\ 


H 
KHCHj 


/ 
CHa 


Group I1  
R R' 


X 
I 1  


I 
H 


X 


1 
1 
1 
1 
1 
1 
2 


1 


1 


1 
2 


1 


2 


2 


1 
1 


1 


1 
1 


0 


NH N H C OCzH s 
I! 


H 
H OH 


R' 


Bitartrate 
Maleate 


(CSNHCH~CO~H)?  
Maleate 
H CI 
Ethylenediamine 


tetraacetate 


2HBr 


2 HCI 


H C1 
HzSOI 


H C1 


3 HCl 


2 HCl 
Succinate 


HCI 


Salicylate 
Tartrate 


monohydrate 


* RZ 


Maleate 


2 HCl 
HCI 
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TABLE I.-(conlinurd) 


Compd. K X R l  
EX 4890 H NHNH, Dinialeate 
EX 10041 H ON02 Maleate 


Group I11 


EX 4634 


EX 4707 


C?HdCI 
CH,CH,CI 
I 


.HCI 


- 2  HCI 


~ 


anesthetized dogs. EX 4608, a compound which obtained in this study suggest that  the active com- 
produced hypertensive effects in rats, failed to pounds, like pempidine, produced their hypotensive 
alter the blood pressure of an anesthetized dog. effects through blockade of autonomic ganglia. 
EX 4489, a compound which was lethal in rats 
in doses over 2.5 mg./Kg. was also lethal at the 
20 mg./Kg. dosage in anesthetized dogs. I n  gen- 
eral, there was good correlation between the da t a  The following Ftructure-activity relationship of the 
obtained in anesthetized rats and that  obtained compounds reported in this communication was ob- 
in the anesthetized dog. All of the active pempidine tained utilizing the data  found in Table 11. The re- 
derivatives produced responses characteristic of placement of the methyl group in the number 1 posi- 
ganglionic blocking agents in that  they potentiated tion by an N-amino-N-ethylguanidine group (EX 
the epinephrine pressor response, depressed or blocked 4510) appeared t o  enhance the hypotensive activity 
the pressor response induced by bilateral carotid oc- of the piperidine structure, whereas replacement by a 
clusion, and potentiated the anglotensin I1 and lev- hydrogen group (EX 4602) produced a compound 
arterenol pressor responses. The preliminary da t a  which was approximately equally potent to pempi- 


DISCUSSION 


TABLE II.-EVALUATION OF CERTAIN HYPOTENSIVE COMPOUNDS ON THE BLOOD PRESSURE OF 
KORMOTENSIVE RATS 


Mean Time 
to Return t o  


Dose. Animals, Drop in b.p. Predrug Levels, Rating and 
Compd. No. mK./Kg. No. 1% fS.1). min. fS.1). Comments 


Fernpidine 5.0 8 36.7 f 11.3 250 + ++++ 
EX 4392 10.0 5 35 f 7 13 (2-34) + 
EX 4399 80.0 7 Inactive 
EX 4431 20.0 6 26 'i' 9 203 .'it3 ++++ 
EX 4450 10.0 8 48 f 16 77 f 52.4 ++ 
EX 4451 25.0 4 44 f 6 104 f 61.2 +++ 
EX 4453 40.0 5 11 t o 5 3  . . .  Analeptic, 


EX 4454 5.0 6 39 f 5.7 184 f 93 ++++ convulsions 


EX 4458 10.0 6 35 f 18 113 f 58 +++ 
EX 4464 40.0 2 44.5 70.5 ++ 
EX 4469 15.0 6 36 f 12 8 59 f 29 ++ 
EX 4489 2.5 2 46.5 21 + 
EX 4493 40.0 9 . . .  
EX 4510 5.0 6 44.5 f 8.0 
EX 4513 5.0 I 0 
EX 4513 40.0 2 0 
EX 4531 10.0 8 30.4 f 7.2 
EX 4601 40.0 6 36.5 f 5.9 
EX 4602 5.0 6 39.2 f 5.7 
EX 4608 20.0 10 


EX 4634 40.0 9 28 to 43 
EX 4690 10.0 8 42 f 5 
EX 4707 5.0 6 51.8 f 7 
EX 4890 40.0 6 
EX 10020 25.0 6 3 6 ' f  9 
EX 10041 25.0 6 42 f 26 


3 


EX 4611 25.0 10 4 3 ' f  10 


350 + n 
0 


53 f 29 
84f8 
250 + 
10 to 36 


287 f 9 
141 f 45 


69 2 ' 3 0  


354 2.144 
237 f 22 


Primary pressor 
effect ++++ 


I1 
n ++ +++ ++++ 
Pressor ++ + ++++ ++++ 
Inactive ++++ ++++ 







Vol. 53, No. I, January 1964 27 
TABLE III.-EFFECTS OF EXPERIMENTAL COMPOUNDS ON THE BLOOD PRESSURE A N D  SEVERAL PRESSOR 


RESPONSES IN THE ANESTHETIZEDO DOG 


Compd. No. 
Pempidine 
EX 4392 
EX 4431 
EX 4451 
EX 4451 
EX 4458 
EX 4469 
EX 4489 
EX 4493 
EX 4510 
EX 4513 
EX 4531 
EX 4601 
EX 4602 
EX 4608 
EX 4611 
EX 4634 
EX 4690 
EX 4707 
EX 4707 
EX 4890 
EX 10020 
EX 10041 


Dose, 
mg./Kg. 


5 
10 
5 
2.5 


10 
10 
10 
20 
10 
5 


10 
10 
20 


5 
5 


20 
30 
10 
2.5 
5 


10 
15 
20 


Dogs. 
No. 


1 
1 
1 
1 
2 
1 
1 
1 
1 
2 
2 
2 
2 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 


7% Drop 
in b.p. 
51 
0 


41 
68 
47 , 
50 
29 
Lethal 
69 
46 
8 


44 
28 
32 
0 


35 
53 
33 
27 
34 
26 
43 
58 


a Anesthetic. pentobarbital sodium, 35 mg./Kg.. i .v .  BCO 
d Ang = syntheticangiotensin 11. L a r t  = levarterenol. 


dine. The ethylhydrazine substitution in the 1 posi- 
tion (EX 4531) greatly reduced activity. Car- 
bethoxyhydrazine substitution in the 4 position of 
2.2,6,6-tetramethylpiperidine (EX 4601) markedly 
reduced hypotensive activity. 8-Chloroethyl sub- 
stitution at the 1 position (EX 4453) produced 
analeptic effects, while pressor activity was produced 
by ethylphenoxy (EX 4608) or o-bromobenzyl (EX 
4493) substitution at  the 1 position. 
Smirk and Hodge (4) have reported that the 


N-methylamino substitution at  the 1 position in 
place of a methyl group did not alter hypotensive ac- 
tivity in humans. In this current study, the 
N-methylamino substituted compound (EX 10020) 
was found to  be approximately one-fifth as potent as 
pempidine on a dosedose relationship. Although 
the 2,2,6,6-tetramethylpiperidine structure (EX 
4602, EX 4690, and EX 4431) was highly active, it 
did not appear to be more potent than the parent 
pempidine structure when administered intrave- 
nously t o  rats. 


SUMMARY 


The hypotensive activity of a series of tetra- 


Time tn 
Return to 
Predrug 
Levels, 


min. 
720 + 


0 
155+ 
190+ 
150+ 
200 + 
200 + 
80 


920 + 
9 


415 
170 
600 


0 
233 + 
86 


114+ 
100 
93 


105 
160+ 
163 + 


. . .  


B C o b  
17 


0 
0 


57 
0 


34 


100 
24 


23 
31 
25 
84 
8 
0 
0 


55 
21 
92 
0 
0 


... 


. . .  


. . .  


-% Control 
Epic 
171 
. . .  
114 
294 
215 
206 
190 


191 
150 


. . .  


. . .  
172 
251 
174 
i 5  


174 
131 
285 
132 
273 
91 


168 
21 1 


Response- 
Angd 
132 


156 
289 
117 
214 
120 


90 
139 


136 
177 
192 
100 
161 
100 
261 
117 
137 
114 
178 
90 


. . .  


. . .  


. . .  


-- 
L-art8 
. . .  
... 
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
... 
. . .  
. . .  
. . .  
174 


173 
162 
184 


. . .  


. . .  


. . .  
176 


= 10-second bilateral carotid occlusion. C Epi = epinephrine 


methylpiperidine derivatives, chemically related to  
pempidine, was investigated. 


N - Amino - N - [a - (2,2,6,6 - tetramethylpiperi- 
din?)-ethyl]-guanidine sulfate (EX 4510) appeared 
to  be a slightly more active hypotensive compound 
than pempidine. The data reported in this current 
study suggest lhat the active compounds, like pemp- 
idine, produced their hypotensive effects through 
blockade of autonomic ganglia. 


REFERENCES 


( 1 )  Come. S. I.. and Edrce. N.  D.. Bril. J .  Pharmacol.. 13. 


Th'crap. 1, ~ i o (  I 960). 
5) &mers,K.,Brit. Mcd.  J . ,  1,13(1961). 
\6) Kitchin. A., Lowther. C. P., and Turner, R. W. D.. 


I.arrc1 1 143(19G1). 
(7)  Rdbertson, J.  E., Biel. J. H., and DiPierro. F., J .  Mcd 


Chrm. in press. 
(8 )  Bickerton, R.  K.. Jacquart, M.  L., Kinnard, W. J. ,  


Bianculli, J. A , .  and Buckley, J. P., THIS JOURNAL. 49, 
I83( 1900). 








Antiradiation Compounds V 
a-Amino Acid Esters of 2-Mercaptoethylamine 


By WILLIAM 0. POYE and ROBERT H. ZAIM 


A series of S-*amino acid esters of 2-mercaptoethylamine (MEA) bas been pre- 
pared in an attempt to obtain less toxic and lon er-acting derivatives of MEA 
with radiation-protective pro . The methof of preparation consisted of 
a dry fusion of the amino acir%%ide hydrochloride with MEA hydrochloride. 
It was found that the thioesters liberate MEA on acid hydrolysis; hydrolysis con- 


stants have been determined. 


- MERCAPTOETHYLAMINE (cysteamine, 


radiation-protective compounds in animals (l), 
has shown toxic symptoms in mice (2) and dogs 
(3) with doses close to those necessary for radio- 
protection. In humans, its use in moderate doses 
(200400 mg. i.v.) over periods of several weeks 
without causing unfavorable &ects has been 
reported (4). To provide less toxic and longer- 
acting derivatives of MEA, thioesters with u- 
amino acids have therefore been prepared. The 
a-amino acids themselves, except for cysteine 
which gives good protection against ionizing 
radiation, have shown but slight radioprotective 
action (5). Previously, we have prepared a- 
amino acid derivatives to lower the toxicity of 
bis-(4aminophenyl)~fone (6) and various nitro 
and halogenated benzene compounds with anti- 
bacterial activity (7). Acylation of MEA with 
aliphatic acids has already been shown to lower 
the intraperitoneal toxicity of MEA (8). 


It was anticipated that the a-aminoacyl thio- 
esters of MEA would liberate MEA in Vioo over a 
period of time, or that possibly the thioesters 
would function as more active thiolation agents 
in Vivo than the mercaptan. In regard to the 
hydrolysis of thioesters of MEA, however, some 
question exists concerning the nature of the hy- 
drolysis products that might be expected in vivo. 
Wieland (9) has shown that in strong alkali the 
acyl group shifts to the nitrogen exclusively, 
giving amides which generally show little or no 
radioprotective capacity. Chromatographic tests 
conducted at the Walter Reed Army Institute of 
Research have shown that at least three species 
are present after hydrolysis of Sacetyl MEA a t  
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B" MEA), one of the more dective of the 
p H  7.4 (lo), whereas Purdy (11) has found that 
only straight hydrolysis to MEA occurs on hy- 
drolysis of this compound over a wide pH range 
in dilute solutions. 


The method of preparation of the a-amino 
acid thioesters was patterned after that of 
Wieland (9), which consisted of a dry fusion of 
the a-amino acid chloride hydrochloride (12) 
and MEA hydrochloride. An excess of MEA 
hydrochloride was more effective in obtaining 
products of good purity than an excess of the 
acid chloride as recommended by Wieland. 
With heat labile acid chlorides, such as those 
from L-prohe and DL-methionhe, the reaction 
proceeded satisfactorily at room temperature. 
Infrared absorption spectra of the compounds 
showed no absorption band near 2550 an.'' 
attributable to a free mercapto group, nor did 
their aqueous solutions reduce iodine solution 
until after standing for varying periods of time. 
Physical properties of the thioesters prepared 
are recorded in Table I. 


Hydrolysis rate constants were determined for 
the thioesters in acetate buffer at pH 3.7 and a 
temperature of 15". In alkaline solution, the 
esters undergo an immediate shift to the N- 
acyl derivatives (9), and in neutral solution the 
hydrolysis was too rapid for accurate measure- 
ments; therefore, the comparison was made in 
acid solution. The liberated thiol was titrated 
with standard iodine solution. Kuhn ct d. (13) 
have shown that in 90% acetic acid thiol esters 
are oxidized readily to disulfides with iodine in 
stoichiometric amount, using very small quanti- 
ties of material and without excluding atmos- 
pheric oxygen. Values for K were obtained from 
the slope of the plot of log C (concentration of 
unhydrolyzed ester) versus time. The data 
agreed with first-order kinetics, as would be 
expected from acid hydrolysis of esters, and the 
K values are listed in Table 11. Representative 
data for a hydrolysis are presented in Table 111. 


The following sequence of hydrolytic reaction 
rates in decreasing order was: L-prolyl > glycyl > 
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TAEILS II.-HYDROLYSIS RATE CONSTANTS OF MEA 


ESTERS' 


Eater Dihpdrmhloride k X lo1 
S-L-Prolyl MEA 16.00 
S-Glycyl MEA 14.40 
S-DL-Methionyl MEA 6.86 
~-DL-fl-Phenylalanyl MEA 6.70 
S-DL-Akinyl MEA 4 .go 
S-L-LeUcyl MEA 2.66 
S-DL-a-Amino-n-butyryl MEA 1.80 
S-DL-Valyl MEA 0.23 


a Observed nt pH 3.7 and 16' In acetnte buffer lolution. 


DL-methionyl > DL-fl-phenyldanyl > ~ ~ a l a n y l  > 
L-leUcyl > DL-a-aminobutyryl > DL-Valyl. It 
is apparent that neither molecular weight nor 
chain length are determinant factors in the ease 
of hydrolysis of these esters. 


A paper chromatographic determination of the 
hydrolysis products of one of the thioesters, the 
valyl derivative, was carried out in a butanol- 
formic acid-water system at 25'. Spots were 
developed with ninhydrin and ammonia, and after 
remaining overnight in this medium, S-valyl 
MEA-liberated MEA (Rr = 0.23), the disulfide 


0.52). Wieland (9) had previously observed 
these compounds in the same solvent system at an 
unspecified temperature, and listed correspond- 
ing RI values of 0.24, 0.05, and 0.50. It is un- 
likely that the S + N acyl shift occurred at the 
low pH (3.7) of the hydrolysis rate determina- 
tions, but it appears quite probable that some 
N-acyl derivative would be formed in oioo or in 
the solutions (pH 7.4) used for antiradiation 
testing. 


Antiradiation testing results have not yet be- 
come available for these compounds, Bonati 
and Nuvulone (14) have tested several N- 
substituted a-amino acid derivatives of MEA, 
however, and claimed that N-glutamyl cyste- 
amine and Nqsteminemonoacetic acid were 
as dective against 600 r of X-radiation as cyste- 
amine itself. Tank (15) has also claimed that 
S-2-aminoisobutyryl cysteamine has no radio- 
protective ability. 


Of'MEA ( R f  0.06), and N-Valyl MEA (Rr = 


EXPERIMENTAL 


Melting points were taken on a Mel-temp ap- 
paratus and are uncorrected. Carbon, hydrogen, 
and nitrogen analyses were done by Weiler and 
Strauss. Oxford, England. 


u-Amino Add Chloride Hydrochlorides.-The 
following procedure is representative. To a sus- 
pension of 6.0 Gm. (0.038 mole) of Lleucine in 100 
ml. of reagent grade acetyl chloride was added 8.0 
Gm. (0.038 mole) of phosphorus pentachloride. 
The suspension was shaken for 2 hours at room 
temperature. An additional 1.5 Gm. of phosphorus 
pentachloride was added, and the shaking period 
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TABLE III.-HYDROLYSIS OF .%DL-a-AMINO-n-BUTYRYL MEA - 2HCP 
-. 


0.01 N It 
h 3  c 


2.1761 0 0 0 100 0.0150 
2.1038 620 2.30 15.34 86.67 0.0127 
3.9731 1825 5.60 37.34 62.66 0.0094 


3660 8.22 54.81 45.19 0.0068 3.8312 
3.6656 6870 10.37 69.14 30.86 0.0046 


10,170 11.30 75.34 24.66 0.0037 3.5682 


- 1 ,  sec. Consumed SH. %I S - A W  % C, mole/L. 


- 
- 
- 


- 


Observed at pH 3.7 and 15' in acetate buffer solution. 


was continued for 1.5 hours. The resulting white 
solid was collected in a sintered-glass crucible and 
washed several times with anhydrous ether. It was 
fused immediately with cysteamine hydrochloride 
as described below. The yield of L-leucyl chloride 
hydrochloride was 3.4 Gm. (47% of theoretical). 
Modifications were followed in the case of m-valine 
(16). DL-alanine (17). L-proline (18), and DL- 
methionine (19). 


Thioesters of Cysteamine Hydrochloride.-The 
following procedure is representative. In a mortar 
placed in a drying oven maintained at &goo, 
4.5 Gm. (0.04 mole) of cysteamine hydrochloride 
(Chemicals Procurement Laboratories, Inc.) was 
melted. Then 3.4 Gm. (0.018 mole) of L-leucyl 
chloride hydrochloride was added all at once. 
The m a s  was triturated constantly; a large amount 
of hydrogen chloride was evolved. When hydrogen 
chloride evolution had ceased, the mortar was re- 
moved from the oven, and a small amount of ab- 
solute ethanol was added to the hot mass. The mass 
was triturated with the hot alcohol to remove 
excess MEA hydrochloride and the niortar was 
placed in an ice bath. After being cooled, a white 
solid crystallized. This was collected and washed 
several times with absolute ethanol. The residue 
was dissolved in a minimum amount of ice-cold 2N 
hydrochloric acid, and the solution was filtered 
into 150 ml. of acetone. A white solid crystallized 
and was isolated in a sintered-glass crucible; it  
was washed several times with absolute ethanol 
and stored in a desiccator over Drierite. The yield 
was 2.0 Gm. (44% of theoretical). 


The ester was extremely water soluble, and its 
aqueous solution did not immediately decolorize 
iodine solution, but in approximately 30 minutes 
the solution was decolorized. The ester darkened 
at 174' and melted at 178-181' with decomposition. 


And-Calcd. for (;H&!LNsOS; C, 36.48; H, 
7.65; N, 10.70; S, 12.17. Found: C, 36.61; H, 
7.38; N, 10.80; S, 12.26. 


Determination of Hydrolysis Rate Constants.- 
The following procedure is representative. A 
buffer solution having a pH of 3.7 was prepared by 
mixing equal volumes of 1 N hydrochloric acid solu- 
tion and 1.25 N sodium acetate solution. Through- 
out the hydrolysis the temperature was maintained 
at 15 f 0.1'. To 100.00 ml. of buffer solution con- 
tained in a stoppered iodine flask was added 0.3528 
Gm. (0.0150 mole) of S-Dta-amino-n-butyryl 
cysteamine dihydrochloride. At exactly determined 
times, aliquot portions were removed and added 
to 25 ml. of 2 N hydrochloric acid solution t o  
attain a pH of 1 and stop further hydrolysis. 


Twice the theoretical amount of iodine was added 
to  this acid solution; after 1 minute, the volume 
was doubled by the addition of distilled water. 
The excess iodine was back titrated with standard 
sodium thiosulfate solution. A k value was ob- 
tained by determining the slope of the straight line 
from the plot of log C ueisus time and multiplying 
this value by 2.303. The data from this determina- 
tion are shown in Table 111. 


Chromatographic Aaalysis.-S-~~-Valyl cyste- 
amine dihydrochloride (5 mg./ml.) in phosphate buf- 
fer solution (pH 7.4) was placed on Whatman No. 1 
paper, dried, and allowed to  remain in contact with 
n-butanol-85% formic acid-water (75: 15: 10 parts 
by volume) overnight at 25". Spots were de- 
veloped by treating with ninhydrin in n-butanol, 
drying, and suspending over ammonia. R, values 
were taken at the center of the spots. Authentic 
samples of cysteamine and its  disulfide (cystamine) 
(8) gave R, values of 0.23 and 0.06, respectively. 
N-Valyl cysteamine hydrochloride was obtained by 
making strongly alkaline an aqueous solution of 
Svalyl cysteamine dihydrochloride followed by 
acidification (9). 
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trodes (Fig. 3). Although the amplitude of the re- note the difference between a control recording of an 
corded potential was reduced somewhat using the isolated cardiac preparation and that following ex- 
wick electrodes, the wave forms are essentially the perimental procedures, illustrating that the cotton 
same. The mass of the cotton wick electrodes is wicks retain their position and that no injury is 
extremely low and is a very flexible system. permit- produced from their use. 
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Microbiological Assay of Aspartocin in Pharmaceutical Preparations 
Containing C hlortetr ac y cli ne 


By ANTHONY ABBEY and DAVID B. HEWEL 
An agar dithsion rocedure, using StapLylococc#s cpidmnidir ATCC No. 12,228 and 
0.1 M calcium cfloride solution as diluent for aspartocin standard and samples, 
was evaluated. Satisfactory standard curves for aspartocin were obtained 
with concentrations of compound ranging from 0.5 mcg./ml. to 50 mcg./ml.; 
chlonetracycline (CTC) did not interfere in  the assay of aspartocin-CTC mixtures. 


HE FERMENTATION, isolation, and antimicrobial T properties of aspartocin have been previously 
reported (14). It is active primarily against Gram- 
positive bacteria; and although somewhat similar to  
amphomycin (5). aspartocin may be separated from 
this compound and identified by paper chromatog- 
raphy or electrophoresis (4). 


For microbiological assay, an agar-plate method 
using B. subtdis and alkaline conditions was pro- 
posed (4); however, the tetracyclines are highly 
active against this test organism, and aspartocin- 
tetracycline mixtures would be difficult to  assay 
under these conditions. With this in mind, the 
application of a tetracycline-resistant test organism 
was investigated. 


Staphylococcus epidermaifk ATCC #12,228 is 
routinely employed in thii laboratory for neomych 
assays, particularly with mixtures containing strepto- 
mycin and tetracycline, where resistance to these 
antibiotics (6) would be essential. Since the 
aspartocin antibacterial spectrum indicates that low 
concentrations inhibit staphylo&cci and streptococci 
in  vitro (2), Staphylococcus epidermaifis ,&TCC 
512,228 was evaluated for use in aspartocin micro- 
biological assays. 


EXPERIMENTAL 
The method outlined is a modification of FDA 


cylinder-plate procedures generally used in our 
laboratory for antibiotic assays; a more detailed 
description of antibiotic cylinder-plate methods 
appears in Grove and Randall (7 ) .  


Test Organism.-Staphylococcus epidermidk 
ATCC #12,228 (available from the American Type 
Culture Collection) is subcultured every 2 weeks on 
nutrient agar slants, incubated overnight at 30-35" 
and stored at 4'. 


For inoculum, suspend the growth from a stock 
slant in sterile 0.9% saline solution and inoculate a 
Roux flask containing 200 ml. sterile Difco Penassay 
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seed agar; incubate overnight at 30-35". Harvest 
this growth with approximately 50 ml. sterile saline 
solution and store at 4"; this concentrated suspen- 
sion may be used at least 5 to 6 days. Before the 
actual assay, determine what dilution of the concen- 
trate will give 80% light transmission using a 
Lumetron model #400 colorimeter and 650 mp 
filter. Use trial plates to determine the optimum 
concentration of diluted suspension for the assay 
(usually 0.5 to 1%). 


Assay Medium.-Difco Penassay seed agar (anti- 
biotic medium #1) is autoclaved 15 minutes at 121". 
cooled, and adjusted to pH 8.0 with 475 NaOH solu- 
tion. 


Diluent.-The diluent was calcium chloride 0.1 M 
in distilled water for aspartocin standard and un- 
knowns; anhydrous CaClr (reagent grade) 11.1 Gm. 
dissolved in distilled water t o  make 1.000 ml. of solu- 
tion (pH 5.8); it  was autoclaved for 15 minutes at 
121O. 


Aspartocin Standard Curve.-Sodium aspartocin 
(Lot #31460-165A) with an assigned potency of 
1,OOO mcgJmg.1 was used for the standard. 


Weigh 50 to  100 mg. of the standard and dissolve 
in sufficient distilled water to  obtain 1,OOO mcg./ml. 
stock solution. Dilute further in calcium chloride 
solution to obtain 50, 25, 12.5, 6.25, 3.12,1.56,0.78, 
and 0.39 mcg./ml.; the reference point solution is at 
10 mcg./ml. The stock solution is held refrigerated 
and may be used a t  least 7 days. 


Preparation of Test Plates.-The assay agar is 
cooled to  about 45" and inoculated with the test 
organism. A 6-ml. volume of inoculated agar is 
distributed evenly into each flat-bottomed Petri dish 
(Pyrex 53162) equipped with an unglazed ceramic 
cover, and allowed to solidify on a perfectly level 
surface. 


The agar is allowed to  harden 15 to  20 minutes at 
room temperature before placing six stainless steel 
Penicyliiders on each plate. These cylinder plates 


1 Obtained from the Biochemical Research Section, Lederle 
Laboratories Division, Amencon Cyanamid Co. 
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Fig. l.FCylinder plate standard curve for sodium 
aspartocrn (Lot #3146C-l65A) in 0.1 M &CIS 
us. S. epidcrmidis 612.228. 


are held about 10 minutes before filling the cylinders 
with solutions. 


CONDUCTING T H E  ASSAY 
Aspartocin Standard Curve And Unknowns.- 


Three plates are set for each point on the standard 
curve. On each plate, fill three alternate cylinders 
with the 10 mcg./ml. reference solution and the 
other three with the standard curve solution. Incu- 
bate all plates 16-18 hours a t  30-32" and measure 
the diameter of the inhibitory zones. (A Quebec 
colony counter equipped with an etched glass 
millimeter scale is used in this laboratory.) Average 
all of the reference point readings, and use this 
value to adjust the averages of reference point and 
standard solution for the three plates set for each 
point on the standard m e .  For example, if all the 
readings of the reference solution average 20 mm. 
and, on a particular set of three plates the reference 
solution averages 19.8 mm., the correction is plus 
0.2 mm. for the other solution's response on that 
same set of three plates. 


Plot all points, including the reference point, on 3 
cycle semilog paper, using the logarithmic scale for 
the potency (mcg./ml.). Draw the best straight line 
to fit the points (see Fig. 1). 


The test sample is similarly assayed on three plates 
after diluting to an estimated 10 mcg./ml. in CaCll 
solution. The sample zone size is adjusted to fit the 
curve as determined by the response of the reference 
point. This corrected zone size is then converted 
directly to mcg./ml. from the standard curve, and 
the value multiplied by the dilution factor for sam- 
ple potency. 
In the dose-response curve comparisons, the same 


basic procedure was employed with variations in 
diluent and culture media; B. subtilis or B. cereus 
var. mycoidcs spore suspensions were used for 
inoculum in specific trials, as indicated (Table I). 


Aspartocin-CTC complexes or dry-powder mix- 
tures, such as tablets or capsules, may be extracted 
in a Waring Blendor using 0.01 N HC1 to obtain 


$ 2  


id 
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TABLE II.-COMPARISON STANDARD CURVES USING 0.1% AMMONIUM CARBONATE DILUENT 
AND B. Subtilis (4,9) 


.. ~ . ...____ 
---Average mm. Zune Size Per mcg./ml. Aspartocin Solution At--. 


Preparation 100 60 25 12.6 8.26 
Sodium upartwin Lot #50A 27.3 35.0 23.8 21.7 19.7 
Calciuni aspartocin Lot #€%A 27.0 24.8 22.n 20.2 18.1 


TABLE III.--SODIWM ASPARTOCIN ACTIVITY IN THE CTC MICROBIOASSAY TEST SYSTEM (10) 


r-- Test Conditions -Average mm. Zone Size Per mcg./ml. As artocin At- 
Test Organism Agar Curve Diluent 50 25 12.5 6.25 3.12 1 . h  Control 


R. cereus var. Difco Penassay 0 .1  M KHlPO, 21.8 19.3 16.8 14.3 11.5 Neg. Neg. 
mycoides ATCC base adjusted pH 4.7 
#11,778 to pH 5.7 


TABLE IV. -MICROBIOLOGICAL ASSAY ASPARTOCIN-CTC MIXTURES” 


-Theoretical Content, $7’- Activity Assay Value, yo ___ - 
Colorimetric 


Preparation Number Aspartocin CTC Aspartocin CTC CTC (11) 
#582-43 13.5 76 12.5 68.5 . . .  
1582-1 18-1 27 65 28.8 62.0 61.1 
#582-118-2 27 65 24.9 61.5 59.0 


u ‘These products prepared by MI. P. H. Smith of our Laboratories. 


ail estimated 500-1,OOO mcg. aspartwin/ml.; assay 
dilutions are prepared in 0.1 M CaClr diluent. Por- 
tions of this same extract may be tested for CTC con- 
tent (Table IV). 


RESULTS AND DISCUSSION 


Satisfactory standard curves for aspartocin were 
obtained with S.epzdermidisATCC#12,228andO.l M 
calcium chloride solution as diluent for the reference 
material and samples under test. 


Several assay systems were compared, and the 
inhibitory-zone responses for graded doses of asparto- 
cin appear in Table I. 


The influence of diluent, pH, and concentration 
of salts in agar-diffusion streptomycin assays is well 
known (8). In this respect the potentiation of 
aspartocin activity (2) was of particular interest. 
When 0.1 M calcium chloride solution was used as a 
diluent, the aspartocin standard curve showed good 
sensitivity (Fig. 1). The addition of 0.1 M calcium 
chloride in the assay agar also appeared satis- 
factory; however, this made the culture medium 
hazy and responses at low concentrations might be 
difficult to measure. Calcium as calcium hydroxide 
and chloride as sodium chloride did not appear to  
enhance aspartocin activity in the agar diffusion 
assay. Similarly, the responses obtained with 
sodium and calcium aspartocin salts were not signifi- 
cantly different (Table 11) when ammonium car- 
bonate was used as the diluent. 


The responses using the B. sublilis procedure, as 
proposed (4), appear in Table 11; however, asparto- 
cin dilutions were prepared in 0.1% ammonium 
carbonate in distilled water instead of 1% ammo- 
nium carbonate, and responses were less erratic (9). 
Although suitable standard curves may be obtained 
with B. subtalis and B. cereus var. mycoides. the 
tetracycline sensitivity of these organisms limits 


their usefulness in the assay of aspartocin-tetra- 
cycline mixtures. 


In the determination of CTC in aspartocin-CTC 
mixtures, the response of aspartocin in the usual 
CTC cylinder-plate assay (10) indicated relatively 
low activity; aspartocin alone a t  3 mcg./ml. showed 
a small zone of inhibition (Table 111). This response 
may be insignificant in the presence of an equivalent 
weight of CTC. However, if a mixture is pre- 
dominantly aspartocin with low CTC content pres- 
ent, a mixed standard curve (aspartocin plus CTC 
in an appropriate ratio) may be more useful for the 
assay of CTC content. 


Experimental aspartwin-CTC mixtures were 
evaluated by the S. epidermidis-0.1 M CaCln test 
system; the results of these assays (Table IV) in- 
dicated no interference in the aspartocin or CTC 
determinations. Chlortetracycline microbiological 
values were confirmed by colorimetric assay (l l) ,  
and for aspartocin by nitrogen determinations. 
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Stability of Ascorbic Acid in the Presence of Ferrous 
and Ferric Ions 


By M. C. UPRETY and V. K. MOHAN RAO* 


T WAS REPORTED earlier (1) that ferric (but not 1 ferrous ions) have a deleterious effect on 
the stability of ascorbic acid in pharmaceutical 
preparations. Since sorbitol is a good vehicle for 
ascorbic acid, the effect of different concentrations 
of ferrous and ferric ions in 70 and 50% (w/v) 
sorbitol between the pH range 2.5 to 4.0 was ex- 
amined. The results are presented in this com- 
munication. 


The influence of ferrous sulfate (BDH) and ferric 
chloride (Riedel, De Haen; A. G. Seelze, Hanover) 
on the stability of o.5y0 solution of ascorbic acid 


Results presented in Table I indicate that in 
sorbitol ascorbic acid retention was best at pH 2.5. 
At the pH levels tried, the concentration of ferrous 
ions had no influence on the stability of this vitamin. 
Ferric ions, as reported earlier ( l) ,  had a deleterious 
effect, but varying concentrations of ions had no 
iduence on the stability of ascorbic acid a t  pH 2.5 
and 4.0. 


Ferrous ion at the 0.175 and 0.150~o level had no 
effect on the stability of ascorbic acid in 50% sor- 
bitol at all the pH levels tried. Deleterious effect 
was noticed below 0.160% concentration of ferrous 


TABLE I.-PER CENT RETENTION OF Ascomic Acm- - .. . ._ 


yo Retention -. 


pH 2.5 pH 3.5 pH 4.5 


Concn. of 
Iron in 100 ml. 


Nil (control) 
F'+ 
0.175 
0.150 
0.125 
0.100 
0.075 
0.050 
0.025 
F'+ 
0.150 
0.100 
0 . O N  


Nil (control) 
Fe' 
0 .-175 
0.150 
0.125 
0.100 
0.075 
0.050 
0.025 
F'f 
0.150 
0.100 
0.050 


Vehicle 
73.6 


66.0 
72.3 
72.3 
72.2 
78.8 
78.6 
76.2 


48.6 
53.8 
57.3 
Vehicle 
75.2 


71.3 
78.4 
66.0 
51.9 
50.0 
48.3 
39.7 


55.5 
46.9 
51.1 


a Thre-month storage period; temperature, 37-C. 


70% Sorbitol 
58.2 


66.5 
68.8 
59.8 


47.5 
. . .  


48.7 


. . .  


50% Sorbitol 
74.8 


72.1 
76.2 
61.7 
33.3 
28.0 
22.4 
23.3 


. . .  


. . .  


54.3 


62.5 
62.1 
62.2 


49.2 
51.3 
52.3 


46.9 


41.5 
... 


65.3 


70.4 
69.7 
02.5 
25.6 
24.0 
18.2 
16.6 


41.6 
47.4 
65.5 


(E. Merck) was studied by storing the samples at 
the desired pH at 37" for 3 months in sigcol brown 
glass-stoppered bottles. Each sample contained 
o.2% Of p-hydroxy benzoate (Rhodia* 


4-dmitrophenyl hydrazine method, modified by 
Meyer el  al. (2). 
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ions, unlike in 70% sorbitol; th is  effect was more a t  
a higher pH level. This observation in 60yo sorbitol 
might have something to do with the equbolar 


as concentrations of iron and ascorbic acid. Generally, 


observed at the three concentrations tried. but the 
change in pH had not affected materially the re- 
tention values Of the ascorbic acid. 


preservative. The vitamin w= assayed by the 2. in the presence of ferric ions deleterious effect was 
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in these oils of many more terpene compounds still 
unaccounted for as shown in Table I. 


The experimental data presented summarize 
results of a series of compositional studies on essen- 
tial oils of the genus Menthu. They serve to illus- 
trate further that distinct biochemical relationships 
exist between constituents synthesized by its differ- 
ent species and that such data, obtained exclusively 
by physiochemical analysis, provide important 
criteria for species characterization and classification 
via qualitative and quantitative chemotaxonomy. 
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Fig. 1.-Infrared spectrum of isopiperitenone. 
4oOO-850 cm.-l CCL solution; 


850-650 cm.-l contact film. 


for M. pulegium 0.12 to 0.30. The somewhat higher 
linalyl acetate content of the European oil may 
likewise be a valuable indicator of botanical iden- 
tity. 


None of the essential oils was fractionated or pre- 
treated prior to analysis. All samples were injected 
directly as the crude natural products obtained by 
conventional steam distillation. Coupled gas liq- 
uid-thin layer chromatography was used success- 
fully for the detection of trace constituents. Similar 
analyses of fractions isolated by rectification, 
column chromatography, and/or other separation 
techniques would undoubtedly establish the presence 
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Quantitative Evaluation of Infiltration Anesthetics in Albino Mice 
By W. R. JONES, T. L. KERLEY, and L. C. WEAVER 


Infiltration anesthetics were quantitatively 
evaluated using a test procedure based on 
the vocalization of mice in response t o  elec- 


trical stimulation. 


OST LABORATORIES today prefer to use the M mouse as a laboratory animal for prelim- 
inary toxicity work and primary pharmacodynamic 
evaluation of chemical compounds. The use of this 
species for the evaluation of local anesthetic ac- 
tivity is advantageous because of economy and 
the opportunity to compare more tests in the same 
species. Weidmann and Petersen (1) first used the 
mouse to study surface anesthesia, and a slight modi- 
fication of this method has been used in o w  labora- 
tories (2). In addition, mice have been used for the 
evaluation of anesthetics injected directly into the 
tissues (3, 4). A method using mice for the quanti- 
tative assessment of infiltration anesthetics is de- 
scribed in this communication. 


EXPERIMENTAL 
Male Swiss-Webster albino mice were used in 


the experiments. A constant volume (0.03 ml.) 
of drug solution was injected beneath the skin on 
the plantar surface of one hind foot, and an equal 
volume of 0.9% sodium chloride solution was in- 
jected similarly into the opposite foot. Ten minutes 
after injection, the control foot of each animal was 
stimulated rapidly and repeatedly until the animal 
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vocalized, then continued to vocalize in response 
to  10 successive stimulations. Immediately after- 
ward, the treated foot was stimulated five times, and 
any animal that failed to vocalize one or more times 
was classified as anesthetic. An electrical current 
(100 v. d.c.), delivered by a Grass model S4 stimu- 
lator, was used as the stimulus. Because of tissue 
damage resulting from the intense stimuli, each 
animal was used only once. To facilitate conduc- 
tion, each foot was moistened with 10% sodium 
chloride solution just prior to contact with the 
stimulating electrodes. Cocaine hydrochloride, pro- 
caine hydrochloride, dibucaine hydrochloride, and 
dyclonine hydrochloride were administered to  groups 
of 10 animals at a minimum of three different con- 
centrations to  establish dose response curves. 
The anesthetic dose for 50% of mice (ADw) was 
calculated for each drug and relative potency de- 
termined with respect to  cocaine hydrochloride 
(5 ,  6). 


RESULTS 
The ADw for each of the drugs was determined on 


four separate occasions, and the results obtained 
are presented in Table I. Experiments A ,  B ,  and 
C were each completed during a single day for all 
of the local anesthetics. For the preliminary ex- 
periment, the data (except for cocaine) were ob- 
tained over a period of 2 days. The results ob- 
tained show that the ADm values were consistent 
for procaine and dyclonine. There was one AD60 
value that was slightly low for dibucaine and one 
high for cocaine. 


The potency of these agents relative to cocaine 
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TABLE ~.-REPRODUUEILITY OF ADw DETERMINATIONSO _____ ~- 


Preliminary c Expt. - 
EXDt. A B C 


Cocaine HCl 1.38 2.22 3.53 1.24 


Procaine HCl 19.95 27.11 23.36 19.01 


Dibucaine HCI 0.90 2.12 3.10 2.85 


Dyclonine HCI 4.50 2.56 4.52 2.51 


(0.67-2.10) (1.44-2.99) (2.42-4.65) (0.90-1.59) 


(11.22-28.68) (24.02-30.20) (16.45-30.07) (10.69-27.51) 


(0.55-1 .24) (1.45-2.79) (2.40-3.90) (1.73-3.97) 


(3.06-5.36) (1.48-3.65) (2.9M. 09) (1.37-3.65) 
., Dose expressed as milligrams per milliliter. Figures in parentheses are 95% confidence limits. 


TABLE 11 .-REPRODUCIBILITY OF RELATIVE 
POTENCY DETERMINATIONS~ 


~ Expt. 7 


A B c 
Procainc Slopes Not 0.15 0.06 


Ihbucaine 0.95 1.35 0.41 
HCl parallel (0.10-0.22) (0.044.10) 


HCI (0.61-1.50) (0.5e3.63) (0.17-0.64) 
Dyclonine 0.94 0.72 0.49 


HCl (0.55-1.62) (0.46-1.14) (0.30-0.81) 
Cocaine hydrochloride used as standard for compari- 


Figures in parentheses are 95% confidence limits. sons. 


TABLE III.--.LocAL ANESTHETIC ACTIVITY BASED 
ON THE COMBINATION OF RESULTS OF REPEATED 


ASSAYS 


Mice, ADM, Activity Ratios 
Drug No. mg./ml. (Cocaine = 1) 


Cocaine 126 2.03 1 


Procaine 88 26.10 0.11 
HCl (0.52-7.91) 


HC1 120.82-32.73) (0.02-0.25) 
\ -  I \  


Dibuiiinc 108 2.45 0.67 
HCI (1.25-4.79) (0.35-1.27) 


Dyclonine 87 3.28 0.69 
HCl (1.98-5.44) (0.52-0.91) 


TABLE IV.-LOCAL ANESTHETIC ACTIVITY TESTED 
15 MINUTES AFTER SUBCUTANEOUS INJECTION OF 


THE DRUGS TO TAILS OF MICE (4)” 


Mice, AD=, Activity Ratios 
Drug No. mg./ml. (Cocaine = 1) 


Cocaine 160 0.66 1 


Procaine I20 4.25 0.15 
H C1 (0.53-0.81) 


HCl 13.4e5.31) 10.10-0.201 
Dibucaine 140 ‘- -0.42--, i.57- ’ 


HCI (0.314.55) ( 1 .20-2.29) . .  


a Figures in parentheses are 95% confidence limits. 
Adrenaline hydrochloride (10 mcg./ml.) was added to all 
solutions. 


is shown in Table 11. In  experiments A,  B ,  and 
C the results were reproducible. The data for the 
preliminary experiment were not included because 
the drugs were not compared simultaneously. In  
~ i i e  case (procaine). the slopes of the lines were 
not parallel, and a statement of relative potency 
could not be made. Despite considerable variation 
in relative potencies. there was an overlap of con- 
fidence limits for each anesthetic agent. 


DISCUSSION 


While it is desirable to obtain absolute reproduc- 
ibility of ADw and relative potency values, it must 
be recognized that the standard error of a test can 


only reflect causes of variation that influence the 
results of the initial test. There may be other 
factors that are constant at one time or in one 
laboratory, but that vary from time to time or from 
laboratory to  laboratory ( i ) .  For example, in a col- 
laborative study of lethality data obtained in several 
laboratories, Swope (8) found that not only was there 
a significant difference in results between laboratories 
but also between tests within a single laboratory. 


To obtain more reliable estimates of the ADso 
values and relative potency determinations, the 
results of the separate tests were combined as 
described by Miller el al. (6) and Stewart and Young 
(9). The results are presented in Table 111. The 
95% confidence limits for the relative potency de- 
terminations for cocaine hydrochloride, procaine 
hydrochloride, and dibucaine hydrochloride over- 
lap with those reported by Bianchi (4), who com- 
pared the effectiveness of these compounds in 
producing anesthesia in the mouse’s tail (Table 
IV). This illustrates that relative potency de- 
terminations from different laboratories are fre- 
quently equivalent, even though dissimilar in- 
vestigative methods are used. Obviously, this 
degree of agreement between the ADm values is 
not to  be expected. 


Since the precision of assays is generally com- 
pared by means of the lambda index, an approxiniate 
value for lambda was obtained by averaging the 
reciprocals of the slopes obtained in the separate 
ADS determinations in these tests and the antilogs 
of the slope factors reported by Bianchi (4). The 
results obtained were 0.35 and 0.41, respectively. 
Both of these values compare favorably with the 
0.38 lambda index reported by Mongar (10) for 
the intradermal wheal method with guinea pigs. 


The results obtained by the method described in 
this paper exhibited considerable variability. 
Nevertheless, the accuracy of this test appears 
comparable to that enjoyed by similar biological 
tests. 
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additive effect of bile shows that this cannot be the 
entire explanation. Similar increases in activity 
produced by added taurocholate were reported by 
Guldman, et al. (8).  who employed emulsified fats of 
extremely small droplet size as s u b s t r a t e a n d  more 
recently, by Constantin and co-workers (9). utilizing 
an emulsified olive oil substrate and a pancreatic 
lipase claimed to  be homogeneous. 
In the present study both ox and hog bile proved 


to be excellent activators of lipolysis, in spite of their 
distinct chemical make-up. Ox bile consists 
primarily of cholic and desoxycholic acids, with con- 
jugation divided about equally between glycine and 
taurine; hog bile contains chiefly hyodesoxycholic 
and hyocholic acids, with exclusive glycine conjuga- 
tion (1,2). The dihydroxy acids, desoxycholic and 
hyodesoxycholic, had the greatest potentiating ac- 
tivity, with the trihydroxy acid, cholic, somewhat 
less. Dehydrwholic acid, lacking hydroxyl groups, 
did not show an effect in vitro. although in mvo i t  
would be expected to  exert a pronounced activating 
effect mediated by bile acids made available through 
its potent choleretic action (1). The foregoing 
structural specificity hints at a n  actual involvement 
of bile acids in lipolysis by some yet undescribed 
mechanism. 


SUMMARY 
Crude and purified bile derivatives showed activa- 


ting properties on the course of pancreatic lipolysis 
in aitro when employing assay methods utilizing 
both emulsified and nonemulsified olive oil sub- 
strates. Of the salts of purified bile acids tested, 
desoxycholate was the most potent-a sixfold in- 


crease in lipolysis was achieved. Considerable ac- 
tivation was also obtained with hyodesoxycholate, 
cholate. and taurocholate and with ox and hog biles. 
In contrast, dehydrocholate did not have in vitro 
effect. 


ADDENDUM 


Recently an article appeared [Fritz, P. J., and 
Melius, P., Can. J .  Biochem. Physiol., 41,719( 1963)], 
which advanced the theory that bile salts activate 
lipolysis by splitting the enzyme-diglyceride complex, 
thus increasing the action of lipase on the triglyceride 
ester. The activating effect was thought not to 
be due to simple emulsification. Glyco and 
taurocholate were superior to desoxycholate in 
contrast to the present findings and those of others 
(1, 15). 
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Ceric Sulfate as Permanganate Replacement in 
Pharmacopeial Assays 


By M. M. TUCKERMAN. N. DOCTOPSKY, R. PRICE, R. RAKE, S. RALPH, S. SHENK, 
and B. A. WISHNEV 


Standard 0.1 N potassium permanganate was replaced by standard 0.1 N ceric sul- 
fate and orchophenanthrolene T. S. indicator in  the o6cial assay of ferrous sulfate 
U.S.P., hydrogen peroxide U.S.P., and sodium perborate N.F. Statistical analysis 
of the results using the t test shows no s d c i e n t  reason to doubt that the two methods 


yield the same mean value at the 10 per cent significance level. 


NE OF THE tests of a rational philosophy is that 0 it contain no unnecessary axioms. One of the 
tests of a rational system of quantitative analysis 
might well be that i t  contain no unnecessary re- 
agents. The “United States Pharmacopeia” and 
“National Formulary” do not meet this criterion. 


This paper focuses attention on the use of strong 
oxidizing agents as standard solutions in titrimetry. 
Experience has shown the utility of three agents: 
ceric ion, dichromate, and permanganate. Of these, 
dichromate has slowly lost its status, being used now 
only as a precipitating agent in the determination of 
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quinacrine. With the change in assay of most of 
the calcium preparations from oxidation of the pre- 
cipitated oxalate with standard permanganate to a 
complexometric titration. the need for a standard 
permanganate solution has decreased. Materials re- 
quiring standard permanganate solution may be 
divided into five classes: (a) ferrous sulfate U.S.P.. 
exsiccated ferrous sulfate U.S.P., hydrogen peroxide 
solution U.S.P.. and sodium perborate N.F.; these 
are titrated directly. (b)  Dibasic calcium phosphate 
U.S.P. and cherry juice U.S.P.; these require 
titration of precipitated calcium oxalate. ( G )  Lead 
monoxide N.F., lead subacetate solution N.F., and 
diluted lead subacetate solution N.F. ; these require 
titration of oxalic acid left in the filtrate after pre- 
cipitation of lead oxalate. (d) Sodium nitrite U.S.P. 
which requires a residual titration involving both 
standard permanganate and standard oxalic acid. 







VoZ. 53, No. 6, Jam 1964 683 


TABLE I.-COMPARISON OF RESULTS FOR FERROUS SULFATE U.S.P. 


m y s t  
1 
2 
3 
4 
5 
6 
Av. (?r) 
S.D. (u) 
SP 
t 
For a = 0 .  


Pamangallate 
c Tripl 
A B C 


100.5 100.5 100.3 
100.6 100.2 100.3 
99.8 99.8 99.8 


100.1 100.4 100.3 
100.2 99.9 100.4 
102.6 101.6 101.6 


100.49 
1.87 


10 


A 
99.0 
99.1 


102.8 
99.9 
99.1 


102.9 


1.327 
0.1356 


t >  11.69 I 


Ceric Sulfate 
Trial - 


B C 
98.3 98.9 
99.3 99.0 


102.8 102.8 
99.8 100.0 
99.8 99.4 


102.7 102.5 
100.46 j 


4.46 


~~~ ~~~ 


TABLE II.--COMPARISON OF RESULTS FOR HYDROGEN PEROXIDE SOLUTION U.S.P. 4 


Permanganate ceric suliate 
Trial Trial > 


Analyst A B C A B C 
1 2.32 2.30 2.34 2.50 2.51 2.51 
2 2.18 2.22 2.34 2.18 2.23 2.36 
3 2.94 2.93 2.96 2.95 2.96 2.93 
4 2.40 2.31 2.30 2.48 2.36 2.34 
5 2.93 2.95 2.95 2.90 2.93 2.88 
Av. (z) 2.551 2.604 
S.D. (0) 0.548 0.470 
SP 0.3104 
t 0.3543 
For a = 0.10 t> l  1.701 


TABLE III.-&MPARISON OF RESULTS FOR SODIUM PERBORATE N.F. 


Permanganste Ceric Sulfate 
Trial c Trial 


m y s t  A B C A B C 
1 9.60 9.55 9.47 9.51 9.80 9.61 
2 9.80 9.51 9.48 9.48 9.36 9.80 
3 9.56 9.55 9.47 9.81 9.76 9.79 
4 9.83 9.80 9.72 9.69 9.72 9.78 
5 9.65 9.58 9.37 9.68 9.64 9.56 
6 9.39 9.44 9.31 10.33 10.30 10.29 
Av. (z) 9.549 9.751 
S.D. (u) 0.230 0.461 
Sp 2.215 
t 0.2736 
For a = 0.10 t>l1.691 


(c) Titanium dioxide N.F., potassium permanganate 
U.S.P., and potassium permanganate tablets N.F. 


The purpose of this paper is to compare the re- 
sults of titrations using permanganate and ceric 
sulfate for substsnces in the h t  group. Other 
methods of assay will be proposed a t  a later time 
for the other groups. 


MEX'HOD 
The assays reported in the tables were performed 


by senior pharmacy students who had taken 1 year 
of quantitative analysis, during which time they had 
experience with both permanganate and ceric ion. 
All assays were carried out by the official methods of 
the "United States Pharmacopeia" (1) or "National 
Formulary" (2) and again carried out substituting 
standard 0.1 N ceric sulfate solution (1) and ortho- 
phenanthrolene T.S. (1) for the permanganate. No 
other changes were made in the procedure. The 
samples used were a single solid sample of ferrous 
sulfate U.S.P., a single solid sample of sodium 
perborate N.F., and a previously unopened bottle of 
commercially prepared hydrogen peroxide solution 
U.S.P. containing 0.05% acetanilid as a preservative. 


RBSULTS AND DISCUSSION 


The results obtained for ferrous sulfate U.S.P. are 
listed in Table I. those for hydrogen peroxide solu- 
tion U.S.P. in Table 11, and those for sodium per- 
borate N.F. in Table 111. The results. viewed as a 
whole, show that although there is generally good 
agreement between the three values obtained by any 
one analyst, there is considerable variation between 
analysts. This variation is shown by the values of 
the standard deviations. Although these may seem 
excessively large to one who is accustomed to com- 
paring only the results of his own three repetitive 
analyses, they are actually in agreement yith other 
studies of laboratory and analyst variability (3).. 


The results for hydrogen peroxide solution U.S.P. 
are a cause for con= because of the large standard 
deviation. The cause for the deviation has not been 
investigated, but it may, in part, be caused by the 
small (24111.) sample size, since the accuracy of 
measurement of a sample containing oxygen bubbles 
is questionable, and decomposition of the sample 
catalyzed by traces of heavy metals adsorbed on the 
walls of the glass equipment used, i s  possible. 
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This study again emphasizes the danger in placing 
confidence in a single assay, even when done by a 
trained person using a well established technique. 
I t  also shows the danger of placing confidence in 
replicate assays performed in parallel by the same 
analyst, even when the standard deviation for the 
replicates appears acceptable. 


CONCLUSIONS 
As shown by the statistical data included in the 


tables, there is no reason to think that the replace- 


Vasopressin 


Journal of Pharmaceutical Sciences 


ment of periiianganate with ceric sulfate changes the 
mean value of the assay results. Although smaller 
values for the standard deviations might have been 
obtained by rejecting some of the results, all data 
collected hare been reported. 
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Tachyphylaxis 
By P. N. PATIL, A. TYE, and J. W. NELSON 


Pretreatment with n-Zevo- ephedrine is known to augment the pressor effect of vaso- 
pressin in  dogs. It also delayed the development of vasopressin tachyphylaxis in this 
study. Reserpine augmented the 
pressor response and arrested the tachyphylaxis. Increasing doses of vasopressin 
then produced increases in pressor response, an effect which suggests a possible bio- 
assay for vasopressin. No cross tachyphylaxis to  pressor effects were observed be- 


tween vasopressin and angiotensin. 


Methoxamine did not produce the same effects. 


EILING AND CAMPBELL (1 ) and Jones and Schlapp G (2) have noted the decrease in pressor response 
to successive doses of posterior pituitary extract. 
Hogben, et al. (3), studied the development of toler- 
ance to posterior pituitary lobe extract in the spinal 
cat and concluded that it is a function of dose and 
time interval between doses. By spacing repeated 
doses at appropriate time intervals, they were able 
to obtain pressor responses of the same character 
and magnitude as the one produced by the first injec- 
tion. Woodbury and Wilks(4) found that in ouabain- 
treated animals tachyphylaxis to vasopressin de- 
veloped less readily than in control animals; they 
suggested that vasopressin tachyphylaxis is a 
"pseudo-tachyphylaxis." Gardier and Abreu (5) 
showed that tolerance to  vasopressin can be pre- 
vented by bilateral carotid sinus denervation and 
midcervical vagotomy. We investigated the effects 
of pretreatment with D-leuo-ephedrine, methoxamine, 
and reserpine in this study. The syrnpathominietic 
amine, D-lmo-ephedrine, is a good antagonist of 
the coronary constriction produced by vasopressin 
(6); rnethoxamine is a sympathomimetic arnine that 
produces peripheral effects without cardiotonic 
effects (7, 8); reserpine blocks carotid and vagal 
reflexes (9, 10). Cross tachyphylaxis between 
angiotensin and vasopressin and the effects of renin 
were also studied. 


EXPERIME&TM. 
Twenty-five mongrel dogs of each sex, weighing 


from 7 to  11 Kg., were anesthetized with 35 mg./Kg. 
of pentobarbital i.p. Both vago-sympathetic nerves 
were severed. With the usual hernodynamic setup, 
blood pressure was recorded from the right carotid 
artery on a kymograph. The trachea was always 
cannulated. All drugs were dissolved in physio- 
logical saline and injected into the femoral vein via 
an indwelling catheter. 
- ~~ 
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1 2 3 4 5 6 . '  


INJECTION NO. 
(VASOPRESSIN, 0.3u./Kg., EVERY 30 MIN.) 


Fig. 1.-The effects of reserpine and ~ - 1 ~ 0 -  
ephedrine pretreatment on vasopressin tachyphy- 
laxis. Each point represents the average blood 
pressure rise of four to  five dogs. The standard 
errors of the mean varied from 9 to  20% of the 
average values. 


The reserpinized dogs were prepared by ad- 
ministering 0.5 mg./Kg. reserpine i.p. each day for 
2 days; the blood pressure was measured as above 
on the third day. Anesthesia was produced with 15 
to 20 mg./Kg. of pentobarbital i.p. in these dogs. 
Additional pentobarbital was given when necessary 
to  maintain surgical anesthesia. 


The following drugs were used: D-lmo-ephedrine 
HCl, methoxamine HCl,' vasopressin,' reserpine 
phosphate,x angiotensin,' and hog renin.6 


RFSULTS 
In control dogs, vasopressin 0.3 u./Kg. a t  30- 


minute intervals resulted in a progressive reduction 
of the pressor effect. Tachyphylaxis was practically 
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that, as H M F  is formed, a concurrent production of 
coloring matter results. 


In an attempt to  determine whether the process 
of spray drying influences the H M F  content of 
lactose, a sample of conventionally processed lactose, 
containing no free H M F  and 13.42 mg./Kg. of total 
HMF, was spray dried. Testing of this spray-dried 
material for 1 year at ambient conditions gave no 
darkening. Spray drying a slurry containing 50% 
lactose, 5% dextrose U.S.P., and 5% galactose also 
showed no increase in total H M F  after drying and 
no darkening after storage for 1 year. 


These preliminary experiments indicate that the 
physical operations of spray drying and the addition 
of the common hydrolysis products of lactose give no 
additional quantities of HMF. I t  would appear 
that the simple hydrolysis products of lactose are 
not the major precursors of H M F  in spray-processed 
lactose. 


SUMMARY 
The results obtained in this investigation implicate 


the presence of free H M F  in lactose with resultant 
browning. Samples of conventionally processed 
lactose containing no free H M F  and heated for 24 
hours a t  80' and stored a t  ambient conditions for 
36 months showed no darkening. On the other 
hand, samples of spray-processed lactose, treated 
similarly, containing free HMF, darkened signifi- 
cantly. 


The TBA reaction provides a suitable quantitative 
method for determining free H M F  and should serve 
as a suitable technique for the quality control of 
lactose relative to  browning possibilities. 
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capable of being converted t o  H M F  produced a 
positive TBA reaction for spray-processed and con- 
ventionally processed lactose. This is evident 
by the total H M F  contcnt of up to 16.39 mg./Kg. 
lactose for conventionally prepared and up to  41.52 
mg./Kg. of lactose for spray-processed lactose. A 
definitive pattern of increase in total H M F  with 
storage time for spray-processed lactose appears t o  
exist, but no such relationship exists for conven- 
tionally processed lactose. 


The data in these tables attempt to relate total 
H M F  concentration to color development measured 
by reflectance readings for both conventionally and 
spray-processed lactose stored at ambient condi- 
tions. It is evident from these data that total 
H M F  does not appear to  be the criterion for color 
development since samples of conventionally 
processed lactose have considerably higher total 
H M F  values than spray-processed lactose without 
affecting the color of the lactose. It would appear 
from these results that it is the concentration of free 
HMF in the samples that is related to  color change, 
since none of the samples of conventionally processed 
lactose contained any detectable free HMF, while 
the spray-processed lactose samules contained 
varying amounts of free HMF. 


It appears from these data that the presence of 
free H M F  is an indication that the complex Maillard- 
type reaction has begun, and browning will take 
place once the concentration of H M F  reaches a 
critical value. The data obtained by other investi- 
gators appear to  substantiate this reasoning. 
Keeney and Bassette (14) made the general ob- 
servation that once H M F  in dry milk increased to  a 
certain level, flavors associated with color change 
develop. Craig (12) reported that a quantitative 
relationship existed between storage stability and 
initial H M F  concentration for vacuum foam-dried 
whole milk. Newth (16) also reported such a 
relationship for glucose solutions. 


To evaluate the effect of the presence of H M F  
precursors in conventionally and spray-dried 
processed lactose on color development, samples of 
both sugars were heated at 80" for 24 hours. At the 
end of 24 hours, the total H M F  present in conven- 
tionally processed lactose was approximately equal 
to  that determined initially. However, in spray- 
dried lactose an increase in free and total H M F  
took place as illustrated in Table 111. In addition, 
these samples exhibited a significant degree of 
darkening, evidenced by the decrease in reflectance 
values. The data presented in this table illustrate 


~ ____.,-_,__.____,. 
(10) Aceto. N. C.! Sinuamon, H. I.. Schoppet, E. F., and 


(11)'Adacii S .  and Pation'S. ibid., 44 1375(1961). 
(12) Craig, j .  6.. Aceto. N.'C.: and Delia Monica, E. S., 


Eskew R. K .  J .  Dairy Scr. 45 501(1962). 


ibid.. 44.1827(1961\. . --, - - ~  
(13) Keene;l-MI:and Bassette R. Scicncc 126 511(1957). 
(14) Keeney, M., and Basse(te,'R., J .  'Dai;y Sci., 42, 


(15) Keeney M. Proc.FlavorChcm Symp. 1961 183. 
(16) Newth.'P. H., Advan. C a r b o h y d k  Chim.. 6,'83(1951) 


945(1959). 


Centrifugally Accelerated Thin-Layer Chromatography 


By B. P. KORZUN and S. BRODY 


Centrifugal force has been used to accelerate 
the development Ofhin-laYer c ~ o m a t o g r ~ s  
and *e results compared with data on the 


compounds in mixtures (1-4). This method was 
applied to  thin-layer chromatography on circular 
glass plates or aluminum plates. Comparisons were 


BNTRIFUGAL force has been employed to  ac- thin-laYer homatoflaPhY. The accelerated 
method was completed in about 10 minutes, corn- 
pared to  the 30 to 40 minutes required for the 


Circular glass or aluminum plates 26 cm. in diam- 


standard ascending development technique- made between thin-layer and 


celerate paper chromatographic separation of 
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Davidek and Prochazka (6). The plates were 
activated in the usual manner. 


The samples are spotted at a point 2.5 cm. from 
the center hole. Ten spots may be applied per plate. 
The inside of the apparatus was lined with heavy 
filter paper saturated with the solvent used for 
developing. The plate is secured to the spindle of 
the apparatus, and the rotation of the plate set a t  
500-700 r.p.m. The solvent flow was adjusted to  
permit a constant flow without overloading and 
possible washing away of the adsorbent. 


Table I shows the R, values and time obtained 
for separation of dyes using the standard and ac- 
celerated methods of thin-layer chromatography. 


Accelerated thin-layer chromatography provides 
a method of decreasing the time necessary to  
achieve separation. 


REFERENCES 


TABLE I.-Rf VALUES AND TIME OBTAINED FOR 


AND ACCELERATED METHODS OF THIN-LAYER 
SEPARATION OF DYES USING THE STANDARD 


CHROMATOGRAPHY 


--"I Valu- 
Acceler- 


Dyes ated Standard 
Light green SF yellowish 0.00 0.00 
Sudan Black B 0.10 0.15 
Indophenol blue 0.25 0.35 
Sudan R 0.40 0.45 
Oil Red 0 0.55 0.65 
Dimethy laminoam benzene 0.65 0.70 
Adsorbentaluminum oxide G 
Solvent benzene-hexane (9: 1) 
Development time accelerated- 


Development time standard-35 
10 min. 


min. 
(1) McDonald. H. 1.. Bermes. E. W.. and Sheoherd. H. B.. . .  


Ch;amafog Mclhds ,  i ( N o .  1) (1957). 
' 


eter, 2.5 mm. thick, and with a 1.2-cm. centered (2) McDonald, H. J., McKendell, L. V.. and Bermes. 
hole to  fit the Precision hi-speed chromatography' 
aoDaratus were used. The dates  were coated with 


E . ( ~ ' ~ ~ ~ ~ ~ ; f O # . :  2$2:%8&,, Touchstone, J. c., and 
Davis, C. N.. Anal. Chcm.. 34. 1061(1962). 


aiiminurn oxide G or silica gel G (with binder) by the 
spray technique of Bekersky (5) or the technique of 


c ~ ' ~ ~ ~ ~ ~ m $ \ ~ ~ $  Jan aasmus* 


Commun., 26, 2847(1961). 


menet Deyl* J .  


(5) Bek&y, I., Anai. Chcm., 35,261(1963). 
(6) Davidek. J., and Prochazka, z., Coll. Csech. Chcm. 


1 Predsion Scientific Co., Chicago, 111. 


Estimation of Thiamine by Inverse Isotope Dilution 
By ANTOINE A. NOUJAIMt, WAYNE V. KESSLER, JOHN E. CHRISTIAN, and 


ADELBERT M. KNEVEL 


Thiamine hydrochloride was determined 
y t i t a t i v e l y  by inverse isotope dilution in  


e presence of ascorbic acid, riboflavin, and 
nicotinic acid. The  results obtained, using 
100-mg. quantities, indicated an average error 
of 0 . 1  per cent and a reproducibility of 0.27 


per cent. 


HE PURPOSE OF THIS investigation was to study T a thiamine assay by inverse isotope dilution 
analysis. Several advantages are inherent in 
this technique, including speed and sim- 
plicity. However, the most outstanding advantage 
is that quantitative isolation is not required at any 
point in the analysis. Thus, thiamine may be deter- 
mined in the presence of other substances without 
quantitative extraction. 


It was necessary to choose a suitable labeling re- 
agent to  react with thiamine to produce a chemically 
stable derivative. Williams, et al. (1). proved the 
structure of thiamine by a quantitative sulfite 
cleavage into two moieties. This reaction is 


This reaction was used to perform an inverse isotope 
dilution analysis. Sodium sulfite-S-35 was used as 
the labeling reagent to form S35 labeled 2-methyl-6- 
aminopyrimidyl-5-methanesulfonic acid as the de- 
rivative. 


The specific activity of the derivative was deter- 
mined indirectly by carrying out inverse isotope 
dilution analysis with a known amount of thiamine. 
The labeled derivative was then mixed with a known 
amount of carrier. The specific activity of the 
carrier-diluted derivative was determined by 
measuring the weight and radioactivity of a portion 
of the purified material. The weight of the deriva- 
tive before adding the carrier was calculated by 
employing the standard inverse isotope dilution 
formula. The weight of thiamine analyzed was 
calculated from the weight of the derivative by a 
gravimetric factor. 


EXPERlMENTAL 
Optimum Conditions for Cleavage Reaction.- 


~ ~ ~ i ~ e d  1 1963 from the ~ i ~ ~ ~ ~ 1 ~ ~ , , j ~  Deportment, Thiamine hydrochloride was cleaved under different 
Purdue Universit;. Laikyette. Ind. conditions of temperature, pH, and reaction time. 


Theautbon tgank Hoffmnnn-Lakoche, Inc.. Nutiey. N.J.. Cleavage at room temperature for 15 hours at a PH 
for supplying the thiamine hydrochloride used in tlus In.- of 4.9 was chosen. These cleavage conditions are 


Pr-ted to the Scientific Section. A.PE.A., Miami Beach confirmed by the literature (1). 
meeting Ma 1863 Physical Properties of Derivative.-The deriva- 
United Arab Republic. tive crystallized as fine needlelike crystals insoluble 
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which included outstanding scientists such as Sir 
Julian Huxley, J. B. S. Haldane, and Carleton 
Coon. The controversial, provocative, and un- 
inhibited deliberations reported present a review of 
current thinking among research workers. 


media, diagnostic materials and methods, and special 
fungi stains. 


Physical and Technical Pharmacy. Edited by 
H. M. BURLAGE, C. 0. LEE, and L. W. RISING. 
The Blakiston Div., McGraw-Hill Book Co., Inc., 
,330 West 42nd St., New York 36, N. Y., 1963. 
ix + 740 pp. 15 X 23 cm. Price $16. 
Organized to meet the need for a student text to 


correlate principles of mathema tics, physics, and 
chemistry with pharmaceutical procedures, meth- 
ods, and technology, this volume presents materials 
on mathematics, and pharmaceutical calculations, 
the physicochemical sciences as they apply to 
pharmaceutical technology, stability of drugs and 
pharmaceutical systems with particular reference to 
storage conditions, and adjuncts of importance in 
the formulation of satisfactory products. Ten 
pharmaceutical scientist contributors to  the volume 
have assisted the editors in presenting a volume 
which will be a significant contribution to  pharma- 
ceutical education. 


Hallucinogenic Drugs and Their Psychotherapeutic 
Use. Edited by R. CROCKET, R. A. SANDISON 
and A. WALK. Charles C Thomas, Springfield, 
Ill., 1963. xiii + 191 pp. 15.5 X 25 cm. Price 
$7.50. 
The proceedings of the quarterly meeting of the 


Royal Medico-Psychological Association held in 
February 1961 are presented. The papers are 
grouped under six topics: the historical and psycho- 
pharmacological background, hallucinogenic agents 
and their general application, techniques and 
methodology, the use of hallucinogens in specific 
conditions, clinical observations and phenomeno- 
logical interpretation, and the moral, religious. and 
social significance of experience under hallucinogenic 
drugs. The purpose of the conference was to bring 
investigators from fields other than the clinical 
and psychotherapeutic areas to discuss the psychic 
changes accompanying the administration of the 
hallucinogens; the editors have created a stimulating 
and valuable volume. 


A n  Introduction to Clay Colloid Chemistry. 


A brief glossary is also included. 


By H. 
VAN OLPHEN. Interscience Publishers, Div. of 
John Wiley & Sons, 605 Third Ave., New York 
16, N. Y ,  1963. xvi + 301 pp. 15.5 X 23 
cm. Price $10. 
Modern concepts in colloid and surface chemistry 


are discussed as they apply to clay systems. The 
book stresses the effect of changes in fluid com- 
position on the forces acting between suspended clay 
particles, and the consequences of such changes on 
the bulk physical and mechanical properties of the 
suspensions which are important in clay technology. 
The treatment in the text is elementary which will 
limit its usefulness to workers active in clay tech- 
llology but will provide a workable background 
knowledge for persons less knowledgeable in the 
field. 


Man and His Future. Edited by G. WOLSTBN- 
HOLME. Little, Brown and Co., Boston, Mass., 
1963. vi + 410 pp. 13 X 20.5 cm. Price 
$6. 
The biological, environmental, and social aspects 


of inan and his future were treated in a symposium 


The Pathogenesis of Leprosy. Edited by G. E. W. 
WOLSTENHOLME and M. O'CONNOR. Little, 
Brown and Co., Boston, Mass., 1963. ix + 
101 pp. 12 X 18.5 cm. Price $2.95. 
Another booklet in the Ciba Foundation Study 


Group series, this volume serves to focus attention 
on the progress and problems of research on leprosy. 
Papers presented were devoted to  experimental 
observations related to the histopathology of 
leprosy, cytopathology of the Virchow cell of human 
leprosy, applicability of experimental murine 
leprosy to  the study of human leprosy, experi- 
mental studies on human leprosy, and leprosy 
bacilli in mouse foot-pads. 


Chemistry: A Survey of Principles. By G. W. 
Ewmc, and E. G. MEYER. John Wiley & Sons, 
Inc., 605 Third Ave., New York 16, N. Y., 1963. 
ix + 239 pp. 15 X 23 cm. Price $4.95. 
A student textbook for a one-semester course in 


chemistry for non-chemistry major students is 
presented which balances basic theory with de- 
scriptive materials on such topics as biochemistry, 
organic reaction mechanisms, thermodynamics, 
chemical equilibrium and reaction rates, and metal- 
organic and metal-inorganic complexes. Labora- 
tory experiments are integrated and require the 
student to work with modern laboratory instru- 
ments such as the pH meter, photoelectric colorim- 
eter, and nuclear counting equipment. Many of 
the experiments are quantitative in nature and de- 
velop some concepts not covered in the text. 


Medicinal Chemistry. Vol. VI. Edited by E. E. 
CAMPAIGNE and W. H. HARTUNG. John Wiley 
& Sons, Inc., 605 Third Ave., New York 16, N. Y., 
1963. x + 356 pp. 15 X 23 cm. Price $10. 
Volume six of this monograph series covers non- 


barbiturate hypnotics, spinal cord depressant drugs 
derived from polyhydroxy alcohols, and X-ray 
contrast media. Much of the data is presented 
in tabular form as was in the case in prior volumes. 
The style and format of the earlier volumes as well 
as the objective to include references to all the com- 
pounds which have been tested for a particular type 
of pharmacological activity in a given chapter have 
been retained. Numerous references are included 
for each chapter and a general index is provided. 


Advances in  Organic Chemistry: Methods and 
Results. Vol. 4. Edited by R. A. RAPHAEL, E. C. 
TAYLOR, and H. WYNBERG. Interscience Pub- 
lishers, 605 Third Ave., New York 16, N. Y., 
1963. vii + 361 pp. 15 X 23 cm. Price $14.50. 
This fourth volume in a series created to  meet the 


need for critical appraisal and evaluation of useful 
new methods and ideas generated in the rapid 
evolution of organic chemistry treats enamines, 
synthetic methods in the carotenoid and vitamin A 
fields, and the coupling of acetylenic compounds. 
Author and subject indexes are included as well as 
a cumulative index for volumes 1-4 in the series. 








Interaction of Weak Organic Acids with 
Insoluble Polyamides I1 


Study of Sorption of Selected Weak Organic Acids by Nylon 610 


By A. J. KAPADIA, W. L. GUESS, and J. AUTIAN 


Sorption studies were conducted at several different temperatures for a group of com- 
pounds having or behaving as weak organic acids using nylon 610 as the substrate. 
Six compounds were included in the investigation-benzoic acid, o-hydroxybenzoic 
acid, m-hydroxybenzoic acid, p-h droxybenzoic acid, methyl p-hydroxybenzoate, 
and propylp-hydroxybenzoate. The collected data permitted the evaluation for each 
compound of (a) the saturation value of solute in  the nylon, 6) the affinity of the 


sion coefficient and (e) the activation energy of diffusion. With the Rotinyan and 
Drozdov equation, it was possible to confirm that the diffusion of the solute in the 


plastic was the rate-determining step in the sorption process. 


solute toward the plastic, (c) the standard heat of sorption, ( d ) the apparent diffu- 


REATER USE is being found for insoluble poly- G meric materials in pharmacy and medicine. 
Such diverse uses as packaging material, ad- 
ministration devices, prosthetic devices, and 
vehicles for prolonged action medication em- 
phasize the versatility of plastic materials and 
suggest even greater applications in the future for 
plastics in the various facets of pharmacy and 
medicine. 


One particular phase of plastics which deserves 
special attention is the possible interaction of 
drugs with plastics. A knowledge of such re- 
actions may be helpful to  the industrial pharma- 
cist and other investigators interested in solute- 
polymer interactions. 


A previous paper (1) presented results from a 
sorption study of salicylic acid by  nylon (i0 and 
showed the influence of concentration, solvent 
system, temperature, and pH on the uptake of 
the drug by  the nylon. It was assumed that the 
salicylic acid was adsorbed on the surface of the 
nylon followed by  penetration and diffusion of 
the drug into the plastic. The  rate-determining 
step, i t  was deduced, was the diffusion process. 


This paper reports a sorption study of six 
agents by nylon (310. From the data  i t  has been 
possible to derive some thermodynamic constants 
which may be used to compare the six agents. 
Kinetic treatment of the data  also makes possible 
the calculation of apparent diffusion coefficients. 
Finally, the data  may be treated in a manner 
to justify the assumption tha t  the rate controlling 
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step in the sorption process is one of diffusion in 
the plastic. 


EXPERIMENTAL 


Equipment and Supplies.-Beckman DB spectro- 
photometer, Fullerton, Calif. ; pH meter, Leeds 
and Northrup Co., Philadelphia, Pa. ; benzoic acid, 
A.R., J. T. Baker Chemical Co., Phillipsburg, 9. J.; 
o-hydroxybenzoic acid, A. R., Mallinckrodt Chem- 
ical Works, St. Louis, Mo. ; m-hydroxybenzoicacid, 
A. R., K & K Laboratories, Inc., Jamaica, N. Y.; 
p-hydroxybenzoic acid, A. R.,  Eastman Organic 
Chemicals, Rochester. N. Y. ; methyl 9-hydroxy- 
benzoate, A. R., Eastman Organic Chemicals, 
Rochester, h'. Y.; propyl p-hydroxybenzoate. A. R., 
Eastman Organic Chemicals, Rochester, N. Y.; 
Nylon 610, (Zytel Fe-2419 NC-10) E. I .  du Pont de 
Nemours & Co., Wilmington, Del., were employed. 


Treatment of Nylon 610 Samples.-It was neces- 
sary to devise a washing procedure which would 
ensure the purity of samples needed for the experi- 
ments to remove contaminates or other components 
from the samples of nylon used throughout this in- 
vestigation. The exact method o f  cleaning is 
described below. 


Strips of nylon, measuring 1 x 13 in. were cut 
using a paper cutter and placed (approximately 200 
strips) into a glass jar with 3500 ml. of solvent ether. 
The jar was capped and set aside (with intermittent 
shaking) for 2 hours a t  which time the solvent was 
decanted and acetone (3500 ml.) added. After 2 
hours this solvent was decanted and the strips 
rinsed with distilled water, followed by the addition 
of 50% (v/v)  ethyl alcohol. After 12 hours of con- 
tact, the alcoholic eluate was decanted and once 
again the strips rinsed with distilled water. The 
final step of washing consisted of exposing the strips 
to absolute ethyl alcohol for 2 hours, followed by 
repeated rinsings with distilled water. The strips 
were placed into a constant temperature oven at 
65 f1.0' for 8 hours to dry, then transferred into 
a desiccator for further use. 


General Procedure for Studying Equilibrium 
Sorption Isotherms.-Exactly 150 ml. of each 
solution, prepared to a known concentration, was 
pipeted into the specially prepared glass tubes. 
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These tubes were closed by using ground glass 
stoppers and placed into a constant temperature 
water bath a t  a temperature slightly above the 
temperature which was to be used in the experi- 
ment. After an equilibrium temperature was 
reached inside the tube, the tubes were withdrawn, 
the stoppers removed, and a single strip of nylon 
(prepared as described earlier), previously weighed,' 
was immersed into the solution. The ground-glass 
stoppers were securely inserted to prevent leakage 
and the tubes placed back into the water bath at 2 
specified temperature for a time period sufficient to 
ensure that equilibrium had been reached. Each 
experiment was done in duplicate. A control solu- 
tion of each agent. without the nylon, was also in- 
cluded in each experiment. 


Aliquots were drawn from each tube after equilib- 
rium had been reached and the concentration of com- 
pound remaining in the solution determined. The 
difference between the amount of compound in the 
control solution and the amount left in the solution 
was considered as the quantity of agent sorbed by 
the nylon. 


Method of Analysis.-In the experiments to be 
reported, six agents were employed. The assay 
for each agent was based upon a spectrophotometric 
method, using a Beckman spectrophotometer em- 
ploying matched l c m .  silica absorption cells. To 
determine the wavelength of maximum absorption, 
ultraviolet absorption spectra for methyl p-hydroxy- 
benzoate and propyl p-hydroxybenzoate were car- 
ried out using distilled water as the solvent, while 
benzoic acid, o-hydroxybenzoic acid, m-hydroxy- 
benzoic acid, and p-hydroxybenzoic acid were run in 
a 0.1 N hydrochloric acid solution. Ap7ropriate 
blanks were used in all cases. From the absorption 
curves of each agent, the maximum wavelengths 
found were: benzoic acid, 229 mp; o-hydroxybenzoic 
acid, 303 mp; ni-hydroxybmzoic acid, 236 mp; p -  
hydroxybenzoic acid, 255 rnp; methyl p-hydroxy- 
benzoate, 255 mp; and propyl p-hydroxybenzoate, 
255 mp. Each of the solutions obeyed the Beer- 
Lambert relationship in the concentration range 
employed. 


During the actual experiments, concentrations of 
the agents in each solution were determined by re- 
moving an aliquot sam?lo from the test solution, 
bringing it to room temperature, diluting with the 
appropriate solvent or solution until the concen- 
tration was in a range suitable for determination of 
the optical density in the s3ectrophotometer. In 
each instance. methyl p-hydroxybenzoate and propyl 
p-hydroxybenzoate were diluted with distilled water 
while the other four compounds were diluted with 
0.1 N hydrochloric acid. Suitable blanks were run 
simultaneously with each compound. The optical 
density was converted to an equivalent concentra- 
tion unit based upon standard solutions of each drug. 


Effect of Concentration on Sorption.-An experi- 
ment was conducted a t  a temperature of 50f0.02" 
to  determine the equilibrium concentration of each 
agent sorbed by nylon 610 a t  different original con- 
centrations. The data was then fitted to a Langmuir 
relationship 
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1 Average weight of strips of nylon was approximately 
2.0 Gm. 


where 9 is the amount of solute sorbed at  equilibrium 
in moles per kilogram, K is a constant, S the satura- 
tion concentration when all sites in the nylon are 
occupied, and C is the equilibrium concentration of 
the agent in the solution in moles per liter. When 
l /q  is plotted againt 1/C, a linear relationship exists. 
From the intercept (l/.S), it is possible to calculate S 
or the saturation value for each agent. 


Table I summarizes l / g  and l / C  values for all of 
the s ix  agents and the calculated S values. Figure 
1 represents a Langmuir plot of one of the agents. 
The intercepts for the six compounds were computed 
by least square methods, using only those points 
which fell on the linear portion of the line. 


Affinity and Heat of Sorption.-To accumulate 
useful data on the interaction of solute molecules 
with polymeric materials, it was necessary to find a 
way of describing the magnitude of the interaction 
in the form of an affinity value. The standard 
molar free energy or standard chemical potential ( - A  
p " )  has been used in dyeing as a means of quantitiz- 
ing the interaction of a dye with a particular fiber 
a t  steady state conditions, and this same value 
( - A p " )  has been called the "standard affinity" of 
the solute for the polymeric material. If it  is 
assumed that the solute molecules are in the union- 
ized state in both the liquid phase and the solid 
phase, an approyiate equation may be written for 
the affinity as 


-Ape = RT In a,/a, (Eq. 2) 


where - A g o  is the difference in standard chemical 
potential between the solute in the liquid phase and 
the solute in the solid phase, a. is the activity of the 
solute in the solid phase, a1 the activity of the solute 
in the liquid phase, and RT the usual gas constant 
and absolute temperature, respectively. In dilute 
solution, the activities may be replaced by concen- 
tration terms or 


-Apo = RT In C,/C, (Eq. 3 )  


where C. is in moles/Kg. in plastic and C, is the 
concentration of the solute in the liquid phase ex- 
pressed in the same units (moles/Kg.) 


A series of experiments, whereby the concentra- 
tion of the solute in the liquid phase and the solid 
phase were determined after equilibrium had been 
reached, were conducted a t  several temperatures. 
Calculated values for - Apo are recorded in Table 11 
and have been rounded off to  three significant places 
since the accuracy of these constants are probably 
no greater than to the third significant figure. 


The standard affinity and the standard heat of 
sorption ( A H " )  are related by 


where - Ap" and - A H "  are as already defined, T the 
absolute temperature, and C a constant. A plot of 
-Ap"/T versus l / T  will give a linear relationship 
with a slope equal to A H o  A representative plot 
for methyl p-hydroxybenzoate is shown in Fig. 2;  
the AHo values for all the agents are included in 
Table 11. The negative siFn indicates that the 
sorption process is an exothermic reaction. 


Diffusion and Activation Energy of DSusion.- 
Experiments were conducted to evaluate the 
apparent diffusion coefficient of each of the six 
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TABLE I.-EFFECT OF CONCENTRATION ON SORPTION OF S I X  AGENTS B Y  NYLON 610 AT 50 f 0.02' c. 
Benzoic Acid- -. ~- - -0 Hydroxybenzoic Acid-- cnt-Hydroxybenzoic Acid- 


1/C" I /Q' 1/c 1 /Q 1 /c I / P  


961. 5d 35.36' 1191.0 27.05 1191.0d 27.01d 
386 5 13.77 58i 9 14.15 586.2d 14.31d 
289.1 10.50 391.5 9.1607 385.1 10.09 
109.6 i' ,463 294 0 7.072 288.4 7.609 
142 7 5.637 234 5' 5 71gd 229.3 6.241 
113 5 4.682 . . .  . . .  188.6 5.495 
94.07 4.035 . . .  . . .  140.3 4.270 


. . .  . . .  110.1 3.740 
9 = 1 .O5 moles/Iig. S = 1.25 moles/Kg. S = 0.934 inoles/lig. 


1 / C  114 1 / c  l / P  1 / c  114 
1115 0" 25. ti.54 i m  011 33.36d 2057. 0 9.285 
591 .37' 1 3  8;" 592 4 d  14. 87' 1634.0 7.557 
350.9' 8 658" 394 8 8.850 1372.0 t i  116 
287. I) i' 645 260 2 8.135 1168.0 5 383 
228.6 6 315 194. n 4.700 811.0 3,865 
189 4 5.394 153 0 3.965 . . .  . . .  
140.1 4 . 3 w  . . .  
110.4 3 708 . . .  
S = 0,837 moles/Kg. S = 1.22 moles/Kg. S = 3.81 inoles/Kg. 


,__- 


. . .  . . .  


--p-Hydroxyhenzoic Acid -- -Methyl P-Hydroxybenzoatt- --Propyl p-Hydrcixybenzoate- 


. . .  . . .  . . .  


. . .  . . .  . . .  


____.__ 
q = Amount of solute sorbed at equilibrium in moles/Kg. C = Equilibrium concentration of solute in solution (moles/L.). 


C Saturation concentration of solute in nylon. Points which did not fall on the linear portion of curve. 


agents in nylon 610 at various temperatures. Solu- 
tions and samples were prepared as described earlier 
antl the uptake of solute by the plastic determined 
at different tinie periods until equilibrium was 
reached. The apparent diffusion coeficient was 
calculated for each solute a t  each temperature by 
using Berthier's method as reported in a previo.is 
paper (1). In general, this procedure involves the 
plotting of two curves: ( a )  the experimental data is 
plotted as fractional uptake ( M t / A , f , )  of the sol :te 
by plastic versus the square root oT time, and ( b )  a 
theoretical curve based upon Berthier's work H here 
fractional uptake ( a t  a final per cent uptake) is 
plotted against the square root of a constant, K. 
The constant K is equal t o  Dt/12. D being the ap- 
parent diffusion coefficient (in cni.*/sec. ), 1 the time 
a t  any fractional uptake, and I the thickness of the 
plastic. Since the solution has contact with both 
surfaces of the plastic, the thickness is divided by 2. 
I t  ran be seen that a cornprison of one curve with 
the other will permit the calculation of D. An 
experiniental curve of fractional u )take ( M I / M ~ )  
uer.w.y square root of time is shown in Fip. 3 for one 
compound. Table I11 presents the ap:,arent diffu- 
sion coefficient for each of the agents a t  each tem- 
perature. 


By the use of the Arrhenius relationship 


log D = log DO - AE.'2.303 RT (Eq.  5) 
the activation energy of diffusion ( - A E )  may be 
computed from the slope of the line when log D 
is plotted against l /T .  Figure 4 demonstrates one 
such plot for one agent. Table I l l  contains the 
calculated activation energies of the six agents 
studied. 


Diffusion versus Rate  of Interaction.-It has been 
assumed that the rate-determining step in the sorp- 
tion of solute molecules by nylon is the diffusion 
process in the plastic in the experiments so far de- 
scribed. Much information from the dye industry 
lends support t o  this thesis, but it was felt that  added 
proof of this fact with the six agents used in this 
investigation with nylon 610 would serve a useful 
purpose. 


ma too yx) .a0 


1 / c  
Fig. 1.-Sorption of methyl P-hydroxybenzoate by 


nylon 610 as a Langrnuir plot a t  50 f 0 . 0 2 " C .  


Kotinyan and Drozdov (2)  develo,wd a basic 
mathematical formula which c o k l  be used to 
evalqate both the diffusion coefficient and the rate 
constant for a chemical reaction (first order) which 
could be a?;lied to  such diverse processes as roast- 
ing, leaching, washing, and cementation. The 
equation may be stated 


where a is the initial concentration o f  solute in the 
liquid phase, x is the concentration of the solute 
reacting in time, 1, antl j3 and A f  are constants fur- 
ther defined as 


vk 
kva + DSBp j3 = 


where I!  is the volume of solution in contact with the 
solid phase, k is the first-order rate constant. D is the 
diffusion coefficient, S is the surface area of the solid 
phase, and p is a coefficient allowing for the transition 
from surface to volume concentration. The term j3 
in the above two equations is equal t o  rv/SX. where 
x and v are as previously defined, and X is the thick- 
ness of the growing diffusion zone in the solid. 


Equation 6 appears to be a very general equation 
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TABLE II.-AFFINITIES AND HEATS OF SORPTION OF 
SIX AGENTS BY NYLON 610 


o-Hydroxybenzoic m-Hydroxybenzoic 
-Benzoic Acid- ---Acid-- -Acid- 
Temp., Temp., Temp., 


OC. -Awob 'C .  -Awe ' C .  -A#' 


65.0 1.96 65.0 2.17 67.0 2.20 
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~ ~. 


6.0 2.04 55.0 2.20 55.0 2.22 
55.2 2.07 50.0 2.22 50.0 2.22 
50.0 2.08 .. . . . .  45.0 2.24 
45.0 2.10 . . .  . . .  . . .  . . .  


AHoC = -3.19 AHo = -3.39 AH' = -2.78 
(75 mg./ (225 mg./ (75 mg./150 ml.) 
150 m1.p 150 ml.) 


p-Hydroxybenzoic Methyl p-Hydroxy- Propyl p-Hydroxy- 
-Acid-- --benzoate----. c b e n z o a t -  
Temp., Temp., Temp., 


65.0 2.24 69.7 2 .16  65.0 3.06 
60.0 2.25 65.0 2.19 60.0 3.04 
55.0 2.27 55.0 2.23 55.2 3.04 
50.0 2.24 50.0 2.26 50.0 3.04 
45.0 2.28 45.0 2 .28  45.0 3.03 


OC. -A#' 'C. -A#' ' C .  -A#' 


AHo = -2.75 AHo = -3.63 AHo = -2 .60 
(75 mg./ (150 mg./ (45 mg./150 ml.) 
150 ml.) 150 ml.) 


a Original solution concentration. I ,  -Awn = Di5erence 
in standard chemical potential between the solute in the 
liquid phase and the solute in the solid phase (in Kcal./rnole) 
or afinily. - A H o  = Standard heat of sorption (in Kcal./ 
mole). 


-... 
. *. .. 


0 
.%I- 


X 
Fu ...*- 
a a 
\ 
0 


Fig. 2.-Re- 
l a t i o n s h i p  be- 
tween standard 
affinity of methyl 
p -  h y d  r o x y- 
benzoate to- 
ward nylon 610 
as a function of 
temperature. 


which may be applied to a process where molecules 
from one phase react at the surface of a second 
phase, then penetrate and diffuse into the second 
phase interacting a t  various sites as diffusion con- 
tinues. If 1/1 ln(a/a - r) is plotted against r/t,  a 
straight line should result with a slope of p and an 
intercept of M. To test the validity of Eq. 6. a plot 
was made of all six agents sorbed by the nylon; 
in each instance a linear relationship was noted. 
Figure 5 shows one such plot for methyl p-hydroxy- 
benzoate. The values for ,9 and M (by least 
squares) are shown in Table I V  for each of the six 
agents a t  each temperature. 


If we now assume that the diffusion process is the 
determining step in the sorption, then 


DSBp << kva;  p --* l/a; M -. DSBp/va 


Table IV shows that the calculated values for l/a do 
approach the p values, hence the assumption of 
diffusion being the rate-determining step is justified. 
If l/a were exactly equal to 8, the diffusion coefficient 
would be zero, and the reaction would take place 
only a t  the surface of the plastic. 


Effect of pH on Sorption.-To determine the effect 
of pH on the sorption of certain acidic compounds, 
benzoic acid, o-hydroxybenzoic acid, m-hydroxy- 
benzoic acid, and p-hydroxybenzoic acid were pre- 
pared as aqueous solutions at different pH values 
using hydrochloric acid at very low pH values and 
sodium hydroxide at the higher pH values. The 
other two agents (methyl p-hydroxybenzoate and 
propyl p-hydroxybenzoate) were not included in this 
experiment since degradation was taking place in the 
alkaline pH range. These solutions were placed 
in contact with samples of nylon 610 in glass tubes, 
stoppered, and stored in a constant temperature 
water bath at  a temperature of 50 f 0.02' for a 
period of time sufficient for equilibrium to have been 
reached. The amount of agent sorbed by the nylon 
for each compound at each pH was determined. At 
the same time the pH of each solution was meas- 
ured. Plots of uptake versus final pH for each of 
the agents were made and in each instance appeared 
as shown for benzoic acid in Fig. 6. 


DISCUSSION 


Nylon 610 is a condensation polymer prepared 
from hexamethylenediamine and sebacic acid. In 
general, these polyamides have a number average 
molecular weight of around 25,000. The polymer, 
as with all nylons, has three polar sites in the chain 
(3): (a) terminal carboxylic end groups, (b)  terminal 
amino groups (at other end), and (c) repeated amide 
groups. I t  is believed that interactions of certain 
ionic compounds are with the end amino groups, 
while those unionized compounds having acidic 
hydrogens will interact primarily a t  the amide 
linkages (3-5). In the sorption process solute mole- 
cules will penetrate into the nylon and diffuse 
through the amorphous zone. The crystalline 
regions in the nylon prevent the passage of solute 
molecules due to the extremely high degree of poly- 
mer chain orientation. 


Samples of nylon 610 used in the experiments re- 
ported here were taken from the same lot of nylon to 


b 


~ F ( I N  HRS. 


Fig. 3.-Fractional uptake of methyl p-hydroxy- 
benzoate by nylon 610 vs. square root of time a t  a 
number of temperatures. 
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TABLE 111.-APPARENT DIFFUSION COEFFICIENTS 


ENERGIES OF DIFFUSION 
OF S I X  AGENTS I N  NYLON 610 AND .4CTIVATION 


Activation 
Diffusion Energy. 


Kcal./ 
mole 


Temp., Coefficient. 
Compd. Name " C .  cm.P/sec. 


Benzoic acid 
(75 mg./150 ml.)" 


o-Hydroxybenzoic acid 
(225 mg./15U ml.) 


m-Hydroxybenzoic acid 
(75 mg./150 ml.) 


p-Hydroxyhenzoic acid 
(75 mg./150 ml.) 


Methyl p-hydroxy- 
benzoate (I50 mg./- 
150 ml.) 


Propyl p-hydroxy- 
benzoate (45 
mg./150 ml.) 


6 5 . 0  


60.0 
55 .2  
50.0 
4 5 . 0  


65 .0  


60.0 
55 .0  
50 .0  


60.0 


5 5 . 0  
5 0 . 0  
4 5 . 0  


6 5 . 0  


60.0 
5 5 . 0  
50 .0  


67.0 


60.0 
5 5 . 2  
50.0 
45 .0  


65 .0  


60.0 
55 .2  
45.0 


3.32 X 


1.46 
1 .04  
0.693 
0 305 


3.06 X 


1.99 
1.35 
0 .  i i 0  


9 15 x 
10-10 


5 61 
3.93 
2.34 


9 .40  X 
10-10 


7.44 
4 .74  
3 07 


3.54 x 
1.81 
1.16 
0.720 
0.372 


3.93 x 
2.98 
1 .73  
1.01 


10 -9 


10 -9 


10-9 


10-9 


_____ 
'1 Original concentration in solution. 


12.9 


19.9 


18.9 


17.9 


20 .9  


14 .5  


ensure a uniform sample. In our o w n  laboratory 
i t  has been found that there may be significant differ- 
ences in certain physical properties of nylon when 
samples are taken from different lots. In these ex- 
periments, as well as others, it was necessary to  
wash the nylon thoroughly with selected solvents 
to remove any contaminates. Inadequate or im- 
proper washing led to erratic results. 


Effect of Concentration.-An increase in the orig- 
inal concentration for each compound resulted in 
an increase in the equilibrium sorption of the com- 
pound by the nylon at isothermal conditions. A 
Langmuir plot (Fig. 1 )  made possible the calcula- 
tion of the theoretical amount of solute which would 
be sorbed by the nylon if all the sites in the nylon 
were filled. Table 1 presents these values. In 
general the S values approached 1.0 moles/Kg. In  
the hydroxybenzoic acid group, the S value decreased 
as the hydroxyl group moved from the ortho t o  the 
meta to the para position. The highest value for S 
was seen with propyl p-hydroxybenzoate. 


One must be careful in taking these saturation 
values as more than they a r e a p p r o x i m a t e  values. 
Slight changes in the slope of the line in the Langrnuir 
plot (Fig. 1 )  will give different intercepts which can 
lead to significant changes in S values. Even 
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though theoretically it is assumed that  the extrap- 
olated portion of the curve is to continue in a linear 
fashion, this may not actually be the case. Certain 
solute molecules ( i . e . ,  phenol), when they reach a 
critical concentration in the solution, may alter the 
morphology of the nylon, creating more sites for 
interactions. In other words, for compounds of the 
phenolic type, data used from dilute solutions will 
give an S value which will be much less than S 
values taken from the niore concentrated solutions. 
With the compounds used in these studies in the 
concentration range employed, no dramatic break 
was noted in the curves, even though five of the 
agents were phenolic in nature. However, there 
may have been a break in the curve if a much 
broader concentration range had been used. 


The S value for propyl p-hydroxybenzoate was 
much higher than for the other compounds. The 
reason for this result may be attributed to  the in- 
crease in hydrophobic character of the propyl p -  
hydroxybenzoate, which would tend to push this 
compound from the aqueous phase into the solid 
phase (plastic). 


The saturation value may be used t o  compare 
different compounds sorbed by nylon and may be 
helpful in predicting if changes have occurred in 
nylon when stored under various conditions. For 
example, if the saturation value changes appreciably 
for the same nylon after storage, it should be evident 
that  the plastic has been altered in some wav. 


Afanity and Heat of Sorption.-The affinity values 
for each of the compounds (except one in Table 11) 


... 
xu $.on soa so in  i n  r m  


1Os/T 


Fig. 4.-An Arrhenius plot of methyl p-hydroxy- 
benzoate as log D vs.  1/T.  


/ 
/ 


Fig. 5.-A plot of Rotinyan and Drozdov equation 
from kinetic data  for methyl p-hydroxybenzoate. 
(See text for explanation). 
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TABLE Iv.-vALUSS OF SLOPE (8 )  AND INTERCEPT ( M )  FROM PLOTS OF KINETIC DATA USING THE ROTINYAN 


AND DROZDOV EQUATION 


Theoretical" 
Compd. Name Temp.. O C .  8 .  10-2 M * 10' I/a . 10-2 


Benzoic acid 65.0 2.498 0.07219 2.442 
60.0 2.487 0.05382 
55.2 2.386 0.04370 
50.0 2.462 0.03104 


60.0 0.9175 0.09138 
55.0 0.9305 0.06259 
50.0 0.9216 0.04496 


55.0 2.748 0.03258 
50.0 2.784 0.01933 
45.0 2 .  i22 0.01577 


60.0 2.842 0.03672 
55.0 2.781 0.02605 
50.0 2.819 0.01629 


55.2 1.585 0.05374 
50.0 1.556 0.03981 
45.0 1.539 0.02966 


60.0 6.580 0.3880 
50.0 6.606 0.249i 


o-Hydroxybenzoic acid 65.0 0.9211 0.1291 0.9207 


m-Hydroxybenzoic acid 60.0 2.754 0.04874 2.762 


P-Hydroxybenzoic acid 65.0 2.881 0.04524 2.762 


Methyl P-hydroxybenzoate 60.0 1.580 0.07427 1.521 


Propyl P-hydroxybenzoate 65.0 6.708 0.4428 6.006 


a a = Initial concentration of solution. 


Fig. 6.-The 
effect of pH on 
sorption of ben- 
zoic acid by ny- 
lon 610. 


PH 


reveal that as the temperature is decreased the 
affinity increases. This is expected since the dis- 
tribution of solute molecules between the plastic 
and the solution will tend to move toward the solid 
phase with a decrease in temperature. No suitable 
explanation could be given for the reverse of this 
tendency in regard to  propyl fi-hydroxybenzoate. 
As may be noted from the table, at the same tem- 
perature, the - A p o  values for most of the com- 
pounds fell into a relatively narrow range. For 
example, for all of the compounds except propyl p- 
hydroxybenzoate at 50". -Apo was around 2.2 
Kcal./mole, indicating that the affinity for these 
compounds toward nylon was approximately equal. 
The standard chemical potential (-Ap") of the 
propyl p-hydroxybenzoate a t  the same tempera- 
ture (50" )  was slightly above 3.0 Kcal./mole, in- 
dicating that this compound has the greatest affinity 
for the nylon 610 in the series of corripounds studied. 


Heats of sorption for the six compounds shown in 
Table I1 range from a value of -2.60 KcalJmole 
for propyl p-hydroxybenzoate to -3.63 Kcal./ mole 
for methyl p-hydroxybenzoate. Even though heats 
of sorption values should riot be equated directly to 
intermolecular forces existing between solute mole- 
cules and the nylon, some generalization may be 


made. Low values of A H o  for the six compounds 
suggest that these compounds are bound to the 
nylon by weak molecular forces, probably of the 
van der Waals' type. Browne and Steele (6) have 
found that heat of sorption for benzoic acid by nylon 
610 is approximately -2.2 Kcal./mole and have 
interpreted their experimental results on a number 
of organic acids sorbed by nylon as essentially a 
physical mixture where the intermolecular forces 
approach van der Waals' forces. Chipalkatti, 
Giles. and Vallance (3) have reported that molecules 
of the type studied in this investigation are probably 
bound to the nylon by hydrogen bonding and re- 
port that phenol has a heat of sorption of around 
-4.5 Kcal./mole. For large molecules, such as 
dyes, Meggy (7) and Derbyshire and Peters (8) have 
found even for those molecules having polar func- 
tional groups, the interaction forces can be dependent 
on the hydrophobic portion of the molecule. Even 
though the compounds studied here fell into a heat 
of sorption range below that which might be con- 
sidered as due to hydrogen bonding, physical forces 
alone cannot account for the bonding energy between 
these solute niolecules and the nylon. If this were 
the case, pyridine (a niolecule of approximately the 
same size as phenol) would be sorbed. The absence 
of an acidic hydrogen in pyridine prevents the inter- 
action, while with phenol and similar compounds, 
acidic hydrogens confer binding ability to the amide 
linkages. On the other hand, hydrogen bonding 
is not sufficient to  hold the solute molecules to  the 
nylon as may be surmised if one considers the over- 
whelming number of water molecules, which on the 
basis of the law of mass action, would compete for 
the same sites, dislodging the bound solute mole- 
cules. The intermolecular forces involved in the 
interaction of the solute molecules with the nylon 
reported here must be due to both hydrogen bonding 
which attracts the solute molecules and to van der 
Waals' forces which stabilize the interaction. 


DBusion and Activation Energy.-The data 
shown in Table 111 indicate that diffusion coefficients 
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for all of thc compounds in the temperature range 
studied were of the order of niagnitude of lo-# to 


I t  can be further seen that as the 
temperature increased, the diffusion coefficient in- 
creased, as would be expected from theory. The 
activation energy for diffusion varied from a low 
of 12.9 Kcal./mole (for benzoic acid) to a high of 
20.9 Kcal./mole (for methyl p-hydroxybenzoic acid). 
In a previous paper on nylon 66, the activation 
energy for diffusion for o-hydroxybenzoic acid was 
found to be 20.5 Kcal./mole. This compares to 
19.9 Kcal./mole for the same compound in nylon 
610 found in this study. 


Activation energies for diffusion do indicate that 
structural changes in the molecule can alter the rate 
of diffusion. For example, the addition of a hydroxy 
group ortho to the carboxylic acid in benzoic acid 
increases the activation energy by 7 Kcal./mole. 
Unfortunately, since diffusion was not studied a t  
the same original concentration for all of the com- 
pounds, it would be difficult to postulate exact effects 
of structure on the diffusion rate. I t  would also 
seem that many more compounds would have to be 
studied to get a general picture concerning the im- 
portance of structure on the diffusion rate. 


Diffusion versus Rate of Interaction.-The use of 
the Rotinyan and Drozdov equation (Eq. 6) helped 
to support the accepted theory that solute molecules 
penetrate and diffuse through a plastic material 
and that the rate-determining step is the diffusion 
process. For all the compounds investigated in 
this paper, 0 approached l/a which verified that the 
diffusion in the plastic was the determining step 
in the sorption process. 


pH and Sorption.-Figure 6 shows that above pH 
6.0 there is very little sorption taking place, but from 
pH 6.0 down to 3.8 a sudden increase in sorption 
takes place, leveling off after the pH is reduced be- 
low 3.8. This indicates that the four acidic com- 
pounds included in this particular experiment are 
sorbed in their unionized form. 


SUMMARY 
Sorption experiments were conducted on six 


compounds having similar functional groups. 
These compounds were benzoic acid, o-hydroxy- 
benzoic acid, m-hydroxybenzoic acid, p-hydroxy- 
benzoic acid, methyl p-hydroxybenzoate, and 
propyl p-hydroxybenzoate. Nylon 610 was em- 
ployed as the substrate. 


crn.l/sec. 


1. 
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Experiments were conducted a t  both steady 
state conditions and nonsteady state conditions and 
a t  a number of temperatures. From the accurnu- 
lated data, the following constants were evaluated 
for each compound: saturation value ( S ) .  standard 
affinity (-Ape), standard heat of sorption (AH'), 
apparent diffusion coefficient (D). and activation 
energy of diffusion ( A E ) .  


3 .  The results suggested that the compounds 
employed in the study were bound to the nylon 610 
by hydrogen bonding with secondary valence forces 
stabilizing the interaction. In this series of rom- 
pounds, propyl p-hydroxybenzoate had the greatest 
affinity for the nylon which was explained on the 
basis of the greater hydrophobic character of the 
molecule. 


Apparent diffusion coefficients for all of the 
compounds in nylon 610 were found to be of the 
order of to cm.*/sec. The diffusion co- 
efficients were related to temperature by the usual 
Arrhenius equation from which activation energies 
were calculated. Application of the Rotinyan and 
Drozdov equation to the kinetic data confirmed that 
the diffusion process in the nylon was the rate- 
determining step. 


Changes in hydrogen ion concentration in the 
solutions revealed that the four acidic compounds 
were sorbed in the unionized state. 


Methods employed in this study and the treat- 
ment of data help to generate information on drug- 
plastic interactions of a more fundamental nature. 
As more drugs or compounds are studied with one 
or more substrates, valuable information will be- 
come available concerning the most suitable plastic 
material to use in a specific pharmaceutical or med- 
ical application. 


2. 


4. 


5. 


6. 
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Free Radicals in Alkaloidal Color Identification Tests 
By DAVID W. SCHIESER* 


A number of color tests for alkaloids, some appearing in the U.S.P. and N.F., have 
been studied by electron paramagnetic resonance (e.p.r.) s osco y with the 
ultimate aim of ascertaining the chemical species res nsible =he cokrs. In the 
case of the Marquis test for opium alkaloids, in whicrpn intense purple is produced 
at once with morphine and quickly changes to deep blue-violet, it IS shown that a 
different free-radical spectrum appears concurrently with each of these colors. Data 
are presented on the e.p.r. s ectra of radicals thus formed from various alkaloids and 
several synthetic compoun8s. These conditions also produced free radicals from 
phenol and benzene; therefore, it is suggested that the site of radical formation in 
the alkaloids studied is the aromatic group. No roposal for a chemical mechanism 
is made, but it is suggested that a common mecganism is involved when aromatic 
compounds are treated with the Mar ‘s reagent. Free radicals have also been ob- 
served in other color tests for nlkaloix such as the Mecke test for morphine. Like 


the Marquis test, the latter also uses concentrated sulfuric acid as solvent. 


N IDENTIFICATION test for morphine sulfate A appearing in the U.S.P. XVI (1) involved 
treatment of morphine sulfate with a reagent 
consisting of a dilute solution of formaldehyde in 
concentrated sulfuric acid. An intense purple 
is produced at  once which quickly changes to 
deep blue-violet. The reagent is sometimes 
referred to as the Marquis reagent for opium 
alkaloids (24).  The test is described in other 
references (5) dealing with the identification of 
morphine. Conversely, the application of this 
color reaction with opium alkaloids is used as a 
very sensitive test for formaldehyde (6). 


The test is not entirely specific for morphine 
or modified morphine type alkaloids. Colors 
are obtained with many aromatic compounds. 
For example, phenol and benzene give a qualita- 
tive red to brick-red color with this reagent. 
The test is referred to by Feigl (7) as the “Le 
Rosen Test for Aromatic Compounds,” where 
the proposed reaction for the test involves the 
condensation of 1 mole of formaldehyde with 2 
moles of the aromatic compound. Following 
the condensation step, oxidation by sulfuric 
acid occurs to produce unidentified colored 
quinoidal products. 


Previous work in this laboratory has shown 
that free radicals can be stabilized in concen- 
trated solutions of sulfuric acid (8). Quhoidal- 
type free radicals are known to occur in alkaline 
solution (9) and have also been reported to occur 
in acid solution (10). Hence, it was decided to 
examine several color tests by e.p.r. spectroscopy 
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to determine if the colors were due to free 
radicals. 


This work reports free radicals to be present in 
colored mixtures produced by the Marquis 
test as well as examples of free radicals occur- 
ring in colored mixtures produced by other 
tests in which sulfuric add is the reaction sol- 
vent. In most cases the observed e.p.r. spectra 
exhibited a time dependency and indicated 
mixtures of free radicals. 


EXPERIMENTAL. 


The e.p.r. spectrometer used in this study was 
previously described (11). This was modified by 
addition of a Varian 100-kc. field modulation and 
control unit, a Varian multipurpose cavity, and a 
ilat sample cell (0.04 ml.). Good reviews of the 
technique and theory of e.p.r. spectroscopy are avail- 
able (12). 


The Marquis reagent was prepared by adding 1 
ml. of 40% aqueous formaldehyde (Baker analyzed 
reagent) to 25 ml. of concentrated sulfuric acid 
(Baker and Adamson reagent). A dilute Marquis 
reagent was prepared using one-tenth of the above 
amount of formaldehyde in the same quantity of 
concentrated sulfuric acid. The Marquis reagents 
were freshly prepared every 2 or 3 days during the 
course of the e.p.r. measurements. 


The Mecke reagent was prepared by adding 0.1 
Gm. of selenous acid (Fischa analyzed reagent) to 20 
ml. of concentrated sulfuric acid. 


The Froehde reagent was prepared by adding 0.1 
Gm. of sodium molybdate (Baker and Adamson 
reagent) to 100 ml. of concentrated sulfuric acid. 


The Erdmann reagent was prepared by adding 10 
drops of concentrated nitric acid (Baker and Adamson 
reagent) to 20 ml. of concentrated sulfuric acid. This 
reagent was prepared immediately before use. 


The perhydrol reagcnt was prepared by adding 1 
ml. of 30% hydrogen peroxide (Baker analyzed re- 
agent) to 20 ml. of concentrated sulfuric acid. 
This reagent was prepared immediately before use. 


Three general methods were used for the prepara- 
tion of solutions for e.p.r. spectral determinations. 
(a) Approximately 1 ml. of dilute Marquis reagent 
or other color reagent was added to 0.01 mmole of 
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TABLE I.-RESULTS PROM E.P.R. SPECTRA OF COLORED MIXTWS RESULTING FROY TREATMENT BY 
MARQUIS REAGENT OF ALKALOIDS AND SYNTHETIC COMPOUNDS 


__- 
Parent Compd. 


Morphine 
Morphine 
Morphine 


Codeine 
Codeine 
Codeine 


Pseudomorp hinea 
Apomorphine 
Apomorphine 
Apomorphine 


Papaverine 
Meperidine 


Benzene 
Salicvlic acid 
P h e d  
2 6-Dimethyl phenol 


2,6-Dimethyl phenol 
2,B-Dichloro phenol 


Final Time After Mixing Linw. 
Concn.. M and Color No. 
0.01 
0.01 
0.005 


0.01 
0.01 
0.005 


0.01 
0.01 
0.01 
0.005 


0.02 
0.005 


0.5 
0.5 
0.3 
0.1 


0.1 
0.1 


10 rnin. red-violet 
130 min. blue 
Mixtureof solns. violet to 


red-brown 
10 min. red-violet 
48 hr. red-brown 
Mixture of solns. blue- 


Brick-red or burgundy 
5 rnin. green to blue 
20 rnin. blue-green 
Mixture of solns. blue- 


veep 
Red-violet 
Mixture of solns. red or 


brick-red 
Brick-red 
Red 
Brick-red 
2 hr. deep brick-red 


24 hr. deep brick-red 
Red-violet 


violet to reddish brown 


7 
4 
37 + 
7 
3 
3 


Unresolved 
More than 4 


4 
4 


Unresolved 
Unresolved 


Unresolved 
Unresolved 
Unresolved 
15 Doublets 


15 
8 o r  10 


Splitting 
m Gnus  
4.5 
9.0 


Varied 


4.6 


6.2 
... 


... 


... 
9.9 
10.6 


... ... 


... 


. . .  ... 
1.92, 


1.36.0.3 
1.32 
7.5 


e Value 
2.00305 
2.00345 
2.00345 


2.00301 
2.0031 
2.00261 


2.0030 


2.0032 
2.0030 


2.0030 
. . .  


... 


... 
2.66267 


2.00266 
... 


0 ThiS sample was of questionable purity. 


solid alkaloid or synthetic compound. With respect 
to the dilute Marquis reagent, this represents a five- 
fold molar excess of formaldehyde. (b) Solutions 
of morphine sulfate U.S.P., codeine sulfate N.F., 
apomorphine hydrochloride, U.S.P., and 2,6-di- 
methylphenol (Eastman White Label) were pre- 
pared in concentrated sulfuric acid a t  0.01 M con- 
centrations. The solutions did not exhibit color 
formation even when allowed to  stand for 1 week at 
room temperature. In an attempt to  avoid com- 
plications due to the presence of a solid, the solutions 
were mixed with an equal volume of the dilute 
Marquis reagent or with a few drops of the pre- 
viously mentioned color reagents immediately before 
the e.p.r. spectral determinations. (c) In a few 
instances radicals were not detectable at the above 
concentrations. In these cases the problem w a s  
overcome by either increasing the concentration of 
the solute or color reagent or both. 


As soon as practical after the colored solutions 
were prepared e.p.r. spectra were obtained. Five to 
10 minutes were usually required to  measure the 
first spectrum. The spectral measurements were 
repeated at time intervals for several hours in those 
instances where a change in spectrum was apparent 
within 1 hour. 


The g values' and hyperfine splittings of the 
spectra were obtained by simultaneously observing 
the spectrum of a 0.01 M solution of peroxylamine 
disulfonate (Aldrich Chemical Co.) in concentrated 
ammonia in a capillary fastened to  the outside of the 
sample cell. The e.p.r. spectrum of a solution of 
peroxylamine disulfonate has been shown (13) to  
consist of three sharp peaks split by 13 gauss and 
with a g value of 2.00569. 


1 The g value is a property of a free radical relating the 
center of its e.p.r. spectrum to  the magnetic field and the 
spectrometer frequency. See Blois, M. S., Jr., Brown, H. W., 
and Maling, J. '3.. Arch. Sci .  (Gcltcoo),,!3. 243(1960); and 
"Free Radicals in Biological Systems. Proc. Symposium. 
Stanford Calif. (1960) pp. 117-131. The true gvalue cannot 
be deterahined ih cases h e r e  there are mixtures of free radicals 
present, but it  isbevertheless a convenient notation for the 
location of the center of the spectrum and has value in corn- 
oaring spectra in this report. 


RESULTS AND DISCUSSION 
The e.p.r. spectral data in Table I indicate that 


the action of the Marquis reagent produces free 
radicals with a variety of compounds. At room 
temperature no e.p.r. signals were observed in the 
Marquis reagent or in the sulfuric acid solutions of 
the compounds studied. The e.p.r. spectra of sev- 
eral of the colored solutions were observed to change 
with time (Table I). In each of several instances, a 
mixture of free radicals was indicated by the asym- 
metry of the e.p.r. spectrum. Normally, a single 
free radical shows an e.p.r. spectrum which is ap- 
proximately symmetrical about a central point (12). 
In addition to the information given in Table I, 
measurements of concentration of free radicals were 
determined for a number of the spectra by double 
integration and comparison with a standard free 
radical spectrum (1,ldiphenylpicrylhydrazyl). The 
results from these calculations showed some varia- 
tion, but in all cases it was within the range of 0.1 to 
10% of the molar concentration of the parent com- 
pound. 


Figure 1-A shows the e.p.r. spectrum of a solution 
prepared by adding dilute Marquis reagent to solid 
morphine sulfate. The same solution after a lapse 
of 2 hours yielded the spectrum in Fig. 1-B. When a 
solution of morphine sulfate prepared by method 
(b) was treated with the dilute Marquis reagent, 
a different spectrum was obtained, as shown in Fig. 2. 
The lack of symmetry of the spectrum probably 
indicates the presence of two or more radicals. 
While differing in appearance from Fig. 1-B, the 
spectrum in Fig. 2 has the same g value and could 
be a better resolved spectrum of the same free 
radicals. On the other hand, the dissimilarity in 
color of the two morphine solutions (Table I) would 
indicate the possibility of different free radicals. 


The e.p.r. spectrum obtained 10 minutes after 
addition of dilute Marquis reagent to  solid codeine 
sulfate is apparently identical with that obtained 
from morphine under the same conditions. After 
a lapse of time the two compounds no longer have 
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Fig. 1.-E.p.r. spectra 
of a solution prepared by 


A , .  I I n the action of dilute 
Marquis reagent on solid 


xphine sulfate. 


P c 3 


A 0 
25 GAUSS 2s O A U S I  


IN SOLUTION 


Fig. 2.-E.p.r. spectrum 
of a solution prepared by 
the action of dilute Mar- 
quis reagent on a sulfuric 
acid solution of morphine 
sulfate. The center of 
the spectrum is marked 
(XI. 


identical spectra, showing a difference in g values 
and in the number of hyperfine lines (Table I). 
The spectrum of the solution prepared from codeine 
by method (b) is similar to the secondary codeine 
spectrum from the solid. 


The action of dilute Marquis reagent on apomor- 
phine also produces a time-varying e.p.r. spectrum, 
but the initial spectrum was so transient that a 
complete graph was not obtained. The initial 
multilined spectrum changed rapidly to  a broadened 
four-line spectrum. A solution of apomorphine in 
concentrated sulfuric acid treated with dilute Mar- 
quis reagent yields an e.p.r. spectrum which is 
comparable to the broad four-line spectrum having 
the same g value as that obtained from the solid. 


The e.p.r. spectrum of the solution resulting from 
the treatment of papaverine with undiluted Marquis 
reagent consists of a single broad line which has the 
same g value as the initial spectra of solutions pro- 
duced by the application of the same reagent to 
morphine, codeine, and pseudomorphine. 


Fig. 3.-E.p.r. spectrum of a mixture prepared by The action of the undiluted Marquis reagent on 
the action of Marquis reagent on phenol. The both benzene and phenol produced colored solutions 
sample contained a precipitate. with precipitation. Adjustments of concentrations 


b aco COLOU 
0 0 "  + " 2 t O  C o n r q S O L  
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to  produce highly colored solutions without pre- 
cipitation and also a well-resolved e.p.r. spectrum 
were unsuccessful. Solutions which were sufficiently 
dilute to eliminate precipitation showed no detecta- 
ble concentration of free radicals. Hence, the spec- 
tra reported in Table I and illustrated in Fig. 3 
were obtained from solutions which contained pre- 
cipitates. The lack of resolution in these spectra 
(Fig. 3) is probably due to the presence of mixtures 
of free radicals, some of which may be in the solid 
state. 


The e.p.r. spectra obtained from solutions formed 
by the action of the undiluted Marquis reagent on 
meperidine and salicylic acid consist of broad single 
lines. Because of the unresolved nature of these 
spectra, the only possible inference is that free 
radicals are also formed in these two cases. 


Since the only similarity in chemical structure of 
all the compounds shown above to produce free 
radicals by the action of the Marquis reagent is the 
aromatic ring, it is concluded that the ring is the 
site of the odd electron. The role of aromaticity in 
stabilizing free radicals is well known (12). 


The reactions of the Marquis reagent on aromatic 
compounds, including alkaloids containing aromatic 
groups, may be similar to the acid-catalyzed reac- 
tions of the phenol-formaldehyde polymerization 
to resins as discussed by Walker (14). Since un- 
substituted phenol produced a precipitate with the 
Marquis reagent, the 2.6-disubstituted compounds 
were tested in the hope of modifying the reactions 
by blocking the two reactive ortho positions. 


Z,B-Dimethylphenol, when treated with the Mar- 
quis reagent, exhibits a symmetrical e.p.r. spectrum 
(Fig. 4) consisting of a t  least 15 doublets. After 
standing 24 hours, the solution yielded a spectrum 
of the same g value and essentially the same basic 
15 lines, but with the doublets unresolvable. The 
resulting solutions were deep brick-red and con- 
tained no precipitate, indicating decreased polymer 
formation. A higher concentration of free radicals 
was present than in the cases of benzene and phenol. 
The presence of the two methyl groups causes such 
a great number of hyperfine lines that the spectrum 
is difficult to analyze. The change in spectrum over 
a period of time also complicates the analysis of the 
hypertine splitting. 


2,6-Dichlorophenol was treated with the Marquis 
reagent in an attempt to simplify the e.p.r. spectrum 
while still blocking the two reactive ortho positions. 
This sample exhibited a spectrum of perhaps eight 
or ten lines, but so poorly resolved that conclusive 
analysis was not possible. 


Fig. 4.-E.p.r. spectrum of a solution prepared by 
the action of dilute Marquis reagent on 2,Bdimethyl- 
phenol. The center of the spectrum is marked ( x). 


It is hoped that continued studies with other sub- 
stituted phenols will lead to a better understanding 
of the hyperfine structure of the free radicals pro- 
duced by reaction with the Marquis reagent and 
subsequently to the eluadation of the free radical 
structures. Once these spectral-structural rela- 
tionships are established, the role of free radicals in 
the color tests will be clarified as will their role in 
the mechanism of acid-catalyzed phenol-forrnalde- 
hyde polymerization. 


Table I1 shows some e.p.r. data of compounds 
treated with several additional alkaloidal color 
reagents. The common feature of these reagents 
is the presence of an oxidizing agent in concentrated 
sulfuric acid. If only oxidation is involved, the 
action of any of these reagents on a given compound 
may result in the formation of identical radicals. 
There is sufficient similarity in the hyperfine struc- 
tures and g values of morphine treated with the 
various reagents (Table 11) to indicate that the prin- 
cipal free radical formed is the same in each case. 
Minor variations in the spectra may be due to ( a )  
subtle differences in the relative concentration of 
minor radicals, (6) paramagnetic substances present 
as impurities in the color reagents, and ( c )  the pres- 
ence of a paramagnetic transition element as a com- 
ponent of the reagent (Froehde reagent). In the 
latter case the observed spectrum consisted of the 
sum of the free radical spectrum and the pararnag- 
netic spectrum of molybdenum. 


TABLE II.-E.P.R. SPECTRAL DATA OF COLORED MIXTURES RESULTING FROM THE ACTION OF SEVERAL 
COLOR REAGENTS ON ALKALOIDS 


Splitting 
Compd. Reagent Color Lines. No. in Gauss g Value 


Apomorpliiiie Mecke Brown-green Unresolved ... . . .  
Codeine Mecke Blue-green 12 + IJueveri 3 003iti 


Morphine Mecke Blue-green 6 5 .3  2.00363 


Morphine Froehde Violet-green 6 4.06 2.00365 


av. 0.28 


2.74 


2.66 


2.65 
Morphine Erdmann Green-brown B 4.77 2.00349 


Morphine Perhydrol Green-brown 3 7.9 2.00355 
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The studies reported in this paper do not show 
conclusively that the colors are due to  free radicals. 
In a few cases addition of water caused a marked 
decrease in the e.p.r. signal while the color became 
more intense; a striking example of this phe- 
nomenon is 2,6-dirnethylphenol. It appears that 
the colors are due to a mixture of materials, some of 
which may be free radicals. This is supported by 
concentration measurements, which showed that 
the free radicals comprised less than 10% of the 
parent compound. The changes in color and e.p.r. 
spectrum with time provide evidence that several 
reactions are occurring simultaneously in the tests. 
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Powdered Particle Interactions: 
Suspension Flocculation and Caking IV 
By ROBERT G. WILSON* and BERNARD ECANOW 


The incompatibility of bismuth subnitrate with uagacanth mucilage has bean 
re orted in the literature. In this otudy, the phenomenon is discussed in terms 
of%e chemical reaction that  occur^ berween reactive bismuth sitar on the bI~muth 
subnitrate particle surface and the acidic m u p s  of tht ~g.Lacturonic acid units 


of the complex acid polysaccharide present in the vagacanth gum. 


N AQUEOUS SUSPENSION containing bismuth A subnitrate and one of a number of poly- 
saccharide or carbohydrate derivatives such as 
tragacanth will exhibit acwell known incom- 
patibility (1, 2). The substances coagulate 
on mixing to form soft curd-like aggregates which 
settle to the bottom of the container. If the 
compounds are introduced at  higher levels of 
concentration, the aggregates may set to hard, 
intractable masses. 


The phenomenon has been explained (3, 4) 
as the interaction of positive bismuth or bismuth 
ions with the negatively charged tragacanth. 
It has been shown that the incompatibility does 
not appear in the presence of phosphate, citrate, 
or arsenate ions (3, 5). The negatively 
charged phosphate ion was thought to be strongly 
adsorbed on the tragacanth micelle and thus pro- 
vided a protective action against the adverse 
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effect of the positively charged bismuth. Nitrate 
ion was thought to be similarly adsorbed, but 
due to a weaker protective action could not pre- 
vent the occurrence of the incompatibility. 


The chemistry of bismuth subnitrate in aque- 
ous suspension has been explored in our recent 
work (6). The phosphate ion was shown to be a 
flocculating agent for an aqueous bismuth sub- 
nitrate suspension because strong interparticle 
bonds were formed by chemisorption of the phos- 
phate ions at  the surface of the bismuth sub- 
nitrate particles. An interaction of this type 
provides a basis for the discussion of the bis- 
muth subnitrate-tragacanth or War  suspension 
systems. 


EXPERIMENTAL 
Materials.-The same lot of a commercial grade 


of bismuth subnitrate N.F. wm used throughout the 
series of tests. It was obtained from Mallinckrodt 
Chemical Works, St. Louis, Mo. Two types of 
tragacanth U.S.P. were used in the work.’ They 
will be more simply described as gum or ribbon 


1 Tragacanth Alcppo Ribbons No. 1 and Fine Powdered 
Gum Tragacanth Extra Grade No. 1. supplled by 9. B. 
P d c k  and Co.. New York. N. Y. 








Colorimetric Assay of 4,6-Unsaturated+keto Steroids 
Using Sodium Picrate Reagent 


By E. P. SCHULZ and M. A. DIAZ 


The observation in these laboratories that 4,6-unsaturated-3-keto steroids react 
with alkaline picrate to form chromogenic anionic complexes has been specifically 
utilized to determine 6-chloro-17crhydroxy.pte na-4,6-diene-3,20-dione-l7~- 
acetate in pharmaceutical dosage forms. Despite $e over-all lack of specxcity 
of the reagent, this disadvantage has been offset by the sensitivity, reliability, and 
simplicity of the presented analytical method. As little as 40 mcg. of steroid can 


be quantitatively determined at m o m  temperature color development. 


IE COMPLBXATION of the reactive a.@-un- T saturated lactone group of cardiotionic glycosides 
(1) with alkaline picric acid to  form chromogenic 
anions, suggested the possible use of this reagent 
for the assay of ~,@-unsaturated-3-keto steroids. 


In treating various ~,@-unsaturated-3-keto ster- 
oids with alkaline picric acid in methanol, it  was 
observed that chromogens of weak intensity were 
produced. Greater sensitivity was noted for a,@- 
unsaturated-3-keto steroids with conjugation ex- 
tended to ring B by the presence of an additional 
double bond at the 6 position. It was also observed 
that the introduction of chlorine to the unsaturated 
6 position of the latter type steroid greatly en- 
hanced the intensity of the steroid-picric acid 
chromogen. Consequently, the efforts of this 
investigation were directed toward the utilization 
of alkaline picrate as a general means of analyzing 
4,6-unsaturated-3-keto steroids and as a specific 
means of assaying 6-chloro-17~-hydroxy-pregna4,6- 
diene-3,20-dione-17a-acetate [to be referred to  in 
the subsequent text as chlormadinone (2)]. 


EXPERIMENTAL 
Apparatus.-Beckman model DU spectrophotom- 


eter with l c m .  cells, and culture tubes (screw 
capped type), 20 X 150 mm. were used. 


Reagents.-The following reagents were used : 
picric acid, 0.666% in methanol (w/v), prepared by 
dissolving 666 mg. of picric acid (Baker’s analyzed 
gradecontaining 10% water) in 100 ml. of methanol; 
sodium hydroxide, 8.0% in distilled water, pre- 
pared by diluting 8.0 Gm. of reagent grade material 
to 100 ml. with distilled water; and a steroid refer- 
ence standard, prepared by dissolving 20.0 mg. 
steroid in 50.0 ml. methanol and diluting 10/50 
with methanol so that the final concentration is 
equivalent t o  80 mcg. steroid per 1.0 ml. 


Assay Procedure for Formulated Chlormadinone. 
-Tablets containing 2.0 mg. of chlormadinone and 
80 mcg. of 17~-ethynylestradiol-3-methylether were 
assayed by the following procedure. 


The equivalent of two ground tablets (contain- 
ing as excipients cornstarch, lactose, and magnesium 
stearate) were stirred for 15 minutes with 50.0 ml. 
of chloroform in a 125-ml. glass-stoppered flask. 
Exactly 10.0 ml. of the filtered extract was evapo- 
rated to dryness and the cooled residue dissolved in 
10.0 ml. of methanol. A 1.0-ml. portion of the 
methanol phase was pipeted into a culture tube 
and wrapped in aluminum foil to protect the re- 
actants from incident light. To a second culture 
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tube, also wrapped in aluminum foil, was added 
1.0 ml. of chlormadinone reference standard in 
methanol (80 mcg. per 1.0 ml.). This was followed 
by the addition of 3.0 ml. of a freshly prepared 1 : 1 
mixture of the 0.666% picric a d d  and 8.0% sodium 
hydroxide solutions. (The combined reagent was 
cooled to ambient temperature before addition to the 
steroid solutions in the culture tubes.) A third 
tube (reagent blank) containing 1.0 ml. of methanol 
and 3.0 ml. of picrlc acid alkali reagent was con- 
currently prepared. 


After 120-minute color development at room 
temperature, the contents of the stoppered culture 
tubes were each transferred to three separate 1-cm. 
glass cells. Absorbance values at 490 f 2 mp were 
immediately made, using as a reference the pre- 
pared reagent blank. 


Calculations.-AJA, X W X 0.025 = mg. 
chlormadinone/tablet, where A, and A, are the 
respective 1-cm. absorbance values of the analytical 
sample and the steroid standard as read against 
the reagent blank at 490 mfi and W is the mcg. 
weight of reference standard (m. 80 mcg.) per 1.0 
ml. of methanol. 


RESULTS AND DISCUSSION 
Analyses of a typical production lot of tablets 


containing 2.0 mg. of chlormadinone and 80 mcg. 
of estrogen per tablet, resulted in assay values of 
1.87 and 1.89 mg. chlormadinone per tablet. Placebo 
tablets gave no response to the analytical reagent, 
nor did 80 mcg. of the estrogen produce color. 
Placebo tablets, to which were added 2.0-mg. 
levels of chlormadinone reference standard, assayed 
1.98 and 1.94 mg. chlormadinone per tablet. 


Reaction Conditions.-Optimum conditions were 
determined only for the 6-chloro4.6-unsaturated-3- 
keto steroids. Absorbance values for the other 
type of steroids (Table I) were determined using 
the conditions amved at for the above type steroid 
and do not necessarily represent the maximum 
obtainable intensities. 


Sensitivity.-The data presented in Table I 
indicated the following order of group sensitivity : 
(a) 6-halogenated-4,6-unsaturated-3-keto > 4,6- 
unsaturated-3-keto > 4-unsaturated-3-keto and 
(b)  within the first group, the substitution of fluorine 
for chlorine at the unsaturated 6 position led to  
decreased sensitivity. 


Specificity.-In addition to the three types of 
steroid found to respond to the described reagent, 
the data for miscellaneous steroids (80 mcg.) after 
120-minute color development (versus reagent blank) 
were as follows: 


(a) 6a,9a-Difluoro-l,4-unsaturated-3-keto ster- 
oids gave no response. 
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TABLE I.-ABSORBANCE VALUESO FOR 80 mcg. OF 
Vlwous STEROIDS 


MaXi- 
Absorb- mum, 


ance mp 


6-Chloro-17a-hydroxy-pregna- 0.625 490 


170-Acetate of above steroid 0.564 490 
6-FIuoro-l7a,2 1 -dihydroxy- 0.265 497 


4,6-diene-3,20-dione 


16a-methyl-pregna-4.6- 
diene-3,ll ,ZO-trionebl- 
acetate 


Pregna-4,6-diene-3,2O-dione 0.356 492 
17rr-Hydroxy-pregna-4.6- 0.311 492 


Gn-Methyl-pregn-4-ene-3,20- 0.147 497 


GB-Hydroxy-pregn-4-ene-3,ZO- 0.298 493 


diene-3,2O-dione-17-acetate 


dione 
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Stability of Reagents.-The combined reagent, 
after 24-hour aging of the uncombined components 
showed a 6% decrease in absorbance values; the 
combined reagent after %-hour aging at ambient 
temperature showed 13% lower values. 


Interferences.-Chloroform soluble carboxylic 
acids (stearic acid, carbapol, alginic acid, etc.) and 
excipients tending to precipitate picric acid (ter- 
tiary amines, proteins, etc.) interfered. Interfer- 
ence due to chloroform-soluble carboxylic acids 
was resolved by re-extracting the chloroform- 
steroid phase with 0.1 N sodium hydroxide. 


The second type interference was overcome by 
precipitation of these materials from the chloroform 
phase, using a 1% solution of silicotungstic acid in 
6 N hydrochloric acid. 


The described reagent may also be applied to the 
analyses of residues from chloroform extracts of 
steroids formulated in cream bases, after the removal 
of interferences from the organic phase by means of 
0.1 N aqueous sodium hydroxide. A cream base 
(propylene glycol, stearic acid, Spaus, and Tweens) 
gave no response to the reagent using the above 
extraction technique. 


Reproducibility.-Using freshly prepared re- 
agents, the day-today variation of chlormadinone 
(80 mcg.) absorbance values ranged from 0.466 
to  0.564. However, triplicate determinations of the 
same steroid standard solution and using the same 
reagents indicated that the mean average deviation 
of absorbance values was 3~2.2%. Since steroid 
standards were determined concurrently with the 
steroid isolated from the formulated sample, the 
analytical error also was within the above range. 
The above deviation was reduced to a range of 
=kl.l% by using larger volumes of reactants and 
by minimizing the lapsed time between absorbance 
measurements. For example, colors developed on 
3.0 ml. of steroid (240 mcg. chlormadinone) with 
9.0 ml. of picric acid-alkali reagent led to the latter 
mean average deviation. 


Purity of Steroids.-In all instances, steroids were 
used which indicated only one spot after thin-layer 
chromatography on silica gel. 


Mechanism of Reaction.-The available data, 
though not rigorously elucidating the mode of reac- 
tion, indicated the following results: 


( a )  The bis 2,4-dinitro-phenylhydrazone of chlor- 
madinone, as prepared by the method of Cohen and 
Bates (3). reacted with the alkaline picric acid 
reagent to  form a chromogen absorbing at 490 rnp. 
This indicated that complexation did not occur at 
the unavailable 3 or 20 keto positions of the steroid 
molecule. 


(6) The ultraviolet spectrum of the isolated 
complex showed a maximum at the same wave- 
length (284 mp) as that of unreacted chlor- 
madinone. This suggested intact structure of the 
4,6-unsaturated-3-keto moiety in the complexa- 
tion product. 


(c) Conversion of the sodium form of the com- 
plex anion to  the hydrogen form yielded, after 
column chromatography on Silica gel and elution 
with 90: 10 chloroform-methanol, a pure product 
which analyzed C, 54.3%, H, 4.6%, aud N, 6.9%. 
Calculated values for a 1: 1 complex of 6-chloro- 
17a-hydroxy-pregna-1,4-diene-3,20-dione (CZIHn 
OaC1, mol. wt. 362.89) and picric acid (C&N& 
mol. wt. 229.11) were: C, 54.7%, H 5.l%, and 


. .  - 
dionr 


Pregn-4-ene-3,20-dione 0.193 493 


Values are based on a 1-cm. cell path, as read against a 
reagent blank. 


( b )  6-Chloro-1,4-unsaturated-3-keto steroids pro- 
duced an absorbance of 0.030 at 492 mp. 


( c )  1,6-Unsaturated-3-keto steroids led to  values 
of 0.163 at 492 mp. 


(d) 3-Hydroxy-4.6-unsaturated steroids gave an 
absorbance value of 0.052 a t  487 mp. 


(e) 3,5-Unsaturated steroids (with no 3-keto 
group) exhibited values of 0.261 at 491 mp. 


( f )  U.S.P. digitoxin gave a value of 0.140 at 
476 mp. 


Solvents.-The use of either absolute or 96% 
ethanol in lieu of methanol to  prepare the reagents 
and steroids standards led t o  a 66’% decrease in 
intensity values. 


Effect of Light.-Color development without ade- 
quate protection of the reactants from incident light 
led to 20% lower intensities as well as irreproduci- 
bility of color. 


Color Stability.-A plot of absorbance versus time 
indicated that developed colors exhibit the least 
variation during the 8&140-minute interval after 
the addition of reagent. Each 10-minute increment 
during this 80-140-minute period showed an average 
absorbance increment of 1.8%. 


Color Linearity.-Developed colors were linear 
within a concentration range of 40-120 rncg. of 
chlormadinone. 


Color Development with Other Polynitro Phenols. 
-2,4,6-Trinitro-resorcinol; 2,4,6-trinitro-anisole; 
4.6-dinitro-2-amino-phenol; and p-nitrophenol 
failed to  produce chromogens under the described 
conditions. 


Concentration of Alkali.-Variations in the sodium 
hydroxide content while maintaining the concentra- 
tion of picric acid constant indicated that the 
method is particularly sensitive to the concentra- 
tion of alkali. A 4 to 8% decrease in alkali con- 
tent led to 7yo lower absorbance values. Concen- 
trations of sodium hydroxide greater than 870 led 
to  precipitation of the picric acid. The use of 8.0% 
potassium hydroxide also precipitated the pic& 
acid. 


Concentration of picric Acid.-Varying the picric 
acid concentration from 0.637 to 0.69370, while 
maintaining the alkali content at 8.0$&, produced 
no significant changes in the observed absorbance 
values. 
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REPERBNCBS N, 7.0%. This demonstrated that the reaction 
involves a 1 : 1 complexation of picric acid and J. c.1 Jr.8 TIZIS JoumU.  3% 


chlormadinone as well as alkaline hydrolysis of (2) Ringold H J. Batres E. Edwards. J., and Zderic, 


with the mechanism (4) proposed for the anionic 


 lo$&^$ F. K.1 and 


the steroidal 17acetoxy entity. 


mmplexation Of acid and 
lactones. 


This is consistent J., J .  Am. C& ‘SOL, 81, 3485(i959)- 
(3) Cohen. H., and Bates, R. W.. Tals JOUUNAL, 40, 35 


(4) Medwick. T., in “Pharmaceutical Analysis.” Higuchi 
T., and Brochmann-Hanssen, E., eds., Intersdence Pud 
lishers, Inc., New York-London. 1961, p. 56. 


(1951). 


Enzymatic Methylation of Nicotinamide by Claviceps plcrpurea 
By R. C. S. AUDETTE, L. R. WORTHEN, and H. W. YOUNGKEN, JR. 


Soluble supernatant fractions from two strains of Claviccrpspu*pwcrr were tested for 
the presence of enzymes capable of methylating uyptamine, 5-hydroxptryptPmine, 
tyramine, and nicotinamide. The latter compound was the only one of the sub- 


strates tested in which methylation took place. 


RVERAL P S Y ~ ~ ~ ~ I I ~ I I ~ T I ~  indole substances (l) ,  S such as bufotenin and psilocybin, which are 
found in certain fungi are N-methylated tryptamine 
derivatives. Lysergic aad, a derivative of which is 
the most potent psychotogen known. also contains 
an N-methyl group, and a residue of this compound 
occurs in the alkaloids of ergot. 


It has been reported (2) that the N-methyl group 
in the ergot alkaloids is probably derived from a 
transmethylation reaction from methionine. 


Cantoni (3) first reported that S-adenosyl- 
methionine was an active methyl donor and has 
studied in great detail the methylation of nicotin- 
amide. Axelrod (4) has isolated an enzyme from 
rabbit lung that is capable of methylating a number 
of naturally occurring compounds to psychotomi- 
metic derivatives utilizing S-adenosylmethionine as 
the methyl donor. 


The literature is replete with information con- 
cerning the biosynthesis of the ergot alkaloids from 
C. picrpurea, but relatively little information is 
available concerning the activity of the enzymes 
found in this organism. The present investigation 
has been conducted in an attempt to determine if a 
cell-free extract of the fungus possesses an enzyme 
system which can methylate tryptamine. 5-hydroxy- 
tryptamine (5-HT), tyrrrmine, and nicotinamide. 
since their methylated derivatives have been as- 
sociated with psychotomimetic activity. 


BXPERIMBNTAL 


Cultures.-Two strains of C. purpurea (Fries) 
Tulasne were used in this investigation. One of 
the strains, designated CPM, was isolated from 
sclerotia obtained from the Department of Plant 
Pathology, University of Minnesota, Minneapolis. 
The other, an alkaloid producing strain, designated 
47A, was obtained as a slant culture from the 
college of Pharmacy, University of Washington, 
Seattle. 


The fungi were cultured in 50 ml. of Abe’s medium 
(5) in cotton-stoppered 250-ml. conical flasks grown 
as still cultures in the dark a t  room temperature. 


The cultures were harvested for extraction a t  
periods of from 21 to 27 days. 


Reparation of Enzyme Fraction.-The mycelial 
tissue of both CPM and 47A cultures was separated 
from the culture medium by centrifugation, washed 
three times with distilled water, recentrifuged, and 
finally pressed between sheets of filter paper. 


The enzyme fraction was prepared from 6-7 
Gm. (fresh weight) of mycelial tissue, which was 
homogenized with 15 ml. of phosphate buffer 
(0.1 M KtHPO,, pH 7.9) in a VirTis 45 homogenizer 
for 10 minutes in a chilled vessel in an ice bath. 
After the homogenate was obtained, it was centri- 
fuged a t  2500 r.p.m. (755 X g) for 10 minutes and the 
resultant supernatant fraction recentrifuged a t  
16,000 r.p.m. (31,000 X g) for 20 minutes in a 
refrigerated ServaU centrifuge at 0-3’. The 
soluble supernatant fraction was then separated and 
employed as the enzyme preparation. 


In addition to the above method, three other 
means were tested for extraction of the mycelium: 
( a )  homogenizing the mycelium with buffer as 
previously described. then subjecting the homog- 
enate to ultrasonic vibrations, (b) grinding the 
mycelium in buffer solution with sand, and ( c )  
grinding with alumina. After several preliminary 
trials, it was decided to use homogenization only as 
the extraction method for further investigations 
since this method proved most successful. 


Enzymatic Activity of Soluble Fractions.-Nico- 
tinamide,‘ tryptamine hydrochloride,’ tyramine 
hydrochloride,’ and 5-hydroxytryptamine creatinine 
sulfate’ were tested with the soluble supematant 
fraction using S-adenosylmethionine’ as a methyl 
donor to determine if the soluble fraction con- 
tained an enzyme(s) capable of methylating these 
physiologically active naturally occumng sub- 
stances. 


Nuotinamidc-The incubation mixture consisted 
of 0.005 mole of S-adenosylmethionine (0.2 ml.), 
0.01 M nicotinamide (0.3 ml.), and an amount of 
the soluble supernatant fraction equivalent to 6 
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Bacteriostatic Property of Aloe Vera 
By LORNA J. LORENZETTI, RUPERT SALISBURY, JACK L. BBAL, and JACK N. BALDWIN. 


Freeze-dried juice obtained from Abe wra 
and heated for 1 5  minutes at 80' inhibited 


several test microorganisms. 


PECIES OF Aloe have had a long history as drug s plants. This was pointed out by Morton (1) 
in a recent comprehensive review of Aloe from the 
standpoint of folk use and commercial exploitation. 
Fly and Kiem (2) recently camed out an invesiga- 
tion to ascertain whether Aloe Vera exhibits anti- 
microbial activity. They reported that macerates 
of the central gelatinous portion, of the green vas- 
cular portion, and of the complete leaf of A. uera 
did not exhibit, within the limits of their experiment, 
antimicrobial effect against ShphyroGoGcw aureus 
and Escherichio coli. 


Since it has been established definitely in this 
laboratory that the fresh juice of A. Vera L. contains 
a principle(s) which is inhibitory to certain micro- 
organisms, the results are reported in this note. 


BxPBRlMBNTAL 
Leaves of A. uera L. were cut at the base and stood 


upright so that the juice could drain from the 
leaves into receptacles. If tested immditely, 
the fresh juice exhibited a marked zone of inhibition 
of S. aureru 209. However, the principle responsible 
for the inhibitory activity was found to be unstable. 
Preservatives as sodium bisulfite, sodium benzoate, 
and methyl paraben were ineffective; however, the 
principle could be temporarily preserved by re- 
frigeration and preserved for an even longer period 
by heating the juice for 15 minutes a t  80'. In all 
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instances the juice would gradually turn dark. 
Once the juice became dark, the inhibitory property 
was lost. If the juice that had been heated for 15 
minutes at 80' was freeze-dried, a buff-colored 
product resulted which was stable. 


A solution of the freeze-dried juice (20 mg./ml. 
of distilled water) was tested by the agar diffusion 
technique for bacteriostatic activity against the 
following organisms: S. auerus 209, E. coli, Sfrep- 
~ o c c u s  pyogenes, Corynebacterium xerose, ShigeUa 
paradysenteriac, Salmonella typhsa, Salmonella 
schottmuelleri. and SalmneUa paratyphi. After a 
period of incubation at  37' for 24 hours, significant 
inhibition of growth was evident on plates in- 
noculated with S. aureus 209. S. pyrogenes, C. 
mrose, and S. paratyphi. 


The whole leaf minus the juice. the leaf mesophyll, 
and the leaf epidermis were each separately freeze- 
dried and successively extracted with petroleum 
ether (b.p. 30-60'). ether, chloroform, ethanol, and 
distilled water. None of the extracts exhibited 
inhibitory activity against the test organisms. 


Since the juice of Aloe is known to contain anthra- 
quinone-type compounds, aloe-emodii, em&, and 
chrysophanic acid were tested for inhibition of S. 
aureus 209. The results were negative. 


CONCLUSIONS 
While the freeze-dried whole leaf minus the juice, 


the leaf mesophyll. and the leaf epidermis of A. w a  
L. did not exhibit bacteriostatic properties, the 
freezedried juice previously heated for 15 minutes 
at 80' did inhibit S. aureus 209. S. pyogencs, C. xerose, 
and S. paratyphiusing the agar difiusion test method. 
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Communicutions 
Determination of Isomeric 


Purity of Dextroamphetamine 
in Tablets and Capsules 


Sir: 


The tablet form of dextroamphetamine sulfate 
is widely used, has been official since the 15th 
revision of the "United States Pharmacopeia," 
and is produced by a large number of pharmsceu- 
tid companies. Enforcement work has brought 
to light several examples of adulterated products 
in which the dextru isomer has been replaced com- 
pletely or in part by the less expensive racemate 
(1, 2). Nevertheless, the U.S.P. does not have a 


method to asceftillIl the isomeric purity of the 
drug present in the tablets. Because of the low 
specific rotation of dextroamphetamine sulfate 
(+23.5') and the volatility of the base, certain 
derivatives are more suitable for determination 
of the optical activity. Acetylamphetamine has 
been particularly useful for t h i s  purpose. It can 
be prepared easily in good yield and its specific 
rotation (in chloroform) is about twice that of 
dextroamphetamine sulfate and of opposite sign 
(-4.0'). The main problem is the extraction 
and purification of the amine from the tablets 
prior to acetylation. Capsules of dextroamphet- 
amine sulfate, especially those having sustained- 
release action, also present difficulties in the isola- 
tion of the base. In 1953, a procedure was de- 
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Tricin from Alfalfa-Isolation and Physiological Activity 
By E. M. BICKOFF, A. L. LIVINGSTON, and A. N. BOOTH 


Tricin was isolated from the ress juice of fresh alfalfa (Medicugo sutiuu) and identi- 
fied by comparing its physicafand chemical properties to authentic material. Tricin 
caused smooth muscle relaxation when in contact with isolated inea pig intestinal 
strips but did not produce bloat in  sheep. It exhibited only sligcactivity as an anti- 
oxidant, measured by the protection of epinephrine from oxidation. The activity of 


tricin as an estrogen was slight. 


FLAVONB. tricin, recently reported in the seed T of Phoelipaea ramom (l), was originally isolated 
from wheat (2 )  and subsequently reported in alfalfa 
(3). The latter report stated that it was isolated 
by ether extraction of clarified juice and purified 
by high-vacuum sublimation but gave no further de- 
tails. In this laboratory, extraction of dehydrated 
alfalfa with 95% alcohol, using the procedure of 
Anderson (2). gave a low yield of tricin. Further- 
more, a crude product, including much extraneous 
material, was extracted with ether from alfalfa juice 
by the procedure of Ferguson el a[. (3). The isola- 
tion procedure finally developed was a modification 
of these two procedures. 


Ferguson's observation that tricin relaxed and 
partially paralyzed excised rabbit intestine led him 
to postulate that the substance might cause bloat 
(4-6). However, he was not able to obtain sufficient 
ticin to test this theory. 


The subject of estrogen-like substances in forages 
has been of continuing interest since 1948, when 
Curnow et al. (7) prepared estrogenic extracts from 
subterranean clover and showed their relation to re- 
productive problems of sheep grazing this forage. 
To date, five estrogen-like substances have been 
isolated from alfalfa. These include the coumarin- 
like compound, coumestrol (8 ) ,  and the four iso- 
Aavones, genistein, daidzein, formononetin, and 
biochanin A (9). No estrogenic flavones have been 
isolated yet from forage, although Wenzel and Ros- 
enberg (10) in a study on the estrogenic activity of 
flavones reported that 4'-6-dihydroxylbvone was 
active. 


EXPERIMENTAL 
Preparation of Tricin from Alfalfa-Fresh alfalfa 


was passed through a double-roller cane crusher and 
the juice collected. The bagasse was extracted 
twice with fresh portions of water and the juice 
expressed. The combined juices were heated to  60' 
for 5 minutes, then rapidly cooled with ice. Follow- 
ing removal of the green sediment by centrifugation, 
the clear brown juice was concentrated about ten- 
fold under vacuum. Centrifugation was followed 
by extraction of the juice in a separator with an 


Received May 8.1884. from the Western Regiond Research 
Laboratory. Western Utilization Research and Develop- 
ment Dinsion. Agricultural Research Service. U. s. DepPrt- 
ment of ARriculturc. Albany. Calif. 


Accepted for publication June 2. 1964. 
The authors gratefully acknowledge the assistnnce of I. L. 


Lindahl. Animal Husbandry Research Division. Agriculturnl 
Ruearch Service. U. S. Department of Agriculture. for mn- 
ducting the pharmamlogical studie of tridn on sheep and 
A. P. Hendrickson for mouse bioawys. The are nla  
grateful to J. A. Anderson for the nuthentic sampL of tridn. 
to G .  %COT and L. M. White for elemental analysts, to G. F. 
Bailey nod Saima Karp for ullraviolet and infrared spectrd 
determinations, and to D. Black for X.ray diffraction meas- 
urements. 


Reference to a company o r  product name docs not imp1 
approval or reoommendation of the product by the U. d 
Department of Agriculture to the exclusion of others that 
may be suitablr 


equal volume of ether. Small quantities of alcohol 
were added to the mixture to prevent the formation 
of emulsions. Greenish-yellow crystals formed as 
the ether layer was slowly evaporated on a steam 
bath. Before permitting the solution to go down to 
dryness, the crystals were collected on a filter and 
recrystallized from ethanol and dimethylformamide. 


A total of about 4000 Ib. of fresh alfalfa was proc- 
essed to collect about 20 Gm. of tricin. Following 
this procedure, in numerous individual isolations 
from 100- to 200-lb. portions of fresh alfalfa, the 
quantity isolated varied greatly. ranging from almost 
none to about O . O Z ~ o  of the dry weight of the alfalfa. 


Identification of Tricjn-The analytical sample 
was recrystallized from ethanol and dimethyl- 
formamide. m.p. 291-294' dec.; no depression in 
melting point with an authentic sample. 


Anul.-Calcd. for CI,H~,G: C, 61.8; H, 4.24. 
Found: C, 61.3; H, 4.57. 
5,7,4'-Triacetory-3',5'-dimethoIyflavone. -One - 


hundred milligrams of tricin was acetylated in the 
usual way with acetic anhydride and fused sodium 
acetate. Recrystallization from chloroform gave 95 
mg. of colorless needles of the triacetate, m.p. 251- 
254"; no depression in melting point with an au- 
thentic sample. 


Anal.-Calcd. for G H l o O l ~ :  C, 60.5; H, 4.38; 
OCHs. 13.56; CH,CO, 28.2. Found: C. 60.5; H, 


Identical X-ray d i h c t i o n  patterns. infrared, and 
ultraviolet spectra were obtained with the isolated 
tricin and an authentic sample as well as with 
the acetate derivative and an authentic sample of 
the acetate. 


Pharmncologicd Studies with Tricin 


Effect on Guinea Pig Intestine.-The direct 
action of tricin on smooth muscle strips was com- 
pared to the action of the flavonoid, quercetin. Two 
milligrams of tricin in the 50-ml. tissue bath was re- 
quired to produce a relaxation equal in magnitude to 
that produced by 0.5 mg. of quercetin. Wilson and 
DeEds (11) have reported the correlation between 
the antioxidant properties of various flavonoids and 
their ability to prolong the epinephrine relaxation 
time of excised guinea pig colon segments. Using 
their technique, Fig. 1 shows that the epinephrine 
relaxation time was only slightly prolonged by tricin, 
in contrast to the striking effect of an equal weight of 
quercetin. 


Effect on Bloat in Sheep.-The procedure for the 
administration of test materials to sheep has been 
previously described (12). Ten grams of tricin 
was administered in this same manner but failed to 
reduce ruminal motility or cause bloat in the 
sheep. 


A water suspension of 25 Gm. of quercetin ad- 
ministered to five intact sheep also failed to  produce 


4.43; OCH,, 13.3; CHaCO, 27.5. 
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DIETHYLSTILBESTROL ON THE IMMATURE MOUSE 
UTERUS 


TABLE I.-E.PPECT OF TRICIN, COUMESTROL, AND 


Quantity Fed Mean Uterine 


0 9 . 6  f 0.25 1 Control 
2 Tricin 20 11.2 f 0.57 
3 Tricin 40 11.4 f 0 . 7 9  
4 Tricin 40 12.4 f 1.09 
5 Coumestrol 0.6 32.4 f 2.63 
6 Diethylstil- 0.0001 29.2 f 0.40 


Group" Compd. per Mouse, mg. Wt., mg. 


bestrol 


a Five weanling female mice per group. Sup lements 
incorporated into control diet and fed 4 days (10 &. diet/ 
mouse). * p = <0.01. 


the compound is fed to rats by mouth (15). How- 
ever, when tricin was fed under similar conditions, 
no split products like syringic acid were detected. 
Thus, it  is doubtful that tricin is absorbed from the 
intestinal tract. 


REFERENCES 
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Fig. 1.-Prolongation of epinephrine (E) relaxa- 
tion time of guinea pig colon segments in the pres- 
ence of quercetin (9) and tricin (T). W = wash out 
and replacement of bath fluid (50 ml.) with fresh 
Tyrode solution. 


bloat symptoms. On the basis of muscle relaxing 
power, the quercetin administered was equivalent to 
100 Gm. of tricin (12). 


In another study (13) each of three cows were 
given 2 Gm. of quercetin on 1 day, followed by 10 
Gm. each on 2 successive days. The cows showed 
no indication of bloat. If we assume a tricin content 
of 0.02y0 in alfalfa, i t  would be impossible for cows 
to  consume enough alfalfa to  ingest 10 Gm. of tricin 
in 1 day. 


Mouse Uterine Weight Bioassay Procedure.- 
In  this previously described report (14). weanling 
mice (five per cage) were fed diets containing the 
test materials. At the end of 4 days, the mice were 
sacrificed, and the uteri were excised and weighed. 
The results are presented in Table I. For com- 
parative purposes, coumestrol was included in the 
study. The data indicate that tricin was weakly 
estrogenic (p = <0.01). 


Metabolic Fate Studies.-That quercetin is ab- 
sorbed from the intestinal tract is shown by the 
appearance of three split products in the urine when 
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Effects of Gibberellic Acid on the Fixed Oils of Four Plants 
By C. DWAYNE OGZEWAL.LA* 


T h e  influence of gibberellic acid on  the  quality of fixed oils from four plants has been 
studied. Sesame, castor bean, sunflower, and flax plants were treated with aqueous 
solutions of gibberellic acid when the plants reached blooming size and at 2-week 
intervals until harvest. The iodine values and the quantity of unsaponifiable matter 
varied between samples and between oils from different species of plants. Sig- 
nificant variations from normal were produced in  castor and sesame oils. The 
differences consisted of higher saponification values in both oils and a lower acid 
value in the latter. A higher saponification value indicating shorter chain fatty 
acids was the only characteristic common to all oils from treated plants. Some of 
the changes obtained were from plants that had insignificant or n o  visible mor- 


phological differences. 


HE GIBBERELLINS have been known in the T IJnited States and Europe for only about 12 
years, and they have been available for cxtensive 
experimental use for less than a decade (1). The 
number of research papers involving the gibberellins 
runs into the thousands; there have been a number 
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of reviews which give detailed information regard- 
ing such aspects as the physiology, chemistry, and 
recommended economic applications ( 1-5). 


Sciuchetti (6), in a recent review, has included 
the influence of gibberellic acid ( G A )  on volatile 
oil, glycoside, and alkaloid producing plants. Only 
a few of the long list of references deal with changes 
in the active components. and no references are 
listed relative to changes in fixed oils. The per- 
centages of certain terpenes in volatile oils have 
been changed by the use of GA. A slight increase 
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This study again emphasizes the danger in placing 
confidence in a single assay, even when done by a 
trained person using a well established technique. 
I t  also shows the danger of placing confidence in 
replicate assays performed in parallel by the same 
analyst, even when the standard deviation for the 
replicates appears acceptable. 


CONCLUSIONS 
As shown by the statistical data included in the 


tables, there is no reason to think that the replace- 


Vasopressin 


Journal of Pharmaceutical Sciences 


ment of periiianganate with ceric sulfate changes the 
mean value of the assay results. Although smaller 
values for the standard deviations might have been 
obtained by rejecting some of the results, all data 
collected hare been reported. 
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Tachyphylaxis 
By P. N. PATIL, A. TYE, and J. W. NELSON 


Pretreatment with n-Zevo- ephedrine is known to augment the pressor effect of vaso- 
pressin in  dogs. It also delayed the development of vasopressin tachyphylaxis in this 
study. Reserpine augmented the 
pressor response and arrested the tachyphylaxis. Increasing doses of vasopressin 
then produced increases in pressor response, an effect which suggests a possible bio- 
assay for vasopressin. No cross tachyphylaxis to  pressor effects were observed be- 


tween vasopressin and angiotensin. 


Methoxamine did not produce the same effects. 


EILING AND CAMPBELL (1 ) and Jones and Schlapp G (2) have noted the decrease in pressor response 
to successive doses of posterior pituitary extract. 
Hogben, et al. (3), studied the development of toler- 
ance to posterior pituitary lobe extract in the spinal 
cat and concluded that it is a function of dose and 
time interval between doses. By spacing repeated 
doses at appropriate time intervals, they were able 
to obtain pressor responses of the same character 
and magnitude as the one produced by the first injec- 
tion. Woodbury and Wilks(4) found that in ouabain- 
treated animals tachyphylaxis to vasopressin de- 
veloped less readily than in control animals; they 
suggested that vasopressin tachyphylaxis is a 
"pseudo-tachyphylaxis." Gardier and Abreu (5) 
showed that tolerance to  vasopressin can be pre- 
vented by bilateral carotid sinus denervation and 
midcervical vagotomy. We investigated the effects 
of pretreatment with D-leuo-ephedrine, methoxamine, 
and reserpine in this study. The syrnpathominietic 
amine, D-lmo-ephedrine, is a good antagonist of 
the coronary constriction produced by vasopressin 
(6); rnethoxamine is a sympathomimetic arnine that 
produces peripheral effects without cardiotonic 
effects (7, 8); reserpine blocks carotid and vagal 
reflexes (9, 10). Cross tachyphylaxis between 
angiotensin and vasopressin and the effects of renin 
were also studied. 


EXPERIME&TM. 
Twenty-five mongrel dogs of each sex, weighing 


from 7 to  11 Kg., were anesthetized with 35 mg./Kg. 
of pentobarbital i.p. Both vago-sympathetic nerves 
were severed. With the usual hernodynamic setup, 
blood pressure was recorded from the right carotid 
artery on a kymograph. The trachea was always 
cannulated. All drugs were dissolved in physio- 
logical saline and injected into the femoral vein via 
an indwelling catheter. 
- ~~ 
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1 2 3 4 5 6 . '  


INJECTION NO. 
(VASOPRESSIN, 0.3u./Kg., EVERY 30 MIN.) 


Fig. 1.-The effects of reserpine and ~ - 1 ~ 0 -  
ephedrine pretreatment on vasopressin tachyphy- 
laxis. Each point represents the average blood 
pressure rise of four to  five dogs. The standard 
errors of the mean varied from 9 to  20% of the 
average values. 


The reserpinized dogs were prepared by ad- 
ministering 0.5 mg./Kg. reserpine i.p. each day for 
2 days; the blood pressure was measured as above 
on the third day. Anesthesia was produced with 15 
to 20 mg./Kg. of pentobarbital i.p. in these dogs. 
Additional pentobarbital was given when necessary 
to  maintain surgical anesthesia. 


The following drugs were used: D-lmo-ephedrine 
HCl, methoxamine HCl,' vasopressin,' reserpine 
phosphate,x angiotensin,' and hog renin.6 


RFSULTS 
In control dogs, vasopressin 0.3 u./Kg. a t  30- 


minute intervals resulted in a progressive reduction 
of the pressor effect. Tachyphylaxis was practically 


1 Marketed as Vasoxyl by Burroughs Wellcome and Co.. 


a Marketed & Pitressin by Parke. Davis and Co., Detroit, 


I Marketed as Serpasil by Ciba Pharmaceutical Products, 


Inc., Tuckahoe N. Y. I 


Mich. 


Inc. Summit N. J. 


Products, Inc., Summit, N. J. 
4 Marketed' as Hypertensin-Ciba by Ciba Pharmaceutical 


Courtesy of Dr. A. J. Plum- 
mer. 


apolis, Ind. 
8 Courtesy of Dr. 0. M. Helmer, Eli Lilly and Co..  Indian- 
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complete after two to four such injections (Fig. 1). 
D-leuo-ephedrine hydrochloride given in doses of 0.2, 
0.5, 1.0, 3.0, and 10.0 mg./Kg., 15 to 30 minutes be- 
fore the injection of vasopressin, caused a marked 
augmentation of the pressor response to  the latter 
drug. Doses above 0.5 nig./Kg. of n-lew-ephedrine 
HCI did not cause an increase in this augmentation. 
Vasopressin repeated at 30-minute intervals in 
ephedrine pretreated animals still resulted in 
tachyphylaxis, but the development was slower. A 
second injection of D-lerro-ephedrine HCI augmented 
once more the pressor response to vasopressin. The 
pressor response to  the second dose of D-ho-ephedrine 
HCl was lower than the response to the first dose, 
indicating that ephedrine tachyphylaxis was un- 
affected. Figure 1 shows the effect of pretreatment 
With 0.5 mg./Kg. of o-leuo-ephedrine HCI on the 
pressor effects of repeated doses of vasopressin. 


Pretreatment with methoxamine in doses of 0.1 
to  0.4 mg./Kg., unlike D-leuo-ephedrine, failed to  
augment vasopressin's pressor effect (Fig. 2). Pre- 
treatment with reserpine, 0.5 mg./Kg. per day for 
2 days, resulted in an augmented pressor effect from 
vasopressin. A second dose of vasopressin resulted 
in a somewhat reduced pressor response, but 
tachyphylaxis was then arrested, and succeeding 
doses continued to produce the same pressor re- 
sponse. At this stage, increasing doses of vaso- 
pressin resulted in increasing pressor response. The 
results of one such experiment are shown in Fig. 3. 


Since cross tachyphylaxis between long acting 
sympathomimetic amines is well established, we 
investigated the possibility of cross tachyphylaxis 
between the octapeptides, vasopressin and angio- 
tensin. Angiotensin itself, 1 mcg./Kg. every 20 
minutes for five doses, did not produce tachyphyl- 
axis; intervening doses of vasopressin had no effect 
on the pressor response to succeeding doses of angio- 
tensin. 


Renin is known to produce tachyphylaxis and to 
reduce or block the pressor response to angiotensin 
(11, 12). In our experiments, animals given renin 
3 G. u./Kg. every 30 minutes for two or three doses 
exhibited complete tachyphylaxis. Subsequent 
doses of angiotensin suffered a reduction in pressor 
effect, but vasopressin effects were essentially un- 
affected. 


DISCUSSION 
True tachyphylaxis may be defined as a diminu- 


tion in response to repeated doses of a drug due to 
increasing receptor saturation. The suggestion of 
Woodbury and Wilks (4) that vasopressin produces 
a pseudo-tachyphylaxis was based on their finding 
that ouabain offsets the tachyphylactic effect by in- 
creasing the force of cardiac contraction. Our re- 
sults are compatible with this view, for ephedrine, 
which is known to oppose the coronary vaso- 
constrictor effects of vasopressin (7), slowed down 
the development of tachyphylaxis with more reg- 
ularity than ouabain; while the sympathomimetic 
amine methoxamine, which has nocardiotonic effects, 
did not affect the tachyphylaxis. Ephedrine not 
only slowed down the development of tachyphylaxk 
but also enhanced the pressor response to vaso- 
pressin. This action probably involves not only 
cardiotonic effects, but also peripheral effects 8nd 
abolishment of reflexes (13). 


Reserpine arrested the development of vaso- 
pressin tachyphylaxis. probably by blocking re- 


P 
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m c  I 







686 Journal of Phurmeutual S c h c e s  


B.P, Fig. 3.--Effects of in- 
mm. H g  creasing doses of vasopres- 


sin after arrest of tachy- 
la; phylaxisin the reserpinized --\\ dog All doses were in 


units per kilogram. Time 
A marker: 10-minute inter- 
- I - .  1 
- 


0.3 ’ vals. 


flexes. Once tachyphylaxis was arrested, dose- 
response effects were observable. This observation 
suggests that the use of reserpinized dogs for the 
bioassay of vasopressin should be investigated. 


Our results with angiotensin agreed with those of 
Page, et al. (14). In the pure synthetic form, it was 
not tachyphylactic and did not affect vasopressin 
tachyphylaxis. Although both angiotensin and 
vasopressin are octapeptides, the differences between 
their structural formulas are sufficient to make it not 
surprising that there was no cross tachyphylaxis. 
For the same reason it was expected that, though 
renin blocked the pressor response to angiotensin, it 
would not affect the pressor response to  vasopressin. 
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Synthesis of Potential Antineoplastic Agents I 
By WILLIAM D. ROLL 


Four new derivatives of o,o’-diphenamide have been pre ared to  evaluate their anti- 
carcinogenic activity: o,o‘-bis (N-~-mesyloryethyl)dip~enamide, o,o’-bis “-243- 
chloropropionamido)ethyljdiphenamide, o,o’-bis[N-2-(3-bromopropionamido)- 


ethylldiphenamide, and o,o’-bis (N-2-mercaptoethy1)diphenamide. 


SERIES OF derivatives of diphenamide was  A synthesized for the purpose of evaluating 
their possible antineoplastic activity. 


Carbon and co-workers (1) reported that various 
bis-amides show wide antitumor activity. Baker 
(2) suggested that the configuration of the “back 
side” of a molecule may be altered in major ways 
to give better irreversible bonding and perhaps 
enhance activity. This report describes the syn- 
thesis of some related amides which are structural 
analogs of diphenamide and which might possibly 
function as exoalkylating irreversible inhibitors. 


The synthetic procedure used for the preparation 
of these analogs of o,o’-diphenamide may be b r i d y  
outlined as follows. o.o’-Dipheaic acid (I), syn- 
thesized by the procedure described by Atkinson and 
Lawler (3),  was converted to 0.0’-bis( N-2-hydroxy- 
ethy1)diphenamide (11), by a procedure similar to 
that described by Wenker (4). Treatment of I1 with 
methanesulfonyl chloride yielded o,o’-bis( N-2-mesyl- 
oxyethy1)diphenamide (IV). 


Treatment of I with thionyl chloride gave o,o’- 
diphenoyl chloride (VII) ( 5 , 6 ) .  The acyl halide re- 
acted with ethylene diamine at low temperatures to 
give the amide o,o‘-bis(N-2-aminoethy1)diphen- 
amide (111). Acylation of the amino analog (111) 
with 3-chloropropionyl chloride or ethyl 8-chloro- . .  . 


Received une 3 1963 from the College of Phnrmacy. 


Accepted for publication August 29, 1963. 
University oiToledb, Tolido. Ohio. 


propionate and 3-bromopropionyl chloride or methyl 
3-bromopropionate gave 0.0‘-bis[ N-2-(3-chloropro- 
pionamido) ethyl] diphenamide and o,o’-bis(N-2-(3- 
bromopropionamido)eth yl] diphenamide. compounds 
V and VI, respectively. 


To introduce the mercaptoethyl side chain, 
diphenic acid (I) was converted to  the acyl halide 
(VII) initially. It was allowed to react with 


(4) NaNOz: HCI 
a C O Z H  ( b )  Cu:NH,OH 


NHZ 


I ~ O N H C H ~ C H ~ O H  1 C O N H C H ~ C H ~ N H ~  


Scheme I 
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Davidek and Prochazka (6). The plates were 
activated in the usual manner. 


The samples are spotted at a point 2.5 cm. from 
the center hole. Ten spots may be applied per plate. 
The inside of the apparatus was lined with heavy 
filter paper saturated with the solvent used for 
developing. The plate is secured to the spindle of 
the apparatus, and the rotation of the plate set a t  
500-700 r.p.m. The solvent flow was adjusted to  
permit a constant flow without overloading and 
possible washing away of the adsorbent. 


Table I shows the R, values and time obtained 
for separation of dyes using the standard and ac- 
celerated methods of thin-layer chromatography. 


Accelerated thin-layer chromatography provides 
a method of decreasing the time necessary to  
achieve separation. 


REFERENCES 


TABLE I.-Rf VALUES AND TIME OBTAINED FOR 


AND ACCELERATED METHODS OF THIN-LAYER 
SEPARATION OF DYES USING THE STANDARD 


CHROMATOGRAPHY 


--"I Valu- 
Acceler- 


Dyes ated Standard 
Light green SF yellowish 0.00 0.00 
Sudan Black B 0.10 0.15 
Indophenol blue 0.25 0.35 
Sudan R 0.40 0.45 
Oil Red 0 0.55 0.65 
Dimethy laminoam benzene 0.65 0.70 
Adsorbentaluminum oxide G 
Solvent benzene-hexane (9: 1) 
Development time accelerated- 


Development time standard-35 
10 min. 


min. 
(1) McDonald. H. 1.. Bermes. E. W.. and Sheoherd. H. B.. . .  


Ch;amafog Mclhds ,  i ( N o .  1) (1957). 
' 


eter, 2.5 mm. thick, and with a 1.2-cm. centered (2) McDonald, H. J., McKendell, L. V.. and Bermes. 
hole to  fit the Precision hi-speed chromatography' 
aoDaratus were used. The dates  were coated with 


E . ( ~ ' ~ ~ ~ ~ ~ ; f O # . :  2$2:%8&,, Touchstone, J. c., and 
Davis, C. N.. Anal. Chcm.. 34. 1061(1962). 


aiiminurn oxide G or silica gel G (with binder) by the 
spray technique of Bekersky (5) or the technique of 


c ~ ' ~ ~ ~ ~ ~ m $ \ ~ ~ $  Jan aasmus* 


Commun., 26, 2847(1961). 


menet Deyl* J .  


(5) Bek&y, I., Anai. Chcm., 35,261(1963). 
(6) Davidek. J., and Prochazka, z., Coll. Csech. Chcm. 
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Estimation of Thiamine by Inverse Isotope Dilution 
By ANTOINE A. NOUJAIMt, WAYNE V. KESSLER, JOHN E. CHRISTIAN, and 


ADELBERT M. KNEVEL 


Thiamine hydrochloride was determined 
y t i t a t i v e l y  by inverse isotope dilution in  


e presence of ascorbic acid, riboflavin, and 
nicotinic acid. The  results obtained, using 
100-mg. quantities, indicated an average error 
of 0 . 1  per cent and a reproducibility of 0.27 


per cent. 


HE PURPOSE OF THIS investigation was to study T a thiamine assay by inverse isotope dilution 
analysis. Several advantages are inherent in 
this technique, including speed and sim- 
plicity. However, the most outstanding advantage 
is that quantitative isolation is not required at any 
point in the analysis. Thus, thiamine may be deter- 
mined in the presence of other substances without 
quantitative extraction. 


It was necessary to choose a suitable labeling re- 
agent to  react with thiamine to produce a chemically 
stable derivative. Williams, et al. (1). proved the 
structure of thiamine by a quantitative sulfite 
cleavage into two moieties. This reaction is 


This reaction was used to perform an inverse isotope 
dilution analysis. Sodium sulfite-S-35 was used as 
the labeling reagent to form S35 labeled 2-methyl-6- 
aminopyrimidyl-5-methanesulfonic acid as the de- 
rivative. 


The specific activity of the derivative was deter- 
mined indirectly by carrying out inverse isotope 
dilution analysis with a known amount of thiamine. 
The labeled derivative was then mixed with a known 
amount of carrier. The specific activity of the 
carrier-diluted derivative was determined by 
measuring the weight and radioactivity of a portion 
of the purified material. The weight of the deriva- 
tive before adding the carrier was calculated by 
employing the standard inverse isotope dilution 
formula. The weight of thiamine analyzed was 
calculated from the weight of the derivative by a 
gravimetric factor. 


EXPERlMENTAL 
Optimum Conditions for Cleavage Reaction.- 


~ ~ ~ i ~ e d  1 1963 from the ~ i ~ ~ ~ ~ 1 ~ ~ , , j ~  Deportment, Thiamine hydrochloride was cleaved under different 
Purdue Universit;. Laikyette. Ind. conditions of temperature, pH, and reaction time. 


Theautbon tgank Hoffmnnn-Lakoche, Inc.. Nutiey. N.J.. Cleavage at room temperature for 15 hours at a PH 
for supplying the thiamine hydrochloride used in tlus In.- of 4.9 was chosen. These cleavage conditions are 


Pr-ted to the Scientific Section. A.PE.A., Miami Beach confirmed by the literature (1). 
meeting Ma 1863 Physical Properties of Derivative.-The deriva- 
United Arab Republic. tive crystallized as fine needlelike crystals insoluble 
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in cold water and organic solvents such as pyridine, 
ethanol, methyl ethyl ketone, and chloroform. The 
derivative was readily soluble in small amounts 
of ammonia T.S. and did not precipitate upon dilu- 
tion with water. The derivative was soluble to  
the extent of about 1.6% in boiling water after pro- 
longed boiling; it precipitated upon cooling slowly. 
The compound had no sharp melting point, but be- 
gan to char a t  about 410". These properties match 
those of the compound separated by Williams, el al. 
(2). 


heparation of Carrier.-Fifty grams of thiamine 
hydrochloride (Merck, manufacturing grade) was 
dissolved in 600 ml. of water containing 125 Gm. 
of anhydrous sodium sulfite (Mallinkrodt, A.R.) .  
Hydrochloric acid, 2.6 N ,  was added dropwise to  
adjust the pH to 4.95. The mixture was set aside 
for 3 days; the product was then collected with 
suction filtration. The product was dissolved in 
the least arnount of ammonia T.S., and glacial 
acetic acid was then added dropwise until the mix- 
ture was distinctly acid to  litmus paper. The mix- 
ture was set aside for another 2 days to  allow for 
complete crystallization. The supernatant was 
decanted, and the product was dissolved in 1500 ml. 
of water by boiling on a hot plate for about 5 
minutes. The hot plate was turned off; the solu- 
tion was allowed to crystallize by cooling slowly to  
room temperature. The mixture was set aside for 2 
days. The supernatant was decanted, and the 
product was dissolved again in 1500 ml. of boiling 
water. The product formed after cooling was re- 
moved with suction, oven-dried a t  120°, and stored 
in  a tightly closed container. 


Because the carrier did not have a definite melting 
point, it was assayed potentiometrically to  determine 
its purity. X weighed portion of the carrier was 
dissolved in 0.1 N sodium hydroxide, and this solu- 
tion was back titrated with 0.1 N hydrochloric acid. 
The results showed an average of 101.270 carrier for 
thrce determinations. 


Measurement of Radioactivity.-The radioactiv- 
ity o f  all samples was measured with a Tri-Carb 
liquid scintillation spectrometer, model 314-X 
(Packard Instrument Co., La Grange, Ill.). The 
instrument was operated with a 10-90 v. window and 
the freezer temperature was 1". The XDC scintilla- 
tor (3),  modified by substituting toluene in place of 
xylene, was used. The counting vials were 20-ml. 
screw cap, low patassium glass vials (Packard Instru- 
ment Co.). 


Sample activities were corrected for variation in 
counter efficiency by use of a C-14 standard. The 
energy of the C-14 B particle was considered suffi- 
ciently similar to  that of the S-35 p particle for this 
purpose. Sample activities were corrected mathe- 
matically for decay. All  background measurements 
were made with a blank containing 15 ml. of scintilla- 
tor. 1.0 ml. of ammonia T.S., and 1.0 mg. of carrier. 


A study of the quenching effect of the carrier was 
performed ; the results indicated that quenching did 
riot occur up to 4.0 mg. of carrier in 1.0 ml. ammonia 
T.S. per sample. 


Determination of the Reproducibility of the Cleav- 
age Reaction.-To determine whether the cleavage 
reaction was reproducible with the cleavage condi- 
tions selected, it was carried out with sodium 
sulfitc-S-35 (New England Nuclear Corp., Boston, 
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TABLE  REPRODUCIBILITY OF THE CLEAVAGE OF 
THIAMINE HYDROCHLORIDE 


Av. SamplP-b Coeff. of 
Run No. Activity, c.p.m. Variation, % 


1 
2 
3 


1746 
1752 
1752 


1.20 
1.26 
0.80 


aAverage of six samples, each counted for 4 minutes. * Samples were counted 5 months after sodium sulfite-S35 
reagent was prepared. 


TABLE II.-DETERMINATION OF THE RECRYSTAL- 
LIZATION PROCEDURE NECESSARY TO OBTAIN A 


CONSTANT SPECIFIC ACTIVITY 


Recrystal- Recrystal- 
1izedo.c from lized".c Irom 


Run Noncrystal- Ammonia-Acetic Water, 
No. lised,%*.c c.p.m. Acid, c.p.m. c.p.m. 
1 1746 f 21 1708 f 28 1704 f 23 
2 1752 f 22 1710 f 21 1707 f 23 
3 1752 f 14 1697 f 25 1723 f 30 


aAverage of six samples each counted for 4 minutes. 
The limiis of each mean are expressed as *From Table 1. 


the standard deviation. 


Mass.). The cleavage reaction was run with 100 
mg. of thiamine hydrochloride, and 500 mg. of 
carrier was added. One milligram of the carrier- 
diluted derivative was counted, the specific activity 
of which was approximately 20,000 d.p.m./mg. The 
specific activity of the sodium sulfite used was 
approximately 300,000 d.p.m./mg. A 25ml. 1 M 
solution with the above specific activity was pre- 
pared with sodium sulfite-S-35 and carrier (an- 
hydrous sodium sulfite, Mallinkrodt, A.R.) .  


The cleavage reaction was run three times with a 
2% aqueous solution of thiamine hydrochloride 
(Roche, U.S.P.). The reaction procedure used 
was similar to that for the analysis of thiamine 
hydrochloride in the presence of other vitamins, 
except that the vitamin mixture was not added, and 
the carrier-diluted derivative was not recrystallized 
from ammonia-acetic acid. 


For each run, 50.0 mg. of the carrier-diluted de- 
rivative was dissolved in 50.0 ml. of ammonia T.S. 
Six samples of each of these solutions, each contain- 
ing 1.0 ml., were prepared and counted; the results 
are shown in Table I. The coefficient of variation 
for the three runs was 0.20'%. 


Recrystallization Procedure Necessary to Obtain 
a Constant Final Specific Activity.-Two methods of 
recrystallization were employed to purify further 
the carrier-diluted derivative. The remaining parts 
of the carrier-diluted derivative from the three runs 
of the previous experiment were dissolved separately 
in 5 ml. of ammonia T.S. The pH was adjusted to 
4.9 to 5.0 with glacial acetic acid; the mixtures were 
set aside overnight t o  complete crystallization. 
The crystals were collected on a sintered-glass 
funnel, washed with water, and oven-dried at 120' 
for 2 hours. A solution containing 50.0 mg. of 
the purified material in 50.0 ml. of ammonia T.S. 
was prepared from each run. Six samples from each 
of these solutions, each sample containing 1.0 ml.. 
were prepared for counting. 


The remaining parts of the solids from the 
ammonia-acetic acid recrystallization were boiled 
separately on a hot plate with sufficient water to dis- 
solve them. The solutions were allowed to cool 
slowly overnight. The crystals that formed were 
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TABLE III.-INVBRSE ISOTOPE DILUTION ANALYSIS 


OTHER VITAMINS 
OF THIAMINE HYDROCHLORIDE I N  PRESENCE O F  
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of the above solution plus 2.0 ml. of the vitamin 
mixture stock solution were used. The assay pro- 
cedure for the mixtures is described. Into a 30-ml. 
beaker were pipeted 5.0 ml. of the 2y0 thiamine 
hydrochloride solution, 2.0 ml. of the vitamin mix- 
ture solution, and 2.0 ml. of the 1 M sodium sulfite- 
S-35 solution. The pH was adjusted to  4.9 to 5.0 by 
adding 2.6 N hydrochloric acid dropwise from a 
buret. The pH was measured with a pH meter. 
The beaker was then covered with aluminum foil 
and set aside overnight. Then, 10.0 ml. of the 5% 
carrier solution was added. The precipitate already 
present dissolved in the ammoniacal solution. The 
pH was readjusted to 4.9 t o  5.0 with 2.6 N hydro- 
chloric acid. After 3 hours, crystallization was al- 
most complete. The mixture was set aside fx 10 
hours after which time the supernatant was de- 
canted. The crystals were dissolved in 5.0 ml. 
of ammonia T.S., and the p H  was adjusted to 
4.9 to 5.0 with glacial acetic acid. The mixture 
was set aside to  crystallize for 10 hours, then the 
crystals were collected with a suction flask and a 
sintered-glass funnel and washed with five 10-ml. 
portions of distilled water. The funnel and crystals 
were oven-dried at 120' for 2 hours; the crystals 
were transferred to  a weighing bottle and cooled in 
a dessicator. 


For each mixture and standard, 50.0 mg. of the 
carrier-diluted derivative was dissolved in 50.0 ml. 
of ammonia T.S. Three samples of each of these 
solutions, each containing 1.0 ml.. were prepared and 
counted. 


The average activities of both standards for 
each run were averaged. These averages were 
used t o  calculate the initial specific activity of the 
labeled derivative for each run. The amount of 
thiamine hydrochloride present in each mixture 
was calculated. The results are shown in Table 111. 
The average of the four analyses was 99.7 mg. 
(100.1% recovery), and the standard deviation was 
0.27 mg. 


SUMMARY 
An inverse isotope dilution method for the anal- 


ysis of thiamine hydrochloride in the presence of 
other vitamins was studied. The procedure in- 
volved cleavage with sodium sulfite-S35 to  form an 
S35 labeled derivative. The average error and 
precision were 0.1 and 0.27%. respectively, using 
100-mg. quantities. The method should be applica- 
ble to  the analysis of considerably smaller quantities 
of the vitamin contained in complex mixtures. 
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Run 
No. Prepn. 
1 Standard 


Standard 


Mixture 


Mixture 


1 


2 


1 


2 


1 


2 


1 


2 


2 Standard 


Standard 


Mixture 


Mixture 


Av. Coeff. of 
Activity,'' Variation. 


c.p.m. % 
8072 0.63 


8038 0.20 


8072 0.21 


8074 0.31 


7982 0.66 


8067 0.88 


8058 0.45 


8006 0.77 


Re- 
covery? 


% 
... 


... 
100.2 


100.2 


... 


. . .  
100.3 


99.7 


O Average of three samples each counted for 5 minutes. 
Based on 99.6 mg. thiamine hydrochloride actuallyprcsent. 


collected on a sintered-glass funnel, washed with 
water, and oven-dried at 120' for 2 hours. Samples 
were prepared for counting in the manner described 
above. 


The average 
activities of the three runs recrystallized from am- 
monia-acetic acid and water were 1705 and 1711 
c.p.m., respectively. The conclusion was that re- 
crystallization from ammonia-acetic acid was suffi- 
cient for determination of the final specific activity. 


Analysis of Thiamine Hydrochloride in the hes-  
ence of Other Vitamins.-The following stock solu- 
tions were prepared. 


A 2% aqueous solution of thiamine hydro- 
chloride (Roche, for ampul use) which was oven- 
dried at 105' for 2 hours before use. 


A 5% solution of the carrier in ammonia T.S. 
oven-dried at 120' for 2 hours before use. 


An aqueous vitamin mixture containing 25.0 
mg. ascorbic acid, 0.50 mg. riboflavin, and 10.0 mg. 
nicotinic acid in each 2 ml. was prepared by warm- 
ing a suspension of riboflavin and nicotinic acid in 
water until a clear solution was obtained, then 
cooling, and adding the ascorbic acid. 


A 25ml.  1 M sodium sulfite-S-35 solution was 
prepared so that the final specific activity of the 
carrier-diluted derivative would be approximately 
15,000 d.p.m./mg., calculated on the basis of using 
five parts of carrier for each part of thiamine 
hydrochloride cleaved. These solutions were stored 
in a refrigerator. 


Two runs were carried out on consecutive days 
under the same conditions. For each run. two 
standards consisting of 5.0 ml. of the 2% thiamine 
hydrochloride solution and two mixtures consisting 


The results are shown in Table 11. 


1. 


2. 


3. 


4. 
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which included outstanding scientists such as Sir 
Julian Huxley, J. B. S. Haldane, and Carleton 
Coon. The controversial, provocative, and un- 
inhibited deliberations reported present a review of 
current thinking among research workers. 


media, diagnostic materials and methods, and special 
fungi stains. 


Physical and Technical Pharmacy. Edited by 
H. M. BURLAGE, C. 0. LEE, and L. W. RISING. 
The Blakiston Div., McGraw-Hill Book Co., Inc., 
,330 West 42nd St., New York 36, N. Y., 1963. 
ix + 740 pp. 15 X 23 cm. Price $16. 
Organized to meet the need for a student text to 


correlate principles of mathema tics, physics, and 
chemistry with pharmaceutical procedures, meth- 
ods, and technology, this volume presents materials 
on mathematics, and pharmaceutical calculations, 
the physicochemical sciences as they apply to 
pharmaceutical technology, stability of drugs and 
pharmaceutical systems with particular reference to 
storage conditions, and adjuncts of importance in 
the formulation of satisfactory products. Ten 
pharmaceutical scientist contributors to  the volume 
have assisted the editors in presenting a volume 
which will be a significant contribution to  pharma- 
ceutical education. 


Hallucinogenic Drugs and Their Psychotherapeutic 
Use. Edited by R. CROCKET, R. A. SANDISON 
and A. WALK. Charles C Thomas, Springfield, 
Ill., 1963. xiii + 191 pp. 15.5 X 25 cm. Price 
$7.50. 
The proceedings of the quarterly meeting of the 


Royal Medico-Psychological Association held in 
February 1961 are presented. The papers are 
grouped under six topics: the historical and psycho- 
pharmacological background, hallucinogenic agents 
and their general application, techniques and 
methodology, the use of hallucinogens in specific 
conditions, clinical observations and phenomeno- 
logical interpretation, and the moral, religious. and 
social significance of experience under hallucinogenic 
drugs. The purpose of the conference was to bring 
investigators from fields other than the clinical 
and psychotherapeutic areas to discuss the psychic 
changes accompanying the administration of the 
hallucinogens; the editors have created a stimulating 
and valuable volume. 


A n  Introduction to Clay Colloid Chemistry. 


A brief glossary is also included. 


By H. 
VAN OLPHEN. Interscience Publishers, Div. of 
John Wiley & Sons, 605 Third Ave., New York 
16, N. Y ,  1963. xvi + 301 pp. 15.5 X 23 
cm. Price $10. 
Modern concepts in colloid and surface chemistry 


are discussed as they apply to clay systems. The 
book stresses the effect of changes in fluid com- 
position on the forces acting between suspended clay 
particles, and the consequences of such changes on 
the bulk physical and mechanical properties of the 
suspensions which are important in clay technology. 
The treatment in the text is elementary which will 
limit its usefulness to workers active in clay tech- 
llology but will provide a workable background 
knowledge for persons less knowledgeable in the 
field. 


Man and His Future. Edited by G. WOLSTBN- 
HOLME. Little, Brown and Co., Boston, Mass., 
1963. vi + 410 pp. 13 X 20.5 cm. Price 
$6. 
The biological, environmental, and social aspects 


of inan and his future were treated in a symposium 


The Pathogenesis of Leprosy. Edited by G. E. W. 
WOLSTENHOLME and M. O'CONNOR. Little, 
Brown and Co., Boston, Mass., 1963. ix + 
101 pp. 12 X 18.5 cm. Price $2.95. 
Another booklet in the Ciba Foundation Study 


Group series, this volume serves to focus attention 
on the progress and problems of research on leprosy. 
Papers presented were devoted to  experimental 
observations related to the histopathology of 
leprosy, cytopathology of the Virchow cell of human 
leprosy, applicability of experimental murine 
leprosy to  the study of human leprosy, experi- 
mental studies on human leprosy, and leprosy 
bacilli in mouse foot-pads. 


Chemistry: A Survey of Principles. By G. W. 
Ewmc, and E. G. MEYER. John Wiley & Sons, 
Inc., 605 Third Ave., New York 16, N. Y., 1963. 
ix + 239 pp. 15 X 23 cm. Price $4.95. 
A student textbook for a one-semester course in 


chemistry for non-chemistry major students is 
presented which balances basic theory with de- 
scriptive materials on such topics as biochemistry, 
organic reaction mechanisms, thermodynamics, 
chemical equilibrium and reaction rates, and metal- 
organic and metal-inorganic complexes. Labora- 
tory experiments are integrated and require the 
student to work with modern laboratory instru- 
ments such as the pH meter, photoelectric colorim- 
eter, and nuclear counting equipment. Many of 
the experiments are quantitative in nature and de- 
velop some concepts not covered in the text. 


Medicinal Chemistry. Vol. VI. Edited by E. E. 
CAMPAIGNE and W. H. HARTUNG. John Wiley 
& Sons, Inc., 605 Third Ave., New York 16, N. Y., 
1963. x + 356 pp. 15 X 23 cm. Price $10. 
Volume six of this monograph series covers non- 


barbiturate hypnotics, spinal cord depressant drugs 
derived from polyhydroxy alcohols, and X-ray 
contrast media. Much of the data is presented 
in tabular form as was in the case in prior volumes. 
The style and format of the earlier volumes as well 
as the objective to include references to all the com- 
pounds which have been tested for a particular type 
of pharmacological activity in a given chapter have 
been retained. Numerous references are included 
for each chapter and a general index is provided. 


Advances in  Organic Chemistry: Methods and 
Results. Vol. 4. Edited by R. A. RAPHAEL, E. C. 
TAYLOR, and H. WYNBERG. Interscience Pub- 
lishers, 605 Third Ave., New York 16, N. Y., 
1963. vii + 361 pp. 15 X 23 cm. Price $14.50. 
This fourth volume in a series created to  meet the 


need for critical appraisal and evaluation of useful 
new methods and ideas generated in the rapid 
evolution of organic chemistry treats enamines, 
synthetic methods in the carotenoid and vitamin A 
fields, and the coupling of acetylenic compounds. 
Author and subject indexes are included as well as 
a cumulative index for volumes 1-4 in the series. 








Interaction of Sucrose and Propoxylated Sucrose 
Esters with Some Pharmaceuticals 


By SEYMOUR M. BLAUG and DONALD S. EBERSMANt 


The interaction between either fatty acid mono or diesters of sucrose or fatty acid 
monoesters of propoxylated sucrose and benzoic acid or a series of hydroxy and 
amino substituted benzoic acids is reported. The sugar esters, because of their lack 
of long polyether chains, have been roposed for use in formulations in which associ- 
ation between a nonionic emulsiter and preservative is a problem. A dialysis 
method was used to study the interactions. The degree of interaction appears to be 
dependent upon the type of functional group resent and its position in the com- 
plexed molecule. In the case of the surfactant J e  esters of the propoxylated sucrose 
appear to associate more than those of sucrose. The fatty acid moiety influences the 
extent of interaction; of the series studied, the laurate esters generally undergo inter- 
action to the greatest extent, while the stearate esters exhibit only slight interaction. 
The results obtained differ to some degree from work previously reported with other 
nonionic surfactants. A ossible mechanism of interaction based upon the binding 
of drug within the palis& layer of the micelles of the surfactant solution is proposed. 


HE LAST DECADE has witnessed the ap- 
Tpearance of a multitqde of surface-active 
agents. These agents can roughly be classified 
into groups which describe the charge of the 
major portion of the molecule upon dissociation 
in water, ix., anionics, cationics, amphoterics, 
and those which do not dissociate-the non- 
ionics. 


A group of nonionic surfactants were intro- 
duced in 1956, the fatty acid esters I and I1 of 
sucrose (1, 2 ) .  Members of this group have 
been proposed for use (3-5) in the petroleum in- 
dustry, the textile industry, and for agricultural 
use. In England, the sugar esters have been 
given wide attention for possible use as laundry 
detergents (6, i ) .  Pollution of rivers and 
streams (from which drinking water is taken) 
by synthetic detergents is becoming a wide- 
spread problem. Sucrose esters do not con- 
stitute a threat to the purity of drinking water 
since they can be metabolized by microorgan- 
isms. 


In the pharmaceutical and cosmetic fields the 
sucrose esters can be widely used in forming 
emulsion bases and as dispersing agents in sus- 
pensions. They have the advantage of being 
tasteless and odorless, a factor which gives them 
a decided advantage over competitive products. 
Some of the esters are solids, resulting in easier 
handling than with the liquid surfactants. 


Attempts to synthesize fatty acid esters of 
sucrose date back to the work of Rerthelot in 
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1860 (8). Other methods have been attempted 
(9-16), but none have received the wide ac- 
ceptance accorded the method developed by 
Snell, Osipow, and Marra (1). Their method 
involves a transesterification, using as the re- 
actants the methyl ester of a fatty acid, and 
potassium carbonate dissolved in N,N-dimethyl 
formamide. The raw materials involved are rela- 
tively inexpensive; as soon as the manufacturing 
method can be accomplished efficiently and 
cheaply it is apparent that there will be avery large 
market for these surfactants. 


Initially it was thought (5) that these agents 
were completely nontoxic; however, a recent 
work (1’7) has provided evidence that while 
these surfactants are nontoxic orally, they are 
toxic upon injection. This prevents their 
proposed use in the formulation of intravenous 
emulsions. 


Another group of related surfactants was in- 
troduced a few years after the sucrose esters 
(18, 19). These are the fatty acid esters (111) 
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The data obtained during the study were plotted 
to show the value R, the  ratio of total drug in 
solution to the unbound drug, as a function of the 
concentration of the sucrose or hyprose ester. With 
the method used i t  was not possible to determine 
the stoichiometric ratio in which the reactants unite 
and  thus accurately determine the formation 
constants However, by use of the phase diagrams 
(Figs. 1-1) the degree of association between the 
various reactants can be readily seen. 


Reagents.--Recrystallized knzoic  acid, ni.p. 122', 
o-hydro~ybenzoic acid, m.p. 157-159", m-hydroxy- 
benzoic acid, m.p. 200'. p-hydroxybenzoic acid, 
m.p. 212-213', o-aminobenzoic acid, m.p. 145', 
waminobenzoic acid, m.p. 1'74', p-arninobenzoic 
acid, m.p. 186-18io, sucrose monostearate, sucrose 
rnonolaurate, sucrose dioleate, hyprose mono- 
stearate, hyprose monolaureate, hyprose mono- 
oleate, 0.001 Nsulfuric acid were employed. 
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Fig. l.-Binding of benzoic acid and three hy- 
droxybenzoic acids by sucrose monolaurate in water 
at 30'. Key: t- 0, benzoic acid; 0- - -0, 
o-hydroxybenzoic acid ; A-A, m-hydroxyben- 
zoic acid; A- -- -A, p-hydroxybenzoic acid. 


of propoxylated sucrose which are chemically 
described as octakis (8-hydroxypropyl) sucrose. 
This agent has also been proposed as an emul- 
sifying agent for cosmetics and pharmaceuticals. 
A recent work (20) describes a series of emul- 
sions prepared with the aid of the propoxylated 
sucrose esters. 


Because o f  their lack of long polyether chains. 
the sucrose esters have been recommended (4) 
for use in formulations to replace other nonionic 
surfactants such as the Tweensl Myrj 32,* and 
polyethylene glycols which have been shown 
(21-233) t o  interact with materials-such as 
preservatives incorporated in the formulation. 
It was the purpose of this investigation to ob- 
serve whether and to  what extent the esters of 
sucrose and/or propoxylated sucrose, which do  
not have as par t  of their molecule long polyether 
chains, would associate with a series of hydroxy 
and amino substi tuted benzoic acids. 


EXPERIMENTAL 


The interaction of beiizoic acid and the substituted 
benzoic acids was studied using a dialysis method 
similar to those previously described in the litera- 
ture (24-26). The method consisted of bringing 
two solutions into equilibrium across a semiper- 
meable membrane. The membrane, Fisher cellu- 
lose ~ a s i n g , ~  perniittcd the low molecular weight 
compound in tlie solution outside of the dialysis 
sack to pass freely through the membrane; a t  the 
sanic time it did not permit the passage of the sucrose 
ester contained in the sack. Therefore, if the con-  
pound studied did not interact with the sucrose 
ester and was not bound by the membrane itself, 
the concentration of compound inside and outside 
ot the dialysis sack was equal. If interaction did 
(wcc'iir, the concentration of the compound on the 
cstcr side of the semipermeable membrane increased. 


I Marketed by the Atlas Powder Co..  Wilmington. Del. 
: Polyoxyl -10 stearate. Marketed by the Atlas Powder 


a Product of Fisher Scientific C o . .  Catalog KO. 8-f;ti7. 
Cu.. Wilmingtrm, 1)el. 
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Fig. 2.-Binding of benzoic acid and three hy- 
droxybenzoic acids by hyprose monolaurate. Key : 
t- 0, benzoic acid ; 0- - -0, o-hydroxy- 
benzoic acid; A-A, m-hydroxybenzoic acid; 
A- - -A, p-hydroxybenzoic acid. 


Procedure.-Solutions of tlie aromatic acids in 
0.001 N sulfuric acid were prepared. Amounts of 
acids used correspoiidcd to half saturated solutions, 
i.e.. each solution contained in 50 ml. the following 
amount of acid: benzoic acid, 140 mg.; o-hydroxy- 
benroic acid, 460 mg. ; p-hydroxybenzoic acid, 400 
mg. ; o-aniinobenzoic acid, 180 mg. ; m-aniinobenzoic 
acid, 300 mg. ; p-aminobenzoicacid, 170 mg. Fifty 
milliters of the solutions were pipetted into 125-ml. 
glass-stoppered bottles. Sacks were prepared from 
the Fisher cellulose casings and filled with 20 ml. of 
solutions containing varying concentrations of su- 
crose or propoxylated sucrose ester (0 to  5.07;,). The 
sacks were tightly closed and immersed in a bottle 
containing a solution of the acid under study. 
The bottles were placed in a constant temperature 
water bath shaker at 30 f 0.2O for 48 hours, after 
which time aliquots were pipetted from the external 
solution, diluted, and assayed for acid content using 
a Beckman model DU spectrophotometer and 1-cm. 
cells. For each series of determinations, a control 
bottle was prepared which differed from the other 
bottles since it contained no sucrose ester inside the 
sack. The internal and external solutions of each 
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tive of the results obtained in these interaction 
studies. 


The exact reason for the formation of molecular 
complexes is not completely known a t  the present 
time. A number of theories have been proposed 
(34-37) to  account for the experimental data 
generally obtained. I t  was believed that hydrogen 
bonding was the major driving force of these 
interactions in the early work conducted with water 
soluble polymers (34). In a recent work (35) 
Higuchi and Drubulis stated that the degree of 
interaction shown by the hydroxy-aromatic acids 
and their salts was too great to  be caused by hydro- 
gen bonding or by hydrophobic bonding. They 
attributed the interaction to  another donor-acceptor 
type of mechanism. 


In the field of soap chemistry the solubilization 
of organic acids and phenols has been attributed 
(36) to  micellar solubilization. Klevans (37), in 
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Fig. 3.-Binding of benzoic acid and three amino- 


benzoic acids by sucrose monolaurate in water a t  
30”. Key: -0, benzoic acid; 0- - --Q 
o-aminobenzoic acid ; A-A, m-aminobenzoic 
acid; A-A, p-aminobenzoic acid. 


blank were assayed for acid content to determine if 
equilibrium had been reached. Solutions were 
assayed for acid content at the following wavelengths: 
benzoic acid, 240 mp; o-hydroxybenzoic acid, 
240 mp; m-hydroxybenzoic acid, 240 mp; p- 
hydroxybenzoic acid, 240 mp; o-aminobenzoic 
acid, 275 mr; m-aminobenzoic acid, 267 mp, and 
p-aminobenzoic acid, 275 mp. 


DISCUSSION 


I t  can be noted that while the degree of association 
was not very great between the various reactants 
certain definite complexing tendencies can be 
discerned (Tables 1-111). In the hydroxybenzoic 
acid series, o-hydroxybenzoic was the most reactive, 
the m-substituted compound less reactive, and the 
p-hydroxy less reactive. This order of reactivity 
varied from that of work previously reported with 
certain xanthines (27-29) and polymers (30-33). 
However, it is similar to  some work reported (21) 
with the Tweens, which, in addition to the ethylene 
oxide polymer in the molecule, contains a hydro- 
phobic moiety. Blaug and Ahsan (21) attributed 
the greater complexing ability of the Tweens, 
compared to  polyethylene glycol, to the presence 
of a hydrophobic moiety in the molecule. The 
degree of reactivity of benzoic acid appears to de- 
pend on the nature of the ester. In the series of 
interactions with the esters of sucrose (Fig. 1). 
benzoic acid was more reactive than o-hydroxy- 
benzoic acid. However, in the series of inter- 
actions with the propoxylated sucrose esters (Fig. 
2), the benzoic acid was less reactive than the 
o-hydroxy compound but more reactive than the 
m-hydroxy acid. I t  is possible, in the case of the 
sucrose ester, that due to intramolecular bonding 
the o-hydroxy acid has less available sites for 
bonding than the benzoic acid molecule, making it 
less reactive. However, in the propoxylated 
sucrose ester molecule the availability of a greater 
number of bonding sites in close proximity to the 
acid molecule, partially fixed in place by a hydro- 
phobic bond, allows the macromolecule to com- 
pete advantageously with the intramolecular 
bonding forces of the acid. Figures 1-4 are illustra- 
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Fig. 4.-Binding of benzoic acid and three amino- 


benzoic acids by hyprose monolaurate in water at 
30”. Key: -0 ,  benzoic acid; 0- - -0, 
o-aminobenzoic acid ; A-A, m-aminobenzoic 
acid ; A- - -A, p-aminobenzoic acid. 


his review of solubilization, stated that molecules 
can be solubilized by three possible mechanisms. 
The first was the adsorption of the added molecule 
on the surface ot the micelle. The second was the 
dissolution of the added hydrocarbon in the lipo- 
philic portion of the micelle. The third, thought 
to be the best explanation of the three, stated that 
the molecule becomes oriented in the palisade layer 
of the micelle. A group of English workers (36) 
studying soap interactions stated that the aromatic 
compounds studied appeared to  orient themselves 
in the micelle in the same manner as the soap 
molecules. If this were the mechanism by which 
the compounds in the present study reacted, then 
a correlation based on the dipole moment should be 
valid. This was attempted by the authors but 
found unsuita.ble to explain the results obtained. 


If we study the macromolecules in question, the 
sucrose, or the propoxylated sucrose esters, it can 
be seen that a fa t ty  acid moiety is present which 
corresponds to  the hydrophobic portion of a soap 
molecule. In contrast to the soap molecule, the 
hydrophilic portion of the sucrose or hyprose ester 
is nonionized. The hydrophilic portion does not 
possess the large number of binding sites found in 
the polyethers. Based on water solubility data, 
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TABLE I.-R \'ALUES FOR THE INTERACTION OF BENZOIC ACID AND %ME HYDROXY AND AMINO-SUBSTITUTED 
BENZOIC ACIDS WITH SOME SUCROSE AND PROPOXYLATED SUCROSE ESTERS ( 1 %, MACROMOLECULE 


CONCENTRATION) 


I Sucrose - ,- Hyprose 
Acid Monostearate hlonolaurate Dioleate Monostearate hlonooleate Monolaurate 


Benzoic 1.03 1.08 1.08 1.03 1.05 1.09 
o-H ydroxybenzoic 1.01 1.08 1.01 1.11 1.05 1.11 
m-Hydroxybenzoic 1.01 1.03 1 .O1 1.03 1 .w3 1 . O i  
p-Hydroxy benzoic 1.01 1.03 1.02 1.05 1 . 0 4  1.05 
o- Aminobenzoic 1 . 0 1  1.01 1 . 0 1  1 .of, 1.04 1.02 
m-.hninobenzoic 1 . 00 1.00 1 .no 1 .00 1 .00 1 .oo 
p -  Aminobenzoic 1 .00 1.08 1 . 0 1  1.03 1.07 1.01 


TABLE 11.-R VALUES FOR THE INTERACTION OF BENZOIC ACID AND SOME HYDROXY AND AMINO-SUBSTITUTED 


CONCENTRATION ) 
BENZOIC ACIDS WITH %ME SUCROSE AND PROPOXYLATED SUCROSE ESTERS (2.5% MACROMOLECULE 


- .___ 
c Sucrose 7 -  Hyprose 


Acid Monostearate Monolaurate Dioledte Monostearate Monooleate Monolawate 
Benzoic 1.07 1.20 1.21 1 .05 1.15 1.20 
o-Hydroxyknzoic 1.03 1.10 1.02 1.32 1.22 1.32 
m-Hydroxybenzoic 1.01 1.07 1.02 1.07 1.06 1.13 
p-H ydrox ybenzoic 1.02 1.05 1.02 1.08 1.05 1.10 
o- Alninobenzoic 1.02 1 .0:3 1.02 1.09 1.07 1.06 
n?-Aminobenzoic 1 .00 1.00 1 .oo 1 .oo 1.01 1.01 
p-Xminobenzoic 1 .OO 1.05 1 .oo 1.05 1.10 1.05 


TABLE 111.-R \*ALUES FOR THE ~NTERACTION OF BENZOIC ACID AND SOME HYDROXY AND AMINO- 
SUEISTITUTED BENZOIC ACIDS WITH SOME SUCROSE AND PROPOXYLATED SUCROSE ESTERS (5% 


MACROMOLECULE CONCENTRATION) 


-. 


- Sucrose . -  Hyprose - 
Acid hlonostearate h,lonolaurate Dioleate Monostearate Monooleate Monolaurate 


Benzoic 1.10 1.40 1.34 1.30 1.17 1.44 
o-Hydroxyhenzoic 1.04 1.19 1.05 1.45 1.41 1.56 
tn-H ydroxybenzoic 1.01 1.11 1.05 1.15 1.13 1.25 
p-H ydroxybenzoic 1.04 1.09 1.03 1.12 1.10 1.20 
o- Aniinobenzoic 1 .03 1.28 1.05 1.13 1.14 1.20 
in- Aminobenzoic 1. 00 1 . 0 1  1 .oo 1.01 1.01 1 . 0 1  
p-Aminoberizoic 1.01 1 . O i  1.01 1.07 1,12 1.12 


i t  has been stated (5) that  the oxygen atoms present 
in the sucrose portion 01 the molecule are equivalent 
t o  a minimum of ten ethylene oxide groups. This 
would make these esters more reactive than the 
Tweens. The results obtained indicated tha t  the 
n~acromolecules in question were appreciably less 
reactive than those of the Tween series because of 
the lack of ethylene oxide groups in the sucrose or 
hyprose molecule. 


The authors noted differences in the degree of 
reactivity between esters of the various fatty 
acids arid between the esters of sucrose and those 
of hyprose 111 most instances the esters of hyprose 
interacted to a greater degree than those of sucrose 
Thc observed differences were probably due to the 
greater number o f  binding sites in the propoxylated 
sucrose molecule. The fatty acid portion of the 
ester molecule appeared to exert some effect on the 
degree of  interaction. The laurate esters generally 
were the most reactive, while the stearate esters 
generally were least reactive. This latter effect 
was probably due, in part, to greater solubility of the 
laurate ester--hence greater availability of the 
inolecule for interaction. 


In studying the data obtained the possibility 
becomes apparent that  more than one mechanism 
is responsible for the degree and order of reactivity 
of the acids studied. The theory proposed by 
Hyde, el al. (38), appears t o  explain best the results 
obtained. The aromatic acid is incorporated into 


Fig. 5.--A schematic representation of the pro- 
posed mechanism of interaction between sucrose and 
hyprose ester, and benzoic acid and three hydroxy- 
benzoic acids. 


the palisade layer of the sucrose or hyprose micelle 
in the same manner as the sugar ester molecules in 
the micelle. The stability of the complex can be 
attributed t o  two different types of binding. A s  
represented in Fig. 5, the carboxyl and hydroxyl 
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groups of the aromatic acids are associated with the 
hydroxyl groups and/or ether linkages present in 
the sucrose or hyprose molecule. The less polar 
portion of the interacting acid molecule associates 
with or becomes dissolved in the hydrocarbon tail 
of the ester in its micellar orientation. The greater 
degree of reactivity demonstrated by one acid 
molecule over another can be attributed to the 
ability of that molecule to  make a better “fit,” 
i.e., the combination of hydrophilic bonding (hydro- 
gen bonding or donor-acceptor type bonding) and 
hydrophobic bonding forming a more stable complex. 
In the second series, the amino-substituted 


henzoic acids, Figs. 3 and 4, the orders of reactivity 
di5ered from those observed with the hydroxy- 
benzoic acids. In most cases the o-substituted 
amino compound appeared to  be most reactive, 
behaving similarly to  the hydroxy counterpart. On 
the other hand, the p-aminobenzoic acid was next 
most reactive, instead of the mela compound showing 
opposite behavior from their hydroxy counterparts. 


Since the studies were conducted in relatively 
strong acidic media, the amino compounds were 
present as the protonated species. Benzoic acid 
interacted t o  a greater degree than any of the 
aminobenzoic acids. This was expected as the 
protonated ion would not become involved in 
hydrogen bonding and would serve t o  inhibit any 
form of hydrophobic association. The phase 
diagrams presented indicate that the amino com- 
pounds, in general, were not as reactive as the 
hydroxybenzoic acids. The lack of reactivity 
of the m-aminobenzoic acid can be attributed, 
perhaps, to  the steric configuration of the molecule, 
i .e.,  the combination of hydrophilic and hydrophobic 
bonds forming a very weak complex. 
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SUMMARY 
A study was conducted to  determine whether 


association would occur between a series of aromatic 
acids and some fatty acid esters of sucrose and a 
propoxylated sucrose. 


Evidence of reactivity between the molecules 
studied was presented in addition to the degree to 
which this association occurred. 


A mechanism was proposed to  explain, to some 
degree, why association had occurred. 
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The studies reported in this paper do not show 
conclusively that the colors are due to  free radicals. 
In a few cases addition of water caused a marked 
decrease in the e.p.r. signal while the color became 
more intense; a striking example of this phe- 
nomenon is 2,6-dirnethylphenol. It appears that 
the colors are due to a mixture of materials, some of 
which may be free radicals. This is supported by 
concentration measurements, which showed that 
the free radicals comprised less than 10% of the 
parent compound. The changes in color and e.p.r. 
spectrum with time provide evidence that several 
reactions are occurring simultaneously in the tests. 
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Powdered Particle Interactions: 
Suspension Flocculation and Caking IV 
By ROBERT G. WILSON* and BERNARD ECANOW 


The incompatibility of bismuth subnitrate with uagacanth mucilage has bean 
re orted in the literature. In this otudy, the phenomenon is discussed in terms 
of%e chemical reaction that  occur^ berween reactive bismuth sitar on the bI~muth 
subnitrate particle surface and the acidic m u p s  of tht ~g.Lacturonic acid units 


of the complex acid polysaccharide present in the vagacanth gum. 


N AQUEOUS SUSPENSION containing bismuth A subnitrate and one of a number of poly- 
saccharide or carbohydrate derivatives such as 
tragacanth will exhibit acwell known incom- 
patibility (1, 2). The substances coagulate 
on mixing to form soft curd-like aggregates which 
settle to the bottom of the container. If the 
compounds are introduced at  higher levels of 
concentration, the aggregates may set to hard, 
intractable masses. 


The phenomenon has been explained (3, 4) 
as the interaction of positive bismuth or bismuth 
ions with the negatively charged tragacanth. 
It has been shown that the incompatibility does 
not appear in the presence of phosphate, citrate, 
or arsenate ions (3, 5). The negatively 
charged phosphate ion was thought to be strongly 
adsorbed on the tragacanth micelle and thus pro- 
vided a protective action against the adverse 
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effect of the positively charged bismuth. Nitrate 
ion was thought to be similarly adsorbed, but 
due to a weaker protective action could not pre- 
vent the occurrence of the incompatibility. 


The chemistry of bismuth subnitrate in aque- 
ous suspension has been explored in our recent 
work (6). The phosphate ion was shown to be a 
flocculating agent for an aqueous bismuth sub- 
nitrate suspension because strong interparticle 
bonds were formed by chemisorption of the phos- 
phate ions at  the surface of the bismuth sub- 
nitrate particles. An interaction of this type 
provides a basis for the discussion of the bis- 
muth subnitrate-tragacanth or War  suspension 
systems. 


EXPERIMENTAL 
Materials.-The same lot of a commercial grade 


of bismuth subnitrate N.F. wm used throughout the 
series of tests. It was obtained from Mallinckrodt 
Chemical Works, St. Louis, Mo. Two types of 
tragacanth U.S.P. were used in the work.’ They 
will be more simply described as gum or ribbon 


1 Tragacanth Alcppo Ribbons No. 1 and Fine Powdered 
Gum Tragacanth Extra Grade No. 1. supplled by 9. B. 
P d c k  and Co.. New York. N. Y. 
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tragacanth in the balance of this report. Each 
experiment involving tragacanth was thus run in 
duplicate-first with the gum tragacanth, then 
with the ribbon farm of the suspending agent. 
The monobasic potassium phosphate was of reagent 
grade, supplied by Merck & Co., Rahway, N. J. 


Settling Data.-The methods of Ward and 
Kammermeyer (7) were used to obtain and analyze 
the sedimentation data. Where necessary, the 
suspensions were shaken on a Birrell wrist-action 
shaking machine, model DD. 


Suspension Formulation.-Meaningful results 
could be obtained from suspensions which contained 
10 Gm. of bismuth subnitrate and 100 ml. of the 
suspending medium. The tragacanth was prepared 
as a stock mucilage and was introduced as required 
to give a final concentration of 0.1% tragacanth in 
the suspending medium. The monobasic potassium 
phosphate was also prepared as a stock solution. 
This contained 100 X lo-' meq. of phosphorus per 
milliliter and was added as required to give the final 
concentration of 50 X lo-' meq. of phosphorus 
per milliliter of the suspending medium. After 
being prepared, the suspensions were allowed to 
settle for 5 days before being photographed. 


RESULTS 


Suspension L-The bismuth subnitrate was sus- 
pended in distilled water and the mixture shaken 
by hand to disperse the solid evenly. The super- 
natant liquid was still slightly cloudy after 5 days 
and the dense, compacted sediment could be re- 
suspended only with d&culty. However, the par- 
ticles resuspended as individuals in the suspension 
medium. 


Suspension 1a.-This suspension was the same 
as Suspension I. but was placed on the shaker for 
24 hours before being allowed to  settle. It was 
visibly comparable to Suspension I in its settling 
characteristics and resuspended with the same 
dficulty. 


Suspension II.-The bismuth subnitrate was 
suspended in phosphate solution, promptly became 
flocculated, and rapidly settled to a bulky sediment. 
The supernatant liquid was clear and colorless. 
At the end of 5 days, the sediment was easily 
resuspendable, with particles in both the flocculated 
and detlocculated states. 


Suspension IIa.-This suspension was the same 
as Suspension 11, but was placed on the shaker for 
24 hours before being allowed to settle. During 
this period, it became partially det lmchted and 
was visibly comparable to Suspensions I and IQ 
in its settling characteristics. However, its final 
sediment height was slightly greater than that of 
Suspensions I or Ia, and the solids were a little 
more easily resuspendable. 


Suspension IiI.-The bismuth subnitrate was 
suspended in water, and tragacanth was added 
from the stock mucilage. On mixing, the solids 
coagulated and settled rapidly to a coarse, lumpy 
sediment which bulked to  a high suspension height. 
The supernatant liquid was cloudy and failed to 
clear completely during the 6 days of settling. The 
sediment was slightly gelatinous and could be 
easily resuspended in the form of large, coarse 
aggregates. 


Suspension II1a.-This suspension was the same 
as Suspension III, but was placed on the shaker 
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for 24 hours before being allowed to settle. In  
settling, the sediment of this suspension bulked 
to a lesser degree than did that of Suspension 111. 
In addition, it was Seen that the sediment was more 
gelatinous and the shaking had acted to smooth 
out the suspension and to eliminate the coarse, 
lumpy appearance of the sediment of Suspension 
111. The solids were easily resuspendable in the 
form of small floccules. 


Suspension IV.-The bismuth subnitrate was 
suspended in a medium containing tragacanth and 
phosphate ion. The order of addition was: (Q) bis- 
muth subnitrate, (b )  distilled water, (c) phosphate 
ion, and (d) tragacanth mucilage. The solids 
flocculated and settled rapidly to  a bulky sediment. 
The supernatant liquid was clear and colorless, 
although not so clear as when phosphate ion alone 
was the flocculating agent. The sediment had a 
marked gel structure, but this could easily be broken 
by shaking. The material was resuspended in the 
form of fine floccules. 


Suspension V.-This suspension was the same as 
Suspension I V ,  but the order of addition was: 
(a) phosphate solution, (b) tragacanth mucilage, 
(c) bismuth subnitrate, and (d) distilled water. 
The solids settled rapidly leaving a cloudy super- 
natant liquid which failed to  clear within 5 days. 
The sediment showed a marked gel structure; 
it  seemed to be slightly more difficult to resuspend 
the material than it was to  resuspend the solids of 
Suspensions IV. However, both sediments could 
be described as easily resuspendable. The floccules 
of the suspended material were larger than those 
seen with Suspension IV and settled more rapidly 
on standing. 


Suspension Va.-This suspension was prepared 
in the same order as Suspcnsion V,  but the mucilage 
containing phosphate ion and tragacanth was 
shaken for 24 hours before the bismuth subnitrate 
was added. As far as could be seen, Suspensions V 
and Va were identical in their settling characteristics 
and in their response to resuspension. Any slight 
difference in their sediment heights may be ex- 
plained as being due to further hydration of the 
tragacanth during the shaking period. 


Suspension VI.-This suspension was the same 
as Suspension V. but the order of addition was: 
(a) phosphate solution, ( 6 )  tragacanth mucilage, 
and (c) bismuth subnitrate suspended in distilled 
water. Suspension VI was quite comparable to  
Suspensions V and Va in its settling characteristics, 
the only apparent difference being that the final 
sediment height was slightly greater than that of 
the other two suspensions. 


DISCUSSION OF RESULTS 


The study was begun with a suspension of 5 Gm. 
of bismuth subnitrate in a quantity of 10Jotragacanth 
mucilage sufficient to give f30 ml. of final suspension. 
Confirming prior work (5). no apparent differences 
could be seen when the order of mixing was changed. 
Visual inspection showed that a gelatinous network 
of flocculated material had formed throughout the 
suzpension. The aqueous medium could be drained 
from the aggregates; when these were spread on a 
slide and viewed under low magnification, an open 
network of gelatinous floccules could be seen. The 
suspension was prepared again. but was shaken for 
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24 hours before being examined. The particles 
were uniformly suspended in a smooth gel, both when 
viewed macroscopically or under low magnification. 


These initial findings showed that the interaction 
of bismuth subnitrate and tragacanth mucilage 
was qualitatively similar to the chemical reaction 
that occurs between bismuth subnitrate and various 
flocculating anions (6). When the highly viscous 
tragacanth mucilage was added to a bismuth sub- 
nitrate suspension, the bismuth subnitrate could 
react to  set the mixture to  a coarse, granular, gelatin- 
ous network before complete mixing could be 
achieved. Twenty-four hours of continuousshaking 
served to  break this network into a more homogene- 
ous gel structure. 


The above interaction seemed analogous to the 
reaction in which bismuth subnitrate was flocculated 
in a medium containing a large excess of the phos- 
phate ion (6). It was shown that continuous shak- 
ing for a 24-hour period would reduce the size of 
the 00~9 but would not give rise to ddocculation. 
On the other hand, a bismuth subnitrate suspension 
flocculated by a solution containing a relatively 
low concentration of phosphate ion became de- 
Bocculated after 24 hours of shaking. The same 
type of phenomenon was demonstrated for the 
bismuth subnitrate-tragacanth mucilage suspension 
system. An aqueous 4% bismuth subnitrate sus- 
pension was reacted with an equal volume of 0.02% 
tragacanth mucilage to form a flocculated suspen- 
sion. The solids settled rapidly and bulked to  a 
relatively high suspension height at the bottom 
of the container. The suspension was then shaken 
for 24 hours and became ddocculated. After 
deflocculation, the particles settled slowly, as indi- 
viduals, to  form a dense, compact precipitate with a 
relatively low sediment height. 


Our recent study (6) has shown that a bismuth 
subnitrate suspension is strongly electrolytic be- 
cause hydrogen and nitrate ions are released t o  the 
suspension medium. The hydrogen ions appear 
in greater number than do the nitrate ions, and the 
bismuth subnitrate particle surface becomes cor- 
respondingly more basic as it  yields this excess 
number of hydrogen ions to  the medium. Bismuth 
subnitrate or its more basic forms are all quite in- 
soluble, and do not yield trivalent bismuth ions to 
the suspension medium in an appreciable amount. 
The possible interaction of bismuth ion with traga- 
canth mucilage was tested by adding an acidic 0.1% 
bismuth nitrate solution to an equal volume of 
0.1% tragacanth mucilage. There was no visible 
coagulation or flocculation of the tragacanth. It 
seems definite that the small amount of ionic bismuth 
present in a bismuth subnitrate suspension would 
not give rise to  the incompatibility with tragacanth. 
as has been suggested (3, 4) 


Tragacanth has been shown t o  be a mixture of 


915 


the salt of a complex acid polysaccharide, a neutral 
polysaccharide composed principally of tarabmose. 
and small amounts of a glycoside and of starch (8). 
The acidic character of the gum is due to the 
presence of units of Dgalacturonic acid. The 
Dgalacturonic acid units could act somewhat like 
the acid phosphates in a reaction with the bismuth 
subnitrate particle surfaces. The official tragacanth 
mucilage ( 9 )  was unsuitable for use in the current 
studies due to  its benzoic acid content. The 
slightly soluble benzoic acid is also a flocculating 
agent for an aqueous bismuth subnitrate suspension. 


A series of suspensions was prepared in accord- 
ance with the formulations described under the 
heading ExficrimCntal. Suspensions I and Ia (see 
Fig. 1) do not contain a 0occulating agent and can 
be seen to be of the same low sediment height. 
Thus, a freshly prepared bismuth subnitrate sus- 
pension settles to form a compact sediment, and 
the same end result is obtained either with or with- 
out a shaking step. Suspension I1 illustrates the 
sediment height obtained by flocculating a bismuth 
subnitrate suspension with phosphate ion, and Sus- 
pension IIa shows what happens when the same 
suspension is prepared but shaken continuously for 
24 hours before being allowed to  settle. Suspen- 
sions 111 and IIIu present the same general picture 
for the tragacanth-flocculated bismuth subnitrate 
suspension. 


Husa and Plaxco (5),  in discussing Schmitz and 
Hill’s work (3) on the bismuth subnitrate-traga- 
canth incompatibility. suggested that the addition of 
stabilizing agent to the tragacanth mudage prior 
to  the final mixing with bismuth subnitrate should 
afford a greater degree of protection than if the 
stabilizing agent were h t  added to the bismuth 
subnitrate in suspension and the tragamnth mucilage 
then mixed in to  form the final suspension. Husa 
and Plaxco conducted a few experiments on this 
point; at the concentrations used, they were unable 
to  show that differences in the order of mixing had 
significant effect upon the end results. With more 
dilute suspensions, i t  has been possible to show 
differences due to  the order of mixing. Four sus- 
pensions were prepared, using the three different 
orders of mixing outlined in Table I. 


Suspensions V and Va were mixed in the same 
order and proved to have the same sedimentation 
characteristics. The only difference between the 
two was that during its preparation Suspension Va 
was shaken for 24 hours following the mixing of the 
tragacanth mucilage and the phosphate solution. 
Hereafter, the two suspensions will be referred to  
as Suspension V since the shaking step had no 
apparent effect upon the performance of the sus- 
pension formulation. 


Suspension IV gave the bulkiest sediment. This 
seems due to  the fact that the bismuth subnitrate 


TABLE I.-sUSPENSION NUMBERS WITH ORDERS OF M D ~ N Q  


suspen- 
don c Crdcr of Mixing 
No. 1 z 3 4 


Iv Bismuth Distilled Phosphate Tragacanth 
subnitrate water solution mucilage 


V and Va Tragacanth Phosphate Bismuth Distilled 
mucilage solution subnitrate water 


VI  Bismuth Distilled A mixture of the phosphate solution 
subnitrate water and tragacanth mucilage 
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Fig. 1. - Suspensions 
prepared from the gum 
tragacanth mucilage. 


Snspenslon N O .  


I 10 I1 I Ia  I11 IIIa IV V Va VI  
Suspension Ht. (as per cent of total suspension volume) 


4.5% 4.5% 19.0% 6.0% 20.5% 12.0% 26.0% 15.0% 15.0% 17.5% 


HO-., The results obtained have been explained as being 
due to  the chemical reaction that occurs between 
acidic groups of hydrated tragacanth and the hy- 


bond between acidic drated, charged surfaces of the bismuth subnitrate 
groups Of hydrated particles. The reaction is analogous to that which 
tragacanth and the occurs between phosphate ions and bismuth sub- 
hydrated, charged sur- 
faces of the bismuth nitrate (6). The chemical bond may thus be 


HtO:::. _ _ _ _  ... ;.d. Fig. 2. - Chemical HrO.-‘- ,.a’ 


subnitrate particles. drawn as shown in Fig. 2. 


SUMMARY 


was first flocculated by the phosphate ion. The The incomPatibiEtY that is seen when an aqueous 
flocculated sediment could then be given added Suspension Of bismuth subnitrate is mixed With a 
volume by the bulking action of the tragacanth tragaanth Wualage has been touched UPm in 
without the formation of bonds between the bismuth many Places in the Pharmaceutical literature. 
subnitrate and the tragacanth. The comparable Most authors have been satisfied t o  report the 
clarity of the supernatant liquids of Suspensions Phenomenon without discussing the basic reasons 
11 and Iv indicates this to be a proper explanation. for the incompatibility. A few investigators have 
In Suspension V, the bismuth subnitrate was placed worked On this aspect of the Problem, and their 
Into a Medium containing both phosphate ion conclusions may be found in the references that 
and tragacanth. Thus, it  could interact with either have been Cited. 
material, forming bonds with the phosphate ions In this report, a new interpretation has been 
or with the D-galactutoaate units of the tragacanth made concerning the nature of the incomPatibifitY. 
polysaccharides, It is of interest that the final The interaction is analogous to  the chemical reac- 
sediment height of Saspension v was smaller than tion that gives rise to  the flocculation of a bismuth 
that of Suspension 111, which had been flocculated subnitrate suspension in the Presence of phosphate 
by tragacanth alone. TWO explanations may be ion. In the bismuth subnitrate-tragacanth suspen- 
offered. First, the gelatinous curd-like aggregates sion system, the chemical interaction occurs be- 
of the tragacanth-flwculated suspension left many tween reactive sites on the bismuth subnitrate 
open spaces in the sedimented material. These Particle surfaces and the acidic groups of the D- 
added to the height of the sediment of Suspension galacturonic acid units of the complex polysaccha- 
111. Second, in Suspension V the dry bismuth rides Present in the tragacanth. 
subnitrate could interact and become trapped within 
the floccules before becoming evenly dispersed REFERENCES 


some of this lost height was recovered by dispersing 5th ed. Mack Publlshing co Easton Pa., 19.59. p. 467. 
the bismuth subnitrate particles more evenly before 2 2 ~ ~ 5 ~ f ; ~ ~  c. T-. and DeKay, H. b . ~  DRUG STANDARDS. 
a11owing them to react With the mixture of the phos- (3) Schmitz, R. E.. and Hill, J. s.. J. AM. PHARM. ASSOC.. 
phate solution and the tragacanth mucilage. 


A portion of the experiments were run in dupli- Philadelphia Pa 1960, p. 543. 
cate, first with the gum tragacanth and then with A $ ) c A H ~ ; ~ ~ > ~ ; ; d ~ a ~ ~  $23F~&; J. Ax- PmRm 
ribbon tragacanth. The photographs of Fig. 1 (6) h l s o n ,  R. G., and kcan’ow, B.. THIS JOURNAL, 53, 


mucilage. The ribbon tragacanth series could have 32,622(1~40). 
been shown and described in the same terms, except p,A)t sgk; “,.r&z;tg;meTk%; ’ ~ ~ ; o ~ ~ ; i s ~ i ~ ~  
that the ribbon tragacanth generally produced NO. 141, Reinhold Pub&& cdrp., New York, N. Y., 
bulkier sediments than did the gum tragacantli 19Fij ? ; ~ ~ ~ . N a t i o n n l  llth ed., ,. B. Lippincott 
mucilage. Co.. Philadelphia, Pa., 1960. 


throughout the suspension‘ In Suspension “9 (1) Martin, E. w., “Husa’s pharmaceutical Dispensing,“ 


PRACT. PliARM. ED. .  9, 493(1948). 
(4) Martin, A. N., “Physical Pharmacy.” Len & Febiger, 


show suspensions prepared from the gum 78$)lQgkd, T., and Rammermeyer, K., Ind. EWE. =hem., 
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REPERBNCBS N, 7.0%. This demonstrated that the reaction 
involves a 1 : 1 complexation of picric acid and J. c.1 Jr.8 TIZIS JoumU.  3% 


chlormadinone as well as alkaline hydrolysis of (2) Ringold H J. Batres E. Edwards. J., and Zderic, 


with the mechanism (4) proposed for the anionic 


 lo$&^$ F. K.1 and 


the steroidal 17acetoxy entity. 


mmplexation Of acid and 
lactones. 


This is consistent J., J .  Am. C& ‘SOL, 81, 3485(i959)- 
(3) Cohen. H., and Bates, R. W.. Tals JOUUNAL, 40, 35 


(4) Medwick. T., in “Pharmaceutical Analysis.” Higuchi 
T., and Brochmann-Hanssen, E., eds., Intersdence Pud 
lishers, Inc., New York-London. 1961, p. 56. 


(1951). 


Enzymatic Methylation of Nicotinamide by Claviceps plcrpurea 
By R. C. S. AUDETTE, L. R. WORTHEN, and H. W. YOUNGKEN, JR. 


Soluble supernatant fractions from two strains of Claviccrpspu*pwcrr were tested for 
the presence of enzymes capable of methylating uyptamine, 5-hydroxptryptPmine, 
tyramine, and nicotinamide. The latter compound was the only one of the sub- 


strates tested in which methylation took place. 


RVERAL P S Y ~ ~ ~ ~ I I ~ I I ~ T I ~  indole substances (l) ,  S such as bufotenin and psilocybin, which are 
found in certain fungi are N-methylated tryptamine 
derivatives. Lysergic aad, a derivative of which is 
the most potent psychotogen known. also contains 
an N-methyl group, and a residue of this compound 
occurs in the alkaloids of ergot. 


It has been reported (2) that the N-methyl group 
in the ergot alkaloids is probably derived from a 
transmethylation reaction from methionine. 


Cantoni (3) first reported that S-adenosyl- 
methionine was an active methyl donor and has 
studied in great detail the methylation of nicotin- 
amide. Axelrod (4) has isolated an enzyme from 
rabbit lung that is capable of methylating a number 
of naturally occurring compounds to psychotomi- 
metic derivatives utilizing S-adenosylmethionine as 
the methyl donor. 


The literature is replete with information con- 
cerning the biosynthesis of the ergot alkaloids from 
C. picrpurea, but relatively little information is 
available concerning the activity of the enzymes 
found in this organism. The present investigation 
has been conducted in an attempt to determine if a 
cell-free extract of the fungus possesses an enzyme 
system which can methylate tryptamine. 5-hydroxy- 
tryptamine (5-HT), tyrrrmine, and nicotinamide. 
since their methylated derivatives have been as- 
sociated with psychotomimetic activity. 


BXPERIMBNTAL 


Cultures.-Two strains of C. purpurea (Fries) 
Tulasne were used in this investigation. One of 
the strains, designated CPM, was isolated from 
sclerotia obtained from the Department of Plant 
Pathology, University of Minnesota, Minneapolis. 
The other, an alkaloid producing strain, designated 
47A, was obtained as a slant culture from the 
college of Pharmacy, University of Washington, 
Seattle. 


The fungi were cultured in 50 ml. of Abe’s medium 
(5) in cotton-stoppered 250-ml. conical flasks grown 
as still cultures in the dark a t  room temperature. 


The cultures were harvested for extraction a t  
periods of from 21 to 27 days. 


Reparation of Enzyme Fraction.-The mycelial 
tissue of both CPM and 47A cultures was separated 
from the culture medium by centrifugation, washed 
three times with distilled water, recentrifuged, and 
finally pressed between sheets of filter paper. 


The enzyme fraction was prepared from 6-7 
Gm. (fresh weight) of mycelial tissue, which was 
homogenized with 15 ml. of phosphate buffer 
(0.1 M KtHPO,, pH 7.9) in a VirTis 45 homogenizer 
for 10 minutes in a chilled vessel in an ice bath. 
After the homogenate was obtained, it was centri- 
fuged a t  2500 r.p.m. (755 X g) for 10 minutes and the 
resultant supernatant fraction recentrifuged a t  
16,000 r.p.m. (31,000 X g) for 20 minutes in a 
refrigerated ServaU centrifuge at 0-3’. The 
soluble supernatant fraction was then separated and 
employed as the enzyme preparation. 


In addition to the above method, three other 
means were tested for extraction of the mycelium: 
( a )  homogenizing the mycelium with buffer as 
previously described. then subjecting the homog- 
enate to ultrasonic vibrations, (b) grinding the 
mycelium in buffer solution with sand, and ( c )  
grinding with alumina. After several preliminary 
trials, it was decided to use homogenization only as 
the extraction method for further investigations 
since this method proved most successful. 


Enzymatic Activity of Soluble Fractions.-Nico- 
tinamide,‘ tryptamine hydrochloride,’ tyramine 
hydrochloride,’ and 5-hydroxytryptamine creatinine 
sulfate’ were tested with the soluble supematant 
fraction using S-adenosylmethionine’ as a methyl 
donor to determine if the soluble fraction con- 
tained an enzyme(s) capable of methylating these 
physiologically active naturally occumng sub- 
stances. 


Nuotinamidc-The incubation mixture consisted 
of 0.005 mole of S-adenosylmethionine (0.2 ml.), 
0.01 M nicotinamide (0.3 ml.), and an amount of 
the soluble supernatant fraction equivalent to 6 
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1 Nicotinamide, tryptamine hydrochloride, tyramine hy- 
drochloride, and 5-hydroxytryptamine creatinine sulfate 
were obtained from Nutritional Biochemical Corp., Cleve- 
land, Ohio. 


2 S-Adenosylmethionine was obtained from Calbiochem, 
L O S  Allgelui, calii. 
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mg. of nitrogen, all in a volume of 5 ml., using 
0.1 M K2HPOd (pH 7.9) as the diluent. This 
mixture was incubated in a 15-ml. glass-stoppered 
centrifuge tube in a shaking water bath at 25' for 1 
hour. Two other tubes-one containing a similar 
mixture less the soluble supernatant fraction and the 
second tube containing the soluble supernatant 
fraction only-served as controls. The controls 
were brought to  a volume of 5 ml. using the 
phosphate buffer described above as the diluent. 
An equal volume of 10% trichloroacetic acid was 
added to each of the tubes at the end of the incuba- 
tion period to  stop any enzymatic action, and the 
vessels were left to  stand at room temperature for 
30 minutes. The resultant precipitate was re- 
moved by centrifugation. 


The method used for detecting the formation of 
N-meth ylnicotinamide in the reaction mixture was 
similar to that of Huff and Perlzweig (6). Glacial 
acetic acid (0.1 ml.) was added to  1 ml. of the reaction 
mixture and t o  the corresponding controls followed 
by 1.0 ml. of methyl ethyl ketone and 1.0 ml. of 
6 N NaOH. This mixture was immediately shaken 
and allowed to stand for 5 minutes at room tempera- 
ture, after which 6 N HCI was added to a pH of 3.0. 
The reaction vessels were placed in boiling water for 
5 minutes, cooled, then 1 ml. of 20% KHzPO, was 
added. The fluorescence of the solutions was 
measured in an Aminco-Bowman spectrophoto- 
fluorometer at an activation maximum of 365 mp 
and a fluorescence maximum of 440 mp. 


It was determined by this method that N-methyl- 
nicotinamide was present in the incubation mixture, 
but none could be detected in either of the controls 
employed. A reference sample of N-methyl- 
nicotinamide was used in the same extraction pro- 
cedure to ascertain the validity of this method. 
The results obtained were identical. 


Tyramine, Tryptamine, and 5-Hydroxytrypt- 
amine.-The incubation mixture was composed of 
0.01 M (0.5 ml.) of the substrate to  be tested, 0.005 
mole (0.2 ml.) of S-adenosylmethionine, and a 
volume of the soluble supernatant fraction con- 
taining 6 mg. of nitrogen. This was brought to  a 
volume of 5 ml. using phosphate buffer (pH 7.9). 
These mixtures along with controls, consisting of the 
soluble supernatant fraction alone and the substrate 
and methyl donor without the enzyme fraction, were 
incubated in 15-ml. glass-stoppered centrifuge tubes 
on a shaking machine a t  25' for 90 minutes. A t  the 
end of this period, the pH was adjusted to  10 using 
borate buffer. The contents were frozen and lyoph- 
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ilized for 36 hours, and the resulting residue then 
shaken with isoamyl alcohol (tryptamine and 5-HT) 
or n-bntanol (tyramine). After filtration. the 
extract was concentrated in vacuo at 50" to dryness, 
then reconstituted to 1-2 ml. with the same solvent. 
All extracts, reference samples of the substrates 
used, and methylated derivatives of these substances 
were chromatographed. The materials were spotted 
on Whatman No. 1 paper and the papers equili- 
brated for 4 hours, then allowed to  develop for 18 
hours using a solvent system of butanolacetic acid- 
water (4:1:1), using the descending method. 
After the papers were removed from the glass 
chambers and dried, they were sprayed with 2% 
paradimeth ylaminobenzaldehyde ( Ehrlich's reagent) 
in equal parts of ethanol and 6 N HCl. After 
development, the spots produced in the extract 
samples were compared with those appearing in the 
corresponding controls and with the reference com- 
pounds. The spots found in the extract samples 
corresponded to those found in the controls; no 
spots corresponding to the methylated derivatives 
could be detected. The 5-hydroxytryptamine spots 
had an Rj value of 0.45, were blue, later changing to  
green; the tryptamine spots had an Ry value of 
0.66 and a t  first were a purple-pink, later changing 
to  green. The tyramine spots had an Rf value of 
0.52 and turned yellow. 


SUMMARY 
Soluble supernatant fractions were prepared by 


homogenization and centrifugation from 21-27day- 
old cultures of two strains of C. purpurea, one of 
which produced ergot alkaloids in saprophytic 
culture. 


Tryptamine, tyramine. 5-hydroxytryptamine, and 
nicotinamide were incubated with these extracts 
using S-adenosylmethionine as  a methyl donor in 
order to determine if methylated derivatives of 
these derivatives could be detected. 


N-Methylnicotinamide was formed from nico- 
tinamide using extracts of both strains of the fungi, 
but no methylated derivatives of the other sub. 
strates employed could be detected. 
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Bacteriostatic Property of Aloe Vera 
By LORNA J. LORENZETTI, RUPERT SALISBURY, JACK L. BBAL, and JACK N. BALDWIN. 


Freeze-dried juice obtained from Abe wra 
and heated for 1 5  minutes at 80' inhibited 


several test microorganisms. 


PECIES OF Aloe have had a long history as drug s plants. This was pointed out by Morton (1) 
in a recent comprehensive review of Aloe from the 
standpoint of folk use and commercial exploitation. 
Fly and Kiem (2) recently camed out an invesiga- 
tion to ascertain whether Aloe Vera exhibits anti- 
microbial activity. They reported that macerates 
of the central gelatinous portion, of the green vas- 
cular portion, and of the complete leaf of A. uera 
did not exhibit, within the limits of their experiment, 
antimicrobial effect against ShphyroGoGcw aureus 
and Escherichio coli. 


Since it has been established definitely in this 
laboratory that the fresh juice of A. Vera L. contains 
a principle(s) which is inhibitory to certain micro- 
organisms, the results are reported in this note. 


BxPBRlMBNTAL 
Leaves of A. uera L. were cut at the base and stood 


upright so that the juice could drain from the 
leaves into receptacles. If tested immditely, 
the fresh juice exhibited a marked zone of inhibition 
of S. aureru 209. However, the principle responsible 
for the inhibitory activity was found to be unstable. 
Preservatives as sodium bisulfite, sodium benzoate, 
and methyl paraben were ineffective; however, the 
principle could be temporarily preserved by re- 
frigeration and preserved for an even longer period 
by heating the juice for 15 minutes a t  80'. In all 
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instances the juice would gradually turn dark. 
Once the juice became dark, the inhibitory property 
was lost. If the juice that had been heated for 15 
minutes at 80' was freeze-dried, a buff-colored 
product resulted which was stable. 


A solution of the freeze-dried juice (20 mg./ml. 
of distilled water) was tested by the agar diffusion 
technique for bacteriostatic activity against the 
following organisms: S. auerus 209, E. coli, Sfrep- 
~ o c c u s  pyogenes, Corynebacterium xerose, ShigeUa 
paradysenteriac, Salmonella typhsa, Salmonella 
schottmuelleri. and SalmneUa paratyphi. After a 
period of incubation at  37' for 24 hours, significant 
inhibition of growth was evident on plates in- 
noculated with S. aureus 209. S. pyrogenes, C. 
mrose, and S. paratyphi. 


The whole leaf minus the juice. the leaf mesophyll, 
and the leaf epidermis were each separately freeze- 
dried and successively extracted with petroleum 
ether (b.p. 30-60'). ether, chloroform, ethanol, and 
distilled water. None of the extracts exhibited 
inhibitory activity against the test organisms. 


Since the juice of Aloe is known to contain anthra- 
quinone-type compounds, aloe-emodii, em&, and 
chrysophanic acid were tested for inhibition of S. 
aureus 209. The results were negative. 


CONCLUSIONS 
While the freeze-dried whole leaf minus the juice, 


the leaf mesophyll. and the leaf epidermis of A. w a  
L. did not exhibit bacteriostatic properties, the 
freezedried juice previously heated for 15 minutes 
at 80' did inhibit S. aureus 209. S. pyogencs, C. xerose, 
and S. paratyphiusing the agar difiusion test method. 
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Communicutions 
Determination of Isomeric 


Purity of Dextroamphetamine 
in Tablets and Capsules 


Sir: 


The tablet form of dextroamphetamine sulfate 
is widely used, has been official since the 15th 
revision of the "United States Pharmacopeia," 
and is produced by a large number of pharmsceu- 
tid companies. Enforcement work has brought 
to light several examples of adulterated products 
in which the dextru isomer has been replaced com- 
pletely or in part by the less expensive racemate 
(1, 2). Nevertheless, the U.S.P. does not have a 


method to asceftillIl the isomeric purity of the 
drug present in the tablets. Because of the low 
specific rotation of dextroamphetamine sulfate 
(+23.5') and the volatility of the base, certain 
derivatives are more suitable for determination 
of the optical activity. Acetylamphetamine has 
been particularly useful for t h i s  purpose. It can 
be prepared easily in good yield and its specific 
rotation (in chloroform) is about twice that of 
dextroamphetamine sulfate and of opposite sign 
(-4.0'). The main problem is the extraction 
and purification of the amine from the tablets 
prior to acetylation. Capsules of dextroamphet- 
amine sulfate, especially those having sustained- 
release action, also present difficulties in the isola- 
tion of the base. In 1953, a procedure was de- 
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TABLE I.--ISOMERIC PURITY OF COMMERCIAL 
DEXTROAMPHETAB~INE SULFATE TABLETS AND 


CAPSULES 
Isomeric 


F a  Product, -Specific Rotation- 
Mfr. mg. 1 2 
A Tablets, 5 -37.8' -38.3' 93.2 
B Tablets, 5 -40.4' -39.1' 95.2 
C Tablets, 5 -39.2' -38.7' 94.3 
D Tablets.10 -43.2' -42.3' 98.6 
E Sustained- -38.7' -39.5' 94.4 


release 
capsules, 
10 


Journal of Phormaceutiud Sciences 


glass wool which is inserted into the tube on top 
of the column. A 125-ml. separator containing 
35 ml. of 0.1 N sulfuric acid is placed under 
the column as a receiver, and 60 ml. of chlo- 
roform is passed through the column. The 
separator is shaken vigorously for 1 to 2 minutes, 
the layers are allowed to separate, and the chloro- 
form discarded. To the liquid in the separator 
is added 2.5 Gm. of sodium bicarbonate, and the 
mixture is swirled until most of the bicarbonate 
has dissolved. With a 1-ml. syringe, 1.0 ml. of 
acetic anhydride is injected rapidly into the con- 
tents of the separator. The separator is stoppered 
immediately and shaken vigorously until the 
evolution of carbon dioxide has ceased. The 
pressure is released as necessary through the 
stopcock. The solution is allowed to stand for 5 
minutes, then extracted once with 50 ml. of 
chloroform. The chloroform extract is filtered 
through a pledget of cotton into a 100-ml. beaker. 
The cotton is rinsed with a little chloroform, and 
the solution evaporated to dryness on a steam 
bath in a current of air or nitrogen. The residue 
is heated and triturated with a glass rod until 
the odor of chloroform can be detected no longer. 
As the residue cools, it is induced to crystallize, 
powdered finely, and heated to 80' for 30 minutes. 


After cooling in a desiccator, about 100 mg. of 
the crystalline acetylamphetamine, accurately 
weighed, is transferred to a 5-ml. volumetric 
flask and dissolved in chloroform. The optical 
rotation is determined by means of a 200-mm. 
semimicro polarimeter tube and the specific rota- 
tion calculated. 


The procedure has been used for a number of 
commercial samples of dextroamphetamine Sul- 
fate tablets and capsules. The results in Table I 
indicate that the method has good reproducibil- 
ity. 


Optically pure dextroamphetamine sulfate has 
a specific rotation of +23.5' (1). On this basis, 
the official tolerance limits of +20 to +23.5O 
correspond to 92.6 to 100.0% of the dextro isomer. 
Dextroamphetamine sulfate of 92.6% isomeric 
purity would yield an acetyl derivative with a 
specific rotation of -37.5O. 


(1) Welsh, L. H., J .  Assoc. O&. Agr. Chemists. 36, 714 
(1953). 


(2) Medical Letter on DTUES ond Tluropcutics, 3, No. 19, 
(Sept. 15. 1961). 
(3) "Official Methods of Analysis of the Association of 


Official Agricultural Chemists," 9th ed., A.O.A.C.. Washing- 
ton, D. C., 1960, p. 528. 


(4) Moody, J. B.. THIS JOURNAL, 52,791(1963). 
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veloped by Welsh (1) for determination of the 
isomeric purity of dextroamphetamine in tablets 
based on the specific rotation of the acetyl deriva- 
tive. This method, adopted by the Association of 
Official Agricultural Chemists (3), uses the ti- 
trated solution obtained after completion of the 
quantitative determination of dextroamphet- 
amine sulfate as described in the official mono- 
graph. It has been recognized for some time that 
the assay of dextroamphetamine tablets in U.S.P. 
XVI is unsatisfactory and is, in fact, completely 
unsuitable for several of the preparations on the 
market (2). It will be replaced in U.S.P. XVII 
by a spectrophotometric method which utilizes 
partition chromatography for isolation and puri- 
fication of the drug (4). However, this is a micro- 
method requiring only 5 mg. of dextroamphet- 
amine sulfate, a quantity not enough for deter- 
mination of the speafic rotation. The difliculties 
of extracting a sufficient amount of dextro- 
amphetamine from tablets and capsules have been 
eliminated by means of chromatography on 
aluminum oxide. The coloring agents and 
other excipients remain on the column, producing 
a clear colorless solution of dextroamphetamine 
which can be used for preparation of the acetyl 
derivative. 


Procedure.-A pledget of fine glass wool is 
packed with a packing rod in the base of a 
chromatographic tube, 25 X 200 mm., and 5 Gm. 
of basic chromatographic alumina1 is added to 
the tube and cornpressed firmly to a uniform 
mass. Dextroamphetamine sulfate tablets (or 
the contents of capsules), equivalent to about 130 
mg. of dextroamphetamine sulfate, are reduced 
to a fine powder and mixed thoroughly in a mor- 
tar with 5 Gm. of basic chromatographic alu- 
mina.' After addition of 1.0 ml. of methanol 
and 0.5 ml. of stronger ammonia T. S., the 
mixture is triturated and, when uniform, trans- 
ferred without delay to the Chromatographic 
column and compressed with a packing rod. 
The mortar and pestle are wiped with a little 


1 Aluminum oxide, Merck (Darmstndt), standardized ac- 
cording to Brockmann, was used in this work. 
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DIETHYLSTILBESTROL ON THE IMMATURE MOUSE 
UTERUS 


TABLE I.-E.PPECT OF TRICIN, COUMESTROL, AND 


Quantity Fed Mean Uterine 


0 9 . 6  f 0.25 1 Control 
2 Tricin 20 11.2 f 0.57 
3 Tricin 40 11.4 f 0 . 7 9  
4 Tricin 40 12.4 f 1.09 
5 Coumestrol 0.6 32.4 f 2.63 
6 Diethylstil- 0.0001 29.2 f 0.40 


Group" Compd. per Mouse, mg. Wt., mg. 


bestrol 


a Five weanling female mice per group. Sup lements 
incorporated into control diet and fed 4 days (10 &. diet/ 
mouse). * p = <0.01. 


the compound is fed to rats by mouth (15). How- 
ever, when tricin was fed under similar conditions, 
no split products like syringic acid were detected. 
Thus, it  is doubtful that tricin is absorbed from the 
intestinal tract. 
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Fig. 1.-Prolongation of epinephrine (E) relaxa- 
tion time of guinea pig colon segments in the pres- 
ence of quercetin (9) and tricin (T). W = wash out 
and replacement of bath fluid (50 ml.) with fresh 
Tyrode solution. 


bloat symptoms. On the basis of muscle relaxing 
power, the quercetin administered was equivalent to 
100 Gm. of tricin (12). 


In another study (13) each of three cows were 
given 2 Gm. of quercetin on 1 day, followed by 10 
Gm. each on 2 successive days. The cows showed 
no indication of bloat. If we assume a tricin content 
of 0.02y0 in alfalfa, i t  would be impossible for cows 
to  consume enough alfalfa to  ingest 10 Gm. of tricin 
in 1 day. 


Mouse Uterine Weight Bioassay Procedure.- 
In  this previously described report (14). weanling 
mice (five per cage) were fed diets containing the 
test materials. At the end of 4 days, the mice were 
sacrificed, and the uteri were excised and weighed. 
The results are presented in Table I. For com- 
parative purposes, coumestrol was included in the 
study. The data indicate that tricin was weakly 
estrogenic (p = <0.01). 


Metabolic Fate Studies.-That quercetin is ab- 
sorbed from the intestinal tract is shown by the 
appearance of three split products in the urine when 
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Effects of Gibberellic Acid on the Fixed Oils of Four Plants 
By C. DWAYNE OGZEWAL.LA* 


T h e  influence of gibberellic acid on  the  quality of fixed oils from four plants has been 
studied. Sesame, castor bean, sunflower, and flax plants were treated with aqueous 
solutions of gibberellic acid when the plants reached blooming size and at 2-week 
intervals until harvest. The iodine values and the quantity of unsaponifiable matter 
varied between samples and between oils from different species of plants. Sig- 
nificant variations from normal were produced in  castor and sesame oils. The 
differences consisted of higher saponification values in both oils and a lower acid 
value in the latter. A higher saponification value indicating shorter chain fatty 
acids was the only characteristic common to all oils from treated plants. Some of 
the changes obtained were from plants that had insignificant or n o  visible mor- 


phological differences. 


HE GIBBERELLINS have been known in the T IJnited States and Europe for only about 12 
years, and they have been available for cxtensive 
experimental use for less than a decade (1). The 
number of research papers involving the gibberellins 
runs into the thousands; there have been a number 
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of reviews which give detailed information regard- 
ing such aspects as the physiology, chemistry, and 
recommended economic applications ( 1-5). 


Sciuchetti (6), in a recent review, has included 
the influence of gibberellic acid ( G A )  on volatile 
oil, glycoside, and alkaloid producing plants. Only 
a few of the long list of references deal with changes 
in the active components. and no references are 
listed relative to changes in fixed oils. The per- 
centages of certain terpenes in volatile oils have 
been changed by the use of GA. A slight increase 
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TABLE  CHARACTERISTICS OF FIXED OILS FROM CONTROL AND GA-TREATED PLANTS 


Sesame Castor Sunflower Linseed 
Test Treatment Oil Oil o i l  Oil 


Iodine value Control 105 90 96 162 
88 97 179 - + + 101 


Unsaponitiable Control 0.2 0 . 1  0.3 0.5 
matter GA 0.6 0.6 1.4 0.3 


- GA 
Change 


Change + + + - 
Saponification control 191 183 199 188 


value GA 197 187 200 191 
Change +" +a + + 


Acid value Control 35 0.5 10 1.7 
1.3 GA 


Change 
Ester Control 156 182 189 186 


GA 182 187 193 190 
Change + + + + 


- 0.3  7 - - 15 
- a  


a Statistically significant at 0.05 level. 


of menthol in peppermint oil was detected (7); 
published results of gas chromatograms indicated 
changes in volatile constituents of this same oil, al- 
though the peaks were not identified or their per- 
centages calculated (8). The altered morphological 
changed in belladonna and stramonium which have 
been observed have been accompanied by changes 
in the total alkaloid content and in the distribution 
of alkaloids through plant parts (9). In these plants 
both the biosynthesis and transportation mecha- 
nisms are undoubtedly involved. 


The objectives of this experiment were ( a )  to 
ascertain whether GA would bring about changes in 
the quality of fixed oils and to determine the 
direction of those changes and ( b )  to  determine if 
chemical changes are invariably accompanied by 
visible morphological deviations. Alterations in 
quantity of oil produced were recorded but were 
not intended as a part of the study. 


EXPERIMENTAL 


Flax (Linum usilatissimum L. var. redwood, 
family Linaceae) was chosen as one of the study 
plants because it reportedly does not respond to low 
concentrations of exogenous GA (10). Three other 
oil bearing plants that grow under cultivation in 
Western Oklahoma were used. These are sesame 
(Sesamum indicum L. var. blanco, family Pedalia- 
ceae), sunflower (Helianthus annus L., family Com- 
posihe),  and castor bean (Ricinus communis L., 
family Euphorbiaceae). Seeds were planted in a 
small irrigated garden in 1961 and 1962 at the 
appropriate time of spring. The soil of the drug 
plant garden was not homogeneous, and other en- 
vironmental factors were not uniform. A ran- 
domized block design was chosen using two ad- 
joining castor or sunflower plants as a block-one 
treated and one control. Both sesame and flax 
plantings were divided into four approximately 
equal sized blocks; half of each was treated with 
GA. 


When the plants reached blooming size and the 
first flowers appeared, treatment was initiated using 
10 p.p.m. aqueous solution of GA.' I t  was impossi- 
ble to prevent a spray from blowing from one treat- 
ment to another because of persistent winds. 
This was reduced to an insignificant level by the use 
of a laundry sprinkler purchased in a dry goods store. 


'Gibberellic acid was supplied as the potassium salt 
though the courtesy of Merck and Gg., Ins., Rahway, N. J. 


Sunflower, sesame, and flax plants were sprinkled un- 
til the solution dripped from the leaves. The leaves 
of castor plants shed the droplets of solution so 
readily that another method of treatment was 
chosen. GA was injected into the pith cavity of 
the stems with a hypodermic needle and syringe. 
Approximately 0.5 mg. of GA per plant was used on 
the sunflower and castor plants and smaller amounts 
on the others. At the time of treatment the 
large leaves of the sunflower and sesame plants had 
reached their maximum number, and few leaves in- 
creased in size thereafter. Records were kept of 
the height of the plants. The number, width, and 
length of leaves were measured and the shape 
noted. 


The fruit of sunflower and the seed of the other 
plants were harvested, threshed, and cleaned by 
hand. A quantity of sesame seed and sunflower 
fruit was lost due to  natural causes. However, 
each block of the experiment was harvested at the 
most opportune time for the particular plant. 
Seed from each castor plant and from each block 
of flax and sesame were collected, extracted, and 
assayed separately. The fruit from the sunflower 
treatments was pooled because of heavy losses of 
seed due to insect and storm damage to  the flower- 
heads. 


Oil was obtained from the ground seed or fruit by 
the use of a Soxhlet extractor using benzene as the 
solvent. The benzene was evaporated a t  room 
temperature. U.S.P. XVI (11) procedures were 
employed to determine iodine value (Hanus method), 
saponification value, unsaponifiable matter, and 
free fatty acids. The acid value was calculated from 
the free fatty acid test and the ester value was ob- 
tained by taking the difference between the saponifi- 
cation value and the acid value. 


Analysis of variance tests were run using the 
randomized block design. Notation was made 
when the resultant F test indicated that the results 
were significant at the 0.05 level. The results are 
indicated in Table I. 


RESULTS 


Morphological changes resulting from GA appli- 
cation were observed in castor plants and con- 
sisted of internode elongation and a reduction in the 
number of capsules and seeds. The height of the 
treated plants was 8% greater than the controls; 
there was a 6% reduction in the number of seeds ob- 
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tained. A reduction of oil per plant was pro- 
portional to the reduction in number of seeds. 
Significant changes were noted in no other plants. 
A smaller quantity of fruit from sunflower and of 
seed from sesame was collected; but due to natural 
losses of the plant parts, no percentage reduction 
w a s  calculated. An increase of 5% in flax seed was 
obtained. Further studies will need to be made to 
verify this finding and to determine if the number 
of fruits per plant or the number of seeds in each 
fruit are increased. 


Because the oil of sunflower seed was pooled, no 
statistically significant differences in the quality of 
the oils were possible. The iodine value and the 
saponification value of the sunflower oil were some- 
what different from those reported in the literature 
(12). It is known, however, that the composition of 
sunflower oil varies according to  the locality in 
which it is grown (13). No significant differences 
were noted in the linseed oil samples. Significant 
differences in sesame oil consisted of higher saponi- 
fication values and lower acid values in oils from 
plants treated with GA. A higher saponification 
value was the only significant deviation obtained 
from castor oils. 


Saponification values were consistently higher 
in the oils from treated plants. The average acid 
value was consistently lower; however, there was 
considerable variation between individual castor 
oil samples and the confidence limits overlapped. 
The iodine values and the percentages of un- 
saponihble matter obtained varied between species 
of oils and between samples. 


DISCUSSION 


The reduction in yield in several species of oil bear- 
ing plants is not surprising, as a smaller percentage 
of active constituents has been observed by other 
workers (4). One author (8 )  was lead to conclude 
“that gibberellic acid is of doubtful value in drug 
plant cultivation.” While more studies will need 
to be made to justify such a broad statement, it  
does illustrate that hoped-for increases have seldom 
been obtained. An investigation of proper timing, 
methods of application, and dosage will need to be 
conducted. 


Morphological changes were either insignificant 
or absent in some of the treated plants; yet there 
were changes in the quality of the oils. With more 
refined methods, slight changes may be detected in 
the plants used. The choice of economic crops for 


Journal of Pharmaceutical Sciences 


investigation with GA need not be limited to those 
that show a striking growth response. 


Oils produced from plants treated with GA differed 
from the controls in their chemical characteristics. 
The increased saponification values indicated that 
the oils from treated plants are composed of shorter 
chain fatty acids. This characteristic was constant 
in all the species and samples of oils tested. It is 
more likely to be a general physiological effect of GA 
than any other. Acid values tended to be lower, an 
indication that more of the fatty acids were esteri- 
fied. The resultant higher ester values would indi- 
cate that a greater percentage of glyceryl esters oc- 
curred in the oils from plants treated with GA. 
Other characteristics varied between species. The 
photosynthetic products which build the fixed oils 
are produced in the leaves some distance from the 
place where they are stored. A physiologically ab- 
normal catabolism or transportation or both might 
have been involved in the plants used. 


SUMMARY 
Slight changes in the chemical constants of oils 


from GA-treated plants were observed. Signifi- 
cant changes were seen in sesame and castor oils. 


Increased saponification values from all treated 
plants indicate that shorter chain fatty acids were 
present in the oils. Acid values tended to be 
lower, an indication of less free fatty acids. Iodine 
values and unsaponifiable matter vaned among 
species. 


Changes were observed in the quality of oils ob- 
tained from plants that had insignificant or no visible 
morphological differences. 
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ERRATA 


In the review article titled “Absorption of Im- 
planted Solid Drug” (l), the following corrections 
should be made: 


1. Equation 17 contains the term (00 - k t ) .  
This term should be replaced by ( D r  - k l ) .  


2. Equation 23 contains the term 2K2/Ka. This 
should be replaced by 2kZ/K3. 


3. Algebraic manipulation alone will reduce Eq. 
29 to 29a, and the discussion in the paragraph follow- 
ing these equations should be interpreted in light of 
this fact. 


(1) Ballard, B. E., and Nelson, E., THIS JOURNAL, 51,915 
(1962). 








Prolonged Administration of Glycyrrhetinic Acid in Rats 
By SHIRLEY D. KRAUS 


Prolonged administration of glycyrrhetinic acid was studied i n  immature female 
rats, castrated male donor parabionts, and mature cyclic rats. Glycyrrhetinic acid 
treatment for 7 days interfered with the uterotrophic response of immature rats t o  
estradiol benzoate but had no effect on the pituitary-ACTH content. I t  did not 
alter gonadotropin release or estradiol-induced gonadotro in  inhibition in  male 
castrated donors. One month of treatment did not alter $e estrus cycles. It is 
apparent that the antiestrogenic effect of glycyrrhetinic acid is limited to  exogenous 


estrogen and its effect on the female accessory reproductive tract. 


HIS LABORATORY previously reported that 8- T glycyrrhetinic acid restricted the response of 
the uterus (1, 2)  and the vagina (2) to exogenous 
steroidal estrogens. I t  was not capable of interfer- 
ing with the uterotrophic response to  endogenous 
sex steroids in the pregnant mare serum stimulated 
animal (2) or female recipient parabionts (1). Short 
term administration (3 days) which depressed the 
uterine growth response of immature intact (1. 2). 
adrenalectomized (1). and ovariectomized (2) rats 
had no effect in hypophysectomized rats (2). The 
pituitary-adrenal axis was  not affected by short term 
administration (3). Prolonged administration (7  
days) interfered with the pituitary-adrenal axis (3) 
and also increased the uterine response of female re- 
cipient parabionts (2). 


Further investigations on the effect of long term 
administration were undertaken in an attempt to 
clarify mode of action. These studies consisted of 
the effect of ( a )  7 days of treatment on the utero- 
trophic response as well as pituitary-ACTH of im- 
mature female rats, ( b )  8 days of treatment on 
gonadotropin release in male castrated donor para- 
bionts with and without estrogen, and (6) 1 month 
of treatment on the estrus cycles of mature cyclic 
rats. 


MATERIALS AND METHODS 


Rats were maintained under constant lighting 
(14 hours artificial light) at 25" and fed Purina 
laboratory chow and water ad libitum. Hypophy- 
sectomized rats were given 50/, glucose in the drink- 
ing water. All experimental animals were of the 
Wistar strain. Hypophysectomized Sprague-Daw- 
ley male rats (13G-140 Gm.) used in the ACTH 
assay were received 24 hours after surgery and used 
48 hours postoperatively. Both 8-glycyrrhetinic 
acid' and estradiol benzoate2 were prepared in an 
ethanol-sesame oil vehicle (1) and administered 
subcutaneously. 


Immature Female Rats.-Immature female rats 
(35-50 Gm.) were divided into four groups-on- 
trols, glycyrrhetinic acid only, estradiol benzoate 
only, and glycyrrhetinic acid plus estradiol benzoate. 
The 7 days of glycyrrhetinic acid treatment was the 
previously determined pituitary-adrenal blocking 
dose (3). Glycyrrhetinic acid (2 mg.) or vehicle 
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1 8-Glycyrrhetinic acid, supplied by S. B. I'enick and Co.,  


1 Estradiol benzoate, supplied by Organon, Inc., Nutley, 


(0.2 ml.) was administered daily for 6 days with a 
double dose on the seventh day. Estradiol benzoate 
was administered to  two groups as 0.1 mcg. daily 
during the last 3 days of treatment. Animals were 
sacrificed on the eighth day (72 hours after the first 
estradiol dose), and the uteri were weighed. The 
pituitaries of two groups (controls and glycyrrhetinic 
acid only) were removed for ACTH assay. Each 
pituitary was placed in 0.5 ml. of 0.1 N HCI and 
finely macerated with a motor driven Potter tissue 
grinder. The final concentration of pituitary sus- 
pension was made by adding 4.5 rnl. of physiological 
saline to  each 0.5 ml. of pituitary suspension, thus 
producing a suspension of 0.1 pituitary per 0.5 ml. of 
0.01 N HCl in saline. The dose of 0.1 pituitary (0.5 
ml.) per 100 Gm. of body weight was administered 
subcutaneously. Animals were sacrificed after 3 
hours and the adrenal ascorbic acid determined (4). 
Each sample was administered to two test animals. 
The adrenal ascorbic acid was compared with that of 
untreated hypophysectomized rats to  determine the 
degree of depletion. 


Gonadotropin Release in Male Castrated Donor 
Parabionts With and Without Estrogen.-Para- 
biotic rats (23-25 days old) consisted of a castrated 
male donor and an immature female recipient. 
Rats were anesthetized with pentothal (50 mg./Kg. 
i.p.). After castrating the male partner, a skin 
incision was made laterally from the ear to the tail 
region (right side of the male and left side of the 
female). The pair was joined anteriorly by a mat- 
tress suture through the left scapula of the female 
and the right scapula of the male and posteriorly by 
a mattress suture through the gluteus maximus mus- 
cle. The two ventral skin flaps were closed with 
skin clips; a small lateral incision was made in the 
peritoneum of each animal. The four cut surfaces 
were sutured together with fine silk thread and the 
dorsal skin flaps were then closed with skin clips. 
Each parabiont was given 20,000 units of penicillin 
intramuscularly immediately postoperatively and 
again on the third and fifth days. The parabiotic 
rats were divided into six groups. Male parabionts 
were treated for 8 days with either vehicle (0.2 ml.) 
glycyrrhetinic acid (2 mg.), estradiol benzoate (0.25 
mcg. or 0.5 rncg.), or glycyrrhetinic acid (2 mg.). 
plus either dose of estradiol benzoate. Animals 
were sacrificed on the ninth postoperative day and 
the ovaries were weighed. 


Mature Cyclic Rats.-Estrus cycles were deter- 
mined by wet vaginal smears taken daily at 9:00 
a.m. in mature cyclic rats. Animals were only used 
after three consecutive normal cycles had been ob- 
served. Glycyrrhetinic acid (4 mg.) or vehicle 
(0.4 ml.) was administered three times a week for 1 
month. There were 16 animals in each group. 
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TABLE I.-EFFECT OF PROLONGED ADMINISTRATION OF GLYCYRRHETINIC ACID ON THE UTEROTROPRIC 
RESPONSE OF IMMATURE RATS 


Uterine Wt 
Group G.A.,' mg. E.B.? mcg. N mg. * s.E:' P 
1 
2 
3 
4 


0 0 7 40.89 f 3.85 . . .  
16 
0 
16 


0 8 4.2.34 f 3.27 
0.3 16 110.45f4.54 
0.3 15 72.20 f 6.59 


. . .  
<0:001 


0 Glycyrrhetinic acid (2 mg.) or vehicle (0.2 ml.) S.C. daily for 6 days with a double dose on the seventh day. * Estradiol 
benzoate 0.1 mcg. S.C. daily during the last 3 days of treatment. Sacrificed on eighth day. 


TABLE II.-AssAY OF ACTH FROM PITUITARIES OF 
UNTREATED AND GLYCYRRHETINIC ACID TREATED 


IMMATURE FEMALE RATS 


Pituitary,' Adrenal Ascorbic Acid, 
0.1/100 Gm. B.W. Nd mcg./100 mg. 


None 8 412.11f17.94 
Controlsb 7 325.11f21.27 
G.A. treatedC 8 333.90f27.93 


0 Pituitsyy suspension of n.1 pituitary/0.5 ml. of 0.01 N 
HCI in saline made OY grinding one pituitary in 0.5 ml. of 0.1 
N HCl and diluting to 5 ml. with 4.5 ml. of pbysiological 
saline. Administered S.C. to hypophysectomized Sprague- 
Dawley rats 48 hours postoperatively. Adrenal ascorbic acid 
determined 3 hours after injection. * Pituitaries from ani- 
mals receiving vehicle (0.2 ml. daily for 6 days with double 
dose on seventh day). Pituitaries from animals receiving 
glycyrrhetinic acid (2 mg. daily for 6 days with double dose 
on seventh day). d N represents the number of pituitanes 
tested. Each pituitary was administered to two test animals. 


RESULTS AND DISCUSSION 
Immature Female Rats.-The uterine growth 


response to  estradiol benzoate was significantly re- 
duced by prolonged administration of glycyrrhetinic 
acid (Table I). This previously determined pitui- 
tary-adrenal blocking dose (3) did not reverse the 
antiestrogenic effect and had no effect on the 
unstimulated uterus (Table I). 


Seven days of treatment with glycyrrhetinic acid 
had no effect on the pituitary-ACTH content (Table 
11). Pituitaries from the treated animals produced 
the same degree of adrenal ascorbic acid depletion 
as pituitaries from control animals (Table 11). An 
increase in the resting adrenal ascorbic acid reported 
at this dosage schedule (3) might have been due to  a 
decreased secretory rate or decreased adrenal re- 
sponsiveness to  the ACTH secretory rate. It cer- 
tainly cannot be attributed to  decreased ACTH 
reserve or synthesis. 


Gonadotropin Release in Male Castrated Donor 
Parabionts With and Without Estrogen.-Ovarian 
weights of female recipients receiving gonadotropin 
from untreated male donors were equal to  those 
receiving gonadotropins from glycyrrhetinic acid 
treated donors (Table 111). Estradiol benzoate 
administered to male donors depressed the ovarian 
response of female recipients even when glycyr- 
rhetinic acid had been simultaneously administered 
(Table 111). Glycyrrhetinic acid therefore did not 
interfere with gonadotropin release nor the estro- 
genic inhibition of gonadotropin release in male 
donors. It can only exert an antiestrogenic effect 
on the response of the female accessory reproductive 
tract and not the pituitary target organ. This con- 
firms the previous results (1) of lack of interference 
with estrogenic adrenal stimulation and estrogenic 
testicular atrophy. 


Mature Cyclic Rats.-One month of glycyrrhetinic 
acid treatment did not alter the estrus cycles of 
mature rats. Normally established cycles continued 
throughout the entire period of treatment. Altera- 


TABLE III.-OVARUN RESPONSES OF FEMALE 
RECIPIENT PARABIONTS 


G.A.,O E.B.,' Ovarian Wt., 
Group mg. mcg. N mg. f SE. 
1 0 0  6 42.67f2.86 
2 2 0  6 37.03 f8.47 ~ - 
3 0 0.5 9 i2.64~0.80 


7 14.11 f 0.63 4 2 0.5 
5 0 0.25 6 14 00 f 1.40 
6 2 0.25 5 11.72f2.88 


' Daily dose administered S.C. to male castrated donor 
Controls received an equiv- 


Sacrificed on ninth postoperative 
st; rting on the day of surgery. 
alent volitme of vehicle. 
day. 


tion of the estrus cycle could not have been antici- 
pated on the basis of gonadotropin inhibition. 
These results indicate that glycyrrhetinic acid does 
not interfere with the response of the vaginal mucosa 
to  endogenous sex steroids. The lack of antagonism 
of endogeneous sex steroids previously reported (2) 
and reproduced here infers that the mechanism of 
action as an estrogen antagonist lies in interference 
with absorption or metabolism of exogenous estro- 
gen. This apparentiy can only influence the target 
organs of the accessory reproductive tract. For 
some reason still unexplained, there is no alteration 
in the response of the pituitary target organ to 
exogenous estrogen. 


SUMMARY AND CONCLUSIONS 


Prolonged administration of glycyrrhetinic acid 
to  immature female rats did not reverse the anti- 
estrogenic effect, did not alter the pituitary-ACTH 
content, had no effect on the unstimulated uterus, 
and antagonized the uterine response to exogenous 
estrogen. 


Glycyrrhetinic acid administered to male castrated 
donor parabionts for 8 days did not interfere with 
gonadotropin release nor estradiol inhibition of 
gonadotropin release. 


One month of glycyrrhetinic acid treatment did 
not alter the estrus cycles of mature cyclic rats. 


Glycyrrhetinic acid therefore restricts the re- 
sponse of the uterus to exogenous estrogen regardless 
of duration of treatment. Its antagonism is limited 
to the response of the female accessory reproductive 
tract to exogenous estrogen and does not extend 
to  other target organs such as the pituitary. It 
cannot alter estrus cycles either through interference 
with gonadotropin release or alteration in the re- 
sponse of the vaginal mucosa to exogenous sex 
steroids. 
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which included outstanding scientists such as Sir 
Julian Huxley, J. B. S. Haldane, and Carleton 
Coon. The controversial, provocative, and un- 
inhibited deliberations reported present a review of 
current thinking among research workers. 


media, diagnostic materials and methods, and special 
fungi stains. 


Physical and Technical Pharmacy. Edited by 
H. M. BURLAGE, C. 0. LEE, and L. W. RISING. 
The Blakiston Div., McGraw-Hill Book Co., Inc., 
,330 West 42nd St., New York 36, N. Y., 1963. 
ix + 740 pp. 15 X 23 cm. Price $16. 
Organized to meet the need for a student text to 


correlate principles of mathema tics, physics, and 
chemistry with pharmaceutical procedures, meth- 
ods, and technology, this volume presents materials 
on mathematics, and pharmaceutical calculations, 
the physicochemical sciences as they apply to 
pharmaceutical technology, stability of drugs and 
pharmaceutical systems with particular reference to 
storage conditions, and adjuncts of importance in 
the formulation of satisfactory products. Ten 
pharmaceutical scientist contributors to  the volume 
have assisted the editors in presenting a volume 
which will be a significant contribution to  pharma- 
ceutical education. 


Hallucinogenic Drugs and Their Psychotherapeutic 
Use. Edited by R. CROCKET, R. A. SANDISON 
and A. WALK. Charles C Thomas, Springfield, 
Ill., 1963. xiii + 191 pp. 15.5 X 25 cm. Price 
$7.50. 
The proceedings of the quarterly meeting of the 


Royal Medico-Psychological Association held in 
February 1961 are presented. The papers are 
grouped under six topics: the historical and psycho- 
pharmacological background, hallucinogenic agents 
and their general application, techniques and 
methodology, the use of hallucinogens in specific 
conditions, clinical observations and phenomeno- 
logical interpretation, and the moral, religious. and 
social significance of experience under hallucinogenic 
drugs. The purpose of the conference was to bring 
investigators from fields other than the clinical 
and psychotherapeutic areas to discuss the psychic 
changes accompanying the administration of the 
hallucinogens; the editors have created a stimulating 
and valuable volume. 


A n  Introduction to Clay Colloid Chemistry. 


A brief glossary is also included. 


By H. 
VAN OLPHEN. Interscience Publishers, Div. of 
John Wiley & Sons, 605 Third Ave., New York 
16, N. Y ,  1963. xvi + 301 pp. 15.5 X 23 
cm. Price $10. 
Modern concepts in colloid and surface chemistry 


are discussed as they apply to clay systems. The 
book stresses the effect of changes in fluid com- 
position on the forces acting between suspended clay 
particles, and the consequences of such changes on 
the bulk physical and mechanical properties of the 
suspensions which are important in clay technology. 
The treatment in the text is elementary which will 
limit its usefulness to workers active in clay tech- 
llology but will provide a workable background 
knowledge for persons less knowledgeable in the 
field. 


Man and His Future. Edited by G. WOLSTBN- 
HOLME. Little, Brown and Co., Boston, Mass., 
1963. vi + 410 pp. 13 X 20.5 cm. Price 
$6. 
The biological, environmental, and social aspects 


of inan and his future were treated in a symposium 


The Pathogenesis of Leprosy. Edited by G. E. W. 
WOLSTENHOLME and M. O'CONNOR. Little, 
Brown and Co., Boston, Mass., 1963. ix + 
101 pp. 12 X 18.5 cm. Price $2.95. 
Another booklet in the Ciba Foundation Study 


Group series, this volume serves to focus attention 
on the progress and problems of research on leprosy. 
Papers presented were devoted to  experimental 
observations related to the histopathology of 
leprosy, cytopathology of the Virchow cell of human 
leprosy, applicability of experimental murine 
leprosy to  the study of human leprosy, experi- 
mental studies on human leprosy, and leprosy 
bacilli in mouse foot-pads. 


Chemistry: A Survey of Principles. By G. W. 
Ewmc, and E. G. MEYER. John Wiley & Sons, 
Inc., 605 Third Ave., New York 16, N. Y., 1963. 
ix + 239 pp. 15 X 23 cm. Price $4.95. 
A student textbook for a one-semester course in 


chemistry for non-chemistry major students is 
presented which balances basic theory with de- 
scriptive materials on such topics as biochemistry, 
organic reaction mechanisms, thermodynamics, 
chemical equilibrium and reaction rates, and metal- 
organic and metal-inorganic complexes. Labora- 
tory experiments are integrated and require the 
student to work with modern laboratory instru- 
ments such as the pH meter, photoelectric colorim- 
eter, and nuclear counting equipment. Many of 
the experiments are quantitative in nature and de- 
velop some concepts not covered in the text. 


Medicinal Chemistry. Vol. VI. Edited by E. E. 
CAMPAIGNE and W. H. HARTUNG. John Wiley 
& Sons, Inc., 605 Third Ave., New York 16, N. Y., 
1963. x + 356 pp. 15 X 23 cm. Price $10. 
Volume six of this monograph series covers non- 


barbiturate hypnotics, spinal cord depressant drugs 
derived from polyhydroxy alcohols, and X-ray 
contrast media. Much of the data is presented 
in tabular form as was in the case in prior volumes. 
The style and format of the earlier volumes as well 
as the objective to include references to all the com- 
pounds which have been tested for a particular type 
of pharmacological activity in a given chapter have 
been retained. Numerous references are included 
for each chapter and a general index is provided. 


Advances in  Organic Chemistry: Methods and 
Results. Vol. 4. Edited by R. A. RAPHAEL, E. C. 
TAYLOR, and H. WYNBERG. Interscience Pub- 
lishers, 605 Third Ave., New York 16, N. Y., 
1963. vii + 361 pp. 15 X 23 cm. Price $14.50. 
This fourth volume in a series created to  meet the 


need for critical appraisal and evaluation of useful 
new methods and ideas generated in the rapid 
evolution of organic chemistry treats enamines, 
synthetic methods in the carotenoid and vitamin A 
fields, and the coupling of acetylenic compounds. 
Author and subject indexes are included as well as 
a cumulative index for volumes 1-4 in the series. 








Heterocyclic Thioureas I1 
Antitubercular Activity of Diheterocyclic Thioureas 


By ARTHUR C. GLASSER and RICHARD M. DOUGHTY 


The preparation and in vitro examination for antitubercular activity of a series of 
heterocyclic substituted (~-phenyl-2,3-dimethyl-5-pyrazoloa-4-yl) thioureas are 
described. The second heterocyclic rings substituted on the molecules are ex- 
amples of N-  and 0-heteroparaffinics, N-a deficient and N-* excessive rings. The 
compounds studied ranged in minimum inhibitory concentrations from 0.63 mg. per 


cent to a lower level of activity of 10 mg. per cent. 


T IS WELL KNOWN that certain 1 ,&di(.l-substi- I tuted pheny1)-thioureas have the ability to 
inhibit the growth of A[ .  tuberculosis (1). Ex- 
tensive series of related molecules of this general 
type have been investigated for this activity (2, 
3 ) .  A previous communication of this series has 
reported on the activity of a series of l-p-alkoxy- 
phenyl-3-(5-pyrazolon--l-yl)- and (2-pyridy1)- 
thioureas (4). I t  was determined in the first 
study that one of the compounds, l-p-isopro- 
poxyphenyl-3- [( 1 -phenyl-2,3-dimethyl)-5-pyrazo- 
lon-4-ylj -2-thiourea, showed in vifro activity at 
the 0.16 mg. yo level. This observation led to 
the synthesis of a second series of related thioureas 
in which both substituents of the molecule were 
of a heterocyclic nature, one of which was the 
.5-pyrazolone moiety of the before-mentioned 
compound. This study reports the effects upon 
the tuberculostatic activity of the second sub- 
stituent being (11)  N and 0 heteroparaffinic 
molecules, such as alkyl substituted piperidine, 
piperazine, and morpholine, ( b )  r-deficient N -  
heteroaromatic rings such as alkyl and dialkyl 
substituted pyridine, and (c) r-excessive N- 
heterocyclic ring such as substituted 5-pyrazo- 
lone. 


As a group the N- and 0-heteroparaffinics and 
the ?r deficient N-heterocyclic compounds showed 
about the same general level of activity as the p-  
alkoxyphenyl compounds reported previously. 
The most active compound of the present series 
a t  0.M mg %, was compound 17. The rings 
involved here are of the r excessive type, and this 
type of electron abundance coupled with a thion- 
thiol enolization type reaction could possibly be 
used for a comparison to the presence of exces- 
sive electrons in the 4-positioii of such molecules 
as p-isopropoxyphenyl substituted pyrazolone 
thioureas reported previously. An attempt to 
place a center of electron density in the 4-position 
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of some of the r-deficient molecules is now under- 
way in this laboratory as a means of further in- 
vestigating this observation. 


The preparative methods used for the thioureas 
were essentially the same as reported previously 
in which the isothiocyanate, prepared by the ac- 
tion of thiophosgene on the appropriate amine in 
methylene chloride, was allowed to react with an 
amine in absolute alcohol or thiophene free ben- 
zene ( 5 ) .  The aminoalkylpyridines, morpholine, 
piperidine, and methylpiperazine used were 
commercial products purified by recrystalliza- 
tion or distillation just prior to use. The cyclic 
secondary amines, 4-ethy1, 4-n-propy1, and 4- 
isopropylpiperidine, were prepared by the reduc- 
tion of the corresponding 4alkylpyridine deriva- 
tive using sodium and n-butanol reduction 
followed by catalytic hydrogenation in the pms- 
ence of palladium-on-carbon in procedures similar 
to the method of Wawzonek (6). 


The in oitro determination of the tuberculo- 
static activity was carried out generally as pre- 
viously reported using the H3iRv strain of A[.  
tuberculosis var. horninis' grown on Dubos media 
with added polysorbate 804 and beef serum (4). 
The insoluble nature of compounds 12 and 13 
required the incorporation of methylcellosolve 
into the solvent used for the preparation of the 
original dilution for testing. This combined 
solvent showed inhibiting properties of significant 
nature, and thus detracted from the validity of 
the readings compared to those of the regular 
solvent which had been previously shown to be 
noninhibiting. However, i t  was felt that as 
members of the series it was desirable to have 
some sort of evaluation of these cornpounds, so 
they are included as qualified. A summary of 
structures, properties, and testing results are 
shown in Table I .  


EXPERIMENTAL 
1-Phenyl-2,3-dimethyl-5-pyrazolon4isothiocyan- 


ate.-A solution of 5.8 Gm. (0.05 mole) of thio- 
I American Type Culture Collection, 2112 M Street, N.W.  


2 Polyoxyethylene 20 sorbitan mono-oleate 
Washington, D. C . ,  20037. 


Tween 80 by the Atlas Powder C o . .  Wilmington. Del. 
Marketed as 
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phosgene in 20 ml. of methylene chloride was added 
dropwise to  a stirred solution of 10.2 Grn. (0.05 
mole) of 4-aminoantipyrine in 30 ml. of methylent 
chloride contained in a 250-ml. flask surrounded by 
an ice hath. The reaction mixture was allowed to 
warm to room temperature and stand overnight. 
The resulting solid was filtered off and recrystallized 
from benzene-ether to give 6.4 Gm. (54%)) of needles, 
m.p. 146 to 147". 


And-Calcd. for C1~HIINIOS: C, 58.55; H, 
4.52; N, li.13. Found: C, 58.92; H, 4.50; N, 
16.89. 


4-Isopropylpiperidine.-A solution of 40.5 Grn. 
(0.3 mole) of 4-isopropylpyridine in 500 ml. of n- 
butyl alcohol was placed in a three-necked 1000-ml. 
flask equipped with an efficient condenser and stir- 
rer. The solution was preheated to 50-60" and 70 
Gm. of sodium added a t  such a rate that reflux was 
maintained. An additional 150 ml. of alcohol was 
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added in portions to maintain the contents of the 
flask in a fluid condition. After the addition o f  the 
sodium was completed, the mixture was heated at 
reflux for 25 minutes to effect solution of all the 
sodium. The solution was cooled to about 75' and 
200 ml. of ice water slowly added. After cooling to 
room temperature, the aqueous layer was separated 
and the alcoholic solution made acid to litmus with 
6 N hydrochloric acid. The acidic solution was 
steam distilled to  remove all the butyl alcohol, made 
alkaline to  litmus with 10 N sodium hydroxide solu- 
tion, and steam distilled until the distillate was no 
longer basic to  litmus. The basic distillate was 
saturated with potassium carbonate and the amine 
extracted with ether. The ethereal solution of the 
amine was dried over anhydrous sodium sulfate, the 
ether removed by evaporation a t  reduced pressure, 
and the residue fractionated through a glass helices 
column to yield 8.5 Gm. of 4-isopropyl-1,2,5,6- 


TABLE I.-DIHETEROCYCLIC THIOUREAS 


N O .  


1 
2 
3 
4 
5 
6 


8 
9 


10 
11 


" 


R X 
H CH? 
%Methyl CHz 
3-Methyl CH2 
4-Methyl CH? 
2,6-Dimethyl CH? 
2-Ethyl CH? 
4-Ethyl CH? 
4-n-Propyl CH2 
4-i-Propyl CH? 
H 0 
H =N-CHa 


Yield, 
A RSC 
62 Ac 
91 A 
90 A 
93 A 
95 A 
85 A 
91 A 
85 A 
90 A 
79 B 
70 C 


Y . P . ,  
C .a 


188-189' 
1 i0-1 TI 
175-176 
184-185 
li4-175 
149-150 
168to 168.5 
147 to 147.5 
188-189 
21 1-212d 
168-1 69 


N-Analysesb 
Calcd. Found 
16.95 17.15 
16.16 14.90 ~~ ~. 


16.26 15.91 
16.26 16.01 
15.63 15.49 
15.63 15.74 
15.63 15.41 
15.02 15.16 
15.02 14.80 
16.81 16.46 
20.27 20.59 


12 H 
13 4-Methyl 
14 5-Methyl 
15 6-Methyl 
16 4,6-Dimethyl 


65 A 248-249 CirHnNsOS 20.63 20.41 
87 A 222-223 CiiHioN'sOS 19.81 19.75 
73 A 240 to241.5  C I R H I ~ N ~ O S  19.81 19.47 
76 A 213t0214.5 C I ~ H I ~ N ~ O S  19.81 19.63 
86 A 223-224 CigH2INaOS 19.06 19.17 


17 4-Antipyryl 


C~HS 
81 D 245-247dec. CzsH?,~;eOrS 18.72 18.51 


Min. 
Inhib. 


2 . 5  
2 . 5  
5 . 0  
2 . 5  
1.25 
5.0 
5 . 0 
5 .0  


10.0 
5 . 0  
2 . 5  


?t. 


O.&? 
2 . 5  
2 . 5  
5.0 
2 . 5  


0 .63  
a Melting points determined on  Fisher-Johns block and uncorrected. Microanalyses by Weiler and Straw, Oxford. Ens  


land and Galbraith Laboratories, Knoxville, Teon. Reported Takahaski T. and Kanematsa. K . ,  Eokugaku Zosshi ,  i 9  
162(1959), 190". Reported, i b i d . ,  213', through Chem. Ab&. 53, 131~8e~195Y) .  Recrystallization solvents: Ac- 
acetone. A - e t h y l  alcohol. B-benzene, C-chloroform,, and D-rnithyl alcohol. 
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tetrahydropyridine, b.p. 176 to  177.5' at 738 mm., 
taken as a heart cut for a yield of 20%. Picrate 
170-171', (Lit. picrate 170 to  170.5') (7). 


And-Calcd. for CsHlbN: C. 76.74; H. 12.07; 
N, 11.19. Found: C, 76.83; H, 12.01; N, 10.93. 


A solution of 8 Gm. of 4-isopropyl-1,2.5,6-tetra- 
hydropyridine in 30 ml. of glacial acetic acid was 
subject to hydrogenation a t  45 lb./in.z in the pres- 
ence of 2.5 Gm. of 10% palladium-on-charcoal until 
hydrogen was no longer taken up. After filtering off 
the catalyst, the solution was made alkaline to litmus 
with 10 N sodium hydroxide solution, and the alka- 
line solution steam distilled until the distillate was 
neutral to litmus. The distillate was saturated 


dimethyl-5-pyrazolon4yl)-2-thiourea.-A solution 
of 0.57 Gm. (0.05 mole) of 4-isopropylpiperidine and 
1.0 Gin. (0.04 mole) of l-phenyl-2,3-dimethyl-5- 
pyrazclon-4-isothiocyanate in 10 ml. of absolute 
alcohol was refluxed on a steam bath for 2 hours. 
After evaporation of the reaction mixture to  one- 
third its original volume, crystals fornied on cooling. 
Filtration and recrystalization from alcohol gave 
1.35 Gm. (go'%) of the thiourea, m.p. 188-189'. 


And-Calcd. for CmH&,OS: C, 62.48; H, 
7.57; N, 15.02. Found: C, 64.67; H, 7.61; N, 
14.80. 
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Prediction of Stability in Pharmaceutical 
Preparations XI1 


Solvolysis of Various Alkyl Sydnones 


By EDWARD R. GARRETT 


The kinetics of solvol sis of various alkyl sydnones-furfuryl, methyl, pro yl, 
phenethyl, isopropyl, s-gutyl, t-butyl, and 1,1,3,3 tetramethylbutyl, have been stuged 
spectrophotometrically as a function of pH and temperature; rate-pH profiles have 
been determined. The  order of reactivity on  alkaline catalyzed solvolysis generally 
decreased in the order cited. Except for the furfuryl sydnone, the order of reactiv- 
ity reversed on acid catalyzed solvolysis. The  heats of activation for a specific type 
solvolysis were generally similar,. and the greatest differences were in the entropies 
of activation. Only in  the specific cases of 1,1,3,3-teuarnethylbutyl, t-butyl, and 
furfuryl sydnones was a solvent or pH-inde endent solvolysis observed. In  the 
alkaline p H  range, the spectra shifts to that orthe N-niuoso alkylamino acetic acid, 


whereas in acid solution absorbance is lost with time. 


ARIOUS me.TO-IONIC 3-alkyl sydnones (1, 2 )  peutic agents. They are pharmacologically 
vhave been synthesized in these laboratories active as central nervous system stimulants with 


a particularly stimulating effect on respiration. 
Several also possess antitumor activity ( 5 ) .  


It has been well known that  the sydnones are 
hydrolyzed by hot aqueous alkali with regenera- 
tion of the original N-nitroso acid from which 
they are prepared and by hot acid to  give a 


/CH-C-Oe 


"-0 
I 


by Kier and associates (3, 4) as potential thera- 


K-N @ 1 
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R-hydrazine, a carboxylic acid, and carbon 
dioxide (2, 6, 7).  


It has also been stated that  the stability 
of the sydnone ring, I, does not appear t o  depend 
to a significant extent on the nature of R (7). 
However, our preliminary kinetic studies had 
shown that  this was not the case-that even 
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B.P, Fig. 3.--Effects of in- 
mm. H g  creasing doses of vasopres- 


sin after arrest of tachy- 
la; phylaxisin the reserpinized --\\ dog All doses were in 


units per kilogram. Time 
A marker: 10-minute inter- 
- I - .  1 
- 


0.3 ’ vals. 


flexes. Once tachyphylaxis was arrested, dose- 
response effects were observable. This observation 
suggests that the use of reserpinized dogs for the 
bioassay of vasopressin should be investigated. 


Our results with angiotensin agreed with those of 
Page, et al. (14). In the pure synthetic form, it was 
not tachyphylactic and did not affect vasopressin 
tachyphylaxis. Although both angiotensin and 
vasopressin are octapeptides, the differences between 
their structural formulas are sufficient to make it not 
surprising that there was no cross tachyphylaxis. 
For the same reason it was expected that, though 
renin blocked the pressor response to angiotensin, it 
would not affect the pressor response to  vasopressin. 
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Synthesis of Potential Antineoplastic Agents I 
By WILLIAM D. ROLL 


Four new derivatives of o,o’-diphenamide have been pre ared to  evaluate their anti- 
carcinogenic activity: o,o‘-bis (N-~-mesyloryethyl)dip~enamide, o,o’-bis “-243- 
chloropropionamido)ethyljdiphenamide, o,o’-bis[N-2-(3-bromopropionamido)- 


ethylldiphenamide, and o,o’-bis (N-2-mercaptoethy1)diphenamide. 


SERIES OF derivatives of diphenamide was  A synthesized for the purpose of evaluating 
their possible antineoplastic activity. 


Carbon and co-workers (1) reported that various 
bis-amides show wide antitumor activity. Baker 
(2) suggested that the configuration of the “back 
side” of a molecule may be altered in major ways 
to give better irreversible bonding and perhaps 
enhance activity. This report describes the syn- 
thesis of some related amides which are structural 
analogs of diphenamide and which might possibly 
function as exoalkylating irreversible inhibitors. 


The synthetic procedure used for the preparation 
of these analogs of o,o’-diphenamide may be b r i d y  
outlined as follows. o.o’-Dipheaic acid (I), syn- 
thesized by the procedure described by Atkinson and 
Lawler (3),  was converted to 0.0’-bis( N-2-hydroxy- 
ethy1)diphenamide (11), by a procedure similar to 
that described by Wenker (4). Treatment of I1 with 
methanesulfonyl chloride yielded o,o’-bis( N-2-mesyl- 
oxyethy1)diphenamide (IV). 


Treatment of I with thionyl chloride gave o,o’- 
diphenoyl chloride (VII) ( 5 , 6 ) .  The acyl halide re- 
acted with ethylene diamine at low temperatures to 
give the amide o,o‘-bis(N-2-aminoethy1)diphen- 
amide (111). Acylation of the amino analog (111) 
with 3-chloropropionyl chloride or ethyl 8-chloro- . .  . 
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propionate and 3-bromopropionyl chloride or methyl 
3-bromopropionate gave 0.0‘-bis[ N-2-(3-chloropro- 
pionamido) ethyl] diphenamide and o,o’-bis(N-2-(3- 
bromopropionamido)eth yl] diphenamide. compounds 
V and VI, respectively. 


To introduce the mercaptoethyl side chain, 
diphenic acid (I) was converted to  the acyl halide 
(VII) initially. It was allowed to react with 


(4) NaNOz: HCI 
a C O Z H  ( b )  Cu:NH,OH 


NHZ 


I ~ O N H C H ~ C H ~ O H  1 C O N H C H ~ C H ~ N H ~  


Scheme I 







Vol. 53, No. 6, June 1964 687 


C H m z C I  CONHCHaCHzOSH3 
pyridine CON HCHzCHzOS H3 8 (11) - 8  (IV) CONHCH&H*OH 


CONHCH&HiOH 


CONHCHzCHzNHCOCH2CHzCl 


(V) 


CICHzCHaCOClc 


CONHCHzCHz NHz 


CONHCHzCHzNHCOCHzCH2Br 


(VI) 


BrCH,CH2COCI 


Scheme I1 


sodium hydrosulfide to  give o,o‘-thiodiphenic acid 
(VIII)  by a procedure similar to that described in 
the literature for the synthesis of thiobenzoic acid 
(7-9). The thio acid gave o,o’-bis(N-2-mercapto- 
ethy1)diphenamide (IX) on treatment with ethyl- 
enimine (10) by a procedure analogous to that de- 
scribed by Kuhn and Quadbeck (11). 


EXPERIMENTAL 


The sequence of synthetic reactions is shown by 
Schemes I, 11, and 111. 


o,o‘-Diphenic Acid (I).-The procedure used for 
the synthesis of diphenic acid was that described in 
“Organic Syntheses” (3). 


o,o’-Bis( N-2-hydroxyethy1)diphenamide (II).-A 
mixture of 4.8 Gm. (0.02 mole) of I and 2.4 Gm. (0.04 
mole) of 2-aminoethanol was heated in an open flask 
until the loss in weight corresponded to 2 moles of 
water. The crude material was crystallized from 
absolute methanol to  give 4.4 Gm. (6870) of product 
melting at 130-131’. The compound did not form a 
salt with HC1, and the infrared spectrum showed 
a broad band at 3.1 p. This would indicate that  the 
amide was formed rather than the ester. 


Anal.-Calcd. for C18HmNtOt: C, 65.84; H,  
6.14; N, 8.53. Found: C, 66.08; H,  6.10; N, 
8.48. 
o,o‘-Bis(N-2-mesyloxyethy1)diphenamide (IV).- 


A solution of 1.3 Gm. (0.004 mole) of I1 in 2.5 ml. of 
anhydrous pyridine was cooled to  0’. A 1.4-Gm. 
(0.012 mole) quantity of methanesulfonyl chloride, 
previously cooled to O’, was added to  this in a drop- 
wise manner. The mixture was allowed t o  stand for 
1 hour, then poured with rapid stirring into ice water. 
The product was removed on a cold Buchner funnel 
and washed several times with cold water. The 
product was crystallized from absolute methanol to  
give 0.8 Gm. (420/o) of product melting at 192-193’. 


Ad.-Calcd. for CmHHN%O&: C, 49.57; H,  


4.99; N, 5.78; S, 13.23. Found: C. 49.65; H, 
5.10; N, 5.70; S, 13.34. 
o,o’-Bis(N-2-aminoe~~)diphenami4e (In).-To 


a cold (0’) 2.4-Gm. (0.04 mole) solution of ethylene- 
diamine and 5% aqwous sodium hydroxide was 
added a chloroformic solution containing 4.8 Gm. 
(0.02 mole) of o,o’-diphenoyl chloride (VII). The 
mixture was shaken vigorously for 5 minutes, and 
the crude amine was removed by filtration. The 
crude material was crystallized twice from dry 
chloroform to give 4.0 Gm. (6lyO) of product melt- 
ing at 220-221’. 


Ad.-Calcd. for G8H8N,Ot: C, 66.23; H, 
6.79; N, 17.17. Found: C, 65.98; H,  6.83; N, 
17.30. 


o,o ’-Bis [ N-2-( 3-chloropropionamido)ethyl] diphen- 
amide (V).-A solution of 2.0 Gm. (0.016 mole) of 
3-chloropropionyl chloride in dry chloroform was 


NaSH 
_.) 


Scheme I11 
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added dropwise to a 2.6-Gm. (0.008 mole) solution 
o f  the amine (111) in chloroform at room tempera- 
ture. When the addition of the acyl halide was 
complete, the reaction mixture was refluxed until 
the evolution of hydrogen chloride had ceased. 
The reaction mixture was concentrated in vacuo and 
the crude amide removed by filtration. The crude 
product was placed in a Soxhlet apparatus and 
extracted with dry chloroform for several hours. 
The product melted at  225-226”. yield 3.2 Gm. 


Anal. --Calcd. for C?IH&I~NIOI: C, 56.81; H,  
5.56; CI, 13.98; N, 11.02. Found: C, 57.01; H,  
5.48; CI, 14.01; N, 11.22. 


o,o‘-Bis[N-Z-( 3-bromopropionamido)ethyl]diphen- 
amide (VIL-The same procedure described above 
for the preparation of the chloropropionamide ana- 
log was used. To a 2.6-Gm. (0.008 mole) solution 
of the amine (111) in dry chloroform was added 2.5 
Gm. (0.016 mole) of 3-bromopropionyl chloride (in 
dry chloroform). A slightly longer reflux period 
was necessary for completion of the reaction than 
with compound V. The product weighed 3.4 Gm. 
(57%) and melted a t  244-245’. 


Anal.-Calcd. for C*4HaBr~N404: C. 48.34; H, 
4.i3; Br, 26.80; N, 9.40. Found: C, 48.50; H, 
4.65; Br, 26.74; N, 9.44. 


0.0’-Diphenopl Chloride (VII).-The procedure 
used for the synthesis of diphenoyl chloride and the 
results obtained have been previously described 
(5. 6). 


o,o’-Thiodiphenic Acid (VIII).-A 2.8-Gm. (0.01 
mole) quantity of diphenoyl chloride (VII) was 
added to a solution of sodium sulfhydrate, prepared 
from 3.7 Gm. (0.04 mole) of NaSH in 25 ml. of dis- 
tilled water. The mixture was stirred and heated 
on a steam bath for 3 hours. It was cooled to 0”. 
surrounded by an ice bath, and slowly acidified with 
a cold solution of 3 N hydrochloric acid. The 
product was removed by filtration, washed with cold 
water, and dried overnight in a desiccator. The 
yield o f  cream-colored crystals was 1.4 Gm. (500/,), 
m p .  118-119’. 


And-calcd. for C14HloO&: S,  23.37. Found: 
S, 23.40. 
olo’-Bis(N-2-mercaptoethyl)diphenamide (IX).- 


Ethylenimine, 0.4 Gtn. (0.009 mole), was added 
slowly to a solution of 1.1 Gm. (0.004 mole) of thio- 
diphenic acid (VIII) in 20 ml. of absolute ethanol 
with constant stirring at  0’. The reaction mixture, 
under a nitrogen atmosphere, was allowed to  come 
to room temperature, and the solvent was removed 
in vacuo. The residue was crystallized from ethanol- 
ether to give 1.2 Gm. (%?yo) of yellow crystals, m.p. 
129-130’. The infrared spectrum showed a well 
defined band a t  2600 cm.-l( -sh). 


Anal.-Calcd. for CleH~N20zSp: C. 59.97; H, 


(79%). 
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5.60; N, 7.77; S, 17.79. Found: C, 59.98; H, 
5.65; N, 7.85; S, 17.82. 


DISCUSSION 
The N-chloropropionamido and N-bromopropion- 


amido derivatives of diphenamide, compounds V 
and VI,  respectively, were also prepared by treating 
a cold methanolic solution of o,o’-bis( N-2-amino- 
ethy1)diphenaniide with ethyl 3-chloropropionate 
and methyl 3-bromopropionate. However, an ex- 
tended reaction period at 0” was required, and the 
yields of the haloamides were considerably lower 
than when the acyl chlorides were employed. 


Preliminary pharmacological studies indicate that 
compounds V and VI are nontoxic in doses up t o  90 
mg./Kg. in mice. 


In the synthesis of o,o‘-thiodiphenic acid (VIII), 
two minor products were also isolated. o,o’-Mono- 
thiodiphenic acid had a melting point of 125-126’. 


And-Calcd. for ClnH,,03S: C, 65.10; H, 3.90; 
S. 12.42. Found: C, 64.96; H. 3.79; S, 12.50. 


o,o’-Diphenoyl sulfide had a melting point of 91- 
92”. 


Anal.-Calcd. for ClrHeO2S: C, 69.98; H, 3.36; 
S, 13.34. Found: C, 69.84; H, 3.40; S, 13.42. 


SUMMARY 
Four new derivatives of opt-diphenamide have 


been synthesized to evaluate their anticarcinogenic 
activity: o,o’-bis [ N-24 3-chloropropionamido)ethyl] - 
diphenamide, o,o’-bis[N-2-(3-bromopropionamido)- 
ethylldiphenamide, o,o’-bis(N-2-mesyloxyethyl)di- 
phenamide, and 0.0’-bis( N-2-mercaptoethy1)diphen- 
amide. Two intermediate products, o,o’-bis( N-2- 
aminoethy1)diphenarnide and 0.0’-bis( N-2-hydroxy- 
ethyl)diphenamide, and two by-products, o,o’- 
monothiodiphenic acid and 0.0’-diphenoyl sulfide. 
were also reported. 
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Prediction of Stability in Pharmaceutical 
PreDarations XI11 


Stability, Spectrophotometric, and Biological Assay of the 
Antibiotic Porfiromycin in Pharmaceutically 


Useful pH Ranges 


By EDWARD R. GARRETT and WILLIAM SCHROEDER 
The kinetics of solvolysis of the antibiotic podromycin are quantified in the phuma- 
ceutically useful pH ranges in acetate, phosphate, and borate buffers. The devised 
ultraviolet spectro hotometric assays of solution degraded antibiotic are correlated 
with the plate-disE assay against S. aweus and the paper chromatographic assay 
against S. intea. General acid catalyzed solvolysis is indicated as well as specific acid- 
base. In acetate bders, the rimary de radative mechanism is the hydrolysis of the 
fused ring aziridine group, wgereas milcfalkdi substitutes a hydroxyl for the quiaoid 
ring mine. In the intermediate pH ranges characterized by phosphate bders  reac- 
tion at both sites is implied and maximum stabilit at pH 8 at 30 can be predicted. 
Conditions for isolation of solvolytic products anitheir characterizations are given. 


HE NEW BROAD SPECTRUM antibiotic porfiro- 
Tmycin has been assigned the fused ring aziri- 
dine structure, a, by Webb, et al. (1-3). 


0 


R R’ 
Q -NHI -CONH2 
@(B) -OH- -CONHE 
y(B,B) -OH -COOH 
G(B,B,B) -OH -H 


8 


NHCH, 


Properties, biological activities and assay 
methods have been studied (443). The kinetics 
of the acidic and basic catalyzed transformations 
of porfiromycin in solution have been evaluated 
and quantitative expressions have been estab- 
lished for their kinetics (9). The products of 
acidic and alkaline catalyzed solvolysis have been 
qwtrophotometridy identified and their dis- 
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sociation constants and apparent equivalent 
weights determined. In addition, these physico- 
chemical and kinetic data have been correlated 
(9) with structural transformations of the pro- 
posed structure for porfiromycin, a (1, 2). 


The purpose of this paper is to consider the 
correlation of biological and spectrophotometric 
assays of porfiromycin, to evaluate the anti- 
biotic’s stability in the pharmaceutically useful 
pH ranges and to provide additional physico- 
chemical data for characterization. 


In this paper the products of porfkomycin deg- 
radation are identified by an operational nomen- 
clature. In this scheme porfiromycin is a and 
distinct spectrophotometric identities resulting 
from acid or basic solution degradations are repre- 
sented as ,T, 7 ,  and 6 in their chronological order of 
appearance. A subscript represents the solution 
(A = acid, B =I basic) of the distinct product. 
The order of B’s or A’s in the subsequent paren- 
theses represents the sequence of basic or acid 
degradation. 


For example, Gn(A,B,B) indicates that this is 
the third distinct product of porfiromycin deg- 
radation in basic solution from firstly, acid, i.c., 
P(A); then, secondly, basic -y(A,B); and a final 
degradation in basic solution, G(A,B,B). 


As has been shown previously (9) the possible 
acid and alkaline transformations of porfirornycin, 
a, with their isolable intermediates, are 
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TABLE ~.-CONLXTIONS AND OBSERVED FIRST-ORDER RATE CONSTANTS (k IN SEC.-') FOR THE HYDROLYSIS 
OF PORFIROMYCIN IN AQUEOUS BUFFERS 


Observed Porfiromycin 101 k 
Run c. pH at 30° C. (mcg./ml.) -Buffer Composition- (see.-I) 


1 30.2 3.60 30 0.1756 0.0122 28.4O 
2 30.2 4.53 26 0.05 0.05 3.03' 
3 30.2 4.54 24 0.10 0.10 3.24' 
4 30.2 4.51 26 0.20 0.20 4.26' 
5 30.2 4.55 25 0.40 0.40 5.00' 


[CHaCOOH] [CHICOO-] 


6 30.2 
7 30.2 
8 60.0 
9 60.0 
10 60.0 
11 69.7 
12 69.7 


13 60.0 
14 60.7 
15 60.7 
16 60.0 
17 60.0 
18 60.0 
19 60.0 
20 30.2 
21 30.2 


5.91 
6.90 
5.91 
6.96 
7.91 
6.93 
6.97 


8.95 
8.95 
8.95 
9.89 
9.89 
9.89 
9.89 
... 
. . .  . 


16 
15 
28 
32 
27 
26 
25 


28 
500 
500 
29 
536 
536 
536 
30 
30 


IKHIPO~] 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.025 
[HaBOaI 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.00 
0.00 


[ NaOH] 
0.0057 
0.02963 
0.0057 
0.02963 
0.0468 
0.02963 
0.01482 
[ NaOH] 
0.0213 
0.0213 
0.0213 
0.0439 
0.0439 
0.0439 
0.0439 
0.10 
0.10 


0.158" 
0.0216- 
3.24. 
0.484' 
0.179' 
0.883b 
0. 695b 


0.185O 
0.2290 
0.946" 
0.250c 
0.300' 
6.16' 
3.21f 


0. 352h 
81.90 


Rate constant calculated from loss of absorbance at 363 mr (a -c 8) .  Aliquots were submitted for plate-disk assay (7) 
at two different phosphate concentrations for both runs 11 and 12 to test the effect of phosphate concentration on the sensitivity 
of the assay. It hnd no apparent effect. Rate constants for a -. 0 were calculated from U.V. spectra. Rate constant calcu- 
lated from loss of absorbance at 360 mr (13 -c 7) .  Same NU as No. 14. but rate constant calculated from loss of potency by 


761 y p )  (4). 7Sarne run a8 N O .  17, but rate constah calculated from loss of absorbance at 36415 rnp for time interv$%%g 
which ah uots showed potency by bxoossays (a -c 8). 0 Rate constant calculated from loss of teacy by plate-disk assoy 
(a - 8) 8). * %me run u) No. 20, but rate constant calculated from loss of absorbance at 36pmr (B -c 7) .  


late-disk assa (a -c 8 )  (7). ' Same run M No. 17 but rate constant calculated from loss of otency by S. lulco pa 


EXPERIMENTAL 
The isolation and characterization of the porfiro- 


mycin used in these studies has been reported by 
Herr, et al. (5). 


Kinetic Studies.-The appropriate amount of 
porfiromycin or isolated degradation product was 
weighed into a tared volumetric flask, a few drops of 
methanol were added to  dissolve the sample, and the 
solution was diluted up to  volume with the appro- 
priate aqueous buffer. The buffer solutions had 
been previously equilibrated at the temperatures of 
the degradation studies. The flasks were covered 
with aluminum foil t o  prevent possible photolytic 
degradation, put in a constant temperature bath, 
and at recorded time intervals a spectrum was run on 
a Cary model 11 or 14 recording spectrophotometer 
after appropriate dilution, usually to  12 mcg./ml. 


The conditions for the degradation of porfiromycin 
in acetate buffers at30" are given in Table I, runs 1-5. 
The pH was measured by glass-saturated calomel 
electrodes by a Cambridge pH meter and recorded. 
The average is reported. Aliquots of these solutions 
were taken at various times. The aliquots were 
diluted 1:l with sufficient alkali to  adjust to  pH 7 
and the spectra of the resulting 12-15 mcg./ml. solu- 
tions were recorded on the Cary recording spectro- 
photometer. Run 1 was also diluted 1 : 1 with the 
same acetate buffer and the spectra observed. 
Aliquots of the same acetic acidacetate buffered 
solution, runs 2-5, Table I, were taken at the same 
intervals and neutralized 1 : 1 with 0.1 M phosphate 
buffer, pH 7.8, which also included sufficient alkali 
to neutralize the excess acetic acid. These samples 


were assayed by the plate-disk method against S.  
aureus (7). 


The conditions for the degradation of porfiromycin 
in phosphate and borate buffers are given in Table I. 
runs 6-12 and runs 13-21, respectively. The pro- 
cedure for spectrophotometric assay was the same for 
runs 6-12, 13, 16, and 20, Table I, as that given for 
the acetate buffers except that the 1 : 1 dilution be- 
fore reading on the spectrophotometer was made 
with the same buffer used in the kinetic study. 


Runs 11 and 12 were also used to study the effect 
of different phosphate buffer concentrations on the 
biological assay. 


Simultaneously with the removal and treatment 
of aliquots from runs 11 and 12 for spectrophoto- 
metric assay, two other aliquots were removed from 
each run for biological assay by plate-disk against S. 
aureus (7), each to be assayed under different phos- 
phate buffer concentrations so that the effect of this 
variable could be evaluated. Also, solutions of 
porfiromycin of 500 mcg./ml. were prepared in 
borate buffers, maintained at desired temperature. 
and aliquots removed at timed intervals (see runs 14, 
15, 17, 18, and 19, Table I). For plate-disk assay 
against S. aureus (7), 0.1-ml. aliquots were diluted to  
5 ml. with 0.1 M phosphate buffer, pH 7.9. and as- 
sayed directly. For spectrophotometric assay, 0.2- 
ml. aliquots were diluted to 10 ml. with buffer. For 
paper chromatographic assay (4) by ultraviolet scan- 
ning and against S. luka 1-ml. aliquots were ad- 
justed to  the appropriate p H  with concentrated re- 
agents so that no significant change in concentration 
occurred. 
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Studies were conducted in borate buffers a t  60" 
and at pH values 9 (runs 14, and 15) and 10 (runs 
17-19). The aliquots of the pH 10 study (run 18) 
were adjusted to pH 7 and submitted for papergram 
assay by both ultraviolet scanning andagainst S. 


The aliquots of the pH 9 study (runs 14 and 15) 
were adjusted to pH 8 and 9 and both adjusted sam- 
ples were submitted for papergram assay by ultra- 
violet and against s. luka (4). 


In 0.1 M NaOH solution the porlkomycin ab- 
sorbance at 363 mp dramatically decreased with time 
and a new chromophore appeared with a A,. a t  333 
mp. The half-life of the porliromycin chromophore 
was 55 hours at 30" (run 21). However, when an 
attempt was made to correlate the half-life of the 
porfkomycin biological activity by plate-disk assay 
(7). the biological activity was found to disappear 
a t  a much faster rate (half-life of 14 minutes) under 
these conditions (run 20) than did the porfiromych 
365mp chromophore. 
;,-When this apparent inconsistency was observed, 


lutca (4). 
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the changes in spectra were followed carefully for the 
first half-hour and a slight but significant change 
in chromophore was determined. The 363 mp (a  = 
63.8) maximum shifted to 360 mp (a  = 67.1) and 
the absorbance incteatcd. 


Even considering the small changes in absorbance 
which would introduce relatively large error into a 
first-order plot, the coincidence of the slopes of such 
plots for absorbance changes and bioassay values was 
apparent (Fig. 1). Thus, the correlation of the 
rates of this chromophoric enhancement with loss in 
biological activity was conclusively demonstrated. 
This was considered as the transformation of porho- 
mycin aB -c BB@) (9). 


Visible Spectra of Porfiromycin and Its Acid and 
Alkaline Degradation Products.-The visible spectra 
of pofiomycin and its products of acid and alkaline 
degradation were also run on the Cary 11 spectro- 
photometer a t  several pH values ranging from acid 
to alkaline solutions. The changes in color of these 
products as a result of changes in pH are noted in 
Table 11. 


The conditions for their preparation were deter- 
mined from the kinetics described previously (9). 
The B(B), y(B,B), and G(B,B,A) were all prepared in 
situ, starting with the triethylamine salt of @(B). 
The r(B,A) and 6(B,A,B) were prepared in  situ, 
starting with isolated r(B,A). All other materials 
were prepared from poriiromycin in solution as pre- 
viously specified (9) and were analyzed spectro- 
photometrically in Situ. 


Isolation and Characterization of Solvolytic Prod- 
ucts of Poriiromycin. 


Preparation of @ ( B )  Triethylamine Salt 


1 
10 20 30 40 50 


TIME IN MINUTES 


Fig. 1.-Correlation of rate of loss of biological 
potency by plate-disk assay with rate of increase 
of porfkomycin absorbance a t  360 mp in 0.10 M 
NaOH at 30". Key: 0, logarithm of potency by 
plate-disk assay plotted against time; 0, logarithm 
of the difference between 1.05 and the absorbance 
at 360 mp plotted against time for a 15 mcg./ml. 
solution of porfiromycin. 


A solution of 1.0 Gm. of poriiromycin in 100 ml. of 
0.1 N sodium hydroxide was stirred a t  room tem- 
perature for 75 minutes and then allowed to stand a t  
5" for an additional 45 minutes. Cold methylene 
chloride (100 ml.) was then added and the mixture 
acidified with 12 ml. of 1 N sulfuric acid. The cold 
mixture was shaken and the organic layer quickly 


TABLE II.-VISIBLE PHENOMENA OF PORPIROMYCIN AND ITS ACID-BASE DECR~DATION PRODUCTS 


-In Alkalime Solution- -In Acid Solution- 
a" at Color of a at Color of 


Compound Am, Solution A- A,, Solution Method of Preparation 
Porliromycin 572 0.78 Purple Degrades rapidly to 8( A) 


575 0.47 Purple Degradesrapidly to r(B,A) Dissolution of Triethylamine salt 


530 0.53 Slight pink Degrades rapidly to Alkaline Degradation of B(B), 


B(A) 648 3.61 Red-purple 632 3.17 Red-purple Add Degradation of Porbromycin 
b(B,B,A) 5566 1.45 Yellow and 430 2.75 Yellow and Acid Degradation of y(B,B) 


turbid turbid 


457 1.70 Yellow Acid Degradation of @(A) 
r ( B A  
r(A,A) 556 4.03 Purple 
a(A,A,B) 537 0.104 Light pink 475b 0.069 Light pink Alkaline Degradation of y(A,A) 


4756 0.034 Pale yellow Alkaline Degradation of r(B,A) 
d A 3 )  
B(B,A,B) 537 0.041 Yellow 


of B(B) 
@(B) 


d B 3 )  Triethylamime Salt b(B,B,A) 


566 3.61 Purple 467 1.52 Yellow Dissolution of Isolated y( B,A) 


537 0.11 Pale yellow 475' 0.092 Pale yellow Alkaline Degradation of @(A) 


a Absorptivity is in Absorbance[Gm./L. cdcul8tad on the b& of a concentration of the original undegraded rn0tcr'i.l of 
0.6 mg./ml. b This waa not a dlstmct maximum. 
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separated. The aqueous phase was re-extracted 
with another 50-1111. portion of methylene chloride. 
The methylene chloride extracts were combined and 
washed with ice water. After drying over mag- 
nesium sulfate for 10 minutes, the methylene chlo- 
ride solution was concentrated to  a purple gum on 
the Rinco rotating evaporator a t  20". The gum 
was dissolved in 175 ml. of ether and stirred at room 
temperature while 2 ml. of triethylamine were added. 
The crystals which separated were collected and 
washed with ether. The yield of air dried material 
was 830 mg. Recrystallization could be effected by 
adding ether containing some triethylamine to a 
:hloroform solution of the crude product. The salt 
lost birefringence at 180-185° but did not melt below 
320'. 


And-Calcd. for CaHarNdO6: C, 58.7; H, 7.55; 
N, 12.4; 0, 21.3; OCH,, 6.9. Found: C, 58.48; 
H, 7.59; N, 12.21; 0, 21.12; OCHa, 6.17. 


I.R. spectra: Amax. at 3570,3320,3270,3170,2600, 
2460, 1715, 1620. 1580, 1567, 1510 sh, 1500 sh, 1485, 
1340,1327,1320,1220,1102,1050,695cn1.-~. 


Preparation of y(B,A) 


A solution of 1.0 Gm. of porfiromycin in 100 ml. of 
0.1 N sodium hydroxide was stirred at room tem- 
perature for 1 hour. The resulting solution of @(B) 
was then acidified with 25 ml. of 1 N hydrochloric 
acid and allowed to  stand at room temperature over- 
night. The color of the solution changed from blue 
through brown to orange. Neutralization of the 
orange solution with ammonia deposited deep blue 
crystals of the desired product. The yield was 600 
mg. Recrystallization from wet dimethylformam- 
ide-methanol afforded the analytical sample. The 
somewhat hygroscopic material analyzed best for a 
monohydrate. 


Anal.-C!alcd. for C l ~ H l ~ N ~ O ~ ~ H z O :  C, 51.0; 
H ,  5.4; N, 11.9. Found: C, 51.65; H, 5.78; N, 
11.82; OCH:, none. 


I.R. Spectra: A,. at 3600. 3500 sh, 3300, 3160, 
2730, 2440, 1717, 1660, 1580, 1535, 1493 sh, 1485, 
1335,1102,1085.780,745cm.-~. 


Preparation of @(A) 


0 


Two grams of porfiromycin were dissolved in a 
small amount of methanol and diluted to  a liter 
volume with 0.01 N HCI. The pH of the solution 
(2.65) was lowered to 2.0 with sufficient 2 N HCl and 
was allowed to  stand at room temperature for 20 
minutes to  allow time for completion of aA + @(A) 
reaction. The pH of the solution was adjusted to  
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10.5 with 1.0 N NaOH, and saturated with an- 
hydrous NazSOd. A heavy precipitate appeared and 
was filtered through a fine glass frit under suction 
and the residue washed with acetone until most of 
the @(A) had been extracted. (I.R. analysis of the 
residue showed over 90% NaSO,.) The acetone 
solution was taken to  dryness by evaporation at 
room temperature. The filtrate from the original 
solution was resaturated with Na?SO, and extracted 
once with acetone in a separator. Most of the color 
left the water phase after one extraction, so only one 
was deemed necessary. The acetone extract was 
combined with the acetone washings of the filter 
residue and taken to dryness by evaporation at 
room temperature. The @(A) precipitated out as a 
hard, glassy plate on the bottom of the evaporating 
dish and was broken up and bottled for use. 


Ad.-Calcd. for ClsHl8N40s: C, 53.9; H, 5.41. 
Found on correction for ash: C, 53.2, 54.2; H, 5.35, 
5.68. 
I.R. spectra Amax. at 3420, 3320, 3270 OH/NH; 


1710, 1665 (weak) C 4 ;  1600, 1495 C==C/C= 
N/N-H deformation; and 1120, 1085, 1050 cm.-1 
C-O/C-N. 


Preparation of y(A,A).-Further subjection of the 
porfiromycin to  strong acid resulted in a material 
which precipitated at pH 5. This material was 
filtered off, washed, and considered r(A,A). Its 
infrared and titration curves were the same as for 
OA. 


RESULTS AND DISCUSSION 


Effect of Buffers on the Degradation of Poxfiro- 
mycin. a - @(A).-Therates of degradation of por- 
firomycin in acetate buffers were studied by the loss 
of absorbance at 363 mp of initially 24-30 mcg./mL 
solutions at 30". The rate constants and conditions 
were listed as runs 1 through 5 in Table I. 


Figure 2 is a plot of the rate constant us. acetate 
ion concentration or acetic acid concentration for 
runs 2 through 5 maintained at constant pH, where 
[CsH:Ot-] = [HCZH~OI], but where ionic strength 
was not maintained constant. The relationship is 
given by the equation 


k = k~c,~fir[HC&hOnl -I- KO (Eq. la) 
= 5.69 X 10-'[HC2H&] 4- 2.75 X 10-6 (Eq. l b )  


cczsoil*lncz%~?l 
Fig. Z.-Dependence of rate of porfiromycin deg- 


radation at 30" and pH 4.54 on acetate ion and/or 
acetic acid concentration. 
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Fig. 3.-Vis- 
ible spectra of 
r ( A A  .and .r 
(B,A) in aud  
(pH <3). sub- 
script A, and 
base (PH >9), 
subscript B. 
The -y(B,A) was 
0.5 mg./ml. 
The r(A.A) was 
derived in  sit# 
from porfiromy- 
cin at  0.5 mg./ 
I d .  


a t  30" and a t  pH 4.55, k in sec.-l. Of course, 
[ k ~ ~ f l , ~ ~ ]  is kinetically equivalent to kCaa, -  
[GHaOt-] so that whether rate acceleration by gen- 
eral base or generalacidcatalysis is dueto acetateions 
or undissociated acetic acid molecules, respectively, 
cannot be concluded on kinetic grounds. However, 
since the product of solvolysis in these acetate buffers 
can be spectrophotometrically identified as @(A) (9) 
which is associated with the opening of the fused 
aziridine ring of porfiromycin Ia (1, 2, 9) and since 
the aziridine ring is not attacked by even strong 
nucleophile hydroxyl ion (9), the most plausible 
catalytic species is the undissociated acetic acid and 
general acid catalysis is implicated in the trans- 
formation a + @(A). 


If in Eq. 1, ko=kE+ [H+] and [H+] = 10- = 
10-4.u = 2.8 X lod, then b+ a t  30" is 1.0 L./- 
mole/sec. This is consistent with k(sec.-I) at pH 
3.60 a t  30' of 2.84 X lo-'(- No. 1, Table I )  where 
[H+] = 2.51 X lo-'. Thus kH+ - 1 L./mole/sec. 
is confirmed. This, of course, is the bimolecular 
rate constant for the hydrogen ion catalyzed solvol- 
ysis of undissociated porfiromycin, a, where k [ a ]  = 
&+[a] W+I. 


Run 6, Table I, in phosphate buffers has a k6.@,,H = 
1.58 X lo4 set.-' based on the loss of the 363 mp 
band at 30"; the assumed route is -@(A). Thus a 
calculated value where the rate constant depends 
solely on hydrogen ion catalyzed solvolysis could be 
k = k~+[10*] ~H+[H+]  = 1 X 1.4 X 10- = 
1.4 X 10- set.-' which is reasonably consistent with 
the observed value. Similarly, for run 7, Table I, 
ka.g,,E = 2.16 X 10- at 30". The calculated rate 
constant would be k = b+[lO-pH] = 1.4 X lo-'. 


Although in both of these cases the k(sec.-l) 
values calculated on the basis of hydrogen ion attack 
on uncharged porfiromycin are of the proper order of 
magnitude as the observed value, i t  is indicated that 
the observed value exceeds the calculated. This 
could be due to two possible phenomena, the possible 
catalytic effect of HIPOI- ion and the superimposi- 
tion of an additional degradation sequence, i.e.. a 4 


B(B) -c r(B,B) which is enhanced with the higher 
pH and which gives an apparent faster change in 
the spectra used to evaluate rate constants (9). 


A plot of log k (k in set.-*) 0s. pH for studies in 
phosphate buffers a t  60' for runs 8, 9, and 10 (see 
Table I) is not truly linear with a slope of unity. 
The slope of unity would be expected i f  k = kE+[H+] 


and log k = -pH + log kn+. Neither is the plot of 
k us. [HnPOd-] completely linear. Thus, since 
por6rornycin has no titratable groups in this region 
it must be concluded that porfiromycin degradation 
in the intermediate pH ranges, pH 5.9 to 8, is cata- 


lyzed by hydrogen ion [a+B(A)], may becata- 
lyzed by H1P04- concentration and may be catalyzed 


by hydroxyl ion [probably a +@(B) + -y(B,B)] 
(9). 


The bimolecular rate constant for the hydroxyl ion 
catalyzed solvolysis of porfiromycin to @(B) can be 
estimated from the rate of loss of biological assay 
(run 20, Table I) as ken- = 8.2 X lo-* L./mole/- 
sec. a t  30'. 


Prediction of Stability.-Estimates of the stability 
of porfiromycin, a, in unbuffered aqueous solution 
at 30" may be based on the expression. 


k(sec.-1)  = 1.0 [H+] +8.2 X 10-a[OH-] (Eq. 2a) 


8.2 X lo-' 10-(fiw-pE) (Eq. 2b) 


where the first quantity on the right in Eq. 2 esti- 
mates the apparent first-order transformation, a + 


P(A), and the second quantity on the right estimates 
the apparent first-order transformation, a -c @(B). 
Approximate values for the half-life of porfiromycin 
are: 0.2 hours a t  pH 3,2 hours a t  pH 4,20 hours a t  
pH 5, 200 hours at pH 7, 11,OOO hours a t  pH 8, 
2300 hours a t  pH 9,250 hours at pH 10,25 hours at 
pH 11, 2.5 hours a t  pH 12, and 0.25 hours in 0.1 M 
NaOH. The maximum stability of porfiromycin at 
30" is ta. pH 8 with an estimated half-life of 1.3 
Y m .  


The estimated half-life a t  pH 3 of 0.21 hours in- 
dicates that porfiromycin should be significantly de- 
graded in the stomach on oral ingestion. 


Visible Spectra of PoAromycin and Its Acid and 
Alkaline Degradation Products.-The similarities of 
(B,A) and (A,A) have already been pointed out as 
based on ultraviolet spectroscopy and spectrophoto- 
metric and potentiometric titrations (9). The coinci- 
dence of these two compounds is very clearly demon- 
strated by the visible spectra in Fig. 3. 


The similarities of -y(A,B), G(B,A,B), and b(A,A,B) 
have also been pointed out as based on ultraviolet 
spectroscopy (0). The similar shift in visible 
spectra from acid to basic conditions (see Table 11) 


H +  


OH- OH- 


= 1.0 x 10-pH + 


Fig. 4.-Vis- 
ible spectra of 
@(A), mhB,A), 
and r(B,A) in 
acid (pH <3). 
subscript A. and 
base (pH >8), 
subscript B. 
The r(B.A) was 
0.5 mg./ml. 
The B(A) was 
derived in  situ 
from porhromy- 
a n  at 0.6 mg./ 
ml. The qB,- 
B.A) was de- 
rived zn sztu 
from p(B), tri- 
ethylamine salt 
at  0.5 mg./ml. 
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Fig. 5.-Visible spectra of porfiromycin, a, /9(B), 
y(B.B), and &(B.A,B) in acid, subscript A, and 
basic solutions, subscript B. The i3(B,A,B) was de- 
rived in situ from r(B,A) at 6.7 mg./ml. The por- 
firomycin and B(B) triethylamine salt were at 0.5 
mg./ml. and the r(B,B) was derived in  situ from 
B( B) triethylamine salt. 


Fig. 6.--Cor- 
relation of bio- 
assay, plate disk 
vs. S. aureus. 
and spectropho- 
tometric assay 
at 363 mp for 
porfkomycin de- 
grading at 30" 
in 0.05 M acetic 
a c i d 4 0 5  M so- 
dium acetate. 
Key: - - - 
-, standard de- 
viation in bio- 
m y ;  -* 
regression fitted 
by least squares. 


tends to  confirm these similarities. Several anoma- 
lies do exist although some explanation may be made 
on the fact that the apparent absorptivities are cal- 
culated on the basis of the weight of the starting 
materials, which materials as stated above, differed 
in the several cases. The 6(B,A,B) has 0.37 the 
absorbance at the maxima of r(A,B) in the acid 


and alkaline regions. However, the ratios are 
maintained under both conditions as are the qualita- 
tive spectral shifts. Typical examples of the visible 
spectra of these products of poriiromycin solvolysis 
are given in Figs. 4 and 5. 


Correlation of Spectral and Biological Assays in 
Acetate Buffem-The undegraded porfiromydn, u 
(runs 2-6. Table I), after adjustment to  p H  7 was 
calculated on the basis of the following equations: 


A I  = aaIa1 + ab[B1 (Eq. 3) 
where A,  is the absorbance at any time and am and a61 
are the absorptivity of porfiromycin, a, and of B(A), 
respectively, at 363 mp. The initial absorbance at 
t = 0, is AO = aa[a]o; the final absorbance a t  t = - 
is A, = ab[/9]. 


Thus, the concentration of a, i.c., [ a ] ,  can be cal- 
culated from 


where 


I a l o  = 1/91.. = [a1 + IB1 0%. 5) 


Aliquots of the same acetic acid-acetate buffered 
solution which were taken at the same intervals and 
neutralized 1:l with 0.1 M phosphate buffer, pH 
7.8, were assayed by the plate-disk method against 
S. auras (7). 


A typical example of the regression of the micro- 
biological plate-disk assay against the estimates ob- 
tained by spectrophotometry is given in Fig. 6. The 
line of best fit by least squares is the solid line where- 
as the dashed lines represent the plus or minus stand- 
ard deviations and are estimates of the error in the 
biological assay. 


The statistics of the regression are given in Table 
111. The average standard deviation of the assay is 
10%. Although two out of the four runs are con- 
sistent with a 1:l relation of the assays, i.e., the 
regression slope is approximately unity and the inter- 
cept of regression approximately zero, two show dif- 
ferences from these values. Overall, however, i t  can 
be concluded that the spectrophotometric assay is 
a valid measure of poriiromycin's biological activity 
in its transformation t o  f?( A) in acetate buffen at pH 
4.5. 


Correlation of Spectral and Biological Assays in 
Phosphate Buffers.-The spectrophotometric assay 
was performed on por6romycin degrading in phos- 
phate buffered solutions at 70". These were the 


TABLE III.-STATISTICS OF RECRESSION(Y = mr + b) OF BIOASSAYS~ ( y )  ON SPECTROPHOTOMBTRIC ASSAYS' 
( x )  IN MCG./ML. FOR PORFIROMYCIN IN VARYING ACETATE CONCENTRATION BUFFERS (pH 4.5) AT 30' c. 


(RUNS 2-5. TABLE I) 


-Buffer Corn sition- 
[CHICOOHI [&COO 


0.05 0.05 


0.10 0.10 


0.20 0.20 


0.40 0.40 


7 k t  Squares 
-1 pH Rune nd Fit 


4.53 2 11 y - 0.979X f 0 
0.062 


4.64 3 8 y p 1.332X - 0 
1 . m  


a* 
.262 


.658 


4.51 4 7 y - 1.015X 4- 0.640 
0.762 


1.222 
4.56 6 8 y 1.234X - 0.490 


U J  


0.031 


0.076 


0.068 


0.059 


4 
0.471 


0.797 


0.603 


0.714 


Remarks 
The slope m is not signifiunttly dif- 


ferent iroA 1.0. intercept, b,  not 
significantly dikerent than 0. 


Both slope and intercept are rig- 
nificantly different from theoreti- 
cal valuca 1.0 and 0.0. 


Slo e and Intercept not significantly 
&Berent from theoretical. 


S'ob" and intercept are significantly 
sfferenflfrom theoretical. 


0 Plate disk against S. aurcus. As estimated from the 353 my absorbance. C From Table I. Number of asap. ' Stand- 
ard deviation of intercept, b. f Standard deviation of slope. m. # Standard deviation about regression, presumably of bio- 
assay. 1. 
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TABLE IV.-STATISTICS OF REGRESSION (y = mx + b )  OF BIOASSAYS~ (y) ON SPECTROPHOTO~~~BTRIC A W Y ~  


11 AND 12, TABLE I) 
( x )  I N  MCC./ML. FOR PORFIROMYCIN IN VARYING PHOSPHATE CONCENTRATION BUFFERS AT 70’ (RUNS 


B d u  Composition 
Buffer Composition of Aliquot 


of Solution in Submitted for 
70° Bath Bioassay 


(KHsPOI) (NaOH) (KHrPOd (NaOH) pH Ue Least Squares Fit Ubd emg S y f  


n.n.in 0.0296 o . o . ~  0.0296 6-93 12 v = 0 . 7 4 i x + o . m 2  1.11 0.119 1.55 -. _ _ _  - . _- - - - . - - - - - . 
0.050 0.0296 0.0375 0.0222 6.93 i 2  > = 0.819x+o.151 1.19 0.127 1.68 
0.025 0.0148 0.0250 0.0148 6.97 12 y = 0.86OX+1.658 0.997 0.105 1.25 
0.025 0.0148 0.0125 0.0074 6.97 12 y = 0.598X +2.101 1.43 0.151 1.80 


Plate disk against S. aureus. * As estimated from the 363 mp absorbance. Numb- of wsa a. Standard deviation of 
intercept, b. Standard deviation of dope, m. I Stsndard devlotion about regression. presumngly of bioassay, y. 


TABLE V.-STATISTICS OF REGRESSION ( y  = mr 4- b )  OF PAPERGRAMS (y) ON PLATE-DISK ASSAYS~ (z) IN 
MCG./XL. FOR PORFIROMYCXN IN PH 9 AND PH 10 BORATE BUFFERS AT 60’ ( R m  14 AND 17, TABLE I) 


Buffa Type of pH of Ali not. 
Papergram submitt3 for [&Tfl$& Andpis Papergrams Lepst squares Fit ub’ emd ey‘ Runbl 


0.05 0.0439 U.V. paper ca. 7 8 y = 2.499X - 182.3 37.2 0.106 44.5 17,18,19 


n.05 n.n439 s. iutm ca. 7 8 v = 1.326X +40.08  29.1 0.083 34.8 17.18.19 
strip 


0.05 0.0Zi5 3: rutca 7.85 12 > = 1.572X - 169.3 75.4 0.190 88.2 14;15 
0.05 0.0213 U.V. paper 7.85 13 y = 1.335X - 67.7 36.6 0.0960 51.6 14,15 


strip - 


strip 


0.05 0.0213 S.1uk.a 8.95 4 y = 2.192X -328.1 167.0 0.388 84.0 14,15 
0.05 0.0213 U.V.paper 8.95 5 y = 1.64OX - 9 1 . 5  93.7 0.241 88.1 14.15 


4 Against S. auraus. Number of assays. Standard deviation of intercept, b. d Standard deviation of slope, m. Stand- 
ard deviation about regression. See Table I. 


same runs as 11 and 12 of Table I. Simultaneously 
with the removal and treatment of aliquots for spec- 
trophotometric assay, two aliquots were removed 
for biological assay under two different phosphate 
buffer concentrations. Variation of phosphate 
buffer from 0.0126 to 0.05 M had no apparent effect 
on the plate-disk assay against S. aureus. The sta- 
tistics of the regressions of bioassay us. spectrophoto- 
metric assay are given in Table IV. Although the 
intercepts of all four regressions are not signiiiantly 
different from zero, the slopes are significantly dif- 
ferent from and are less than unity. This implies 
that destruction of spectrophotometric absorbance is 
correlated with destruction of activity but that ab- 
sorbance may register a higher value than activity. 
This is readily explainable if it i s  assumed that at pH 
7 two alternate degradation pathways exist: 


B(B) - a + B(A) (Eq. 6 )  
However, B(B) has a very similar spectrum to a and 
thus destruction of the measured biological a c t i ~ t y  
may proceed slightly faster than the diminution of 
the absorbance. 


Correlation of Spectral and BiolOgiCa Assaye by 
Paper Chromatogram of Porflromycin in Borate 
Buf€ers.--Studies were conducted in borate buffers 
at 60° and at pH values 9 and 10. The aliquots of 
the pH 10 study were adjusted to pH 7 and sub- 
mitted for papergram assay by bath ultraviolet 
scanning and against S. Zutccr (4). In both cases, the 
correlation of papergram assay with plate-dkk (see 
Table V) was good. 


The aliquots of the pH 9 study were adjusted to 
pH 8 and 9 and both adjusted samples were sub- 
mitted for papergram assay by ultraviolet and 
against S. htea (4). Again the correlations of paper- 
gram assay with plate-disk assay (7) (see Table V) 


However, in almost all cases the papergram assay 
decreased at  a greater rate with time than did the 
paper-disk assay until at  low assay values the former 
demonstrated no pordromycin whereas the latter 
did. This can be explained (a)  by a negative bias 
in paper chromatography assay at low concentra- 
tions or (b)  by the fact that the papergram is more 
specific than the plate-disk assay, that porfkomyan 
degrades tointermediateswhichstillexhibitplate-disk 
potency but not papergram activity or ultraviolet 
absorbance at the spot assigned to porfiromycin. 


Both B(B) and r(B,B) prepared in silu were sub- 
mitted for bioactivity on papergrams and were 
shown to have biological activity. 


Consistency of Isolated Intermediates with Pro- 
posed Scheme for the Solvolytic TransformatiOne of 
Porfiromych-The isolations of B(B), r(B,A). 
B(A), and r(A,A) were based on the observed kinetics 
reported previously (9) and in this paper. The 
elemental analysis and physicochemical character- 
izations of these isolates are consistent with the 
reported structural assignments given in the intro- 
duction. 
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Simplified 2,6-Di-tet.t-butyl-p-cresol Colorimetric Method for 
Unsaturated-3-keto Steroids 


By E. P. SCHULZ, M. A. DIAZ, and L. M. GUERRERO 


An im roved modification of the original 2,dDTBPC method for the determina- 
tion ofunsaturated 3-keto steroids has been developed. The presented technique 
features a simpler mode of operation, improved sensitivity, equivalent reproduci- 
bility, and extension of the ori inal method to the analyses of 6-fluoro 3-keto steroids 
unsaturated at both the 1 an84 positions. Limited ap lication to pharmaceutical 


dosage forms is also discusse8. 


INCE THE APPEARANCE of the original procedure S (1) describing the use of 2,6-di-tertiary-butyl-fi- 
cresol (DTBPC) as a reagent for the assay of un- 
saturated 3-keto steroids, several publications have 
been presented as proposed improvements of the 
original technique. Ansari's modification (2)- 
the use of freshly prepared and standardized 1.0 N 
sodium hydroxide in place of nonstandardized 5y0 
alkali and 0.5% DTBPC in 90% ethanol rather 
than 0.6% in 95% ethanol-retained the desired 
specificity and eliminated the cumbersome heating 
and stirring apparatus initially described. 


Bianchi's technique (3), though eliminating the 
use of elevated temperature for color development, 
resulted in a loss of specificity. Steroids containing 
a 4unsaturated-3-keto group showed maxima 
between 380 and 386 mp, irrespective of the sub- 
stituent at the 11 position, while the original 
method presented distinct maxima at 471 and 625 
mp. Cross (4) also reported maxima between 373 
and 375 mp for the above type steroids by merely 
heating the steroid with alkali and without the 
incorporation of DTBPC reagent. 


Bartos (5), reasoning that the agitation of re- 
actants merely served to oxidize the DTBPC and 
that an oxidized form of DTBPC was the actual 
reagent, sought simply to include 0.03% hydrogen 
peroxide and successfully eliminated the necessity 
of agitating the reactants during color develop- 
ment. Maxima were reported a t  460 mp (4-un- 
saturated-3-keto steroids with an 11-keto group), 
a t  500 mp for saturated-3-keto steroids, and at 
610 mp for 4-unsaturated3-keto steroids with a 
hydroxylated or unsubstituted 11 position. Bartos' 
modification was the first to reveal that 1,4-un- 
saturated-3-keto steroids would react with DTBPC, 
though a t  reduced sensitivity. 


The present method permits color development 
within 14 to 21 minutes a t  90 to 91", avoids the 
necessity of having to st i r  the reactants during 
color development, does not require the use of 
hydrogen peroxide, results in greater sensitivity 
(40 to 80 mcg. of steroid) than the original method, 
retains the original specificity, and does not require 
the use of standardized alkali. The method has, 
however, limited applicability for the analyses of 
formulated steroids. 


EXPERIMENTAL 
Apparatus.-An improvised water bath with all 


component parts is described in Fig. 1. Test tubes, 
culture type with screw caps, 20 X 125 mm. and a 
microliter syringe with 50 pl. capacity were also 
used. 
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Reagents.-The following reagents were used: 
N-butyl alcohol (Baker's analyzed reagent grade); 
DTBPC reagent, 2,6-di-tertiary-butyI-pcresol 
(Eastman practical grade or Koppers' technical or 
food grades) O.800/, in n-butyl alcohol; TMAH 
reagent, 10% aqueous tetramethyl ammonium hy- 
droxide (Eastman); and steroid standards, 40 mcg. 
of reference standard material per 1.0 ml. of n-butyl 
alcohol. 


Unformulated Steroid Assay Procedure.-Using a 
semimicro balance, weigh to  the nearest 0.02 mg. 
about 10 mg. of assay sample into a 50-ml. volumetric 
flask. Add about 30 ml. of n-butyl alcohol. Stopper 
and shake to dissolve the steroid. Dilute to the 
mark with solvent. Pipet 5.0 ml. of the above 
solution into a 25-ml. volumetric flask and dilute 
to the mark with n-butyl alcohol. Pipet 2.0 ml. of 
the final dilution (ca. 80 mcg. of steroid) into a 
20 X 125-mm. culture tube. 


Prepare (as above) a reference standard solution 
of the same steroid equivalent to about 80 mcg. of 
steroid per 2.0 ml. of n-butyl alcohol. Pipet 2.0 ml. 
of this solution into a second culture tube of the 
same dimensions as above. Add 2.0 ml. of n- 
butyl alcohol to a third culture tube which is to 
serve as a reagent blank. 


To each of the three culture tubes add 3.0 ml. 
of 0.80% DTBPC in n-butyl alcohol, followed by 
the addition of 50 pl. of 10% aqueous TMAH with 
a 50-pl. syringe. Replace the screw caps on each of 
the three tubes. 


Immediately insert each tube into the 20-mm. 
apertures in the aluminum support plate, resting 
on the 400-ml. beaker containing 200 ml. of magnet- 
ically stirred 90 to 91" water (Fig. 1). (The fourth 
opening in the plate is used to accommodate a 
thermometer inserted in a No. 3 rubber stopper.) 
The position of each Pb tube-guide should be preset 
(prior to the addition of reactants to the culture 
tubes) to allow just the bottom edges of the tubes 
to clear the rotating magnetic bar. The Pb strips 
also serve to offset the buoyant effects of the water 
bath on the inserted tubes. 


Heat for 14 to 21 minutes a t  90 to 9l0, depending 
T H E R M O M E T E R  


1 1 HEATER-STiRRER 


Fig. 1. - 
Diamam of the 
i m p r o v i s e d  
water bath used 
to develop the 
steroid-DTBPC 
colors. 
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TABLE I.-DATA AND CONDITIONS FOR OPTIMUM DTBPC COLOR REACTION ACCORDING TO TYPE OF STEROID 


Steroid 


He at i n g 
Absorbance, 1-em. path, Time, 


Type' Max. mr w. Reagent Blank Mcg. Min. 
Fluocinolone acetonide A 620 0.507.0.503 80 21 


0.508.0.513 
0.258,O. 257 40 21 


21-Dihydrogen phosphate nionosodiuni 
salt of above compound A 620 0.363.0.363 80 21 


Paramethasone acetate A 620 0.292.0.292 80 21 


Progesterone B 620 0.474.0.474 80 21 


Hydrocortisone acetate B 630 0.697,O. 736 80 21 


0.292,O. 299 
0.296 


0.474 


0.716 
Cortisone acetate C 485 0.322.0.322 80 14 


0.322 


a Type A steroids, those which feature a 6a-Buoro-ll~-hydroxy-3-keto (1.4-unsaturated) structure; T y  e B steroids, those 
which show a 11-unsubstituted or 11-hydroxylated-3-keto (4-unsaturated) structure; Type C steroids, tgose having a 3,11- 
diketo (4-unsaturated) structure. 


on the type steroid (Table I )  being analyzed. 
Immediately immerse all three tubes in an ice bath 
a t  0' for 3 minutes. Determine the 1-cm. absorb- 
ance a t  the particular analytical wavelength (Table 
I )  of the steroid during the subsequent 15-minute 
interval, using as a reference the simultaneously 
prepared reagent blank. For steroids, of other 
types than for which data are presented, the analy- 
tical wavelengths and optimum heating times should 
be determined by the analyst. 


Per cent purity = A J A ,  X S/W X 100, where 
A, and A,  are the respective 1-cm. absorbance 
values of the analytical sample and the steroid refer- 
ence standard and where the respective microgram 
weights of the analytical sample and steroid stand- 
ard in the colored solutions are Wand S. 


Formulated Steroid Assay Procedure.-A portion 
of a filtered chloroform extract of the steroid equiva- 
lent to  200 mcg. of steroid is evaporated to  dryness 
in a 50-ml. glass-stoppered flask. The residue is 
stirred for 5 minutes with 5.0 ml. of n-butyl alcohol. 
Exactly 2.0 ml. of this solution, containing about 80 
mcg. of steroid, is transferred to a culture tube and 
the color developed as above along with 80 mcg. 
of corresponding reference standard steroid and 
the reagent blank. The optimum heating time and 
analytical wavelength, being dependent on the 
type steroid. should either be predetermined or 
based on the data provided in Table I. 


Per cent steroid = A , / A .  X BID X C/E X 
0.00025, where A, and A, remain as defined above, 
B is the mcg. weight of steroid standard per 2.0 ml. 
of n-butyl alcohol, C is the volume (ml.) of chloro- 
form used to  extract E ml. or E Gm. of formulation, 
and D is the volume (ml.) of chloroform extract 
evaporated to  dryness and equivalent to 200 mcg. 
of steroid. 


RESULTS AND DISCUSSION 
Analyses of a tablet formulation containing 


0.666% 6a - fluoro - 118,17a,21- trihydroxy - 16a - 
methylpregna - 1.4 - diene - 3.20 - dione - 21 - 
acetate (paramethasone acetate), led to assay values 
of 0.660, 0.650, and 0.644% steroid. These results 
correspond to an average value of 0.6510/, para- 
inrthasone acetate, with a mean average deviation 
of f0.0054% steroid. A placebo (cornstarch, 
lactose, magnesium stearate, polyvinylpyrrolidone, 
and F D  & C No. 4 and 5 dyes) gave no color a t  625 


mp. Direct ultraviolet analyses (methanol a t  
240 mp) of residues from chloroform extracts of 
these tablets led to  a mean assay value of 0.669'70 
steroid, using as a reference a correspondingly 
treated placebo tablet. 


Scope of Reaction.-l-unsaturated-3-keto steroids 
(480 to 485 mp), prednisolone (590 mp), and pred- 
nisone (575 mp) produced maxima of weak and 
irreproducible intensities. The introduction of 
6a-chlorine to the prednisone molecule failed to 
enhance its reactivity toward the DTBPC reagent. 
The types of 3-keto steroid which gave the most 
sensitive and reproducible responses are presented 
in Table I. 


Temperature Conditions.-No other tempera- 
tures were investigated beyond the 90-91' range 
used in the development of this method. 


Heating Time.-The optimum reaction time at 
90-91' for 3,ll-diketo steroids (unsaturated at the 
4 position) was established to  be between 13 and 14 
minutes; while 20 to  21 minutes were required for 
6a-fluoro-11-hydroxy-3-keto steroids (unsaturated 
at both the 1 and 4 positions), for 11-hydroxy-3-keto 
steroids (4-unsaturated), and for 11-unsubstituted 
3-keto steroids unsaturated a t  the 4 position. 


DTBPC Concentration.-The concentration of 
DTBPC was varied from 1.0 to 0.60%. and colors 
were developed keeping the other variables constant. 
Increasing the concentration of reagent above 0.8% 
tended to increase absorbance values for the 
steroids examined, but led to less reproducibility 
of color intensity. Concentrations less than 0.8% 
DTBPC resulted in decreased color intensity and 
decreased reproducibility. 


TMAH Concentration.-Increasing the volume of 
10% TMAH beyond the recommended 50-pl. 
level led to  lack of reproducibility. Levels of 100, 
150, and 200 pl. of 10% TMAH were tested under 
the reaction conditions. 


Color Linearity.-The chromogen for fluocinolone 
acetonide (620 mp) was linear within the 40-80- 
mcg. range. Linearity of color for the other steroids 
was not evaluated over different concentration 
ranges. 


Reproducibility.-The data presented in Table I 
iiidicated that the technique is suitable if a control 
reference standard is analyzed along with the 
analytical sample. The paired absorbance values 
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in this table represent simultaneous but not inde- 
pendent duplicate determinations. Each distinct 
paired group (or single value) represents a deter- 
mination independent of the other group. In- 
tensities of the developed chromophores in each 
instance exhibited a mean average deviation of 
*2% or less. 


Color Stability.-In all instances the color of the 
steroid chromogen was stable during the 15-minute 
interval after the cooling step. Longer time inter- 
vals were not investigated. 


Interferences.-Chloroform soluble carboxylic 
acids (acetylsalicylic acid and stearic acid, etc.) and 
esters (sorbitan monostearates, methyl, and propyl 
parabens, etc. ) tended to inhibit color formation. 
Consequently, cream formulations were not capable 
of being assayed using the described reagent. 


Reagent Blank.-The l-cm. absorbance values a t  
485 and 620 mp for the reagent blank were, re- 
spectively, 0.116 and 0.008. 


General Aspects.-DTBPC reagent, oxidized by 
refluxing and aerating for 1 hour, gave identical color 
intensity for fluocinolone acetonide (6~~,9~-difluoro- 
11~,16a,17a,21-tetrahydroxypregna-1,4-diene - 3,20- 
dione-16,17-acetonide) as did untreated reagent, 
indicating that an oxidized form of DTBPC is not 
necessarily the reactant. 
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Paper chromatograms of fluocinolone acetonide, 
impregnated and heated with the combined TMAH- 
DTBPC reagent, indicated that this reagent is 
not suitable for the detection of steroid spots. 


Fluocinolone acetonide color obtained by the 
original method (1) was lower by a factor of 7.5 
relative to this method. The former method was, 
however, 1.6 times more sensitive for 3, 11-diketo 
(4-unsaturated) steroids than the present method. 


From the data presented the following conclusions 
may be made: ( a )  that type A steroids (Table I)  
containing a 6a, 9a-difluoro moiety ( fluocinolone 
acetonide) produced more color than their 6 ~ -  
fluoro counterparts (paramethasone acetate), and 
(a) that the molar response of ll-unsubstituted-3- 
keto (4unsaturated) steroids toward the DTBPC 
reagent was decreased by substitution of an 11- 
keto function and increased by the introduction of a 
11-hydroxyl group. 


(1) Schulz. E. P., and Neuss, J. D.. A n d .  Chnn., 29, 1662 


(2) Ansari, S.. and Khan, R. A,. J .  Pharm. Pharmacol.. 12, 


(3) Bianchi M Chim. Ind. (Milan) 41 33(1858). 
(4) Cross. j .  2.. Eisen, H., and KlderLha, R. G.. A n d .  


(6) Bartos, J.. Ann. P h w m .  Franc.. 17, 141(1Q5Q). 


(1 857). 


122(1860). 


Chcm.. 24, 1049(1962). 


Assay for Methapyrilene in Complex Mixtures 
By NATHAN SCO’IT 


A method is presented for the estimation of 
methapyrilene i n  complex mixtures which 
may include other antihistamines. Briefly, it  
consists of treating ninhydrin with methapyri- 
lene which has been extracted from an aka- 


line solution with petroleum ether. 


NTWSTAM~NES have proved their therapeutic A value over the years. Methapyrilene is one 
of the established antihistamines which has found 
increased usage by itself and in combination with 
other ingredients. 


Many methods exist for the estimation of metha- 
pyrilene. . The Association of Official Agricultural 
Chemists (1) and “The National Formulary” (2) 
3escribe methods employing an ultraviolet absorp- 
tion. Clair and Chatten (3) describe a nonaqueous 
method and Cox ef al. (4) employ chromatography 
and electrophoresis. Another method described 
by Celeste and Turczan (5) uses gas chromatography 
after a preliminary extraction. This article is con- 
cerned with a spectrophotometric method for its 
determination, particularly when it is present in 
pharmaceutical dosage forms with other materials. 


EXPERIMENTAL 
Materials.-Reagents used in the experiments 


were of analytical grade where available and used 
without additional purification. The following 
materials were used: ninhydrii (1,2,3 triketohy- 
drindene) (Eastman Kodak); petroleum ether; 


Received September 30, 1963, from the Vitarine Cam- 
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sulfuric acid; polysorbate 80 U.S.P.; methapyrilene 
hydrochloride N.F.; sodium hydroxide; phenyleph- 
rine hydrochloride U.S.P.; dextromethorphan 
hydrobromide; chlorpheniramine maleate U.S.P.; 
and tripelennamine hydrochloride U.S.P. 


Apparatus.-Beckman model DU spectrophotom- 
eter was used. 


Procedure.-The method is applicable to liquid 
or solid dosage forms. A portion of liquid con- 
taining about 5 mg. of methapyrilene hydrochloride 
is transferred to a separator. The solution is 
rendered alkaline with either 1 N sodium hydroxide 
solution or sufficient sodium bicarbonate. The 
alkaline solution is then extracted successively with 
16 ml. and 3 X 10 ml. of petroleum ether. The 
petroleum ether extracts are passed through a 
cotton plug moistened with petroleum ether into 
a 50-ml. volumetric flask. After rinsing the sep- 
arator with about 3 ml. of solvent and filtering intc 
the flask, the liquid is brought to the mark and 
mixed. One milliliter of the solution, equivalent 
to about 100 mcg. of antihistamine, is carefully 
transferred to a 10-ml. flask and the petroleum 
ether removed with a gentle stream of nitrogen for 
about 5 minutes. To the residue is then added 0.25 
ml. of a 1% solution of 1,2.3 triketohydrindene 
(ninhydrin) in concentrated sulfuric acid. This 
solution should be freshly prepared, but is usable 
for several days. The flask is rotated so that the 
liquid covers its surface to insure complete contact 
with the residue. After about 6 minutes of in- 
termittent rotation, 5 ml. of a 5% solution of poly- 
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tained. A reduction of oil per plant was pro- 
portional to the reduction in number of seeds. 
Significant changes were noted in no other plants. 
A smaller quantity of fruit from sunflower and of 
seed from sesame was collected; but due to natural 
losses of the plant parts, no percentage reduction 
w a s  calculated. An increase of 5% in flax seed was 
obtained. Further studies will need to be made to 
verify this finding and to determine if the number 
of fruits per plant or the number of seeds in each 
fruit are increased. 


Because the oil of sunflower seed was pooled, no 
statistically significant differences in the quality of 
the oils were possible. The iodine value and the 
saponification value of the sunflower oil were some- 
what different from those reported in the literature 
(12). It is known, however, that the composition of 
sunflower oil varies according to  the locality in 
which it is grown (13). No significant differences 
were noted in the linseed oil samples. Significant 
differences in sesame oil consisted of higher saponi- 
fication values and lower acid values in oils from 
plants treated with GA. A higher saponification 
value was the only significant deviation obtained 
from castor oils. 


Saponification values were consistently higher 
in the oils from treated plants. The average acid 
value was consistently lower; however, there was 
considerable variation between individual castor 
oil samples and the confidence limits overlapped. 
The iodine values and the percentages of un- 
saponihble matter obtained varied between species 
of oils and between samples. 


DISCUSSION 


The reduction in yield in several species of oil bear- 
ing plants is not surprising, as a smaller percentage 
of active constituents has been observed by other 
workers (4). One author (8 )  was lead to conclude 
“that gibberellic acid is of doubtful value in drug 
plant cultivation.” While more studies will need 
to be made to justify such a broad statement, it  
does illustrate that hoped-for increases have seldom 
been obtained. An investigation of proper timing, 
methods of application, and dosage will need to be 
conducted. 


Morphological changes were either insignificant 
or absent in some of the treated plants; yet there 
were changes in the quality of the oils. With more 
refined methods, slight changes may be detected in 
the plants used. The choice of economic crops for 


Journal of Pharmaceutical Sciences 


investigation with GA need not be limited to those 
that show a striking growth response. 


Oils produced from plants treated with GA differed 
from the controls in their chemical characteristics. 
The increased saponification values indicated that 
the oils from treated plants are composed of shorter 
chain fatty acids. This characteristic was constant 
in all the species and samples of oils tested. It is 
more likely to be a general physiological effect of GA 
than any other. Acid values tended to be lower, an 
indication that more of the fatty acids were esteri- 
fied. The resultant higher ester values would indi- 
cate that a greater percentage of glyceryl esters oc- 
curred in the oils from plants treated with GA. 
Other characteristics varied between species. The 
photosynthetic products which build the fixed oils 
are produced in the leaves some distance from the 
place where they are stored. A physiologically ab- 
normal catabolism or transportation or both might 
have been involved in the plants used. 


SUMMARY 
Slight changes in the chemical constants of oils 


from GA-treated plants were observed. Signifi- 
cant changes were seen in sesame and castor oils. 


Increased saponification values from all treated 
plants indicate that shorter chain fatty acids were 
present in the oils. Acid values tended to be 
lower, an indication of less free fatty acids. Iodine 
values and unsaponifiable matter vaned among 
species. 


Changes were observed in the quality of oils ob- 
tained from plants that had insignificant or no visible 
morphological differences. 
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ERRATA 


In the review article titled “Absorption of Im- 
planted Solid Drug” (l), the following corrections 
should be made: 


1. Equation 17 contains the term (00 - k t ) .  
This term should be replaced by ( D r  - k l ) .  


2. Equation 23 contains the term 2K2/Ka. This 
should be replaced by 2kZ/K3. 


3. Algebraic manipulation alone will reduce Eq. 
29 to 29a, and the discussion in the paragraph follow- 
ing these equations should be interpreted in light of 
this fact. 


(1) Ballard, B. E., and Nelson, E., THIS JOURNAL, 51,915 
(1962). 








Stereospecific Hydrogenations Using Palladium-on-Silica Gel Catalysts 
By ROBERT E. PADGETT, JR., and ROBERT L. BEAMER 


Studies have been conducted o n  the stereospecific nature of catalysts prepared by 
depositing palladium upon silica gels which have been precipitated in  the presence 
of o tically active alkaloids. So far, only the gels formed in  the presence of the 
cinc!ona a h l o i d s  have proved to  be active as carriers for asymmetric catalysts. 
T h e  substrate for this work was a-methylcinnamic acid affording a slight excess of 


Details of the preparation of 6 e  carriers and catalysts and studies made on their stereoselective properties are 
given. 


+)-dihydro-u-methylcinnamic acid on reduction, 


N AN EARLIER paper Beamer, el al. ( l ) ,  presented I evidence supporting the existence of substrate- 
specific and stereospecific centers in palladium-on- 
carbon catalysts. These data were in accord with 
the three-point contact theory proposed by Ogston 
(2) to explain stereospecificity in enzymes. This 
work also indicated the possible design of an asym- 
metric synthesis resembling those catalyzed by en- 
zymes but using a nonbiologic catalyst such as 
palladium. That such a synthetic reaction is not 
impossible is evidenced by the work of Akabori with 
palladized silk fibroin (3) and Smith using specially 
treated palladized charcoal (4). 


The present work is concerned with further studies 
into the stereospecific hydrogenations catalyzed by 
certain palladized silica gels (5). The gels used in 
these experiments were prepared by precipitation 
from a sodium silicate solution using hydrochloric 
acid in the presence of the various alkaloids of the 
cinchona family. Although other alkaloids have 
been employed in these experiments (strychnine, 
brucine, ephedrine, and rnonobenzoylephedrine), so 
far only the gels prepared with the cinchona alkaloids 
have proved to  be active as carriers for asymmetric 
catalysts. The substrate for this work was a- 
methylcinnamic acid affording a slight excess of (+)- 
dihydro-a-methylcinnamic acid on reduction. Ox- 
imes such as acetophenone oxime, a-oximinopropio- 
phenone, and 3-pentyl-p-methoxyphenylketoxime 
either could not be reduced using these catalysts or 
upon reduction produced optically inactive products. 


Prior to our work, Dickey (6) and Haldeman and 
Emmett (7) had demonstrated adsorption speci- 
ficity and Beckett and Anderson (8) had shown 
stereoselective adsorption on similarly prepared 
gels. 


EXPERIMENTAL. 
Reagents.-m-Methylcinnamic acid (K and K 


Laboratories), quinine sulfate N.F., quinidine sul- 
fate U.S.P., cinchonine sulfate U.S.P. IX, cinchoni- 
dine sulfate U.S.P. X, sodium silicate solution (tech- 
nical, 40-42" Be) were used. 


Procedure.-The preparation of our gels was 
essentially that used by Dickey (6). The desired 
quantity of alkaloidal salt (sulfate) was dissolved in 
130 ml. of 5.7 N hydrochloric acid, and this solution 
was added to 42 Gm. of sodium silicate solution 
(technical grade) which had been diluted to 200 ml. 
with distilled water. After standing overnight, the 
entire solution formed a jelly which was dried under 
a current of air in a hood. The dried gel was trit- 
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urated, and the material which passed through a No. 
40 sieve was washed with methyl alcohol in a Soxhlet 
extractor for 48 hours, after which time all the 
alkaloid had been removed. The absence of any 
alkaloid could be demonstrated by the lack of rota- 
tion of plane polarized light and the lack of precipita- 
tion by alkaloidal reagents in samples of the wash 
liquor. Furthermore, small quantities of the gel 
were not charred when placed in a Bunsen flame. 


The catalysts were prepared by the method of 
Hartung (9) using 100 mg. of palladous chloride per 
gram of gel and sodium acetate as a buffer. Hydro- 
genations were performed in absolute ethanol on a 
low-pressure Parr hydrogenation apparatus a t  about 
60 p.s.i.g. using 1.0 Gm. of catalyst. Heating was 
accomplished using an infrared heat lamp. 


These catalysts all possessed a low order of ac- 
tivity, requiring about 32 hours for the reduction of 
0.05 mole of a-methylcinnamic acid. After 24 hours, 
an additional 1.0 Gm. of the catalyst was added and 
the hydrogenation continued for another 8 hours. 
No kinetic studies were attempted because of the 
abnormally long reduction period and the lack of an 
adequate temperature control. 


Following hydrogenation, the catalyst was re- 
moved by filtration, and the alcohol evaporated at 


, room temperature leaving an oily residue or crystals 
depending on the extent of reduction. The product 
was distilled in uacuo collecting the fraction boiling 
trom 125-130°/0.5 rnm. Hg (uncorrected).' The 
optical rotation was taken in benzene using a 1.0 dm. 
tube and a Kern Aarau polarimeter. Literature 
values for the boiling point and the specific rotation 
of dihydro-a-methylcinnamic acid were 160"/13 
mm. Hg and 27.06' (benzene), respectively (10). 


RESULTS 
Silica gels prepared in the presence of quinine, 


quinidine. cinchonidine, and cinchonine produced 
stereospecific catalysts when used as carriers for pal- 
ladium as shown in Table I. Within experimental 
error, palladized gels made in the presence of quinine 
and cinchonidine were twice as effective in producing 
an optically active product as those prepared using 
quinidine and cinchonine. Also, no enhancement or 
lowering of quinine and cinchonidine induced stereo- 
selectivity was observed when equal mixtures by 
weight of quinine and cinchonidine, cinchonidine and 
cinchonine, quinine and cinchonine, or quinine and 
quinidine were used to  prepare the gels. 


The stereoselectivity of the gels does not appear 
to decrease significantly with age. So far, our 
evidence indicates a decrease in catalytic activity by 
the palladized 6-month-old gel. Further data must 
be obtained before definite statements can be made 


I The product was also identified by its neutralization 
equivalent. 







TABLE I.--RESULTS OF THE HYDROGENATION EXPERIMENTS USING ~-METHYLCINNAMIC ACID 


--Met h rrl 
Cix&im&-xcid 0 tical Over-all 


Carriers Concn.. %a [a]': Yiefd, % b  Yield, To 
QN 0.5 SGe 59.9 t0 .87  3.21 81.1 
QDN 0.5 SG' 44.1 +O. 45 1.66 68.0 
CN 0.5 SG" 63.2 4-0.47 1.74 77.1 
CDN 0.5 SGC 


&ain SG 
Aged QN SG (6.mo.) 


~ .. . -  
64.8 +0.88 3.25 87.9 
52.8 +0.86 3.18 70.9 
57.6 +0.87 3.21 78.1 
55.5 +0.86 3.18 67.7 
65.5 +0.84 3.10 79.9 
49.5 0.00 0.00 44.3 
39.5 +0.85 3.14 48.2 


a Weight in volume in benzene. b Per cent optical yield is calculated by 


[a]v (exptl.) x 100 
[U]Y (lit.) 


% optical yield = 


c Quinine silica gel which was prepared using0.5 Gm. of quinine sulfate in the gel preparation. QDN = quinidine sulfate ; 
d Silica gels prepared using mixtures of the individual alkaloids as CN = cinchonine sulfate: CDN = cinchonidine sulfate. 


indicated. 


regarding the effects of age on the gel. Experiments 
are in progress to demonstrate the effects of alkaloid 
concentration on the stereoselectivity of the gels 
and will be reported at a later date. 


It should be re-emphasized that no alkaloid was 
present during the hydrogenations of a-methyl- 
cinnamic acid, having been removed by the wash- 
ing procedure. Evidently, the alkaloids have in- 
duced a change in the silica gel itself, making it 
stereoselective. Also, increased catalytic activity 
was noted in the palladized cinchona-treated gels 
over the palladized plain gel. 


Only dextrorotatory product was obtained no 
matter which alkaloid was employed in the prepara- 
tion of the gel. The difference noted was in the 
respective optical yields of the product. This might 
be explained by reference to the steric structures of 
the cinchona alkaloids as determined by Woodward 
(11) and given in Fig. 1. Note that  quinine and 
quinidine are not antimers but diastereoisomers. 
They possess opposing configurations about carbon 
atoms eight and nine, but the configurations about 
carbons three and four are the same in the two 
alkaloids. Quinine and quinidine differ from 
cinchonidine and cinchonine by possessing a meth- 
oxy group at position 6'. Configurationally, cin- 
chonidine corresponds with quinine and cinchonine 
with quinidine. 


The experimental data indicate that the asym- 
metric inductive effects from quinine or cinchonidine 
might result from a potentiation of the asymmetric 
induction stemming from carbon atoms three and 
four by the asymmetric induction from carbons eight 
and nine. On the other hand, asymmetric induction 
from carbons eight and nine possibly opposes that 
from carbons three and four in the asymmetric 
inductive effects stemming from quinidine and cin- 
chonine. 


SUMMARY 


Stereoselective reduction of a-methylcinnamic 
acid was accomplished using palladium-on-silica 


c 


..- 


Quinine Quinidine 
Fig. 1 .-Steric structures of cinchona alkaloids. 


gel catalysts. The silica gels prepared in the pres- 
ence of cinchona alkaloids all produced dextrorota- 
tory product. When used as camer for palladium. 
the gels prepared in the presence of quinine and 
cinchonidine produced approximately twice the 
optical yields of ( + )-dihydro-a-methylcinnamic 
acid as those prepared in the presence of quinidine 
or cinchonine. 


REFERENCES 
(1) Beamer. R .  I*.. Smith, J. D..  Andrako. J. ,  and Har- 


tung, W. H. .  J .  OW Chcm.. 25, 798(1960). 
(2) Ogston A. G. Nafurc  162 963(1948). 
(3) Akabon S .  hakurai 'S.  izumi Y. and Fujii Y. 


ibid. 178 323(i956). J .  Chim. 'soc. Jabon '77 1374(lb56): 
ibid.: ?8,686(1957) ; biochemistry USSR, E;gli;h Tronsl., 22: 
147(19571. 


(4) Hartung, W. H. ,  and Andrako, J., TEIS JOURNAL, 50, 
805(1961). 


( 5 )  Beamer, R. L.. Thesis, Medical College of Virginia, 
Richmond, Va.. 1959, p. 78. 


(6) Dickey F. H. J .  Phys. Chcm. 59 695(1955). 
(7) Haldeman, R.'C.. and Emmeti, P.'H., ibid., 59, 1039 


(1955). 
( 8 )  Beckett. A. H.. and Anderson. P., Nofurc. 179, 1074 


110.57) . . - - . , . 
(9) Cash. W. D. .  Semeniuk, F. T., and Hartung, W. H., 


J .  Org. Chrm.. 21, 999(1,?56). 
(10) Heilbron I. M. Dictionaryof Organic Compounds " p$. 11. Oxford Gniverkty Press, New York, N. Y., 1936, b. 


738. 
(11)  Turner R . B .  and Woodward R.B .  "TheAlkaloids" 


Vol. 111, bfanike, RI H. F.,  and IIolmes, H. L.. editors, Aca- 
demic Press, Inc.. New York, N.  Y., 1953, p. 27, cf rrq. 








Analysis of the Fixed Oil of Clitocybe illudens Schw. 
By AGUSTIN MATSON, A. H. SMITH, and A. G. PAUL 


The  fixed oil of the poisonous Jack O'Lantern mushroom has been analyzed, and 
the usual physical and chemical constants for fats have been determined. T h e  
fatty acids, as methyl esters, were resolved by gas chromatography using a liquid 
phase of 25 per cent diethyleneglycolsuccinate polyester and 2 per cent phosphoric 
acid on Chromosorb W and a thermal conductivity detector. The  fatty acids 
present in the oil include myristic, myristoleic,.palmitic, palmitoleic, stearic, oleic, 
and linoleic acids. The  unsaponifiable fraction was analyzed by gas chroma- 
tography using a liquid phase of 0.4 per cent silicone gum rubber on  Chromosorb 
W and a hydrogen flame ionization detector. Ergosterol accounted for 76.2 per 


cent of this fraction. 


LITOCYBE ILLUDENS, known as the "Jack 0' C Lantern" because of its phosphorescent glow, 
has been classified as a poisonous mushroom which 
causes nausea, vomiting, diarrhea, and prostration 
(1 ) .  Ford (2, 3) found no hemolysins in this species, 
but reports that acute intoxication in guinea pigs is 
fatal in 1 to 7 days. Clark and Smith (4) claim that 
muscarine or a rnuscarine-like compound is present 
in extracts of the plant based on atropine-reversal of 
the effect on frog heart. Though still classed as a 
poisonous mushroom (5, 6), no chemical investiga- 
tion of the plant has been reported. 


These investigations report results of analysis of 
the petroleum ether extract of C. i l ldens.  Studies 
of other fractions are currently under investigation. 


EXPERIMENTAL 


The plants were collected from a single location in 
.4nn Arbor, dried at  45", and reduced to a 20-mesh 
powder in a Wiley mill. The milled plant (1.865 
Rg.) was extracted with petroleum ether (b.p. 30- 
60') for 5 days in a Soxhlet apparatus. The extract 
was transferred to a weighed flask, and the solvent 
was removed by distillation. The oil was freed 
from traces of solvent and moisture by heating the 
flask a t  110" under reduced pressure. A total yield 
of 51.6 Gm. of oil, or 2.80/,, was obtained; it was 
stored under nitrogen at refrigerator t.emperature. 


Physical Constants.-The specific gravity was 
determined by the pycnometer method and the 
refractive index, using an Abbe refractometer. 


Sp. gr. z-: = 0.9611; n2kg = 1.4634 (average of 
5). 


Chemical Constants.-Except for the iodine 
value, chemical constants were determined by 
standard procedures (7). Because of the limited 
amount of oil available, the micro method of Toms 
(8) was used to determine the iodine value. Table 
I lists the chemical constants determined for the oil. 


Isolation of the Fatty Acids.-Two grams of the 
oil was saponified in 25 ml. of 0.5 N alcoholic KOH 
by refluxing on a steam bath for 2 hours. The 
soap solution was separated from the unsaponifiable 
material, concentrated to  approximately half its 
volume, diluted with 10 ml. of water, and the solu- 
tion washed with three 20-ml. portions of ether. 
The free acids were regenerated with HCl solution 
and extracted with ether until the aqueous layer was 
neutral to  Congo red paper. The ether extracts 
were combined, dried over anhydrous sodium sulfate, 


The oil showed no optical rotation. 
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TABLE I.-CHBMICAL CONSTANTS OF THE FIXED OIL 


Sample I I1 
Saponification value 149.7 149.8 
Unsaponifiable matter, % 11.4 11.3 
-4cid value 50.3 51.1 
Iodine value 138.4 138.2 
Reichert value 1.0 1 .o 
Polenske value 5.1 5 . 2  
Kirschner value 0 . 5  0.5 


TABLE II.-RETENTION TIMES OF KNOWN METHYL 
ESTERS OF FATTY ACIDS 


Methyl Ester Retention Time, min. 
Caproate 1.62 


Caprate 3.24 
Laurate 4.68 
Myristate 7.08 
Myristoleate 8.76 
Palmitate 11.04 
Palmitoleate 13.32 
Stearate 17.40 
Oleate 20.40 
Linoleate 26.05 
Arachidate 27.79 


Caprylate 2.22 


filtered, and the solvent removed under reduced 
pressure a t  45'. The fatty acids were freed of 
traces of solvent by bubbling nitrogen through the 
liquid. The mixture was stored under nitrogen at 
refrigerator temperature. 


Gas Chromatography of the Fatty Acids.-The 
fatty acids were converted to  their methyl esters 
by the acid catalyzed esterification method (9). 
Twelve known fatty acids' were esterified in like 
manner. 


The apparatus used was the F&M Scientific Corp. 
model 300 gas chromatograph equipped with a ther- 
mal conductivity cell. The column, 10-ft. X l/.-in. 
(O.D.) stainless steel, was packed with 2570 di- 
ethyleneglycolsuccinate polyester and 270 phos- 
phoric acid on Chromosorb W, 60-E!4) mesh. 


Helium was used as the carrier gas a t  a flow rate of 
60 ml./minute with an inlet pressure of 50 p.s.i. 
The column temperature was maintained a t  205", 
the injection port at 250O. and the detector block 
at  275'. The bridge current was maintained at 
150 ma., the attenuation at a setting of 2; the re- 
corder chart was driven at a speed of 20 in./hour. 


A Hamilton 10-pl. capacity syringe was used for 
injection of samples. One-microliter quantities of 
the known methyl esters and both 2 4 .  and 3-pI. 
quantities of the unknown mixture of methyl esters 
were used without dilution. 


1 Purchased from K & K Laboratories, Inc., Jamaica, N. Y. 
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TABLE 1 1 1 . 4 ~ ~  CHROMATOGRAPHIC RESULTS OF THE ANALYSIS OF THE ESTERIFIED FATTY ACID FRACTION 


OF C. illudens OIL 


Retentiona Confirmed by 70 Expressed 
Peak No. Time, min. Enrichment as Methyl Ester, yo" as Free Acid 


1 7.15 f 0.02 Myristate 0 . 4  f 0.1 0 .4  
2 8.84 f 0.12 Myristoleate 0 . 6  f 0 . 2  0 . 6  
3 11.08 f 0.19 Palmitate 17.2 f 1.1 17.2 
4 13.40 f 0.21 Palmitoleate 1.1 f 0 . 2  1 . 1  
5 17.64 f 0.27 Stearate 3 . 9  f 0 . 2  3 . 9  
6 20.81 f 0.32 Oleate 36.1 f 1.7  36.2 
7 26.24 f 1.27 Linoleate 40.7 f 0.8 40.7 


a Average of eight determinations. 


Comparison of the retention times of the unknown 
compound with those of the known compounds was 
used for identification. Each unknown peak was 
confirmed by the enrichment method. Table I1 
lists the retention times of the known methyl 
esters. 


Quantitative estimates of the proportion of each 
compound present in the unknown mixture were 
based on calculation of the area under each peak. 
Table 111 lists the averages of eight gas chromato- 
graphic determinations of the unknown mixture of 
methyl esters. Standard deviations were calcu- 
lated in the usual manner. The percentages of 
free acids were calculated from the molecular 
weights of the acids compared with their methyl 
esters and the proportion of each acid then cal- 
culated as per cent. 


Gas Chromatography of the Unsaponihble 
Matter.-The fraction used for the determination 
of unsaponifiable matter was analyzed for steroid 
content. The method of Horning, et al. (10, ll),  
was utilized in these investigations. 


The F SK M Scientific Corp. model 609 gas chro- 
matograph, equipped with a flame ionization de- 
tector, was used. A 6-ft. X '/,-in. (O.D.) stainless 
steel column was packed with o.4yO silicone rubber 
(SE-30) on Chromosorb W, 60-80 mesh. The 
operating conditions were-flow rates as indicated 
on the rotometer-helium, 8.5; hydrogen, 9.0; air, 
8.5; column temperature, 222"; injection port 
temperature, 302" ; detector block temperature, 
350"; chart speed, 20 in./hour, attenuation, 8; 
range, 1OOO. 


A saturated solution of ergosterol (<2%) and 2y0 
solutions of B-sitosterol and stigmasterol in benzene 
were used as controls.* Samples were injected in 5 
or 7 4 .  quantities using a 10-pl. capacity Hamilton 
syringe; a 2% solution of the unsaponifiable matter 
in benzene was analyzed in the same manner. Com- 
parison of the retention times and confirmation by 
the enrichment method were used for identification. 


Two peaks appeared in chromatograms of the un- 
saponifiable fraction. Peak 1. with an average re- 
tention time of 9.0 minutes, was broad and did not 
compare with tested or reported steroids. Peak 2. 
with an average retention time of 17.62 minutes, 
compared with ergosterol (retention time, 17.46 
minutes). This was confirmed by the enrichment 
method. 


f Purchased from California Corp. for Biochemical Re- 
search, Los Angeles. 


On prolonged storage of solutions of the un- 
saponifiable matter. peak 1 appeared larger on 
chromatograms at  the expense of peak 2. Co- 
chromatography of the unsaponifiable matter with 
calciferol and viosterol* indicated that peak 1 could 
be attributed to calciferol. The broadness of the 
peaks, the impurity of these latter two compounds, 
and apparent decomposition of them during chro- 
matography prevented c o n b a t i o n .  


The quantitative estimates were determined by 
calculation of the area under the peaks. The aver- 
age of four determinations indicated that a quantity 
of 76.2 f 1.6% ergosterol occurred in the un- 
saponifiable fraction. 


SUMMARY 


The petroleum ether extract of C. illudens has 
been analyzed. The plant contains 2.8% fixed oil 
on a dry weight basis. 


Specific gravity, refractive index, per cent un- 
saponifiable matter, acid, iodine, Reichert, Polenske, 
and Kirschner values are reported. 


The methylated fatty acid fraction, analyzed by 
gas chromatography, contained myristic acid, 
0.4%; myristoleic acid, 0.6%; palmitic acid, 17.2%; 
palmitoleic acid, 1.1y0, stearic acid, 3.970; oleic 
acid, 36.2%; and linoleic acid, 40.7%. 


The unsaponifiable fraction, analyzed by gas 
chromatography, contains 76.270 ergosterol; the 
remainder appears to be calciferol, but this has not 
been confirmed. 
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tetrahydropyridine, b.p. 176 to  177.5' at 738 mm., 
taken as a heart cut for a yield of 20%. Picrate 
170-171', (Lit. picrate 170 to  170.5') (7). 


And-Calcd. for CsHlbN: C. 76.74; H. 12.07; 
N, 11.19. Found: C, 76.83; H, 12.01; N, 10.93. 


A solution of 8 Gm. of 4-isopropyl-1,2.5,6-tetra- 
hydropyridine in 30 ml. of glacial acetic acid was 
subject to hydrogenation a t  45 lb./in.z in the pres- 
ence of 2.5 Gm. of 10% palladium-on-charcoal until 
hydrogen was no longer taken up. After filtering off 
the catalyst, the solution was made alkaline to litmus 
with 10 N sodium hydroxide solution, and the alka- 
line solution steam distilled until the distillate was 
neutral to litmus. The distillate was saturated 


dimethyl-5-pyrazolon4yl)-2-thiourea.-A solution 
of 0.57 Gm. (0.05 mole) of 4-isopropylpiperidine and 
1.0 Gin. (0.04 mole) of l-phenyl-2,3-dimethyl-5- 
pyrazclon-4-isothiocyanate in 10 ml. of absolute 
alcohol was refluxed on a steam bath for 2 hours. 
After evaporation of the reaction mixture to  one- 
third its original volume, crystals fornied on cooling. 
Filtration and recrystalization from alcohol gave 
1.35 Gm. (go'%) of the thiourea, m.p. 188-189'. 


And-Calcd. for CmH&,OS: C, 62.48; H, 
7.57; N, 15.02. Found: C, 64.67; H, 7.61; N, 
14.80. 
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Prediction of Stability in Pharmaceutical 
Preparations XI1 


Solvolysis of Various Alkyl Sydnones 


By EDWARD R. GARRETT 


The kinetics of solvol sis of various alkyl sydnones-furfuryl, methyl, pro yl, 
phenethyl, isopropyl, s-gutyl, t-butyl, and 1,1,3,3 tetramethylbutyl, have been stuged 
spectrophotometrically as a function of pH and temperature; rate-pH profiles have 
been determined. The  order of reactivity on  alkaline catalyzed solvolysis generally 
decreased in the order cited. Except for the furfuryl sydnone, the order of reactiv- 
ity reversed on acid catalyzed solvolysis. The  heats of activation for a specific type 
solvolysis were generally similar,. and the greatest differences were in the entropies 
of activation. Only in  the specific cases of 1,1,3,3-teuarnethylbutyl, t-butyl, and 
furfuryl sydnones was a solvent or pH-inde endent solvolysis observed. In  the 
alkaline p H  range, the spectra shifts to that orthe N-niuoso alkylamino acetic acid, 


whereas in acid solution absorbance is lost with time. 


ARIOUS me.TO-IONIC 3-alkyl sydnones (1, 2 )  peutic agents. They are pharmacologically 
vhave been synthesized in these laboratories active as central nervous system stimulants with 


a particularly stimulating effect on respiration. 
Several also possess antitumor activity ( 5 ) .  


It has been well known that  the sydnones are 
hydrolyzed by hot aqueous alkali with regenera- 
tion of the original N-nitroso acid from which 
they are prepared and by hot acid to  give a 


/CH-C-Oe 


"-0 
I 


by Kier and associates (3, 4) as potential thera- 


K-N @ 1 
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R-hydrazine, a carboxylic acid, and carbon 
dioxide (2, 6, 7).  


It has also been stated that  the stability 
of the sydnone ring, I, does not appear t o  depend 
to a significant extent on the nature of R (7). 
However, our preliminary kinetic studies had 
shown that  this was not the case-that even 
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among the alkyl sydnones alone, variations in 
R had a highly significant effect. The avail- 
ability of the alkyd sydnones, R = methyl, 
propyl, phenethyl, isopropyl, s-butyl, furfuryl, 
t-butyl, and t-octyl ( i e . ,  1,1,3,3-tetramethyl- 
butyl), synthesized by Dr. Kier and associates 
(3, 4), gave an excellent opportunity to define 
the effects of various alkyl substituents on the 
stability of the sydnone ring. 


EXPERIMENTAL 


General Procedure.-The isolation and character- 
ization of the sydnones studied has been reported 
(4, 5) .  In general, the molar absorptivity of the 
sydnones was c = 6000-7000 in alkaline, acid, and 
neutral solutions as was expected (4). except for the 
phenethyl sydnone ( C  = 3000). The wavelength 
of maximum absorbance was shifted 2-4 mp to the 
violet in the aqueous solution compared to those 
reported in ethyl alcohol (4). The absorbance of 
the sydnones' maxima was 284 and 286 mp. The 
absorbances and wavelengths of maximum ab- 
sorbance did not significantly change with pH. 


The general procedure for the kinetic studies was 
to dissolve a specific sydnone in nitrogen purged 
distilled water maintained at the temperature of the 
prospective kinetic study. The solution was 
subsequently diluted 1 : 1 with the appropriate 
nitrogen purged buffer solution, also thermally 
preequilibrated. In general, the final concentra- 
tion was established at lO-*M for optimum spectro- 
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Fig. l.-Typ- 
ical spectropho- 
tometric curves 
for the acid and 
alkaline degrada- 
tion of alkyl syd- 
nones. The ab- 
sorbance of the 
283 rnp band de- 
creases with time 
in 0.5 M HCI 
(dashed line). 
A new 235 mp 
NaOH. The syd- 
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Fig. 2.-Typical curves for the loss of 284 mp 
spectrophotometric absorbance of sydnones. The 
curves are obtained for the acid catalyzed solvolysis 
of t-butyl sydnone a t  75". 


?:::::I \t \ 
- 2 8 0  ?-!-!Lu - 2 w  o m 20 ao w m 60 ro sn 


TIME, HR. 


Fig. 3.-Typical first-order plots for the loss of 
284 mp absorbance ( A )  by alkaline catalyzed sol- 
volysis for isopropyl sydnone at 75". A OJ is the 
asymptotic absorbance with time. 
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Fig. 4.-Typical first-order plots for the loss of 
284 q absorbance. A ,  by acid catalyzed solvoly- 
sis, t-butyl sydnone a t  i5" .  A m is the asymptotic 
absorbance with time. 


photometric absorbance reading, except for those 
specific cases where the effects of initial concentra- 
tion on the apparent solvolytic rates were evaluated. 
In  the phenethyl sydnone case the final concentra- 
tion was adjusted to 2 X lO-'M to heighten the 
absorbances. 


To abet solubilization, a few drops of ethanol 
were added to  the sydnone prior to dissolution in 
the water. The alcohol percentage was negligible 
in a total final volume of 400 ml. 


The aliquots to  be assayed were rapidly cooled 
to  room temperature before reading at  the ap- 
propriate wavelengths on the Beckman model DU 
ultraviolet spectrophotometer. 


Spectrophotometric Studies.-The absorbance, A ,  
at the wavelength of the maximum for each sydnone 
(284 mp, except 286 mp for phenethyl and furfuryl 
sydnone) was read as a function of time until a small 
residual spectrophotometric reading, A m , remained 
constant Or asymptotically approached zero. 


In the cases of all sydnones but l-octyl a new band 
arose on alkaline catalyzed solvolysis but not on 
acid solvolysis. This new band had a maximum 
absorbance at wavelengths further toward the 
violet. Specifically, the maximum absorbance of 
the new absorption band was 232 mp for propyl 







44 


TABLE I. -CONDITIONS A N D  KATE CONSTANTS (k IN 
SEC.-~) FOR THE APPARENT FIRST-ORDER ACID 
CATALYZED L)EGRADATION OF t-OCTYLSYDNONE" 


( 1 0 - 4  M )  
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sydnone, isobestic at 259 nip ;  256 nip for furfuryl 
sydnone, isobestic at 268 nip, 235 mp for isopropyl 
sydnone; and 235 nip for inethyl sydnone. The 
t-butyl and s-butyl sydnones also showed a new 
band with maximum absorbance at 232 mp when 
subjected to 0.2-0.5 A4 NaOH. The I-octyl sydnone 
showed no such new band with time in NaOH. 
HCI. or acetate and phosphate buffer solutions. 
Snlvolysis of furfuryl sydnone in the neutral pH 
region also did not demonstrate the appearance of a 
new absorption band. 


The rate of appearance of the new band on alkaline 
catalyzed solvolysis was the same as the rate of 
disappearance of the spectrophotometric absorption 
band of the sydnones. I n  general, the sum of the 
absorbances at the maxima of the disappearing and 
appearing bands was approximately constant. 


Typical spectrophotometric curves as a function 
of time are given in Fig. 1 for propyl sydnone which 
demonstrate the appearance of a 235 mp band on the 
disappearance of a 283 mp band in alkaline solution. 
Typical curves for the disappearance of absorbance 
with time for the sydnones are given in Fig. 2 
where the example given is for acid solvolysis. 


CALCULATIONS A N D  RESULTS 
Rate Constants.-The first-order rate constants, k. 


were calculated from the slopes of plots of the 
logarithm of the difference in absorbance, A ,  at time 
f and the final absorbance, A m,  against time in 
accordance with : 


log ( A  - A m )  = -kt/2.303 + log AO (Eq. 1) 


Excellent first-order fits were obtained. Typical 
curves for alkaline and acid catalyzed solvolysis 
are given in Figs. 3 and 1. 


The conditions and obtained rate constants for 
the acid catalyzed solvolysis of 1-octyl sydnone 
which were studied in great detail are given in 
Table I .  I n  addition, nine kinetic runs were 
studied in acetic arid-acetate buffers (0.05 M) 


IemD.. OC. IHCII 
50 0 
50.0 
50.0 
50.0 
50.0 
54.7 
54.7 
54.7  
.54. 7 
54.7 
61 . o  
61 . o  
61 .0 
61.0 
61.0 
64.9 
65.2 
64.9 
64.9 
69.0 
69 0 
6Y.0 
69.0 
69.0 
69 0 
88.3 
68.3 
69.6 
68.3 
68.3 
75.0 
74.9 
75.0 
75.0 
75.0 


. .  
0.050 
0.125 


0.375 
0.500 
0 ,050 
0.125 
0.250 
0.375 
0.  ,500 
0.050 
0.125 
0 .250 
0.375 
0.500 
0.125 
0.250 
0.375 
0.500 


0.0063 
0 0125 
0.0188 
0.025 
0 ,050 


n .25n 


o . n o u  


n ,100 
n .200 
0.250 
0.300 
0.500 
0 ,050 
0.125 


0.375 
0 .  ,501) 


0.250 


pHb 
1.39 
1.02 
0.73 
0.56 
0.44 
1.39 
1.02 
0.73 


0.44 
1.39 
1.02 
0.74 
0.57 
0.44 
1.02 
0.74 
0.57 
0.44 


(2.31) 
(2.10) 
1.97 
1 .78 
1.60 
1.39 
1.11 
0.83 
0.74 
0.66 
0.45 
1.39 


0.74 
0 . 5 8  
0.15 


0.56 


1.02 


10Sk 
0.390 
0.518 
n.7.w 
1 .07 
1.43 
0.710 
1 .03 
1.50 
1.95 
2.4; 
1.82 
2.61 
3.37 
4.36 
6.59 
4.21 
5.58 
7.71 
9.96 
4.64 
4 . .w 
4.64 


5.63 
6.23 
7.93 
9.49 


5.60 


11.4 
12.8 
18.2 
11.6 
14.7 
24.0 
29.6 
38.3 


IW(k - ko)' 
0.13 
0.25 
0.42 
0.71 
1 .08 
0.Oi  
0.39 
0.86 
1.31 
1.83 
0.18 
0.97 
1.73 
2.72 
4.95 
1.86 
3.23 
5.36 
7.61 
. . .  
. . .  
. . .  
1 .00 
1.03 
1.63 
3.33 
4.9 
6 . 8  
8 . 2  


13.6 
1 . 1  
4 . 2  


13.5 
19.1 
27 .8  


.... . - ~~ .. ~ 


" 1,1,3,3-'l'etramethylbutylsydnone. * The pH values listed 
were calculated from pH = -log (HCI[HCI], where the 
mean activity coefficients, JHCI. were obtained or extrapolated 
from data in the literature for the appropriate temperatures. 
The parenthetical values were observed p H  values. The 
k. values were obtained from the k values for runs in 0.28 A f  
NaCI. 


TABLE II.-cONDITIONS A N D  KATE CONSTANTS (k-SEC.-') FOR THE APPARENT FIRST-ORDER ACID CATALYZED 
DEGRADATION O F  SYDNONES (w 'kf )"  


Svdnone TemD.. OC. IHCIIb I OOk Svdnone Temp., " C .  IHCllb look 
Furfuryl 75.0 (i.50' 363 Pienethyl 75.1 0.375 0.196 


-r 13.1 0.375 326 75.1 0.25 0.118 
75.1 0.25 312 75.1 0.05 0.026 
75.1 0.0.5 266 70.1 0.50 0.205 


Pmpyl 


Methyl 


75.2 
'75.2 
70.0 
61.6 
74.9 
75.1 
75.1 
75.1 


61.6 
'in. 1 


74.9 
75.1 
75.1 
7.5. 1 
70.1 
61.6 


o .50 


0.50 
0.50 


0.375 
0.25 
0.05 
0.50 


0.50 
0 . 3 i 5  
0 25 


0.50 
0 .50  
0.50 


n . 5 o  


0.05 


n. 375 
0 .25  
0.05 
0.50 
0.50 


~. . 


199 
i l . 8  
12.00 Isopropyl 
9 61 
5 . 07 
3.18 
6 40 
i .& 
0.306 
0.259 


s- B 11 t y 1 


0 .  170 
0.038 
0,197 
0.061 
0.376 
0.286 


0.048 


0 072 


n. 1% 


0.240 


61.6 


i 5 . 2  
75.1 
75.1 
75.1 
T O .  1 
E l  .4 
75.0 
75.0 
75.0 
75.0 
70. 1 
61.6 
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  


0 50 0.075 


0.50 0.408 
0.375 0.214 
0.25 0.195 
0 05 0.046 
0.50 0.219 
0 .w 0 075 
0 . k  0.22; 
0.375 0.171 
0.25 0.136 
n .05 0.043 
n. 50 0.166 
0.50 0.077 


. . .  . . .  


. . .  . . .  


. . .  . . .  
- 


(1 The phenethylsydnone kinetics were studied at 2.02 X 10-4 M. The calculated pH at 75" for various lHCl] are 0.50 M 
0.4. i ;  0.375 M .  0.58; 0.25 M. 0.74; and 0.05 M. 1.39. 
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TARLE III.-CONDITIONS AND OBSERVED FIRST-ORDER CONSTANTS (k IN SEC. - I )  FOR THE APPARENT 
ALKALINE DEGRADATION OF SYDNONES ( 10-4M)" ~- 


Sydnone Temp.. OC. 
Furfuryl i 5 . 1  


75.1 
75.0 
75.1 
69.8 
65.3 
40.1 


I-Butyl 75.1 
75.1 
75.1 
75.1 
70.0 
65.3 
40.0 


Propyl 75.0 
75.0 
75.3 
i5 .0  
70.0 
65.3 
40.1 


Methyl 75.0 
75.0 
75.0 
75.0 
70.0 
65.3 
40.0 


. . .  


. . .  


. . .  


[NaOHIb 
0.50 
0.25 
0.10 
0.05 
0.50 
0.50 
0.50 
0.50 
0.25 
0.10 
0.05 
0.50 
0.50 
0 .50  
0.50 
0.25 
0.10 
0.05 
0.50 
0.50 
0.50 
0.50 
0.25 
0.10 
0.05 
0.50 
0.50 
0.50 
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  


l @ k  
39.1 
29.1 
22.1 
23.0 
24.9 
17.7 
8.57 
4.34 
2:12 
0.902 
0.4f10 
2 . G  
1.74 
1.18 
8 .5 i  
4.41 
1.45 
0.863 
5.45 
3.45 
2 .&l  


10.45 
5.29 
1.78 
0.933 
6.26 
3.97 
3.77 
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  


Sydnone lemp. ,  O C  


Phenethyl 75.0 
75.0 
75.0 
75. 0 
fi9.8 
6.5 . 3  
40.0 


I sopropyl ra .1  
75.1 
-- 


75.2 


40.1 
s-Butvl 75.2 


65.3 
40.1 


t-Octyl 79.6 
75.1 
75.1 
75.1 
75.1 
69.9 
69.9 
69.9 
69.9 
69.9 
65.2 
61.1 
61.1 
G 1  . O  
54.8 
50.0 


IN aOH Ib 


0.25 
0.10 


o . ,50 


0 . 0 5  
n.5o 
I ) .  rjo 
0.50 
0.50 
0.25 
0.10 
0.115 
0.50 
0.50 


0.50 
0.25 
0.10 
0.05 
0.50 
0.50 
0.50 
0.05 
0.50 
0.25 
0.10 
0.05 
0.50 
0.25 
0.10 
0.05 
0.005 
0.05 
0.50 
0.25 
0.05 
0.05 
0.05 


0.50 


1 OJk 
10.37 
5.41 
2.02 
1.04 
5.50 
3.70 
4.19 
5.92 
2.91 
1.12 
0.516, 
3.87 
2.50 
2.48 
0.89 
3.38 
1.25 
0.446 
4.41 
2.66 
2.48 


15.9 
13.0 
11.6 
10.5 
9.63 
6.74 
5.80 
5.33 
4.85 
5.18 
2.38 
2.07 
1.42 
1.41 
0.569 
0.313 


a The phenethylsydnone kinetics were studied at 2.02 X lo-' M. Corresponding pH values can be calculated from 
pOH = - I o g / ~ . o ~  [NaOHJ, pH = p&-pOH where tbeactivitycaefficients. POH, and t h e p K ,  weregiven in orextrapolated 
from the data in the literature at 75". Such calculated pH values are 12.24 for 0.50 M NaOH, 11.95 for 0.25 M NaOH. 11.61 
for 0.10 M NaOH, and 11.34 for 0.05 M NaOH. 


at 70.0' at pH values 2.98, 3.85, 4.29, 4.35, 4.51, 
4.74, 4.92, 5.18. and 5.60; two runs were studied in 
phosphate buffers (0.10 M) a t  pH values 5.68 and 
7.68; and four runs were studied in sodium chloride 
solutions at 0.01, 0.05, 0.10, and 0.30 M. The 
overall average 105k (sec.-l) of these 15 runs was 
4.82, standard deviation = 0.17. There was no 
significant effect of buffer, salt concentration, or 
pH on these rate values. Other studies on I-octyl 
sydnone hydrolysis in 0.25 Ad NaCl for various 
temperatures are: "C., 1OSk; 50.0". O.30i; 54.8", 
0.637; 61.0'. 1.64; 65.2'. 2.35; 75.1'. 10.5; 79.6'. 
15.7. 


Conditions and rate constants for the apparent 
first-order acid catalyzed degradation of the other 
sydnones studied are given in Table 11. The only 
compounds in this table that demonstrated the 
pH-independent solvolysis, k,, characteristic of 
t-octyl sydnone were t-butyl sydnone (75', pH 
4.40. acetate buffer, k = 2.5 X 10-6 set.-'; pH 
6.50, phosphate buffer, k = 2.8 X lo-' set?) and 
furfuryl sydnone (75", pH 4.40, acetate buffer, 
k = 2.14 X lo-' set.-'; pH 6.50, phosphate buffer, 
k = 2.27 X 10-'sec. -*; 0.05 M NaCl, k = 2.35 X 
lo-' sec.-l; 0.25 M NaCl, 2.44 X lo-' set.-'; 
0.375 M NaCI, k = 2.35 X lO-'sec.-l; 0.50 M 
NaCI, k = 2.66 X lo-' sec.-l). The more general 


TABLE IV.-CONDITIONS AND APPARENT FIRST- 
ORDER RATE CONSTANTS ( W k  IN SEC.-') FOR THE 
S~LVOLYSIS OF ~-OCTYL SYDNONE IN VARIOUS 


ETHANOL-WATER MIXTURES 


VOl. 70 
Etbanol 


0 
10 
20 


40 
50 
60 
70 


30 


61.3 
1.65 
1.13 
0.589 
0.409 
0.162 
0.164 


. . .  


. . .  


Temp., OC. 
65.0 70.0 78.0 


2.36 4.70 10.1 
1.98 2.66 6.65 
1.22 2.05 4.12 
0.531 1.06 1.96 
0.267 0.528 1.04 
0.168 0.287 0.56 
0.089 0.205 . .  . 


. . . 0.124 . .  . 
~ 


evaluations of k, values are given below. A11 the 
other sydnones exhibited no significant change in 
spectrophotornetric absorbance in the neutral pH 
regions, Vie., for 2 weeks at  75" in 0.5 M NaCI and 
also in acetate and phosphate buffers. 


Conditions and rate constants for the apparent 
first-order alkaline degradation of the studied 
sydnones are given in Table 111. 


Effect of Sydnone Concentration on Rates.- 
There was no significant effect of sydnone concentra- 
tion on the apparent first-order rate constant. In 
the following instances kinetic runs a t  70' were 
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effected in 0.5 hl HCI a t  1.008 X lO-'M and 
2.016 X lO-'M in sydnone (except for phenethyl- 
sydnone which was  a t  twice these values). Aliquots 
of the higher concentration were diluted 1 : 1 with 
0.5 M HCl so that it could be read a t  relatively the 
same absorbance as the lower concentration, 
The sydnones and the rate constants as look ob- 
tained a t  these two kinetic coucentrations were: 
furfuryl, 199, 198; isopropyl. 0.219, 0.203; s-butyl. 
0.166, 0.189; phenethyl. 0.205, 0.192; t-butyl, 
6.40. 6.75; propyl, 0.197, 0.200; methyl, 0.240, 
0.246. 


The rate constants for the solvolysis of I-octyl 
sydnone in various ethanol-water mixtures and at  
several temperatures are given in Table I!'. 


Rate Dependency on Catalytic Species.-The log 
k-pH profiles for the solvolysis of sydnones that 
possess pH-independent regions of solvolysis (t-nctyl. 
t-butyl, and furfuryl) are given in Fig. 5 The pH 
for the acidic region is calculated from 


PH = - Iogf~~iIHCll  (Es. 2) 


where the mean activity coefficient f ~ c ~  was ob- 
tained or extrapolated from data in the literature 
(8 ) .  The pertinent values are given in Tables I 
and 11. 


The pH for the alkaline region is calculated from 


(Eq. 3)  


where the mean activity coefficient ~N.OA and the 
pK, was obtained or extrapolated from data in the 
literature (8). 


There are several ways (9) of quantifying kinetic 
expressions t o  define explicitly dependence of 
apparent first-order rate constants on the catalytic 
variables. Specific acid catalysis can be considered 
in the expression 


pH = pK, - pOH = 
pKw + logfrwm IKaOHl 


k = ~ H C ~ W C I I  + k. (Eq. 4) 


where k is the apparent first-order rate constant for 
solvolysis in the acid region and k, is the pH- 
independent apparent first-order rate constant. 
It follows that k plotted against [HCI] should 
permit estimation of the slope kHc1, the bimolecular 
rate constant for the HCl catalyzed solvolysis, and 
the intercept k,. Such plots are given in Figs. 6 
and 7 for the various sydnones a t  several tempera- 
tures and the derived kHcl and k, values are given in 
Table V. 


Figure 6 is such a plot with nonzero intercepts for 
the sydnones that exhibited pH-independent 
solvolysis, whereas Fig. 7 is for those where pH- 
independent solvolysis was not significant. 


An alternate method of rate constant determina- 
tion is valid for the postulated rate dependence 


k - k. = ka+aH+ (Eq. 5) 
where k H +  is the specific hydrogen ion catalytic 
rate constant and aH+ is the activity of the hydro- 
gen ion so that 


log (k - k.) = log ka' - pH (Eq. 6) 
where pH can be calculated as in Eq. 2. 


Such plots are given in Fig. 8 for I-octyl sydnone 
and I-butyl sydnone where the intercepts of the 
plots of the expected theoretical slope ( i e . ,  -1) 
are the log kH+ values given on the semilog plot as 
kH+. An example of such a plot for a sydnone, 


PH 


Fig. 5.-Profiles of the dependence of rate con- 
stants on pH for the solvolysis of sydnones that 
show a pH-independent region of solvolysis. Key: 
0 I-octyl sydnone, furfuryl sydnone, c) t-butyl 
sydnone. 


0 0  01 0 2  01 0 4  0, 


[HCIl 
Fig. 6.-Apparent first-order rate constant, k, 


dependence on [HCI] a t  various temperatures for 
sydnones that exhibit pH-independent solvolysis. 
Key: 0 t-octyl sydnone, furfuryl sydnone, 0 
I-butyl sydnone. 


00 01 0 2  0 3  0 4  0 5  


[HCl] 
Fig. 7.-Apparent first-order rate constant, k, 


dependence on [HCI] at 75' for sydnones that do not 
exhibit pH-independent solvolysis. Key : o propyl, 
a, methyl, C), phenethyl, 0 isopropyl, 0 s-butyl. 
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TABLE V.-CATALYTIC CONSTANTS FOR THE ACID 
A N D  NEUTRAL SOLVOLYSIS OF THE ALKYL SYDNONES 


(ki I N  SBC.-') 


Temp., 
Sydnone OC. 10"kHcia 10~koo lOSkkH+* 


t-Octvl 50.0 20.2 3 . 1  27.2 


47 


54.7 35.2 6.3 49.3 
61.0 90.0 16.0 120 
64.9 148 25 203 
68.3 222 46 420 
i 5 . 0  530 105 725 


f-Butvl i 5 . 2  19.0 2.5 27 _ _  
Furfiryl i 5 . 1  232 250 - 350 
Methyl 75.1 0.6i6 0.00 1.08 
Propyl 75.1 0.780 0.00 0.96 
Phenethyl 75.1 0.508 0.00 0.68 
Isopropyl 75.1 0.800 0.00 1.08 
s-Butyl 75.0 0.450 0.00 0.70 
- 


Determined from the slopes and iotercepts of plots of the 
apparent first-order rate constants k ( s s .  -1) against [HCl J 
according to the expression k = kHc![HCI] + h. * Deter- 
mined from the intercept of lots of log (k - k.) against pH 
according to the expression E g  (k - k d ,  = log kH+ -. pH 
where pH = --log ~HCIIHCI] where ~ H C I  IS the mean actrvlty 
coe5cient obtained from the iiterature (8). 


PH 


Fig. 8.-Semilogarithmic plots of the apparent 
fmt-order rate constants due to specific acid catalyzed 
solvolysis of sydnones, k - k,, as a function of calcu- 
lated pH. Key: a, t-octyl, 0, t-butyl. 0 methyl. 


methyl sydnone, whose degradation is nonsolvent 
catalyzed (ie., k, = 0) is also given in Fig. 8. 
The ka+ values so determined are also given in 
Table V. Either catalytic rate constant, kH+ or 
kticl, is valid for the prediction of the apparent first- 
order rate constant, k, provided that it is used in the 
appropriate equation for the acidity function 
appropriately defined. 


Similarly, the specific hydroxyl ion catalytic rate 
constants can be determined from the slopes of plots 
of the apparent first-order rate constants, k, against 
[ NaOH] according to the expression 


k = k. + kN.odNaOHj (Eq. 7) 


Typical examples are given in Fig. 9, the per- 


Rate Dependency on Temperature.-The log- 
tinent data are given in Table VI. 


arithmic version of the Arrhenius expression is 


log k = -AH./HT + log P (Eq. 8)  


Such Arrhenius plots of the logarithms of various 
catalytic rate constants for the solvolysis of t-octyl 
sydnone are given in Fig. 10 for k ~ + ,  the specific 
acid catalytic rate constant where acidity is defined in 
terms of activity (Eqs. 5 and 6) ;  ~ H C I .  where the 
acid is defined in terms of molar concentrations of 
hydrochloric acid (Eq. 4); k,, the first-order rate 
constant for pH-independent solvolysis; and k(o.6 M 
N.OH), the apparent first-order rate constant for the 
solvolysis; in 0.5 M NaOH. The slopes of such 
plots for the variously derived ki values are not 
signficantly different, indicative of the fact that the 
heats of activation, AHa = 30 Kcal./mole, for acid, 
neutral or alkaline solvolysis of 1-octyl sydnone 
are the same. P.Iso in Fig. 10 are Arrhenius plots 
'for kro.6 ,H ACI) (apparent first-order rate constants for 
solvolysis in 0.5 A4 HCl) for I-butylsydncne, furfuryl 
sydnone, and isopropyl sydnone. The latter was 
typical of the other sydnones. 


Arrhenius plots for solvolysis of other alkyl 
sydnones in 0.5 M NaOH are given in Fig. 11. 
The pertinent AHn and log P values are listed in 
Table VII. 


I3  


12 


I I  


10 


9 


- 8  
I 
ti' 
$ 6  


x ,  5 .  
3 


2 


I 


0 
00  01 0 2  0 3  0 4  05  


[NaOH] 


Fig. 9.-Apparent first-order rate constant, k, 
dependence on [NaOH] at 75' for t-octyl sydnone, 8, 
methyl sydnone, Q; phenethyl sydnone, 0 ;  propyl 
sydnone, 0; s-butyl sydnone, 8 ;  isopropyl sydnone, 
0; and 1-butyl sydnone, a. 


TABLE VI. -CATALYTIC CONSTANTS FOR THE 
ALKALINE AND NEUTRAL S~LVOLYSIS OF THE 


ALKYLSYDNONES (ki IN SEC.-l) 


Sydoone Temp., "C. 1wkN.oH 10'k. 
1-Octyl 75.1 5.90 10.05 


69.9 3.46 4.95 
Furfuryl 75.1 37.2 20.4 
t-Butyl 75.1 8.70 0 .25  
Propyl 75.0 17.0 0.00 
Methyl 75.0 20.8 0.00 
Phenethyl 75.0 20.8 0.00 
Isopropyl 75.1 11.8 0.00 
s-Butyl 76.2 13.6 0.00 


Rate Dependency on Ethanol Content.-The lim- 
iting case for a dipolar molecule-dipolar molecule 
reaction is usually independent of ionic strength but 
dependent on dielectric constants, D (10, 11). 


log k = log K ( D =  - K ( I / D )  (Eq. 9) 
Plots of logarithiiis of the first-order rate con- 
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286  2 9 0  2 9 -  2 9 8  302 306 310 


103 x I/T 


Fig. 10.-Xrrhenius plots for the solvolysis of 
I-octyl sydnone, 0 ; t-butyl sydnone, ; isopropyl 
sydnone, 8; and furfuryl sydnone. 0 ;  The ki are: 
the specific hydrogen ion catalyzed solvolysis de- 
rived from hydrogen ion activity, kH +, and derived 
from hydrochloric acid molanty, kHcI; and the ap- 
parent first-order rate constants in 0.5 M NaOH, 
ko.5 ,II N a o H  arid in 0.5 1kf HCI. ko.5 DI H C I .  


stants (Table I \ - )  for I-octyl sydnone solvolysis in 
ethanol-water mixtures against the reciprocal of the 
dielectric constants for such mixtures are given 
in Fig. 12. The values of K ,  log k,,, - m )  and 
kl,, - for several temperatures are listed in 
Table \ - I I I .  The dielectric constant, D, was ob- 
tained from the values of such ethanol-water mix- 
tures at 25" (8) after conversion of the per cent by 
volume data to per cent by weight values (12). 


DISCUSSION 


Prediction of Stability.-The stability o f  the sycl- 
nones in aqueous solutions can be calculated from the 
apparent first-order rate constants, k in sec. - I ,  where 
the half-life in days (9), 


t 1 / 2  = 8.03 X 10"/k (Eq. 10) 


The apparent first-order rate constants, k A C I -  


[HCl] and k~,,o~[h'aOH], for the solvolysis of 
alkyl sydnones that  do  not exhibit pH-independent 
solvolysis can be estimated from the ku.$ values 
derived from the ;\rrhenius parameters listed in 
Table \'I I .  


ko.& = Pe-AHJRl' (Eq. 11) 


where kHcl = 2 k0.5 y H(:I and kN..oH = 2kO.5 N*OH 
since a bimolecular rate constant can be estimated 
from the quotient of the apparent first-order rate 
constant and the molar concentration of the catalytic 
species. Estimates of a k,' a t  an absolute tem- 
perature T' for those sydnones that  do exhibit pH- 
independent solvolysis can be based on the sanic 
lieat of activation as obtained in 0.5 M HCI (Table 
V I I )  and one k.. value for a particular temperature, 
T (Table \,-) 


k,,' = ko~-AHa/R~l / ' l '  - I /Y"J (Eq. 12) 


Thus the first-order rate constants for the solvoly- 
.;is of these sydnoiies can be calculated from 


k = kHCl[HCI] + kKIIOH[r\laOH] + k. (Eq.  13) 
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Fig. 11.-Arrhenius plots for the apparent first- 
order rate constants of solvolysis of alkyl sydnones in 
0.5 M NaOH. Key: D, t-butyl sydnone; 8, iso- 
propyl sydnone; 8, s-butyl sydnone; 0, propyl 
sydnone; and 0, furfuryl sydnone. Two possible al- 
ternative relations are given for furfuryl sydnone. 


k = kH+[H+] + ~ o H - [ O H - ]  f k. (Eq. 1.1) 


dependent on the definition of the catalytic rate 
constants with respect to the catalytic species (9). 


Application of these relations shows that  the 
majority (Jf the alkyl sydnones are quite stable a t  
30° .  For example, the half-lives o f  the methyl, 
propyl, etc., spdnones are ca. 10 years in 0.1 M 
HCI and ca. 2 years in 0.5 M HCl; but the furfuryl 
sydnone has a half-life of 6 days in 0.5 M HCI. 


The half-lives of the t-octyl and furfuryl sydnone 
in water alone at  30' can be predicted as measurable 
in days-13 days for furfuryl and 100 days for 
f-octyl (7  years for t-butyl). Such solutions would 
be unstable for pharmaceutical use. 


Fortunately, the pH-independent solvolysis is 
highly restricted by dielectric constant. The plots 


TABLE VII.-APPARENT THERMODYNAMIC 


OF THE XLKYL SYDNONES 
QUANTITIES~ FOR T H E  SOLVOLYTIC 1)EGRADATION 


4 . 5  M [HCII- - 4 . 5  M [NaOHI- 
Sydnone AH. l o g P  AHa l o g P  


t-Octylb 30.1 15.5 30 .2  15.1 
t-Butyl 31.0 14.6 2 0 . 5  8.52 
s-Butyl 29.0 11.8 20 .5  8 .73  
PrODYl 29.0 11 .8  21 .2  9.23 . -  
Isopropyl 29.0 12.0 19.9 8.36 


2 9 . 0  12 .0  2 1 . 7  9.70' Methyl 
Phenethyl 29 .0  12 . O  21 .7< 9.  iOc 
Furfuryl 27 .6  13 .9  20.1d 9.12d 


a The quantities are derived from the logarithmic form of 
the Arrhenius relation: log k = -(AHJ2.303 R) ( l /T)  + 
log P. where the k is in sec. - 1  for solvolysis in 0.5 M HCI and 
0.5 M NaOH, the AHa is the heat of activation in Kcal./mole, 
R is the gas constant in cal./degree/mole, T is the absalute 
temperature and log P i s  a constant associated with entrvp 


For k., pd-independent solvolysis of I-octylsydnone. A A i  
= 30.0 and log P = 14.9. For kHci defined by kHci = 
(k - kd/[HCII, where k is the apparent first-order rate con- 
stant in a given molarity of [HCI]. AH. = 29.7 and log P = 
15.7. For kti+ defined by kH+ = (k - k.)/[H+] where [Hi] 
= 1 0 - p H  where pH =, log fHci[HCl] where fHCI'iS the mean 
activity coeffiaent as e v e n  by vr extrapolated from literature 
values, AHa = 29.8 and log P = 15.8. Alternative valiies 
ornittine the 40° studv are AH,, = 23.7 and lop. P = 10 9.  


AlterGative values &eightins the apparent d e v k e  study at 
or LOo are AHa = 24.4 and log P = 11.9lj. 
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Fig. 12.-Plots 
of logarithms of 
first-order rate 
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pH - independent 
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mixtures against 
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or Fig. 12 and the values of Tables IV and V I I  show 
more than a tenfold decrease in rate from water to 
%yo ethanol.water. The magnitude of the slope, 
K ,  is equivalent to that observed for the great 
effect of dielectric constant on the rate of aspirin 
anhydride solvolysis in various dioxane-water 
mixtures (13). 


The fact that Eq. 9 is applicable to the solvolysis 
of the t-octylsydnone that exhibits pH-independent 
solvolysis in the intermediate pH region is consistent 
with the model of a dipolar molecule attack on the 
dipolar molecule. I t  excludes the cases of like 
charged ions reacting and the attack ot a positive 
ion on a dipolar molecule (9). 


Order of Reactivities of Alkyl Sydnones.-The 
sequence of reactivities (Table \ 'I )  for alkaline 
catalyzed solvolysis of the sydnones at  55" is: furfuryl 
> methyl - phenethyl > propyl > s-butyl 2 iso- 
propyl > I-butyl > f-octyl. This is a reasonable 
sequence for expected inductive effects: i e . ,  the 
more electron donating the substituent, the less 
reactivity to hydroxyl ion attack. Powever, this 
sequence is not capable of being assigned to signif- 
icant variations in the heats of activation deter- 
mined for hydrolysis in 0.5 M NaOH (Table VII) 
where inductive effects might conceivably be 
demonstrated (14). The heats of activation as 
determined in 0.5 dl  NaOH were 21 Kcal./rnole for 
all within the error of estimate, except for t-octyl 
sydnone (30 Kcal./mole). In this case it must be 
realized that in 0.5 M NaOH the pH-independent 
solvolysis rather than the hydroxyl ion catalyzed 
solvolysis provides the major route of degradation. 
The lack of appearance of a spectrophotometric 
band capable of being assigned to the N-nitroso 
t-octylamino acid anion made this apparent, whereas 


TABLE VIII.-DEPENDENCE OF RATE CONSTANT 
(k IN S E C . - ~ )  FOR ~-OCTYL SYDNONE SOLVOLYSIS ON 
THE RECIPROCAL OF THE DIELECTRIC CONSTANT, D. 
OF ETHANOL-WATER SOLUTIONS AS PER THE 
EXPRESSION LOG k = --K(l/D) + LOG k ( ~ =  


Temp., "C. K log kiu - m i  I W k w  - mi  


6 1 . 3  230 - 1.85 1 . 4 1  
65 .0  230 - 1.65 2.24 
70.0 23 1 -1 .38  4 . 1 8  
75.0 230 - 1 . 0; 8.51 


a comparable band appeared in the cases of the 
0.5 M NaOH solvolysis of the other sydnones. 


The sequence of alkaline catalyzed reactivities a t  
75" (Table V I )  is almost the same as that for 
decreasing log P values (or decreasing entropies 
of activation) as listed in the second column of 
Table VI I  for solvolysis in 0.5 M NaOH. The 
values for the f-octyl and furfuryl sydnones must 
be excluded because the degradation by pH-in- 
dependent solvolysis contributes greatly under the 
stated experimental conditions (0.5 M NaOH) for 
log P. In this instance methyl - phenethyl > 
propyl > s-butyl > I-butyl > isopropyl. The only 
radical slightly displaced is isopropyl. The reactiv- 
ity and log P sequence is also consistent with 
expectation on the basis of branching of the sub- 
stituent where the greater the branching the greater 
the decrease in entropy ( i e . ,  the lower the log P) 
on passing from reactants to  the transition state 
(15, 16al Also, the greater the positivity of the 
reacting sydnone ring, the less the decrease in 
entropy (or log P) on reaction with a negative ion 
(16b). In  this manner the correlation of rate 
magnitude and log P on electron withdrawing 
substituents (primary > secondary > tertiary 
alkyls) could be rationalized. 


The reactivity sequence, except for the fascinating 
case of the furfuryl sydnone, virtually reverses 
itself for the acid catalyzed solvolysis (Table V) 
of the sydnones a t  75"-t-octyl > furfuryl >> 
I-butyl >> isopropyl 2 propyl 2 methyl > phe- 
nethyl 2 s-butyl. This sequence is reasonably in 
accordance with the expected relation for electron 
donating groups (tertiary > secondary > primary 
alkyls). except for the furfuryl sydnone and the 
slight displacement of s-butyl in the series. There 
are no great differences among the heats of activa- 
tion (29-30 Kcal./mole), except for the furfuryl 
sydnone which shows a decreased value. The 
tertiary alkyls have slightly higher values than the 
secondary and primary (Table VII). 


The reactivity sequence (Table V )  is almost the 
same as that for decreasing log P values (Table V I I )  
obtained from solvolysis of the sydnones in 0.5 M 
HCI-t-octyl > f-butyl > furfuryl > methyl N iso- 
propyl - phenethyl > s-butyl - propyl. However, 
the concept of branching decreasing the entropy 
of activation and log P values is not applicable here 
(15, 16a). When ions attack like-charged species, 
relatively large decreases in entropy are expected in 
the formation of the activated state (16b). The 
sequence of reactivities (tertiary > secondary or 
primary) can be rationalized as entropy effects 
since enhancement of the positive charge on the 
sydnone ring could be affected by electron with- 
drawing groups. 


In the three cases of pH-independent solvolysis 
of the alkyl sydnones, the reactivity a t  75" is 
in the sequence furfuryl > l-octyl >> t-butyl. The 
accentuated solvolytic attack by acid and the 
presence of highly significant pH-independent 
solvolysis with the highly branched t-octyl sydnone 
possibly implicates a degree of desolvation to the 
activated state. Such an explanation implies that 
solvation is greatest in the simple alkyl sydnones 
where the activated state for pH-independent and 
acid catalyzed solvolysis is relatively less solvated. 1 t 
is reasonable to expect hydrogen ion attack to involve 
induction of the polarized meso-ionic sydnone to one 
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less so. Thus a relatively lower log P (or a greater 
decrease in entropy) would occur with t h e  more 
snlvated simpler alkyl sydnones. I t  is indicative 
that f-butyl, t-octyl, and furfuryl sydnones have 
higher melting points (4) and’thus tend to become 
ordered more readily than the other sydnones. 


Since the proton attacks the positively charged 
sydnone ring on acid catalyzed solvolysis, it is 
expected that the heat of activation would be 
greater than for hydroxyl ion attack (Table VII).  


The higher log P values for acid catalyzed solvoly- 
sis of the sydnones over alkaline catalyzed solvolysis 
may be accounted for by a difference in mechanism. 
If the products of one reaction are greater in number 
than those of another, the entropy of the reaction 
usually increases (16a). However, a more explicit 
explanation can be related to the reaction mechanism 


Reaction Mechanisms.-The alkaline catalyzed 
solvolysis of sydnones produces the respective N- 
nitroso acids (2) as was substantiated by the appear- 
ance of a spectral band capable of being assigned to  
these compounds. A plausible mechanism for this 
degradation’ would be 


Jourvcal of Phurmuceuticul Sciences 


ever, proton attack on the 2-position should cause 
less “ordering” to form the activated state; thus a 
more positive entropy of activation is (Table VII )  
and should be present on proton catalyzed solvolysis 
than with hydroxyl ion catalyzed solvolysis. The 
reactions of oppositely charged species have more 
positive entropies of activation than the reactions 
of similarly charged species (16). 


Since it has been reported that acid hydrolysis 
of sydnones gives an alkyl hydrazine, a carboxylic 
acid, and carbon dioxide (2, 6. 71, a possible detailed 
mechanism based on that given in the literature (2) 
would be 


OH- 3-H 


h0 
R-N-CHzC--O 8 


I 
N=O 


The incipient 2,4 bond or quasidiazomethane is 
reasonable in light of literature observations of such 
additions (17, 18). 


The point of attack of the hydroxyl ion could be 
at the nitrogen in the 2-position of the sydnone, the 
atom to which is assigned the greatest formal 
negative charge of the sydnone ring (3). I t  is 
apparent that an electronic redistribution must be 
induced on approach of the hydroxyl ion through 
the bonded p-orbitals of the atoms of the aromatic 
sydnone ring for this attack to be effective. How- 


l An alternative mechanism could be postulated by an 
hydroxyl ion attack on the 5 position, the oxygen bonded 
carbon. 


- 
N- \N=O 


R-d 
“=O 


l h i s  position has an excess of positive formal charge (2). If 
this is a preferred mechanism. 5-alkylated sydnones should 
dcmnnstrate significantly less susceptibility to hydroxyl ion 
attack than the sydnones studied herein. 


HOH - R-N 
“-0 


: @  
H 


r 0-H i 0 
I // 


CH-CZO -H+ R-N-CH + COz “u 1 1 HOH 
- I  


NH:! 


R-NHNHt t HCOOH 
(Eq. 16) 


Of course, water attack could occur similarly 
without prior protonation. An alternative mech- 
anism could be visualized where water is added 
inversely across the incipient diazoinethane 


/p 
,C&-i=O -+ R--N /CHI-C-OH 


I 
R-N 


“ 2 0  N=O 
k, 0-H 


(Eq. 17) 
However, the lack of appearance of a spectral 


band for the N-nitroso alkylamino acetic acid on 
acidic and neutral solvolysis diminishes this pos- 
sibility and implies similar mechanisms in acid and 
nonhighly alkaline solutions. The N-nitroso com- 
pound does show significant acid degradation but 
no significant change in ultraviolet absorbance in 
alkaline solution. Studies on the kinetics of hy- 
drolysis of the corresponding N-nitroso alkylamino 
acetic acids are in process to clarify this point. 


The most anomalous of the sydnones was the 
furfuryl which showed high reactivity in acid, 
alkaline, and intermediate solutions. If the furan 
ring is considered as an electron sink it may provide 
electron attracting properties t C J  the furfuryl 
radical on hydroxyl ion attack. This  implies that 
the intervening methylene group does not insulate 
the furan ring ftom polarizing the sydnone and 
suggests that the benzyl radical may act similarly. 
r\lso, the relatively unfilled p-orbital of the 3- 
position of the sydnone ring (2) may accept electrons 
readily from the furfuryl carbon and promote a 
mesomeric or quusi conjugated system-thus 
readily polarize the sydnone ring for hydrogen ion 
attack. 
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variation in positivity of the sydnone ring due t o  the 
substituents which affects the attack of a positive ion 
could affect the entropy factor. 


The highly branched alkylsydnones, I-butyl 
and 1,1,3,3, tetramethylbutyl. demonstrate a pH- 
independent solvolysis in the order implying a 
similar mechanism of attack as by acid catalyzed 
solvolysis. No spectrophotometric band assignable 
to a N-nitroso alkylaminoacetic acid was observed 
in acid and pH-independent solvolysis. Alternate 
points of possible attack of hydroxyl ion are at the 
2 or 5 positions with the end product being the 
spectrophotometrically observed N-nitroso alkyl- 
aminoacetic acid. 


The only truly anomalous compound in the 
sequence of reactivities is the furfuryl sydnone which 
is highly reactive on both acid and base catalyzed 
solvolysis and also exhibits a pH-independent 
solvolysis. Possible explanations are by intra- 
molecular assistance of solvolysis by the furfuryl 
oxygen or by extension of conjugation because of a 
labile methylene hydrogen. 


7. The solvolysis of 1,1,3,3-tetramethylbutyl 
sydnone in aqueous solvents of increasing ethanolic 
content is dramatically inhibited and can be related 
to the decrease in dielectric constant which implies 
a dipolar molecule attack on a dipolar molecule 
rather than a reaction of like charged ions or of a 
positive ion on a dipolar molecule in the rate- 
determining step. 


On the basis of the heats of activation and 
entropy factors derived from the rate studies, 
stability of the various sydnones are predicted for 
various pH. acidic, and basic conditions. 


5. 


6. 


8. 
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-4 molecular model of furfuryl sydnone indicates 
the possibility of stabilization of the activated 
complex by the oxygen of the furfuryl ring which is 
sterically positioned adjacent to  the 2-nitrogen. 


Furthermore, this conformation allows the max- 
imum hyperconjugation between the methylene and 
4-nitrogen position. The probability of hyper- 
conjugation is further enhanced by the resulting 
extended conjugation since the two rings are co- 
planar in this conformation. If this explanation is 
valid, benzyl sydnone would not be so readily 
solvolyzed as furfuryl sydnone. However o-amino- 
benzyl or o-hydroxybenzyl or a pyrrole analog of fur- 
fury1 sydnone would have greatly accelerated solvo- 
lysis. 


I t  is also possible to define the reaction sequence 
in alkali by hyperconjugative stabilization of the 
transition state by a-hydrogens since methyl syd- 
none has three-propyl, furfuryl, and phenethyl 
have two-isopropyl and s-butyl have one-and 
t-butyl and t-octyl have no a-hydrogens. 


SUMMARY 
The kinetics of solvolysis of a series of meso- 


ionic compounds, the 3-alkyl sydnones, have been 
studied spectrophotometrically in aqueous solutions 
by the measurement of absorbance at ca. 284 mr. 


There was no significant effect of buffer kind 
or buffer and sydnone concentration on the apparent 
first-order rate constants. 


The reactivity on alkaline catalyzed solvolysis 
generally decreased in the order furfuryl, methyl, 
propyl, phenethyl, isopropyl, s-butyl, t-butyl, and 
1,1,3,3-tetramethylbutyl sydnone. Except for the 
furfuryl sydnone, the order of reactivity generally 
reversed on acid catalyzed solvolysis. These 
sequences are in accordance with what would be 
expected from electron inductive effects. 
4. The heats and entropies of activation were 


determined from rate studies and various tempera- 
tures. The variation in reactivities on alkaline 
catalyzed solvolysis is largely assigned to the en- 
tropy factor and can be explained by the branch- 
ing of the alkyls, the variation in positivity of the 
sydnone ring due to the substituents which affects 
the attack of a negative ion, and/or the hyper- 
conjugative stabilization of the transition state 
by a-hydrogens on acid catalyzed solvolysis. The 
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Schardinger Dextrin Interaction IV 


Inhibition of Hydrolysis by Means of Molecular Complex Formation 


By JOHN L. LACH and TING-PONG CHIN 


Kinetic data presented substantiates the postulated 1 : 1 stoichiometric ratio for the 
benzocaine-cyclodexttin interaction. Data presented also show that the degree 
of retardation of benzocaine hydrolysis is considerably greater than that observed 
for the caffeine-type complexes indicating an interaction involving inclusion forma- 


tion and other attractive forces. 


HE APPLICATION of molecular complex for- 
Tmation as a means of drug solubilization and 
stabilization has received considerable attention 
in recent times. The complexing agents used in 
these studies include a variety of various types 
of molecules. Several reports have appeared in 
the literature concerning the application of such 
interaction in the stabilization of medicinal 
agents. 


Recent studies (1-3) in these laboratories have 
indicated that the cyclodextrins’ (homogeneous 
cyclic molecules containing 6, 7, or 8 Dgluco- 
pyranose units linked in a 1,4 position) also 
exhibit a marked tendency to solubilize various 
compounds. It was noted that the formation 
constants of these interactions were considerably 
greater than those reported for other interactions 
involving complex formation. The high values 
obtained for these formation constants indicate a 
higher degree of stability presumably due to an 
interaction involving inclusion formation and 
other attractive forces. It was of interest to 
study this interaction with respect to its ability 
to retard hydrolysis and to compare it to pre- 
viously reported systems. The present study 
deals with the influence of beta-cyclodextrin on 
the base catalyzed degradation of benzocaine. 
Data from this kinetic study have been employed 
to verify the stoichiometric relationship of the 
cyclodextrin-benzocaine interaction and to com- 
pare the hydrolytic inhibition with other pre- 
viously studied complexing agents. 


EXPERIMENTAL 


Reagents 


the modified method of French (4). 
Beta-cyclodextrin was prepared and purified by 


[a12 in water 
= +162.5 f 0.5. 
m.p. 87-88’. 


Benzocaine N.F. recrystallized; 
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1 The toxicity of the cyclodextrins has Dot been established. 


Apparatus 


A constant temperature water bath set at  30 i 
0.5’ with rotating spindle; a “Tacan” thermostat 
water bath set at  30 f 0.1, 35 f 0.1, 40 f 0.1, 
and 45 f 0.1’; 20-ml. capacity vials with gum- 
rubber stoppers and aluminum caps; and a Beckman 
DU spectrophotometer, with 1-cm. silica cells were 
used. 


Procedures 


Benzocaine Interaction.-The solubility method 
of Higuchi and La& (5) was used to study the inter- 
action of benzocaine with cyclodextrin. 


Benzocaine Hydrolysis.-An accurate amount of 
benzocaine was dissolved in hot distilled water. It 
was then allowed to cool down to a definite tempera- 
ture in a constant temperature water bath. To this 
solution, a calculated amount of standard barium 
hydroxide solution was added and immediately 
brought up to a definite volume and separated into 
20-ml. capacity vials (approximately 8 ml. was used 
for each vial). All of these procedures were con- 
ducted under nitrogen. Another series of samples 
was made under the same procedures and same 
conditions, containing various concentration of 
beta-cyclodextrin. 


A 5-ml. sample solution was withdrawn from a 
vial at  a designated time interval and immediately 
extracted with 3 X 10 ml. of chloroform. The 
chloroform extracts were combined and made up to 
50 ml. with chloroform. The unhydrolyzed benzo- 
caine was extracted by the chloroform and the 
hydrolyzed product, para-aminobenzoic acid, re- 
mained in the alkaline solution. The concentration 
of unhydrolyzed benzocaine was determinated 
spectrophotometrically at  285 mp. 


RESULTS AND DISCUSSION 


The interaction of benzocaine with beta-cyclo- 
dextrin in aqueous solution is shown in Fig. 1. 
The straight-line relationship obtained indicates a 
first-order dependancy with respect to benzocaine 
concentration in the system. Since the concentra- 
tion of benzocaine in this system studied is an 
invariant, a 1 : 1 stoichiometric relationship has been 
assigned to this interaction based on the slope 
obtained in Fig. 1. 


The kinetic phase of this investigation was carried 
out at  constant pH [0.04N Ba(OH)? solution] and 
at  various temperatures. As has been reported 
previously benzocsine hydrolysis in aqueous solu- 
tion follows a pseudo first-order reaction (6). The 
results of bearnine hydrolysis in aqueous solution 
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Vol. 53, No. 8, August 1964 925 


$14 


.. 
12 


X 


6 
0 2 4 6 8 1 0  


BETA-CYCLODEXTRIN x 10' MIL. 
Fig. 1.-Interaction of b e n m i n e  with beta-cyclo- 


dextrin at 30". 
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Fig. 2.-Influence of beta-cyclodextrin on benimcaine 
hydrolysis in 0.04 N Ba(0H)I a t  30". 


with and without beta-cyclodextrin, shown ,in 
Fig. 2, demonstrate the marked ability of the cyclo- 
dextrin in inhibiting this hydrolytic reaction. It is 
interesting to point out here that this decrease in 
rate is proportional to the cyclodextrin concentra- 
tion in the system. This is illustrated in Fig. 3 
which shows the increase in half-life as a function 
of cyclodextrin in solution. The effect of beta- 
cyclodextrin on half-life and rate constant of benzo- 
caine hydrolysis in aqueous solution iS summarized 
in Table I. 


From Table I it is clearly evident that addition of 
beta-cyclodextrin to this system produces a sign%- 
cant decrease in the hydrolytic rate of benzocaine. 
In a system containing 1% cyclodextrin a fivefold 
increase in the half-life of this reaction is achieved. 
This can be compared to the earlier work of Higuchi 
(6) in which he showed a 2.5-fold increase in the half- 
life with the addition of 1% caffeine. P a d  and 
Lach (7) reported smaller increases in the half- 
life of benzocaine with various complexing agents 
used in their study. This greater half-life observed 
in this cyclodextrin-benzocaine interaction resulting 
from inclusion formation is considerably stronger 
than those observed for the caffeine-type complex. 
It is reasonable to expect that inclusion formation 


would provide a better shield for the benzocahe 
ester linkage from hydroxyl ion attack. Rate 
constants and half-life of the hydrolysis of benzo- 
caine with and without the cyclodextrin as a func- 
tion of temperature are listed in Table I1 and Fig. 4. 


This temperature dependancy for benzocaine 
degradation can also be illustrated by an Arrhenius 
plot as shown in Fig. 5. Plotted here are rate 
constants obtained a t  different temperatures for 
systems free of the cyclodextrin and those obtained 
a t  corresponding temperatures containing 1 yo 
beta-cyclodextrin. Interestingly the same slope is 
obtained in both cases, indicating that the degrada- 
tion mechanism in systems containing the cyclo- 
dextrin is the same as that in systems without com- 
plexing agent, although the rate constants are 
different. The amount of free benzocaine existing in 
the two systems-the stoichiometric concentration 
or total benmcaine in each system being the same- 
causes the difference. In a benzocaine solution 
containing the cyclodextrin, the amount of free 
benzocaine is small and is governed by the dissocia- 
tion constant of the complex. Since only one 
mechanism of degradation in the two systems studied 


I I I 


0 0.25 0.50 1 .oo 
PER CENT CONCENTRATION OF BETA-CYCLODEXTRIN 


Fig. 3.-Betacyclodextrin influence on the half- 
life of benzocaine hydrolysis of 0.04 N Ba(OH), at 
30". 
TABLE L-INFLUENCE OF BETA-CYCLODEXTRIN (a- 


BENZOCAINE HYDROLYSIS IN 0.04 N Ba(0H)t 
SOLUTION AT 30" 


BCD (hr. -1 /M)  ; (hr.) 
0.00 .666 1.04 
0.25 .358 2.03 
0.50 .229 3.19 
1.00 .129 5.39 


CD) ON RATE CONSTANT AND HALF-LIFE OF 


Per Cent of Rate Constant Half-life 


TABLE II.-INFLUENCE OF TEMPERATURE ON RATJI 
CONSTANT AND HALF-LIFE OF BENZOCAINE 


HYDROLYSIS IN 0.04N Ba(0H)S IN A SYSTEM 
W I ~  AND WITHOUT BETA-CYCLODEXTRIN (8-CD) 


- 
Rktt CbllShllt Half-life 


-(hr.-I/M)- -(hr.)- 
Temp. No&CD I%&CD Noo-CD l%p-CD 
30" 0.666 0.129 1.040 5.37 
35" 0.849 0.170 0.828 4.14 
40" 1.190 0.228 0.579 3.04 
45" 1.676 0.339 0.439 2.05 
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- 3.0 
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0 2  4 6 8 1 0  
TIME (HOUR) 


Fig. 4.-Influence of temperatures on benzocaine 
Key: A, with beta- hydrolysis in 0.04 N Ba(OH)*. 


cyclodextrin; B, without beta-cyclodextrin. 


is operative, one can conclude that thii rate is 
dependent on the amount of free benzocaine in 
solution and not the total concentration present. 
The degradation rate of the complexed benzocaine 
species is negligible. 


Based on the data obtained in this study and on 
the work of Guttman (8). the following degradation 
mechanism is proposed : 


K, 
(BZA:B-CD) I ( B z A ) ~  + (s-cD)~ 


Kz KICHOH 
p-Aminobenzoic acid + Ethanol 


where KI is the dissociation constant, KZ is the 
association constant, K ,  is the hydrolysis constant, 
(BZA)f is free bcnsocaine, (8-CD)f is free beta- 
cyclodextrin, (BZA)t is total benzocaine, and 
(BZA:@-CD) is the complexing compound. 


Dissociation constant K I  can be calculated from 
Eq. 1, if a 1 : 1 stoichiometric ratio is assumed for 


1 


-3 1 I I 1 1 
3.1 3.2 3.3 


1/T x 10' 
Fig. 5.-Arrhenius plot of hydrolysis of benzo- 


caine in 0.04 N Ba(OH), at different temperatures. 
Key: A. without betacyclodextrin; B. with 
bCta-cyclodeXtrin. 
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this interaction. From experimental data, K, has 
been calculated to be 2.34 X 10-8. The free 
benzocaine in the system containing betacyclo- 
dextrin can be calculated from Eq. 2. The molar 


concentration of the (benzocaine: beta-cyclodextrin) 
complex is equal t o  the molar concentration of 
benzocaine present in the complexed form which in 
turn is equal to the difference of total benzocaine 
added to  the system minus free benzocaine in 
solution. Since (BZA:p-CD) = (BZA) = (BZA)I 
- (BZA)f, therefore 


TABLE III.-COMPARISON OF CALCULATED AND 
EXPERIMENTAL APPARENT RATE CONSTANTS OF 


BENZOCAINE HYDROLYSIS IN A SYSTEM CONTAINING 
BBTA-CYCLODEXTRIN (8-CD) IN 0.04 N Ba(OH)* 


SOLUTION AT 30' 


Per cent of Experimental Calcd. 
8-CD (hr. -1/M) (hr. -1/M) 


0.m 0.666 
0.25 0.358 0.342 
0.50 0.229 0.228 
1.00 0.129 0.139 


Equation 4 is rate equation for benmaine hydrolysis 
in basic solution. Equation 5 is rate equation for 


-d(BZA)f/dt = Ka(BZA)f (Eq. 4) 


benzocaine hydrolysis in basic solution containing 
beta-cyclodextrin. The apparent rate constants, 


evaluated for the reaction in a system containing 
betaeyclodextrin are thus related to the true rate 
constant by Eqs. 6 and 7. From Eq. 6, the apparent 


rate constants can be calculated and can be com- 
pared with the experimental rate constant data 
obtained in a system containing beta-cyclodextrin. 
These comparison data are given in Table 111. 


The close agreement of the calculated and 
experimental apparent rate constant gives additional 
support to the assumption made of the 1 : 1 type of 
interaction between benzocaine and beta-cyclo- 
dextrin. If the interaction was not of this type, 
Eq. 1 would not be valid. Equation 7 shows a linear 
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caine hydrolysis in system containing the beta- 
cyclodextrin is dependant on the uncomplexed 
benzocaine in solution. 


Studies involving inclusion formation and 
molecular complexation are of importance in the 
area of drug stabilization and solubilization. Since 
inclusion formation plays a role in the chemistry of 
living cells, studies of th is  type are also important 
in that data obtained may provide information with 
respect to the mechanism of drug absorption, trans- 
port, and metabolism in biological systems. 
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CONCENTRATION OF BETA-CYCLODEXTRIN 
x 10' (M/L.) 


Fig. 6.-Effect of betacyclodextrin on the rate 
of benzocsine hydrolysis in 0.04 N Ba(0H)r at  30'. 
Key: f, experimental; 0,  calculated. 
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Behavior of Erythrocytes in Various 
Solvent Systems I1 


Effect of Temperature and Various Substances on Water-Glycerin 
and Water-Propylene Glycol Solutions 


By D. E. CADWALLADER, B. W. WICKLIFFE, and B. L. SMITH 


Hemolytic behavior of rabbit and human erythrocytes in water-glycerin and wateT- 
propylene glycol solutions was studied at 2 5  and 37O, and the effect of various added 
substances to these systems was investigated. Human i values obtained for sodium 
chloride in aqueous glycerin or propylene 8lycol solutions at 37' were slightly 
greater than the corresponding i values at 2 5 . Increase in temperature from 2 5 to 
37' decreased the concentrations of propylene glycol in 0.9 per cent saline solution 
needed to cause hemolysis of erythrocytes. Mono-monovalent salts, sugars and 
sugar alcohols, magnesium chloride, and sulfate and sodium sucanate afforded 
essentially the same degree of protection as sodium chloride against hemolysis by 
propylene glycol. Isotonic concentrations of sodium or rtassium sulfate, potas- 
sium sodium or disodium tartrate, or trbdium citrate &or ed greater protection to 
erythrocytes than 0.9 per cent sodium chloride. The order in which the anions of the 
above salts appeared to protect human erythrocytes against propylene lycol hemoly- 
sis is citrate > tartrate > gluconate > sulfate; for rabbit erythrocytes z e  order is sul- 
fate, tartrate > citrate. Much lower concentrations of propylene glycol were re- 
quired to hemolyze erythrocytes in solutions containing isotonic concentrations of 


calcium chloride. 


HE PREVIOUS PAPER in this series (1) dis- 
the behavior of erythrocytes in 


water%lycerin and water-propylene glycol sys- 
tems in experiments carried out at 25'. Hemo- 
lytic i values were obtained for sodium chloride 
in the presence of various concentratiohs of 
glycerin and propylene glycol. It was observed 
that complete hemolysis took place in most 
glycerin solutions, but the addition of suitable 
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amounts of sodium chloride prevented hemolysis 
of rabbit and human erythrocytes. Complete 
hemolysis occurred in all propylene glycol 
solutions, and in solutions containing 45-5Q70 
or more of propylene glycol the addition of iso- 
and hypertonic quantities of sodium chloride 
failed to prevent complete hemolysis of rabbit 
and human red blood cells. 


The presently reported experiments are in 
three areas. (a) The behavior of rabbit and 
human red blood cells was compared at 37 and 
35' in aqueous polyhydric alcohol systems, 
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in this table represent simultaneous but not inde- 
pendent duplicate determinations. Each distinct 
paired group (or single value) represents a deter- 
mination independent of the other group. In- 
tensities of the developed chromophores in each 
instance exhibited a mean average deviation of 
*2% or less. 


Color Stability.-In all instances the color of the 
steroid chromogen was stable during the 15-minute 
interval after the cooling step. Longer time inter- 
vals were not investigated. 


Interferences.-Chloroform soluble carboxylic 
acids (acetylsalicylic acid and stearic acid, etc.) and 
esters (sorbitan monostearates, methyl, and propyl 
parabens, etc. ) tended to inhibit color formation. 
Consequently, cream formulations were not capable 
of being assayed using the described reagent. 


Reagent Blank.-The l-cm. absorbance values a t  
485 and 620 mp for the reagent blank were, re- 
spectively, 0.116 and 0.008. 


General Aspects.-DTBPC reagent, oxidized by 
refluxing and aerating for 1 hour, gave identical color 
intensity for fluocinolone acetonide (6~~,9~-difluoro- 
11~,16a,17a,21-tetrahydroxypregna-1,4-diene - 3,20- 
dione-16,17-acetonide) as did untreated reagent, 
indicating that an oxidized form of DTBPC is not 
necessarily the reactant. 
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Paper chromatograms of fluocinolone acetonide, 
impregnated and heated with the combined TMAH- 
DTBPC reagent, indicated that this reagent is 
not suitable for the detection of steroid spots. 


Fluocinolone acetonide color obtained by the 
original method (1) was lower by a factor of 7.5 
relative to this method. The former method was, 
however, 1.6 times more sensitive for 3, 11-diketo 
(4-unsaturated) steroids than the present method. 


From the data presented the following conclusions 
may be made: ( a )  that type A steroids (Table I)  
containing a 6a, 9a-difluoro moiety ( fluocinolone 
acetonide) produced more color than their 6 ~ -  
fluoro counterparts (paramethasone acetate), and 
(a) that the molar response of ll-unsubstituted-3- 
keto (4unsaturated) steroids toward the DTBPC 
reagent was decreased by substitution of an 11- 
keto function and increased by the introduction of a 
11-hydroxyl group. 


(1) Schulz. E. P., and Neuss, J. D.. A n d .  Chnn., 29, 1662 


(2) Ansari, S.. and Khan, R. A,. J .  Pharm. Pharmacol.. 12, 


(3) Bianchi M Chim. Ind. (Milan) 41 33(1858). 
(4) Cross. j .  2.. Eisen, H., and KlderLha, R. G.. A n d .  


(6) Bartos, J.. Ann. P h w m .  Franc.. 17, 141(1Q5Q). 


(1 857). 


122(1860). 
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Assay for Methapyrilene in Complex Mixtures 
By NATHAN SCO’IT 


A method is presented for the estimation of 
methapyrilene i n  complex mixtures which 
may include other antihistamines. Briefly, it  
consists of treating ninhydrin with methapyri- 
lene which has been extracted from an aka- 


line solution with petroleum ether. 


NTWSTAM~NES have proved their therapeutic A value over the years. Methapyrilene is one 
of the established antihistamines which has found 
increased usage by itself and in combination with 
other ingredients. 


Many methods exist for the estimation of metha- 
pyrilene. . The Association of Official Agricultural 
Chemists (1) and “The National Formulary” (2) 
3escribe methods employing an ultraviolet absorp- 
tion. Clair and Chatten (3) describe a nonaqueous 
method and Cox ef al. (4) employ chromatography 
and electrophoresis. Another method described 
by Celeste and Turczan (5) uses gas chromatography 
after a preliminary extraction. This article is con- 
cerned with a spectrophotometric method for its 
determination, particularly when it is present in 
pharmaceutical dosage forms with other materials. 


EXPERIMENTAL 
Materials.-Reagents used in the experiments 


were of analytical grade where available and used 
without additional purification. The following 
materials were used: ninhydrii (1,2,3 triketohy- 
drindene) (Eastman Kodak); petroleum ether; 
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sulfuric acid; polysorbate 80 U.S.P.; methapyrilene 
hydrochloride N.F.; sodium hydroxide; phenyleph- 
rine hydrochloride U.S.P.; dextromethorphan 
hydrobromide; chlorpheniramine maleate U.S.P.; 
and tripelennamine hydrochloride U.S.P. 


Apparatus.-Beckman model DU spectrophotom- 
eter was used. 


Procedure.-The method is applicable to liquid 
or solid dosage forms. A portion of liquid con- 
taining about 5 mg. of methapyrilene hydrochloride 
is transferred to a separator. The solution is 
rendered alkaline with either 1 N sodium hydroxide 
solution or sufficient sodium bicarbonate. The 
alkaline solution is then extracted successively with 
16 ml. and 3 X 10 ml. of petroleum ether. The 
petroleum ether extracts are passed through a 
cotton plug moistened with petroleum ether into 
a 50-ml. volumetric flask. After rinsing the sep- 
arator with about 3 ml. of solvent and filtering intc 
the flask, the liquid is brought to the mark and 
mixed. One milliliter of the solution, equivalent 
to about 100 mcg. of antihistamine, is carefully 
transferred to a 10-ml. flask and the petroleum 
ether removed with a gentle stream of nitrogen for 
about 5 minutes. To the residue is then added 0.25 
ml. of a 1% solution of 1,2.3 triketohydrindene 
(ninhydrin) in concentrated sulfuric acid. This 
solution should be freshly prepared, but is usable 
for several days. The flask is rotated so that the 
liquid covers its surface to insure complete contact 
with the residue. After about 6 minutes of in- 
termittent rotation, 5 ml. of a 5% solution of poly- 
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TABLE I.-~SORBANCE DETERMINATIONS __ 


rncg. - Absorbancc- 
20 0.0% 0.089 0.094 
40 0.174 0.177 0.176 
60 0.265 0.259 0.264 
80 0.346 0.349 0.350 
100 0.435 0.438 0.439 
120 0.520 0.531 0.525 
140 0.611 0.609 0.611 


Av. 
7 Absorb an c e S.D. 


0.083 0.094 0.089 0.004 
0.169 0.174 0.174 0.002 
0.254 0.268 0.262 0.004 
0.347 0.347 0.348 0.001 
0.447 0.441 0.440 0.003 
0.538 0.529 0.529 0.006 
0.604 0.619 0.611 0.005 


TABLE II.-AssAY RESULTS - 
Metha- 
pyrilene Amount % Re- 


Chlorpheniramine maleate 5 mg. 5.02 mg. 100.4 
Pyrilamine maleate 20 mg. 


Pyrilamine maleate 5 mg. 5.03 mg. 100.6 
Chlorpheniramine maleate 1 mg. 


Phenylephrine HCl 25 mg. 5.03 mg. 100.6 
Chlorpheniramine maleate 2 mg. 


IV. Tripelennamine extract in 100 mcg. 100 mcg. in petro- 100.5 mcg. 100.5 


V. Tripelennamine extract in 50 mcg. 100 mcg. in petro- 101.6 mcg. 101.6 


Soh. Added Recovered covered 
I. Dextromethorphan HBr 5 mg. 5 mg. 4.94 mg. 98.3 


11. Phenylephrine HC1 12.5 mg. 5 mg. 4.98 mg. 99.5 


111. Pyrilamine maleate 10 mg. 5 mg. 4.90 mg. 98.0 


petroleum ether leum ether 


petroleum ether leum ether 


sorbate 80 in distilled water is added with gentle 
mixing. The solution is then read on a Beckman 
spectrophotometer or other suitable instrument a t  
525 mp. A standard of the corresponding metha- 
pyrilene salt is prepared by a similar procedure, 
or an aqueous solution of methapyrilene hydro- 
chloride is evaporated with the aid of heat and 
treated with the ninhydrin reagent. A reagent 
blank is prepared and is used to set the instrument. 
The red-purple solution may be read immediately, 
although it is stable for several hours. This color 
will vary somewhat. The higher the concentration, 
the more purplish the solution. 


Powders, capsules, and tablets may be treated 
in the same way after first dissolving a portion of 
pulverized material in a specific volume. The 
solution is filtered where necessary, and an aliquot 
treated in the manner outlined above. 


RESULTS 


Table I gives the absorbance, average absorbance, 
and standard deviations of a series of experiments. 
Treatment of portions of a petroleum ether extract 
of methapyrilene hydrochloride containing 100 
mcg./ml., reacted with ninhydrin according to the 
method outlined above, gave the results of Table I. 
The measurements were made a t  525 mp. Al- 
though no sharp peak is obtained with the colored 
solutions, a flattened peak is observable a t  about 
525 mp. If the results of the absorbances were 
graphed, a nearly straight line would result. 


To determine the specificity of the method, several 
mixtures were prepared and tested. These mix- 
tures simulated in composition some actual com- 
mercial products. The results are listed in Table 
11. As can be seen in Table 11, satisfactory recovery 
results of added methapyrilene are obtainable by the 
method described. 


Other solutions tested, not included in the table, 
but which gave good results contained vitamins, 
salicylamide, acetophenetidin, antibiotics, and 
phenylproDanolamine. 


DISCUSSION 


Great flexibility may be exercised in the amount 
of sample used, the number of extractions made, and 
the ultimate volume of the extracted material. 
Different solvents, such as chloroform, may re- 
place the petroleum ether and solubilizing agents 
other than polysorbate 80 may be used. 
Of the compounds tested, as shown in Table 11, 


dextromethorphan interfered with the assay 
method. In instances where dextromethorphan 
hydrobromide is present, it  may be removed by 
extracting the sample with several portions of 
chloroform after lirst acidifying the preparation 
with 5 ml. of 1 N hydrochloric acid. The sample 
is then made alkaline and extracted with petroleum 
ether. In general, due to the complexity of liquid 
preparations, it  is desirable to pre-extract the 
acidified syrups to  remove any potential inter- 
ferences from these mixtures. 


The accuracy and reproducibility of this pro- 
cedure are satisfactory for analytical and control 
purposes. That the methapyrilene can be dif- 
ferentiated readily from the other components in 
complex mixtures contributes to  its usefulness. 
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Review Article 


Toxicity, Untoward Reactions, and Related 
Considerations in the Medical Use of Plastics 


By JOHN AUTIAN 


CONTENTS year. The spectrum of uses today defies any 
ordinary listing, and it now appears possible that 


1. Introduction.. . . . . . . . . . . . . . . . . . .  1289 with the correct choice of plastic any desired 
11. TOXiCitYandUntowardReactions.. 1290 propedy can be achieved, F~~ the most part 


A. General* .................... 1290 the medical and other ancillary professions have 
B. Direct Effect on Tissue accepted these plastic items with a great deal of 


confidence-a confidence which perhaps is not 
'* Pure . . . . . . . . . . . .  1290 entirely justified. Part of this acceptance of 
2. . . . .  1291 plastics for any and all uses stems from a lack of c. Direct Effect on Tissue knowledge on the subject of plastics by ch i -  


(chronic)--cancer. . . . . . . . .  12" cians, nurses, pharmacists, and hospital adminis- 
D. Indirect Effect On ' . ' . ' 1293 trators. Other segments of the population are 


also finding that certain polymeric materials and 
into . . . . . . . . . . . .  1293 their additives might cause harmful effects to 


the purchaser, as may be witnessed by recent 
and Other Consequences findings in the United States that a plastic mold- 
toB1ood' . . . . . . . . . . . . . . .  1294 ing toy has caused over 1600 skin irritations.' 


It seems logical then that as more information is 
accumulated by medical and allied professions on 


A. General. .................... 1295 plastics, a greater safety feature will be forth- 
'. Prostheses* . . . . . . . . .  1295 coming, not only to patients but also to the gen- 
c. Subcutaneous . . . .  1297 eral public. This review attempts to cover some 
D. of the problems encountered in the use of plastics 


V. Drug-Plastic considerations.. . . . . .  1299 terested in them that consequence~from very 
VI. Need for Standards.. . . . . . . . . . . . . .  1299 minor to extremely serious-may upon the 


"'I. .................... l3Oo user or patient if proper safeguards are not taken. 


Tlated professions a host of devices or items the public health professions and their suppliers 


of a plastic material. 


(Acute). . . . . . . . . . . . . . . . . . .  


1. Leaching of a Constituent 


2. Leaching of a Constituent 


111. Complications Arising from Plastic 
Prostheses 


Synthetic Adhesives. . ' ' . . ' . . 1298 
Iv. Plastics a d  Drug Activity. . . . . . . . .  1298 in medicine and is intended to alert those in- 


HE FIFTIES ushered into the medical and re- Knowledge Of this 'YPe can Of 


of one type or another composed in p& or whole to Produce and use Only 


Nearly a geometric increase safety for intended use. 


in the use of these plastic items has occurred each In this review the author has attempted to 
1 From a U. S. Department of Health, Education and Wd- 


Rseivcd from the Drug-Plastic Research Laboratory. fare, Food and Drug Administration. News Release, May 17. 
University of Texas, Austin. 1968. 
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synthetic yarns in various clothing apparel for a 
number of years by millions of persons with little 
incidence to tissue reactivity attests to this state- 
ment, Unfortunately, less information is avail- 
able as to the effect of a pure plastic introduced 
into tissue of ill or diseased patients. 


Early reports of tissue sensitivity, dermatoses, 
or other untoward reactions ascribed to a pure 
polymer may be- in  the light of present knowl- 
edge-traced to the presence of monomers or 
other low molecular weight polymers rather than 
to the polymer itself. A good example of 
this may be seen by referring to the literature 
in both the dental and ophthalmic professions 
where acrylic resins were used (and, of course, 
are used) as prosthetic devices. For one reason 
or another in these early uses of the acrylic 
resins, the monomer was not completely polym- 
erized and this caused the tissue response. 
Contact lenses have caused some difficulty to a 
small number of patients out of the nearly 5 
million wearers. Recently, however, a report 
pointed out that 14 proved cases of blindness or 
near-blindness were attributed to contact lenses 
(14). One suspected cause of blindness is the 
possibility of a chemical impurity in the plastic 
migrating onto the surface of the eye. 


Patty (15), LaVeen and Barberio (16), and 
Scales (17) have emphasized the importance of 
the removal of the monomers before actual 
medical use. There have been instances of 
tissue response to other polymeric materials, but 
most of these can also be traced to factors other 
than the polymeric material. Hams (12) states 
that the final polymerized chemical (plastic) is 
inert to  tissue and cites the studies by Schwartz 
(18), Morris ( l l ) ,  Hine el al. (19), Zapp (20), 
and Calnan el al. (Zl), to support his contention. 
The reader should note, however, that these 
reports were based upon experiments on the skin. 


Introduction of a pure plastic into the tissue 
(subcutaneous, intramuscular, intraperitoneal, 
etc.) has been found in numerous instances to be 
well tolerated by the host tissue (at least for short 
periods), but i t  would be incorrect to assume that 
tissue sensitivity will not appear. There is 
difficulty in assessing the results from this type 
of investigation since the reaction or lack of 
reaction will depend upon such factors as its 
particular site of implant, the size of implant, 
the degree of blood supply, the possible trauma 
effect of implantation, and the time of tissue 
contact. It is also possible that even here a 
reaction might have been caused by a contamina- 
tion of one form or another rather than by the 
pure plastic. 


Some authors have assumed that tissue re- 


cover the general field (without claiming a com- 
plete coverage) of toxicity and untoward reac- 
tions which have or may have a direct or indirect 
effect upon the welfare of the patient. 


TOXICITY AND UNTOWARD REACTIONS 
General 


Toxicity or tissue sensitivity reactions in 
animals can take place by two distinct rovtes: 
( ( I )  by direct contact of the plastic material or 
product with tissue and (b) by indirect contact 
with tissue, such as injection or application of a 
solution (drug product, nutritional product, 
hlood, etc.) which has had previous contact with 
a plastic. A number of reports have appeared 
in the past discussing the toxicity of various poly- 
mers and the other ingredients which are utilized 
to preparc a plastic product (1-8). For the most 
part these reports have dealt with industrial 
health problems in relation to the manufacturing 
of  a plastic tnaterial. As is well known, many of 
the chemicals used in the synthesis of a polymer 
are highly toxic if proper care is not taken to 
safeguard the health of the worker. However, 
the discussion presented in this section will deal 
with the finished plastic material. Texts by 
Rolf (9) and Wesolowski (10) should be referred 
to for more detailed and specific information on 
the use of plastics in medicine and surgery. 


Direct Effect on Tissue (Acute) 
Pure Plastic (NO Additives).-It is a natural 


biological consequence that any material intro- 
duced into tissue will show some degree of re- 
activity, even if this cannot be truly detected 
with present means of analysis. Results and 
conclusions must be viewed as relative and in 
comparison to a standard state. This “standard 
state,” of course, poses a problem since dif- 
ferent investigators may use different standards 
for comparison. Many of the conflicting reports, 
or at least differing opinions, dealing with plastics 
should be examined in the light of what has been 
said. One other additional factor is relevant, 
however, in regard to plastics, especially when 
the same generically named plastic has been 
used by tnore than one group with varying 
results. Since there are no standards for plastics 
to be used in medical practice, it is very probable 
that the “same” plastic might not actually be 
the same, even though the difference may not 
be apparent by visual observation. 


A great body of evidence is readily obtainable 
to support the claim that a pure plastic material 
is inert when in contact with normal, healthy, 
unbroken, or untraumatized tissue such as the 
skin or mucous membrane (11-13). The use of 
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activity was due to the pure polymer after short 
contact with tissue. For example, Harrison 
et al. (22) indicated that Dacron, Ivalon, nylon, 
Orlon, and Teflon did produce some tissue 
sensitivity when subcutaneously implanted in 
dogs. In their study nylon was found to be the 
least acceptable, while Teflon was the most 
tolerated plastic in the series. Usher and Wal- 
lace (23) found that nylon, Orlon, Dacron, and 
Teflon were less tolerated in dogs (up to 1 week) 
than Marlex. Longer periods of contact with 
tissue (perhaps up to a year) might produce 
further tissue reactions, depending upon the 
particular plastic. 


Little and Parkhouse (24) investigated a num- 
ber of plastic materials as to their potential tissue 
reactivity in guinea pigs and noted that a 
correlation could be established between aystal- 
lite size in the plastic or the size of an added filler 
to the plastic and the incidence to fibroblast 
reactions. They employed X-ray diffraction 
methods to approximate the size of the crystal- 
lites or fillers. Results of their study demon- 
strated that the silicones and low-density and 
medium-density polyethylene produced little 
incidence to reactions whereas other types of 
plastics could elicit responses. 


Compounded Plastics (Polymer plus Addi- 
tives).-The propensity of toxic responses in 
animals and humans would seem to increase for 
those plastic materials which require the presence 
of other ingredients to impart a specific desired 
property. The evidence to support this previous 
statement is more diflicult to find in the literature 
since little practical use is made of cornpounded 
plastics by surgeons as possible prosthetic devices. 
In recent years, however, more use is being made 
of compounded plastics such as polyvinyl 
chloride for tubings and protective coverings. 
For example, indwelling catheters and other 
types of catheters which are introduced into a 
natural body orifice or inserted through a surgical 
procedure will have contact with tissue which 
might be susceptible to a leached constituent 
from the plastic material. Actual clinical 
reports of this occurrence have been rare in the 
past, but results from several animal studies do 
indicate that toxicity of leached constituents is a 
real possibility. The work of Brewer and 
Bryant (25) may be cited as an example to 
demonstrate that even certain commercially 
available plastic devices used in medical practice 
can cause tissue sensitivity when implanted in 
various animal tissues for short periods of time. 


Lawrence et al. (26) conducted a toxicity study 
on a number of commercially available plastic 
administration devices and found that out of 
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48 samples tested by intramuscular implantation 
in animals, 25 were found to cause a reaction after 
1 week of contact. Most of these devices were 
tubings of the vinyl type and were packaged in 
sealed cartons ready for use. This particular 
investigation indicated that one or more in- 
gredients in the tubings were being released 
to the tissue. Even though the actual offending 
agent was not ascertained, it was demonstrated 
that the plasticizers were not the causative 
agents in producing tissue reactions. Gas 
chromatographic techniques suggested that the 
offending agent was one of the additives in- 
corporated in the plastic in minute quantities. 
Alcoholic extraction of the “toxic” tubings re- 
moved the offending agent from the tubing. 


The above authors make a very poignant 
conclusion in their paper. They state the 
following : 


The question of course may now be raised that 
the tubings which are reported in this paper 
were never intended to be implanted either in 
animals or humans; consequently, for their 
intended use, they may be quite safe. Ques- 
tions of this sort can best be answered by stating 
that good public health practice would seem to 
dictate that no plastic item should contain an 
ingredient which has a potential harmful in- 
gredient that might leach into a solution to be 
administered to a patient. 


Autian et al. (27) noted that one type of vinyl 
urinary bag caused tissue reaction in animals, 
while a similar type of bag from another manu- 
facturer showed no ill effects. 


On a number of occasions in-dwelling catheters 
have caused problems in patients. Bansmer 
et aZ. (28) documented a number of complications 
when catheters were placed into the inferior 
uem caua. Some of the complications were local 
thrombosis, thrombosis with embolism, sup- 
purative thrombophlebitis with septicemia, and 
chemical necrosis. Derrick, in animal experi- 
ments, concluded that intra-aortic catheters 
cannot be left for a prolonged period of time with- 
out precipitating thrombosis and embolism to 
vital areas (29). Several reports have also 
appeared indicating that in-dwelling catheters 
have been severed and lost in the arm of patients 
(30). The break in the catheter may have been 
due to a bending action on the catheter with 
movements of the arm. Urinary catheters have 
increased the incidence to bacteriuria in patients 
(31). The exact reason or reasons for these 
catheters causing the infection is still unclear. 


Direct Effect on Tissue (Chronic)-Cancer 


Since no evidence has appeared in humans that 
a certain plastic material is the causative agent 
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(39), Nothdurft (44), and Russell et al. (48) 
support the physical or nonspecific theory of 
polymer carcinogenesis. 


The chemical theory viewers postulate that 
such factors as end groups, free radicals, complex 
formation between the polymer and protein, 
degradation products of the polymer, and/or the 
presence of impurities in the plastic might 
initiate cancer production. On the other hand, 
those of the physical theory approach point 
out that many chemically unrelated substances 
cause cancer, but a specific substance in a number 
of physical forms, i .e. ,  film, perforated film, 
powder, size of implants, smoothness of im- 
plant, etc., may or may not cause cancer. 


The physical theory school would seem to 
believe that induction of tumors by plastics is 
indirect and may be due, in a large part, to a 
general interference with normal cell growth at  
the interface between the plastic and the tissue. 
The critical factor, either stated or implied by 
this group, is the total uninterrupted surface 
contact. For example, films which have in- 
duced tumors will show less tendency to do 
so when they are perforated, and powders of the 
polymer show little or no tendency to cause 
tumors. Homing and Alexander (50) have 
observed a correlation between the size of the 
surface area of the implant and tumor production, 
while a recent report by Oppenheimer et al. (51) 
confirms that powdered plastic materials when 
implanted do not seem to act as carcinogenic 
agents2 


However, Hueper (47) disagrees with the 
physical theory group and reinterprets the 
results of other workers, as well as the results of 
his own study, to support the chemical or 
physicochemical thesis as the causative factor 
in polymer cancer. Therefore, i t  must be ob- 
vious that much more experimental work must 
be done to define clearly the causative factor 
which is responsible for the production of tumors 
when various types of plastics are implanted in 
animals. 


In  general, there appears to be a minimum 
induction period, depending upon the animal, 
before a tumor will develop from an implanted 
plastic. Oppenheimer et al. (41) noted that if 
implants are removed from their sheath (pocket 
or capsule which will form around an implant) 
within a 6-month period, no tumors will develop 
in rats. If the implants are kept in place for a 
longer period than G months and then removed, 
tumors will develop. However, tumor response, 


ill the production of tumors, there might be a 
natural tendency to discount these “inert” 
illaterials (plastics) as possible carcinogens. 
At the moment we must be content to view 
certain aninial experimentations which have 
demonstrated that long implantations of plastic 
materials cause responses which would rightly 
be considered as carcinogenic. 


Turner (32) appears to have been one of the 
first to detect the carcinogenic activity of plastics. 
In  1941 he reported his findings which showed 
that implanted Bakelite disks in rats gave rise to 
Sarcomas at the site of implants. In  the latter 
part of the forties, Oppenheimer et al. (33) 
observed that cellophane wrapped around rat 
kidneys for a period of 24 months gave rise to 
tumors. This was a chance discovery since these 
investigators were actually experimenting on 
hypertension. Further work by the Oppen- 
heimer group reported in 1953 (34) that various 
types of plastic films caused a certain percentage 
of sarcomas in rodents tested. Druckrey and 
Schmahl (35) were able to produce sarcomas in 
rats at  the site of implantation with regenerated 
cellulose film. These authors noted that the 
tumors were produced in a strain of rats which 
had shown no spontaneous disposition to sar- 
comas during a prior 12-year period. 


In  1953, Oppenheimer et al. (36) reported the 
testing of a number of films by implantation in 
mice and rats. They found the production of 
malignant tumors when films of regenerated 
cellulose, pure and impure polyethylene, poly- 
vinyl chloride, Silastic, Teflon, Dacron, poly- 
styrene, and nylon were used. Druckrey and 
Schmahl (37), in a continuation of their earlier 
studies, reported that they had produced tumors 
in rats with a number of polymers, while the 
team of Laskin et al. (38) observed a 25% oc- 
currence of fibrosarcomas in mice after im- 
plantation of methyl methacrylate film. 


Further work by the Oppenheimer group (39- 
42), reports by Bering el al. (43), Nothdurft 
(a), Hueper (4547) ,  Russell et al. (48), and 
Bing (49) clearly show the incidence of sarcomas 
when various types of plastics are implanted in 
animals. 


An analysis of the previous workers’ data and 
conclusions offers two schools of thought con- 
cerning the causative mechanism of polymer 
cancer. A minority group, particularly Hueper 
(47) and Druckrey and Schmahl (35, 37), have 
advanced the hypothesis that a chemical or a 
physicochemical interaction between the polymer 
and the tissue is the chief causative factor 
in the production of tumors, while a much larger 
group of investigators, i e . ,  Oppenheimer et al. 


* It should he noted that for the same unit weight of plas- 
tic, a powder will have more surface area than a film. but the 
powder will not have an uninterrupted contact with the 
tissue. 
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may be eliminated after the 6-month period, if 
both the implant and the sheath around the 
implant are removed. This would indicate 
that once the cells have reached a certain point 
of alteration, the reaction cannot be reversed 
even when the causative agent (plastic) is 
removed. Nothdurft (44) also paid attention to 
the sheath surrounding the implant as a factor 
to be considered in tumor production. 


What has been noted in animals has, up to the 
present time, not been seen in man. In fact, 
Harris (52) points out that from his knowledge 
of 8000 cases of breast plasty in humans, not one 
case of cancer was noted due to the plastic im- 
plant. Several reports (53, 54) have indicated, 
however, that tumorlike manifestations in 
several humans could be traced to the use of 
aerosol hair products which contained polymeric 
material, but the evidence cannot be considered 
conclusive. The experiments performed in an- 
imals ranged for a period of several years which 
in man might mean an equivalent of 15 to 30 
years. Since implanted prosthetic devices are 
of comparatively recent vintage, no sure pre- 
diction of either noncarcinogenic or carcinogenic 
activity can be postulated a t  this time. The 
surgeon must weigh the merits of implantation 
in saving or prolonging life with regard for the 
possible risk involved. 


Indirect Effect on Tissue 


Leaching of a Constituent into Solutions.- 
Another problem is the possibility of one or more 
ingredients from a plastic device leaching 
into blood, parenteral products, and other solu- 
tions during storage, collection, and administra- 
tion. These will be referred to as “indirect 
effect on tissue” since the plastic itself will not 
have actual contact with tissue. Two questions 
might be raised here: (a) is an ingredient or 
ingredients being leached into a solution which 
will then be injected into animals or humans and 
(b) is that ingredient or ingredients toxic to the 
host? 


If the answer to the first question is a definite 
“No,” then there may be little need to seek an 
answer to the second. At first glance, the pre- 
vious statement would seem reasonable, but a 
deeper penetration into the plastic problem will 
reveal a number of factors which will influence 
the migration rate of a constituent from the 
plastic into the solution. Of course, it is as- 
sumed here that the plastic is a compounded 
plastic or has been treated with one or more 
agents to improve the quality of the device. A 
plastic device in contact with saline solution 
may reveal no leaching, but in another solvent 
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system or at another pH there may be significant 
quantities of the leached constituent in the 
solution. The problem becomes even more 
complicated when one considers the variety of 
parenteral products which could come in con- 
tact with a plastic device. 


Several years ago, Autian and Brewer re- 
ported in a study on a disposable hypodermic 
needle having a plastic hub that a constituent 
was being released by certain needles from the 
plastic hub to a saline solution which on intra- 
venous injection caused the death of mice (55). 
Further work by Brewer and Bryant (25) on 
various disposable devices demonstrated that 
compounded plastic materials may or may not 
cause a toxic effect when first exposed to several 
parenteral solvent systems and then injected by 
different routes into animals. 


It is pertinent a t  this point of the review to 
mention that very little appears to be known 
concerning the toxicity of a number of agents 
which can be formulated into certain types of 
plastics. Certain countries, for example, the 
United States, have very stringent regulations on 
food packaging materials. Physical and bio- 
logical testing must be performed on these 
packaging materials before they can be employed 
as food containers. The biological tests invari- 
ably involve long oral feeding tests in groups of 
animals to ascertain the safety of the substance. 
Unfortunately, this same information often 
appears to be used to indicate that the additives 
approved for food packages will also be safe 
when they are parts of plastic devices to be used 
in medicine. Of course, this assumption may 
be true, but on the other hand strict obedience 
to this doctrine could present possible harm. 
Documentation of this statement is not easy 
in regard to humans, but preliminary animal 
experiments by Meyers et d. (56) on a group 
of citric acid esters used as plasticizers revealed 
how false oral testing programs can be when 
they are extrapolated to parenteral administra- 
tion. The aforementioned workers studied the 
behavior response to parenteral administration 
of these esters in rats, mice, frogs, and rabbits. 
They noted that all of the esters exhibited a 
marked effect on the central nervous system. A 
single dose (depending on the particular ester) 
killed these animals in a period of several hours. 
Death was not due to citrate intoxication as 
may have been anticipated, but due to another 
mechanism not yet elucidated. The question 
arises regarding what actions other ingredients 
u x d  in plastic formulations may have on animals 
and upon sick persons by routes other than oral 
if they leach out into a solution. 
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The work of Autian and his group (57, 58) 
dramatizes the idea that the particular drug 
system will influence the rate of release of a 
constituent from a plastic material, and it should 
suffice to say that serious concern should be 
given to drug-plastic interactions as a potential 
hazard to patients. 


Leaching of a Constituent and Other Con- 
sequences to Blood.-Clarity, disposability 
and nonbreakability as well as hemorepellent 
properties of certain plastics make these poly- 
meric materials useful for devices to collect, 
store, and administer blood. Logistic advan- 
tages (59) also may be gained by the armed 
forces and Civil defense organizations in the re- 
placement of the conventional glass containers 
by plastic ones. However, problems may 
arise if the plastic material is not selected with 
care, properly formulated, and controlled in 
production and, finally, adequately tested. 


It has been well known for a long time that the 
surface of a vessel can alter the viability of blood. 
As far back as the turn of the century, Bordet 
and Cengou (60) noted that clotting time was 
delayed when the surface of a vessel was coated 
with petrolatum or paraffin. Later, with the 
introduction of silicone coatings, the same 
results were obtained in a more acceptable 
manner (61). These coatings decreased the 
adhesive force between the blood and the glass 
(hemorepellent or nonwettable) and acted to 
smooth the surface of the vessel. Therefore, 
the use of plastics for blood appeared to be ideal, 
since a number of polymeric materials were also 
extremely hemorepellent. 


Much research and development has gone into 
the present plastic containers used for the storage 
of blood. Walter (62) introduced the polyvinyl 
chloride container with the hope that this type 
of device would delay coagulation and cause less 
damage to blood. Since that time, various 
changes have been made in the formulation of 
the plastic material. 


More convincing evidence is now available 
that the toxic effect imparted by certain con- 
tainers is actually due to a release of a con- 
stituent from the container to the blood and not 
due to the surface of the container in contact 
with the blood. One must recognize, as men- 
tioned before, that a plastic material might 
contain other ingredients to impart certain 
properties to the plastic. In the case of plastic 
containers for blood, plasticizers, stabilizers, 
and other additives are usually added to make 
possible the construction of the container as a 
flexible bag. Thus, there is the possibility of one 
of the additives leaching into the blood and 
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causing the loss of viability. This, in fact, 
has been found to be the case. Strumia et al. 
(63) showed that certain types of containers 
(plastic, glass, and silicone-coated glass) might 
release a constituent which in turn would act as a 
toxic agent toward the blood cells, no matter 
if it were stored in plastic, glass, or silicone- 
coated glaSs,l and that the surface or nonwet- 
tability property of the container is not the 
important factor in blood survival. 


Recent reports by Ballinger and Cohn (64) 
and Wiener (65) on the preservation of whole 
blood clearly indicate that there is no real proof 
that a plastic container will afford better pro- 
tection to blood (erythrocytes) than glass. 
However, plastics seem to offer certain advan- 
tages over glass for prolonged platelet and 
leukocyte Survival (66, 67). Storage of blood 
products, other than whole blood, in plastic 
bags have in some instances caused physical 
changes in the product. The same product 
stored in glass bottles revealed no changes. 


Surface properties become important when 
blood is passed through a tube or tubing for one 
reason or another. It would seem logical to 
assume that less trauma would be imparted to 
blood when it is passing through a tubing having a 
smooth internal surface than one having a 
rough surface. Evidence to this effect has been 
reported by Stewart and Sturridge (68). Other 
important factors must also be considered as 
influencing the survival time of red blood cells, 
such as the flow rate, time of contact, particular 
material, and techniques used in circulating the 
blood through the tubing. AU things being 
equal, however, the internal surface will play a 
role in helping to preserve or destroy the com- 
ponents of the blood which might be fragile to 
shock. 


Today greater use is being made of extra- 
corporeal devices for the circulation of blood in 
open heart surgery. The blood in these instances 
is oxygenated outside the body and then is made 
to pass into the body again, usually through one 
or more tubings. These tubings may be plas- 
tic and often are of the polyvinyl type which 
necessitates the addition of other ingredients to 
make a suitable tubing. That there is the 
possibility of one or more ingredients leaching 
into the blood, depending upon the polyvinyl 
formulation, which may produce a toxic effect, 
should be recognized. 


Meyler ef al. (69) showed that leaching from a 


*Glass released small amounts of silica which acted as a 
toxic agent oa blood. The silicone-coated glass also showed 
in certain instances toxic e5ects which might be explained on 
the basis that uninterrupted coatsngs of the glass probably 
had not been achieved. 
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plastic tube into blood can occur. In their 
study they noted that when they changed from 
glass tubing to a particular polyvinyl chloride 
tubing, premature cardiac arrest and ventricular 
fibrillation occurred on the isolated perfused 
rat’s heart. The important point to be made here 
is that these authors indicated that some brands 
of polyvinyl chloride did show this adverse 
reaction. 


Keith et al. (70) reported that one batch of 
plastic tubing enhanced the hemolytic effect on 
perfused blood. This observation suggested to 
Hirose and associates (71) that the significant 
increase in the incidence of renal complications 
during extracorporeal circulatory bypass in 
patients in their hospital might be due to the 
particular plastic and the ethylene oxide method 
used for sterilization. These investigators noted 
that ethylene oxide sterilization increased the 
tendency to hemolysis in blood samples stored 
in plastics but that the particular plastic would 
also influence the rate of hemolysis.* 


There is, therefore, the very Serious conse- 
quence in extracorporeal circulation in humans 
that the wrong brand of tubing might release 
a constituent into the blood and thereby produce 
one or more untoward reactions. 


Another problem has arisen in the use of plastic 
tubing in heart lung machines. Usually the 
tubing or tubings are coated with silicone, 
and if the silicone actually has not been baked on 
the plastic, which in many cases might be the 
case, there is the possibility of the blood washing 
particles of the silicone from the plastic into the 
circulating blood. A report of this occurring 
in humans has been given by Lindbexg et al. 
(72). In their study 10 patients had died after 
open heart surgery. On necropsy, clear, re- 
fractile emboli were found in the capillaries of 
the kidney, brain, and heart. The emboli were 
investigated and found identical to the silicone 
used in the coating of the tubings. Further work 
on animals substantiated the human results 
that silicone coatings can cause embolization 
and death. Similar results were noted by Helms- 
worth et al. (73), who found silicone emboli in 
the glomeruli of the kidney of patients and 
animals. The silicone was traced to the oxy- 
genator pump which had been silicone treated for 
debubbling. 


Here it is important to remember that as new 
materials are introduced into one or more of the 
components in various types of extracorporeal 
apparatus, it is imperative that the material be 
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4 It was found that if the ethylene oxide sterilized plastic 
was kept for 7 days pnor to its contact with blood, the gos 
had no effect on the blood. 


evaluated biologically to prevent any unneces- 
sary hazard to the patient. Reuse of certain 
components by specific washing, rinsing, and 
sterilization should require further evaluation 
of the component since these treatments may 
affect the plastic material sufficiently which in 
turn may produce an untoward effect in the pa- 
tient. Clearly, more research is needed in this 
area for better patient protection. 


COMPLICATIONS ARISING FROM PLASTIC 
PROSTHESES 


General 


The use of synthetic materials as a prosthesis 
dates back to the year 1890 when Fraenkel 
repaired a bony defect in the skull by the use 
of celluloid (74). Since that time and especially 
within the last 15 years, an array of uses has 
been found for plastic materials within the body 
for both physiological and cosmetic needs (10). 
Many of these surgical procedures with sub- 
sequent implantations of the plastic prosthesis 
have permitted extension of human life or have 
given certain forms of comfort to the patient. 
Many problems still need to be studied in detail 
before an ideal synthetic device becomes poa- 
sible. The following section attempts to bring 
some of these problems into focus with past 
experiences by various investigators. 


Vascular Prostheses 
The general success of surgical procedures in 


the replacement of segments of diseased or failing 
aortas and peripheral arteries with homografts 
soon made it evident that the supply of these 
homografts or even heterografts would not ful- 
fdl the anticipated needs. Thus, it was quite 
natural for the surgeon to turn to the various 
polymeric materials as synthetic vascular re- 
placements. 


One need not go too far back into the literature 
to note that most animal and clinical experiences 
with synthetic prostheses have occurred within 
the last 7 or 8 years, even though Deterling (75) 
refers to Vinylon-N yam being used as a vessel 
substitute in dogs in 1951. Since 1957, the two 
most used plastic materials for synthetic grafts 
have been Dacron and Teflon; but Ivalon, 
nylon, Vinylon-N, Orlon, Fortisan, polyethylene, 
and polypropylene have had some initial success. 


Much experience has now been accumulated 
on Ivalon. It might be of interest to review 
this material as a synthetic substitute for vessels 
fromits original success to its final demise. 


A number of excellent properties such as 
porosity, compressibility, ease in handing, and 
ease in molding made this material attractive 
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Some controversy exists as to the actual 
causative factor or factors inducing thrombi 
formation in synthetic vessels. Change in 
flow rate of blood and turbulence of flow due to 
the synthetic graft has been believed to be a 
factor in thrombi formation (90). Szilagyi 
(91) has viewed thrombi formation in synthetic 
grafts as possibly due to the nonreactivity 
of a particular plastic material. The implication 
here is that arteriogenesis will be delayed and 
that the intima will not adhere firmly to the 
synthetic vessel. A recent study of Phillips 
et al. (92) disputes both the turbulent flow and the 
nonreactivity theories as causative agents; 
in turn, it postulates that thrombosis formation 
is a direct consequence of a foreign body- 
especially if that body is relatively nonporous. 
They found in their study on Teflon that woven 
Teflon caused a greater degree of thrombi 
formation than the knitted material. The 
knitted Teflon, more porous than the woven 
form, permitted fibrous tissue to invade the 
interstices of the fiber, resulting in greater 
adherence of the fibrin lining in the vessel. 
Other investigators also have pointed out the 
importance of porosity in regard to synthetic 
materials used as vascular substitutes (90, 93- 
95). 


Biogenic conditions will alter physical prop- 
erties of synthetic materials, even though much 
still needs to be done to elucidate the actual 
mechanism underlying such physical changes. 
It is fairly well established now that polar 
polymeric compounds such as nylon, Orlon, 
etc., will show greater changes of properties 
than the very nonpolar compounds, exemplified 
by Teflon after long contact with tissue. Tensile 
strength measurements (for elastic properties) 
have been conducted for a number of synthetic 
polymers before and after implantation in tissues. 
For example, it  has been reported that nylon 
will lose from 20 to 250/, of its original tensile 
strength after 7 to 18 months of tissue contact 
(SO). Other materials also will change sig- 
nificantly, but to varying degrees. This has 
prompted some to believe that elastic properties 
might be a critical factor to consider when a 
decision is made to use a specific synthetic 
material as a vessel substitute. Present evi- 
dence, however, gives little emphasis to tensile 
strength as a factor in success or failure of grafts 
(SO). A revealing study by Newton et al. (96) 
apparently confirms this fact. In their studies 
(in uiuo) they noted that various arterial substi- 
tutes showed differing elastic properties within a 
6-month period; but after this time period, 
they all tended to stiffen and reach a constant 


as a vessel substitute. Early reports by Shum- 
way et al. (33, Ellis and Kuklin (77), Rob et al. 
(%), and Fitch and Denman (79) were ex- 
tremely encouraging in regard to Ivalon as a 
vessel replacement; however, Deterling (75), 
as early as 1956, had some reservations in the 
use of Ivalon, for he noted that the material 
could not withstand the pressure in the thoracic 
aorta unless highly compressed. Creech et al. 
(SO), in a report to the Society for Vascular 
Surgery in 1956, reported some unfavorable 
results with Ivalon in clinical practice. Rob 
(81) reversed his earlier impression of the value of 
Ivalon; in fact, he no longer advocates its use 
as an arterial replacement. This reversal of 
opinion also has been enunciated by Fitch et al. 
(82). They now state the following: “The use 
of Ivalon grafts as arterial conduits in the human 
patient is unjustified due to the hazards of 
thrombosis, aneurysmal formation, rupture, and 
anastomotic disruption.” A recent report by 
Payne and Kuklin (83) on a number of patients 
having had reconstruction surgery performed on 
the right ventricular outflow tract with several 
plastic materials noted that Ivalon was an un- 
satisfactory material. Further support of the 
inadequacies of Ivalon is given by Adler and 
Darby (84), who noted marked changes in 
physical properties of Ivalon after tissue contact. 
In the light of present knowledge, it would appear 
that Ivalon no longer merits a position as a 
worthy substitute for vessel replacement either 
in man or other animals. 


As early as 1956 an attempt was made to 
assess actual clinical experiences in the use of 
synthetic materials as vessel substitutes in 
humans. This assessment became a preliminary 
report which has been mentioned previously (SO). 
The report relates the success of aortic replace- 
ments with one or more of the synthetic materials 
( i e . ,  Ivalon, nylon, Fortisan, Orlon, Dacron, 
Vinyl-N, and Teflon). Less success was found 
for synthetic materials when these were used 
as replacements for peripheral arteries. Critical 
factors causing the failures of the peripheral 
vessels were the relatively small diameters of 
these vessels, the great length, and the crossing 
of flexion areas. 


There appears to be general agreement today 
that vessels less than 5 mm. in diameter will fail. 
Most likely these failures will be due to the 
propensity of thrombi formation. Harrison 
(85, 86) found this to be the case with nylon, 
Dacron, Orlon, Ivalon, and Teflon in his studies. 
Further confirmation of this fact is given by 
Dale and his group (87, 88), as well as by Cate 
(89). 
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elastic value. They concluded that the constant 
value was due to the formation of xar tissue 
within the implanted arterial substitute. 


As has been mentioned for synthetic materials, 
a degree of success has been made for grafting of 
vesssls having larger diameters than 5 mm., 
while, conversely, little success with vessels 
smaller than 5 mm. A number of investigators 
recently have observed that homografts have 
proven more successful postoperatively over 
synthetic materials when surgical grafts were 
performed on smaller vessels falling below 
the inquinal ligament. Irvine et al. (97) noted 
this to be the case in a study of 95 patients who 
underwent a total of 106 femoropopliteal by- 
pass treatments. Cockett and Maurice (98) 
in a 9-year observation of direct arterial surgery 
for claudication and ischaemia of legs, concluded 
that the synthetic materials were not functioning 
up to the level of homografts or other surgical 
techniques not involving synthetic materials. 


It should be obvious that for vessels large or 
small other factors must enter the picture which 
can give rise to success or failure of synthetic 
grafts. In this respect it is interesting to 
note the suggestion of Wesolowski and associates 
(99), who have contributed a great deal to surgery 
in techniques and knowledge in regard to vessel 
and tissue substitutions. These investigators 
have concluded that the ideal synthetic vascular 
graft material should meet the following stand- 
ards: (a) no toxicity or no allergenic potential, 
(b) no deterioration of the synthetic fiber upon 
biological implantation for prolonged periods of 
time, (c) desirable mechanical handling properties 
of being easily scrunched, crimped, and twisted, 
(d) very low implantation porosity, and (e) 
very high healing porosity or fibroblasting 
permeability. To achieve the last two require- 
ments (d and e), Wesolowski et al. (99) fashioned 
compounded prosthetic vascular grafts (a core 
of resorbable material which has been wrapped 
with multifilament polymer). These com- 
pounded materials were found to be superior 
(in animals) to the conventional monoplastic 
material. Similar results with a gelatin-im- 
pregnated Dacron prosthesis by Jordan ct al. 
(100) also have been reported. 


Surgical skill has made it possible to replace 
faulty or defective cardiac valves in humans. 
Unfortunately, studies in canines and humans 
have revealed survival rates not as encouraging 
as had initially been anticipated. The most 
serious drawback to the synthetic valves has 
been the severity of thrombosis formed on the 
valve. A number of investigators-Frater and 
Ellis ( I O I ) ,  Kolff el (11. (102), and Muller el nl. 
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(1 03)-have observed this serious problem. 
Gott et al. (104) have noted the importance of 
electrical charge on the plastic (positive charge 
in comparison to the negative charge on the blood 
particles) and found that this charge could be 
reduced or eliminated by coating the valve with 
colloidal graphite. The coating resulted in 
producing an extremely smooth surface which 
apparently dissipated or reduced the positive 
charge, thereby decreasing the incidence to 
thrombosis. To date these authors have been 
able to coat polycarbonate, polyvinyl, and 
methyl methacrylate; their results appear 
encouraging. However, final success or failure 
must wait for long-term studies in both animals 
and humans. 


Subcutaneous Prostheses 


Reconstructive surgery on or near the surface 
of deformatives, either natural or induced by 
disease, accident, etc., has restored many 
patients to a normal manner of life. The 
synthetic materials have been used for this type 
of surgery for approximately 15 years with 
various degrees of success. As with other 
plastic implants, real problems have been en- 
countered which have led to replacement of the 
original implant or to complete failure after vary- 
ing periods of time. 


Breast plasty has gained some popularity in 
the past to relieve psychic disturbance caused by 
actual or imagined hypoplastic breasts. Even 
though cosmetic acceptance can be achieved 
by the use of plastic implants behind the breast, 
the material gradually becomes firm and loses 
its initial resiliency (105, 106). The implant 
may also shrink in size or “fall” from its original 
position, thus creating further psychic disturb- 
ance. Hamit (106) lists a number of complica- 
tions which might result from breast plasty, 
such as infection, drainage, increasing firmness 
of the plastic material, disruption of breast 
function or appearance, development of draining 
sinuses, and possible carcinogenic activities of 
the plastic material. Polyvinyl sponge has shown 
the greatest number of failures up to the present, 
and it is hoped that newer materials such as 
silicone rubbers and polyurethanes might prove 
more satisfactory. Harris (52) appears to be 
quite satisfied with a special type of poly- 
urethane for breast plasty. 
Various other reconstructive procedures on the 


face and other surface portions of the body have 
been performed with, in some instances, amazing 
success. Favorable initial results, however, 
must be weighed against long-term usage and 
the possible complications which will be ever 
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present with a foreign body. It will be in- 
teresting to see how plastics such as the dimethyl 
silicones and the various halogenated carbons 
will perform over long usage. Encouraging 
reports on these materials for subcutaneous 
prostheseis have been given by Brown et al .  
(107). 


Synthetic Adhesives 


One can see great advantages for adhesive 
materials which can replace the usual nail, 
clamp, cast, and other means of closing or holding 
segments of tissue or bone together. Fruitful 
progress has been made in this direction in the 
past 4Fyears in surgery with the advent of 
polymeric materials which, when actuated in 
some fashion, can become a tenacious adhesive 
for tissue. 


In  1958, Manderino and Salvatore (108) 
were able to restore broken bones by the use of 
polyurethane material which acted as a very 
powerful adhesive agent, fixing the break in a 
very short period of time. Since then con- 
siderable use has been made of this material for 
the Same purpose (104-111). To some it is 
considered as a form of “bone glue,” but others 
are not quite so convinced of this fact (112). 
Up to the present no definite tissue reactions 
have been reported (which could be attributed to 
the polymer), but sufficient time must elapse 
before a complete evaluation can be made. 


A great number of synthetic adhesive materials 
have been produced in the last decade, but for 
the most part these had little place in medical 
practice, since for one or more reasons they 
were quite noxious to tissue. Then in 1959, 
Coover and co-workers (1 13) demonstrated the 
unusual adhesive properties of alkyl 2-cyano- 
acrylates, the chief one being that the monomer 
(as a liquid) polymerizes when spread between 
two surfaces and pressed. The change from a 
liquid state to a solid (as the adhesive) takes 
place with little or no change in volume, en- 
hancing the adhesive quality. Experimental 
surgical applications, in particular for blood 
vessel repairs, have been performed by a number 
of workers using the above-mentioned monomer 
(1 14-1 16). In general, few tissue responses have 
been noted by most workers, but a word of 
caution should be noted for these adhesive agents 
since there appear to be some differences in the 
compound when purchased from different sources. 


Iawers et nl. (1 17) have noted that certain of 
thc svnthetic adhesives have a distinct toxic 
effect. For example, in  animals they found 
that both the monomer and the polymer caused 
death when injected into the liver and peritoneal 


cavity. Biological mechanism for death still 
has not been elucidated by these workers, and 
the possibility of carcinogenic activity is still to 
be decided. The above workers in their con- 
cluding remarks refer to a 1948 paper (118) in 
which the following sentence was quoted: 
“Clinical use of cellophane, polythene, or any 
other plastic carries with it the urgent require- 
ment of knowledge of both the chemical and 
physical characteristics of the product being 
used.” Lewers et al. (117) maintain this state- 
ment to be true with the synthetic adhesives. 


PLASTICS AND DRUG ACTIVITY 
In recent years pharmaceutical scientists have 


recognized the potential of polymeric materials 
as vehicles for prolonging the action of medicinal 
agents. Some success has been achieved in 
compounding the drug with an insoluble poly- 
meric material which can then be taken by oral 
ingestion, the drug being released over a pro- 
longed time period as the tablet or pellet travels 
along the alimentary tract. Similar dosage 
forms also have been suggested for long-term 
implantation of certain hormones. Advantages 
to both the patient and clinician of the above 
dosage forms are clear (one-time administration 
instead of multiple-drug administration) if 
certain unknown complications do not appear. 
Two hazards, even though they many appear 
only as remote possibilities, should be con- 
sidered. The first of these is the release of a 
greater quantity of the drug than planned due to 
uncertain biological manifestations on the dosage 
form. The second is the possible irritating 
or sensitizing effect the particular plastic might 
have on the tissue when implantation therapy is 
employed. It remains to be seen whether 
these hazards will materialize in the future when 
more prolonged or sustained dosage forms are 
used. 


Several investigators, in particular Garb (1 19), 
Scholtz (120), Sulzberger and Witten (121), and 
Hall-Smith (122), have noted that plastic fdms 
will aid the percutaneous absorption of a number 
of topical drugs. Such reports have stimulated 
other clinicians to consider the use of plastic 
films to decrease the usual concentration of the 
drug when applied topically. Lack of knowl- 
edge of the influence of these polymeric materials 
on the physical and chemical properties of drugs 
regarding their rate of penetration and diffusion 
into the skin may lead to unexpected toxic or 
untoward reactions. Vickers and Fritsch (123) 
have documented this fact with several cases 
where naphazoline was the test drug and Saran 
the plastic film. These aforementioned authors 
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give the following warning: “The knowledge of 
the vast increase in percutaneous absorption due 
to Saran occlusion might tempt clinicians 
t o  try to increase the effectiveness of other 
topical preparations with possible serious or 
even disastrous consequences.” 


DRUG-PLASTIC CONSIDERATIONS 


Less recognized as a problem, probably due to 
the paucity of reports published, is the con- 
sequences which might result when a drug or 
drug product is kept in contact with a plastic 
material used as a container or administrative 
device (124-131). These problems may be 
collectively grouped into five general categories: 


(a) Permeation-Oxygen or other gases per- 
meating the plastic material and causing an 
incompatibility or, conversely, a volatile con- 
stituent in the drug product passing out of the 
container or device. 


(b) Leaching-One or more ingredients mi- 
grating from the plastic into the drug solution. 


(c) Sorption (including adsorption and ab- 
sorption)-One or more constituents being 
removed from the drug solution into the plastic 
by a sorption process. 


(d) Chemical Reuctivity-One or more ingredi- 
ents reacting by covalent bonding with the 
polymer or one of the additives in the plastic. 


(e) Alteration in the Physical Profxrties of 
Plastics-Depending to an extent on one or more 
of the above or due to environmental effects, the 
container or device may undergo suacient 
changes to no longer function as originally 
intended. 


The above five considerations have been 
reviewed in some detail in previously published 
papers (132, 133) and thus will not be discussed 
any further in this review, except to emphasize 
that both the manufacturer and the user must 
share in the responsibility of safeguarding 
the health of the patient when plastic devices are 
to function as containers or devices for storing 
or administering drug products. 


NEED FOR STANDARDS 


An analysis of what has been reviewed in this 
paper should note that plastics are not so safe 
as originally thought. In no manner does this 
suggest that plastics should be banned or elim- 
inated from medical practice. Such an expres 
sion would be ridiculous and certainly is not 
tenable to the many outstanding advantages to 
be gained by the use of the synthetic polymeric 
materials. Rather, a method should be sought 
which would insure that a particular plastic or 


plastic device will be safe for intended use. 
Standards must be created for “medical use” 
plastics as well as standards for the final plastic 
device. These standards obviously must in- 
clude biological, physical, and chemical methods 
of testing. Finally, these standards must be- 
come part of the offiaal compendia to insure 
legal status. 


Autian (58) has published a guide to hospitals 
in the selection of plastic devices, while The 
University of Texas Medical Center has under- 
taken the task of developing its own standards 
for plastics [see report by Autian and Nicolaides 
(134)l. Brewer and Bryant were the first in 
this country to publish biological methods of 
testing of plastics to be used in medical practice 
(25). Workers in other countries recognizing 
the plastics problems have recommended also 
that stricter controls be maintained on plastics 
and have suggested a number of testing pro- 
cedures (135137). Guess and Autian (138) 
have presented a tentative protocol for the bio- 
logical testing of plastic materials. In this 
country the Pharmaceutical Manufacturers’ 
Association with support from the Society of 
Plastics Industry has developed a group of 
biological and physical chemical tests for plastics 
to be used with drug products. 


Much work still remains to be done now and 
in the future before adequate standards are 
developed. Certainly, greater emphasis should 
be given to basic studies on plastics as they are 
related to medicine. In the past such support 
from industrial groups interested in plastics has 
been minimal, but it is hoped that a reversal of 
this trend will soon be forthcoming. There is 
also a need for better communication among 
groups working to manufacture and distribute 
plastic items to the medical profession. Often 
one group is not aware of what the other group 
has done to a plastic item. This point is clearly 
brought into focus by Bender (139), a consulting 
engineer, in his excellent article dealing with the 
trend toward plastics in surgery and medicine. 


The plastics problem is such a vital health 
issue that it no longer can be kept as an “inci- 
dental” hazard with the ever-increasing use of 
plastics in all phases of medical practice. Good 
public health practice requires as much emphasis 
on measures to prevent a potential danger from 
becoming a serious reality as t o  combat the 
danger once it has occurred. Perhaps the best 
example of this in the past years is the pesticide 
issue brought into shocking public attention by 
Rachel Carson’s “Silent Spring.” Even though 
adverse criticism was given to the author for 
having overplayed the problem based upon 
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meager scientific evidence, it was interesting to 
note that the President’s Science Advisory Com- 
mittee has made a number of recommendations to  
prevent some of the possible consequences il- 
luminated in the book “Silent Spring” (140). In  
much the same way, though on a much smaller 
scale, plastics for medical practice deserve equal 
attention. 
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Determination of Drug Absorption Rates 
Without Chemical Assay 


By GERHARD LEVY and KAREN E. MILLER* 


This study illustrates the possibility of determining absorption rates of certain drugs 
without using chemical assays. The method is based on the determination of the 
time of onset of a suitable pharmacologic response under conditions where a con- 
stant drug concentration gradient across the absorbing membranes is maintained. 
While particularly suitable to studies with fish and other aquatic animals, the method 
may also be applicable to mammals for determining the absorption rate of certain 
volatile substances or aerosols administered by the pulmonary route and of certain 


dissolved drugs administered by intestinal perfusion. 


NE OF THE most important considerations in 0 the pharmacologic and toxicologic evalua- 
tion of chemotherapeutic agents, pesticides, and 
other chemicals is their ability to pass across bio- 
logic membranes. Absorption studies ordinarily 
require chemical analysis of blood, urine, intestinal 
content, tissues, or of the solution from which the 
drug is being absorbed. At times, this require- 
ment can represent an almost insurmountable 
barrier because of the lack of a sufficiently sensi- 
tive or specific analytical method. Recently, we 
have developed and tested a mathematical model 
which describes the relationship between drug 
absorption rate, drug concentration in the aqueous 
medium, and time of Occurrence of a suitable 
pharmacologic effect in fish (1). This model is 
the basis for a novel method for the determina- 
tion of drug absorption rates without chemical 
analysis and is described in this report. 
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Levy and Gucinski have shown (1) that the time 
of death ( T L )  of fish due to passive absorption of a 
drug is related to the concentration (C) of that drug 
in t h e  aqueous medium in the following manner 


where L is the lethal dose of the drug, D is the ab- 
sorption rate constant, and A is the area of the ab- 
sorbing membrane. This relationship is based on 
the following requirements: (a) absorption occurs 
by passive diffusion and therefore is not a saturable 
process; (6)  the drug concentration gradient across 
the absorbing membranes remains essentially con- 
stant during the experiment; ( c )  the permeability 
characteristics of the membrane do not change with 
time or drug concentration over the time and con- 
centration range of the experiment; (d) drug elim- 
ination is negligible.during the time of the experi- 
ment; and (c)  the pharmacologic end point (death) 
occurs without significant delay after a given amount 
of drug (the lethal dose) has been absorbed. 


In essence, the requirement that absorption occur 
by passive diffusion is fulfilled by most nonphysio- 
logic substances; an essentially constant concen- 
tration gradient can.be maintained by using SUB- 
ciently high drug concentrations and relatively large 








Significance of Phosphorus-Nitrogen Ratio in U.S.P. Thyroid 
By ALBERT D. WILLIAMS, LESTER MEISTER, MARJORIE FAIRCLOTH, and 


WARNER H. FLORSHEIM 


Biologically defective U S.P. thyroid tablets which have appeared recent1 on  the 
American market have been prepared from triple strength U.S.P. desiccated)thyroid 
y w d e r  supplied by a European distributor. This  material, with an unnaturally 


igh iodotyrosine and low iodothyronine content, also has a phosphorus-nitrogen 
ratio greater than that found in  genuine U.S.P. thyroid. Chemical evidence suggests 
that suboptimally iodinated casein was added to thyroid powder to increase the 
organic iodine content of the blend. Artilicial mixtures have been prepared which 
closely resemble the physical, chemical, and biolo ical characteristics of known 


defective U.S.P. t h y r o i l  


CHEMICAL METHOD for the detection of bio- A logically defective but pharmacopeial thyroid 
preparations recently has been described (1). 
Since the organic iodine content in these samples 
met U.S.P. requirements, even though the thyronine 
iodine content was reduced, the balance of the 
organic iodine in the defective preparations was 
thought to  consist of nonhormonal iodinated organic 
compounds. Twenty-two of 24 biologically de- 
fective thyroid preparations studied have been 
traced to  a single European distributor of triple 
strength U.S.P. desiccated thyroid powder. 


The possibility existed that an unnatural iodinated 
protein had been added to genuine desiccated U.S.P. 
thyroid, resulting in a mixture with an organic 
iodine content of approximately 0.6%; the product 
had characteristics capable, on dilution, of sat- 
isfying all current U.S.P. requirements. Several 
iodinated proteins which could have been used 
for this purpose were iodinated casein, iodinated 
peanut protein, or artificially iodinated thyroid 
powder. 


More than 30 years ago, Gutman et al. (2) sug- 
gested the feasibility of adulterating desiccated 
thyroid with iodinated casein and pointed out 
that such adulteration would be undetectable by 
existing pharmacopeial methods. Although it is 
possible to identify such substandard thyroid 
preparations by biological and chemical means ( l ) ,  
the adulterant has not yet been directly identified. 
Evidence suggesting the presence of iodinated 
casein in defective U.S.P. thyroid is reported here 
based on established knowledge that casein is 
inexpensive and easily iodinated and may be the 
only known phosphoprotein having such charac- 
teristics. 


PROCEDURE 
Iodine Assay.-Methods for the determination 


of total iodine in thyroid, iodoproteins, and iodinated 
compounds have been described (1). 


Phosphorus Assay.-Powdered samples of thyroid 
or iodoprotein were extracted twice with 10% 
trichloroacetic acid (TCA) to remove inorganic 
phosphorus. The residue was extracted with di- 
methoxymethane. The phosphorus content of the . .  
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lipid-free, TCA-insoluble residue was determined 
by King's modification (3) of the Fiske and Sub- 
barow method (4). 


Nitrogen Assay.-Nitrogen analysis of the 
samples was done by a micro-Kjeldahl digestion, 
followed by steam distillation of the ammonia 
into boric acid for titrimetric measurement (5). 


Column Chromatography.-Dowex-1 anion-ex- 
change resin columns and eluting solutions were 
prepared as described by Galton and Pitt-Rivers 
(6). Following alkaline hydrolysis of 2MO-mg. 
samples of iodinated protein, desiccated thyroid 
or pure iodinated compounds (l), the filtered 
hydrolysates were neutralized and diluted to known 
volumes. Suitable portions were washed into 
Dowex-1 columns previously equilibrated with pH 
5.6 acetate buffer. The columns were developed 
with aqueous acetic acid of progressively decreasing 
pH, and the pH 1.8 and pH 1.4 effluents were col- 
lected separately. These effluents were analyzed 
for total iodine. The fraction of the total iodine of 
the original sample which appeared in the pH 1.8 
and in the pH 1.4 effluent then was calculated. 


Preparation of Poorly Iodinated Casein.-Casein 
was iodinated by a modification of a procedure of 
Reineke and Turner (7). To a solution of 1 Gm. 
NaHCOs in 700 ml. of water a t  TO", 20 Gm. of 
casein was added slowly with constant stirring. 
After the casein had dissolved, 0.5 Gm. of finely 
ground iodine was added slowly over a period of 4 
hours with constant stimng, and the mixture was 
stirred at 70' for 20 hours. After dialyzing against 
flowing tap water overnight, the iodinated casein 
was precipitated by slow addition, with constant 
stirring, of 3 N HCI to  pH 3.9. The precipitate 
was recovered by filtration and washed with 
acidified (pH 4.0) water. This iodocasein (sample 
115) was dried a t  60". ground to pass through an 
80-mesh screen, and had an iodine content of ap- 
proximately 1 yo. Another iodocasein (sample 119) 
was prepared as described above, except that 
iodination and incubation temperatures were 40". 


RESULTS 
Column Chromatography.-Recovery of the 


following pure compounds from Dowex-1 anion- 
exchange columns was evaluated: sodium L- 
thyroxine (T4) ,  sodium ~-3,3',5-triiodothyronine 
(T3) ,  ~-3,5diiodothyronine (T-2), ~-3,5diiodo- 
tyrosine (DIT), and L-3-monoiodotyrosine (MIT).' 
Alkaline hydrolysates of duplicate samples of each 
pure compound were neutralized and filtered. 
Portions of the diluted filtrates were chromato- 


'These compounds were purchased from Cplifornia 
Corporation for Biochemical Research. Los Angela, Calif. 
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TABLE L-DowEx-I COLUMN RECOVERY OF 
HYDROLYZED PURE COMPOUNDS 


% of Total Iodine in Compd. 
Iodine in pH 


Compd. 1.8 Effluent 1.4 Effluent 
Iodine in pH 


Sodium L-thyroxine 1 .2  92.7 
Sodium ~-3,3',5- 


triiodoth yronine 2 .0  75.2 
~-3,5-Diiodothyronine 0 .6  100.0 
L-3.5-Diiodotyrosine 95.4 2 .3  
L-3-Monoiodotvrosine 94.7 1 .2  


Journal of Pharmaceutical Sciences 


Phosphorus Content of 1odoproteins.-The con- 
tent of phosphorus and nitrogen in thyroglobulin, 
iodocasein, iodoardein, and effective and defective 
U.S.P. thyroid samples was measured and the 
mean values, expressed as milligrams of phosphorus 
per gram of nitrogen, are given in Table 111. The 
phosphorus-nitrogen (P/N) ratio in defective U.S.P. 
thyroid is significantly higher ( p  < 0.001) than in 
effective thyroid. Iodinated casein has the highest 
P/N ratio. 


Studies with Artificial Mixtures.-Sufficient sub- 
optimally iodinated casein (approximately 1 % 
organic iodine) was blended with effective U.S.P. 
thyroid powder to  produce mixtures with a total 
organic iodine content of approximately 0.6%. 
The components in Table IV used for the prepara- 
tion of two artificial mixtures containing no de- 
tectable inorganic iodine are listed together with 
the total iodine content of each. The iodotyrosine 
and iodothyronine iodine content and the P /N 
ratios of each mixture in Table IV can be 
compared to corresponding values in Tables I1 and 
I11 for effective and defective U.S.P. thyroid 
samples. The biological activity of one of the 
artificial mixtures reported in Table IV was es- 
timated to be less than 60Y0 of that of a standard 
thyroid preparation; the other artificial mixture 
was inert. 


DISCUSSION 


In this extension of an earlier report of chem- 
ically detectable differences between biologically 
effective and defective U.S.P. thyroid (I) ,  a 
high iodotyrosine and a low iodothyronine iodine 
content of defective U.S.P. thyroid has been dem- 
onstrated (Table 11). Estimates of the M I T  + 
DIT and T-4 + T-3 iodine content of effective 
desiccated thyroid are similar to  those reported 
for hydrolysates of fresh thyroid glands from several 
species (8, 9). A low iodothyronine and a high 
iodotyrosine content in suboptimally iodinated 
casein having a total organic iodine content of 
about 1% has been observed by Roche and Michel 
(10). 


The mean P/N ratio of the iodocasein samples 
(Table 111) agrees well with published data for 
casein, a phosphoprotein (11). In accordance 
with others (12). thyroglobulin has a low P/N 
ratio. The results (Table 111). an indication of a 
P /N ratio significantly higher in defective than in 
effective U.S.P. thyroid, seem notably relevant 
since they strongly suggest the presence of iodinated 
phosphoprotein in defective thyroid. The in- 
creased P/N ratio in the defective preparations 
is explained most readily by assuming that an 
iodocasein was blended with desiccated thyroid 
powder. This would raise the organic iodine con- 
tent of the mixture to triple strength U.S.P. but 
with a concomitant elevation of phosphorus. 


Determination of the P /N ratio in thyroid offers a 
secondary procedure for detection of nongenuine 
thyroid. Although the P / N  ratio of commercial 
thyroid preparations seems at present a reliable 
indicator of adulteration by iodinated casein, it 
does not necessarily predict the hormonal content 
of these preparations. The hormonal content 
of iodocasein is chiefly related to its organic iodine 
content, for which there is an optimal level approx- 
imating 6% (7, 10). Optimally iodinated casein 


graphed on Dowex-1 columns, collecting the pH 
1.8 and the pH 1.4 effluents separately. 


The values for iodine recovered in the pH 1.8 
and in the pH 1.4 effluents (Table I), expressed as 
per cent of total iodine in each compound, are the 
averages of duplicate experiments, which agreed 
closely. These results show a %Yo recovery of 
MIT and DIT iodine in the pH 1.8 effluent with 
only 1-2% appearing in the pH 1.4 effluent. In 
contrast, of the T-4, 75% of the T-3, and the 
bulk of the T-2 iodine were recovered in the pH 
1.4 effluent with only 1-2% appearing in the pH 1.8 
effluent. These results are comparable to those 
reported by Galton and Pitt-Rivers (6) .  who sep- 
arated 1181-labeled iodinated tyrosines and thyro- 
nines by Dowex-1 anion-exchange column chro- 
matography. 


In the results reported here, the iodine in the 
pH 1.8 effluent from the Dowex-1 columns is con- 
sidered to represent DIT + M I T  (iodotryrosine) 
iodine, while the iodine in the pH 1.4 effluent repre- 
sents T-4 + T-3 (iodothyronine) iodine. No 
attempt was made to separate M I T  from DIT or 
T-4 from T-3. 


The mean values for DIT + MIT and T-4 + 
T-3 iodine of several different iodocaseins. an 
iodoardein sample,* and a number of effective and 
defective U.S.P. thyroid samples appear in Table 11. 
The organic iodine content of each preparation was 
determined after two extractions with TCA to 
remove inorganic iodine known to  be present in 
some of the synthetic iodoproteins. TCA-soluble 
iodine was not found in the U.S.P. thyroid samples 
or in iodocasein samples 86, 115, and 119. How- 
ever, TCA-soluble iodine constituted 1&3070 of 
the total in iodoardein and in iodocasein samples 
70 and 46. 


The iodothyronine iodine contents of samples 86 
and 70, unlike those of iodotyrosine iodine, were 
similar (Table 11). Both were samples of iodinated 
casein'; sample 86 was supplied as pharmaceutical 
grade, ie., free of inorganic iodine. Sample 70 
contained appreciable inorganic iodine, and the 
possibility that the alkaline hydrolysis procedure 
resulted in some iodination of tyrosine residues was 
not investigated. 


The mean iodothyronine iodine content of the 
effective thyroid samples is significantly higher than 
that of the defective samples ( p  < 0.001). Con- 
versely, the mean iodotyrosine iodine content of 
the defective samples is higher (p < 0.001) than 
that of the effective samples (Table 11). 


2 Iodinated peanut protein. Marketed as Ardein by Im- 
perial Chemical Industries Ltd. England. Kindly supplied 
by Professor A. S. Parkes: Cambridge, England. 


J Marketed as Protamone by Agri-Tech, Inc., Kansas 
City, Mo. 
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TABLE 11.-FRACTIONATION OF HYDROLYSATES OF IODINATED PROTEINS AND DESICCATED THYROID ON 
DOWEX-1 COLUMNS 


yo of Organic hiin-- 
Organic DIT + MIT Iodine T-4 + T-3 Iodine 


Sample Iodine. yo ( p ~  1.8 EtBuent) (pH 1.4 Eluent)  
Iodocasein (No. 86)" 5.92 29.9 19.7 
Iodocasein (No. 70)" 5.10 48.5 20.9 
Iodocasein (No. 46y 6.15 54.9 14.1 
Iodocasein (No. 115) 0.96 80.4 11.3 


Iodoardein 0.70 24.5 8.4 
Effective U.S.P. thyroid 44.4 f 1.2e 14.4 f 0.7c 


( 11 samples) : (38.7-47.6) (11.6-19.6) 
Defective U.S.P. thyroid 61.5 f 1.7 7 .7  f 0.4 


(11 samples): (53.1-67.5) (6.7-10.3) 


Iodocasein (No. 119) 0.89 86.2 4.5 


0 Kindly supplied as Protamone by Agr-Tech, Inc., Kansas City, Mo. b Produced by Agri-Tech, Inc., by a profess since 
modified. c Mean, standard error, and range of v d u a .  


TABLE III.-PHOSPHORUS CONTENT OF IODINATED 
PROTEINS AND DESICCATED THYROID 


Sam- 
ples, --mg. P per Gm. N- 


Sample No. Mean S.E. Range 
Effective U.S.P. 


Thyroglobulin 3 4.40 0.57 3.7- 5.6 
Defective U.S.P. 


thyroid 10 30.2" 3.17 18.8-52.0 
Iodocasein 5 56.8O 4.10 46.6-67.7 
Iodoardein 1 4.6 


thyroid 9 14.0 0.71 11.1-17.6 


0 Significantly 
(I3 < 0.001). 


different from c6ective U.S.P. thyroid 


may have a thyroxine content of 1% in addition 
to  small but biologically significant amounts of 
triiodothyronine ( 13)although compared to desic- 
cated thyroid, the hormone in iodocasein is bio- 
logically less available perorally in the human (14) 
and in the rat (15). 


Present analytical procedures (1.16) overestimate 
the iodothyronine content in iodocasein. There- 
fore, it is theoretically possible to adulterate U.S.P. 
thyroid with an optimally iodinated casein yielding 
a product with substandard clinical thyroactivity 
yet having an acceptable P /N ratio and an appar- 
ently satisfactory iodothyronine content. However, 
commercial adulteration of thyroid with optimally 
iodinated casein probably would be precluded due 
to  the effort and expense involved. 


The mixtures of suboptimally iodinated caseins 
with U.S.P. thyroid closely mimic triple strength 
U.S.P. thyroid powder physically but are low in 
biological activity. Although the total organic 
iodine content is similar in these mixtures (Table 
IV), the iodothyronine content vanes by a factor of 
2, being dependent on the iodocasein moiety 
(Tables I1 and IV). 


Since Ardein may be commercially available and 
has been studied in its iodinated forms for thyro- 


activity (17). the possibility existed that iodo- 
ardein had been used to adulterate desiccated 
thyroid. However, the low P / N  ratio and the 
relatively low iodotyrosine content of the single 
iodoardein sample available for study (Tables I1 
and 111), in contrast to high corresponding values 
in defective U.S.P. thyroid, make this possibility 
most unlikely. 


It seemed possible that desiccated thyroid powder 
could have been artificially iodinated to increase the 
organic iodine content of the material. Such treat- 
ment would not change the P /N ratio of the product; 
in view of the high P/N ratios of the defective 
thyroid samples, it  is improbable that thyroid 
powder was iodinated directly. 


SUMMARY AND CONCLUSIONS 
Appropriate amounts of two noncommercial 


iodinated casein preparations have been mixed 
with effective U.S.P. thyroid to  obtained two 
products, each having a total iodine content equiv- 
alent to  triple strength U.S.P. thyroid and con- 
taining no inorganic iodine. These mixtures have 
biological activities varying from inert to  60% of a 
standard commercial thyroid preparation and have a 
P/N ratio higher than genuine U.S.P. thyroid. 
Chemical characteristics (P/N ratios and iodo- 
thyronine and iodotyrosine content) of the bio- 
logically less active artificial mixture resemble 
corresponding values for a group of biologically 
defective commercial thyroid preparations. Clini- 
cally defective commercial U.S.P. thyroid prep- 
arations differ strikingly from effective samples in 
relative iodothyronine and iodotyrosine content 
and in P /N ratios. 


The evidence presented supports the hypothesis 
that suboptimally iodinated casein, free of in- 
organic iodine, has been added to desiccated 
thyroid, raising the total iodine content of the mix- 
ture to a level equivalent to triple strength U.S.P. 
thyroid. Such material, satisfying all current 


TABLE IV.-CHARACTERISTICS OF ARTIFICIAL THYROID MIXTURES 


Mixture Iodinw DIT + MIT T-4 + T-3 Mg. P 
Organic 7% of Organic Iodin- 


No. Components % Iodine Iodine Gm. N Bioassayb 
1 Iodocaseinc 0.620 42.1 13.1 45.8 <SO% 


2 Iodocasein' 0.665 51.2 6.3 46.7 Inert 


Desiccated 
thyroidd 


Desiccated 
thyroidd 


a The artificial mixtures contained no detectable inorganic iodine. 
111.. for bioassay of these samples by a rat goitu-prevention method. 
U.S.P. desiccated thyroid powder (0.20% iodine). 


b The authors thank the Wilson Laboratories. Chicago, 
0 Sample 115, Table I1 (iodinated at 70O). d E6edive 


a Sample 119, Table I1 (iodinated at 409 .  
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U.S.P. chemical requirements for desiccated thyroid 
--although biologically substandard-may thus 
have been used for the manufacture of defective 
U.S.P. thyroid tablets. I t  has not been possible to  
ascertain with certainity the primary source of the 
nongenuine thyroid material. 
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Determination of Iron Content in Mice 
By THEODORE H. EICKHOLT’ and WALLACE P. WHITE 


A colorimetric method was employed in the estimation of the normal iron content 
of mice. An estimate of the total amount of iron present per mouse was 1.457 f 
0.152 mg. This represented an average of 52 f 6 mcg. per Gm. body weight of 
mouse with approximately 11.5 per cent of the total iron per mouse present in the 


gastrointestinal tract and 88.5 per cent in  the remainder of the carcass. 


N ESTIMATION of normal iron content of mice, A the total amount contained therein compared 
with the amount contained in the separated entire 
gastrointestinal tract, is indicated in studies of iron 
absorption following oral administration. 


There are numerous methods available for esti- 
mating iron content; o-phenanthroline, a,a’-dipyr- 
idyl, and benzidine methods (1-13). A sodium 
sulfocyanate or potassium thiocyanate method was 
described by Kennedy (14), improved and simplified 
by Farrar (15). Andes and Northup (16), and Wong 
(17), resulting in the method for the determination 
of iron in blood and hemoglobin published by the 
Fisher Scientific Company (18). 


Employing a modification of the Fisher method, 
i t  was the purpose of this investigation to  determine 
an estimate of the normal amount of iron present 
in a whole mouse carcass and that present in the 
separated gastrointestinal tract. This latter method 
of separation of carcass and gastrointestinal tract 
is essentially the method described by Cori el al. 


EXPERIMENTAL 
( 19-2 1 ). 


The method employed was a colorimetric analysis 
with the Fisher model AC electrophotometer. The 
procedure as published (18) was followed except for 
the elimination of the tungstate solution. Since 
the tungstate solution was only involved in precipi- 
tating protein, it  was unnecessary in the procedures 
employed in this investigation. 


The iron, after being liberated and oxidized with 
sulfuric acid and potassium persulfate, was treated 
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with potassium thiocyanate. The electrophotom- 
eter scale reading of the resulting colored solution 
was determined, and the iron concentration was 
calculated from this using a calibration curve. 


Following the determination and calculation of 
the standard iron concentration curve, as described 
in the Fisher method, iron determinations were 
done on whole mice fasted at least 20 hours but not 
longer than 24 hours. Six B4BC male mice, 5 
weighing 27 Gm. and one weighing 26 Gm., were 
sacrificed and digested in a Kjeldahl ilask using con- 
centrated sulfuric and nitric acids. The complete 
digestion resulted in a clear solution of sulfuric acid 
with or without a small amount of white precipitate 
(calcium salts) in the bottom of the flask. 


The sulfuric acid solution was cooled and slowly 
diluted to 100 ml. with distilled water and was used 
as the sample solution for iron determination using 
the modiiied Fisher method. 


At all times, precautions were taken to use glass 
distilled water and carefully cleaned glassware. 


A separate determination on the gastrointestinal 
tract and on the remainder of the mouse carcass 
was done on three 32.5-Gm. B4BC male mice em- 
ploying the same procedure. 


In experiments done to  observe the method and 
obtain more preliminary control figures for the 
amount of iron present, mice in groups of 6 were 
fasted, sacrificed, separated as to carcass and 
entire gastrointestinal tract, digested, and an aliquot 
amount obtained for sample determination. In  a 
number of animals equaling that of the controls, 
the same procedure was employed, except that 1 
hour prior to sacrificing the animals received a total 
oral dose of 1, 2, or 4 mg. of ferrous sulfate in solu- 
tion, the concentration of which was varied to pro- 
vide near equal volumes orally administered. 


Ordinarily, the feces had not been dealt with. 
In  two of the above groups of animals, one a con- 








Phosphorus-Nitrogen Compounds I. Carboxy and 
Carbethoxy-Substituted Aryl Derivatives 


By LINDLEY A. CATES* and TONY E. JONES 


Since certain aromatic compounds i n  which carboxy and carbethoxy groups are 
situatedpara to an amino group possess medicinal value, a number of similar organo- 
phosphorus derivatives were prepared. The  compounds that were synthesized in- 
clude three phosphorodiamidic acids, two phosphoramidates, a phosphorodiamidic 


chloride, and a phosphenimidic amide. 


OSPHORODIAMIDIC ACIDS are generally prepared p” by the hydrolysis of the corresponding phos- 
phorodiamidic chlorides which can be derived from 
the reaction of either 2 or 4 moles of a primary or 
secondary amine with 1 mole of phosphorus oxy- 
chloride in an inert solvent’ (1, 2). A modification 
of this procedure involves the interaction of a 
phosphorus oxychloride-pyridine complex with the 
amine in chloroform solution. This method was 
employed by Audrieth and Toy (3) for the prepara- 
tion of N-substituted derivatives of phosphoryl 
triamides using a ratio of POCI~:amine:CaHIN = 
1:6:3. This scheme can also be used to  prepare 
phosphorodiamidic chlorides in good yield. 
However, the poor solubility of some amines in 
chloroform, and of the POCla-C&N complex in 
solvents other than chloroform (ie., dioxane), 
restricts the applications of this method. Primary 
amines (2 moles) react smoothly with phosphoryl 
halides (1 mole) in inert solvents’ to form the 
corresponding phosphoramidates in a manner 
analogous to the preparation of phosphorodiamidic 
acids (4). 


Michaelis (2) prepared an ethyl phosphorami- 
date by reacting the chloro derivative with sodium 
ethoxide. The action of a nonaqueous alkaline 
reagent on a phosphorodiamidic chloride, however, 
results in dehydrohalogenation of the compound 
with the formation of a phosphenimidic amide 
(2, 5). Such a product results from the reaction of 
N, N’ - di( p - carbethoxypheny1)phosphorodiamidic 
acid with sodium ethoxide. Treatment of a carb- 
ethoxy-substituted phosphorodiamidic acid with an 
aqueous alkaline reagent under controlled conditions 
yields a hemiester. 


It has been shown that some compounds contain- 
ing a phosphorus-nitrogen bond have high solubilities 
in various solvents (3). This property is attributed 
to the pronounced hydrogen bonding tendencies 
displayed by the phosphoryl group. Since the 
solubilities of such compounds are remarkable 
even in substances of large molecular weight, some 
difficulty is encountered in their isolation and puri- 
fication. 


Several organophosphorus compounds containing 
carboxyl groups are reported as having high melting 
points. and in some cases no definite melting points 
are indicated (6. 7). These latter compounds 
apparently decompose over a range without having 
true melting points. 
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1 We found reaj~ent dioxane to be a good solvent when 
#-aminobenzoic snd  constitutes the amine in this reaction. 


p-Aminobenzoic acid (PABA) and its esters have 
been extensively investigated for various thera- 
peutic applications. The acid is considered to  be 
an essential nutrilite for a number of microorganisms 
whose biological activity is dependent upon in- 
corporation into the pteroylglutamic acid molecule. 
PABA has also been shown to be valuable in treat- 
ing rheumatic fever and human rickettsia1 in- 
fections (8 ) .  I t  is also interesting that large amounts 
of PABA are reported to  cause a striking lowering 
of the leucocyte counts in some cases of myelo- 
genous leukemia (9). Alkyl esters of p-amino- 
benzoic acid are well known for their local anesthetic 
properties. Substitution of the amine nitrogen 
of p-aminobenzoates in certain cases (ie., tetra- 
cahe) has resulted in increased anesthetic potency; 
whereas similar alterations of simple esters often 
produce a loss of activity. 


To ascertain the effect of phosphorus substitution 
on the physiological activity of PABA and its 
ethyl ester, certain organophosphorus compounds 
have been synthesized. Compounds containing the 
N-P link are quite stable at biological pH (10); 
however, a potentially free amino group is present in 
these substances since hydrolysis of this bond may 
be accomplished through the enzymatic influence of 
phosphamidases. This enzymatic hydrolysis con- 
stitutes the rationale for the selective cytotoxic 
activity of some alkylating antineoplastic agents 
(11). 


EXPERIMENTAL’ 


N,N’ - di(p - Carboxypheny1)phosphorodiamidic 
Acid (I).-A mixture of 60 mmoles of p-aminoben- 
zoic acid in 200 ml. of reagent dioxane and 15 
inmoles of phosphorus oxychloride were stirred 
under reflux for 1 hour. The formed precipitate 
was separated from the cooled reaction mixture and 
stirred with dilute hydrochloric acid. The sus- 
pension was filtered, the residue washed with water, 
and recrystallized from boiling water to  yield the 
white crystalline product. 
N,N’ - di(p - Carbethoxypheny1)phosphorodi- 


amidic Acid (II).-A solution of 50 mmoles of ethyl 
p-aminobenzoate in 150 moles of dry benzene was 
slowly added to  100 ml. of dry benzene containing 
26 mmoles of phosphorus oxychloride. No reaction 
was apparent at 5O, but a precipitate began to form 
upon heating. The reaction mixture was refluxed 
for 4 hours and allowed to stand overnight. The re- 
action mixture was then taken to  dryness with an 
air stream and steam bath. Recrystallization of the 
residue from hot, dilute ethanol yielded the white 
crystalline product. 
N,N‘ - di (p  - Carbethoxypheny1)phosphorodi- 


amidic Chloride (III).-A mixture of 100 mmoles of 
* See Tables I and 11. 
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TABLE ~.-PHOSPHORODIAMIDIC ACIDS, CHLORIDE, AND PHOSPHENIMIDIC AMIDE 


0 


7 Analysis lo - 
C H 


No. R R’ X Y M.p.,  C.0 Calcd. Found Calcd. Found 
I COOH COOH OH €I 200dec. so o a 4 2 Q  A 9  - _ . ”  ^ . -  -. - 
11 COOEt COOEt OH H 200-202 dec. 55.1 55.0 5.4 5 .2  
111 COOEt COOEt CI H 172-173 56.5 57.0 5 . 3  5 . 8  
IV COOH COOEt OH H 154-157 52 8 52 5 4.7 4.8  
v COOEt COOEt . .  . .  188-189 57.7 57.7 5 .1  6.0 


LI All melting points are uncorrected. 


ethyl p-aminobenzoate, 17 mmoles of phosphorus 
oxychloride, and 50 mmoles of pyridine were reacted 
in  reagent chloroform according to the method of 
Audrieth and Toy (3). The pink, waxy residue was 
washed with dilute hydrochloric acid and water 
until the washings gave a negative chloride test with 
silver nitrate T.S. Recrystallization of the residue 
from ethanol following Norit A treatment yielded 
the white crystalline product. 
N - (p  - Carboxyphenyl) - N’ - (p  - carbethoxy- 


pheny1)phosphorodiamidic Acid (IV).-A suspension 
of 1.3 mmoles of I11 in 50 ml. of 10% sodium hy- 
droxide was stirred and heated a t  70” for 15 minutes. 
The reaction mixture was filtered and the colorless 
filtrate acidified with concentrated hydrochloric 
acid to  form, upon cooling, the white crystalline 
product. 
N,N‘ - di(p - Carbetboxypheny1)phosphenimidic 


Amide (V).-.4 mixture of 2.7 mmoles of I11 in 25 
moles of absolute ethanol and 20 inmoles of sodium 
metal previously reacted with 20 ml. of absolute 
ethanol was heated and stirred for 45 minutes. The 
formed suspension was added to 300 ml. of cold 
water, and the resulting solution was rendered neu- 
tral with concentrated hydrochloric acid. Cooling 
of this solution produced a white precipitate that was 
collected and suspended in 10% sodium carbonate 
solution. The suspension was heated and stirred 
for 15 minutes, filtered, and the residue washed with 
water until the washings were neutral. Recrystal- 
lization of the residue from dilute ethanol yielded 
the white crystalline product. 


Diphenyl pCarbethoxyphenylphosphoramidate 
(VI).-When 100 mmoles of ethyl fi-aminobenzoate 


TABLE I ~.-PHOSPHORAIMIDATES 


-Analysis yo- 
P 


No. R M.p.,  C.. Calcd. Found 
\‘I COOEt 151-152 7 .8  7.9 
VII COOH 194-195 8.4 8 . 2  


a All melting points are uncorrected. 


pink waxy solid which was recrystallized from 
ethanol-dilute hydrochloric acid to yield the 
white product in the form of needles. 


Diphenyl pCarboxyphenylphosphoramidate (M). 
-A mixture of 100 mmoles of p-arninobenzoic acid 
and 50 mmoles of diphenylphosphoryl chloride in 250 
ml. of reagent dioxane was refluxed for 1 hour. The 
reaction mixture was cooled and the formed brown 
precipitate was collected. This material was boiled 
with water and filtered. The pink crystals that 
developed in the cooled filtrate were stirred with 
excess glacial acetic acid. The residue was washed 
with water and recrystallized from boiling water to 
yield the product in the form of white needles. 


REFERENCES 
(1) Caven R. M. J Chcm. SOC. 81, 1362(1902). 
(2) Michahis A. ’ A h .  326 12$(1903). 
(3) Audrieth.’L. ‘F., add Tdy, A. D. P., J .  A m .  Chcm. 


SOL.. 64. 1337f1942). 
(4) Autenheth ‘W. Brr.  30 2369(1897). 
(5) Michaelis A. i n n .  ’407: 290(1915). 18) I b i d . .  293: lQi(1896j.  
7 )  Arnold. G. B.. and Hamilton. C. C.. J .  Am. Chcm. 


and 50 mmoles of diphenylphosphoryl chloride in 
250 ml. of dry benzene were heated, a precipitate 
formed which disappeared at reflux temperature. 
The reaction mixture was allowed to reflux for 1 hour, 
and the clear solution evaporated to near dryness 
with a warm air stream. The residue was stirred 


SOC.. 63, 2637(1941). 
(8) b d m a n ,  L., a?d Gilman. A,, “The Pharmacological 


2nd ed., The Macmillan Co., New 


(6) Zaraionetii S. J. I). el d. BIood 3 780(1948). 
(10). Saunders. B,. C., and Todd. A,,  “ h k e  Aspects of the 


Chemistry and TOXIC Action of Organic Compounds Contain- 
ing Phosphorus and Fluorine.” Cambridge University Press. 
London, 1957 p. 173. 


(11) Freidlhan. 0. M., and Seligman, A. M., J .  Am. Chcm. 
SM., 7 6 , 6 5 5 ( 1 ~ ~ ) .  


Basis of Thera eubcs 
York N. Y. i f 6 0  p. i n s .  


with an excess of dilute hydrochloric acid to  yield a 








JOURNAL OF 


March 1964 volume 53, number 3 


Pharmaceutical 
Sciences 


Review Article 


Naturally Occurring Coumarins and Related 
Physiological Activities 


By TAITO 0. SOINE 


PATH (l), DEAN (2, 3), and Reppel (4) have S written comprehensive reviews pertaining to 
the chemistry of the naturally occurring cou- 
marins, the latest being that of Dean (3) in 1963. 
Mention should be made of the compilation by 
Karrer (5) in 1958 wherein he lists the coumarins 
that had been isolated from natural sources up to 
the date of publication, together with references 
to their isolation, structure elucidation, and 
synthesis. Most of the authors have commented 
briefly on the physiological and pharmacological 
activities associated with this group of com- 
pounds as well. The survey of von Werder (6) in 
1936 concerning the coumarins as therapeutic 
agents should be mentioned also in this respect. 
Further, Bose (7) has summarized most of the 
biochemical properties of the natural coumarins. 
Nevertheless, a perusal of the literature indicates 
that no recent review of the physiological activi- 
ties of mumarins has been forthcoming; there- 
fore, the present writing attempts to bring to- 
gether some of the interesting work in this con- 
nection. 


Coumarins were discovered originally in plants ; 
the name of the group derives from “coumarona,” 
the common name of Coumarouna odorah, from 
which coumarin itself was isolated first by Vogel 
in 1820. For many years naturally occumng 
coumarins were the only ones known, and it was 


Received from the Department of Pharmaceutical Chem- 
istry, College of Pharmacy, University of Minnesota, 
Minneapolis. 
The author thanks Mr. P. K.  Gupta. graduate student in 


parmaceutical chemistry, for assistance in surveying the 
iterature. 


not until the synthetic methods of Perkin and 
von Pechmann in the latter part of the 19th 
century combined to produce virtually any 
synthetic coumarin desired. In the words of 
Spiith, the synthetic output of coumarin deriva- 
tives of almost every imaginable type was limited 
only by “die Phantasie und die experimentellen 
Moglichkeiten der Chemiker.” However, it  is 
not the purpose of the present writing to cover 
the vast literature pertaining to synthetic 
coumarins, except as it impinges on the basic 
premise of the review---namely, the physiological 
activity of naturally occurring coumarins. In 
this sense, those synthetic derivatives that bear 
upon the definition of the structure-activity 
profile of the natural prototype will be considered. 
I t  is obvious, as in many other fields, that the 
natural prototype may not be the best representa- 
tive exhibiting a given physiologic activity. 
Nonetheless, the natural product serves a useful 
purpose in directing further synthetic effort and, 
on occasion, withstands the competition of its 
synthetic congeners (e.g., coumestrol and psora- 
len). I t  is quite safe to say, however, that all 
medicinally useful coumarins have had their 
origins in natural products. 


Natural Occurrence and Biosynthesk- 
Coumarins occur in all plant parts from roots to 
flowers and fruits and are found widely spread in 
various plant families. Spath (1) and Reppel (4) 
have listed the plant sources and the parts of 
plants associated with coumarins. In general, they 
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are found especially in the grasses (Porn), orchids 
(Orchidaceue), legumes (Leguminosae), umbelli- 
fers (UmbeDijerae), Rutaceae, Labiahe, and other 
families of lesser importance. They are rarely, if 
ever, found in the conifers, cacti, lilies, or prim- 
rose. More recently, a few complex coumarins 
have been found as metabolic products of bacteria 
and fungi, the most recent being the ailatoxins 
which are the result of  Aspergillus jlavus infection 
of oil-seed cake derived from peanuts (8). Only a 
few coumarins have been obtained from animal 
sources, the outstanding ones being the two 
yellow pigments isolated by Lederer (9) from 
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castoreum. The simple hydroxy and methoxy 
compounds, as well as coumarin itself, occur 
widely in many different families, but as the 
complexity of the compounds increases they seem 
to be more and more restricted with respect to 
familial occurrence. Thus, coumarin, umbelli- 
ferone, scopoletin, and esculetin occur extensively 
in many families; but the more complex psoralen, 
nodakenin, xanthyletin, and calophyllolide occur 
in only one or two families. However, in the 
latter case, the isolations have not been confined 
always to a single genus or species. 


A complete consideration of the biosynthesis of 


0 OH OH OH OP OH OH 
1 1 1  II I l l  


HOOC-C=CH~ + OHC-CH-CH-CH~OP - HOOC-C-CH~CH-CH-CH-CH~OP 
Phosphoenol D-Erythrose 2-Keto-3-deoxy- D -arabo-heptonic 
pyruvic acid phosphate acid 7-phosphate 


1 
+2H 6 . - HI0 Hq.;); HO $lH - 0 ‘OH 0 


OH OH OH 
Shikimic acid 5-Dehydroshikimic acid 5-Dehydroquinic acid 
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COOH 
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OH 


lo I FF R - 
o-OH-Cinnamic acid (R-H) 
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R H OH 
Prephenic acid Phenylpyruvic acid (R = H) 


p -OH- Phenylpyruvic acid (R = OH) 


I 
COOH 


* 
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(deaminase) 


R R 
Phenylalanine (R = H) 


Tyrosine (R = OH) 
Cinnamic acid (R = H) 


I 
/ COOH 


O-GlUC. 
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R R 
Coumarin 


6 
0-Glucoside 


Fig. 1.-Shikimic acid pathway to coumarins. 
Key: P = phosphate, R = H or OH as indicated, and Gluc. = glucosyl. 
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geners, samidin, and dihydrosamidin. On the 
other hand, Abu-Shady utilized only the seed- 
free umbels and, by a relatively straightforward 
extraction and crystallization, obtained visnadin 
in good yield and in an excellent state of purity. 


For the most part, isolation procedures de- 
pend upon successive extraction with solvents of 
increasing polarity. Thus, petroleum ether is 
frequently used as the initial extraction men- 
struum and has the advantage that most of the 
oxygenated coumarinic materials are not particu- 
larly soluble in it, although it must be pointed out 
that the oils extracted together with the couma- 
rins tend to exert a solubilizing effect. A quick 
wash of the plant material with ice-cold petroleum 
ether (19) often removes much of this oil without 
undue sacrifice of coumarin material. As a 
result, coumarins quite frequently crystallize 
directly from the concentrated extract either dur- 
ing Soxhlet extraction or on standing and further 
concentration and cooling of the extract. Ad- 
vantage, however, may be taken of the alkali 
hydroxide solubility and acid insolubility of most 
coumarins to separate them from other alkali- 
insoluble constituents in the extract. Plant 
acids are separated easily from coumarins by 
suitable use of sodium bicarbonate or sodium car- 
bonate solutions which solubilize the acids only, 
the coumarins being soluble only in alkali 
hydroxides with or without the use of added al- 
cohol. Petroleum ether may be omitted (and 
often is) and direct ether extraction may be 
employed. In either case, the above purification 
procedure may be used, although one must be 
cognizant of the possibility of facile hydrolysis 
of alkali-sensitive groups. This is particularly 
true of compounds such as samidin and its con- 
geners (17) and also of pteryxin and suksdorfin 
(20). In  these cases, a rapid expulsion of the 4'- 
acyloxy group takes place in the presence of 
alkali. Following extraction with petroleum 
ether and/or ether, the use of methanol or 
ethanol as the menstruum often results in the for- 
tuitous crystallization of coumarinic glycosides. 
However, if no crystallization occurs, the gly- 
cosidic materials may be obtained by treatment 
of the extract in the usual way, such as the lead 
method, etc. In the event that the glycoside 
per se is not desired or is not obtainable, i t  is 
customary to cleave the coumarinic glycosides 
hydrolytically with acid or enzyme, then to re- 
cover the aglycones in the normal fashion already 
described. In any event, an effort should be made 
to identify the coumarins present in the extracts 
before chemical treatment so that comparisons 
can be made following such treatment to detect 


coumarins is somewhat beyond the scope of this 
review, but it may be pointed out that this field 
of interest is still in its infancy and much can be 
expected in the future. Being phenylpropanoid 
compounds, it  has been of considerable interest to 
researchers to determine which of the two known 
(10) major pathways is involved in coumarin 
biosynthesis. These are the Birch-Donovan 
acetate pathway and the shikimic acid pathway. 
The acetate route involves head-to-tail condensa- 
tion of acetate units to build up hydroxylated 
aromatic rings and has been shown not to be the 
major pathway to cournarins, although coumes- 
trol appears to be an exception, being obtained 
by way of the isoflavone route ( 1  1). On the other 
hand, the shikimic acid pathway (Fig. 1) has been 
demonstrated as definitely involved. The initial 
step is a condensation of phosphoenolpyruvic acid 
with D-erythrose phosphate to form 2-keto-3- 
deoxy-D-arabo-heptonic acid 7-phosphate which 
cyclizes to 5-dehydroquinic acid. This, in turn, 
proceeds to 5-dehydroshikimic acid and then to 
shikimic acid which, by way of its 5-phosphate, 
condenses with another mole of phosphoenol- 
pyruvic acid to form prephenic acid. The latter 
aromatizes to yield phenylpyruvic acid (or its p 
hydroxy derivative), then proceeds to phenylala- 
nine (or tyrosine). Enzymatic deamination of 
phenylalanine, for example, provides cinnamic 
acid which has been shown to undergo o-hydrox- 
ylation followed by glucoside formation. The 
glucoside, in some manner, is finally converted to 
coumarin. The above sketch of the biosynthetic 
pathway to coumarins is admittedly brief; the 
reader is directed to the recent papers by Grise- 
bach and Ollis (12) and Brown (13) for a more 
complete discussion together with key references. 
Brown points out that there are actually only a 
few of the simple coumarins about which much is 
known, largely through C1' tagging experiments. 
The growing activity in the field, however, is well 
illustrated by the work of Chambers, et al. (14), 
and Bunton, et al. (15), on the biosynthesis of 
novobiocin, and the work of Grisebach, et al. (16), 
on the biosynthesis of coumestrol. 


Isolation Methods.-Ordinarily, the plant 
material is milled to a suitable state of sub- 
division and extracted in conventional types of 
apparatus. That the selection of the proper plant 
parts may be of great importance is emphasized 
by the comparative studies on isolation of 
visnadin by Smith, et al. (17), and Abu-Shady 
(18). In the former isolation, the total extract of 
the seeds of Ammi visnaga L. was worked up  by a 
lengthy and tedious chromatographic procedure 
to obtain finally visnadin, together with its con- 
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graphic techniques (21), or any of the other com- 
monly used preparative chromatographic pro- 
cedures. Examples of the power of the chroma- 
tographic methods in  effecting separations are the 
isolations of Stanley, et al. (22), on lemon oil con- 
stituents and of Svendsen (23) in identifying the 
components of Norwegian umbellifers. A very 
helpful device in this respect has been the chromat- 
ostrip (24) for following the elution pattern from 
a column. The chromatostrip technique enables 
quick determinations of purity of fractions and 
is not unlike thin-layer chromatography, albeit 
less refined. Chromatography is a powerful 
means for demonstrating the homogeneity of un- 
known and known coumarins and frequently 
serves for identification purposes. 


Chemical and Physical Properties.-Except 


possible hydrolytic cleavages. This is con- 
veniently done with paper or thin-layer chro- 
matographic techniques, taking advantage of the 
fluorescence of most coumarins under ultraviolet 
light. Isolation methods employing sublimation 
techniques are of limited usefulness due to the 
real possibility of structural modifications result- 
ing in artifacts as a consequence of thermal 
lability. Nevertheless, the method is employed 
in the caw of some of the simpler coumarins if 
care is taken t o  determine that the isolated 
products were originally present in the plant 
material. 


Purification of crude coumarin fractions may 
be carried out  by  fractional crystallization tech- 
niques or by separations employing column chro- 
matography, preparative thin-layer chromato- 


TABLE I.-GENERAL CHEMICAL REACTIONS OF COWMARIN NUCLEUS' 


Reagent or Reaction Type 
Acids 


Ammonia 
Hot dilute aqueous NaOH for short period of 


time 
Hot dilute aqueous NaOH for prolonged heat- 


ing period (or use of yellow HgO catalysis for 
shorter period of time) 


Alkali fusion or hot concentrated alkali 
Potassium carbonate and methyl iodide (or 


sulfate) 
Sodium hydroxide and methyl iodide (or sul- 


fate) 
Reduction 


(a )  H2 with Pd/C 
( b )  HZ with Raney Ni (40-100') 
(c) HI1 with Raney Ni (200-250") 


(d) Hz with Cu chromite 
(e)  Na and alcohol 
(f)  Na-Hg in dilute solutions 
(g) Na-Hg in concentrated solutions 


(h)  Zinc and alkali (or AcOH) 
(i) LiAlH, 


Oxidation 
( a )  Nitric acid or permanganates 


( b )  Ozone 


( c )  CrOs 
( d )  Permanganates 
(e )  Per acids 
(f) Alkaline persulfates 
(g) Hydrogen peroxide (alkaline) 


Mercuration 
( a )  Mercuric chloride 
(b) Mercuric acetate 


Diazonium salts (with KzCOa) 
Grignard reagent 


Result 
No reaction. 


gives visible blue fluorescence 
No reaction even under pressure and high temperatures 
Formation of water-soluble yellow sodium coumarinate 


which regenerates original coumarin with acid 
Isomerization of initially formed sodium coumarinate (cis) 


to sodium coumarate (trans) which gives free coumaric 
acid instead of lactone on acidification 


Usually provides benzenoid ring system as a phenol 
Methylates ?ny phenolic hydroxyls but does not open 


Forms o-methoxycinnamic acids 


Solution in concentrated sulfuric acid often 


coumann ring 


Smooth hydrogenation of 3 : 4 bond 
Hydrogenation of 3 :4 bond 
Hydrogenation of entire ring system to give octahydro- 


coumarin and hexahydrochroman 
Reduction to 3-( o-hydroxypheny1)-propyl alcohol 
Reduction to  3-( o-hydroxypheny1)-propyl alcohol 
Reduces 3 : 4 bond to give sodium melilotate 
Bimolecular reduction to give acid which provides di- 


hydrodicoumarin on distillation 
Very similar to (f) and (g) above 
Yields o-hydroxycinnamyl alcohol and 3-( o-hydroxy- 


pheny1)-propyl alcohol 


Gives succinic acid if coumarin is first reduced at 3 : 4 posi- 
tion but none if not reduced (method for identifying 
coumarin system) 


Order of attack is: double bonds in side chains, furan 
ring double bond, and iinally 3 : 4 bond 


Resistant with respect to coumarin ring 
Usually results in a phenolic carboxylic acid 
Resistant but forms epoxides of side chain double bonds 
Form 6-hydroxy coumarins 
Especially useful with furanocoumarins, leaving furan- 


2 : 3-dicarboxylic acid 


Addition to 3 : 4 bond 
Formation of 3,6,8-triacetoxymercuri-4-methoxydihydro- 


c o u m m .  This, on Br2 treatment, gives 3,6,%tri- 
bromocoumarin 


Couple in 6 position 
Adds fist to  carbonyl which may give an unsaturated 


ketone or, with excess reagent, can add a second mole to  
eventually give 2,2-dialkyl-1.2-benzopyrans or A3- 
chromenes 







Vol. 53, No. 3 ,  March 1964 


for coumarin and dicumarol, all other naturally 
occurring coumarins bear an oxygen substituent 
a t  the 7 position (Table 111) so that, in  reality, 
one could say that umbelliferone (7-hydroxycou- 
marin) is the parent compound rather than 
coumarin. However, all coumarins are charac- 
terized by the benz-a-pyrone system which makes 
identification fairly straightforward in most cases. 
This lactonic character enables coumarins t o  be 
water-solubilized by alkali hydroxides with the 
usual appearance of yellow in the solution. The 
yellow coloration is particularly valuable for 
diagnostic purposes if alcohol is needed to bring 
the coumarin into solution sufficiently to  enable 
alkali to  react with it. Acidification (even with 
COS) of aqueous solutions results in  prompt relac- 
tonization and recovery of the original coumarin 
barring hydrolytic cleavages. The  speed of re- 
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lactonization is such that  i t  is virtually impossible 
in most cases t o  obtain the intermediate o-hy- 
droxycinnamic acid unless a hydrogen bonding 
group such as nitro or carbonyl is present in the 
8 position to  slow down the process by bonding 
with the phenolic hydroxyl group.% Many of the 
other chemical properties of coumarins are 
given in  Table I which summarizes most of those 
reactions common to this nucleus. 


An interesting property of coumarins is their 
ability to  fluoresce under ultraviolet light. 
Fluorescence of coumarins is not necessarily a 
unique feature of this group compared to other 
plant constituents but is, nevertheless, a useful 
diagnostic feature when used properly. The 
studies of Goodwin and Kavanagh (25, 26) on 
fluorescence as a function of p H  are interesting in 
this respect as are those of Feigl, et al. (27), on 


TABLE I.-( continued) 


Reageot or Reaction Type 
Hydroxylamine 


Diazomethane 


Sodium bisulfite 
Halogenation 


( a )  Clr or Br2 


(b)  N-Bromosuccinimide 
Nitration 
Light 
Phosphorus pentasulfide 


Diels-Alder conditions 


Michael reaction conditions 


Special reactions of 7-hydroxycoumarin 
(umbelliferone) 


(a )  Duff reaction 
(b )  Claisen migration on 7-allyloxycoumarin 
( G )  Fries rearrangement of esters of 7-hy- 


droxycoumarin 
Special reactions of 4-hydroxycoumarin (benzo- 


tetronic acid) 
(a) Bicarbonates 
(b )  Aniline 
(c l  PXI 
( d j  Diazonium salts 
(e) Aldehydes 
(f) Hydrolysis with aqueous alkali 


(n) &Unsaturated ketones 
( h )  Diazomethane 


(i) Ferric chloride 


( j )  Hydrogenation 


Result 
Adds 3 moles of NH,OH in absence of alkali or 2 moles in 


presence of alkali to give a hydroxamic acid. Added 
FeCla in latter case gives deep violet color (test for 
coumarins) 


Usually methylates only phenolic hydroxyls but can also 
form a pyrazoline derivative across 3:4 bond 


Bisulfite addition compound a t  4 position 


Adds to 3 : 4 bond and then alkali will remove HX to give 
Alkali converts the latter to 


Forms 3-bromocoumarin directly 
Principally at 6 position; small amount a t  8 position 
Causes photodimerization in some cases 
Forms thiocoumarins that are readily converted to the 


oxime and phenylhydrazone of the coumarin; otherwise 
unobtainable from coumarin directly 


Adds butadienes across 3 : 4 bond but addition is better to  
o-methoxycinnamic acids 


Adds cyanoacetamide, malonic ester, and ethylphenyl- 
acetate 


a 3-halogenocoumarin. 
coumarilic acids 


Forms 8-formyl-7-hydroxycoumarin 
Forms 8-allyl-7-hydroxycoumarin 
Forms 8-acyl-7-hydroxycoumarin which on alkali treat- 


ment yields 2-acylresorcinols (Nidhon synthesis) 


Confer water solubility 
Forms 4-anilino derivative 
Forms 4-halogeno derivative 
Couple at 3 position to give 3-phenylhydrazone 
Addition due to active methylene at  3 position 
Mild conditions give o-hydroxyacetophenone; more 


rigorous conditions give salicylic acid 
Adds in Michael manner 
Mainly methylation of 4-hydroxyl but small amount of 


2-methoxychromone also forms due to tautomeric 2- 
hydroxychromone 


No color in spite of enolic character due to  unfavorable 
steric disposition for complex formation 


Difficult but proceeds to 4-hydroxydihpdrocoumarin 
which dehydrates readily to reform the coumarin 


a For a comprehensive survey of coumano chemistry see Wawzonek, S .  “Heterocyclic Compounds,” Vol. 2, edited by 
Elderfield, R.  C., John Wiley and Sons. I n c ,  New York. N. Y., 1951, p. 173’. 
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Furthermore, the minima of the hydroxycou- 
marins were between 255-262 mp, but those of 
the hydroxychromones were over 280 mp. 
There have been many studies (22, 34-42) on 
the ultraviolet spectral characteristics of the 
coumarins and, because of the variations shown 
by the naturally occurring variety, it is desirable 
to consult the original papers cited for specific 
details. One point that is worth mentioning is 
the bathochromic shift that usually ensues 
together with an increase in the extinction 
coefficient when the spectrum of a given coumarin 
is taken in an alkaline medium. For example, 
the maximum of umbelliferone at 325 mp 
(log E, 4.15) shifts to 372 mp (log E, 4.23) in 
alkaline solution. 


Infrared analysis has found its place in the 
structural characterization of coumarins also. 
The particular value of such analysis, aside from 
detecting groups that are not fundamentally 
related to the coumarin nucleus, lies in its 
ability to assign a lactone function to the cou- 
marin. Characteristic bands for the a-pyrone 
moiety are found, as a rule, in the region of 
1715-1745 c m . - l  together with the conjugated 
aromatic double bond at about 1625-1640 
cm.-l Aromatic absorption bands are found 
in the usual regions. 


High resolution nuclear magnetic resonance 
(NMR) spectra also have been of use in the 
structural definition of coumarins. In some cases, 
the structural argument has been based almost 
solely on the NMR spectrum (43, 44). In other 
cases, this analytical procedure has been used to 
assign a structure where i t  would have been 
difficult or impossible to do it chemically (45, 
46). Dharmatti, et nl. (47), have examined the 
high-resolution NMR spectra of coumarin and a 
number of its derivatives and have noted that 
the calculated and observed chemical shifts 
and coupling constants for the four protons 
in the benzene ring of coumarin agree satis- 
factorily. The chemical shifts for the pro- 
tons in the 3 and 4 positions of coumarin are 
almost the same as those observed for the 
ethylenic protons in o-coumaric acid; thus, 
they do not substantiate the earlier view of a 
naphthalene-type resonance in coumarins (48). 
The coupling constant (Is,,= 9.8) confirms that 
the protons at the 3 and 4 positions are cis to 
each other as expected. They point out that 
the NMR spectra provide a convenient method 
for distinguishing between 3 and 4 substituted 
coumarins on the basis of the observed chemical 
shifts. 


The use of mass spectrometry in coumarin 


the use of fluorescence via photocatalysis as a 
sensitive and specific test for coumarin. Ichimura 
(28) has published the spectra of numerous 
coumarins, and Wheelock (29) has studied the 
relationship of structure to fluorescent properties 
in an extensive series of coumarins. Crosby and 
Berthold (30) describe the paper chromatography 
of several coumarins and the usefulness of-fluores- 
cence spectra for characterizing the eluted cou- 
marins. Most coumarins fluoresce blue under 
ultraviolet light and many of the 7-oxygenated 
ones even fluoresce in visible light, especially if 
dissolved in concentrated sulfuric acid. In alka- 
line solution the fluorescence usually turns green 
and may even disappear, particularly when the 
hydroxyl at the 7 position is free. A greenish 
fluorescence is noted with many of the furano- 
coumarins in a neutral state. Fluorescence is not 
particularly enlightening in determining struc- 
tural features but is very helpful in locating and 
recovering coumarin spots on a chromatogram 
without use of a chemical spray. 


Because coumarins have well defined absorp- 
tion bands in the ultraviolet region, they have 
been studied extensively in the hope that these 
spectra might have structural significance. The 
ultraviolet absorption pattern of the coumarin 
nucleus can be attributed largely to the benz-a- 
pyrone structure and Nakabayashi, et al. (31), 
assume that the two absorption bands of coumarin 
at 270 mp and 312 mp are those of benzene at ca. 
200 mp and 240-260 mp that had shifted to these 
regions. The a-pyrone moiety absorbs at about 
300 mp (log E, ca. 4), and variations from this 
are attributed to the pronounced effect of sub- 
stituents and their location. Ganguly and 
Bagchi (32) considered the spectra of coumarins 
and chromones with a view toward finding 
differences that would eliminate confusion be- 
tween these two superficially similar groups. 
They noted that chromones have strong absorp- 
tion at 240-250 mp with a log c over 3.8, whereas 
the coumarins usually have a deep minimum at  
this wavelength. With respect to nonhydrox- 
ylated coumarins, they found that methyl sub- 
stitution had little etfect on the positions of the 
parent absorption bands. On the other hand, 
Sen and Bagchi (33) found that introduction of a 
hydroxyl group into the nucleus caused a general 
bathochromic shift of the principal absorption 
bands. In assessing the differences between 
hydroxychromones and hydroxycoumarins they 
found that the former show a considerable amount 
of absorption around 250 mp with the log E in- 
variably over 4.1, whereas the log c in the case of 
the hydroxycoumarins was never over 3.75. 
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structural studies has not been exploited to any 
degree yet. However, the technique has been 
used to determine the exact molecular weights 
of compounds in scarce supply (44). Molecular 
weights may be obtained also by X-ray deter- 
mination of the unit-cell dimensions for a given 
compound which, together with the density of 
the crystals, enables a precise calculation of this 
value that can be very essential to structural 
elucidation. The latter technique has been 
helpful in the determination of the structure of 
novobiocin, a coumarin-type antibiotic. 


Classification.-There are several structural 
categories into which the coumarins could be 
divided based on the desires and needs of the 
classifier. The classification employed in Table 
I1 suffices for the purposes of this review. It 
structurally defines the known coumarins and 
gives some of the pertinent physical constants 


245 


and references to the original literature. The 
various complex coumarins in the first category, 
Simple Coumarins, may indicate something of an 
overstatement insofar as the connotation of 
simplicity is concerned, when one considers the 
relative complexity of some of the entries. 
Nevertheless, for ease of classification, this group 
was handled best in this manner. The other 
classes, i.e., furanocoumurins, pyranocoumarins, 
4hydroxycoumarins, 3,4-benwcoumarins, and 
3-phenylcoumarins have relatively straightfor- 
ward structural relationships. The various 
structural features to be found in natural cou- 
marins are recorded in Table I11 and illustrate 
the variety of substituents and their positions to 
be found in this group. 


Physiological Activity.-A1 t hough the n atur- 
ally occurring coumarins are a large and 
important group of plant products, it is doubtful 


TABLE 11 L-GENERAL STRUCTURAL FEATURES OF NATURAL COUMARINS 


Position Substituent 
3 -AR- 


-AR 


-R 
-OR 
-CO-( CHZ)I 
-COO( CH&- 


-NHCO-R 
4 -OH 


-R 
-AR 
-AR- 


5 -OH 
- O R  


-CH2-coum. 


-R -coo- 
6 -OH 


-0GI 
-OR 
-R 


-CO-R 


-OH 


4 G I  
- O R  


7 -H 


8 -OH 
-OGI  
--OR 


-R 
-CO-R 


Comment 


May or may not be bridged at  an o-posi- 
Aromatic ring fused across 3:4 bond 
Phenyl ring, usually phenolic. 


tion to the 4 position by an ether linkage) 
Farnesyl 
Methoxyl (only in halfordin and isohalfordin) 
Bridged to 4 position 
BridLed to 4 position 
Bis compound (see dicumarol) 
See novobiocin 
High degree of enolic character 
Only n-propyl (see mammein) 
Phenyl 
Fused across 3 : 4 position 
Typically phenolic 
(a) Methoxyl, isopentenyloxy (and its epoxide and hydrated epoxide), and 


geranoxy 
( b )  Part of pyrano ring (and possibly furano) attached to 6 position 
Methyl (only in alternariol and its methyl ether) 
Lactone bridge to benzene ring fused at 3:4 position (see ellagic acid and 


Typically phenolic 
Glucoside 
Methoxyl, and methylenedioxy (to 7 position) 
( a )  Isopentenyl (and its epoxide and hydrated epoxide) and geranyl 
(b )  Point of attachment of pyrano or furano ring system originating at 5 


Isopentenoyl and isopentanoyl (isovaleroyl) 
Found only in cournarin and dicumarol 
Typically phenolic. Present in all natural coumarins as free OH or one 


Glucoside (or, in one case, a primveroside) 
(a) Methoxyl, methylenedioxy (to 6 position), isopentenyloxy, geranoxy 


(b) Part of ring system attached as furano or pyrano type to 6 or 8 position 
Typically phenolic 


congeners) 


or 7 position 


of the combined forms below 


(and its dihydroxy derivative), and farnesyloxy 


Glucoside 
Methoxyl, n-butoxyl, isopentenyloxy (and its epoxide and hydrated 


epoxide) 
Isopentenyl (and its epoxide and hydrated epoxide) 
Isopentanoyl (isovaleroyl) 
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discoveries are listed in Table V. Most of the 
synthetic work has been directed toward cor- 
recting the shortcomings of the naturally oc- 
curring prototype, dicumarol, although it still 
enjoys extensive usage. The principal faults 
were a slow onset of action and too prolonged 
an action which was difficult to terminate- 
although the action could be stopped with vita- 
min K (or menadione), provided the dicumarol 
level was not too high (54). It may be observed, 
however, that the coumarins as a group are 
singularly free of toxic side reactions and may be 
given for years without development of un- 
toward effects except hemorrhage from over- 
dosage. It is worth noting that the activity 
of 3-(a-acetonylbenzyl)-4-hydroxycoumarin (war- 
farin), for example, was so great that i t  was 
employed as an effective hemorrhagic rodenticide 
for years before its acceptance into human 


TARLE IV.--SOME PHARMACOLOGICAL AND 
PHYSIOLOGICAL PROPERTIES OF COIJMARINS 


that their full range of physiological actions has 
been appreciated by most investigators. There 
has been, however, a continuing effort and a 
buildup of literature in this area with an occa- 
sional sporadic flurry of publication concerned 
with certain coumarins that have caught the 
wider interest of scientists. Bow (7), as pre- 
viously mentioned, has considered the bio- 
chemical properties of the natural coumarins 
in an effort to show that these products are not 
mere metabolic products of the living cell, but 
that they possess varied and often remarkable 
physiological actions. Thereby, he stimulated 
an interest in coumarins for others. In  surveying 
the literature, the present author has succumbed 
to the temptation to depart from the announced 
intention of covering only naturally occurring 
coumarins and has, to a limited extent, covered 
some activities of synthetic coumarins that 
seemed of interest. Table IV summarizes the 
various physiological activities that are known 
to exist in the coumarin compounds with par- 
ticular emphasis on activity associated with the 
natural products. A selected group of phy- 
siological activities will be discussed in more or 
less detail; the remainder, which represents 
only one or two investigations a t  best, will be 
taken care of by simply referring to the work. 


ANT’ICOAGULANT ACTJS’ITY 


Recognition of the coumarin moiety as an 
anticoagulant species dates back to the report of 
Link, et al. (49), concerning studies on the toxic 
agent of spoiled sweet clover hay. The often 
fatal toxic material causing serious hemorrhagic 
conditions in cattle was found to be 3,3’-methyl- 
enebis-(4-hydroxycoumarin) (Duumarol, Table 
1’). Following this discovery, the problem of 
structure-activity relationships was examined 
by numerous investigators, prominent among 
which are Link (50) ,  Mentzer, et al. (51), Chmi- 
elewska and Cieslak (52), and Arora and Mathur 
(53) .  Link came to the conclusion that the 
minimum requirements for hypoprothrombinemic 
activity were an  intact 4-hydroxycoumarin 
with a substituent at position 3, a keto group on 
the 3-substituent in a 1:5 position to the 4- 
hydroxyl and, for maximal activity, a bis 
arrangement was necessary. Mentzer and his 
co-workers also felt that this arrangement was 
needed, although subsequent work has shown that 
this is a nonessential feature. These early 
studies, of course, led to synthetic efforts in other 
laboratories, and today there is a substantial 
literature connected with compounds of this 
nature. The most important of these synthetic 


1. 


2. 


3. 
4. 


5. 
6. 
7. 


8. 


9. 
10. 
11. 


12. 
13. 
14. 


15. 
16. 
17. 
18. 
19. 
20. 
21. 


22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 


31. 


Activity 
Inhibition of germination and 
root growth (“blastocholine 
effect”), i.e., plant growth 
regulation 
Cytogenetic and cytological 
properties 
Curare-like action 
Spasmolytic action 


Narcotic effect 
Sedative and hypnotic effects 
Central nervous system paral- 
ysis 
Central nervous system stim- 
ulation 
Respiratory stimulation 
Uricosuric action 
Vitamin-P-like action on cap- 
illary fragility 
Anticoagulant action 
Hemostatic effect 
Bacteriostatic, tubercufosta- 
tic, and antifungal action 
Anthelmintic action 
Piscicidal action 
Dermal photosensitization 
Antileucodermic action 
Bacterial photosensitization 
Antiveratrinic action 


Ref. 


(7)“ 


(7, 352-354) 
( 7 )  
(7, 20, 317, 


318, 355) 
( 7 )  
(7) text* 


( 7 )  


( 7 )  
(7) text 
(7) 


(7) text 
( 7) text 
(7,35&360) 
(7) text 
(7) text 
text 
(361) 


Anti-retinal pigment degenera- 
tion effect ( 367) 
Analgesic action text 
Hypercholesteremic effect ( 362 1 
Hypocholesteremic effect (363) 
Antidigitoxin activity (364) 
Hypothermal action text 
Estrogenic action text 
Molluscacidal action text 
Vasodilator action text 
Human chorionic gonadotro- 
phi, inhibitory action (365) 
Choleretic action (366) 


a Refercncr 7 gives a relatively recent survey of biochemical 
properties associated with coumarins and, in this table, refer- 
ence t o  it suggests that the reader consult the original article 
fur leading references. b “Text” indicates that an adequate 
diacussion together with pertinent references is in this review 
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therapy (ie., as coumadin). An interesting 
note in connection with racemic warfarin is 
that recently it has been resolved, its absolute 
configuration determined, and that levorotatory 
(S)-warfarin has been shown to be Seven times as 
active as (R)-warfarin (55). 


The activity associated with the coumarin- 
type molecule is currently (56) considered to be a 
vitamin K antagonism in which the anticoag- 
ulant competes with vitamin K in its blood 
clotting role. Thus, the clotting time is increased 
in Yivo (but not in d r o )  by a decrease in the 
prothrombin concentration of the blood pre- 
sumably by interfering with its production in 
the liver. Prothrombin production is believed 
to arise from a combination of vitamin K (a 


compound having a 2-methyl-1 : 4-naphthoqui- 
none nucleus) with an apoenzyme (AE) to form 
the active enzyme (AEK). The K vitamin acts 
as the prosthetic group of the enzyme. The 
coumarins (B) can compete successfully with the 
K vitamin for the apoenzyme by virtue of 
structural similarity and thus exert antivitamin 
K activity. The equation, AEK + B AEB + 
K, expresses this relationship as a reversible 
system and, thus, vitamin K can reverse the 
coumarin activity if present in sufficient con- 
centration. Reduction of prothrombin pro- 
duction, of course, ensues if the form AEB 
predominates. 


In keeping with this concept, Chmielewska 
and Cieslak (52) have hypothesized that the 


TABLE V.-SOME USEFUL ANTICOAGULANT COUMARINS 


Structure Generic Name Proprietary Name(s) 


Bishydroxycoumarin Dicumarol 


& 0 0  


Ethyl biscournacetate Tromexan ethyl acetate, pelentan 


Marcumar. marcoumar 


. . .  Liquamar & 0 0  


Warfarin (sodium) Coumadin (sodium) 


Coumachlor Tomorin 
?H FQ 


CI 


Acenocoumarol Sintrom 


... Fumarin 


oy°CH’ 
C yclocoumarol Cumopyran 


0 0  
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structure necessary for vitamin K activity is 
expressed by formulas I and I1 with formula I 
type arising from biological oxidation of the 
phytyl or difarnesyl chain of vitamins K as 
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The problem associated with adapting dicumarol, 
in the face of the accepted bis-formula, was 
ingeniously solved by showing that dicumarol 
actually existed in a tautomeric keto-enol form 


0 


0 


They further postulated that 


s 


0 


I 
OH 
I apP CH, 


0 


@- R -2H 


0 OH 


the o-quinoid (VIII) which would, of course, leave the way 
group, O=C-C=CHz, acts as the active 
center, whereas the hemiketal group is used to 
attach the active molecule to the protein part 
of the enzyme. In keeping with this hypothesis, 
they suggest that coumarin type antivitamin 
K compounds (111, IV) as well as V and VI 
(3-substituted derivatives of 2-hydroxy-l:4- 


open for formation of a hemiketal structure 


&: $* 
&a 
& $ f c  


naphthoquinone) which are known hemorrhagic 
agents lack the active center but contain the 1 I1 


0 


hemiketal linkage and, being similar in shape, 
successfully compete with vitamins K for the 
apoenzyme. Two active coumarins, however, 
failed to have the structural requisites to fit 
into their hypothesis-namely, 3-( I ’-phenyl- 


marol itself. The known activity of VII was 
suggested by the authors as accounted for by a 
probable biological oxidation at the 2’-position, 
a postulation that was supported by their 
preparation of model compounds incapable of 
oxidation at the 2’-position, all of which were 
inactive. The suggested sequence of events in 
the proposed biological oxidation is 


n-propyl)-4-hydroxycoumarin (VII) and dicu- 111 


0 


VI V 


& 5 & - +HP 


0 0  0 0  
VII 
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related to formula IV. In conformity to this, 
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OH OH 


Dicumarol 


PH 


VIII 


one can cite Link’s cumopyran (see Table V) 
as an active agent. 


Although the findings of Chmielewska seem 
rather conclusive, Arora and Mathur (53) have 
studied a series of coumarins recently with a 
view toward further amplification of the struc- 
ture-activity relationships. In general, their 
findings support the Chmielewska-Cieslak hy- 
pothesis insofar as the 4-hydroxycoumarins are 
concerned. They found, however, that in- 
troduction of a methoxyl group into the 4- 
hydroxycoumarin molecules (including dicu- 
marol) potentiated activity but that additional 
loading of the molecule with methoxyl groups 
could inhibit or augment activity, depending on 
the location of the groups. In particular, they 
felt that a methoxyl at  position 8 had a special 
potentiating effect. A single compound (IX) 
in their series, at  least formally related to formula 
IV, showed considerable activity, although they 
felt their observation to be on such a limited 
basis that it had little significance. Calophyl- 
lolide (X), however, with an activity superior 


IX 


X 


to that of Dicumarol is unexplainable on the basis 
of the Chmielewska-Cieslak hypothesis. This 
naturally occurring coumarin apparently has 
excellent anticoagulant activity (53) but is not 
a 4-hydroxycoumarin, nor does i t  have a sub- 
stituent in the 3-position. Arora and Mathur 
suggest that the inhibitory effect of the 4- 
phenyl group (noted in their studies on 4- 


phenylcoumarins) is probably counteracted by 
several potentiating factors which presumably 
are the 7-methoxyl, the 8-acyl group, and the 
additional dimethylpyrano group bridging posi- 
tions 5 and 6. In conclusion, the latter authors 
state that anticoagulant activity is “governed 
not by individual structural features but by a 
combination of several, none of which can be 
defined precisely a t  the present time.” Among 
the general structural features that could be 
important, however, they cited molecular shape, 
a six-membered heterocyclic ring (other than 
pyrone) such as a cyclic acetal, a substituent at  
position 8, and etherification of free phenolic 
groups. The last point was felt to be important 
by these authors, inasmuch as their findings 
indicated that ionization was possibly correlated 
with vitamin K activity. 


ESTROGENIC ACTIVITY 
A discussion of estrogenic activity in coumarin 


type compounds may be backgrounded ad- 
vantageously by a brief consideration of the 
closely related isoflavones which, historically, 
were the first of the plant phenolics to show such 
activity. Indeed, the isoflavones may well be 
the source of coumarin estrogens (e.g., cou- 
mestrol) in the plant as will become evident in 
the following discussion and from comments 
made in the consideration of biosynthesis in 
this paper. Estrus promoting substances in 
plants, however, have been known since 1926, 
shortly after the development of the Allen- 
Doisy test and are well reviewed by Bradbury 
and White (57) as well as Cheng, et al. (58).  
Continuing interest in naturally occurring es- 
trogens has resulted recently in the isolation and 
characterization (59, 60) of miroestrol, virtually 
as active as diethylstilbestrol, from Pueraria 
mirifca. 


Recognition of the role of isoflavones as 
estrogens probably stems from the observations of 
Bennetts, et al. (61), in 1946 in connection with a 
serious sheep breeding problem encountered in 
western Australia. The problem of infertility 
was found to be caused by grazing on pastures of 
subterranean clover (Trifolium subterramum L.). 
This finding was confirmed by Curnow, et al. 
(62) ,  and was followed by the actual isolation of 
genistein (IVe),l an isoflavone, from this plant 
by Bradbury and White (63) and the suggestion 
by Biggers and Curnow (64) that this compound 
represented the principal estrogenic substance 
in the plant. Further studies have resulted in 
the demonstration of estrogenic activity in 
numerous other forage plants and the isolation 


1 Numbers such as IVe represent the structure to be found 
under that number in Table VI. 
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and synthesis of other interesting isoflavones 
such as formononetin (IVc), biochanin-A (IVf), 
and daidzein (IVd). The activities are well 
summarized by Cheng, et al. (58), and Micheli, 
et al. (65) (see Table VI). 


The probable structural relationship of the 
isoflavones to diethylstilbestrol (Ia) did not 
escape the attention of workers in this field. 
Indeed, even a relationship with estradiol was 
visualized by some. The structure of coumestrol 
(Ha) may also be compared in this context. 
I t  was suggested by Biggers that genistein was 
probably a proestrogen, being metabolized in 
the animal body to the true estrogen. Thus, a 
number of compounds were prepared to explore 
the structure-activity relationships and to make 
compounds more closely resembling diethyl- 
stilbestrol. These studies are well summarized 
by Bradbury and White (57) and need not be 
discussed in detail here. Briefly, these studies 
led to the conclusion that, at best, the isoflavones 
were weakly estrogenic but that certain structural 
features seemed to promote activity in some 


measure. Among these features was the presence 
of a 5-hydroxy group that was suggested as being 
involved in hydrogen bonding with the carbonyl 
at position 4, presumably bringing about a 
greater contribution of the tautomeric enolic 
structure as against the ketonic structure. 
Coplanarity of the molecule as a whole was em- 
phasized by Bradbury and White (66) in 1953 as 
being important to estrogenic activity. These 
workers also observed that reduction of the 2:3 
double bond to form isoflavanones reduced 
activity. In contrast, it  was noted (67) that 
isoflav-3-ens (111), as a group, were much more 
active than the isoflavones, possibly because of 
the much greater similarity to the diethylstil- 
bestrol molecule. In this connection, i t  was 
noted that a 2- or 4-alkyl (or better, aryl) sub- 
stituent conferred unusual activity on the iso- 
flav-3-ens, whereas a methoxyl group at position 
5 dropped activity. The isoflav-3-ens undoubt- 
edly function as diethylstilbestrol does because 
structural modifications in both groups seem to 
affect activity similarly. 


TABLE VI.-COMPARATIVE ESTROGENIC POTENCIES~ 


Compd. and Structure, Type No. Substituents Dose Level, mg.b 
I. Diethylstilbestrol derivatives R 


I 


11. Coumestrol derivatives R 


H- 
C H 3 C S  


O.ooOo8 
0.00010 
0.00021 
0.00045 


0.25 
0.33 


n 
I I I. Related isoflav-3-ens R 
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The matter of estrogenic activity of plant 
phenolics stood at this point until 1957 when 
Bickoff, et al. (68, 69), working with ladino 
clover (Trifolium repens), isolated an estrogenic 
coumarin which they named coumestrol (IIa) . 
They later synthesized it as well (70). Further 
study showed that the same compound was the 
predominant one in ladino clover, strawberry 
clover (Trifolium fragiferum), and alfalfa (Medi- 
cago saliva). Comparison of estrogenic po- 
tencies showed that coumestrol was approx- 
imately 30 times as potent as genistein, al- 
though still far short of diethylstilbestrol. 
Interestingly enough, prior to the isolation of 
coumestrol, Mentzer, et al. (71, 72), as early as 
1946, had anticipated the estrogenic activity of 
coumarins on purely theoretical grounds. These 
workers (72) based their researches on several 
diverse comparisons of structurally analogous 
compounds exhibiting similar activities and 
proposed that estrogenic activity should be 
exhibited by coumarins structurally related to 
diethylstilbestrol, but more particularly by 
preparing compounds directly related to 1- 
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ethyl-2-p-hydroxyphenyl-3,4-dihydro-6-hydroxy- 
naphthalene (A) which had been prepared by 
Dodds, et al. (73). Compound A was estrogenic 
in a dose of 100 mcg. and, essentially, Mentzer’s 
modification was the replacement of -CH2CH2-- 
in A with the -COO- group. The most active 
compound in their series proved to be 3-(p-hy- 
droxyphenyl) -4-n-propyl-7-hydroxycoumarin (B) . 
Bickoff, et al. (68), compared this compound 


B 


with coumestrol and found the same order of 
activity (compare also IIa and Vj in Table 


In a further study of structure-activity re- 
lationships, Bickoff, et al. (74), compared cou- 


VI). 


TABLE VI.--(continued) 


Compd. and Structure, Type 
V.  Related coumarins 


V 


VI. Related isotlavanones 


VI 


VII. Related isoflavan-4-01s 


VII 


Substituents Dose Level, mg.) 
R RI Ra 


H- 
CHaCO- 
CHI 
CHaCO- 
H- 
H- 
H- 
H- 
CHj- 
H- 
H- 
H- 
H- 


H O -  
- CHaCOO- 


CHaO- 


H- 
H- 
H- 
H- 
H- 
H- 
CH3- 
H- 
H- 
H- 
H- 
H- 
H- 


R RI R2 
CHaCO- H- H- 
H- H- H- 
CHK& CH3- H- 
H- CH3- H- 
C H a C G  H- CHsCOO- 


37 
40 


(50) 
(50) 


(50) 
(40) 


(25) 
0.031 
0.032 
0.10 


0. 
0.2 


( 0 . 1 0 ) d  


25 
.. 
. .  
. .  
18 


0.0035 
0.320 


This table is adapted from the tabular material given by Micheli. R. A , ,  Booth, A. N. .  Livingston, A. L.,  and Bickofi. 
E. M.,  J ,  Mcd. Phorm. C k m . ,  5, 321(1962). bRepresents the quantity of material fed to produce a 25-mg. uterine response 
compared to a uterine weight of 10 mg. for untreated animals. c Dose level in parentheses means that the compound was 
inactive at the indicated level. d Only slightly active at this level; higher dosage levels not tested because of lack of material 
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TABLE VII.-RELATIVE ESTROGENIC ACTIVITIES OF COUMESTROL AND RELATED COMPOUNDS 


Compd. 
No. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


Structural Formula 


n,co 


HO 0 0 


WH20 0 0 


&ow, 
nice 0 0 


Relative 
Activity 


0 


152 


40 


0 


1000 


540 


189 


150 


359 


10 &00CCH, 850 
n,ccoo 0 0  


11 1 
HJCO 


12 0 
HiCO 


13 &OCH3 - 22 
no ' 'OCH, 


Compd. 
No. 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


Relative 
Structural Formula Activity 


HICO ocn, 


HaCO OCHi 


&OW, 


OCHi HO 


* 
n,co 


OH on 


H,CO on 


H 


OH OH 


754 


20 


15 


26 


3 


16 


0 


u 


0 


0 


3 


0 


0 


0 


0 
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mestrol with numerous structurally related 
compounds and obtained the results in Table 
VII. A number of interesting comparisons were 
made from a study of the results, although in no 
case was greater activity obtained than that of 
coumestrol itself. From the tabulated results 
it was observed that the phenolic hydroxyl groups 
in positions 4’ and 7 were quite important, 
inasmuch as their absence (compound 1, Table 
VII) led to inactivity. Some return of activity 
was noted with the presence of the hydroxyl 
a t  position 7 (compound 2, Table VII). Etheri- 
fication of the phenolic groups (compounds 3 
and 9, Table VII) results in reduced activity, 
a finding that is in conformity with almost all 
phenolic estrogens, except for the anomalous 
case of the 4-alkylcoumarins (65) where the 
reverse is true. It may be observed that 
etherification of the 4’-hydroxyl (compound 8, 
Table VII) reduces activity more than similar 
treatment of the 7-hydroxyl (compound 6, 
Table VII). Other nuclear substitution ( i .e . ,  
OH or OCHa) as in the 3’ and 5 positions (com- 
pounds 11-14, Table VII) almost eliminates 
activity. Acetylation of the hydroxyl groups 
of coumestrol (compound 10, Table VII) results 
in very little loss in activity, possibly due to 
facile hydrolysis of these groups in Viva to 
regenerate coumestrol. The ether link bridging 
the 4 and 2’ positions appears to contribute 
substantially to activity since the lack of the 
ether bridge (compound 23, Table VII) produces 
a virtually inactive compound. Compounds 13 
and 14 exhibit similar activity losses by opening 
of the 4:2’ ether bridge, although in this case 
the compounds bear a hydroxyl in position 4. 
Lack of activity in 4-hydroxycoumarins is general 
and is attributed to destabilization of the 3:4 
double bond and, therefore, of the stilbene sys- 
tem which is now free to exist in tautomeric 
keto-enol forms. It has been suggested that the 
greater activity of coumestrol when compared 
with the isoflavones may be due to the principally 
ketonic character of the isoflavone at position 
4. Reduction of the double bond at the 3:4 
position (compounds 15, 23, Table VII) brings 
about loss of activity even though the ether 
linkage is still present in compound 15 (the 
C=O at position 2, however, is replaced by 
-CHe-). Among the interesting observations 
made was that opening of the lactone ring to 
form the potassium salt of the resulting o- 
hydroxyvdnnamic acid (compound 16, Table 
VII) did not decrease activity, whereas formation 
of the corresponding o-methoxycinnamic acid, 
its methyl ester, and its salt (compounds 17-19, 


Table VII) virtually abolished activity. This 
difference in activity is undoubtedly because the 
potassium salt can readily revert back to cou- 
mestrol in the acid gastric environment, whereas 
the 0-methoxy compound is incapable of doing 


It has been suggested by Whalley (75) in a 
review of estrogens by Biggers that coumestrol 
derives its estrogenic activity by virtue of its 
stilbene-like structure which is analogous to 
that of diethylstilbestrol and that, furthermore, 
it bears a close structural relationship to diethyl- 
stilbestrol and estradiol. Structural alterations 
that disturb this stilbene-like structure would, 
therefore, reduce the similarity as has been 
suggested in the case of the 4-hydroxycoumarins 
with consequent lessening of estrogenic potency. 
Bate-Smith, quoted by Biggers (75), also sug- 
gests the possibility that coumestrol may be 
related to the isoflavones by postulating the 
conversion of an isoflavanol to coumestrol as in 


so. 


HO -0 


Isoflavanol corresponding to Daidzein \ 
/ 


OH rc 
0- 


Coumestrol 


That the above speculation had a solid founda- 
tion is borne out by the findings of Grisebach 
and Barz (16). 


In conclusion, the reader’s attention should 
be directed to the recent comprehensive study 
by Micheli, et al. (65), in which the authors 
examine the question of estrogenic structure- 
activity relationships of coumestrol, plant phe- 
nolics, and synthetic estrogens on a comprehen- 
sive and comparable basis. The findings of this 
group are summarized in Table VI adapted from 
their paper. Although their findings are ex- 
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tremely interesting, the full consideration of the 
paper is not within the scope of this review; The role of certain plant juices and extractives 
the interested reader is urged to  consult the as dermal photosensitizing agents has been 
original paper for details. known for many years. Among the plants 


p H o T ~ S I T Z Z I N G  ACTIVm 


TABLE 1.1 II.-QUALITATIVE TESTS ON HUMAN SKIN ~RRADIATED WITH LONG-WAVE ULTRAVIOLET LIGHT 
(3655 A.)” 


NO. Name Activity) 


NATURAL FVRANDCOUMARINS 


++++ 
1. Psoralen 


a. 9 Santhotoxin (8-Methoxypsoralen) 
3. Bergapten (5-Methoxypsoralen) 
4. Angelicin 


+++ +++ 
+ 


5. Isobergapten (5-Methoxyangelicin) + 
I .  Xan thotoxol (8-Hydroxypsoralen) - 
8. Imperatorin (8-Isoamyleneoxypsoralen ) - 
9. Bergaptol ( SHydroxypsoralen) - 


10. Isopimpinellin (5,8-Dimethoxypsoralen) - 
11. Ostruthol [5(,9, y-Dihydroxy-isoamy1oxy)-psoralen angelic acid - 


6. Oxypeucedanin [ 5-(,9,y-Oxido-isoamyloxy)-psoralen] Sunlight only - 


monoester] 


12. 
13. 
14. 
15. 
16. 
l i .  
18. 


19. 
20. 
21. 
22.  
23. 
24. 
25. 
26. 


2i .  
28. 
29. 
30. 
31. 
32. 


33. 
34. 
35. 


36. 
37. 
38. 


Related to  Psoralen 
4’,5‘-Dihydropsoralen 
3,4-Dihydropsoralen 
4‘-Methylpsoralen 
4,4'-Dimeth ylpsoralen 
4‘-Phenyl-4-methylpsoralen 
Dimer of psoralen 
Thiopsoralen 


3,4- Dihydroxar~thoto~in 
3-Methylxanthotoxin 
4Methylxanthotoxin 
4’-Methylxanthotoxin 
4’,3-Dimethylxanthotoxin 
4’,4-Dirnethylxanthotoxin 
5‘,l-Dimethylxanthotoxin 
5‘-Phenyl-4-111etIiylxantho- 


5-Chloro-xanthotoxin 
5-Nitro-xanthotoxin 
5-Amino-xanthotoxin 
5-Acetylamino-xanthotoxin 
8-Benzylox ypsoralen 
Thioxan thotoxin 


4’,5’- Dihydrobergapten 
4-Methylbergapten 
4-Methyl4 ’.5’-dihydro- 


bergapten 
Allobergapten‘ 
4’,5’-Diliydroallobergapten 
4’,5‘,3,4-Tetrahydroallo- 


Related to Santhotoxin 


toxin 


Related to Bergapten 


bergapten 


SYNTHETIC PURANOCOUHARINS 


39. 4Methylallobergapten 


4 1. 5-Ethoxypsoralen 
42. 5Isopropoxypsoralen 
43. 5-n-Propoxypsoralen 


- 40. 4-Methyl-4’,5’-dihydroallo- 
- berg apten 
+++ +++ - 


44. 5-n-Butoxypsoralen 


45. 


46. 


47. 
48. 
49. 
50. 
51. 


52. 


53. 
54. 


55. 


56. 
57. 


Bkoamyloxypsoralen 


Psoralen-5-oxyacetic acid 


5-Benzyloxypsoralen 
8-Nitrobergapten 
8-Aminobergapten 
8-Acetylaminobergapten 
Bergapten-8-carboxylic acid 


methyl ester 
4’,5‘-Dihydrobergapten-8- 


carboxylic acid methyl 
ester 


Bergapten-8-carboxylic acid 
4‘,5’-Dihydrobergapten-8- 


carboxylic acid 
Dimer of bergapten 


ethyl ester 


Related to Angelicin 
4-Methylangelicin 
Dimer of angelicin 


Related to Isopimpinellin 
58. 5.8-Dihydroxypsoralen 
59. Psoralenequinone 


+ 
- ++ + 
(Sunlight +) 


(Sunlight +) 


(Sunlight +) 


- 


- 
- 


+ 


+ - 


(1 Adapted from Musajo. L.. and Rodighiero. G. ,  Expcrierf ia ,  18,153(1’962). 6 + + + +, Maximum activity; -, inactivity. 
c Allobergapten has the structure 
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TABLE IX.-QUANTITATIVE TEST ON HUMAN SKIP.* 


Minimum 
Length of 


Irradiation 
Needed for 


255 


Compd. 
Psoralen 
4’-Methylpsoralen 
Xanthotoxin 
4,5’-Dimethylxanthotoxin 
4,4’-DirnethvboraIen 
4-Methylxakhotoxin 
Bergapten 
5Ethoxypsoralen 
4’-Methylxanthotoxin 
5Isopropoxypsoralen 
4-Methylbergapten 
5Chloroxanthotoxin 
Angelicin 
4’,4-Dirnethylxanthotoxin 
Mobergapten 
4-Methylallobergapten 
Bergapten-8-carboxylic acid 


methyl ester 
3,4’-Dirnethylxanthotoxin 
3-Methylxanthotoxin 
Isobergapten 
4-Methylangelicin 
4-Benzyloxypsoralen 


Outcome of 
Erythema, Relative 


Min. Activity 
6 100 


10 
16 
18 
20 
20 
22 
25 
25 
35 
40 
40 
50 
50 
50 
50 


50 
55 
60 
60 
60 
60 


60 
37.5 
33.3 
30 
30 
27.5 
24 
24 
17.1 
15 
15 
12 
12 
12 
12 


12 
11 
10 
10 
10 
10 


a Adapted from Musajo. L.,  and Rodighiero, G.,  E x p c r i -  
cnfia 18 153(1962). b The substance is applied at a con- 
centiatidn of 5 mcg. per cm. and irradiated with a Philips 
HPW 125 lamp (3655 A,) at 15 cm. from the skin. 


involved are some of the common ones such as 
parsley, celery, figs, and parsnip (76, 77). Juices 
of various parts of these plants, after contact 
with the skin and exposure to sunlight, cause 
areas of erythema, hyperpigmentation and, 
occasionally, vesiculation on the skin. In 
retrospect, it  now appears that plants causing 
these effects all contain furanocoumarins as the 
active agents. Possibly one of the first obser- 
vations implicating these compounds with 
photosensitizing activity was that of Jois, 
et al. (78), in 1933 in connection with the Ayur- 
Vedic treatment of leucoderma with seeds of 
Psoralea corylifolia. These workers actually 
isolated psoralene and characterized it as a 
furanocoumarin, but the clinicians apparently 
were unable to grasp the significance of the 
finding, and it remained for others to bring i t  to 
light years later. Kuske (79), in 1938, through a 
consideration of plant extracts and pure fur- 
anocoumarins, ascertained that the latter were 
the responsible agents in the dermal response. 
Following this, in 1947, Fahmy and Abu-Shady 
(80) isolated three crystalline principles from the 
seeds of the empirically used antileucodermic 
vegetable drug Ammi mnjus L., Gz., ammoidin, 
ammidin, and majudin which were soon shown 
(81) to be the well known xanthotoxin, impera- 
torin, and bergapten, respectively. The story 


of their investigation, proceeding from a n  UII- 


identified crude drug to the isolation of active 
crystalline principles, is well told by the Egyptian 
dermatologist, El Mofty (82). The method 
finally developed for treatment of vitiliginous 
areas, utilizing the dermal photosensitizing 
properties of the furanocoumarins, was either to 
paint the areas externally with a solution or to 
administer the drug orally and, in either case, to 
expose the patient to sunlight or ultraviolet 
irradiation. In responsive patients, repigmenta- 
tion of the vitiliginous areas follows either with 
or without previous vesiculation. 


The discovery of this unique activity of the 
furanocoumarins coupled with their utility in 
the treatment of leucoderma stimulated much 
activity among researchers seeking to evaluate 
other naturally occurring furanocoumarins as 
well as related synthetic compounds for the 
structure-activity profile of this interesting 
chemical nucleus. It is not possible to cover all 
of the modifications that have been attempted, 
but certain obvious structural requirements have 
been defined. Especially active in this area 
have been Musajo and co-workers in Italy 
(83-85) and the American group a t  the University 


TABLE X.-FURANOCOWRINS TESTED ON GUINEA 
PIC S K I P  a**’ 


Compd. 
4-Meth ylpsoralen 
5’-Methylpsoralen 
5’,t%DirnethyIpsoralen 
4,4’-Dirnethylpsoralen 
4,5’,8-Trirnethylpsoralen 
3,4,5’,&%Tetramethylpsoralen 
&%n-Propyl4.5’-dirnethylpsoralen 
3-n-Buty1-4,5’,8-trimethylpsoralen 
8-Acetyl-4,5’-dimethylpsoralen 
8-Brorno-4,5’-dimethylpsoralen 
8-Acetarnido-4,5’-dirnethylpsoralen 
&%Acetyl4,5’-dirnethylpsoralen semi- 


3,4-Benzo-5’,8dirnethylpsoralen 
3,4-Cyclohexeno-5,8-dirnethyl- 


psoralen 
Anhydromarmesin 
Marmesin 
5’-Methylangelicin 
3-Bromo-4’,5’-dihydroxanthotoxin 
8Amino4,5’-dirnethylpsoralen 
4’,5’-Dihydroxanthotoxin 
4‘,5‘-Dihydro-4-rnethylpsoralen 
3,5Dibrorno-4‘,5’-dihydro-8-rneth- 


5Brorno-Srnethox ypsoralen 
4’,5‘-Dirnethylangelicin 


carbazone 


oxypsoralen 


Activityd ++++ ++++ ++++ + ++++ + ++ + ++ ++ + 
+ + 
+ + + + * 
- 
- 
- 


- 
- 
- 


~ ~~ 


0 Adapted from Musajo L. and Rodighiero C .  ExOcri- 
cnlia 18 153(1982). b BAed’on the work of Pathai.  M. A,, 
Fellman,’J. H.,and Kaufman, K.  U. ,  J .  Inocsl. Dcrmalol.. 35, 
185(1980). c The administered amounts varied up to lo00 
mcg. per crn.9; a 250-w. lamp, emitting U.V. radiations with 
A > 3200 A. was used and irradiation time was 45 minutes; 
distance 12-15 cm. d ++++, Maximum activity; -, 
inactivity. 
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of Oregon, among whom the active contributors 
have been Pathak, Fowlks, Fitzpatrick, etc. 
(86, 87). Musajo and Rodighiero (76) have 
reviewed the field recently, although the inter- 
ested reader will wish to consult the proceedings 
of the 1959 symposium on psoralens and radiant 
energy as well (88). Members of the American 
group have been interested especially in the more 
fundamental aspects of photodynamic action, 
such as the biochemistry of melanin formation 
(89, go), the mechanism of the photodynamic 
effect (91), the inhibition of enzyme systems (92), 
and the sensitization of bacteria (93, 94) by the 
furanocoumarins. The Italian group also has 
been active recently in trying to determine the 
mechanism of activity of these compounds (95). 


Musajo and Rodighiero (76) have tabulated 
the relative qualitative (Table VIII) and quanti- 
tative (Table IX) activities of the naturally 
occurring coumarins and the synthetic congeners 
related to the natural prototypes. Table X 
summarizes the structure-activity relationships 
developed by Pathak, et al. (87). A considera- 
tion of the data offered in these tables indicates 
that maximum photosensitizing activity lies in 
the parent compound, psoralene, and that the 
various structurally related compounds have 
more or less reduced activity, depending on the 
ring system and nature of substituents. Signi- 
ficant activity requires a linear unreduced furano- 
coumarin ring system. Free phenolic groups 
inactivate the molecule, but the methyl ethers 
of the two possible phenols are both active. 
However, the dimethyl ether of the diphenol is 
inactive. Etherifying groups larger than methyl 
result in progressive reduction of activity as the 
size of the group increases. Nuclear substitution 
with methyl groups can cause significant retention 
of activity or loss depending on the position of 
the group. Thus, a methyl a t  the 4, 4’. 5’, or 8 
positions may or may not inhibit activity, but a 
methyl at the 3 position invariably does so. 
Little success has been noted with the introduc- 
tion of nitro, amino, or acetylamino groups. A 
unique ring modification in the form of the 
oxazolocoumarins (96) also leads to inactivity. 


Fowlks (91) has analyzed the available evidence 
in a n  effort to determine the mechanism of the 
photodynamic effect of these compounds as well 
as of the multitude of structurally different but 
similarly active compounds. He feels that the 
primary event of photosensitization is the absorp- 
tion of light by the photosensitizer molecule or 
by a complex of the photosensitizer with protein 
or nucleic acid. Following this, the events can 
become rather complicated, but i t  appears prob- 
able that an activated photosensitizer molecule 


can cause one of three results: (a)  chemical 
combination of photosensitizer with a sensitive 
cell constituent, ( b )  chemical reaction, i.e., 
oxidation of a sensitive cell constituent or, (c) 
indirect excitation of cell constituents which, 
through chemical changes, cause inactivities of 
vital cellular activities. He further suggests 
that there may well be a balance between damage 
suffered by the cell and its ability to repair the 
damage. Nonrepairable damage could lead to 
immediate or delayed death or to mutation. 
Indeed, mutation (97) is evident upon applica- 
tion of furanocoumarins to onion root tips, and 
5-methoxypsoralen and psoralen are said to be 
almost as effective mutagenic agents as the most 
effective agent known, tryptaflavin. In connec- 
tion with the observations of Fowlks, Pathak 
and Fellman (98) have noted that all biologically 
active furanocoumarins inducing photosensitiza- 
tion possess absorption and fluorescensce peaks of 
320-360 and 420-460 m p ,  respectively. Others, 
outside this range, are inactive. It also has been 
noted that the long wavelength ultraviolet lamp 
(3200 A.) is needed to potentiate the response of 
the skin (erythema and sun-tanning) to the 
coumarins. It is thought that the skin response 
is associated in large measure with the capture 
of radiant energy of the proper wavelength (i.e.,  
320-340 mp) and that any changes in molecular 
shape, substitution pattern, etc., which disturb 
this specificity lead inevitably to decreased 
activity. Thus, the absorption of light of specific 
wavelength and the emergence of light of another 
wavelength in intimate contact with a sensitive 
cellular component is thought to be crucial to 
successful photosensitizing activity. A further 
observation may be made in that furanocou- 
marins have been quite definitely shown not to 
act by a photo-oxidative mechanism although 
other photosensitizing molecules such as the 
hematoporphyrins are known to act by way of 
this mechanism. Rodighiero and Capellina (99) 
have shown that, although furanocoumarins are 
dimerized under the influence of irradiation, the 
dimers are biologically inactive. The possibility 
that free radicals may be generated from excited 
furanocoumarin molecules under ultraviolet irra- 
diation has been explored by Pathak, et al. (loo), 
but, granting the biological changes that could 
occur in such an irradiated system, this probably 
does not adequately explain the marked activity 
of these compounds (76). Very recently, Musajo, 
et al. (95), have observed some interesting reac- 
tions of furanocoumarins with flavinmononucleo- 
tide (FMN). It appears that FMN will undergo 
reaction with furanocoumarins, but only with 
those that are photodynamically active and that 
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the reaction products appear to have been modi- 
fied in the furan ring principally. Furthermore, 
they have demonstrated (albeit, in rather large 
doses) an antagonistic action of FMN toward 
the erythema1 response expected from the psora- 
len-type molecule. 


In spite of these findings, the precise mecha- 
nism whereby furanocoumarins function in the 
treatment of leucoderma is unknown. The bio- 
chemical events leading to the formation of the 
skin pigment, melanin, have been clarified, but 
no clearcut implication of the coumarins with it 
has been demonstrated. The formation of 
melanin is believed (89, 90, 101) to occur as de- 
picted in Fig. 2. The coumarins apparently do 
not influence the tyrosine-tyrosinase reaction even 
under irradiation (76, 102, 103). A recent papex 
by Judis (104) indicates that xanthotolrin may 
cause the conversion of dihydroxyphenylalanine 
(DOPA) to melanin under the influence of ultra- 
violet light. Sen (101) finds himself tempted to 
look for another alternate additional pathway for 
melanin formation by using Robinson’s scheme 
(105) for the formation of hydroxyindoles. Thus, 
it  appears that the mechanism is uncertain and 
will have to await further clarification. 
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ANTIBACTERIAL ACIlVITY 


Although coumarin itself has low antibacterial 
activity, other coumarins have been observed 


to have such activity in varying degrees. In 
particular, Dicumarol(lO6-108) has shown excel- 
lent activity against certain bacteria, e.g., 
Bacillus anthracis, Staphylococcus aureus, S. 
albus, Streptococcus pyogenes, and Pasteurellu 
avicida, although it has no growth suppressant 
action against some microorganisms. Cavallito 
(109) suggests that the predominantly Gram- 
positive activity of relatively lipophilic dicumarol 
is accounted for by the association of hydrophilic 
properties with Gram-negative activity and 
lipophilic character with Gram-positive activity. 
Ukita and co-workers (1 10) observed remarkable 
antibacterial activity against Straphylococcus 
a u r m  and Mycobacterium tuberculosis (avian 
type) by another (synthetic) coumarin, namely 
3-acetyl-4-hydroxycoumarin. They point out 
that this compound is related to a number of 
other potent antibacterial compounds containing 


a tricarbonyl-methane unit, [CH(--C=O)a], 
as a common structural feature. Among the 
interesting noncoumarinic natural compounds 
containing this structural feature was the 
antibacterial lichen pigment, usnic acid. These 
workers also examined the effect of increasing the 
chain length of the 3-acyl group and found maxi- 
mum activity in 3-n-decanoyl-4-hydroxymu- 
marin. Similar findings were reported by Toda, 
et al. (111). More recently, Ukita’s group (112, 
113) has studied the mode of action of the 3- 
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Fig. S.-Enzymatic oxidation of tyrosine to melanin. 
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acetyl compound and concluded that it acts by 
an uncoupling effect on oxidative phosphoryla- 
tion. It is interesting to note that Dicumarol is, 
likewise, a potent uncoupling agent ( 1  14). In- 
deed, Martius and Nitz-Litzow (115) were 
prompted to suggest that there was a direct rela- 
tionship between the anticoagulant activity of 
Dicumarol and its congeners and the uncoupling 
effect, a hypothesis that since has become 
untenable. 


Possibly the most important coumarin-type 
antibacterial agent is the antibiotic, novobiocin, 
isolated as a fungal metabolite of Streptomyces 
niveus. This unusual glycosidic coumarin has 
the distinction of being the first 4-hydroxycou- 
marin isolated as a fungal metabolite and is also 
the first to contain nitrogen as a part of the 
molecule. Its excellent antibacterial spectrum, 
chiefly against Gram-positive organisms and 
Proteus vulgaris, has led to its wide acceptance in 
medicine. I t  has also been found that it has a 
good action against Leuconostoc mesenteroides, 
the organism responsible for plugging of pipes in 
the sugar industry (116). Conversion to dihy- 
dronovobiocin resulted in a compound still retain- 
ing a wide spectrum of activity (1 16, 117). The 
aglycone derived from dihydronovobiocin by way 
of acid hydrolysis is also said to have activity 
(1 16), but the isoaglycone obtained by similar 
treatment of novobiocin is inactive. Recent 
patents (118, 119) have claimed good antibac- 
terial activity for 3-amino-4,7-dihydroxy-8- 
methylcoumarin and the amide derivatives de- 
rived from novobiocin as well as for the esters of 
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novobiocin which are claimed to have increased 
oil solubility and, thus, better properties for 
incorporation into oily ointment bases. The 
Japanese group of Okumura, et al. (120-122), has 
studied the compounds related to novobiocin in 
an effort to determine the structural features that 
contribute to its activity. Their first study de- 
scribed the synthesis of a number of 3-acylamino- 
4-hydroxycoumarin derivatives, several of which 
showed good antibacterial activity. One of the 
studies (121) undertaken was on 3-alkenyl- 
substituted 4-hydroxybenzoic acids related to 
the corresponding structural unit in novobiocin. 
The ethyl esters of some of these acids (Le., 
3-(3-methyl-2-butenyI)-4-hydroxybenzoic acid 
and 3-allyl-4-hydroxybenzoic acid) exhibited 
antibacterial activity remindful of that shown 
by the well known p-hydroxybenzoates. In the 
final summation of their structure-activity 
studies (122) they pointed out that the presence 
of 3-(O-mrbamoyl)-novobioside bonded at  the 
7 position of 3-(3-alkenyl-4-hydroxybenzamido)- 
4-hydroxycoumarin played an important role in 
the activity of novobiocin. Rodighiero, et al. 
(123), also have examined derivatives of 3- 
aminocoumarin for antibacterial activity and 
have found their best compound to be 3-amino- 
7,8-dihydroxycoumarin which was particularly 
effective against Slreptococcus pyogenes and 
moderately effective against a variety of other 
bacteria. 


Another coumarinic antibiotic that has been 
of interest is chartreusin, isolated as a metabolite 
from S t r e p h y c e s  chartreusis (343). It is pre- 


TABLE XI.- EFFECT ON FLOW RATE THROUGH ISOLATED RABBIT HEART OF VARIOUS PYRANOCOUMARINS 


----Rate of Flow- 
Control Sample, Relative 


Comyd. Concn. m1./2 min. m1./2 min. Increase, A Potency 
Khellin 1 :60,OOO 26.5 37 40 1 
Visnagan 1 : 150,000 30.7 43 41 2 .5  
Khellin 1:30,000 28.0 39.7 41.8 1 
Visnadin i:60.000 21 .o 49.1 131.6 . . .  
Visnadin 1 : 300,000 28.5 39.7 39.2 10 
Khellin 1 : 30,000 26.5 37.0 39.6 1 
Visnadin mother 


liquors 
Khellin 
Dihydrosamidin 


1 : 240,000 23.5 30.8 31.2 Approx. 8 
1:15,000 24.7 45.6 84.6 1 
1 :75,000 24.7 45 . 0 82.2 5 
1:15,000 29.2 47.7 63.2 1 


Papaverine. HCI 1 : 75; 000 27.2 37.2 36.7 2 .5  
Paoaverine. HC1" 1 : 205.000 23 41 i8 
Pt&y xin 1 :225;0OO 22 45 105 


Pteryxin 1,185,000 16 37 131 
PaDaverine . HCI 1 : 140.000 12 28 133 


Papaverine. HCI I : 140,000 15 28 87 


Ptervxin 1 : 140 1 000 12 28 133 
Papaverille. HCl 
Pteryxin 
Papaverine. HCl 


~~ ~~ 


1:89,hO 17 22 30 
1 : 176,000 23 44 91 
1 : 112,000 14 28 100 


Pteryxin 1 : 120,000 16 30 88 


. .  


. .  


. .  


.__.____ 
a This value nod those following are taken from the Ph.D. dissertation of Robert E. Willette entitled "Structural Studies of 


Certain Pharmacologically Active Coumarins Isolated from Umbelliferae." University of MinneJota Minneapolis 1960 p. 56 
The data were supplied by Harleton Laboratories. Falls Church, Va. The same laboratory supplieh the data in ;he firkt part 
of the table, these data having been reported in J .  Am.  C'hcm Soc.. 79, 3538(1957!. 
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dominan tly active against Gram-positive organ- 
isms and mycobacteria (344) and also acts against 
Micrococcus pyogenes v. aurezis phage. It 
exhibits possible cumulative toxicity and has 
not been exploited commercially. Work on the 
structure (345, 346) finally resulted in the eluci- 
dation of its structure by Simonitsch, et al. 


Tuberculostatic activity by coumarins has 
been noted in a few cases. Bersch and Dopp 
(124) examined this activity as related to p-  
aminosalicylic acid (PAS) and found that 
trans-p-aminocinnamic acid was one-fourth as 
active as PAS and that the analogous 7-amino-4- 
methylcoumarin was one-half as active as PAS. 
Rodighiero, et al. (125), working with furano- 
coumarins, found that only psoralen and 
xanthotoxin (coumarin less so) were able to 
inhibit growth of the tubercle bacillus signifi- 
cantly. 


Antifungal activity has been noted, in passing, 
by many authors. One of the more recent studies 
is that of Chakraborty, et al. (126), who found 
that of 17 natural coumarins tested, the psora- 
lenes, including psoralen and imperatorin, were 
the most effective antifungal agents tested. 


(347). 
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VASODILATOR ACTIVITY 


Although the coumarins are well regarded in 
the managment of symptomatic coronary arteri- 
osclerosis, there is a growing opinion that holds 
the mechanism of activity to be vasodilatory 
rather than anticoagulant (127-131). One of 
the most recent studies in support of this hypo- 
thesis is that of Blake, et al. (131), who have 
shown, by a new plethysmographic technique, 
that the coronary vasodilator activity of dicu- 
marol and warfarin on swine coronary arteries is 
comparable to the activity of aminophylline and 
nitroglycerin. The authors suggest that the 
vasodilator activity is brought about by a direct 
effect of the unchanged compound on the wall 
of the artery rather than by some indirect means 
(e.g., by a metabolite or Yia the central nervous 
system). I t  was determined further that the 
concentrations of bishydroxycoumarin achieved 
in their experiments were approximately of the 
same order as those obtained in conventional 
anticoagulant therapy. 


Other coumarins have been investigated also as 
coronary vasodilators following the original 
studies on Ammi visnnga L. which resulted in the 
marketing of khellin, a furanochromone, as a 
coronary vasodilator. The fact that certain 
impure preparations of khellin showed a better 
vasodilatory activity than the pure chromone in 


controlling angina of effort stimulated a search 
for the obviously more potent contaminant in 
the noncrystallized “visnagan” fraction of 
Samaan (132). This contaminant, originally 
described as “visnagan,” was isolated in a crystal- 
line state as the coumarin, visnadin, in 1952 by 
Smith, et al. (133). More recently, by carrying 
out more refined isolations (134) they obtained 
and structurally defined three strongly vasodila- 
tory coumarins, viz., visnadin, samidin, and 
dihydrosamidin. By studying the effect of these 
principles on the rate of flow through isolated 
rabbit heart, they obtained the results shown in 
Table XI. Willette and Soine, for the closely 
related coumarins pteryxin and suksdorfin (135), 
have shown a somewhat more potent action (see 
Table XI). Visnadin has been employed abroad 
for the treatment of angina pectoris (136, 137) 
with some success, although there is no U. S. 
product of comparable nature. 


MOLLUSCACZDAL ACTIVITY 


An interesting study by the Egyptian research- 
ers, Schonberg and Latif (138), has demonstrated 
the possibility of snail control, at least in coun- 
tries where furanocoumarin-containing plants 
can be grown with little expense. They have 
shown that bergapten and isopimpinellin (xantho- 
toxin less effectively) exert a molluscacidal ac- 
tivity cornparable to some of the most powerful 
synthetic organic agents known, e.g., dinitro-o- 
dicyclohexylphenol and sodium pentachloro- 
phenate (Dow G) The objective, of course, is 
to control the snail Biomphaluria boissi which is 
known to be the intermediate aquatic host for 
Schistosoma munsoni, the blood fluke responsible 
for human schistosomiasis (i.e.,  bilharziasis). 


Utilizing snails obtained from their natural 
habitat as test objects under controlled condi- 
tions, they were able to show pronounced mol- 
luscacidal activity. Their preliminary observa- 
tions were confirmed and extended by Evans and 
Zachary of the U. S. Naval Medical Research 
Unit No. 3, Cairo, and are summarized in Table 
XTI. Xanthotoxin has not been included in the 
table because it showed no activity at 5 p.p.m 
and only a 25y0 kill a t  10 p . p m  At 50 p.p.m., 


TABLE xII.-cOMPARATIv& MOLLUSCACIDAL 
ACTIVITIES 


Compd. 8 p.p.m. 2 p.p.rn. 
Bergapten 32/32 ( 1 O O ~ o ) o  22/32 (69%) 
Isopimpinellin 22/32 (69%) 3/32 (9%) 
Dinitro-o-cyclo- 


Sodium pentachlor- 
hex ylphenol 13/16 (81%) 14/32 (4%) 


phenate 10/16 (63%) 2/32 (6%) 
0 Percentage kill. 
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however, it  gave a 100% kill. In the table the 
parentheses include the percentage kill. W o n -  
berg and Latif have suggested that i t  might be 
possible to control snails economically by growing 
plants (e.g., Ammi majus) containing the furano- 
coumarins, harvesting them, and simply throwing 
them into the channels infected with snails. As 
far as the author is aware, the suggestion has not 
heen implemented. 


I t  has long been known that certain naturally 
occurring lactones, e.g., y-butyrolactone, san- 
tonin, etc., possess anthelmintic properties. That 
such activity also was present in the coumarin 
lactones was demonstrated by Baldwin (139). 
Since then most of the interest in coumarins as 
anthelmintics has been among the Japanese. 
Ito, et (11. (140, 141), found only weak activity 
in coumarin, 2-thiocoumarin, and 4-methyl- 
coumarin, but Nakabayashi, et al. (142), working 
with Ascnris suilln, showed that methyl, hydroxy, 
and methoxyl derivatives of coumarin possessed 
significant activity and that the 7- and 3-methyl- 
coumarins were particularly effective, although 
the presence of both 7-methyl and 3-alkyl sub- 
stituents simultaneously depressed activity (143). 
Longer alkyl chains than methyl depressed activity 
likewise. Comparison of 3 : 4-dihydrocoumarin 
and its methyl derivatives with the correspond- 
ing unreduced compounds (144) indicated that 
there was no parallelism of action between the 
two groups and that the dihydro derivatives were 
uniformly less effective than the parent com- 
pounds. Ito and Kitagawa (145) found the 
same to be true when they compared the effi- 
cacies of coumarin, 2-thiocoumarin, and 4- 
methylcoumarin and their 3 : 4-dihydro deriva- 
tives. They noted that compounds melting be- 
tween 70 and looo all seemed to have good effi- 
cacy, and that those melting over 100' were 
uniformly inactive. These workers also studied 
the mode of action of these compounds against 
.4scnris suilln (146). Ishifuku, et al.  (147), 
studied a number of umbelliferone and esculetin 
derivatives and found that the isopropyl ether 
of the former provided the greatest activity and 
that esculetin derivatives were, at best, only 
weakly active. They noted, too, that there was 
correlation between a low melting point and 
anthelmintic activitv. Nakabavashi (148) 


and dodecahydro derivatives (149). The most 
potent compound tested was 4-methyl-hexahy- 
dro-a-naphthocoumarin. 


SEDATIVE AND HyPNonC ACTIVITY 


Kreitmair (150) showed that coumarin pos- 
sessed a definite hypnotic and sedative action on 
mice on oral administration but discounted any 
possible therapeutic application because of the 
high toxicity that made the margin of safety too 
small. The toxicity of coumarin has also been 
studied by Hazleton, et al. (151), who were unable 
to show really harmful effects but pointed out 
that longer term studies should be carried out. 
Ito, et al. (152), examined several coumarins for 
analgesic and hypnotic effects. They concluded 
that the intact 3:4  double bond was necessary 
for activity and noted that the potency was in 
the order of coumarin nucleus with a-pyrone 
ring o-condensed with naphthalene, the same 
condensed with benzene, and the benzene ring 
condensed to the 6 position. A surprisingly 
powerful effect was noted with ethyl coumarin-3- 
carboxylate alone among the ethyl coumarin 
carboxylates. They noted no great differences 
between (Y- and 7-pyrone ring systems. Ito, 
et al. (153), in 1953 again studied several different 
coumarins and found activity in coumarin-3- 
carboxylic acid diethylamide. Introduction of 
-CH2- between the coumarin ring and --CON- 
( C ~ H S ) ~  caused loss of activity as did conversion 
to the isomeric isocoumarin compound. They 
confirmed their earlier finding in this group of 
compounds that reduction of the 3 : 4 double bond 
was deleterious to activity. Kitagawa (154) 
observed that an alkyl group in the 3 position 
gave a hypnotic effect if the number of carbons 
was odd but imparted toxicity if even (peak with 
ethyl). The effect of the methyl group, in de- 
creasing order of activity, was 8-, 3-, and 4- 
methyl. However, a significant finding was that 
the difference between the hypnotic and lethal 
dose was slight except with the 4- and 8-methyl 
compounds. Kitagawa (155) was able also to 
relate the hypnotic effect of coumarin derivatives 
to the suppressive action on the cytochrome level 
in conformity with the general proposal of 
Michaelis and Quastel (156) relating to hypnotics 
and anesthetics. 


ANALGSIC ACTIVITY 


showed that, in general, the several methylthio- In 1957, Stem, et al., published a paper relating 
coumarins were relatively less effective than the to the analgesic and antipyretic effects of vitamin 
corresponding coumarins. He also examined K and dicumarol with special reference to 4- 
the OL- and 0-naphthocoumarins and the 1- and hydroxycoumarin (157) They made the start- 
4-methyl as well as the tetrahydro-, hexahydro-, ling statement that they were able to obtain 
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analgesic effects from 4-hydroxycoumarin with a 
minimum dose of 0.025 mcg./Kg. This proposal 
was examined by Adami (158) and Adami, et al. 
(159), in which they administered 4-hydroxy- 
coumarin to albino rats in a well controlled study 
in doses of 0.010 to 250 mcg./Kg. orally, intra- 
peritoneally, and subcutaneously. They found 
no analgesic activity of significance. 


HYp0THERMALAC”ITY 


Kitagawa, et a!. (160-162), examined a large 
group of coumarins for their ability to reduce 
body temperature. They concluded that most 
coumarins possess an effect of this kind. Among 
the many relationships noted they observed that 
methyl or propyl in the 3 position had a particu- 
larly strong action. Reduction of the 3:4 
double bond reduced activity, but the introduc- 
tion of a 2-thio group had little effect. A methyl 
group attached to the a-pyrone ring was prefer- 
able to having it attached to the benzene moiety 
of coumarin. With respect to 2-thiocoumarin 
they observed that there was a complete paral- 
lelism between the amount distributed in the 
brain and the hypothermal action. 
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Quinazolines and 1,4-Benzodiazepines XVII 
Synthesis of 1,3 -Dih ydro- 5 -pyridyl-aH- 1,4-benzodiazepine Derivatives 


By R. IAN FRYER, R. A. SCHMIDT, a n d  L. H. STERNBACH 


The synthesis of a series of 5-pyridyl analogs 
of the psgchopharmacolo i d l y  active class of 
compounds, l,4-benzo&ze.pines, is de- 
scribed. These compounds are being 
screened for psychosedative, muscle relax- 


ant, and anticonvulsant activity. 


HE NEW PSYCHOTHERAPEUTIC agents of the 
1,4-benzodiazepine class of compounds, chlor- 


diazepoxidel and diazepam,2 have received wide 
attention in recent years (1, 2). As a continua- 
tion of our earlier work on the synthesis of ana- 
logs of l ,4-benzodiazepines (3), we have prepared 
for pharmacological evaluation several derivatives 
of 1,3-dihydro-5- (2-pyridyl)-2H- 1,4-benzodiaze- 
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pin-2-one and 1,3-dihydrod-(4-pyridyl)-2H-l,4- 
benzodiazepin-2-one. 


The 2-aminobenzoylpyridines IIIa,b (H)9 used 
as starting materials for these syntheses are de- 
scribed by Schofield and co-workers (4,5). How- 
ever, as recent work by Raynolds and Levine (6) 
makes 4-phenacyl pyridine readily available, we 
were able to prepare 4-(2-aminobenzoyl)pyridine 
IIIb (H) by the much easier route used by Scho- 
field and Ockenden for the synthesis of 242- 
arninobenzoy1)pyridine IIIa (H).' These work- 
ers utilized the oxidative fission of the 2,3-double 
bond of the appropriate indole Ia (H), followed 
by hydrolysis of the 2-(2-benzamidobenzoyl)- 
pyridine IIa (H) thus obtained. 


1 1110 (H) indicates compound 1110. R = H (Scheme I); 
1110 (Br) indicates compound 1110. R = Br etc. 


4 W e  found chromium trioxide preferable' to owne as an 
oxidant for Za b H) For example, see Schofield. K., and 
Theobald, R. d., 1. Chcm. Soc., 1949, 796. 








Effects of Selected U.S.P. Talcs on Acetylsalicylic 
Acid Stability in Tablets 


By GERALD GOLD and JAMES A. CAMPBELL* 


Talc U.S.P. varies in chemical composition according to its source and method of 
preparation. The effects of four different U.S.P. talcs o n  the stability of aspirin tab- 
lets at elevated temperature and humidity were studied. Data obtained indicated that 
different talcs varied significantly in their effects 00 the stability of aspirin. As irin 
stability was improved by acid washing the talcs. Selected talcs were andyzecfand 
experiments conducted in an attempt to identify the factors adversely influencing 


aspirin stability. 


s DEFINED IN the U.S.P. XVI (1) “Talc is a A native, hydrous magnesium silicate, some- 
times containing a small proportion of aluminum 
silicate.” Chemically, talc is a hydrated mag- 
nesium silicate having the general formula, 
3MgO.4Si02.H20, in which layers of brucite are 
between silicon-oxygen layers with each layer 
being somewhat modified by isomorphous re- 
placement. Talc is formed by the breaking 
down of tremolite, instatite, and other magnesium 
minerals (3) .  Purified talc is made by boiling 
very finely powdered talc with water containing 
about 2% hydrochloric acid, allowing the in- 
soluble material to subside, decanting the super- 
natant liquid, and repeating the process with a 
weaker hydrochloric acid solution. The talc 
that has been freed of iron and other soluble 
impurities is thoroughly washed with water and 
dried at 110’ (3). 


Impurities which are reported to be present in 
talc are calcium carbonate, calcium silicate, and 
iron oxide (4). These impurities result in modi- 
fication of the physical characteristics of the talc. 
When the calcium content is high and in the form 
of calcium silicate or crystalline calcium carbon- 
ate, the powdered material is abrasive. The 
presence of iron (either as ferric oxide or a com- 
plex magnesium ferric silicate) tends to make the 
talc grayish in appearance. 


Talc is widely used in the pharmaceutical 
industry as a tablet lubricant and, as such, may 
influerice tablet stability. The  rate of aspirin 
decomposition in tablet formulations containing 
aspirin, phcnacetin, and caffeine has been re- 
ported to  be minimized when talc is used as the 
lubricant (5, 6). Since talc is a natural product, 
it does not have constant composition, but varies 
depending upon its origin and method of prep- 
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aration. Analyses of talcs usually show variations 
in composition (i). 


This investigation was undertaken to  deter- 
mine whether different U.S.P. talcs would vary 
in their effects on the stability of aspirin. The 
data  obtained indicated tha t  the stability of 
aspirin did vary with different talcs and an 
at tempt  was made to  determine whether addi- 
tional acid washing of talc would result in better 
aspirin stability. Selected talcs were analyzed 
and experiments conducted to identify the factors 
in talc adversely influencing aspirin stability. 


EXPERIMENTAL 


Materials Used.-Commercially available 
20-mesh aspirin crystals of U.S.P. grade and com- 
mercially available U.S.P. talcs were used through- 
out this experiment. The talcs were designated talc 
A ,  B ,  C, and D. Other chemicals used were U.S.P. 
grade of calcium carbonate, C.P. grade of aluminum 
silicate, pharmaceutical grade of red iron oxide, and 
purified calcium silicate. 


Acid Washing of Talcs.-Talcs A ,  B ,  C, and D 
were acid washed by the following procedure: 50 
Gm. of talc was placed in 200 ml. of 10% hydro- 
chloric acid and boiled for 10 minutes. The talc was 
filtered with suction through a sintered-glass filter 
and washed thoroughly with distilled water until 
the filtrate had the same pH as the washing solu- 
tion. The talc was then dried in a vacuum desiccator 
over concentrated sulfuric acid. 


pH Measurements.-The pH of a 2% suspension 
of talc in distilled water was measured with a Beck- 
man model H2 pH meter. 


Chemical Analyses of Talc.-Using standard 
methods of chemical analysis, talcs A ,  C. and acid 
washed talc C were assayed for the following in  the 
order listed : loss on ignition, SO2, FetO:,, A&%, CaO, 
arid MgO. The anhydrous sodium carbonate fusion 
method was utilized to decompose the sample. 
Silica was volatilized by the hydrofluoric acid method 
and calculated by weight differences. 


Gravimetric methods were employed for the deter- 
mination of iron, aluminum, calcium, and mag- 
nesium. After preliminary separation of iron and 
aluminum as hydroxides, iron was precipitated from 
an acidic solution with cupferroii, then ignited, and 
weighed as ferric oxide. Aluminum was precipitated 
with ammonium hydroxide, ignited, and weighed as 
aluminum oxide. Calcium was separated from mag- 
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TABLE  STABILITY OF ASPIRIN IN TABLETS CONTAINING SELECTED TALCS 


pH of talc - 7.6 7 . 7  9.6  9 . 2  
Free Salicylic Acid in mg./Tablet at 40° C. and 90% Relative Humidity 


Time, wk. 


Talc A Talc B Talc C Talc D 


Original 
1 
2 
4 
8 


<o. 10 
0.13 
0.23 
0.41 
0.32 


<o. 10 
0.30 
0.69 
1.07 
2.05 


<o. 10 
0.93 
2.61 
5.85 


13.00 


<0.10 
0.28 
0.57 
1.12 
1.46 


12 0.80 3.35 25.80 2.96 


nesium by a double precipitation with ammonium 
oxalate, then ignited, and weighed as calcium oxide. 
Finally, the magnesium was precipitated by the 
addition of ammonium phosphate, ignited to  the 
pyrophosphate, weighed, and calculated as the oxide. 


Preparation of Tablets.-Three series of aspirin 
tablets were prepared. Formulations of the first 
series contained talcs A, B, C, and D as commer- 
cially received. Formulations of the second series 
contained acid washed talcs A ,  B, C. and D. and 
formulations of the third series contained talc A plus 
known amounts of various talc impurities. Formu- 
lations of all three series contained in each tablet 325 
mg. of aspirin and 13.5 mg. of talc. Formulations 
of the third series contained in addition 0.71 mg. per 
tablet of one of the following: aluminum silicate 
(3  Altos. 4 % ) ~ .  HzO), red iron oxide ( FezOa), calcium 
silicate (CaSiO,), and calcium carbonate. Each in- 
gredient was vacuum dried over concentrated sul- 
furic acid for not less than 16 hours prior to use and 
thereafter handled in a room in which the relative 
humidity did not exceed 19yc. Tablets were com- 
pressed on a Colton single-punch machine using '/a- 
in. standard cup punches and die. Compressed 
tablets had a hardness of 3.0 to  4.0 Kg. measured 
with a Pfizer hardness tester and contained less than 
0.2% moisture measured with a Cenco infrared mois- 
ture balance with a 125-watt infrared bulb at 90 volts 
for 10 minutes. 


Accelerated Stability Conditions.-Tablets were 
placed in a desiccator and stored at 40" and approxi- 
mately goo/, relative humidity. The humidity in the 
desiccator was controlled by a saturated solution of 
monobasic ammonium phosphate in which an excess 
of salt was present to insure saturation. The rela- 
tive humidity above a saturated solution of mono- 
basic ammonium phosphate at 37.7" is 91.1% (8). 


Free Salicylic Acid Assay.-Aspirin stability in 
tablets was evaluated in terms of free salicylic acid 
content. Twenty tablets were weighed, the average 
tablet weight determined, and the tablets ground to 
a fine powder. Approximately one tablet weight 
was accurately weighed and transferred to a glass- 
stoppered centrifuge tube and 25 i d .  of benzene 
added. The tube was shaken on a mechanical shaker 
for 2 minutes and centrifuged for approximately 3 
minutes. Five milliliters of clear benzene solution 
was transferred to a second glass-stoppered centri- 
fuge tube and 10 ml. of ferric ammonium sulfate 
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Fig. 1.-Effect of acid washed talcs on aspirin 
stability after 4 weeks a t  40°C. and goy0 relative 
humidity. 


solution (0.1 % ferric ammonium sulfate adjusted to 
pH 2.45 with sulfuric acid) was added. The tube 
was then shaken on a mechanical shaker for 30 sec- 
onds and centrifuged for 2 minutes. The benzene 
layer was aspirated off and the aqueous portion was 
read on an Evelyn photoelectric colorimeter using a 
515-mp filter. The instrument was adjusted to  100% 
transmittance with the reagent blank. 


RESULTS AND DISCUSSION 


The data from Table I indicate that different talcs 
vary significantly in their effects on the stability of 
aspirin. After 12 weeks at 40" and 90% relative 
humidity, tablets containing talcs A ,  B, C. and D 
had 0.80. 3.35, 25.80, and 2.96 mg. of free salicylic 
acid per tablet, respectively. Arranging the talcs in 
decreasing order of aspirin stability we have talc 
A,  D, B, and C. It will also be noted that the pH of 
the talcs varied from 7.6 t o  9.6. By arranging the 
pH of talcs in the same order of decreasing aspirin 
stability, we have 7.6, 9.2. 7.7, and 9.6. The pH of 
talc, therefore, did not appear to be directly related 
to aspirin stability. 


Figure 1 illustrates the effects of acid washed talcs 
on aspirin stability. After 4 weeks a t  40" and 90'%, 
relative humidity, aspirin tablets contained the fol- 
lowing concentrations of free salicylic acid in milli- 
grams per tablet: talc A 0.41; acid washed talc A 


TABLE II.-cHEMICAL ANALYSES OF VARIOUS TALCS, 70 


Talc A 
Talc C 


Free Loss on 
S i a  MgO CaO Alr01 FetOa Moisture Ignition 


% % % % % % % 
61.89 30.90 0.36 0.54 0 31 <0.2 0.53 
48.20 32.10 4.36 3.71 1.07 <0.2 6.44 


Acid washed talc C 53.63 30.50 0.36 4.00 1.18 <0.2 1.38 
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TABLE ~ ~ ~ . - s T A B l L I T Y  OF ASPIRIN IN TABLETS CONTAINING TALC A AND VARIOUS IMPURITIES 


Free Salicylic Acid in mg./Tablet a t  40°C. and go%,. Relative Humidity 
Talc A 
t Talc A Talc A Talc A + + + Calcium 


Time, wk. Talc A Red Iron Oxide Calcium Silicate Aluminum Silicste Carbonate 
Original <0.10 <0.10 0.12 <0.10 <o. 10 


1 <O. I0 0.13 1 . 1 1  0.11 2.61 
2 0.19 0.25 1.85 0.19 4.66 
4 0.Y2 0.33 3.20 0.23 8.01 


0.30; talc B 1.07, acid washed talc B 0.60; talc C 
5.85, acid washed talc C 0.30; talc D 1.12, acid 
washed talc D 0.30. Therefore, aspirin stability was 
improved by acid washing the talcs. 


The data in Table I1 present the chemical analyses 
of talcs A .  C, and acid washed talc C which were as- 
sayed for SO*. Altoa, CaO, and MgO t o  determine 
whether talcs which varied in their effects upon the 
stability of aspirin would also vary in their chemical 
composition. Talcs A and C were selected for 
analyses because they represented the talcs which 
were affected the least and the most, respectively, by 
acid washing. Acid washed talc C, which had pre- 
viously been shown to have good aspirin stability, 
had relatively high concentrations of Fez03 and 
AllOs. This suggests that aluminum or iron in talc 
does not adversely influence aspirin stability. Talc 
C, which was associated with poor aspirin stability, 
had a loss on ignition of 6.4470 which exceeds the 
U.S.P. limit of 5yo. The loss on ignition did not 
represent free moisture. Talc C also had a relatively 
high concentration of CaO which would reflect a cal- 
cium carbonate or calcium silicate impurity. A 
calcium carbonate impurity would also contribute to  
a high loss on ignition. By acid washing talc C, the 
loss on ignition and CaO content were reduced and 
aspirin stability significantly improved. A high loss 
on ignition and CaO content, therefore. may be in- 
dicative of impurities in talc which adversely influ- 
ence aspirin stability. 


The effect that impurities in talc have on aspirin 
stability is shown in Table 111. A different aspirin 
lot was used in this phase of the experiment which 
may explain the low free salicylic acid levels ob- 
tained. I t  will be noted t h a t  after 4 weeks at  40’ and 
90% relative humidity, aspirin tablets containing 
talc A had 0.22 mg. of free salicylic acid per tablet. 
The series of tablets also prepared with talc A,  but 
with added aluminum silicate, red iron oxide, cal- 
a u m  silicate, or calcium carbonate, had free salicylic 
acid values of 0.23, 0.33, 3.20, and 8.01 mg. per tab- 
let, respectively. Aspirin stability, therefore, is ad- 
versely influenced by the presence of calcium car- 
bonate or calcium silicate and not significantly in- 


fluenced by the presence of aluminum silicate or red 
iron oxide. This is in agreement with the conclusions 
from the analyses of selected talcs in which aspirin 
decomposition was associated with the calcium con- 
tent and not associated with aluminum or iron. 


SUMMARY AND CONCLUSIONS 


The effects of different U.S.P. talcs on the stability 
of aspirin tablets have been investigated. From the 
results obtained the following conclusions can be 
drawn. 


Different U.S.P. talcs varied significantly in their 
effect on the rate of aspirin decomposition. 


The stability of aspirin was improved by acid 
washing the talcs. 


The pH of talc did not appear t o  be directly related 
to  aspirin stability. 


When using commercially available talcs. a high- 
calcium content and high loss on ignition were as- 
sociated with increased aspirin decomposition. The 
aluminum and iron content were not associated with 
aspirin decomposition. 


Aspirin stability in tablets was adversely affected 
by the presence in talc of added calcium silicate and 
calcium carbonate and not affected by aluminum 
silicate or red iron oxide. 


As a result of this investigation, the authors are of 
the opinion that variations in talc could alter the 
stability of other pharmaceutirdls containing or uti- 
lizing talc in their preparation. 


REFERENCES 
(1 )  “United States Pharmacopeia.” lGth rev., Mack Pub- 


lishing Co.,  Easton. Pa., 1080, p. 734. 
(2) Soine. T. 0.. and Wilson, C.  O. ,  “Rogers’ Inorganic 


Pharmaceutical Chemistry,” 7th ed., Lea and Febiger, Phila- 
delphia. Pa.. 19G1.~ .381 .  


(j) Ibid., p. 382.’ 
(4) “Basic Materials for Cosmetics and Toilet Prepara- 


tions,” Bulletin 56-1, Whittaker. Clark, and Daniels, Inc., 
New York, N .  Y . ,  1958, p. 102. 


( 5 )  Ribeiro D. Stevenson D. Samyn J. MiloSovich,G., 
and Mattocks: A . M . ,  THIS J ~ U R P ~ L ,  44,226i1955). 


(G) Nazareth, M .  R. ,and Huyck, L. C., ibid.,50,620(1961~, 
(7) Soine. T .  0.. and Wilson. C .  0.. “Rogers’ Inorganic 


Pharmaceutical Chemistry,” 7th ed.. Lea and Febiger. Phila- 
delphia. Pa.. 1981, p. 380. 


( 8 )  Wink. W. A . . l n d .  E n g .  Chrm.  A x u l .  E d . .  18,251(194(i). 








Communications- 


Occurrence of 
5-Hydroxytryptamine and 
5 -Hydroxytryptophan in 


Panaeolus sphirzctririus 


The status of Pnnaeolus sphinclrinits (Fr.) 
Qukl. as a hallucinogenic mushroom is currently 
a matter of dispute Specimens of this species 
collected in hlexico by Schultes approximately 
5.5 years ago were said to  be employed there as 
ps)-chotomimetic agents (1). The possibility of 
such application was seemingly verified when 
IIrini and Ilofmann reported the isolation of 
psilocybin from cultivated sporocarps o f  the 
fungus (?). However, their recent investigations 
of other samples of P. sphinctrinits iailed to  
detect psilocybin (3). In neither caSe did the 
authors present experimental details or sources of 
the fungi examined, and herbarium reference 
specimens were apparently not retained. 


An investigation of nine species and forms of 
P , i w e o l u s  by Tyler and Smith (4) revealed the 
presence of 5-substituted tryptamine derivatives 
but no 4-substituted derivatives. I3ecause of its 
relative scarcity, P. sphinctrinus was not in- 
cluded i n  that  study, but the possibility that  it 
might contain psilocybin or psilocin appeared 
remote 0 1 1  chemotaxonomic grounds Inves- 
tigation of an authentic sample of the fungus was 
clearly required to settle the ethnological, 
phytochernical, and chemotaxonomic prohlems 
raised by this apparent discrepancy in the type 
of tryptaminc derivatives reported to t x  con- 
tained in a single species of the genus Pnnrzeolus. 


Kemntly, we. obtained through the courtesy 
of I>r. K. Singer’ a small sample of P. sphzncfrinus 
(Fr.) QuCl. collected in Argentina (collection No. 
M 3514) and determined by Singer to be the 
same species as the Mexican material originally 
collected by Schultes (1). The powdered speci- 
men (95 mg.) was extracted with 5 ml. of meth- 
anol and 100-150-pl. quantities of the extract 
subjected to circular chromatography on S. and 
S. 2043-bm filter paper in three solvent svstems 
essentially as described by Benedict, et a l .  (5). 
Spraying the chromatograms with p dimethyl- 


1 T h c  authors gratefully acknowledge t h e  valuable contri- 
bution m d c  to  this  study by Dr. W. Singer, Ikpartmcnt of 
Botany. Univcrsity of Butnos Aires, Bucnos Aircs. Argcntina. 


TAIjLE 1. ~ -,?I \.AI.UES OF INDO1.k; I ) E : K I V A T I v I ( S  
1 D P : x r r F r s o  I N  P .  sphinrtrinirs EXTHACI. A X D  OF 


KRFERENCE COMPOUSUS 
~~ 


~ _ _  ~ ~~~~~~ .. ~ 


~ ~~~ ~ 


,- Rf VaIu?5 
l’b110. P\,I<). 


C‘om~”! 5pu1 t cc! -a+IiTP ,-, I 1 1  ry!rin rin 


n-Butariol : Acetic 
r\citi.M.’ater ( - 1 : l : l )  


P. sphitictritirrs extract  0 3 1  0 51 . . . 
Refer c11 c e 0 93 0 .53  0 ‘15 0 71 


n -I3utanol 
( Water-suturatcd) 


I’.  sphinclrinus rstract 0 18 0.34 . . . . .  
Reference 0.19 0.33 0 00 0.54 


,z-Propanol : 1 N 
Amnionium Ilydroxide 


(5:  1)  
Y. sphrticfrinus extract 0 . 2 1  0 59 . . . . . 
KeferrIice 0 22 0.59 0 16 0.90 
~~ ~~ ~~ ~~ ~~~~ ~ 


aminobcnzaldehyde solution (1’I)AH) or with 
Pauly’s reagent revealed two principal zones 
(violet-l’IlAI3, reddish orange-I’auly’s) ivith Rr 
values in all three solvent systems corresponding 
to reference samples of 5-hydroxyt ryptophan 
(5-HTP) and 5 hydroxytryptaminc (5-IIT). 
The average K J  values of the zones are listed in 
Table I .  Urea was also identified by its K J  
value arid distinctive yellow with I’IIAB. 


The methanol extract was then concentrated 
to 2 ml., 200-100 pl. quantities were applied as 
2-cm. streaks on thin-layer plates prepared with 
,Muck silica gel (Z  (according to Stahl), and the 
chrornatograms developed twice in a solvent 
mixture composed of chloroform: 5% methanol, 
saturated with concentrated ammonium hy- 
droxide (6). After spraying with I’LIAB, the 
chrornatograms showed two principal violet 
spots with mo1)ilities equivalent to 3-IITP and 
5-HT and which failed to separate from these 
cornpourids when spotted in cornhination with 
them. Several other spots giving bluish colors 
with PIIAN were noted on the chromatograms 
but did not prove to be identical with available 
reference compounds. None of the spots cor- 
responded to psilocybin or psilociri. 


From these observations in four different 
chromatographic systems, it was concluded that 
the sample of 1’. sphinctrinus examined con- 
tained neither psilocybin or psilocin. In agree- 
ment with the numerous species of this genus 
previously analyzed (4), it contained relatively 
large amounts of S-IITP, 5-H1’, and urea. The 
reported isolation of psilocybin from P. sphint- 
trinus sporocarps by Heim and Hofmaun may be 
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attributed to the existence of different chemical 
races of the species; however, this possibility 
now appears remote. A more likely conclusion 
is that that report, like numerous others attrib- 
uting hallucinogenic properties to Panaeolus 
species, was based on a misidentification of the 
specimens examined. 
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7, 37(1939). 
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Dielectric Constants 
and Solubility 


Sir: 


A recent publication of Sorby, Bitter, and Webb 
(1) reporting the dielectric constants of the water- 
ethanol-glycerin and water-ethanol-propylene 
glycol systems has prompted this communication. 
Since we are also presently engaged in studies of 
this nature, we wish to indicate briefly some addi- 
tional observations concerning the possible rela- 
tion between dielectric constant and the solubility 
of nonelectrolytes. These observations will be 
the subject of detailed reports a t  a later date. 
Our studies have led us to believe that the di- 


electric constant principle of solvent blending 
outlined by Moore (2) is fortuitous. Implicit in 
Moore’s suggestion is the presumption that sol- 
vent systems of approximately the same di- 
electric constant will show the same solvent 
properties for given drugs. Goyan (3) has re- 
cently pointed out the limitations of this as- 
sumption. Sorby, et al. (l), have suggested that 
Moore’s method may fail in practice because of 
the approximations made in computing rather 
than directly measuring dielectric constants of 
complex mixtures. In a previous communication 
(4) we had pointed out that Moore had not con- 
sidered cosolvency phenomena in his treatment. 


A detailed examination of one of Moore’s 
examples, the solubility of phenobarbital as a 
function of dielectric constant, proves illustrative. 
Figure 1 shows the solubility data of pheno- 
barbital in several binary systems which were 
originally reported by Krause and Cross (5 )  and 
Peterson and Hopponen (6). The peak solu- 
bilities in different blends are seen to fall within a 
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narrow range of dielectric constant (27-30). This 
observation led to our suggestion (4) that a di- 
electric requirement (DR) for solubility exists, 
i.e., the dielectric constant a t  which peak solu- 
bility is observed in a solvent blend. At constant 
temperature, this requirement should be inde- 
pendent of the actual nature of the solvents in the 
blend and dependent only upon the nature of the 
drug. The existence of such a requirement has 
been confirmed in the cases of salicylic acid 
(DR: -15) and theobromine (DR: -20 and 
-42) in binary systems of widely differing com- 
position (7). 


If Moore’s technique is valid, then its applica- 
tion should not critically depend upon the selec- 
tion of the solvent which determines the value 
of the approximate dielectric constant (A.D.C.) 
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Fig. l.-Solubility (w/v yo) of phenobarbital in 
various binary systems at  25’ plotted as a function 
of dielectric constant. Key: A,  propylene glycol- 
ethanol ; B, glycerin-ethanol ; C, water-ethanol; D. 
propylene glycol-water ; E, glycerin-water. 
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caine hydrolysis in system containing the beta- 
cyclodextrin is dependant on the uncomplexed 
benzocaine in solution. 


Studies involving inclusion formation and 
molecular complexation are of importance in the 
area of drug stabilization and solubilization. Since 
inclusion formation plays a role in the chemistry of 
living cells, studies of th is  type are also important 
in that data obtained may provide information with 
respect to the mechanism of drug absorption, trans- 
port, and metabolism in biological systems. 
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Fig. 6.-Effect of betacyclodextrin on the rate 
of benzocsine hydrolysis in 0.04 N Ba(0H)r at  30'. 
Key: f, experimental; 0,  calculated. 
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Behavior of Erythrocytes in Various 
Solvent Systems I1 


Effect of Temperature and Various Substances on Water-Glycerin 
and Water-Propylene Glycol Solutions 


By D. E. CADWALLADER, B. W. WICKLIFFE, and B. L. SMITH 


Hemolytic behavior of rabbit and human erythrocytes in water-glycerin and wateT- 
propylene glycol solutions was studied at 2 5  and 37O, and the effect of various added 
substances to these systems was investigated. Human i values obtained for sodium 
chloride in aqueous glycerin or propylene 8lycol solutions at 37' were slightly 
greater than the corresponding i values at 2 5 . Increase in temperature from 2 5 to 
37' decreased the concentrations of propylene glycol in 0.9 per cent saline solution 
needed to cause hemolysis of erythrocytes. Mono-monovalent salts, sugars and 
sugar alcohols, magnesium chloride, and sulfate and sodium sucanate afforded 
essentially the same degree of protection as sodium chloride against hemolysis by 
propylene glycol. Isotonic concentrations of sodium or rtassium sulfate, potas- 
sium sodium or disodium tartrate, or trbdium citrate &or ed greater protection to 
erythrocytes than 0.9 per cent sodium chloride. The order in which the anions of the 
above salts appeared to protect human erythrocytes against propylene lycol hemoly- 
sis is citrate > tartrate > gluconate > sulfate; for rabbit erythrocytes z e  order is sul- 
fate, tartrate > citrate. Much lower concentrations of propylene glycol were re- 
quired to hemolyze erythrocytes in solutions containing isotonic concentrations of 


calcium chloride. 


HE PREVIOUS PAPER in this series (1) dis- 
the behavior of erythrocytes in 


water%lycerin and water-propylene glycol sys- 
tems in experiments carried out at 25'. Hemo- 
lytic i values were obtained for sodium chloride 
in the presence of various concentratiohs of 
glycerin and propylene glycol. It was observed 
that complete hemolysis took place in most 
glycerin solutions, but the addition of suitable 
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amounts of sodium chloride prevented hemolysis 
of rabbit and human erythrocytes. Complete 
hemolysis occurred in all propylene glycol 
solutions, and in solutions containing 45-5Q70 
or more of propylene glycol the addition of iso- 
and hypertonic quantities of sodium chloride 
failed to prevent complete hemolysis of rabbit 
and human red blood cells. 


The presently reported experiments are in 
three areas. (a) The behavior of rabbit and 
human red blood cells was compared at 37 and 
35' in aqueous polyhydric alcohol systems, 
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TABLE I.-ISOTONIC VALUES OF Vmrous SUBSTANCES 


Iaotonic Values 
-Rabbit Blood-- -Human Blood- 


% Compn. '% Compn. 
(anhydr.) (anhydr.) 
equiv. to equiv. to 


0.9% NaCl Compound i Valuea 0.9% NaCl i Valuea 
Calcium chloride 2.85 1.11 2.76 1.15 
Dextrose ... . . .  0.58 9.39 
Glycine ... . . .  1.21 1.78 
Lactose 1.24 7.91 1.20 8.16 
Magnesium chloride 2.97 0.92 2.90 0.94 
Magnesium sulfate ... ... 1.99 1.73 
Mannitol . . .  . . .  1.37(3) 3.83 
Potassium bromide 1.81 1.88 1.79 1.91 
Potassium gluconate . . .  ... 2.28(4) 2.94 
Potassium sodium tartrate ... ... 3.30 1.82 
Potassium sulfate ... . . .  3.06 1.63 
Sodium benzoate ... . . .  1.85 2.24 
Sodium chloride 1.86 0.90 1.86 0.90 
Sodium citrate 4.18 1.77 4.02 1.84 
Sodium iodide 1.92 2.21 1.93 2.20 
Sodium nitrate 1.83 1.33 1.86 1.30 
Sodium tartrate 3.36 1.61 3.37 1.60 
Sodium succinate ... . . .  3.27 1.35 
Sodium sulfate 3.20 1.26 3.19 1.27 
Sorbitol 1.28(3) 4.07 1.36(3) 3.83 
Sucrose ... . . .  1.37 7.16 


a All i values were calculated from hemolysis data obtained at 37' and represent an avera e of at least two blood samples. 
b Hemolytic i value at 25", Except for dextrose, these i values proved to be the same as those previously reported at 25%. 


1.17 (2). 


especially water-propylene glycol. (b) Because 
of the inability of 0.9% sodium chloride to pre- 
vent complete hemolysis in 45-50'% propylene 
glycol solutions, experiments were conducted 
to determine the critical hemolytic concentrations 
of propylene glycol in 0.9% saline for rabbit and 
human erythrocytes. (c) Experiments were 
also carried out to observe what d e c t  the addi- 
tion of isotonic quantities of various compounds 
had in preventing hemolysis of erythrocytes 
in glycerin and propylene glycol systems. 


EXPERIMENTAL 


Materials.-All chemicals were U.S.P.. N.F.. or 
reagent grade. 


Collection of Blood.-Rabbit and human blood 
samples were collected and defibrinated in the 
manner described by Husa and co-workers (24). 
Human blood was obtained from several female and 
male donors. 


Solutions.-All solutions were weight-in-volume 
preparations. Isotonic concentrations of the vari- 
ous compounds used in this study are shown in 
Table I. The hemolytic i value of each compound 
was used to calculate the concentration in water of 
anhydrous compound equivalent to 0.9% sodium 
chloride. Previously reported i values of most 
compounds in Table I had been calculated from data 
obtained at 25'. Since hemolysis experiments at 
37" were planned, i values were determined for this 
temperature. It was found that i values were the 
same a t  37 and 25' for all compounds in Table I 
except dextrose. Human i values are reported for 
the iirst time for lactose and sucrose. 


Quantitative Determination of Hemoly&.-The 
method used to determine the degree of hemolysis 
of erythrocytes in various solutions was described 
in the first paper of this series (1). 


Hemolysis experiments were carried out a t  25 f 1" 
and 37 f 1". In obtaining data for the calculation 
of i values at 37O, the procedure was essentially the 
same as that referred to except that four tubes of 
each concentration were used: two each were kept 
at 37" for 45 minutes, while two were maintained a t  
25" for the same period of time. 


In  determining the critical concentrations of 
propylene glycol in the presence of 0.9% sodium 
chloride that caused hemolysis of rabbit and human 
erythrocytes, blood was added t o  aqueous solutions 
of 0.9% sodium chloride containing various amounts 
of propylene glycol. The blood mixtures were 
allowed to  stand 45 minutes-two tubes at 37" and 
two tubes at 25". The results are shown in Fig. 1. 
Similar experiments in which isotonic equivalents of 
various substances were added to  propylene glycol 
solutions were carried out a t  37'. The results are 
depicted in Figs. 2 and 3. 


RESULTS 


Water-Glycerin Solution.-Complete hemolysis 
of rabbit and human erythrocytes occurred in 0.0 
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Fig. 1.-Hemolysis of erythrocytes after 45 min- 
utes in propylene glycol solutions containing 0.9% 
sodium chloride. Key: ---- , human blood; 


, rabbit blood. 
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and sulfate, glycine, and sodium succinate had sig- 
moid hemolysis curves for rabbit and/or human 
blood that fell within the boundaries of the wide, 
shaded curves in Figs. 2 and 3. Thus, these com- 
pounds afforded essentially the same degree of pro- 
tection as sodium chloride against hemolysis by 
aqueous propylene glycol solutions. Sodium ben- 
zoate gave slightly less protection to human erythro- 
cytes than the above-mentioned compounds. 


Isotonic concentrations of sodium or potassium 
sulfate, potassium sodium or disodium tartrate, or 
trisodium citrate afforded greater protection to 
rabbit and/or human red blood cells than 0.9% 
sodium chloride; in their presence higher concentra- 
tions of propylene glycol were necessary to initiate 
and bring about complete hemolysis of erythrocytes. 
The order in which the anions of the above salts ap- 
peared to protect human erythrocytes against 
propylene glycol hemolysis was citrate > tartrate > 
gluconate > sulfate. The curves were not as well 
defined for rabbit blood; however, the order of pro- 
tection against hemolysis appeared to be sulfate, 
tartrate > citrate. 


When blood was added to propylene glycol solu- 
tions containing isotonic concentrations of calcium 
chloride, hemolysis of erythrocytes took place in 
much lower concentrations of propylene glycol than 
solutions containing isotonic amounts of other com- 
pounds. Eight to ten per cent less propylene glycol 
was required to hemolyze human erythrocytes in 
aqueous solutions containing 1.15y0 calcium chloride 
than in solutions containing isotonic concentrations 
of other chloride salts. The decrease in propylene 
glycol concentrations for hemolysis of rabbit erythro- 
cytes in l.llyo calcium chloride solutions was ap- 
proximately 15%. 


DISCUSSION 


Current experiments showed that a t  37" complete 
hemolysis of rabbit erythrocytes occurred in all 
aqueous glycerin solutions, whereas in previous 
work at  25' (1) hemolysis was incomplete in 50 to 
70% glycerin solutions. This is consistent with the 
observations that for most permeants containing hy- 
droxyl groups the usual hemolytic response to an 
increase in temperature is increased hemolysis. 


14 18 22 28 30 32 34 36 38 40 
16 20 24 29 31 33 35 37 39 


PER CBNT PROPYLENE GLYCOL 


Fig. 2.-Hemolysis of rabbit erythrocytes a t  37" 
in propylene glycol solutions containing isotonic 
concentrations of various substances. [Isotonic 
concentrations of various substances refer to iso- 
tonic concentrations of these substances in water 
(Table I).] Key: shaded area includes lactose, 
MgClz. KBr. NaCl. NaI, NaNG, and sorbitol; 
0, CaCln; 0, Nacatrate; X, NatSOd; 0, Naxtartrate. 


to 100% glycerin solutions after 45 minutes at  37". 
Human i values for sodium chloride calculated 


from data obtained a t  37" were slightly greater than 
the corresponding 25" i values, including the i values 
previously reported a t  25" (1); the increases were 
not more than 5%. 


Compounds in Table I. when added in isotonic 
concentrations to aqueous solutions containing 0.0 to 
60% glycerin (solubility permitting), prevented 
hemolysis of rabbit and/or human erythrocytes at 
37 and 25". 


Water-Propylene Glycol Solotions.-Rabbit and 
human erythrocytes were completely hemolyzed in 
0.0 to 100% propylene glycol after 46 minutes a t  
37". 


Human i values obtained for sodium chloride in 
5,10,20, and 30% propylene glycol solutions at 37" 
were slightly greater ( 2 4 % )  than the corresponding 
i values a t  25", including i values previously re- 
ported a t  25' (1). 


Inclusion of 0.9% sodium chloride in 40% 
propylene glycol solution did not protect rabbit and 
human emrocy tes  from complete hemolysis a t  
37"; nor did addition of up to 10% sodium chloride 
prevent complete hemolysis. 


The exact concentrations of propylene glycol in 
0.9% sodium chloride that caused hemolysis of 
rabbit and human red blood cells after 45 minutes 
a t  25 and 37" are shown in Fig. 1. The inaease in 
temperature from 25 to 37" greatly decreased the 
concentrations of propylene glycol in 0.9% saline 
solution needed to cause hemolysh of rabbit and 
human erythrocytes. The concentration of propyl- 
ene glycol needed to produce 50% hemolysis of 
rabbit red blood cells decreased from 41% (at 26") 
to 33.7% (at 37"). For 50% hemolysis of human 
blood the concentration dropped from 46y0 (at 25") 
to 3.6% (at 37"), a decrease of more than 11%. At 
25" rabbit red corpuscles were hemolyzed by much 
lower concentrations of propylene glycol than were 
human red blood cells. However. these differences 
were markedly decreased at 37". 


Hemolysis experiments were also carried out in 
which isotonic equivalents of vadous compounds 
were added to propylene glycol solutions at 37". 
Hemolysis curves plotted from the data obtained are 
shown in Figs. 2 and 3. The mono-monovalent 
salts, sugars and sugar alcohols, magnesium chloride 
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Fig. 3.-Hemolysis of human erythrocytes at  37" 
in propylene glycol solutions containing isotonic 
concentrations of various substances. [Isotonic con- 
centrations of various substances refer to isotonic 
concentrations of these substances in water (Table 
I).] Key: shaded area includes dextrose. glycine, 
lactose, MgClr, MgSO,, mannitol, KBr. NaCl, NaI, 
NaNQ. Naxsuccinate, sorbitol, and sucrose; 0, 
CaClt; 0, Na benzoate; A, KtSO, and NakQ; 
A, K gluconate; m, KNa tartrate; 0, Natartrate; 
X, Narcitrate. 







930 Journal of Pharmaceutical Sciences 


or less sodium chloride. That hemolysis was not 
prevented above critical propylene glycol concen- 
trations would indicate some other hemolytic 
mechanism at these levels. 


The behavior of rabbit and human erythrocytes 
in aqueous propylene glycol solutions containing 
isotonic concentrations of substances other than 
sodium chloride (Table I) was similar tothat of eryth- 
rocytes in glycol solutions containing 0.9% so- 
dium chloride. For solutions containing isotonic 
concentrations of most compounds, the propylene 
glycol concentrations causing 50% hemolysis of 
rabbit erythrocytes were between 32.8 to 33.8%. 
and for human erythrocytes the range was 33 to 
35.8%. 


If the same hemolyzing concentration of propylene 
glycol had been observed with all added com- 
pounds, it  probably would have been proper to 
assume that propylene glycol was cytotoxic and 
therefore caused a complete breakdown of the cell 
membrane at this particular strength. However, 
differences in hemolyzing concentrations of pro- 
pylene glycol were observed upon the addition of 
other substances, particularly upon the addition of 
salts having di or trivalent anions. Of the poly- 
valent organic salts employed in this study, all 
except sodium succinate provided increased protec- 
tion of erythrocytes to  hemolysis in propylene glycol 
solutions. From these observations it would ap- 
pear that some other phenomenon was responsible for 
the above-mentioned behavior rather than destruc- 
tion of the membrane. 


Stein (12) has shown that the theory of simple dif- 
fusion fails at higher concentrations of ethylene gly- 
col, diethylene glycol, 1,2-dihydroxypropane, and 
1,3-dihydroxypropane. Experimental results were 
accounted for by the assumption that interactions 
occur at these high concentrations between glycol 
molecules in the main bulk of the permeant solution. 
These interactions lead to  the formation of hydrogen- 
bonded dimers and oligomers which penetrate the 
membrane at a different rate from that of the 
monomer. 


The increased inhibition of propylene glycol 
hemolysis by salts having di and trivalent anions 
might be explained by classical behavior of erythro- 
cytes to  these polyvalent anions. Although perme- 
able to anions (7). the red blood cell is generally 
thought of being essentially impermeable to  cations. 
However, many cations are able to diffuse slowly 
and in small proportions into the interior of the cell 
(13). If a sodium ion can traverse the membrane, 
then a chloride ion could follow, or a potassium ion 
could come out of the cell in order to maintain elec- 
trical neutrality. If a sodium and chloride ion 
entered the cell, then there would be an influx of 
water. The sodium salts of succinic, tartaric, 
fumaric, and citric acids are known to be fairly in- 
different to  various cells and tissues (14). In the 
case of sodium citrate, the anion cannot M u s e  
through the membrane, so that there can be no 
immediate change in concentration. This phe- 
nomenon could account for sodium citrate and other 
similar salts providing increased protection against 
propylene glycol hemolysis. 


Isotonic concentrations of calcium chloride con- 
siderably reduced the propylene glycol concentra- 
tions necessary to  induce and complete hemolysis of 
rabbit and human erythrocytes. This behavior was 


Eisenberg (5) found that hemolysis caused by water, 
ethanol, and glycerin was hastened and increased 
by a rise in temperature. 


It appeared that all the hemolytic phenomena 
encountered in glycerin solutions were of an osmotic 
character since hemolysis was prevented by inclusion 
of isotonic concentrations of sodium chloride or of 
other salts and nonelectrolytes. 


In  a series of papers (6-11) concerning the 
hemolysis of human erythrocytes in relation to  the 
lattice structure of water, Good established the view 
that the effect of a solute upon the structural proper- 
ties of the water lattice is basic to the mechanism of 
hernolysis. A nonpenetrating, structure-promoting 
substance stabilizes the extracellular water lattice, 
and by thus reducing the fluidity of the extracellular 
phase, it  slows the rate of movement of water into 
the cells. Hemolysis is therefore inhibited to  an 
extent dependent upon the stabilizing power of the 
solute. Conversely, a nonpenetrating, structure- 
breaking substance reduces the stability of the extra- 
cellular lattice, thereby facilitating the flow of 
water into the cell. Its inhibition is therefore less 
than that of a structure former. Good found that 
glycerin, propylene glycol, and ethylene glycol did 
not greatly in5uence the stability of a malonamide- 
water lattice, and that hemolysis was essentially 
unaffected in the presence of small concentrations of 
these substances. He also reported that isosmotic 
concentrations of glycerin and glycols took longer to  
induce hemolysis than water alone, the longest time 
for complete hemolysis being reported for glycerin. 


In the present study and in the first paper of this 
series (1) the hemolytic i values of sodium chloride 
in various glycerin and propylene glycol solutions at 
37 and 25" were found to  be slightly higher than 
1.86, the i value for sodium chloride in water. This 
indicated that neither glycerin nor propylene glycol 
contributed much to the tonicity of the extracellular 
aqueous solutions, or employing the semantics of the 
above discussion, they did not promote stability of 
the extracellular water lattice to  any significant 
extent. The slightly higher i values for sodium 
chloride in glycerin solutions indicated only a slight 
stabilizing effect of glycerin on the water lattice. 


An interesting observation in the present study 
was an abrupt change in behavior of erythrocytes in 
concentrated propylene glycol solutions containing 
0.9% sodium chloride. At a propylene glycol con- 
centration of about 3oy0, a sudden initiation of 
hemolysis occurred, and over the next 2 to  370 
range complete hemolysis took place. The exact 
concentrations where hemol ysis occurred varied and 
were dependent on temperature and the species 
origin of erythrocytes. 


This sudden initiation of hemolysis occurred 
unexpectedly as the addition of 0.9% sodium chloride 
protects against hemolysis over 5 to  30% concentra- 
tions of propylene glycol in aqueous solutions. 
Furthermore the hemolytic i value of sodium chlo- 
ride increases slightly as the propylene glycol con- 
centration increases from 5 to 30% (1) so that theo- 
retically, even less sodium chloride should have been 
needed to prevent hemolysis at the higher propylene 
glycol concentrations. 


The hemolysis of red blood cells in aqueous solu- 
tions containing less than critical hemolyzing con- 
centrations of propylene glycol was apparently of 
an osmotic character since it was inhibited by 0.9% 
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anions usually had a retarding effect. In most 
instances, the effect of these ions on the rate of 
hemolysis are analogous to our present findings for 
the protective effect of similar ions against hemolysis 
of rabbit and human erythrocytes in concentrated 
propylene glycol solutions; calcium afforded the 
least protection while polyvalent anions gave the 
most protection. 
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Inclusion Compounds of a-Lipoic Acid Methyl 
Ester with Urea and Thiourea 


By HIROYUKI MIMA and MASAO NISHIKAWA 


Recently several works have been reported on stabilization of various pharmaceu- 
ticals by formation of urea, thiourea, or deoxycholic acid adduce. Methyl a- 
lipoate, a relatively unstable hepatotonic, was found to form adducts both with 
urea and thiourea. X-ray difiaction patterns and infrared spectra showed that 
these adducts were typical inclusion compounds. Methyl d i p o a t e  in the urea 
adduct was relatively stable under exposure to  sunlight or to ultraviolet light, 
whereas it was not so stabilized i n  the thiourea adduct. It was also found that in 
these adducts methyl a-lipoate became its free radical under such irradiation and 
that this radical remained stable in these channels for several hours to one day even 


after the irradiation was stopped. 


NCLUSION COMPOUNDS are described as crystal- ’ line compounds which consist of two or more 
distinct components and in which one of the 
components fits into cavities provided by  the 
other. The component which forms the cavity 
is designated as the host molecule, and the 
component which is included in the cavity as the  
guest molecule. 
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meeting, May 1983. 


Urea and thiourea form such adducts or in- 
clusion compounds with various other organic 
molecules such as hydrocarbons, acids, and esters. 
These interesting properties, found by Bengen 
(l), Angla (2), and Schlenk (3) in the 1940’s. 
have been the subject of many investigations. 
X-ray studies have revealed the general details 
of the structure of these adducts. Ordinary 
urea has a tetragonal crystal structure but when 
crystallized from m e t h o l  containing normal 
paraffins, normal fatty acids, or other straight- 
chain molecules, i t  adopts a hexagonal crystal 








Preliminary Studies on the Extraction of Glycosides 
from Digitalis grandiflora Seeds 


By AYHAN ULUBELEN* 


Enzyme-inhibiting and enzyme-favoring extractions were applied to  the air-dried 
seeds of Digitalis gradifira. By paper and thin-layer chromatographic methods, 
using 70 per cent methanol, native glycosides such as digitalinum verum, purpurea 
glycoside B, purpurea glycoside A, and suospesid were se arated and colorimet- 
rically determined. Digitoxin and gitoxin were obtained wgen 35 per cent me&- 


anolic solution was used. 


HE PRIMARY and secondary glycosides found in T the air-dried seeds of Digitidis ferruginea were 
reported earlier (1). The glycosides were identified 
by paper chromatography using two dependable sol- 
vent systems. Although the extract of the seeds was 
obtained by an enzyme-inhibiting technique, in- 
vestigation showed that secondary glycosides were 
present in amounts approximately the same as pri- 
mary glycosides. Early studies on the air-dried 
seeds of D. ferruginca were started only 1 week after 
their collection; therefore, the enzymatic action 
could not be attributed to  their staying for 1 year, 
but to  some other reason-perhaps the drying 
conditions. 


In this paper air-dried seeds of D. grandlfira' 
were used. To eliminate the time factor on the de- 
p .dat ion of the glycoskles, seeds approximately 10 
y&rs old were chosen. As will be seen under Ex- 
perimental. desglucoglycosides were detected when 
enzyme-favoring conditions were used and native 
glycosides when enzyme-inhibiting techniques were 
employed. No secondary glycosides were present 
in the seeds at the beginning. 


After investigating the seeds of some other Digi- 
talis species in the near future, a more precise con- 
clusion will be reached about the presence of secon- 
dary glycosides in the seeds of D. ferruginea. 


EXPERIMENTAL 
The details of the paper chromatographic tech- 


nique and the preparation of the standard curves for 
the colorimetric determination used in this study 
have been described in a previous paper (1). The 
extracts were prepared under the enzyme-inhibiting 
technique-namely, maceration with Toy0 methanol 
overnight and percolation the next day. The 
enzyme-favoring technique was also used and was 
the same procedure with 35% methanol. Raymond 
and Jensen reagents (2) were used to detect the 
glycosides on the paper; 3,bdinitrobenwic acid and 
alcoholic solution of NaOH were used for the colori- 
metric determination. 


Fifty grams of the powdered mass of the seeds of 
D. gradijlora were extracted with petrolaim ether; 
a high yield of oil was obtained (32.7%). The petro- 
leum ether extracted powder was macerated over- 
night with 100 ml. of a 70% aqueous solution of 
MeOH, then percolated slowly. When this yellow 
extract was concentrated under a vacuum, a white 
precipitate was separated. This precipitate (281.0 
mg.) was dissolved in MeOH and purified by re- 
crystallization with ether or isopropyl ether. The 
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melting point of the pure compound was 240-244'. 
similar to  the melting point of digitalinum verurn 
(3), and the amount was 142.7 mg. with a 50.8% 
yield. This precipitate turned red with the H&Or 
solution of pdimethylaminobenzaldehyde-a charac- 
teristic reaction for digitaline (4). Paper chromato- 
graphic analysis of the crude precipitate showed the 
presence of two spots using Method A ( a )  a yellow 
pigment (0.02 R/ value) and (b) a blue spot with 
Raymond reagent and an RI value of 0.083, again 
similar to  that of digitalinurn verum (0.082). 


This substance was hydrolyzed with 2 N HCI and 
also with 0.1 N HrSO,, and the aglycon and the 
sugar parts were analyzed both by paper and thin- 
layer chromatography. 


Gitoxigenin and dianhydrogitoxigenin were found 
in the aglycon; acid-hydrolyzed products of stand- 
ard digitalinum verum gave the same compounds 
with the same R f  values. RI values obtained from 
the paper chromatographic separation were: digi- 
talinum verum. 0.08; gitoxigenin, 0.46; and dian- 
hydrogitoxigenin, 0.75. For thin-layer chromatog- 
raphy the R, values were: 0.81, 0.46, and 0.035, 
respectively. 


Paper chromatography of the sugar of both un- 
known and the standard digitalinum verum proved 
the presence of glucose and digitalose. The upper 
phase of the solvent system of BuOH : H20 : AcOH 
(4 : 5 : 1 ) (by volume) was used ; the RI values were : 
glucose, 0.15 and digitalose, 0.41. 


The mother liquid of the precipitate was dried 
under a vacuum, extracted with a mixture of 
CHCI3:MeOH (2:l) (by volume), and diluted to 
exactly 5 ml. When examined by paper chromatog- 
raphy, this extract showed several spots correspond- 
ing to purpurea glycoside A, purpurea glycoside B, 
strospesid, and also digitalinurn verum. To obtain 
a good separation of these glycosides, the solvent 
systems were overflowed-18 hours for Method A 
and 8 hours for Method B (Fig. 1). 


Another extract was prepared with a 35% 
aqueous solution of MeOH. The same precipitate 
was obtained when MeOH was evaporated; this 
precipitate proved to  be the same compound. 
Paper chromatography of th is  enzyme-activated ex- 
tract revealed that most of the native glycosides had 
been converted to the desglucoglycosides, such as  
digitoxin and gitoxin (Fig. 2). 


It was possible to lose the secondary glycosides by 
overrunning the chromatograms. Development 
times were adjusted accordingly-5 hours for 
Method A and 1.6 hours for Method B. R, values 
were given for Method A and B, respectively: 
digitalinum verum, 0.023 and 0.017; purpurea 
glycoside B, 0.071 and 0.068; purpurea glycoside 
A, 0.31 and 0.16; strospesid, 0.57 and 0.34; gitoxin, 
0.75 and 0.62; and digitoxin, 0.87 and 0.77. 
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of standards which were used in this method were 
about 10 mcg. in each case. RJ values were: pur- 
purea glycoside B, 0.085; strospesid, 0.46; purpurea 
glycoside A. 0.91; and digitalinum verum, 0.97. 


Mefhod B.-The glass plates were coated with a 
slurry of specially prepared polyamide powder (6). 
The preparation of the powder is as follows. 


One-hundred and fifty grams of Durethan BK 
31F (Bayer) is dissolved in 500 ml. of technical HCI 
over a water bath for 6-7 hours. After cooling, the 
clear solution is diluted with 250 ml. of MeOH and 
precipitated with tap water by continuous mixing. 
The precipitate is filtered and the residue suspended 
in about 750-800 ml. of MeOH, redissolved with 
500 ml. of technical HCI, and reprecipitated as de- 
scribed above. It is then filtered and washed 
with water until neutral to  litmus paper. The 
neutral residue is suspended in water and stored. 
At time of use, a part of this suspension is filtered 
and washed with MeOH. Fifteen grams of the 
moist residue is suspended in 45 ml. of ethyl acetate 
which contains 0.5 to 1% Subitogen 2N (Hoest). 
About six to  eight plates can be prepared with this 
amount. These plates are air-dried; further drying 
is unnecessary. 


Because this polyamide powder was used only re- 
cently in the separation of flavon glycosides (6, 7), 
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Fig. 1.-Key: 1, Digitalinum verum, strospesid; 


2. purpurea glycoside B, digilanid A; 3, purpurea 
glycoside A; 4, gitorin; SL, starting line. 
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Fig. 2.-Key; 1, digitalinurn verum; 2, purpurea 
glycoside B; 3, purpurea glycoside A;  4, strospesid, 
digitoxin; SL, starting line; SF, solvent front. 


Thin-Layer Chromatography.-To establish the 
paper chromatographic findings and also as a begin- 
ning for the future studies, thin-layer chromato- 
graphic methods were developed. 


Method A.-Smooth glass plates 10 X 20 cm. in 
size were used. These were coated with an even 
layer, 0.5 mm. thick, of an adsorbant mixture of 
silica gel G (Merck). A suspension of 15 Gm. of 
silica gel G and 50 ml. of water mixed for 1 minute 
was applied on four to  six plates with a simple in- 
strument prepared in our laboratory. After air 
drying, the plates were activated further by drying 
a t  120" for 1 hour. 


The solvent system used by Stahl (5) in the 
separation of Digitalis' glycosides was inefficient in 
this case. The most suitable solvent system was 
methylisobutyl ketone : isopropyl ether: tetrahydro- 
furan :methanol ( 10 : 5 : 10 : 3) (by volume). The 
total volume of the solvent system depends upon 
the size of the chromatography jars used. The sol- 
vent level should be below the starting line. In 
this case 20 ml. of solvent was sufficient. After a 
development time of 30 minutes and air drying, the 
plates were sprayed with Raymond or Jensen re- 
agents, and a very good separation and small spots 
were obtained in a short time (Fig. 3). The amounts 
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TABLE I.-PERCE.NTAGES OF VARIOUS GLYCOSIDES I N  THE SEEDS OF D. grandipra 


Gm. in 100 Gm. 
GI ycosides Absorbance" mcg.h in 50 rl. mg. in 5 ml. Drug 


Digitalinum verum 0.115 84 8.4 0.0168 
Purpurea glycoside B 0.101 60 6.0 0.0120 
Purpurea glycoside A 0.205 230 23.0 0.0460 
Strospesid 0.147 134 13.4 0.0268 


a Average of five determinations. * These amounts were calculated from the relationship between the concentration and 
absorbance which were given in previous paper (1). 


it was thought that it could also be used in the CONCLUSION 
separation of digitalis glycosides. After a few ex- 
periments with different solvent systems, this ma- 
terial was a t  least as e5ective as silica gel G. Figure 
4 shows that the pigments were so well separated 
from the glycosides that it was possible to obtain 
pure glycosides by using the same powder in a 
column. The solvent system used was isopropyl 
ether:rnethanol (10:3) (by volume). Raymond re- 
agent was sprayed on the plates to develop the spots. 
The R f  values were: purpurea glycoside B, 0.037; 
purpurea glycoside A, 0.12; strospesid. 0.48; and 
digitalinum v m ,  0.9. 


Quantitative Estimation.-The standard curves 
were prepared as described previously (1). The 
same reagents and technique were used. 


Fifty microliters of the chloroformic solution of the 
crude drug was applied to the paper. After de- 
velopment. the areas on the paper corresponding to 
the native glycosides were cut out and extracted 
with MeOH. The colors were developed and 
measured as described previously. The results are 
shown in Table I. 


This study showed that only primary glycosides 
are present in the seeds of D. grandifira. This elirn- 
hates the time factor on the degradation of the 
glycosides and makes the previous findings on the 
seeds of D. ferruginea more interesting. A successful 
separation was obtained by thin-layer and paper 
chromatography, the colorimetric determination 
showed a rather high yield OF the total glycosides. 
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Effect of Aspartic Acid Salts on Exhaustion Produced 
by Sleep Deprivation 


By ROBERT A. LEVITT and WILSE B. WEBB 


Male rats were maintained on a constantly moving wheel in a study of prolonged 
sleep deprivation. Animals in three age groups were used, and asparric acid salts 
were given to halfthe ~ i m a l s  in each age group. The results showed that asparcic 
acid salts significantly inhibited performance of rats in this situation. Also, the 
same negative relationship between age and exhaustion time as that found by Webb 


and Agnew (2) was obtained. 


DELAY IN exhaustion of rats in a swim test as A a result of potassium and magnesium aspartate 
administration has been reported by Rosen et al. (1). 
Webb and Agnew (2) reported a relationship be- 
tween exhaustion rates and age of rats using a 
continuous activity wheel. The latter experimenters 
suggested that sleep deprivation rather than fatigue 
may have been the critical exhaustion variable 
involved. 


The present investigation duplicated the Webb 
and Agnew procedure with the addition of aspartate 
experimental gr0ups.l I t  was reasoned that the 
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more adequately controlled activity output may 
furnish additional data regarding the action of 
aspartates. Further, because aspartates are pre- 
sumably metabolized in the muscle cells, the results 
may clarify the role of activity per sc in the ex- 
haustion times reported by Webb and Agnew and 
hypothesized as sleep deprivation &ects. 


METHOD 


Forty male Lashley-hooded rats from the Uni- 
versity of Florida colony were used: Group I, 
12 animals, 150 days old (weight range 300440 
Gm.); Group 11, 16 animals, 175 days old (weight 
range 310-460 Gm.); Group 111, 12 animals, 235 
days old (weight range 370490 Gm.). Each group 
was divided into two equal groups matched by 
weight and assigned to the control or experimental 
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Research Articles- 


Determination of Drug Absorption Rates 
Without Chemical Assay 


By GERHARD LEVY and KAREN E. MILLER* 


This study illustrates the possibility of determining absorption rates of certain drugs 
without using chemical assays. The method is based on the determination of the 
time of onset of a suitable pharmacologic response under conditions where a con- 
stant drug concentration gradient across the absorbing membranes is maintained. 
While particularly suitable to studies with fish and other aquatic animals, the method 
may also be applicable to mammals for determining the absorption rate of certain 
volatile substances or aerosols administered by the pulmonary route and of certain 


dissolved drugs administered by intestinal perfusion. 


NE OF THE most important considerations in 0 the pharmacologic and toxicologic evalua- 
tion of chemotherapeutic agents, pesticides, and 
other chemicals is their ability to pass across bio- 
logic membranes. Absorption studies ordinarily 
require chemical analysis of blood, urine, intestinal 
content, tissues, or of the solution from which the 
drug is being absorbed. At times, this require- 
ment can represent an almost insurmountable 
barrier because of the lack of a sufficiently sensi- 
tive or specific analytical method. Recently, we 
have developed and tested a mathematical model 
which describes the relationship between drug 
absorption rate, drug concentration in the aqueous 
medium, and time of Occurrence of a suitable 
pharmacologic effect in fish (1). This model is 
the basis for a novel method for the determina- 
tion of drug absorption rates without chemical 
analysis and is described in this report. 
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Levy and Gucinski have shown (1) that the time 
of death ( T L )  of fish due to passive absorption of a 
drug is related to the concentration (C) of that drug 
in t h e  aqueous medium in the following manner 


where L is the lethal dose of the drug, D is the ab- 
sorption rate constant, and A is the area of the ab- 
sorbing membrane. This relationship is based on 
the following requirements: (a) absorption occurs 
by passive diffusion and therefore is not a saturable 
process; (6)  the drug concentration gradient across 
the absorbing membranes remains essentially con- 
stant during the experiment; ( c )  the permeability 
characteristics of the membrane do not change with 
time or drug concentration over the time and con- 
centration range of the experiment; (d) drug elim- 
ination is negligible.during the time of the experi- 
ment; and (c)  the pharmacologic end point (death) 
occurs without significant delay after a given amount 
of drug (the lethal dose) has been absorbed. 


In essence, the requirement that absorption occur 
by passive diffusion is fulfilled by most nonphysio- 
logic substances; an essentially constant concen- 
tration gradient can.be maintained by using SUB- 
ciently high drug concentrations and relatively large 







1302 


volumes of solution; drug elimination need not be 
considered in fish since apparently they do not me- 
tabolize drugs but eliminate them solely by passive 
diffusion through the gills (2); this effect would be 
negligible in magnitude under the experimental con- 
tions employed, in view of the high concentration 
gradient in the opposite direction. In species ca- 
pable of metabolizing drugs, the requirement for 
negligible elimination during the time of the experi- 
ment can be satisfied in most instances by using drug 
concentrations high enough to cause death in a 
relatively short time. Fortunately, the experi- 
mental data will in themselves indicate if the speci- 
fied requirements have been fulfilled, since a plot 
of reciprocal time of death versus drug concentra- 
tion (which should be linear and intersect the origin) 
will not yield a straight line if the necessary condi- 
tions are not present. Compounds for which the 
presently described method is not suitable include 
(a) substances which affect the permeability of the 
membrane by denaturing or precipitating proteins 
or mucus, or which have an erosive or otherwise 
directly toxic effect (such substances would present 
similar difficulties when other methods are used to 
study their absorption); ( b )  substances which have 
a delayed, inductive, or other indirect pharmacologic 
effect. 


As apparent from Eq. 1, the slope of a plot of 
reciprocal time of death versus drug concentration 
represents the value D A / L .  If the lethal dose, L,  
is known, D A  can be calculated. It is not possible 
in most instances to determine the absorption area, 
A ,  with any degree of accuracy. However, using an- 
imals of equal size (weight) in each experiment, it  is 
possible to combine D and A to obtain a relative ab- 
sorption rate constant K 


K = DA 0%. 2) 
The purpose of the present study was (a) to 


determine if the lethal dose, L ,  of a drug absorbed 
by fish from an aqueous medium is essentially equal 
to the lethal dose when the drug is administered 
parenterally and-if this was s d b )  to  test the pro- 
posed method by determining the relative rates of 
absorption of a series of four barbiturates known to 
differ in their absorption rates and partition co- 
efficients (3). 


EXPERIMENTAL 
Goldfish, Carassius auraks, coinmon variety, 


weighing about 7 Gm. (for the absorption study) and 
about 25 Gm. (for the determination of lethal dose 
as a function of route of administration), were used. 
In each of the studies all fish were from the same 
lot. 


Secobarbital Assay.-The assay consisted of the 
extraction of secobarbital from homogenized gold- 
fish tissue (adjusted to  pH 6) into chloroform, fol- 
lowed by extraction of the chloroform phase with 
aqueous buffer of pH 10.2. Secobarbital in the 
aqueous buffer phase was determined by differential 
spectrophotometry, based on the difference in ultra- 
violet absorption spectra of barbiturates in strong 
alkali and in solutions of pH 10.2, respectively, 
as reported by Goldbaum (4).l 
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Individual goldfish, which died after immersion in 
secorbarbital solution, were homogenized in the semi- 
micro container of a Waring Blendor after addition 
of 25 ml. of phosphate buffer (0.05 M, pH 6.0) and 
3 Gm. of sodium chloride per 25 Gm. of fish tissue. 
The homogenate was extracted five times with 15- 
ml. portions of chloroform. A 30-ml. aliquot of the 
chloroform phase was reduced in volume to 5 ml. by 
evaporation, then extracted three times with 10-ml. 
portions of phosphate buffer (0.05 M, pH 10.2). 
Five milliliters of 3.75 N NaOH was added to  one 
10-ml. aliquot of the combined pH 10.2 phosphate 
bu5er phase (solution A),  while 5 ml. of phosphate 
buffer (pH 10.2) was added to another 10-ml. aliquot 
(solution B). The absorbance of solution A at 262 
mp was determined with a Beckman DU spectro- 
photometer, using solution B as a blank. A small 
correction had to be made for the apparent absorb- 
ance of sodium hydroxide, since each of the various 
lots of reagent grade sodium hydroxide available 
produced a small but reproducible and concentration- 
dependent absorbance.* Average recovery of seco- 
barbital (in the range around 0.05 mg. per Gm. fish 
tissue) was %yo, and the data were corrected accord- 
ingly. 


Determination of Lethal Dose by Injection.-Each 
goldfish was weighed in a tared beaker of water, and 
the appropriate amount of aqueous drug solution was 
injected intraperitoneally with a 0.25-ml. capacity 
tuberculin syringe with a 27-gauge, '/c-in. regular 
point hypodermic needle. The concentration of the 
injected drug solution was such that 0.01 ml. of solu- 
tion was injected per gram of body weight. In 
preliminary experiments, injections were also made 
intramuscularly at a point slightly lateral to the 
anterior point of the dorsal fin. After injection, the 
fish were placed in 1-gal. jars of aerated water, with 
separate jars used for each group of fish (on the basis 
of the administered dose). The jars were checked 
periodically, and dead fish were removed. A final 
count was made after 24 hours, although deaths oc- 
curred usually within the first 2-3 hours. Each 
drug was administered in from 6 to 10 logarithmically 
equally spaced dose levels, sufficient that a t  least 
the lowest dose caused no deaths, and the highest 
dose resulted in deaths of all fish in that group. 
Ten fish were used for each dose level (i.e.,  60-100 
fish per drug). LDm values were calculated by the 
Spearman-Karber method, as dexribed by Irwin 
and Cheeseman (5) and amplified by Epstein and 
Churchman (6). 


Determination of Time of Death.-Barbiturate 
solutions of various concentrations were prepared 
by dissolving the respective drugs in tris(hydroxy- 
methy1)aminomethane (tris) buffer (0.05 M, pH 
5.9),' then readjusting the pH to 5.9 where necessary. 
One-hundred-milliliter portions of the solutions were 
placed in 250-ml. capacity beakers. The tempera- 
ture of the solutions was maintained at 22 &lo. 
Single goldfish were placed in each beaker; the time 
of death, evidenced by cessation of gill and mouth 
movement, was recorded. 


To  eliminate bias in the time of death determina- 


1 Goldbaum actually used a buffer solution of pH 10.6. 
In our study, the use of such solutions for extraction yielded 
a turbid aqueous phase which made accurate spectrophoto- 
metric analysis impossible. Lowering the pH to 10.2 
prevented the occurrence of this turbidity. 


*Caution: Strong NaOH solutions will damage quartz 
cells on prolonged contact. Such solutions should remain 
in the cells for a period as short as possible, and the cells 
should be rinsed promptly with dilute acid. 


a Tris was used despite its relatively poor bu5er capacity 
at pH 5.9 because of the known innocuousness of this material 
to fish (1) and because it maintained the desired pH without 
difficulty under the experimental conditions. 
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TABLE I.-EFFECT OF ROUTE OF ADMINISTRATION 
ON LETHAL DOSE OF SECOBARBITAL 


i.p. Injection. LDw 


Av. druP: content at death 


1.49 X lo-' mM/Gm. 
-0.07 X 10-4mM/Gm.) (S.D. + 0.09 X 


2303 


due to immersion in 25 mg. % secobarbital soh. 
1.46 X lO-'mM/Gm. 


(S.D. 0.09 X lo-* mM/Gm.) 


tions, each beaker of drug solution was marked 
solely with a code number by an individual not in- 
volved in the study. This code was broken only 
after all determinations had been completed. 
Partition Coefficients.-Partition coefficients were 


determined using 0.1 N HCI and olive oil as the 
aqueous and organic phases, respectively. The 
phases were shaken at room temperature (about 22') 
until equilibrium was attained (24 to 48 hours). 
The aqueous layer was removed, centrifuged, diluted 
with 0.5 N NaOH, and assayed spectrophotometri- 
cally. 


RESULTS AND DISCUSSION 


To determine the effect of route of administration 
on the lethal dose of a barbiturate, goldfish weighing 
about 25 Gm. were injected intraperitoneally with 
graded doses of secobarbital sodium. A number of 
other fish of the same lot was placed in an aqueous 
solution of 25 mg.% secobarbital, and each fish was 
removed immediately after death. The fish were 
then rinsed with water and assayed individually. ' 
Results are recorded in Table I. The drug content 
o f  the fish at death due to immersion in secobarbital 
solution vaned only slightly between individual fish, 
and a similar extremely narrow distribution was ap- 
parent in the mortality data after intraperitoneal 
injection of the drug. Strictly speaking, comparison 
of lethal doses observed upon drug administration by 
different routes requires that the per cent mortality 
versus injected dose data be expressed in terms of a 
weighted average lethal dose. However, in view of 
the steep rise of mortality with a small increase of 
administered dose, it  was possible to use the LDm 
values as a measure of the average lethal dose. The 
respective LDm values were in no case more than 
5% below the apparent weighted average lethal 
doses. Use of the former values was preferred be- 
cause they could be calculated by objective and well- 
known procedures, while the latter required some- 
what subjective manipulations. (This simplified 
approach cannot be used if lethal dose distribution 
is wide and if it  differs significantly from normal.) 


As evident from the data in Table I, the lethal 
dose of secobarbital upon intraperitoneal administra- 
tion was the same as the lethal dose (body drug con- 
tent) upon immersion of fish in drug solution. This 
is not surprising since the drug enters directly into 
the circulation by either route. In contrast, differ- 
ences in lethal dose as a function of route of admin- 
istration are quite common in higher animals for a 
number of reasons [reviewed by Levy (7)]. For 
example, lethal doses, upon oral administration of a 
drug, may be higher than parenteral lethal doses be- 


4 The use of relatively large (25 Gm.) fish was necessary 
In all other parts of the to permit assay of individual fish. 


study it  was more convenient to use smaller (7 Cm.) fish. 


TABLE II.-EFFECT OF ROUTE OF INJECTION OF 
SECOBARBITAL ON LETHALITY OF GOLDFISH 


- Lethality: - 
Date Dose, mM/Gm. i.p. 1.m. 


10-18-1963 1.54 X lo-' 2/5 1 / 5  
10-21-1963 1.92 X lo-' 7/8 4/8 
10-26-1963 1.92 X lo-' 8/8 4/8 
10-30-1963 1.92 X lo-' 8/8 4/8 


a Number of deaths/number of fish injected. 


cause of partial degradation of the drug in the gastro- 
intestinal tract, incomplete absorption, partial bio- 
transformation in the intestinal wall, different initial 
distribution, and sufficiently slow absorption (though 
rapid elimination), resulting in maximum drug levels 
considerably lower than those after parenteral 
administration. None of these factors apply to fish 
since absorption takes place predominantly across 
the gills, biotransformation of drugs does not occur 
[at least in the case of those drugs, including barbitu- 
rates, studied to date (2)], and elimination (which 
is by passive diffusion across the gills and requires a 
favorable concentration gradient) is negligible under 
the conditions of the experiment. Actually, elim- 
ination is favored in the experiments where the drug 
is administered parenterally since the fish are placed 
in pure water after they have been injected. How- 
ever, death occurs rapidly, and elimination of bar- 
biturates is hindered not only by protein binding but 
also by partial ionization of these drugs in the tissue 
fluids, so that this factor does not appear to be im- 
portant. These results make possible the use of 
lethal dose data obtained by intraperitoneal injec- 
tion of graded doses, together with slope values 
( D A / L )  determined from time of death versus drug 
concentration data, to  calculate relative absorption 
rate constants ( D A  or K). 


In initial experiments, parenteral injections were 
made by the intramuscular route. Lethal dose 
values obtained in this manner were considerably 
higher than lethal dose values from immersion of fish 
in drug solution. The data in Table I1 demonstrate 
that, when equal doses of drug were administered by 
the intraperitoneal route, the lethality was consist- 
ently greater than when administered by the intra- 
muscular route. I t  was found, in agreement with 
observations by Bergmann el nl. (8) and Chavin (9). 
that some leakage of drug solution occurred after in- 
tramuscular injection and was responsible for the ap- 
parently higher lethal doses when drug was adminis- 
tered by this route. That physical injury caused 
the observed differences was ruled out since no deaths 
occurred when animals were injected by both routes 
with comparable volumes of water. 


The relationship between reciprocal time of death 
and drug concentration in the aqueous medium is 
shown in Fig. 1 for four barbiturates. Since the 
absorption rate of weak acids by fish is affected by 
the degree of ionization of these drugs (l) ,  the pH of 
the solutions was adjusted to  5.9, so that all the 
barbiturates were in essentially nonionized form. 
Five concentration levels (10 fish per concentration) 
were used in the cases of secobarbital and pento- 
barbital. Only two concentration levels (but 15 fish 
per Concentration) were used for phenobarbital and 
barbital. respectively, because of limitations imposed 
by solubility and the long death times at low concen- 
trations. Concentrations yielding times of death 
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greater than 100 minutes were not used because 
death occurred gradually, end points proved too 
difficult to  determine, and results were accordingly 
variable. 


Figure 2 is a plot of per cent mortality v e ~ s u s  
intraperitoneal dose (logarithmic scale) for the four 
barbiturates. Although each drug was administered 
in between six to 10 logarithmically equal spaced 
doses, only the highest of the LDo and the lowest 
LDtw values were plotted in addition to the inter- 
mediate values. As mentioned previously, the 
distribution of the mortality as a function of dose 
was extremely narrow. The LDa for secobarbital 
was the same for i Gm. and 25 Gm. goldfish, al- 
though this could have been fortuitous. 


Relative absorption rate constants for the four 
barbiturates were calculated from slope values (from 
data in Fig. 1) and LD;o values (from data in Fig. 2 )  
and are shown in Fig. 3. Also shown in the figure 
are the relative absorption rates of these compounds 
from the rat colon, as reported by Schanker (3). 
Such data are comparable because, under the experi- 
mental conditions of the rat study (virtual colonic 
membrane pH 6.5).  the drugs were predominantly 
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'10 10 3n 40 
C o ~ n l r o l ~ . m U  


Fig. 1.-Reciprocal time of death of goldfish as a 
function of barbiturate concentration in pH 5.9 
buffer a t  22'. Key: A ,  secobarbital; B,  pento- 
barbital; C, phenobarbital; D, barbital. Each 
data point represents an average of 10 fish (A and 
B)or  15fish(CandD). 


Don. mU/Gm. 


Fig. 2.-Mortality of goldfish as a function of 
dose of barbiturate injected intraperitoneally. 
Key: 0. secobarbital; 0, pentobarbital; 0, pheno- 
barbital; ., barbital. 
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Fig. 3.-Relative absorption rates of four bar- 
biturates in goldfish and from the rat colon. [Rat 
data from Schanker (3)] .  The drugs were essen- 
tially nonionized under the conditions of both 
studies. 


,---1- 
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Fig. 4.-Plot of the logarithm of PMOJ ratios us. 
the logarithm of B ratios of four barbiturates. 
(See lexf for explanation.) Squares represent gold- 
fish data; circles represent rat data reported by 
Schanker (3). Solid svmbols are based on chloro- 
form: 0.1 N HCI partition coefficients; open 
symbols are based on olive oil: 0.1 N HCl partition 
coefficients. 


nonionized (phenobarbital is 89% nonionized, while 
the other three barbiturates are 96% or more non- 
ionized at pH 6.5). A perfect rank-order correla- 
tion is shown between the results obtained from fish 
and rats. 


From a theoretical study of the process of diffusion 
of substances across biologic membranes, Danielli 
(10) concluded that in the case of rapidly penetrating 
molecules 


PM'.b = B - Constant OQ. 3) 
where P is the permeability. M is the molecular 
weight, and B is the lipoid-water partition coefficient 
of the penetrating substance. He pointed out that 
this relationship represents a first approximation, and 
that it is subject to appreciable deviation. Figure 
4 is a plot of the logarithm of the PM0.6 ratios (based 
on barbital PMo.s = 1) versus the logarithm of the 
ratio of the respective partition coefficients (based 
on barbital B = 1) for the four barbiturates. 
Chloroform: 0.1 N HCI partition coefficients are 
those of Schanker (3), while olive 0i l :O. l  N HCI 
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TABLE III.-RATIo OF LDw AND CT VALUES OF FOUR BAR~ITURATES IN GOLDFISH 


Ratio of Ratio of 
Dmg LDm mM/ Gm. X 10-4 LDm Values CT, mM Min. C T  Values 


Secobarbital 1.46 1 . 0  12.8 1 .0  
Pentobarbital 2.26 1.5 24.7 1.9 
Phenobarbital 7.85 5.4 290 22.6 
Barbital 24.3 16.7 2614 204 


partition coefficients were determined in the present 
study. %hanker’s absorption data were corrected to 
account for the 11% ionization of phenobarbital and 
the lesser ionization of the other barbiturates under 
the conditions of his study. The goldfish absorption 
data are closer to  a slope of unity (predicted by 
theory) than the rat absorption data obtained by 
Schanker. This may be due to the more severe and 
somewhat unphysiologic conditions of the rat per- 
fusion method (involving surgery and prolonged 
perfusion) which may cause the intestinal membranes 
to become a somewhat less perfect lipoidal barrier. 
Alternatively, these results could reflect a true 
species difference or a number of other factors. 


A frequently used index of relative toxicity for 
pesticides. compounds employed in chemical warfare, 
and other toxic agents is the CT value, which is the 
product of concentration of the poisonous agent and 
time of death due to  exposure to that concentration 
of the poison. Levy and Gucinski (1) have shown, 
on the basis of theoretical considerations, that the 
CT value is a function not only of the inherent Iethal- 
ity but also of the rate of absorption of a compound. 
This fact is demonstrated rather convincingly by 
the results of the present study, as shown in Table 
111. For example, in a comparison of secobarbital 
to barbital, based on LDw values, the former is 16.7 
times more toxic than the latter. According to  the 
CT values, secobarbital would be judged 204 times as 
toxic as barbital. The di5erence is due to the fact 
that, from Eq. 1 


L CTL = rA 
and, where animals of equal size are used and A 
cancels out, 


(Eq. 5) 


where the subscripts refer to two di5erent substances. 
Thus, the lower rate of absorption of barbital com- 


pared to secobarbital causes the ratio of CT values to 
be greater than the ratio of LDm values. Obviously, 
the opposite would occur if the less toxic drug is 
absorbed more rapidly. 


The results of this study demonstrate that the 
rate of absorption of certain drugs can be determined 
without chemical assay. The potential advantages 
of such a method are obvious: it may permit absorp- 
tion rate studies with drugs which cannot be studied 
otherwise due to the lack of a su5ciently sensitive 
or specific analytical method. However, the theo- 
retical considerations outlined in this and in previous 
report (1) should make it quiteclear that the method 
is not suitable for all drugs. While it is particularly 
useful for fish and certain other aquatic animals, and 
although experimental veriiication has only been 
carried out with fish so far, the method is also ap- 
plicable in  printifiZc to mammals, provided a con- 
stant drug concentration gradient across the absorb- 
ing membranes can be maintained. (This is often 
possible with aerosol application and with intestinal 
perfusion.) However, for reasons referred to  pre- 
viously, there may be practical limitations due to  
differences in lethal dose as a function of route of 
administration and/or due to  rapid drug elimina- 
tion. Further studies in this area are in progress. 
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U.S.P. chemical requirements for desiccated thyroid 
--although biologically substandard-may thus 
have been used for the manufacture of defective 
U.S.P. thyroid tablets. I t  has not been possible to  
ascertain with certainity the primary source of the 
nongenuine thyroid material. 
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Determination of Iron Content in Mice 
By THEODORE H. EICKHOLT’ and WALLACE P. WHITE 


A colorimetric method was employed in the estimation of the normal iron content 
of mice. An estimate of the total amount of iron present per mouse was 1.457 f 
0.152 mg. This represented an average of 52 f 6 mcg. per Gm. body weight of 
mouse with approximately 11.5 per cent of the total iron per mouse present in the 


gastrointestinal tract and 88.5 per cent in  the remainder of the carcass. 


N ESTIMATION of normal iron content of mice, A the total amount contained therein compared 
with the amount contained in the separated entire 
gastrointestinal tract, is indicated in studies of iron 
absorption following oral administration. 


There are numerous methods available for esti- 
mating iron content; o-phenanthroline, a,a’-dipyr- 
idyl, and benzidine methods (1-13). A sodium 
sulfocyanate or potassium thiocyanate method was 
described by Kennedy (14), improved and simplified 
by Farrar (15). Andes and Northup (16), and Wong 
(17), resulting in the method for the determination 
of iron in blood and hemoglobin published by the 
Fisher Scientific Company (18). 


Employing a modification of the Fisher method, 
i t  was the purpose of this investigation to  determine 
an estimate of the normal amount of iron present 
in a whole mouse carcass and that present in the 
separated gastrointestinal tract. This latter method 
of separation of carcass and gastrointestinal tract 
is essentially the method described by Cori el al. 


EXPERIMENTAL 
( 19-2 1 ). 


The method employed was a colorimetric analysis 
with the Fisher model AC electrophotometer. The 
procedure as published (18) was followed except for 
the elimination of the tungstate solution. Since 
the tungstate solution was only involved in precipi- 
tating protein, it  was unnecessary in the procedures 
employed in this investigation. 


The iron, after being liberated and oxidized with 
sulfuric acid and potassium persulfate, was treated 
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with potassium thiocyanate. The electrophotom- 
eter scale reading of the resulting colored solution 
was determined, and the iron concentration was 
calculated from this using a calibration curve. 


Following the determination and calculation of 
the standard iron concentration curve, as described 
in the Fisher method, iron determinations were 
done on whole mice fasted at least 20 hours but not 
longer than 24 hours. Six B4BC male mice, 5 
weighing 27 Gm. and one weighing 26 Gm., were 
sacrificed and digested in a Kjeldahl ilask using con- 
centrated sulfuric and nitric acids. The complete 
digestion resulted in a clear solution of sulfuric acid 
with or without a small amount of white precipitate 
(calcium salts) in the bottom of the flask. 


The sulfuric acid solution was cooled and slowly 
diluted to 100 ml. with distilled water and was used 
as the sample solution for iron determination using 
the modiiied Fisher method. 


At all times, precautions were taken to use glass 
distilled water and carefully cleaned glassware. 


A separate determination on the gastrointestinal 
tract and on the remainder of the mouse carcass 
was done on three 32.5-Gm. B4BC male mice em- 
ploying the same procedure. 


In experiments done to  observe the method and 
obtain more preliminary control figures for the 
amount of iron present, mice in groups of 6 were 
fasted, sacrificed, separated as to carcass and 
entire gastrointestinal tract, digested, and an aliquot 
amount obtained for sample determination. In  a 
number of animals equaling that of the controls, 
the same procedure was employed, except that 1 
hour prior to sacrificing the animals received a total 
oral dose of 1, 2, or 4 mg. of ferrous sulfate in solu- 
tion, the concentration of which was varied to pro- 
vide near equal volumes orally administered. 


Ordinarily, the feces had not been dealt with. 
In  two of the above groups of animals, one a con- 
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The following averages were calculated from the 
data in Table I: average iron present per mouse, 
1.470 mg.; average weight per mouse, 26.83 Gm.; 


MOUSC NO. % Sample ~ r o n  Gm. wt. of average mcg. iron per Gm. mouse, 56 mcg. 
and Absorp- Si=. Prewnt, MOu* (AV- The values obtained from the separate gastro- 


intestinal and carcass determinations are recorded Wt. in Gm. tion ml. mg. of Siunplea) 


in Table 11. The sample size, absorption reading, 1, 26 8.0 1 1.5 


and the amount of iron present are given. The 30.0 4 1.425 
2, 27 9.5 1 1.75 


34.5 4 1.64 63 amount or size of the sample, the 1/2 ml. ratio of the 
3, 27 9.0 1 1.65 sample sizes for the mouse and gut samples, respec- 


32.0 4 1.53 59 tively, was arbitrarily chosen. The two separate 
4, 27 8.0 1 1.5 determinations would be necessary as controls for 


30.5 4 1.45 55 use in absorption studies where the gut and rest of 
the body could be treated separately in the attempt 5, 27 34.5 5 1.32 
to  determine whether alteration in absorption had 35.0 5 1.34 


taken place. Knowing the amount of iron admin- 34.5 5 1.32 


istered, the amount in the gut, and the amount in 
34.5 5 1.32 50 


6, 27 33.5 5 1.28 
33.5 5 1.28 the rest of the body, i t  would be possible to  ascer- 
33.0 5 1.26 tain whether absorption had been changed by any 
33.0 5 1.26 47 experimental procedure employed. 


The average iron per mouse from the data in 
Table 11 was 1.532 mg. (1.470 mg., Table I ) ;  the 
average mcg. iron per Gm. mouse was 47 (56 mcg., 


Mouse, Size, Absorp- Present, Gm. wt. of From these data, an average percentage of ap- 
No. ml. tion WholeMouse proximately 11% of the total iron present was 


1, Body 5 33.0 1.26 found in the gastrointestinal tract, leaving approxi- 
mately 89% in the remainder of the carcass. 1, Gut 10 10.0 0.185 44 


In the expanded experiments on mice in groups 2, Body 5 38.0 1.44 


of six, the averages of iron present per mouse car- 2, Gut 10 5.0 0.09 
3, Body 5 37.0 1.40 
3, Gut 10 12.0 0.22 50 cass and gut, separate and combined, are noted in 


Table 111. Although there is some individual over- 
lapping. the average figures observed indicate a 
reliable positive trend toward the differences be- 
tween the control and iron treated groups. HOW- 
ever, the finding of less iron in the animals treated 
with the larger doses of iron is apparently due to the 
colorimetric method employed, the test solution 
being too concentrated over extending Lambert- 
Beer’s law. The amount of iron apparently un- 
accounted for here was linearly related to  the amount 
of iron that had been added, again indicating the 
overextension of the Lambert-Beer’s law. In the 
groups of mice treated orally with the 2- and 4-mg. 
iron doses, the animals apparently had an inherent 
low iron content prior to  treatment, thus showing a 
low carcass iron content. However, when compared 
on a microgram iron content per gram weight basis 
the figure shows the expected increase, although no 


TABLE L-IRON DETERMINATIONS ON A SERIES 
OF INDMDUAL MICE 


Total mcg. Iron per 


56 


TABLE K-SEPARATE IRON DETERMINATIONS 
OF INDMDUAL MOUSE CARCASS AND GUT 


h m p l e  % TOW Iron mcg. Iron per Table 1). 


47 


trol group and the other an kon-treated group, re- 
ceiving a total oral dose of 1 mg. ferrous sulfate, the 
feces were digested and the iron content determined 
along with the respective determinations on the 
carcasses and gastrointestinal tracts. 


RESULT AND DISCUSSION 
The values read from the electrophotometer for 


each initial whole mouse tested were based upon 
the values obtained from the standard iron concen- 
tration curve. The values tabulated in Table I by 
observation show the variability in the method to be 
relatively small, largely attributed to  differences in 
the mice. The different and replicate sample sizes 
were employed simply to check the method of proce- 
dure without applying any statistical analyses on 
this number of animals employed. 


TABLE III.-AVERAGES FROM MICE IN GROUPS OF SIX OF IRON PRESENT PER MOUSE CARCASS AND 
GUT, SEPARATE AND COMBINIZD~ 


Av. Iroo Av. Iron Av. Iron Av. Iron 
Content in Content in Content per Content per 


Group Carcass, mg. Gut, mcg. Mouse, mg. Gm. Mouse. mcg. 
Controls 1.45 210 1.660 47 


1.20 192 1.392 55 
56 110 1.230 1.12 


With total oral dose of 1 mg. 1.61 342 1.952 61 
ferrous sulfate 1.43 410 1.840 59 


380 1.635 68 
6s Combined Av. 1.43 377 1 .&I9 


With total oral dose of 2 mg. 1.265 425 1.690 68 


- - - 
Combined Av. 1.26 171 I.427 53 


- - 1.26 - 


ferrous sulfate 
With total oral dose of 4 mg. 1.380 


ferrous sulfate 
530 1.910 73 


a Single figures indicate averages of mice in groups of six with combined averages of these where more than one group was 
tested. 







1420 Journal of Pharmaceutical Sciences 


apparent increase in carcass iron (iron absorption) 
was observed to occur in the limited (1  hour) time 
period prior to  sacrificing and determining in any of 
the iron treated groups. 


Employing this method, the quantity of iron 
apparently unaccounted for in the animals treated 
orally with iron was in direct linear relationship 
to the amount of iron administered or added and 
due to the inherent properties of the colorimetric 
method itself; therefore, the quantities of iron 
determined are relative and indicative of the true 
quantities of iron present. 
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the average percentages of iron present in the gastro- 
intestinal tracts were 21, 25, and 28, with 79, 75, 
and 72% in the remainder of the carcasses, respec- 
tively. Low inherent carcass iron content must be 
considered even when comparisons are made on a 
microgram iron content per gram weight basis as no 
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3-Bromopyruvic Acid, a Highly Selective Antimicrobial Agent 
Against Certain Yeasts 


By WALTER A. ZYGMUNT and TEUIS A. MARTIN 


3-Bromopyruvic acid has been shown to be 
a highly effective growth inhibitor of certain 
yeasts. Wide differences were noted in  the 
inhibitory activity of the compound among 


different species and genera of yeast. 


HE USE of halogens as antimicrobial agents is well T documented, and certain halogenated metab- 
olites possess potent antimetabolite activity. 
Among such compounds are fluoroacetic acid ( l ) ,  
halogenated phenylalanines (2), 5-halogenated py- 
rimidines (3), and many others. 


Busch et al. (4) have reported that 8-halogenated 
pyruvic acids have pharmacological activity as 
cholinesterase inhibitors. However, there appears 
to be only limited information in the literature on the 
activity of such compounds as possible antimicrobial 
agents. 3-Bromopyruvic acid was selected as a 
representative compound. This report summarizes 
our findings on its inhibitory activity against a 
variety of microorganisms. 
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EXPERIMENTAL 


Since significant growth inhibition was noted only 
with certain yeasts and yeast-like fungi, description 
of the testing techniques employed will be restricted 
to this group of microorganisms. Yeast nitrogen 
base medium (Difco), supplemented with 1.5% 
dextrose and an initial medium pH of 4.5, were used. 
Solutions of 3-bromopyruvic acid and-where ap- 
plicabl-f reversal agents were adjusted to pH 
4.5, sterilized by Seitz filtration, and portions added 
to  previously autoclaved flasks containing sterile 
distilled water and basal medium. Only freshly 
prepared solutions of test compound and reversal 
agents were used. The final volume was 10 ml. per 
50-ml. conical flask. In the preparation of inocula, 
all cells were carefully washed and standardized 
to a constant absorbance reading. All flasks were 
agitated on a rotary shaker during incubation for 20 
hours at 28". Growth was measured turbidimetri- 
cally as absorbance using a Coleman Junior spectro- 
photometer at a wavelength of 620 mp. 


All yeast cultures tested, except for Candida 
albicans (ATCC 10231). were kindly supplied by Dr. 
L. J. Wickerham, Northern Utilization Research 
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attributed to the existence of different chemical 
races of the species; however, this possibility 
now appears remote. A more likely conclusion 
is that that report, like numerous others attrib- 
uting hallucinogenic properties to Panaeolus 
species, was based on a misidentification of the 
specimens examined. 
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Dielectric Constants 
and Solubility 


Sir: 


A recent publication of Sorby, Bitter, and Webb 
(1) reporting the dielectric constants of the water- 
ethanol-glycerin and water-ethanol-propylene 
glycol systems has prompted this communication. 
Since we are also presently engaged in studies of 
this nature, we wish to indicate briefly some addi- 
tional observations concerning the possible rela- 
tion between dielectric constant and the solubility 
of nonelectrolytes. These observations will be 
the subject of detailed reports a t  a later date. 
Our studies have led us to believe that the di- 


electric constant principle of solvent blending 
outlined by Moore (2) is fortuitous. Implicit in 
Moore’s suggestion is the presumption that sol- 
vent systems of approximately the same di- 
electric constant will show the same solvent 
properties for given drugs. Goyan (3) has re- 
cently pointed out the limitations of this as- 
sumption. Sorby, et al. (l), have suggested that 
Moore’s method may fail in practice because of 
the approximations made in computing rather 
than directly measuring dielectric constants of 
complex mixtures. In a previous communication 
(4) we had pointed out that Moore had not con- 
sidered cosolvency phenomena in his treatment. 


A detailed examination of one of Moore’s 
examples, the solubility of phenobarbital as a 
function of dielectric constant, proves illustrative. 
Figure 1 shows the solubility data of pheno- 
barbital in several binary systems which were 
originally reported by Krause and Cross (5 )  and 
Peterson and Hopponen (6). The peak solu- 
bilities in different blends are seen to fall within a 
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narrow range of dielectric constant (27-30). This 
observation led to our suggestion (4) that a di- 
electric requirement (DR) for solubility exists, 
i.e., the dielectric constant a t  which peak solu- 
bility is observed in a solvent blend. At constant 
temperature, this requirement should be inde- 
pendent of the actual nature of the solvents in the 
blend and dependent only upon the nature of the 
drug. The existence of such a requirement has 
been confirmed in the cases of salicylic acid 
(DR: -15) and theobromine (DR: -20 and 
-42) in binary systems of widely differing com- 
position (7). 


If Moore’s technique is valid, then its applica- 
tion should not critically depend upon the selec- 
tion of the solvent which determines the value 
of the approximate dielectric constant (A.D.C.) 
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Fig. l.-Solubility (w/v yo) of phenobarbital in 
various binary systems at  25’ plotted as a function 
of dielectric constant. Key: A,  propylene glycol- 
ethanol ; B, glycerin-ethanol ; C, water-ethanol; D. 
propylene glycol-water ; E, glycerin-water. 
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values of the water-acetone system which they 
used (9) are lower in this region than those re- 
ported by Albright (10). 


In any case, it  is again evident that con- 
siderably different solubilities will be observed 
in isodielectric mixtures. Optimum solvent 
power, however, will be observed in blends with 
an apparent DR of 27-30. If the solubility of 
phenobarbital in the system water-ethanol-pro- 
pylene glycol (6) was analyzed in the same 
fashion, similar conclusions could be drawn. 


We suggest that the maximum utility of the di- 
electric constant as an aid to formulation of sol- 
vent blends for nonelectrolytes is gained from 
knowledge of the dielectric requirement. One 
may readily measure this for any drug by deter- 
mining its solubility in dioxane-water mixtures of 
known dielectric constant and noting the dielec- 
tric constant(s) at which peak solubility is ob- 
served. Furthermore, studies directed toward the 
interpretation of solubility behavior of drugs in 
terms of the dielectric character of solvent sys- 
tems will prove most fruitful if solubilities are 
compared at the dielectric requirement where 
solute-solvent interaction is a maximum. Our 
interest in this area of research lies in establishing 
the validity of these statements. 


0 


Fig. 2.-Phenobarbital solubility and dielectric 
constant-volume percentage relationships for the 
water-ethanol-glycerin system. Key: - , tie 
lines representing constant solubdihes (w/v %) of 
phenobarbital at 25’; ----, tie lines representing 
isodielectric mixtures where figures in ( ) are 
dielectric constants; 4-04, tie line representing di- 
electric constant of 50 reported by Sorby, et al. (1). 


a t  which a certain solubility is to be maintained. 
It is evident from Fig. 1 that no apparent corre- 
lation can be made between dielectric constant 
and actual solubility. Solubilities differ signifi- 
cantly in blends of the same dielectric constant 
(isodielectric blends). If we desired to prepare a 
2% solution of phenobarbital, our choice of 
A.D.C. would depend on whether we happened 
to use a glycerin-alcohol, propylene glycol-water , 
alcohol-water, or some other solvent for its 
measurement. 


Correlation of solubility and dielectric constant 
in tertiary solvent blends is more complex. 
Figure 2 shows the solubility of phenobarbital in 
the waterethanol-glycerin system. This is repre- 
sented on the ternary diagram as tie lines of con- 
stant solubility which.were interpolated from the 
data of Krause and Cross (5). The isodielectric 
lines shown on the chart were computed from 
our own measurements of dielectric constant. 
They were made using a technique similar to that 
described by Sorby , et al. (1) , except that dioxane- 
water (8) instead of acetone-water mixtures were 
used to standardize the oscillometer. However, 
our values for systems with dielectric constants 
less than 60 (e.g., compare the isodielectric 50 
lines in Fig. 2) are significantly greater than those 
reported by Sorby (1). The dielectric constant 
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Research Articles 


Quinazolines and 1,4-Benzodiazepines XVII 
Synthesis of 1,3 -Dih ydro- 5 -pyridyl-aH- 1,4-benzodiazepine Derivatives 


By R. IAN FRYER, R. A. SCHMIDT, a n d  L. H. STERNBACH 


The synthesis of a series of 5-pyridyl analogs 
of the psgchopharmacolo i d l y  active class of 
compounds, l,4-benzo&ze.pines, is de- 
scribed. These compounds are being 
screened for psychosedative, muscle relax- 


ant, and anticonvulsant activity. 


HE NEW PSYCHOTHERAPEUTIC agents of the 
1,4-benzodiazepine class of compounds, chlor- 


diazepoxidel and diazepam,2 have received wide 
attention in recent years (1, 2). As a continua- 
tion of our earlier work on the synthesis of ana- 
logs of l ,4-benzodiazepines (3), we have prepared 
for pharmacological evaluation several derivatives 
of 1,3-dihydro-5- (2-pyridyl)-2H- 1,4-benzodiaze- 
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pin-2-one and 1,3-dihydrod-(4-pyridyl)-2H-l,4- 
benzodiazepin-2-one. 


The 2-aminobenzoylpyridines IIIa,b (H)9 used 
as starting materials for these syntheses are de- 
scribed by Schofield and co-workers (4,5). How- 
ever, as recent work by Raynolds and Levine (6) 
makes 4-phenacyl pyridine readily available, we 
were able to prepare 4-(2-aminobenzoyl)pyridine 
IIIb (H) by the much easier route used by Scho- 
field and Ockenden for the synthesis of 242- 
arninobenzoy1)pyridine IIIa (H).' These work- 
ers utilized the oxidative fission of the 2,3-double 
bond of the appropriate indole Ia (H), followed 
by hydrolysis of the 2-(2-benzamidobenzoyl)- 
pyridine IIa (H) thus obtained. 


1 1110 (H) indicates compound 1110. R = H (Scheme I); 
1110 (Br) indicates compound 1110. R = Br etc. 


4 W e  found chromium trioxide preferable' to owne as an 
oxidant for Za b H) For example, see Schofield. K., and 
Theobald, R. d., 1. Chcm. Soc., 1949, 796. 
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IIIa. b & \  
BrCOCHiBr 


L Va, b 
a series. Py = 2-Ca4N 


Scha 


Attempts to convert IIIa and b into benzodiaze- 
pinones by condensation with glyane ester hydro- 
chloride showed a significant difference in their 
reactivity. IIIa (H) reacted readily and gave 
the desired product VIa  (H), whereas attempts 
to form VIb (H) by this method were not suc- 
cessful. The second method (III+V+VI) used 
for the synthesis of these benzodiazepinones gave 
the desired result for both isomers. The first 
intermediates, the two bromoacetamido deriva- 
tives Va,b (H), were prepared in an acid medium 
to avoid quaternization of the pyridine nitrogen. 
Two methods were generally employed. The 
first consisted of treating the dihydrobromide of 
the aminobenzoyl pyridine in N,N-dimethyl- 
formamide with 1 mole of bromoacetyl bromide 
and slowly titrating the mixture with two 
equivalents of pyridine. The second procedure, 
which was preferred, consisted of treating IIIa,b 
(H) in acetic acid with bromoacetyl bromide. 
Since attempts to obtain the pure bromo- 
acetamido derivatives, Va,b (H), as crystalline 
cornpounds were unsuccessful, the crude bromo- 
acetyl compounds were converted directly to 
VIa,b (H) by reaction with ammonia. The inter- 
mediate aminoacetamidobenzoylpyridines were 
not isolated. An alternative method for the 
synthesis of VIb (H) proceeded Oia the a r b -  
benzoxyglycyl derivative IVb. This compound 
was prepared using essentially the method that 
Sheehan and Hess devised for the synthesis of 
peptides (7, 8). Cleavage of the carbobenzoxy 


I 


a N - c : C H 2  
C=N 
I 


R 
PY 
VIa, b 


b series, Py = 4-Ca4N 
ne I 


group with hydrogen bromide in glacial acetic acid 
(9) gave VIb (H) directly without isolation of the 
intermediate, 4-(2-aminoacetamidobenzoyl)pyri- 
dine. 


The 5-bromo-2-phenyl-3-(2-pyridyl)indole Ia 
(Br) and the 1-acetyl derivative of 5-bromo-2- 
phenyl-3-(4-pyridyl)indole Ib (Br), prepared by 
Fischer syntheses, gave the (2-benzamido-5- 
bromobenzoy1)pyridines ITa,b (Br) after oxida- 
tion. The acetyl derivative of I b  (Br) was 
utilized since we were unable to oxidize the parent 
indole I b  (Br) successfully in this instance. 


Hydrolysis of these compounds afforded the 
two 2-amino-5-bromobenzoylpyridines, IIIa,b 
(Br). A simpler method for the preparation of 
these 5-bromo compounds was the direct bromina- 
tion of the 2-aminobenzoylpyridines, IIIa,b (H), 
with bromine in acetic acid.6 This yielded 
products which were in every respect identical 
with the one synthesized by the above unequi- 
vocal method. Chlorination of IIIa (H) with 
chlorine in acetic acid gave a chloro derivative 
which, by analogy, would be IIIa (Cl). 


A dibromo compound was isolated as a by- 
product from the bromination of IIIb (H). By 
analogy with similar bromination reactions of 
2-aminoacetophenone (lo), it is believed to be 
4-(2-amino-3,5-dibromobenzoyl)pyridine; but 
this structure was not established conclusively. 


The three halogenated aminobenzoyl pyridines, 
1 Broahation of the acetyl or benzoyl derivatives of 1110.6 


(H) proceeded very slowly or not at all and the yields of the 
bromo compounds were extremely s m a h  when isolated. 







266 


I I I a ,b  (Br), and IIIa (CI), were converted to the 
corresponding '?-halo- 1,3-dihydro-5-pyridyl-2H- 
1,4-benzodiazepin-2-ones, VIa,b (Br) and V I a  
(CI)-as described above-via the bromoacetyl 
derivatives Va,b (Br) and Va  (CI), respectively. 


Nitration of the two 1,3-dihydro-5-pyridyl-2H- 
1,4-benzodiazepin-2-ones, VIa,b (H), with po- 
tassium nitrate in cold concentrated sulfuric acid 
gave the two corresponding 1,3-dihydro-T-nitro- 
5-pyridyl-2H- 1,4-benzodiazepin-2-ones, VIa,b 
(NO?). The nitro group was assumed to be in 
position 7, based on analogous reactions carried 
out on 1,3-dihydr0-5-phenyl-2H-1,4-benzodiaze- 
pin-2-ones described in an earlier paper (11). 


Using known procedures (12), IIIa (Br) was 
converted to the three 5-(2-pyridyl)-l,4-benzo- 
diazepine derivatives V I I  (R1 = CH,, R) = H), 
V I I  (R1 = 13, Rz = CHJ, and VLII. 
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Gm., 0.01 mole), glycine ethyl ester hydrochloride 
(4.2 Gm., 0.03 mole), and pyridine (100 ml.) was re- 
fluxed for 8 hours. The solvent was removed under 
reduced pressure, and the residue was partitioned be- 
tween water (50 ml.) and benzene (50 ml.). The 
aqueous layer was extracted with benzene (2 X 50 
ml.). The organic layers were combined, washed 
with water (2 X 25 ml.), and concentrated to 25 
ml. The addition of 25 ml. of petroleum ether (b.p. 
30-60") gave 0.5 Gm. (21y0) of crystalline material 
on standing, m.p. 231-232". 
2-( 2-Amino-5-bromobenzoyl)pyridine, IIIa (Br ). - 


A.-From Z-Phenacylpyridine.-2-Phenacylpyridine 
p-bromophenylhydrazone was cyclized with con- 
centrated hydrochloric acid to  give 5-bromo-2- 
phenyl-3-(2-pyridyl)indole Ia (Br) (colorless prisms 
from ethanol, m.p. l75-li7" ). This conipound was 
not purified further but oxidized with chromium 
trioxide (4) to give 2-( 2-benzamido-5bromobenzoyl) 
pyridine IIa (Br), m.p. 138-140" dec., (yellow prisms 
from ethanol). 


Anal.-Calcd. for C1QH13BrN202: C, 59.86; H, 
3.44. Found: C. 59.88; H,3.65. 


Hydrolysis of IIa (Br)  with concentrated hydro- 
chloric acid gave, after recrystallization from ligroin 
(b.p. 90-120"), IIIa (Br) as yellow needles, m.p. 


Anal.-Calcd. for ClZH0BrN20: C, 52.01; H, 
3.27. Found: C, 52.03; H, 3.57. 


B.- From 2-( 2-Aminobeneoyl)pyridine.-A solu- 
tion of bromine (35 ml., 0.70 mole) in glacial acetic 
acid (600 ml.) was added dropwise to a stirred solu- 
tion of 2-(2-aminobenzoyl)pyridine IIIa (H) (131 
Gm., 0.66 mole) kept at 15-17' with an ice bath. 
The reaction mixture was allowed to  warm to room 
temperature and stirred for 20 hours. The red 
crystalline hydrobromide was separated by filtration 
and washed with cold glacial acetic acid. The base 
was liberated by decomposition of the salt with water 
(2.5 L.). The product was separated by filtration, 
dried, and recrystallized from lig-roin (b.p. 90-120"). 
By making the filtrate basic with sodium hydroxide 
solution, additional product was obtained which was 
filtered, dried, recrystallized, and added to the first 
crop. The product (154.5 Gm., 84yo) was ob- 
tained as bright yellow needles, melting point and 
mixed melting point with the product obtained by 
Method A, 96-98". 
2-(2-Amine-5-chlorobenzoyl)pyridine, IIIa (Cl).- 


A solution of chlorine (1.36 Gm., 0.019 mole) in 
glacial acetic acid (50 ml.) was added over a 15- 
minute period to a cold, stirred solution of 1110 (H)  
(3.57 Gm., 0.018 mole) in glacial acetic acid (25 xnl.). 
The mixture was stirred for 15 minutes and allowed 
to stand overnight at room temperature. The 
solvent was removed under reduced pressure, and 
the residue was digested with hot water (50 ml.) 
and allowed to cool. After 3 days of standing, the 
solution deposited 1.0 Gm. of yellow crystalline 
solid which was filtered and recrystallized from 
ligroin (b.p. 90-120") to give 0.84 Gin. (200/,) of 
product as yellow prisms, m.p. 99-101". 


Anal.-Calcd. for CIzH&lN10: C, 61.94; H, 
3.90. Found: C, 62.09; H, 4.04. 


7 - Bromo - 1,3 - dihydro - 5 - (2 - pyridyl) - 2H - 
1,4-benzodiazepin-Z-one, VIa (Br).-A mixture of 
IIIa (Br) (1.0 Gm.. 3.6 mmole), glycine ethyl ester 
hydrochloride (0.75 Gm., 5.4 mmoles) and pyridine 
(100 ml.) was rduxed and worked up as described for 


96-98". -Rz 


PHARMACOLOGICAL. RESULTS 
Preliminary screening data indicate that a number 


of these compounds are nontoxic centrally acting 
agents with anticonvulsant and psychosedative 
properties. As other results become available, it is 
anticipated that they will be reported as an integral 
part of an overall study of the 1.4-benzodiazepine 
class of compounds. 


EXPERIMENTAL6 
All melting points are corrected. The infrared 


absorption spectra of starting materials and reac- 
tion products were compared wherever necessary in 
order to establish structural changes. The infrared 
spectra were determined in 0.3 to  O.4y0 chloroform 
solutions using a Perkin-Elmer model 21 spectro- 
photometer. 


?-one, M a  (€I).-A. Bromoacetyl bromide (9 ml., 
0.1 mole) was added dropwise (15 minutes) to a 
stirred solution of 2-(2-aminobenzoyl)pyridine IIIa 
( H )  (4). (19.8 Gm., 0.1 mole), in glacial acetic acid 
(1 L.). The mixture was stirred a t  room tempera- 
ture for 2 hours, then concentrated to a gum under 
reduced pressure. Liquid ammonia (approximately 
500 ml.) was carefully added to the residue and 
allowed to  evaporate slowly. The crude product was 
stirred for 2 hours with 500 ml. of water and filtered. 
Recrystallization of the precipitate from acetone 
gave 16.4 Gm. (69y0) of VIa (H)  as white prisms, 
m.p. 232-234" dec. 


Anal.--Oalcd. for CI4HnN30: C, 70.87; H. 4.6i. 
Found: C, 71.18; H, 4.98. 


B.-A mixture of 2-(2-aminobenzoyl)pyridine (2.0 


I 1,3-Dihydro-5-( 2-pyridyl)-250-1,4-benzodiazepin- 


I 


___ 
6 Tbe Experimenfol  was performed in part with hlr. K. 


Czajkowski. 
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the preparation of VIa ( H )  Method B to give, after 
recrystallization from acetone, 235 mg. (20%) of 
VIa (Br) as colorless prisms. m.p. 237 to  238.5'. 


Anal.-Calcd. for Cl.HloBrNa0: C, 53.18; H, 
3.19. Found: C, 53.36; H, 3.38. 


7 - Chloro - 1,3 - dihydro - 5 - (2 - pyridyl) - 2H - 
1,4benzodiazepin-2-one1 VIa (Cl).-Using the pro- 
cedure described for the preparation of Vla ( H )  
Method A ,  4.66 Gm. of IIIa (Cl) gave, after recrystal- 
lization from ethanol, 3.1 Gm. (570/,) of VIa (Cl) as 
yellow prisms, m.p. 225-226' dec. 


And-Calcd. for CI,H&lNaO: C, 61.88; H, 
3.71. Found: C, 61.92; H, 3.91. 


1,3 - Dihydro - 7 - nitro - 5 - (2 - pyridyl) - 2 8  - 
l,4-benzodiazepin-2-one1 VIa (NOz).-A solution of 
potassium nitrate (5.04 Gm., 0.05 mole) in concen- 
trated sulfuric acid (30 ml.) was added dropwise a t  
5' to  a solution of VIa (H) (11.2 Gm., 0.047 mole) 
in concentrated sulfuric acid (100 ml.). The re- 
action mixture was stirred at 5' for 2 hours, then 
poured onto ice in a vessel cooled by an ice-salt 
bath. The solution was kept at 0" and made alka- 
line (pH 8) by the addition of ammonium hydroxide 
(450 ml.). The product was filtered and recrystal- 
lized from acetone to  give 6 Gm. (4570) of VIa ( N Q )  
as colorless prisms, m.p. 254-255" dec. 


And.  -Calcd. for ClrHl~NIO~: C, 59.57; H,3.57; 
N, 19.85. Found: C,60.00; H,4.06; N,20.04. 


7 - Bromo - 1,3 - dihydro - 1 - methyl - 5 - (2 - 
pyridyl)-2H-l,4-benzodiazepin-2-one, VII (& = 
CHa, Rz = H).-Alkylation of VIa (Br) (7.5 Gm., 
0.024 mole) with methyl iodide by a previously 
described procedure (3) gave 5.51 Gm. (70%) of VII 
(RI  = CHa, Rr = H )  as pale yellow crystals, m.p. 
136-137'. 


And.-Calcd. for CLbHI*BrNsO: C, 54.56; H, 
3.66. Found: C, 54.71; H, 3.73. 


7 - Bromo - 1,3 - dihydro - 3 - methyl - 5 - (2 - 
pyridyl)-2H-l,4-benzodiazepin-2-one, VII (I = H, 
RZ = C€b).-By substituting a-bromopropionyl 
bromide for bromoacetyl bromide and 2-(2-amin0-5- 
bromobenzoy1)pyridine for 2-(2-aminobenzoyl)pyri- 
dine in the procedure described for the preparation of 
VIu ( H )  Method A ,  a 30% yield of VII.(RI = H, 
R2 = CHI) was obtained as cream-colored crystals 
from acetone, m.p. 228-229'. 


And-Calcd. for ClbHuBrNaO: C, 54.66; H. 
3.66. Found: C, 54.51; H,  3.39. 


7 - Bromo - 2 - methylamino - 5 - (2 - pyridyl) - 
3H-l,4-benzodiazepine 4 o d d e ,  vLII.-2-( 2-Amino- 
5-bromobenzoy1)pyridine was converted to the 
oxime(l2), m.p. 163-166'. 


Anal.-Calcd, for ClnHloBrNaO: C, 49.33; H, 
3.45. Found: C, 49.41; H.3.33. 


Then, by treating with chloroacetyl chloride, it 
was converted to 2-chloromethyl-4-(2-pyridyl)-6- 
bromoquinazoline 3-oxide (12), m.p. 206' dec. 


Ad.-Calcd. for ClrHoBrCIN,O: C, 47.96; 
H,  2.59. Found: C, 48.07; H,  2.65. 


Reaction of the quinazoline derivative with 
methylamine in methanol (12) resulted in ring 
enlargement and formation of the 5pyridyl-1.4- 
benzodiazepine 4-oxide, which was isolated in the 
usual manner (12). It formed cream-colored prisms 
after recrystallization from acetone, m.p. 231-233' 
dec. 


Anal.-Calcd. for ClbH1aBrN40: C, 52.19; H. 
3.79. Found: C, 52.46; H,  4.04. 
4-(2-Aminobenzoyl)pyridine, IIIb (H).-Using the 
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methods described by Ockenden and Schofield (4), 
4-phenacylpyridine (6) was converted via the phenyl- 
hydrazone into 2-phenyl-3-(4-pyridyl)indole Ib (H), 
m.p. 257-258', colorless prisms from acetic acid. 


And-Calcd. for CI~HIINZ: C, 84.42; H, 5.22. 
Found: C, 84.57; H, 5.57. 


The indole was oxidized with chromium trioxide 
to  give 4-(2-benzamidobenzoyl)pyridine IIb (H). 
m.p. 129-130', (colorless prisms from ethanol). 


And-Calcd. for CIBHIIN~Q: C, 75.48; H,  
4.67. Found: C, 75.61; H, 4.51. 


This was hydrolyzed with concentrated hydro- 
chloric acid to  give IIIb (H). This crystallized from 
methanol as yellow needles melting at 159.5 t o  
160'.' 


Ad.-Calcd. for C1zH1~NZ0: C, 72.71; H,  
5.09. Found: C, 72.56; H, 4.66. 


12 - (4 - Pyridylcarbonyl)phenyl]carbamoyl- 
methylcarbamic Acid Benzyl Ester, MI (H).-A mix- 
ture of 4-(2-aminobenzoyl)pyridine (5.0 Gm., 0.025 
mole) and carbobenzoxy glycine (5.3 Gm., 0.025 
mole) in methylene chloride (200 ml.) was cooled to 
19". N, N'-Dicyclohexylcarbodiimide (5.2 Gm., 
0.025 mole) was added, and the solution stirred for 
2 hours. The mixture was refrigerated (+5") for 
3 days; N,N'-dicyclohexyl urea was removed by 
filtration and discarded. The methylene chloride 
solution was concentrated in  uacuo a t  room tempera- 
ture. The residue was dissolved in benzene and 
was chromatographed through a column of florisil 
(90 Gm.) after filtration. The benzene fractions 
were discarded, and the eluant changed to ether. 
The ether fractions gave 3.5 Gm. (35.7%) of white 
needles which were recrystallized from a benzene- 
petroleum ether mixture, m.p. 130 to 130.5'. 


Anal.-Calcd. for C B H ~ ~ N ~ O , :  C, 67.85; H, 
4.92. Found: C, 68.03; H,  4.99. 


1,3 - Dihydro - 5 - (4 - pyridyl) - 2 8  - 1,rl-benzo- 
diazepin-2-one, VIb (H).-A .--From the Carboben- 
zoxyglycine Derivative, IVb (H).-A solution of hy- 
drogen bromide in glacial acetic acid (3370 w/w), (20 
rnl.) was added dropwise a t  room temperature to a 
stirred solution of the carbobenzoxy compound IVb 
( H )  (3.5 Gm., 9.0 mmole) in glacial acetic acid (10 
ml.). The mixture was stirred for an additional 4 
hours and diluted with 1 L. of diethyl ether. The 
precipitated hydrobromide (2.8 Gm., m.p. 254-255") 
was separated by filtration and dissolved in water 
(100 ml.). The solution was made alkaline (pH 8) 
with concentrated ammonium hydroxide; the re- 
sulting precipitate was separated by filtration and 
recrystallized from benzene to give 1.6 Gm. (75Y0) of 
white needles, m.p. 206-207'. 


Anal.-Calcd. for C14HIINaO: C, 70.87; H, 4.67. 
Found: C, 71.00; H, 4.82. 


B.-From 4-(2-Amanobensoyl)pyridine, I I I b  (H).-  
I. A solution of 4-(2-aminobenzoyl)pyridine IIIb 
(H) (5.0 Gm., 0.025 mole) in N,N-dimethylform- 
amide (20 ml.) was saturated with hydrogen 
bromide. Excess hydrogen bromide was removed 
by warming under reduced pressure. Bromoacetyl 
bromide (5.1 Gm., 0.024 mole, 2.2 ml.) was added 
dropwise to the resulting mixture with stirring. 
A solution of pyridine (4.0 Gm., 0.05 mole, 4.0 ml.) 
in N,N-dimethylformamide ( 5  ml.) was added over a 
5-minute period. The mixture was stirred for a 
few hours; approximately 300 ml. of liquid ammonia 
was carefully added. The ammonia was allowed to 


:Schofield (5 )  reports m.p. 160-I6l0 
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evaporate overnight, and the reaction mixture was 
taken up in benzene (100 ml.). Ammonium bromide 
was removed by filtration. The benzene solution 
was washed with water (3 X 100 ml.) and con- 
centrated under reduced pressure. Recrystalliza- 
tion of the residue from an acetone-hexane mixture 
gave 2.5 Gm. (41%) of white needles, m.p. 206- 
207 O . 


2. A solution of 4-(2-aminobenzoyl)pyridine 
I I I b  (H), (16 Gm., 0.08 mole) in glacial acetic acid, 
was treated with bromoacetyl bromide and then with 
ammonia as described for the preparation of VIu (H), 
Method A to give 7.0 Gm. (36.5y0) of crude VIb  (H), 
melting a t  203-205". 
4-(2-Amino-5-bromobenzoyl)pyridine IIIb (Br) 


and 4-( 2-Amino-3,5-dibromobenzoyl)-pyridine.-A. 
-From 4-Phenucylpyridine.-The crude 9-bromo- 
phenylhydrazone of 4-phenacylpyridine was cyclized 
in hydrochloric acid to give 5-bromo-2-phenyl-3(4- 
pyridyl)indole, I b  (Br), m.p. 312-313" (yellow prisms 
from acetic acid). 


Anal.-Calcd. for CloHlsBrN2: C, 65.34; H, 
3.75. Found: C. 65.04; H,  3.96. 


Acetylation of the indole was accomplished by 
treating the compound under reflux in a mixture of 
acetic anhydride and potassium acetate for 3 hours. 
The reaction mixture was cooled, poured into water. 
and the product extracted into ether. Removal of 
the solvent and recrystallization of the residue from 
acetone gave l-acetyl-5-bromo-2-phenyl-3( 4-pyridyl) 
indole as white prisms, m.p. 172-173O. 


And.-Calcd. for C2,HI8BrN2O: C, 64.46; H, 
3.86. Found: C, 64.16; H, 3.84. 


This product was then oxidized with trauoro- 
peracetic acid (13, 14). The crude product was 
hydrolyzed with 50% (v/v) sulfuric acid to  give 
I I I b  (Br). After crystallization from chloroform, 
yellow prisms were obtained melting at 213-214'. 


Anal.-Calcd. for C12H0BrN20: C, 52.01; H,  
3.27. Found: C, 51.95; H,  3.13. 


B.- From 4-( 2- Aminobeneoy1)pyridine.-A solu- 
tion of bromine (25 Gm., 0.16 mole, 8 ml.) in glacial 
acetic acid (5 ml.) was added dropwise with stirring 
to a solution of 4-(2-aminobenzoyl)pyridine, I I I b  
(H), (30 Gm., 0.15 mole) in glacial acetic acid (200 
ml.) cooled in an ice bath. The mixture was stirred 
for 10 minutes, diluted with water (300 ml.), and 
made alkaline with solid sodium hydroxide. The 
crystalline residuewas separated by filtration, washed 
with water, then dissolved in benzene. Residual 
water was removed by azeotropic distillation. The 
benzene solution was concentrated t o  a small vol- 
ume and chromatographed on grade I neutral 
alumina (300Gm.). 
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Elution of the column with chloroform gave the 
dibromo compound (8.3 Gm.), m.p. 139-140". 
which gave yellow needles on recrystallization from 
ether, m.p. 141-142O. 


And-Calcd. for Cl2H8Br2N~O: C, 40.37; H, 
2.54. Found: C, 40.13; H, 2.38. 


Eluting with 5Oy0 benzene/ether (v/v) gave 15.8 
Gm. of the monobromo derivative I I I b  (Br). Fur- 
ther elution of the column with methanol gave 4 Gm. 
of starting material. The dibromo ketone could also 
be prepared by further broniination of I I I b  (Br) 
under the conditions described above. 


7 - Bromo - 1,3 - dihydro - 5 - (4 - pyridyl) - 2H - 
1,4-benzodiazepin-Z-one, VIb (Br).-The 1,4-benzo- 
diazepinone was prepared from 13 Gm. (0.36 mole) of 
I I I b  (Br) as described for ZZZb(H), Procedure B.l. 
The crude product (8.8 Gm.) was purified by crystal- 
lization and yielded 3 Gm. of starting material and 
4.5 Gm. (39%) of the desired product. Recrystal- 
lization from acetone gave white needles, m.p. 228to 
228.5'. 


Anal.-Calcd. for C14HloBrNaO: C, 53.18; H,  
3.19. Found: C, 53.09; H,  3.38. 
1,3 - Dihydro - 7 - nitro - 5 - (4 - pyridyl) - ZH - 


1,4-benzodiazepin-2-0ne, VIb (NO2).-A solution of 
5(4-pyridyl)-1,4-benzodiazepinone, VIb (H), (6.0 
Gm., 0.025 mo1e)in concentrated sulfuric acid(3O ml.) 
was nitrated as described under the preparation of 
VZu ( NOs). The reaction mixture was worked up as 
described above and gave 3.0 Gm. (42.570) of pale 
yellow needles after recrystallization from acetone, 
m.p. 242 to 242.5". 


And.-Calcd. for C I ~ H ~ O N I O ~ :  C, 59.57; H, 
3.57. Found: C, 59.71; H, 3.26. 
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Metal Chelates as Potential Reactivators of Organic 
Phosphate Poisoned Acetylcholinesterase 


By SANFORD BOLTON and ARNOLD BECKETTt 


As part of a study to investigate metal chelates as p3ssible reactivatxs 3f phosphate 
poisoned acetylcholinesterase, it is shown tbat chelates act as inhibitors of the 
enzyme. In addition, copper and nickel chelites of 2-pyridinezldoxime catalyze 
the decomposition of DPP and satin. Compared to 2-PAM, however, these chelates 
are very poor reactivators, probably because of an improper alignment of the oxime 


oxygen in the chelate-enzyme complex. 


ERTAIN ESSENTIAL FEATURES are evident in re- C activators of acetylcholinesterase (ACHase) 
poisoned by fluorophosphate esters. The follow- 
ing properties are important: (a) The reactivator 
should act as a reversible competitive inhibitor 
of the enzyme. In particular, attachment to the 
free anionic site of the poisoned enzyme is im- 
portant and is, therefore, enhanced by the pres- 
ence of a positively charged group in the reactiva- 
tor molecule. Wilson and co-workers (1) and 
Green and Smith (2) demonstrated that complex 
formation takes place between the reactivator 
and the inhibited enzyme during reactivation. 
( b )  The reactivator should have a nucleophilic 
atom capable of reacting with and decomposing 
the phosphate poison; in the case of Z-pyridine- 
aldoxime methiodide (2-PAM), Wilson, et al. (3), 
demonstrated that the oximate ion is the active 
species. However, there appears to be an opti- 
mum pKa value; some compromise between too 
high or low nucleophilic character should be 
reached. Substances which have been shown to 
increase the rate of decomposition of the organic 
phosphate poisons include hydroxamic acids (4), 
oximes (5, G ) ,  and certain chelates (7, 8). The 
presence of aquo groups, weak chelate stability, 
and positive charge are contributing factors to- 
ward the catalytic properties of the chelates (8). 
(c) The nucleophilic atom in the bound reactivator 
should be properly oriented in relation to the 
poisoned site. A certain degree of rigidity is also 
important. 


Wilson (9) has reviewed and discussed the 
roles of these features relating to the discovery of 
%PAM. 


The above work has involved compounds in 
which the positively charged center is a quarter- 
nary ammonium group, e.g., I. I t  is, therefore, 
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of interest to see whether similar effects can be ob- 
tained by the use of tertiary nitrogen compounds 
into which the positively charged site is intro- 
duced v i a  chelation, e.g., 11. Such an approach 
appeared to  be relevant because of the catalytic 


I I1 


effect of copper chelates on the decomposition of 
the organic phosphates. Also, the introduction 
of a doubly positively charged center might be a 
contributing factor toward increased binding to 
ACHase. 


Since the present investigation is concerned 
principally with chelates of 2-pyridinealdoxime 
(2-PA), i t  is of importance to  consider whether 
chelate formation takes place Via the oxime 
nitrogen (11) or oxygen (111). Reactivating 
activity would be expected to be better if I1 is 
the more stable structure since the oxygen is 
free to react with the bound phosphate. The gen- 
erally greater stability of five membered chelate 
rings compared with six membered rings, the 
fact that nickel complexes of 2-PA have been 
isolated in Which the oxime hydrogen is retained 
(lo), and the high water solubility of the nickel 
and copper chelates of 2-PA (1 1) suggest that I1 
is the preferred structure. 


I11 


In the present work, inhibition of ACHase 
activity by metal chelates suggests that binding 
takes place between the chelate and the anionic 
site of the enzyme. In addition, copper and 
nickel chelates of 2-PA catalyze the decomposi- 
tion of diisopropyl phosphonfluoridate (DFP) 
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free metal ion at  low pH values. At higher sub- 
strate concentrations ( > 3  X 10-3M ACH), decom- 
position was linear as a function of time for about 
30 minutes. A t  lower substrate concentrations, the 
reaction velocity was calculated from the initial 
decomposition. The temperature was kept constant 
a t  25 f 0.2" and a stream of nitrogen was passed 
over the solutions to exclude carbon dioxide in all 
studies. All reagents were dissolved in an un- 
buffered solution containing 0.9% NaCI and 0.266% 


Hydrolysis of DFP and Sarin.-The nonenzyniic 
hydrolysis of the organic phosphate compounds was 
followed by neutralizing the acid produced in an 
unbuffered solution containing 1.25 X M 
mixture of the appropriate chelate. The pH was 
kept constant, as above, a t  7.4 and the temperature 
maintained a t  25 f 0.2". 


Reactivation Studies.-A double strength solution 
of esterase (150 mg./100 ml.) was used in these stud- 


MgClz. 


and methyl isopropyl phosphonfluoridate (sarin). 
The reactivation of poisoned acetylcholinesterase 
by these chelates is, however, much weaker than 
%PAM probably due, in par t ,  to  a lack of 
stereospecificity . 


The affinity of diacetyl monoxime (DAM), 
pyruvaldehyde aldoxime (MINA), and  2,3- 
pentanedione 3-oxime (POX) (all of which have 
been investigated as antidotes for organic 
phosphate poisoning (12)) for cupric, nickelous, 
and cobaltous ions were examined in this report, 
but the stabilities nf these chelates were too 
weak to warrant further investigation. 


EXPERIMENTAL 


Reagent.-2-PA, recrystallized from water, m.p. 
113"; MINA, prepared by the method of Freon (13), 
recrystallized from petroleum ether and benzene, 
m.p. 65"; DAM, recrystallized from water and 
charcoal, m p. 75'; POX, recrystallized from petro- 
leum ether, m.p. 59"; acetylcholine (ACH), m.p. 
165166"; sodium chloride, magnesium chloride, 
and potassium nitrate, all analytical reagent grade; 
cupric nitratc, cobaltous nitrate, and nickelous 
nitrate were all analytical grade and their purities 
were checked by titration with the disodium salt of 
EDTA according to methods suggested by Chaberek 
and Martell (14a), using Eriochromeschwarz T and 
murexide as indicators. The ACHase was prepared 
from bovine serum and was the same as that used 
by Clitherow (15). The enzyme decomposed 2.8 
pm. of ACH in 30 minutes, per milligram of protein, 
a t  25", near the optimum substrate concentration. 


Chelation Studies.-The extent of chelation of 
DAM, MIKA, and POX with the appropriate metal 
ions was followed potentiometrically by observing 
equilibrium pH values after addition of increments 
of base to the metal-oxime mixtures. Equilibrium 
occurred very slowly as indicated by the gradual 
drifting of pH in these systems. Therefore, the 
data were determined by preparing a series of metal- 
oxinie solutions containing different amounts of 
base and allowing the solutions to stand for a t  least 
24 hours before pH readings were taken. All meas- 
urements were made with a Cambridge bench type 
pH meter; the temperature was kept constant a t  
25 f 0.2". The ionic strength of all solutions was 
maintained a t  0.10 hf by the addition of potassium 
nitrate. To insure the exclusion of carbon dioxide, 
nitrogen was passed through the solutions. 


Acetylcholine Hydrolysis Studies.-The rate of 
hydrolysis of ACH by ACHase, alone and in the 
presence of inhibitors, was followed by neutralizing 
the acid produced by titrating, manually, with 0.01 
N sodium hydroxide to keep the pH constant a t  
7.4 f 0.05. (The results for the hydrolysis of ACH 
by uninhibited ACHase obtained by this method 
compared favorably with those nbtained mano- 
metrically). In  general, the chelate mixture was 
first brought to a pH of 7.4; then 5 ml. of the enzyme 
suspension, containing 75 mg. of enzyme per 100 
ml., was added. The final volume of solution was 
adjusted to  15 ml. If the enzyme and metal mix- 
ture came into contact before the pH adjustment, 
inhibition was greatly increased. probably due to an 
irreversible inhibition produced by the excess of 


.I . . . . . * . . . I 


0 h2 04 0.6 0. LO 


n 


Fig. 1.-Potentiometric titration curves of 
oximes and oxime-metal mixtures. Ratio of oxime 
to metal is 2 :  1 .  Concentration of oxime is 4 x 
10-3 Af. "a" is equivalent of base/oxime; x = 
precipitation. 


TABLE I.-APPROXIMATE VALUES OF LOG KIK,a 
FOR OXIME-METAL CHELATES 


Chelating Species 1.0g KiKi 
DAM-Copper 13.3 
DAM-Cobalt 7 . 2  
DAM-Nickel 7 .6  
MINA-Copper 5 . 0  (Log Ki) 
MINA-Cobalt 2 .8(Log KI) 
MINA-Nickel 6 . 6  
POX-Copper 1 3 . 5  
POX-Cobalt 9 2  
POX-Nickel 8 . 0  


KI = [Oxime-Meta11/[0xime][Metal]; K t  = loxime 
Z-Metal]/ [Oxime] [Oxime-Metal]. 
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ies so that reactivation effects would be more notice- 
able. A 0.1-mcg. quantity of DFP or 0.02 mcg. of 
sarin was added to 5 ml. of the esterase suspension 
and allowed to remain in contact for 1 hour a t  
room temperature before the reactivators were 
added. Again, as above, the pH of the chelate 
solutions was adjusted to 7.4 before addition to the 
poisoned enzyme. Enzyme activity was deter- 
mined in the presence of 3 X MACH and con- 
trols were run in all cases. Wilson and Ginsburg 
(16) have observed that dilution of the poisoned 
enzyme prior to addition of the reactivator greatly 
increased the rate of reactivation. This result may 
be due to excess poison in the system being diluted to 
an innocuous concentration. Unfortunately, the 
enzyme used in this study had an initial activity too 
low to allow the adaptation of this technique. The 
choice of concentration of poison, therefore, was 
based on its ability to poison the enzyme and on the 
ability of 2-PAM to reactivate the poisoned enzyme 
in a reasonably short period of time. The concen- 
tration of sarin used (0.02 mcg./5 ml.) almost com- 
pletely inactivated the enzyme in 1 hour while DFP 
(0.10 mcg./5 ml.) reduced the activity by approxi- 
mately N% in 1 hour. After 24 hours, DFP in- 
hibited enzyme had virtually no activity. 


RESULTS 


Chelation Studies.-The results of the potentio- 
metric chelation studies of MINA, DAM, and POX 
are shown in Fig. 1. These chelates were unsuitable 
as reactivators because of their instability. All the 
systems containing copper precipitated Cu(0H )r a t  
pH 7.4, whereas the nickel and cobalt chelates were 
incompletely formed. 


Attempts at evaluating stability constants on the 
basis of stepwise chelate formation for the 1 : 1 and 
2: 1 chelates from this data yielded inconsistent 
values. I t  appeared that there was strong overlap- 
ping of the formation constants or that true equilib- 
rium had not been reached. Approximate values 
of log KIK2 were calculated from a plot of Z versus 
pA according to  Bjerrum (17) and are recorded in 
Table 1.' 


As in the 2-PA system (11). cobalt chelates of 
DAM and POX appear to be more stable than the 
corresponding nickel chelates. With MINA, the 
more usual stronger nickel chelate occurs. 


Inhibition Studies.-Figure 2 illustrates the 


Fig, 2.-The effect of in- 
hibitor concentration (I)  on 
the velocity of ACH hy- 
drolysis in the presence of 
ACHase. Vo/V1 = (velocity 
in absence of I)/(velocity 
in presence of I) ;  1:1, 
etc., indicates ratio of oxime 
to metal ion. 


ACH- inhibition by the pertinent species in this 
study. Data on 2-pAM and TMB-Q are included for 
~ ~ r p o s e ~  of comparison. 


The free oximes and glycine inhibit ACHase 
activity to a small extent compared to the inhibition 
exhibited by their metal chelates. The inhibition 
demonstrated in the chelate systems could not be 
accounted for by the free metal ion. In fact. 
separate studies indicated that a concentration of 
10-6 M copper ion, which is, with the exception of 
the DAM-copper chelate (see below), greater than 
that which would be present in these systems, 
exerts a small potentiating effect upon ACHase 
activity. This is in accord with a similar observa- 
tion made by Godfraind and Godfraind (18). 


The fact that the glycine-copper and the DAM- 
copper complexes inhibit the activity of the enzyme 
suggests that inhibition by copper chelates is prob- 
ably a general phenomenon. A saturated solution 
of Cu(OH), at pH 7.4 reduced the hydrolytic ac- 
tivity of ACHase by approximately 25%. This 
result was taken into consideration when plotting 
the DAMcopper data as these solutions contained 
a mixture of chelating species and precipitated 


Several generalizations may be made on the basis 
of the results shown in Fig. 2. The 1 : 1 chelates 
are the strongest inhibitors. Increasing the ratio 
of oxime to metal ion decreases inhibition. This 
is to be expected if inhibition occurs by binding 
Vaa the positively charged metal; increased ratio 
of ligand to metal would not only decrease the 
positive nature of the metal but would also exert a 
shielding effect. Cobalt chelates have little in- 
hibitory effect while copper chelates exert the 
stronger effect, probably because of the stronger 
electropositive character of the copper ion. 


Since the 2-PA chelates a t  pH 7.4 in these systems 
are mixtures of different species ( l l ) ,  i t  is difficult to 
ascertain the effects of individual components. 


GLYCINE-COPPER CHELATE SPECIES IN 2: 1 GLYCINE- 
COPPER MIXTURES 


CU( OH)*. 


TABLE II.-cONCENTRATIONS OF 111 AND 2:1 


Molar Concn. Molar Concn. Molar Concn. 
2:  1 Glycine- 1 : 1 Chelate 2:  1 Chelate 


Copper X 10' x 10' x 10' 
R 2 .34  - 
6 
9 


12 
15 


- 
6 1 .oo 5.00 
9 1.25 7.75 


12 1.46 10.54 
15 1.64 13.36 1 n = [Bound lig~nd]/[total metal]: pA = negative log 


of concentration of free oximate ion. 
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In  1 : 1 2-PA-copper and nickel mixtures, this 
analysis is further complicated by the presence of 
hydrolytic and/or polymeric species of unknown 
composition (1 1). 


At pH 7.4, solutions containing chelating agent 
and metal in the ratio 2: 1, contain both 1:l and 
2: 1 chelate species; if the 1 : 1 chelate is preferen- 
tially bound, a shift in equilibrium might be expected 
as 


-2-PA 


+2-PA 
2-PA-Metal-%PA 
1 


Metal-2-Pa 2-PA-Metal Enzyme - 
-Enzyme 


As more 1:l than 2 : l  chelate is removed from 
solution by binding with the enzyme, the equilibrium 
between the two chelate species will be shifted to  
the right, forming more of the 1 : 1 chelate. If the 
shift occurs to an appreciable extent, the inhibition 
caused by the solutions containing metal-ligand 
ratios of 2: 1 (or higher) would approach that of the 
1 : 1 mixtures of corresponding concentration. Since 
this is not the case, it can be assumed that this 
effect occurs only to a very limited extent. 


If the equilibrium between 1:l and 2: l  chelate 
species is not appreciably disturbed by the presence 
of enzyme, the composition of glycine-copper 
mixtures can be calculated with a knowledge of 
chelate stability constants.’ Unfortunately, 1 : 1 
mixtures of glycine and copper precipitated at pH 
7.4, but the composition of 2: 1 mixtures is shown in 
Table 11. At a glycine-copper ratio of 4:1, the 
solutions consist of practically all 2 : 1 species. 


It  is apparent from Table I1 that the ratio of 
1 : 1 to 2 :  1 chelate decreases with increasing con- 
centration of the 2 : l  mixture and this could, 
qualitatively, explain the leveling of the inhibition 
curve in Fig. 2. This phenomenon also occurs in 
the 2: 1 2-PA--nickel mixture. That this leveling 
is not apparent in the 2-P.4-copper system may be 
due to  the great difference between the 1 : 1 and 2: 1 
chelate stability constants (11) which causes a 
much less pronounced effect of concentration on the 
ratio of 1 : 1 and 2: 1 chelate species. 


ACHase activity as a function of substrate 
concentration is shown in Fig. 3. In the presence 
of both 2-PAM and 1 : l  2-PA-copper mixtures, 
the optimum substrate concentration is shifted to 
higher substrate concentrations. This shift, as 
noted by Augustinsson and Nachmansohn (19), is 
indicative of competitive inhibitlon. A more 
quantitative demonstration of the nature of the 
inhibition of the 1 : 1 2-PA-copper mixture may be 
seen in Figs. 4 and 5. Data of enzymic activity as 


: [A,] = Concn. of total ligand; [A]  = concn. of ligand 
anion. K.  = acid dissociation constant of ligand; [MA 1 = 
concn: of 1 : 1 chelate; [MATI = concn. of 2 :  1 chelate; [MI I  
= concn. of total metal; [MI = concn. of free metal 


[At] = [A]( l  + [H+I/Ka) + [MA] + 2[MA2] (Eq. 1) 
[MtI = IM1 + IMAl + IMAtI (Eq. 2) 


Ki = [MAl/IMl[AI (Eq. 3) 
Kz = 1MA*l/lAllMAl (Eq. 4)  
Combining Eqs. 1 ,  2 . 3 ,  and 4 


[At] = ([A](] + [H+I/K.d) + (KI + ZKiKzIAI) X 
[M11/(1 + KIIA] + KiKz[Azl)) (Eq. 5 )  


(A) can be determined by a method of successive approx- 
imations. With a knowledge of [A]  and [MtI, [MA] and 


Values uf iL Ki. and Kr for lycine were taken from “Organic Seques- 
te ing Agents” (Ira?. 


MA,] can be calculated from Eqs. 2, 3. and 4.  


O 2 t  


2.0 2.13 7 8  32 36 


PS 
Fig. 3.-Enzymic activity as a function Of 


substrate concentration. Activity = ml. of 0.0095 
N base consumed in 30 minutes. Key: 0-ab- 
Xnce of inhibitor; *presence of 5 X lo-‘ 
2-PAM; &presence of 4 X lo-‘ 2-PA-Cu, 1: 1. 


0 


6 


2 [ 0 


-2  1 0 1 2 5 4  


( 1 / M  SUBSTRATE CONCN.) X 10-8 
Fig. 4.-Plot of 1 /V  vs. l/(substrate concentra- 


tion) in the presence of 1: 1 2-PA-Cu mixtures (I). 
V = velocity of ACH hydrolysis in ml. of 0.0095 N 
base consumed in 20 minutes (extrapolated if neces- 
sary); K. = Michaelis-Menten constant. 


functions of both substrate and inhibitor concen- 
trations have been analyzed according to methods 
suggested by Friedenwald and Maengwyn-Davies 
(20). In the present example, the inhibition, 
according to this analysis, is a mixture of both 
competitive and noncompetitive types with an 
d value of approximately 3. The leveling of the 
curve in Fig. 5 also indicates that the 1:1 chelate 
mixture exhibits both types of inhibition (see 
Reference 20). The Michaelis Menten constant for 
the ACH-ACHase interaction calculated from the 
data in Fig. 4 is 2.85 X lo-‘ which is in close agree- 
ment with the value of 2.6 X lo-‘ previously 
reported (21). The inhibitor constant for the 
1 : 1 2-PA-copper inhibition is 2 X lo-‘ is calculated 
from the data plotted in Fig. 6; this is a composite 
value of all the species present in the 1 : 1 mixture. 


Hydrolysis of DFP and Sarin.-The catalytic 
effect of 1:l and 2:l mixtures of 2-PA and copper 
and nickel is shown in Table 111. 


As expected, the 1 : 1 chelate of copper proved to 
be the strongest catalyst (8). However, the overall 
effect is not particularly dramatic when the results 
are compared with those obtained with copper 
chelates used by Courtney and co-workers (8). 
For example, one of the most potent catalysts 


8 ‘‘a ” as defined by Friedenwald and Maengwyn-Davies 
(ZO! ,  a constant related to the dissociation of the enzyme- 
inhibitor-substrate complex. In cases of complete com- 
petitive and noncompetitive inhibition, ‘.a*‘ assumes the 
special values of m and 1, respectively. 
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Fig. 5.-Plot of VI - I/(Vo - VI)  us. substrate 
concentration. VO = ACH hydrolysis velocity in 
absence of inhibitor, Vr = ACH hydrolysis velocity 
in presence of inhibitor, I = molar concn. of in- 
hibitor. 


I x 104 


Fig. 6.-l/(Rate of ACH hydrolysis) as a func- 
tion of inhibitor concentrations a t  various sub- 
strate concentrations. I = molar concentration of 
1:l 2-PA-Cu mixtures; V = ml. of 0.0095 N 
base consumed in 20 minutes (extrapolated if 
necessary); Ki = inhibitor constant. 


reported by them was the dipyridyl-copper chelate 
which half decomposed sarin and DFP in 3 and 23 
minutes, respectively. I t  is of interest to note the 
marked effect of the nickel chelates on sarin decom- 
position. 


Reactivation Studies.-The results of reactivation 
studies are shown in Table IV. The percentage of 
reactivation was calculated by two methods: one on 
the basis of the activity of the partially poisoned 
enzyme when the reactivator was added, and the 
other on the activity a t  the time that reactivation 
was measured (1, 22). This approach makes little 
difference in the results of sarin poisoned enzyme 
but does affect significantly DFP results. The 
results for 2-PAM are included for purposes of 
comparison. None of the chelates showed evidence 
of significant reactivation in the period of time 
in which 2-PAM was effective. Therefore, the 
reactivators were allowed to remain in contact with 
the poisoned enzyme for approximately 1 to 2 
days before activity was measured. During these 
periods of time, the nickel chelates showed marked 
activity in regenerating sarin poisoned enzyme 
while the copper chelates were quite ineffective. 
The reverse effect was noted in the DFP poisoned 
enzyme where the nickel chelates had negligible 
activity. The data also suggest that the 2 : l  
chelate mixture is a more effective reactivator 
than the 1 : 1 mixture in the 2-PA-nickel reactivation 
of sarin poisoned enzyme. 


DISCUSSION 


Chelates of 2-PA possess two of the three prop- 
erties of reactivators, as mentioned in the intro- 


ductory section of this paper, which enhance the 
rate of reactivation of organic phosphorus poisoned 
ACHase. ( a )  The fact that electropositive nature 
of the chelate enhances its inhibitory effect and that 
the 1 : 1 copper chelate exhibits some competitive 
character in its inhibition of the enzyme indicate an 
attachment at the anionic site of the ACHase sur- 
face. The 1 : 1 copper chelate is, in fact, a stronger 
inhibitor than 2-PAM. Wilson and Ginsburg 
(23) have suggested that binding of the reactivator 
to the enzyme is an important factor in improving 
reactivating capacity. (b )  The chelates are capable 
of catalytically decomposing the organic phos- 
phates, although their activity in this respect was 
less than might have been anticipated. Perhaps 
the strong affinity of the oximes for the metals de- 
creases the catalytic activity (8). Also, the 
fact that the oxime acts as a very strong acid in its 
chelated form indicates that the oxime oxygen 
loses much of the nucleophilic character which it 
possesses in its nonchelated state. I t  should be 
mentioned, however, that high reactivity with the 
phosphates-although, no doubt, advantageous- 
is by itself not the criterion of a good reactivator. 
For example, hydroxamic acids, although potent in 
decomposing the organic phosphates, are very poor 
reactivators in viuo (24). Apparently, detoxification 
does not occur by direct decomposition of the 
phosphate (1, 2, 25, 26). An attachment to  the 
poisoned enzyme by the reactivator, followed by 
decomposition of the bound phosphate by the 
properly oriented nucleophilic group has been 
termed a "Promoting Effect" by Wilson. Wilson 
has demonstrated that i t  is this crucial feature 
which accounts for the excellent reactivating 
capacity of 2-PAM (9). 


I t  Seems that the rather poor reactivating capacity 
of the chelates in this study is mainly due to an 
improper orientation of the oxime oxygen in the 
bound chelate in relation to  the esteratic site to  
which the phosphate is bound. If the oxime 
oxygen in 2-PAM is directed toward the bound 
phosphate (see structure I), it is apparent that 
chelation results in a shift of the oxygen away from 
the phosphorylated site (see structure 11). The 
introduction of a second molecule of oxime in the 
1 : 1 copper chelate results in a planar configuration 
(IV). It is clear that the second oxime molecule 
can be in no better position than the first for 
reactivation. Nickel chelates can assume an 
octahedral (V) as well as a planar configuration. 
Although the planar structure of the nickel chelate 
seems to be more acceptable on the basis of steric 
considerations, structure V is not unreasonable. 
In  fact, measurements of the magnetic moments of 
2 : l  2-PA-nickel chelates by Krause and Busch 


TABLE III.-cATALYTIC EFFECT O F  2-PYRIDINE- 
ALDOXIME CHELATES ON THE DECOMPOSITION OF 


SARIN AND DFP AT pH 7.4 AND 25' 


Chelate 1/z Life (hr.) Life (hr.) 
Composition of Sarin of of DFP of 


Concn. = 1.25 Initial Concn. Initial Concn. 
x 10-*M 3.5 X 10-'M 2.65 X 10-'M 


2-PA-copper 1 : 1 2 . 6  8 . 2  
2-PA-copper 2 : 1 6.3 10.2 
2-PA-nickel 1 : 1 3.7 28 
2-PA-nickel 2: 1 10.3 39 
No chelate APP. €4 3 days 
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TABLE IV.-REACTIVATION OF POISONED ACETYLCHOLINESTERASE BY NICKEL A N D  COPPER CHELATES OF 
2-PYRIDINEALDOXIME 


yo Reactivation % Reactivtion 
ReactivatoP Concn. Time, hr. Poison Ib IIb 
2-PAM 5 x 10-4 1 DFP 20 13 


23/r 52 49 
1 x 10-4 0 .'ti3 
2.5 x 10-4 2 


Cu-2-PA 1 x 10-3 51 . O  
1:l 48 


2.5 x 10-4 21.25 
1 x 10-3 45 
2.5 X loWs 24 


Cu-%PA 1.10-3 51.5 


2 . 5  x 10-3 22.0 
1:2 48.25 


Sarin 


DFP 


Sarin 


DFP 


1 x 4.5 Sarin 
2 ,g 2- 10-a 24 .5  


Ni-2-PA 1 x 10-3 46 DFP 
1:1 2.5 X 22.75 


I x 10-3 48 Sarin 
2.5 X lo-' 23.5 


Ni-2-PA 1 x 10-3 46 DFP 


1 x 10-8 48 Sarin 
2.5 x 10-8 23 


1:2 2.5 x 10-3 23.25 


67 
100 
66 
61 
77 


43 
34.5 
49 


. . .  
13 
56.0 27 
50 15 
77 60 
... 
36 
. . .  
9 


26 
66.5 
. . .  
8.5 


50 
92 


.. 


.. 


. .  


. .  


~ 


The ratios indicate [total concentration of metal]/ [total concentration of oxime] in the solutions tested for reactivation * % Reactivation ( I )  = [(poisoned enzyme activity with reactivator)-(activity at time of reactivation)]/[(activity with no 
poison)-(activity at time of reactivation) X 100. % Reactivation (11) = [(pojsoned enzyme activity with reactivator). 
(activity a t  time of addition of reactivator) bl(activity with no poison)-(activity a t  time of addition of reactivator)] X 100. 


(10) indicate a nonplanar structure. If the 2 : l  
2-PA-nickel chelate assumes an octahedral con- 
figuration, one of the oximes may be, by chance, 
better oriented to detoxify the poisoned enzyme. 
This could account for the increased effectiveness of 
the 2 : l  nickel chelate as a reactivator of sarin 
poisoned ACHase. 


IV 


V 
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REVIEWS 


Tablet Making. Second Edition. By ARTHUR 
LITTLE and K. A.  MITCHELL. The Northern 
Publishing Co., Ltd., 37 Victoria St:; Liverpool 1, 
England, 1963. 115 pp. 14 X 22 cm. Price 25/- 
net. 
In terms of both unit and dollar volume tablets 


represent the most important of all! ‘dosage forms. 
Nevertheless. efforts t o  remove the art and pro- 
vide a solid scientific base for the various processes 
making up tablet technology have m&‘with mbsider- 
able resistance. The second edition of this %dok. 
one of the few dealing with the subject, contribrtes 
little to the critical approach needed ih this field. 


Emphasis is placed upon the practical or vo- 
cational aspects of tablet making with brief dis- 
cussions of mixing, drying, compressing, and caatjng. 
The chapter ,dealing with compressing eqrd.np$nt 
and mechanical trouble shooting should be usefjll to  
beginners. The authors statement that “theopera- 
tion of the DryCota should present no serious prob- 
lems to any tablet maker who remembers. the 
principles of his trade (sic!) and considers logicall$ 
the method of operation of the machine” is open to 
question. 


Aside from a reference to a published bibliography 
on tableting, the only specific reference in the entire 
book is to a paper on film coating and there is no 
further discussion of this important d,evelopment. 
Also missing is a discussion of the factors controlling 
intertablet weight and potency variation. 


Particularly unfortunate is the verbal and photo- 
graphic exclusivity afforded a single manufacturer 
of tableting and associated equipment. Under 
such circumstances the book approaches the ap- 
pearance and concept of promotional literature 
The definitive textbook on tablet technology re- 
mains to be written. 


Reviewed by Jack Cooper 
Caba Pharrnacculical Company 
Summit. New Jersey 


Pediatric Therapy. Edited by HARRY C. SHIRKBY, 
B.S. (Pharm.), M.D. The C. V. Mosby Co., 
3207 Washington Blvd., St. Louis 3, Missouri. 
1964. 1144 pp. Price 818.50. 
This book, although intended primarily for 


physicians specializing in pediatrics, will be of in- 
terest to pharmacists because of its over-all emphasis 
on therapy rather than diagnosis, and its sections 
on drug treatment and on poisoning and specific 
antidotes. 


Part I, Drug Treatment, consists of twelve 
chapters on such subjects as “The Placebo-Its 
Clinical Significance.” “Reactions to Drup,” 
“Principles in Choice of Drugs,” and “Physical and 
Chemical Considerations in Choice of Drup for 
Pediatric Use.” There are eighteen additional 
parts concluding with a 48-page table of pediatric 
dosages. 


The Editor, himself a distinguished practitioner 
and teacher, is to be commended for compiling 


chapters from 52 contributors into such a cornpre- 
hensive, readable, and well-illustrated text. 


Reviewed by George P. Provost 
American Sockly of Hospital Pharmacists 
Washington. D .  C. 


Accepted Dental Remedies 1964. American Dental 
Association, 222 E. Superior St., Chicago 11, 111.. 
1963. xiv + 220 pp. 15 X 22.5 cm. Price S. 
Paperbound. 
The twenty-ninth edition of the widely recognized 


handbook of dental therapeutics is presented. 
Attention is given to recent reports of liver necrosis 
in a few individuals administered halothane for 
general anesthesia. The discoloration of teeth that 
may follow administration of some of the tetracy- 
clines in late pregnancy, infancy, and early childhood 


noted and precautions in providing closed chest 
cardiac ,massage are noted. The section on mouth- 
washes has been completely rewritten. Mono- 
graphs are presented for drugs having recognized 
value in dentistry, drugs of uncertain status more 
recently proposed for dental uses, and some drugs 
once employed extensively but generally regarded as 
obsolete. Only brands which the ADA Council on 
Dental Therapeutics has accepted as having demon- 
strated value in dentistry are listed. 


NOTICES 


Kirk-Othmr Encyclopedia of Chemical Technology. 
2nd Ed. Aluminum Compounds to  llzo Dyes. 
Vol. 2. Executive Editor ANTHONY STANDBN. 
Interscience Publishers, Inc ,  605 Third Ave.. 
New York‘ 16, N. Y., 1963. 19 X 
27 cm. Price: $45 single copy, $35 subscription. 


xv 4- 910 pp. 


Psychopharmacology Handbook, Vol. II ,  Animal 
Research in Psychophannacology, Central Nmous 
Syskm E@ck Edited and compiled by the 
Psychopharmacology Service Center. Research 
Grants and Fellowships Branch, National In- 
stitute of Mental Health, National Institutes of 
Health. Bethesda, Maryland. Available from 
Superintendent of Documents, U. S. Govt. 
Printing Office, Washington, D. C. 20402. xvi + 
529 pp. 20 X 26 cm. Price $3. Paperbound. 


Handbook of Cosmclic Science. .An Introduction to 
Principles and Applications. Edited by H. W. 
HIBBOT. The Macmillan Compqy, 60 Fifth Ave., 
New York 11, N. Y., 1963,. xi + 556pp. 15.5 X 
23 cm. 


Ckmical Constitution and Biological ‘Acfiuity. 3rd 
Ed. By W. A. SEXTON. D. Van Nostrand Co.. 
Inc., 120 Alexander St., Princeton. N. J., 1963. 
xxviii + 517 pp. 10 X 26 cm. Price $19.75. 


Exprrimrnhl Pharmacqenelics. By HANS MEIBR. 
Academic Press Inc., 11h.Fifth Ave.. New ,York 
3, N. Y., 1963. xi + 213 pp. 16.5 X 23.5 cm. 
Price $7.50. 


.LBooks- 
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anions usually had a retarding effect. In most 
instances, the effect of these ions on the rate of 
hemolysis are analogous to our present findings for 
the protective effect of similar ions against hemolysis 
of rabbit and human erythrocytes in concentrated 
propylene glycol solutions; calcium afforded the 
least protection while polyvalent anions gave the 
most protection. 
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probably due to some effect of calcium ion on the red 
blood cell which made the cell more permeable to 
extracellular permeants. Calcium does not cross 
the red cell membrane under normal conditions (15). 
However, Davson and Danielli (16) have shown that 
calcium ion in concentrations greater than 0.01 M 
accelerates the penetration of extracellular potassium 
into the cell and increases loss of intracellular sodium 
from the cat erythrocyte. They also point out that 
unusual reponses of cell membranes take place in the 
presence of alkaline earth ions. Ruyssen and Croes 
(17) found that alkaline earths appear to thicken the 
wall of the red blood cell by forming insoluble salts 
with phosphatide acids. Dentzer (18) reported that 
calcium ion increased saponin hemolysis of human 
and cattle erythrocytes. These literature reports 
emphasize the fact that the calcium ion is capable of 
producing unusual responses in hemolysis studies. 


The hemolysis behavior of the other divalent 
cation, magnesium, was similar to that of the 
majority of compounds employed in this investiga- 
tion. 


Jacobs, el al. (19). found that the rate of osmotic 
hemolysis of ox erythrocytes in solutions of penetrat- 
ing nonelectrolytes (glycerin and ethylene glycol) 
were considerably increased by the addition of low 
concentrations of certain electrolytes. Salts with 
bivalent cations were more effective than those with 
univalent cations, while salts with bi- or trivalent 
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Inclusion Compounds of a-Lipoic Acid Methyl 
Ester with Urea and Thiourea 


By HIROYUKI MIMA and MASAO NISHIKAWA 


Recently several works have been reported on stabilization of various pharmaceu- 
ticals by formation of urea, thiourea, or deoxycholic acid adduce. Methyl a- 
lipoate, a relatively unstable hepatotonic, was found to form adducts both with 
urea and thiourea. X-ray difiaction patterns and infrared spectra showed that 
these adducts were typical inclusion compounds. Methyl d i p o a t e  in the urea 
adduct was relatively stable under exposure to  sunlight or to ultraviolet light, 
whereas it was not so stabilized i n  the thiourea adduct. It was also found that in 
these adducts methyl a-lipoate became its free radical under such irradiation and 
that this radical remained stable in these channels for several hours to one day even 


after the irradiation was stopped. 


NCLUSION COMPOUNDS are described as crystal- ’ line compounds which consist of two or more 
distinct components and in which one of the 
components fits into cavities provided by  the 
other. The component which forms the cavity 
is designated as the host molecule, and the 
component which is included in the cavity as the  
guest molecule. 
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Accepted for publication December 27. 1963. 
Presented to the Scientific Section, A.Pn.A., Miami Beach 


meeting, May 1983. 


Urea and thiourea form such adducts or in- 
clusion compounds with various other organic 
molecules such as hydrocarbons, acids, and esters. 
These interesting properties, found by Bengen 
(l), Angla (2), and Schlenk (3) in the 1940’s. 
have been the subject of many investigations. 
X-ray studies have revealed the general details 
of the structure of these adducts. Ordinary 
urea has a tetragonal crystal structure but when 
crystallized from m e t h o l  containing normal 
paraffins, normal fatty acids, or other straight- 
chain molecules, i t  adopts a hexagonal crystal 
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structure. In this structure, long hexagonal 
channels are formed with the lattice of urea 
molecules and straight-chain molecules are in- 
cluded in these channels. The diameter of urea 
channels is about 5 A. Consequently branched 
molecules or cyclic molecules are too large to be 
included in urea channels. 


On the other hand, ordinary thiourea has a 
rhombic structure. On inclusion of cyclohexane, 
carbon tetrachloride, or other molecules of similar 
sizes, it changes its crystal lattice to a rhombo- 
hedral form. The principle of the adduct for- 
mation of thiourea and urea is the same but the 
diameter of thiourea channels is a little larger. 
Though branched-chain molecules or cyclic 
molecules can be included, straight-chain mole- 
cules cannot form stable adducts with thiourea 
because they are too thin to remain in the 
channels. 


The compounds included in urea or thiourea 
channels will be stabilized, as there is no room to 


'" I I , , ,.I Fig. 1.-X-ray 
2, 2o I~ I2 ,. powder diffraction 


patterns of methyl 
a-lipoate urea ad- 
duct and its related 
compounds. (a) 
Urea (tetragonal); 
( b )  methyl a-lipo- 
ate urea adduct; 
( c )  methyl stearate 
urea adduct. 
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react within channels with other molecules such 
as oxygen. When adducts are dissolved in 
water or extracted with ether, they decompose 
into their component host and guest molecules. 
Therefore, these adducts will be utilized as 
"molecular coating" of otherwise unstable phar- 
maceuticals. With these ideas, one of us has 
studied the stabilization and extractive crystal- 
lization of some pharmaceuticals (4-6). For ex- 
ample, 9-oxocamphor is used as a cardiotonic in 
Japan but it is extremely unstable and loses its 
potency almost completely on standing over- 
night in the air. However, its thiourea adduct 
protects 9-oxocamphor from oxidation for as 
long as one year and by dissolving the adduct in 
water, effective 9-oxocamphor is readily regener- 
ated a t  any time (4). 


In  the present work, we tried to stabilize 
methyl a-lipoate by the same technique. Methyl 
a-lipoate is a widely used hepatotonic in Japan 
but it is also unstable and polymerizes rapidly on 
standing in the air, especially under sunlight or 
ultraviolet light. The polymerization would 
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Fig. 2.--Infrared 
sDectra of methvl 


(I 12 ,, * a-Iipoate urea ad- duct and its related 
compounds. (a) 
Urea (tetragonal) ; 
( b )  methvl a-IiDo- 


I ate urea addict: 


proceed through the mechanism as shown below, 
which was assumed from the studies conducted 
by Barltrop, et al. (7) and Thomas and Reed ( 8 ) .  


,CHa, 


I 
S 


I 
S- 


Methyl a-lipoate 


HZC CH-CHZ-CHZ-CHz- CHZ-COOCH~ 


/ h V  


If methyl a-lipoate is ixluded in urea or 
thiourea channels, its trimethylene disulfide rings 
will be forced to be separated from each other so 
that such polymerization cannot take place and 
therefore the compound will be shbilized. 


METHODS 


Reparation of Adducts.-Methyl a-lipoate was 
prepared by estedcation of commercially available 
a-lipoic acid with diazomethane in ether. On 
several careful redistillations under a reduced pres- 
sure, a yellow liquid with low viscosity was obtained, 
the boiling point ranging from 137 to 140' under 0.4 
mm. Hg (9). 


Preparation of its urea adduct was conducted as 
follows: 5 Gm. of freshly distilled methyl a-lipoate 
was dissolved (by heating if necessary) in 50 ml. 
of methanol containing 15 Gm. of urea. The re- 
sulting clear solution was then allowed to stand 


I 


~ I, ,, 1 1.1 (1 . Fig. 3.-X-rav 
powder diffraction 


2. 20 16 1 2  8 4. oatterns of methvl 
a-lipoate thiourea 
adduct and its re- 
lated compounds. 
(n) Thiourea 


2. .. (rhombic); (b )  
methyl a-lipoate 
thiourea adduct: 
(6, cyclohexane -dL-uLL thiourea adduct. 
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overnight a t  room temperature. About 10 Gm. 
of the needle crystals separated were filtered, 
washed with isooctane to  eliminate excess methyl 
a-lipoate, and dried on filter paper. This adduct 
decomposed at 63" and melted at 130'. 


The preparation method of the thiourea adduct 
was almost the same as that of the urea adduct. 
Nine grams of thiourea and 8 Gm. of methyl a- 
lipoate in 40 ml. of methanol gave about 8 Gm. of 
the yellow adduct crystals. Acetone was used as 
washing solvent in this case. The decomposition 
point of the thiourea adduct was 106" and the melt- 
ing point was 176". Further purification was not 
conducted in both cases since these adduds partly 
decomposed into their components on recrystal- 
lization. 
Stability Test.-About 50 mg. each of liquid 


methyl a-lipoate and the crystals of its urea and 
thiourea adducts was spread on a watch glass. A 
mere mechanical mixture of methyl a-lipoate and 
ordinary urea was also prepared and was spread 
in the same way. As a source of ultraviolet light, 
15 W Blacklite blue (Sylvania) was used. The 
watch glasses were placed at the distance of 5 cm. 
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Fig. 4.-Ultraviolet spectra at methyl a-lipoate 
adducts and their related compounds. Key: 


methyl a-lipoate urea adduct; . . . . . ., thiourea; 
- - - - _  , thiourea adduct. 


from the light source and exposed to the light for 
9 hours. The amount of unpolymerized methyl 
a-lipoate was determined by measurement of the 
intensity of the ultraviolet absorption at 334 mp 
in methanolic solution and by the height of the 
reduction wave of polarography due to  the -S-% 
bond at p H  6.5. 


Tests of stability under the exposure to  sunlight 
were conducted by a similar method. In this case, 
the intensity of the sunshine was measured by a 
Matsuda integrating heliograph model IL-1-A. 


, methyl a-lipoate; -.-.-. I urea; -..-... 


RESULTS AND DISCUSSION 


For confirmation that the crystals obtained as 
above are really urea and thiourea inclusion com- 
pounds, X-ray powder diffraction patterns and in- 
frared spectra are very useful. As shown in Fig. 
1, the X-ray pattern of methyl a-lipoate urea 
adduct is different from that of urea and is almost 
the same as that of methyl stearate urea adduct, 
one of the typical urea inclusion compounds. 


- - / - 
Fig. 5.-A possible structure of methyl a-lipoate in 


a urea channel. Key: 0, urea molecules. 


Comparison of the infrared spectra (Fig. 2) 
would also lead to  the same results. Therefore, 
methyl a-lipoate urea adduct was definitely identi- 
fied as an inclusion compound. Similarly, methyl 
a-lipoate thiourea adduct was also identified as a 
thiourea inclusion compound (Fig. 3). This would 
be the first time that a molecule which forms stable 
inclusion compounds both with urea and thiourea 
at room temperature was found, at least in the case 
of such a small molecule. since molecules to be 
included in urea and thiourea channels have been 
thought t o  be essentially different owing to  the dif- 
ferent diameters of the two channels (4). 


Ultraviolet spectra of methyl a-lipoate urea and 
thiourea adducts in methanolic solution are shown 
in Fig. 4. Since these adducts dissociate into their 
components on dissolution in solvents, their spectra 
will be just the superposition of those of methyl 
a-lipoate and urea or thiourea. From the extinction 
coefficient of the absorption at 334 mp which arises 
from the trimethylene dmllide ring in methyl 
a-lipoate, the molar ratios of [urea]:[methyl 
a-lipoate] and [thiourea] : [methyl a-lipoate] were 
determined to  be 8.8: 1 and 6.2: 1, respectively. 
The molar ratios were also determined by ele- 
mentary analysis and polarography and the values 
of 8.2:l and 8.4:l were given to  the urea adduct 
and those of 5.9:l and 6.2:l were given to the 
thiourea adduct. Some discrepancy of these data 
may be attributed to the difficulty in purification 
of the adduct crystals. How methyl a-lipoate is 
included in urea or thiourea channels will be eluci- 
dated from these molar ratios without difficulty. 
Taking the value of 8.5: 1 for the urea adduct aa an 
average, the number of the atoms which form a 
zigzag chain in urea channels was calculated to be 
10.2 by Smith's equation (10). If a methyl a- 
lipoate molecule is assumed to  be enclosed in urea 
channels in such a state as suggested in Fig. 6, 
the number of the atoms in the zigzag chain includ- 
ing three carbon atoms in the trimethylene disuUide 
ring will be 10. which is in good accordance with 
the value calculated above. In  the case of the 
thiourea adduct the molar ratio of about 6:l 
indicates that one methyl a-lipoate molecule is 
enclosed only in one unit cell or, in other words, 


Fig. 6.-A pos- 
sible structure of 
methyl a-lipoate in 


1,' a thiourea channel. ._____. .. .. 
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original crystals of urea or thiourea adducts of 
methyl a-lipoate were yellow, but when they were 
irradiated with sunlight or ultraviolet light, the 
color gradually changed to  pink. This pink re- 
mained unchanged for several hours to  1 day even 
after the irradiation was stopped and then returned 
to the original yellow or a slightly faded color. 
Besides. the color disappeared immediately on 
dissolving in solvents. For the investigation of the 
origin of this pink, visible absorption spectra of 
these colored crystals were measured by rearranging 
the crystals side by side on a thin NaCl plate. 
Nujol was used as a binder. As shown in Fig. 9, 
the irradiated crystals of the urea adduct have an 
absorption maximum at 530 mp. This region is 
transparent for the nonirradiated yellow crystals. 


The spectrum of the irradiated thiourea adduct 
was completely the same as that of the irradiated 
urea adduct. This fact suggests that the origin of 
the pink has nothing to do with host molecules and 
may be attributed to  a certain excited state of 
methyl a-lipoate. Barltrop, et al. (7) have found 
that if trimethylene disulfide was photolyzed at  the 


0 3 6 9 
TIME (HR. )  


Fig. 7.-Stability of methyl a-lipoate and its 
adducts under the exposure to ultraviolet light. 
Key: - , methyl a-lipoate; - - - - -, urea ad- 
duct; - - - -, thiourea adduct; - . - . - a  , mechanical 
mixture of methyl a-lipoate and urea. 


in two relatively wide parts of thiourea channels 
(3). Therefore, the methyl a-lipoate molecules 
may be twisted to some extent in channels as 
suggested in Fig. 6. 


The results of stability tests of methyl a-lipoate 
in its urea and thiourea adducts under the exposure 
to  ultraviolet light are shown in Fig. 7 in comparison 
with those of liquid methyl a-lipoate itself. From 
the figures it is clear that the urea adduct stabilizes 
methyl a-lipoate considerably whereas the thiourea 
adduct has no such effect. As the adducts exist as 
fine crystals, scattering of light on the surface may 
be stronger than liquid methyl a-lipoate itself and 
this may make a-lipoate in the adduct stable. 
However, this effect seems to be insignificant since 
the mere mechanical mixture of methyl a-lipoate 
and ordinary urea powder does not stabilize Q- 


lipoate as shown in Fig, 7. Stabilizing effect of the 
urea adduct must be, therefore, attributed to the 
suppression of polymerization reaction of methyl 
a-lipoate molecules by the hexagonal crystal lattice 
of urea. In the case of the thiourea adduct, such 
effect became apparent if sunlight was used as an 
irradiation source, although it was small compared 
with that of the urea adduct (Fig. 8). 


These results may be explained as follows. 
Methyl a-lipoate may be excited by a wide range 
of ultraviolet and visible light, since it has ab- 
sorption maximum in the near ultraviolet region. 
Thiourea also absorbs ultraviolet light having wave- 
lengths shorter than 300 mp and therefore it can 
react with methyl a-lipoate under exposure to such 
short wavelength light. However, light with wave- 
lengths longer than 300 m p  may have little power 
to give rise to  such reaction. On the other hand, 
urea does not absorb light up to 260 mp, and thus 
it has a stronger stabilizing effect. 


In the course of this work, we observed that the 


0 1 2 3 4 5 6 7 8  
INTENSITY OF LIGHT ( x 104 LUX. HR.)  


Fig. 8.-Stability of methyl a-lipoate and its 
adducts under the expcjsure to sunlight. Key: 
-__ , methyl a-lipoate; - - - - - , urea adduct; 
_ - _ _  , thiourea adduct. 
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Fig. 9.-Ultraviolet spectra of crystals of methyl 
a-lipoate urea adduct. Key: - - - - -, initial, non- 
irradiated crystals; - , irradiated crystals. 


temperature of liquid nitrogen a clear pale salmon 
color appeared. This color was attributed to  free 
radicals of trimethylene disulfide since the colored 
solution faded the color of diphenylpicrylhydrazyl. 
As the pink observed in our experiments resembles 
this salmon, the origin of the pink would be attribut- 
able to free radicals of the trimethylene disulfide 
ring of methyl a-lipoate which are formed by the 
irradiation with sunlight or ultraviolet and as 
these radicals are restricted in the space of the 
crystal lattice of urea or thiourea they would exist 
stable without affecting further reactions. 


In this way free radicals which otherwise do not 
exist in a stable state except at extremely low tem- 
perature can be isolated in the channel of inclusion 
compounds even a t  room temperature. 
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TABLE I.-PERCE.NTAGES OF VARIOUS GLYCOSIDES I N  THE SEEDS OF D. grandipra 


Gm. in 100 Gm. 
GI ycosides Absorbance" mcg.h in 50 rl. mg. in 5 ml. Drug 


Digitalinum verum 0.115 84 8.4 0.0168 
Purpurea glycoside B 0.101 60 6.0 0.0120 
Purpurea glycoside A 0.205 230 23.0 0.0460 
Strospesid 0.147 134 13.4 0.0268 


a Average of five determinations. * These amounts were calculated from the relationship between the concentration and 
absorbance which were given in previous paper (1). 


it was thought that it could also be used in the CONCLUSION 
separation of digitalis glycosides. After a few ex- 
periments with different solvent systems, this ma- 
terial was a t  least as e5ective as silica gel G. Figure 
4 shows that the pigments were so well separated 
from the glycosides that it was possible to obtain 
pure glycosides by using the same powder in a 
column. The solvent system used was isopropyl 
ether:rnethanol (10:3) (by volume). Raymond re- 
agent was sprayed on the plates to develop the spots. 
The R f  values were: purpurea glycoside B, 0.037; 
purpurea glycoside A, 0.12; strospesid. 0.48; and 
digitalinum v m ,  0.9. 


Quantitative Estimation.-The standard curves 
were prepared as described previously (1). The 
same reagents and technique were used. 


Fifty microliters of the chloroformic solution of the 
crude drug was applied to the paper. After de- 
velopment. the areas on the paper corresponding to 
the native glycosides were cut out and extracted 
with MeOH. The colors were developed and 
measured as described previously. The results are 
shown in Table I. 


This study showed that only primary glycosides 
are present in the seeds of D. grandifira. This elirn- 
hates the time factor on the degradation of the 
glycosides and makes the previous findings on the 
seeds of D. ferruginea more interesting. A successful 
separation was obtained by thin-layer and paper 
chromatography, the colorimetric determination 
showed a rather high yield OF the total glycosides. 
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Effect of Aspartic Acid Salts on Exhaustion Produced 
by Sleep Deprivation 


By ROBERT A. LEVITT and WILSE B. WEBB 


Male rats were maintained on a constantly moving wheel in a study of prolonged 
sleep deprivation. Animals in three age groups were used, and asparric acid salts 
were given to halfthe ~ i m a l s  in each age group. The results showed that asparcic 
acid salts significantly inhibited performance of rats in this situation. Also, the 
same negative relationship between age and exhaustion time as that found by Webb 


and Agnew (2) was obtained. 


DELAY IN exhaustion of rats in a swim test as A a result of potassium and magnesium aspartate 
administration has been reported by Rosen et al. (1). 
Webb and Agnew (2) reported a relationship be- 
tween exhaustion rates and age of rats using a 
continuous activity wheel. The latter experimenters 
suggested that sleep deprivation rather than fatigue 
may have been the critical exhaustion variable 
involved. 


The present investigation duplicated the Webb 
and Agnew procedure with the addition of aspartate 
experimental gr0ups.l I t  was reasoned that the 
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more adequately controlled activity output may 
furnish additional data regarding the action of 
aspartates. Further, because aspartates are pre- 
sumably metabolized in the muscle cells, the results 
may clarify the role of activity per sc in the ex- 
haustion times reported by Webb and Agnew and 
hypothesized as sleep deprivation &ects. 


METHOD 


Forty male Lashley-hooded rats from the Uni- 
versity of Florida colony were used: Group I, 
12 animals, 150 days old (weight range 300440 
Gm.); Group 11, 16 animals, 175 days old (weight 
range 310-460 Gm.); Group 111, 12 animals, 235 
days old (weight range 370490 Gm.). Each group 
was divided into two equal groups matched by 
weight and assigned to the control or experimental 







1126 


condition randomly. Group I-E received 250 mg. 
each of potassium and magnesium aspartate every 
12 hours starting within the first hour of the ex- 
pcriment. The drug was administered suspendcd 
iii 5 ml. distilled water directly into the stomach 
with a No. 18 catheter and syringe. (The potassiuin, 
but not the magnesium aspartate. would dissolve 
in the quantity of water used; for this reason only 
potassium aspartate was administered to groups 
11-E and 111-E.) Group 11-E received 200 mg. 
of potassium aspartate intraperitoneally in 1 ml. 
distilled water every 12 hours. Group 111-E re- 
ceived 50 mg. of potassium aspartate i.p. every 12 
hours in 0.5 ml. of distilled water. Each control 
group received an equal amount of distilled water 
administered by the same route as its experimental 
group. 


The rats were placed in individual 5.5 X 9.5-in. 
cubicles, on wheels, two-thirds submerged in water, 
which rotated at a constant speed of approximately 
2 r.p.m. Food trays were placed in each cubicle 
so that the animals could feed at any time. The 
animals remained on these wheels continuously 
except when they were removed twice a day for the 
drug administration. The total distance covered 
by an animal during the day was 0.7 mile. The 
rats, when exhausted, fell from the wheel into the 
water and were unable to  remount the wheel. 
Animals were removed from the experiment when 
they fell into the water after being replaced on the 
wheel three times during a 15-minute period. 
This procedure is the same as that employed by 
Webb and Agnew. 


RESULTS 
Figure 1 shows for the experimental and control 


groups at each age the mean hours at which the 
criterion of exhaustion was reached. Data for 
only 34 animals are included in the analysis be- 
cause six did not learn to walk on the wheel (one 
in Group I-C, two in Group I-E, one in Group 111-C, 
and two in Group 111-E). Three animals were 
removed from the wheel at 136 hours at they seemed 
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Fig. 1.-Mean 
hours until ex- 
haustion for the 
control and ex- 
p e r  i m e n t a l  
groups at three 
ages. Key: 
t - -0. control ; 


30 0-0, e x p e r i -  


3 


I40 


255 mental. 
I50 175 


AGE IOAYSI 


to be interminable walkers (one in Group I-C, 
one in Group 11-E, and one in Group 11-C). 


DISCUSSION 
An analysis of variance resulted in a significant 


age difference ( p  < .01) and a significant drug 
effect ( p  < .05). 


First i t  should be recognized that the design is 
flawed by the changed dosage procedures in the 
three age groups. Despite this flaw. the consistency 
of the results across all three conditions supports 
certain general conclusions. 


The previously reported relationship between 
age and exhaustion time was confirmed for both 
the experimental and the control groups. On the 
other hand, the results of the aspartate group (a )  
showed no differential age effect (when compared 
with the control groups) and (b)  were contrary to 
the results reported by Rosen el al. (1). 


The latter finding suggests a dserential action 
of aspartic acid in a chronic exhaustion situation 
such as used here in contrast to the acute exhaustion 
procedure involved in the swim test. It is possible 
that aspartic acid may result in an overexpenditure 
of energy in a low requirement situation which 
reduces the possibility of resisting terminal ex- 
haustion. 
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Mineral Acid Salts of Lidocaine 
. ,  


Some physicochemical pro erties of the 
h drobromide, hydcochlori$ nitrate, per- 
chorate, phosphate, and sulfate salts of hdo- 


caine are reported. 


LL LOCAL anesthetic agents with one or two ex- A ceptions are marketed as hydrochloride salts. 
Since these agents are generally available in aqueous 
or glycol solutions or ointments for parenteral or 
topical administration, physical properties such as 
hygroscopicity are not so important as those of a 
drug normally formulated as a tablet or capsule. 
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For example, aqueous solutions of lidocaine hydro- 
chloride for pharmaceutical dosage forms are pre- 
pared by adding lidocaine base U.S.P. XVI (1) to a 
slight molar excess of dilute hydrochloric acid, rather 
than by dissolving the hydrochloride salt in water 
(2). In his dissertation about the synthesis and 
characteristics of anilide-type local anesthetics, 
Lofgren listed the melting points of four salts of lido- 
caine and the solubility of the hydrochloride salt 
in the common organic solvents (3). Except for this 
work, there is little or no published information on 
the hydrochloride (4) or other salts of lidccaine. 
This, coupled with the general feeling that lidocaine 
hydrochloride was difficult to prepare and somewhat 
hard to handle ( 5 )  led to  the preparation and study 
of the mineral acid salts of lidocaine. 


The hydrobromide and hydrochloride salts were 








Effect of Electrophilic and Electrodotic Groups on the 
Titration of Amides and Other Weak Bases 


By LESLIE G. CHATTEN and CONNIE K. ORBECK 
The effect of electrophilic and electrodotic groups o n  the titration of amides in  
acetic anhydride and combinations of acetic anhydride with chloroform and acetone 
has been demonstrated. The presence of electrodotic groups enhanced the potentio- 
metric end point, whereas electro hilic groups usually depressed the end point to  
such an extent that the compouncfwas not titratable. Similar behavior was noted 
with acetanilide and its derivatives. Examination of the potentiometric first deriva- 
tive showed a n  enhancement of the end point when electron donating groups were 


present. 


OR TO Wimer’s work (1) on the potentio- 
PIU;metric determination of amides in acetic 
anhydride, little had been reported on the titra- 
tion of this weakly basic group of compounds. 
Acetic anhydride has been used alone as a titra- 
tion medium or in combination with other sol- 
vents (2-10). A good summary has been pre- 
sented by Wimer (1). 


It has been demonstrated by  Chatten and 
Harris (1 1) that the presence of electrophilic 
groups has a marked influence on the  El/ values 
of two groups of relatively strong organic bases 
when they are titrated in certain organic solvents. 


It is the purpose of this investigation to demon- 
strate the influence of electrophilic and electro- 
dotic groups on the titratability of acid amides 
and other weakly basic compounds. The solvent 
systems chosen were acetic anhydride alone, 
acetic anhydride combined with equal parts of 
chloroform, and acetic anhydride combined with 
equal parts of acetone. 


EXPERIMENTAL 
Apparatus 


A Metrohm model E336 recording potentiometer, 
equipped with conventional glass and calomel elec- 
trodes, was used in all titrations. The calomel elec- 
trode was not modified. 


Reagents and Solutions 
Acetic anhydride, A.C.S.; chloroform, A.C.S.; 


acetone, A.C.S.; dioxane. A.C.S.; and perchloric 
acid, 70%. were employed. 


A 0.1 N solution of perchloric acid in dioxane was 
prepared and standardized potentiometrically 
against primary standard potassium acid phthalate 
in glacial acetic acid. 


.411 compounds titrated were Eastman Kodak 
white label grade and were analyzed without further 
purification. 


Procedures 
Acetic Anhydride.-A sample of the material to be 


titrated equivalent to 0.5-1.0 mmole was stirred in 
50 ml. of acetic anhydride. Heat was used to aid 
solubilizatiou if necessary. The sample was titrated 
with 0.1 N perchloric acid in dioxane and titration 
- - 
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followed with a Metrohm model E336 recording 
potentiometer. 


Chloroform-Acetic Anhydride System.-A sample 
of the material to be titrated equivalent to 0.5-1.0 
mmole was stirred in 25 ml. of chloroform. Upon 
dissolving the compound, 25 ml. of acetic anhydride 
was added and the titration carried out as previously 
described. For those compounds which were diffi- 
cult to  dissolve in chloroform, heat;w?s used, and the 
25 ml. of acetic anhydride was added-to assist in solu- 
tion. 


Acetone-Acetic Anhydride System.-The size of 
sample and quantity of acetone used was identical to 
Chloroform-Acetic Anhydride. Again, where the 
material did not dissolve in acetone by stirring, heat 
and the addition of 25 ml. of acetic anhydride were 
used. 


RESULTS AND DISCUSSION 


In his report, Wmer (1) showed that a wide 
variety of acid amides and a few acylated amines 
could be titrated in acetic anhydride. In addition, 
he showed that the presence of glacial acetic acid 
seriously depressed the magnitude of the inflection 
point if more than 10% of that solvent was incor- 
porated in the titration medium. 


In the present study, amides and acylated amines 
were chosen to contain various electrophilic or elec- 
trodotic groups. The influence of these groups on 
the titratability of the compound will be interpreted 
in the following discussion. 


In addition, the effect of an aprotic solvent, chloro- 
form, and a weakly protophilic solvent, acetone, 
upon the titration of the chosen substances was in- 
teresting. 


Table I reports the average of five determinations 
together with the standard deviation for titrations 
in acetic anhydride. For the other two solvent 
systems, the reported recoveries were the average of 
three determinations. In chloroform-acetic anhy- 
dride, the average range for the three determinations 
was 0.51707,, with a low of 0.2 and a high of 0.9. The 
average range in acetone-acetic anhydride was 
virtually the same as that in the aforementioned 
solvent system as was the lowest and highest ranges. 
In each instance, the AE/A V value was the average 
of all determinations for a compound in a particular 
solvent system. 


An arbitrary limit of =k5y0 from theoretical has 
been selected as satisfactory for the quantitative 
recovery of the weak bases in this study. Upon 
examination of the data for the first three com- 
pounds, which were all derivatives of formamide, 
the first two, which have electrodotic groups, gave 
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TABLE I.-TITRATION OF AmiDEs I N  ACETIC ANHYDRIDE ALONE AND IN COMBINATIONS 


Compd. 


N-Eth ylformamide 
N,N-Dibutylformamide 
N,N-Diphenylformamide 
Acetamide 
2-Chloroacetamide 
2-Cyanoacetamide 
N,N-Dimethylacetamide 
N-Ethylacetamide 
N,N-Di-n-propylacetamide 
N-n-Butylacetamide 
2-Phenoxyacetamide 
1-Naphthaleneacetamide 
N-Methyl-N-l-naphthyl- 


acetamide 
Thioacetamide 
N, N-Dieth ylpropionamide 
N, N-Di-n-but y Ipropion- 


amide 
Butyramide 
lsobutyramide 
Acrylamide 
2-Furamide 
Hexanamide 
N-Bu tyloctadecanamide 
Benzamide 
o-Ethoxybenzamide 
p-Nitrobenzamide 
Oxamide 
Malonamide 
Adipamide 


c RCCOV~~~CS,  70 . -(AE/AV)M... - - 
Chloro- Acetone- 


Chloroform- Acetone- form- Acetic 
Acetic Acetic Acetic Acetic Acetic Anhy- 


Anhydride Anhydride Anhydride Anhydride Anhydride dride 
100.5 f 0.10 104.9 101.5 
104.5 f 0.11 
No end point 
101.4 f 0.77 
No end point 
No end point 
98.8 f 0.20 


100.8*0.38 
1 0 2 . 0 i 0 . 2 5  
1 0 3 . 4 f 0 . 3 2  
85.6 f 0.35 
98.5 f 0.34 


100.6 f 0.30 
98.7 f 0.12 


100.7 f 0.28 


104.4 f 0.35 
101.6 f 0.37 
100.2 f 0.20 
98.3 f 0.29 
70.8 f 0.93 


101.9 f 0.22 
Insoluble 


84.4 f 0.78 
97.8 f 0.21 


No end point 
Insoluble 


100.4 f 0.49 
Insoluble 


108.1 
No end point 
No end point 
No end point 
No end point 


106.5 
105.1 
104.8 
106.8 


No end point 
103.7 


102.7 
98.3 


102.9 


105.9 
101.5 
101.2 
98.0 
72.7 


104.9 
104.5 
99.7 
99.5 


No end point 
Insoluble 
Insoluble 
Insoluble 


104.4 
No end point 
No end point 
No end Doht 
No end point 


98.3 
100.3 
101.4 
103.0 


No end point 
101.7 


No end point 
100.8 
102.8 


102.9 
High result 
High result 


No end point 
No end point 
No end point 


Insoluble 
No end point 


98.3 
Insoluble 
Insoluble 
Insoluble 
Insoluble 


215 
595 


260 


185 
150 
280 
255 
110 
235 


200 
405 
270 


330 
385 
285 
215 
220 
280 


245 
335 


... 


. . .  


. . .  
335 
... 


385 
390 


... 


290 
275 
360 
325 


240 


100 
730 
450 


315 
315 
320 
150 
150 
305 
330 
180 
265 


. . .  


. . .  


. . .  


. . .  


... 


170 
235 


... 


505 
325 
165 
190 


75 
. . .  


. . .  
420 
210 


175 
... 
. . .  
... 
. . .  
... 
... 
itii 
. . .  
. . .  
* . .  
. .. 


satisfactory recoveries in acetic anhydride and acetic 
anhydride combined with acetone. No explanation 
can be offered for their somewhat high recoveries in 
the chloroform-acetic anhydride combination, par- 
ticularly when one considers the sharpness of the 
respective end points as illustrated by the AE/AV 
values. As would be predicted, the third compound 
on which the nitrogen was substituted by the two 
electrophilic phenyl groups gave no detectable end 
point in the three solvent combinations. This find- 
ing is in agreement with Wimer’s (1)  observation 


R 0 
/ II 
\ 


that tertiary amides, -N, where R is C€L-C--, 


R 
exhibited no measurable basic properties. He did 
not comment on secondary and tertiary amides 
where the R groups were electron donors. How- 
ever, Table I shows that the first derivative values 
were much higher for N,N-dibutylformamide than 
they were for N-ethylformamide. This was to  be 
expected. In addition, the AE/AV values at the 
inflection point should have been greater for the 
N-abla ted  acetamide derivatives than for acet- 
amide itself. This was not found experimentally, 
and no logical explanation can be offered. How- 
ever, it  is worthwhile to  mention that the N-alkyl- 
ated derivatives were titratable in the other two 
solvent systems, which are less acidic and hence less 
potentrating than acetic anhydride alone, while 
acetamide was titratable only in acetic anhydride. 
This would indicate that the N-alkyl groups have 
enhanced the basicity of the amide moiety in these 
compounds. In addition, there was a further indi- 
cation of this phenomenon when it was observed 


that the A E / A  V value for N. N-di-n-butylpropion- 
amide was somewhat greater than that for N,N- 
diethylpropionamide. This was to be expected since 
the n-butyl groups should have a greater electron 
donating potential than the ethyl moieties. 


I t  was expected that the chloro- and cyano- 
derivatives would not be titratable in the solvent 
systems because of the electrophilic influence of 
these groups. This was demonstrated experimen- 
tally. The phenoxy group is less electrophilic than 
the two aforementioned ones but still sufficiently so 
to cause depression of the end point which resulted 
in less than quantitative recovery. 


The only compounds of the acetamide series which 
exhibited anomalous and unpredictable behavior 
were 1-naphthaleneacetamide and N-methyl-N-1- 
naphthylacetamide. One would have expected the 
naphthalene group to behave as a strong electrophile 
and thus result in compounds that would be un- 
titratable. While they appeared to  be slightly less 
basic than acetamide when acetic anhydride was the 
solvent medium, both of them behaved as stronger 
bases in the chloroformacetic anhydride system. 
Naphthylene acetamide even gave a weak but 
detectable end point in the acetoneacetic anhydride 
mixture. 


The behavior of thioacetamide was predictable 
since / C  = S is less electrophylic than /C = 0; 
hence, the thio compound should be more strongly 
basic than acetamide. This has been demonstrated 
experimentally. 


Wimer (1) has suggested that the low recoveries 
which he obtained with acrylamide and 2-furamide 
may have been due to  reaction of these compounds 
with acetic anhydride. In the present work, the 


\ \ 
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TABLE II.-TITRATION OF ACYLATED AMINES I N  ACETIC ANHYDRIDE ALONE AND I N  COMBINATIONS ___- .- - - 
7 Recoveries,% --- ,- (AE/A V) M-. 


Chloroform- Acetone- Chloroform- Acetone- 


Compd. Anhydride Anhydride Anhydride Anhydride Anhydride Anhydride 
Acetic Acetic Acetic Acetic Acetic Acetic 


a a 145 ... ... Acetanilide 110.5f0.95 
o-Kitroacetanilide 
m- Nitroacetanilide . . .  . . .  ... 
p-Nitroacetanilide ... . . .  ... . 
N-Ethyl-4‘-nitroacetanilide . . .  . . .  . . .  
2’-Chloroacetanilide . . .  . . .  . . .  
3’-Chloroacetanilide . . .  . . .  ... 
4’-Chloroacetanilide . . .  . . .  . . .  
a-Cyanoacetanilide . . .  . . .  . . .  
Acetoacetanilide . . .  . . .  . . .  
o-Hydroxyacetanilide . . .  . . .  . .. 
p-H yd roxyace tan ilide . . .  . . .  . . .  
N-n-Butylacetanilide 105.4 f 0.32 109.0 102.8 160 200 120 


0 D (I 


a 0 0 


“ ” 
. . .  . . .  . . .  


(I 


R (I a 


a D 


(1 (1 1 


u a 
D (1 


0 a 


0 D 


n-Butyranilide 
N-Ethvlacetanilide 


a D 


103.7 f 0.32 103.8 a 
. . .  
290 


. . .  
155 


0 0 0-Acecophenetidide . . .  . . .  . . .  
nt- Acetotoluidide 106.2 f 0.50 104.5 100 100 . . .  
o- Acetotoluidide 107.9 =t 0.2i 103.6 150 115 . . .  
Benzaiiilide . . .  . , .  ... a 


Q Nu end point. 


findings for acrylamide would indicate that such a 
reaction did not occur since reasonably quantitative 
recoveries were obtained in two solvent systems. 
The A E / A V  values were smaller for both com- 
pounds in acetic anhydride than they were for 
acetamide, and this was probably due to the exist- 
ence of a conjugated system of double bonds in both 
acrylamide and 2-furamide. Such a system would 
exert an electrophilic effect. 


Benzamide would fall into the same category as 
acrylamide and 2-furamide, since the phenyl group 
would be conjugated with the carbonyl. I t  was 
interesting that quantitative recovery was not ob- 
tained for this material in acetic anhydride; but 
when chloroform-acetic anhydride was used, excel- 
lent results were obtained. This would indicate that 
the presence of an aprotic solvent may be beneficial 
in same instances. On the other hand, o-ethoxy- 
benzamide gave satisfactory results in all three 
solvent systems; this was to be anticipated because 
of the electrodotic ethoxy group. As expected, 
p-nitrobenzamide was too weakly basic to be titrated 
in any solvent system. Salicylamide was investi- 
gated also, although it was not included in Table I. 
The compound was not titratable in the solvent 
systems used in this investigation, possibly because 
of hydrogen bonding between the hydroxyl hydrogen 
and the amide nitrogen. 


The solvent system of acetone-acetic anhydride 
was probably less capable of enhancing the weakly 
basic properties of the compounds and could account 
for the failure to reach an end point in many in- 
stances. I t  was noteworthy, however, that when 
end points were detectable, the quantitative data 
generally agreed closely with those obtained in acetic 
anhydride alone. 


Although several of the compounds gave recoveries 
which were above theoretical values, when chloro- 
formacetic anhydride was the solvent. others gave 
excellent results with readily detectable end points. 
While this manuscript was in preparation, Cowell 
and Selby (12) reported the titration of weak bases 
in acetic anhydride which contained up to  50% 
chloroform; they observed that this latter solvent 
had little effect on the shape of the titration curve. 
The findings of the present report confirmed this 


observation. Such a solvent mixture has the added 
advantage of widening the scope of these titrations, 
due to the solubilizing properties of chloroform. 
Such a system, then, should be considered as a 
desirable alternate to  acetic anhydride in the titra- 
tion of very weak bases. 


There was little that could be said concerning the 
data in Table 11, except to observe that acetanilide 
itself was so weakly basic that it was barely titra- 
table even in acetic anhydride. This phenomenon 
can be attributed partially to the electrophilic prop- 
erties of the acetyl group, but the existence of reso- 
nance in the molecule may also play an important 
part in decreasing its basicity. Obviously then, 
those derivatives which contained additional electro- 
philic groups such as nitro, chloro, and cyano were 
even less basic and hence not titratable. Only those 
derivatives possessing electrodotic groups showed 
improved titratability. as would be predicted. Data 
in acetic anhydride were based on five determina- 
tions, while the values in the other solvents were the 
average of three titrations. 


CONCLUSION 
From the experimental evidence presented in this 


report, it was concluded that, in most instances, an 
accurate prediction could be made regarding the 
titratability of amides and acylated amines by ex- 
amination of the structure of the compound, 


A solvent combination consisting of equal parts of 
chloroform and acetic anhydride offers a useful 
alternate medium for the titration of weak bases. 
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apparent increase in carcass iron (iron absorption) 
was observed to occur in the limited (1  hour) time 
period prior to  sacrificing and determining in any of 
the iron treated groups. 


Employing this method, the quantity of iron 
apparently unaccounted for in the animals treated 
orally with iron was in direct linear relationship 
to the amount of iron administered or added and 
due to the inherent properties of the colorimetric 
method itself; therefore, the quantities of iron 
determined are relative and indicative of the true 
quantities of iron present. 
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apparent increase in carcass iron (iron absorption) 
was observed to occur in the limited (1 hour) time 
period prior to sacrificing and determination in any 
of the iron treated groups. 


From these data on the control groups, an average 
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From the determination of the iron content in the 
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content of the feces per mouse in the control group 
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This would appear to indicate that estimates of fecal 
iron could be ignored in selected studies. 


SUMMARY AND CONCLUSIONS 
As modified in this laboratory, the Fisher method 


was observed to be relatively accurate within con- 
centration limits and comparatively easy to accom- 
plish. The digestion of the animal was the most 
tedious part of the technique. 


An average estimate of the total amount of iron 
present per mouse was 1.457 f 0.152 mg. This 
represented an average of 52 f 6 mcg. per Gm. 
body weight of mouse with approximately 11.5y0 
of the total iron per mouse present in the gastro- 
intestinal tract (168 i 54 mcg.) and 88.5y0 in the 
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tively. Low inherent carcass iron content must be 
considered even when comparisons are made on a 
microgram iron content per gram weight basis as no 
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3-Bromopyruvic Acid, a Highly Selective Antimicrobial Agent 
Against Certain Yeasts 


By WALTER A. ZYGMUNT and TEUIS A. MARTIN 


3-Bromopyruvic acid has been shown to be 
a highly effective growth inhibitor of certain 
yeasts. Wide differences were noted in  the 
inhibitory activity of the compound among 


different species and genera of yeast. 


HE USE of halogens as antimicrobial agents is well T documented, and certain halogenated metab- 
olites possess potent antimetabolite activity. 
Among such compounds are fluoroacetic acid ( l ) ,  
halogenated phenylalanines (2), 5-halogenated py- 
rimidines (3), and many others. 


Busch et al. (4) have reported that 8-halogenated 
pyruvic acids have pharmacological activity as 
cholinesterase inhibitors. However, there appears 
to be only limited information in the literature on the 
activity of such compounds as possible antimicrobial 
agents. 3-Bromopyruvic acid was selected as a 
representative compound. This report summarizes 
our findings on its inhibitory activity against a 
variety of microorganisms. 


Received April 20, 1964, from the Mead Johnson Research 


Accepted for publication May 20. 1964. 
The authors express their appreciation to Mrs. E. Town- 


Center. Mead Johnson 8 Co., Evansville, Ind. 


send and Mr. D. -H. Causey for technical assistance. 


EXPERIMENTAL 


Since significant growth inhibition was noted only 
with certain yeasts and yeast-like fungi, description 
of the testing techniques employed will be restricted 
to this group of microorganisms. Yeast nitrogen 
base medium (Difco), supplemented with 1.5% 
dextrose and an initial medium pH of 4.5, were used. 
Solutions of 3-bromopyruvic acid and-where ap- 
plicabl-f reversal agents were adjusted to pH 
4.5, sterilized by Seitz filtration, and portions added 
to  previously autoclaved flasks containing sterile 
distilled water and basal medium. Only freshly 
prepared solutions of test compound and reversal 
agents were used. The final volume was 10 ml. per 
50-ml. conical flask. In the preparation of inocula, 
all cells were carefully washed and standardized 
to a constant absorbance reading. All flasks were 
agitated on a rotary shaker during incubation for 20 
hours at 28". Growth was measured turbidimetri- 
cally as absorbance using a Coleman Junior spectro- 
photometer at a wavelength of 620 mp. 


All yeast cultures tested, except for Candida 
albicans (ATCC 10231). were kindly supplied by Dr. 
L. J. Wickerham, Northern Utilization Research 
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TABLE ~.-INHIBITION IN PER CENT OF YEAST AND 


ACID 
YEAST-LIKE FUNGAL GROWTH BY 3-BROMOPYRUVIC 


-3-Bromopyruvic Acid, mcg./ml.- 
Culture 1.0 2.5 5.0 10 20 40 


C. lipolytica 80 98 100 100 100 100 
C. brumpti 63 94 97 100 98 97 
C. zeylanoides 44 64 91 100 100 100 


C. guilliermondii 12 21 33 72 91 95 c. utilis 0 20 24 42 61 81 
C. albicans(477) 6 36 44 62 82 89 
C.albicans(10231) 3 12 18 45 68 94 
C. monosa 0 5 21 62 97 100 
C. krusei 0 0 0 27 94 100 


C. flareri 0 11 47 88 100 100 


c. pulcheYYimcs 0 0 0 0 0 2  
C. reukaufii 0 0 0 0 0 0  
C. tropicalis 0 0 0 0 0 0  
H. anomala 17 46 85 97 98 98 
G. candidurn 0 0  0 7 2 3 7 8  
S. cerevisiae 0 0  0 0 7 2 3  


candidurn is moderately sensitive, and S. cerm'siae 
is only slightly susceptible. Potassium bromide at 
concentrations up to 100 mcg./ml. shows no growth 
inhi bition. 


Growth of three different species of bacteria in 
chemically defined media, Escheruhia coli, Staphy- 
lococcus aureus, and Mycobacterium phlci, is not d e c -  
tively antagonized by 3-bromopyruvic acid. In all 
cases, the minimal inhibitory concentrations are 
greater than 100 mcg./ml. 


The fungistatic nature of the growth inhibition is 
suggested by the increased concentrations of 3- 
bromopyruvic acid required for complete growth 
inhibition of C. lipolytua with increased incubation 
periods. Where at 24 hours growth is inhibited by 
2.5 mcg./ml., these concentrations increase to 5, 10, 
and greater than 80 mcg./ml. a t  48,72, and 96 hours, 
respectively. Thus, the fungicidal concentration of 
the compound is greater than 80 mcg./ml. 


Of the seven organic acids tested (Table 11). 


TABLE II.-PPBR CENT REVERSAL OF 3-BROMOPYRWIC ACID GROWTH INHIBITION 
IN C a d &  lipolytica BY VARIOUS ORGANIC ACIDS" 


mcg./ml. as C I I1 I I1 I I1 I I1 I I1 I I1 I I1 
0.4 8 0 2 1  0 0 0 0 0  5 0 1 8 0  0 0  
4 44 0 3 4  0 2 2  0 1 0  0 0  1 0 1 2 0  


40 50 0 4 2  0 1 8  0 0 0 2 5 0  0 0  0 0  
92 28 79 13 33 0 19 0 44 0 7 0 14 0 


4000 400 100 86 52 12 86 3 75 2 38 4 


Organic Acids, FPyruvat- - A c e t a t e  a-Ketoglutarate Succinate Fumarate  mala late A i t r a t e -  


a 3-Bromopyruvic acid was added at concentrations of 1.0 
absence of test compound. 


Laboratories, U. S. Department of Agriculture, 
Peoria, Ill. These cultures included C. d W n s  
(NRRL Y-477). C. guilliermondii (NRRL Y-488), 
C. fireri (NRRL Y-245). C. krusei (NRRL Y301), 
C. monosa (NRRL Y-1079). C. pulchcrrima (NRRL 
Y-775), C. reukaufii (NRRL Y-1348), C. utilas 
(NRRL Y-900), C. zeylanoidcs (NRRL Y-106), C. 
tropicalis (NRRL Y-1410), C. brumpti (NRRL 
Y-311), C. lipolytica (NRRL Y-1094); Geotrichum 
candidurn (NRRL Y-652), Hanscnulu anomah 
(NRRL Y-1737), and Saccharomyces c e r e v i s ~  


3-Bromopyruvic acid was synthesized according to 
the method of Dickens and Williamson (5). Iden- 
tity of the compound was established by bromine 
analysis (Calcd. for CIHSBrOa: Br, 47.86. Found: 
Br, 47.57), infrared spectrum, and condensation with 
thiourea to form a known derivative (2-imino-4- 
thiazoline-4carboxylic acid) (6). 


RESULTS AND DISCUSSION 


Data in Table I show the potent antimicrobial 
activity of 3-bromopyruvic acid against certain 
yeasts and yeast-like fungi. The results also clearly 
indicate wide differences in sensitivity to the in- 
hibitory activity of the compound within a single 
yeast genus. Among 13 cultures of Cad& repre- 
senting 12 different species, a minimum of 50% 
growth inhibition occurs at less than 1 mcg./ml. of 
3-bromopyruvic acid with two cultures, one culture 
a t  2.5 mcg./ml., four cultures at 10 mcg./ml., and 


(NRRL Y-9763). 


mcg./ml.(I) and 10 mcg./ml.(II). Growth inhibition in the 


actate and pyruvate are the most effective reversal 
agents for 3-bromopyruvic acid growth inhibition in 
C. lipolytica. This growth inhibition is not easily 
reversed, however, in that a ratio of 2000 to 1 of 
pyruvic acid to test compound (based on carbon con- 
centrations of both compounds) is needed to cause a 
90% reversal of the growth inhibition at 1 mcg./ml. 
of test compound. Therefore, these data suggest an 
interference in the metabolism of pyruvic acid by 3- 
bromopyruvic acid in those yeasts which are highly 
susceptible to growth inhibition by this compound. 
Alternately, those species of yeast which are rela- 
tively insensitive to the inhibitory activity of this 
compound may possess such permeability character- 
istics that the test compound cannot readily 
permeate the cells. 


Previously, Kalnitsky and Barron (1) showed that 
fluoroacetate, and much less effectively bromo- 
acetate, inhibited oxidation of acetate and pyruvate 
in S. cerevisiae. Interestingly, inhibition of pyruvate 
oxidation by fluoroacetate was much less marked in 
several species of bacteria. 


In summary, wide differences in the susceptibility 
to the growth inhibitory activity of 3-bromopyruvic 
acid exist among different genera of yeast and also 
between different species of yeast within the same 
genus. Data suggest that the observed growth 
inhibition may be due to an interference in pyruvate 
metabolism. 
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Whole Body Radioactivity Measurement 
and Significance 


By G. E. SCHIFFERDECKER, W. V. KESSLER, and J. E. CHRISTIAN 


The total body otassium in humans was determined by measuring the K'O radio- 
activity in a whore bod liquid scintillation counter. These values were used to study 
the lean body mass anBthe fat content as a function of age and ph sical fitness. The 
effect of an anorectic-tranquilizer drug combination and food suistitute therapy o n  
the body composition of obese humans undergoing weight loss was also investi- 
gated. The techniques reported for the i n  vim, nondestructive detection and meas- 
urement of low levels of yemining radionuclides in large animals and man has 
opened up entirely new opportunities for research of significance to the pbarma- 


ceutical sciences, which heretofore has not been possible. 


I i E  FIRST WHOLE body measurements of the 
Tradioactivity in humans were made with high 
pressure ionization chambers. These were con- 
structed independently by Sievert (1) in Stock- 
holm, Sweden, and by Hurch and Spiers (2) in 
Imds, England. These detectors were developed 
because of a need for instruments capable of meas- 
uring small quantities of radioactive materials 
which were present in the body as a result of 
contamination. A neutrino detector, a large 
volume liquid scintillation counter designed and 
used for the neutrino program of Cowan and 
Keines (3), was adapted to whole body counting 
after a few modifications. 


The first liquid scintillation counter designed 
specifically for whole body counting of humans 
was reported by Anderson, el ul (4) ,  a t  the Los 
Alamos scientific laboratory. A L's large volume 
liquid scintillation counter located a t  Purdue 
University was used in the studies reported here. 
The design and basic operating characteristics of 
this counter have been previously described ( 5 ) .  


The recent development of whole body liquid 
scintillation counters for the in w'oo nondestruc- 
tive detection and measurement of low levels of 
y-emitting radionuclides in large animals and 
man has opened u p  entirely new opportunities 
for research of significance to the pharmaceutical 
sciences. The  in w'uo estimation of total body 
potassium by counting naturally occurring K w  
has led to  techniques for the determination of 
body composition in terms of lean body mass and 
total body fat (6-8) and the study of the effect 
of many factors, including drugs, on body com- 
position. In addition to the determination 
of the natural y-emitting radionuclides, the same 
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techniques may be used to determine minute 
amounts of radioisotopes introduced into the 
living system. The results reported in this paper 
illustrate some of the potential applications 


EXPERIMENTAL 
Operational Characteristics of the 2r Liquid 


Scintillation Counter. -A description of the  detector 


1 , , . . . . . . .  a , > . -  


DISTANCE A B O V E  CONVEYOR,  IS .  


Fig. 1.---Effect of vertical placement of a Cs 131 
source 


JC 20 10 c '0 20 r 


DISTANCE FROM CENTER OF C O N V E Y O R ,  IS. 


Fig. 2.-Effect of horizontal placement of a 
Cs-137 source. Key: A,  source 10 in above con- 
veyor; B. source 5 in.  above conveyor; C, source 
on conveyor. 
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mined by liquid scintillation counting procedures. 
The average K" activity of each subject was cal- 
culated from four l -minute determinations. This 
value was corrected for background, background de- 
pression, and variation in efficiency of the detector. 
The total body potassium was determined by di- 
viding the corrected activity in counts per minute by 
the counter efficiency and 177, the number of y rays 
emitted per minute per gram of potassium. Using 
the factor 68.1 meq. of potassium per kilogram of 
LBM,' the LBM was calculated from the body 
potassium. 


Based on the LBM concept described by Behnke 
(12), body fat was estimated by substracting the 
LBM from total body weight. 


Reproducibility of Potassium, LBM, and Fat 
Measurements.-A group of eight subjects whose 
weight remained nearly constant was measured 
periodically (weekly when possible) for potassium, 
LBM, and fat content o v a  a period of 12 weeks to 
establish reproducibility. The results are presented 
in Table I. The reproducibility of the measure- 
ments over the 12-week period was between 2 and 
3%. The reproducibility measured on three of the 


TABLE I.-POTASSIUM, LBM, AND FAT VALUES OF 
HUMANS OF NEARLY CONSTANT WEIGHT OVER 


12 WEEKS 


ject" Yr. Kg. Gm. Kg. Kg. 
A 45 71.7 1 3 6 . 5 f 3 . 5  5 1 . 0 f 1 . 4  20.7 
B 30 68.1 1 4 4 . 5 f 3 . 5  % . O f  1.4  14.1 
C 37 65.8 1 4 1 . 9 f 3 . 4  5 3 . 1 f 1 . 3  12.7 
D 24 61.3 1 3 0 . 9 f 2 . 9  4 8 . 9 f  1 . 1  12.4 
E 26 73.5 1 6 3 . 1 f 3 . 0  6 1 . 1 f 1 . 1  12.4 
F 27 74.9 1 7 9 . 4 f 3 . 0  6 7 . 1 1 1 . 1  7.8 
G 24 65.4 9 2 . 2 f 2 . 8  3 4 . 4 f  1 . 0  31.0 
H 27 55.4 1 2 4 . 0 f 3 . 2  4 6 . 2 1 1 . 1  9 . 2  


0 All subjects were males except subject G. 


Sub- Age, Wt., Potassium,b LBh4.b Fat,c 


6 Average of 
ten to 12 individual values taken at approximately weekly 
intervals. The observed standard deviations are indicated. 
c The Iat content was calculated by difference between the 
total body weight and the average LBM. 


so} 
10 I5 20 25 30 35 40 45 50 55 (10 (15 70 


AGE, YR. 
Fig. 3.-Average per cent lean body mass values 
of male humans as a function of chronologic age. 


tank, electronics, steel shield, sample conveyor 
system, stability, and reproducibility of the counter 
has been previously reported (5). The high voltage 
supply for the photomultiplier tubes was operated 
at 1580 v. The high voltage supplied to  each tube 
was adjusted with a variable series resistance so that 
all tubes had the same gain. The base discriminator 
and window settings for the K'O channel were 16.0 
and 10.0, respectively; those for the Cs"' channel 
were 4.0 and 5.0, respectively. The base discrimina- 
tor range of 100 pulse height units corresponded to 
about 85 v. for both the K4" and CsIn analyzers. 
The maximum window width of 10 pulse height units 
was 20y0 of the base discriminator range. This 
corresponded to a maximum window width of about 
17 v. The counting efficiency for a Cs'" point 
source1 was 30.5% and for a K m  source (3.32 Kg. 
potassium chloride) was 18.6y0 when these sources 
were positioned in the center of the sample well. 


The effect of horizontal and vertical positioning 
on the counting rate of a CsIn source in the sample 
well was studied. The source was positioned in a 
plastic tube supported on wooden holders. The 
vertical displacement of the source was made a t  the 
center of the sample well with 1-minute measure- 
ments of the counting rate being made at  l/z-in. 
intervals up to  a height of 15 in. Figure 1 is a plot 
of these data. The effect of horizontal displacement 
of the point source was determined at the bottom 
of the sample well and 5 and 10 in. above the bottom. 
A t  each height, determinations were made at 1-in. 
intervals over the full length of the detector tank. 
Figure 2 is a plot of these data. 


Body Composition Studies of Humans.-Total 
body potassium, lean body mass (LBM), and total 
body fat values of five different groups of humans 
have been calculated from the K" content deter- 


* 
1(10 170 1 0 0  Ro 200 2ID 220 230 240 2 5 0  260 270 


WT., LB. 
Fig. 4.-Relationships between per cent lean body 


mass and body weight of male humans of average 
and above average physical fitness. Key: 0, = 
above average physical fitness; +, average physical 
fitness. 


subjects over an 8 to  10-month period was 3.1, 3.3, 
and 3.5y0. 


Average Per Cent LBM of the Human Male As 
A Function of Age.-A group of 930 males ranging in 
age from 8 to 75 years was measured for potassium 
and LBM. Figure 3 shows the average per cent 
lean body mass as a function of their chronological 
age. 


The per cent LBM increases with age from 8 years 
up to a maximum at 16, then decreases sharply to 
about age 20 and assumes a gradual decline with 
increasing age. The structure of this curve, al- 
though not identical in detail, is similar to  previously 
reported data by Anderson and Langham (13) and 
Onstead (14) in which potassium concentration 
(grams per kilograms) is reported v e ~ s u s  age. Both 
groups report no significant differences between the 
male and female until approximately the age of 
puberty, after which the female curve drops rapidly 
to age 16. Beyond age 16, there is a gradual decline 
in potassium concentration with age paralleling the 


ZThis is the average value of the published chemical 
analyses 01 the potassium content of human lean body mass 
(neutral fat extracted) (9-11). 
: The age groups plotted contained from 14 to 113 persons 


(average group size, 40), except for the last four groups which 
had ten or less persons. 1 Model RT-2, Nuclear Chicago Corp. 
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phenyl)-3-butanone (€3, Fig. 1). In addition, very 
small amounts of 2-(pchlorophenyl)-3-methyl- 
butadiene- 1,3 and p-chlorophenyl krt-butyl ketone 
were present. Any delay in fractionation allows 
the substituted butadiene to polymerize readily 
(probably catalyzed by peroxides) by a 1:4 
addition to form an amorphous insoluble polymer. 


A literature search produced no reference to p-  
chlorophenyl tert-butyl ketone. It was, there- 
fore, necessary to synthesize this compound for 
comparison with the conjugated ketone detected 
in the reaction mixture. The first attempted 
synthesis of this ketone was from chlorobenzene 
and trimethyl-acetyl chloride via a Friedel- 
Crafts reaction. A ketone was separated by 
careful fractionation of the reaction product, but 
infrared absorption studies indicated that it was 
not a conjugated ketone. An alternate synthesis 
from pchloroacetophenone and methyl iodide 
furnished the desired ketone. 


Investigators have established rules for pre- 
dicting the “migration aptitude” and percentage 
migration which can be expected for symmetrical 
pinacols (3), but no satisfactory rules have been 
formulated to predict the extent of migration of 
the groups of an unsymmetrical pinacol (4). 
Collins, in a recent review, states: “Every un- 
symmetrically substituted glycol can rearrange in 
two conceivable ways, depending upon which of 
the two hydroxyl groups is lost during reaction.” 
(See Fig. 1.) 


To confirm that 2-methyl-2-(p-chlorophenyl)- 
3-butanone was formed in almost quantitative 
yield and that it had not resulted from rearrange- 
ment during fractionation, a typical reaction 
mixture was subjected to a selective oxidation 
process for methyl ketones (5). A substantially 
quantitative yield of a mixture of p-chlorophenyl- 
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dimethylacetic acid along with a small amount of 
fi-chlorobenzoic acid was obtained. The mother 
liquor and washings from the oxidation process 
were worked up, and a small amount of 
nonoxidized ketone was isolated as the crystal- 
line 2,4-dinitrophenylhydrazone. The powder 
X-ray diffraction pattern of this crystalline 
hydrazone was identical with that of the, hydra- 
zone prepared from the fractionated 2-methyl-2- 
(fi-chlorophenyl)-3-butanone. The possibility 
that p-chlorophenyl tert-butyl ketone might form 
a 2,4-dinitrophenylhydrazone with difficulty or 
not at all was considered, but studies with the 
synthetic ketone prepared for comparison re- 
vealed that it formed the 2,4-dinitrophenylhydra- 
zone even more readily than the unconjugated 
isomer. 


PHARMACOLOGICAL STUDIES 
2-Methyl-2-(p-chlorophenyl)-3-butanone which 


had been purified by fCactionation was studied in 
mice for neurosedative activity and in rats for anti- 
convulsant activity. Quite unexpectedly, this 
ketone displayed one-third to one-half the pharma- 
cological activity of phenaglycodol. The acute 
toxicity (LDm 1650 f 50 mg. per Kg.) by mouth in 
white mice was about one-half that of phenaglycodol. 
Since p-chlorophenyl-dimethylacetic acid is a possi- 
ble metabolite of phenaglycodol, the toxicities of 
the sodium salt by mouth and after intravenous 
injection in white mice were determined. 


EXPERIMENTAL’ 


2-Methy1-2-(p-chlorophenyl)-J-butanone ( B, Fig. 
l).-One-hundred grams of commercial phen- 
aglycodol was added to a solution of 20 ml. of con- 
centrated sulfuric acid in 180 ml. of water in a 
round-bottomed flask. This mixture was refluxed 
gently with constant stimng for 16 hours. The 
heavier molten glycol separated to the bottom of 
the flask at  first, but as rearrangement progressed 
the lighter ketonic layer rose to the surface. 


The acidic mixture was cooled, transferred to a 
500-ml. separator and the lower aqueous phase 
separated and discarded. The yellow, oily liquid 
was washed six times with about 80 ml. of 10% 
sodium chloride solution, then dried with 20 Gm. of 
anhydrous sodium sulfate. The dried product was 
filtered into a still pot which was attached to a spin- 
ning band reflux column. The column had a cal- 
culated efficiency of 28 theoretical plates. The 
liquid was fractionated at 3 mm. Hg and its composi- 
tion was as indicated in Table I. 


The fraction boiling at 105’ was 2-rnethyl-Z-(p- 
chlorophenyl)-3-butanone displaying characteristic 
infrared absorption bands at  5.83 p for the uncon- 
jugated ketone, at 9.09 f i  and 9.82 f i ,  characteristic 
of p-chlorophenyl, and at 11.96p, characteristic of p- 
substituted phenyl. Nuclear magnetic resonance 
studies supported the assigned structure. 


And-Calcd. for CllHl$210: C, 67.17; H, 6.66; 
CI, 18.03. Found: C, 67.18; H, 6.50; CI, 17.62. 


PHENAGLYCO DO L 


M.d In r l d l M  w d w  
! 


CI A Tr 3 0 0  


yc-c--cH, 
I w 


B C 


Fig. 1.-Expected course of pinacol rearrangement. 
1 All boiling points and melting points reported have not 


been corrected. 
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measurements emphasize the attractiveness of this 
method for research in the pharmaceutical sciences. 
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Convenient Synthesis of 
3-(y-Aminopropyl)-5-ethoxyindole 


By HUBERT 


3- (y-Aminopropyl)-5-ethoxyindole has been 
synthesized from p-phenetidine and a-methyl- 
acetoacetate. This method involves fewer 
intermediates, with new and better methods 


for their purification. 


nE PREPARATION of this indole in low yield 
the use of the Japp-Klingmann reaction 


has been reported (1). A simpler and more satis- 
factory synthesis has been developed to pre- 
pare larger quantities. By this reaction the 
desired 4-ethoxyphenylhydrazone was prepared 
from 4-ethoxybenzenediazonium chloride and 
ethyl a-methyl-acetoacetate. The crude hydra- 
zone was cyclized by heating in absolute alcohol 
containing 10% concentrated sulfuric acid to 
produce 5-ethoxy-2-carbethoxyindole in 40% 
yield. Saponification with methanolic potassium 
hydroxide gave an 8’2% yield of 5-ethoxy-2-car- 
boxyindole. The latter was decarboxylated to 
furnish 5-ethoxyindole in 80% yield. 5-Ethoxy- 
indole was reacted with acrylonitrile under 
pressure to yield about 80yo of crude 5-ethoxy-3- 
indolepropionitrile. This can be crystallized 
from isopropanol before being reduced; however, 
it was found more expedient to reduce the crude 
nitrile. Reduction of the crude product fur- 
nished a mixture containing both primary and 
secondary amines from which the pure 7 4 5 -  
ethoxy-3-indolyl)-propylamine was separated by 
crystallization as a Schiff base from acetone. 
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W. MURPHY 


The yield, based on 5-ethoxyindole, was about 


The structure of the isopropylidene was 
firmly established by infrared absorption: N-H 
3.20; N=C, 6.01; aryl ring, 6.14, 6.27, and 6.69; 
and ethoxy, 8.03 and 9.56 p .  The assigned 
structure was supported by the nuclear magnetic 
resonance pattern. The isopropylidene deriva- 
tive was converted practically quantitatively to 
an amine salt by hydrolyzing the Schiff base 
with a dilute aqueous solution of a strong acid. 


This Schiff base can also be used as a starting 
material for the preparation of secondary amines 
(2). The ease with which the Schiff base is 
formed under alkaline conditions with acetone is 
remarkable. Since tryptamine and acetone 
readily furnish a similar Schiff base, this may be 
characteristic of 3-indolylamines. 


A dicarboxylic acid was isolated from the ace- 
tone filtrate remaining from the crystallization 
of 5-ethoxy-2-carbethoxyindole. This acid is 
believed to be a-(5-ethoxy-2-carboxy-3-indolyl)- 
acrylic acid. Structure assignment has been 
made on the basis of titration data, ultraviolet 
and infrared absorption, nuclear magnetic 
resonance studies, melting point, and elemental 
analysis. The difference in pKa‘ values 
(ApKa’, 1-2) in 66% dimethylformamide was 3.6 
pH units for this acid. This is about halfway 
between that for succinic acid, representing an 
acid with free rotation of the carboxyl groups, 
and o-phthalic acid, an acid with somewhat 
limited rotation. It is distinctly different from 
maleic aad ,  an aad with restricted rotation. 
This is strong evidence against the alternative 
quinoline dicarboxylic acid structure. Infrared 
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Effect of Various Concentrations and Frequency of 
Application of Gibberellic Acid on Growth 


and Formation of Metabolic Products of 
Datura stramonium 
By LEO A. SCIUCHETTI 


In a 2 x 4 x 5 factorial experiment employing 320 plants in randomized blocks 
with eight replications the following salient points were noted from a statistical anal- 
ysis of the data: the greatest increase in height was induced with the 192-mcg. dosage 
of giberellic acid (GA). All treated plants at the 12, 48, and 192-mcg. dosages of 
GA grew more rapidly than controls. Height increases were significantly different 
at each dosage level. The most favorable res onse on height was between the 12- 
mcg. and 48-mcg. levels. The total dry weigtts of treated plants were significantly 
affected by dosage and age. The growth rate varied with the dose of GA used. The 
frequency of a plication (whether one or two installments were given weekly) did 
not significant6 affect the aforementioned variables. Analyses of pooled samples of 
treated plants indicated the following general trends: reduced concentration of 
alkaloids in the lant organs, greatest reductions usually noted at the higher dosage 
levels, decreasefper cent of chlorophyll, marked increases in the total sugars and 
starch content of the leaf-tops, considerable decreases in the petroleum ether extract 


of the leaf-tops, and qualitative differences in the ether extract of the leaf-tops. 


HE METABOLIC EFFECTS of gibberellic acid 
T G A )  on many plants (1-4) and with some 
medicinal plants (5) have been described. 
Among the members of the Solanaceae which 
have been investigated are Datura stranwnium 
(6-8), D. innom’a (9), D. meteloides (lo), Atroopa 
belladonna (6, 7, 11, 12), Hyoscyamus niger (13), 
and tobacco (14-16). Gibberellin treatment 
generally induced a reduction in  the concentra- 
tion of alkaloids in the aerial parts of the plants 
and increases in plant height and stem weight. 
Variable results were noted on root growth and 
root alkaloid production ( 5 1 G )  


The objectives of this research were: (a)  to 
determine the concentration of GA which would 
produce the most favorable response on growth ; 
(b) t o  determine whether frequency of application 
of the chemical, i . e . ,  whether a given dosage 
given once weekly uersus one-half dose given twice 
weekly, would elicit different responses on growth ; 
(c) to  submit all of the data  obtained during the 
growth phase to  statistical analysis in order to  
determine which variables were statistically 
significant; (d) t o  ascertain whether GA treat- 
ment would alter the quantity of various meta- 
bolic products produced by the plant 
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EXPERIMENTAL 


Procedure.-Datura stramonium plants employed 
in this study were grown under greenhouse condi- 
tions. Seeds obtained from a single plant grown in 
the Oregon State University drug garden in 1958 were 
germinated in flats containing a soil mixture of two 
parts of loam and one part of sand. About 100 Gm. 
of complete organic fertilizer’ was incorporated into 
the soil of each flat. On June 15, 1959, 350 thirty- 
five-day-old seedlings were transplanted into 
individual 1-gallon metal containers that had been 
filled with the sandy loam mixture. Approxi- 
mately 4 Gm. of complete fertilizer had been 
thoroughly mixed into the soil of each container 
prior to transplantation. A t  zero time on June 23, 
320 of the most uniform plants were selected for 
this study. 


Explained statistically this was a 2 X 4 X 5 
factorial experiment in randomized blocks with 
eight replications. The entire experiment employed 
320 plants. The first factor was the number of 
installments used in applying the GA. The same 
dosage may be applied once weekly or in two install- 
ments twice weekly, half a dose each t h e .  There- 
fore, this factor had two levels. The second factor 
had four levels, namely, 0, 12, 48, and 192-mcg. 
dosages of GA. The third factor was the age of the 
plants a t  the time of harvesting. This factor had 
five levels, namely, 0, 1, 2, 3. and 4 weeks. Each 
replication included plants which were about the 
same height. 


At zero time (June 23) height and leaf measurc- 
nients were made, treatment with GA was given to 
the designated randomized plants, and the eight 
replications from each of the eight series were har- 
vested. The harvested plants were divided into 
three portions-leaf-tops, stems, and roots. The 
plant parts were cut into small segments; fresh 
weights were taken immediately. The plants were 


1 Organic Morcrop. Chas. I.illy Co.. Seattle, Wash. 
(Analysis-5% total nitrogen. 3 5  available phosphate, 2% 
available potash ) 
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Fig. 1.-Effect of GA-treatments on the growth of Datum strammiurn. Key = C,. control; 6XX. 6 mcg. 
twice weekly; 12X, 12 mcg. weekly; 24XX. 24 mcg. twice weekly; 48X. 48 mcg. weekly; 96XX. 96 mcg. 
twice weekly; 192X. 192 mcg. weekly. Plants at the final harvest were about 10 weeks old. 


then dried for 48 hours a t  48.5' in a circulating 
hot-air drier and were stored in a desiccator until 
dry weight was determined. A t  this time the parts 
were pooled according to treatment and pulverized 
to a No. 40 powder in the Wiley mill. However, 
an exception to this procedure was made at  the 
first harvest (zero time) when all samples were 
pooled and designated as controls, since treatment 
had not begun with the zero harvest series. This 
was done to assure a suficient quantity of plant ma- 
terial for subsequent analytical work. The powder 
was stored in colored glass containers and a desic- 
cator for subsequent analyses. This same pro- 
cedure was followed at each week thereafter until 
all plants were harvested by the end of the 4-week 
treatment period. The day temperature in the 
greenhouse during the 4-week observation period 
was often high, frequently ranging from 100-l!Oo F. 
for several hours in the afternoon. 


Height and leaf measurements were taken three 
times weekly during the treatment period. All 
plants were dusted lightly thrice weekly with a 4y0 
malathion dust. Aqueous solutions of GA* were 
prepared fresh each treatment day from a stock 
alcoholic solution of the chemical. The calculated 
dosage, in 0.02-ml. portions, was delivered from a 
micropipet onto the surface of the youngest un- 
founding leaf. The groups of plants which were 
designated to be treated twice weekly received the 
second weekly treatment 3 days after the first 
dosage was applied. 


Growth Effects.-Characteristic gibberellin effects 
were noted in the treated plants (Fig. 1). There was 
marked elongation a t  the internodes which was more 
evident with plants receiving the higher doses of 
GA. The leaves of treated plants appeared chlorotic. 
narrower, and thinner. Abscission of the lower 
leaves of treated plants was more rapid than in the 
controls. The stems of the controls at the final 
harvest appeared more succulent and less woody 
than those of treated plants, Furthermore, a 
higher per cent of fruit-set was noted in the control 


2 The gibberellic acid employed in this study was furnished 
through the courtesy of Dr. Edwin F. Alder, Head of Plant 
Science Research. Eli 1,illy and Co., Greenfield, Ind. 


group. All treated plants were taller than controls 
(Fig. 2). The greatest increase in height was noted 
in the plants receiving the largest dose (192 rncg.) 
of GA. This group was 73% taller than controls a t  
the final harvest. 


Fresh and Dry Weights.-Mean dry weight data 
indicated that stem growth of treated plants was 
generally significantly increased throughout the 4- 
week observation period (Table I). About a two- 
fold increase or more was noted in the stems of 
all treated plants a t  the end of the sgond week. 
At  the final harvest the 192-mcg. series demonstrated 
the highest stem weight, 2 1 i %  that of controls. 
I t  appeared that maximal stimulation of stem growth 
was attained a t  the end of 2 weeks. Variable re- 
sults were noted in leaf-tops and root weights during 
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nm, IN WEEKS 
Fig. 2.-Stramonium height measurements. Plants 


were about 6 weeks old a t  zero tinie. 
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TABLE IL-TOTAL ALKALOID CONTENT" OF STRAmoNIum PER PLANT AND ORGAN 


ment, 
mcg. 


Con t rolb 
Controlb 
12 
6 ( a x )  
48 
24 ( 2 X )  
192 
96 ( 2 X )  
Control" 
12 
6 ( 2 x 1  
48 
24 ( 2 X )  
192 
96 ( 2 X )  
Controlb 


i 2 (2X)  
48 
24 ( 2 x 1  
192 
96 ( 2 x 1  


Controlb 
12 
6 (2X)  
48 
24 ( 2 X )  
192 
96 ( 2 X )  


Treat- Harvest 
Time, --Per Plant- -. 


wk. mn. Control. % 
0 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 3 


3 
3 
3 
4 
4 
4 
4 
4 
4 
4 


1 r07 
3.08 
2.29 
1.79 
1.82 
1.48 
1.95 
1.65 
5.69 
5.63 
4.64 
6.18 
5.08 
4.45 
4.56 


10.26 
12.02 
9.61 
9.07 
8.34 
9.35 
8.22 


18.93 
24.69 
26.35 
20.38 
21.57 
21.78 
17.88 


. . .  


. . .  
74.3 
58.1 
59.1 
48.0 
63.3 
53.5 


98.9 
81.5 


108.6 
89.2 
78.2 
80.1 


93.6 
88.4 
81.2 
91.1 
80.1 


136 : 4 
139.1 
107.6 
113.9 
115.0 
94.4 


. . .  


iii: 1 


mK. 
0.58 
2.10 
1.35 
0.99 
1.05 
0.88 
1.22 
0.99 
4.28 
3.50 
3.04 
4.14 
3.15 
2.99 
3.OF 
7.95 
8.42 
6.85 
5.70 
5.38 
7.74 
6.07 


14.19 
17.25 
20.03 
12.85 
13.15 
14.69 
12.10 


-1.eaf-Top- 
Controt, '% 


. . .  


. . .  
64.2 
47.1 
50.0 
41.9 
58.0 
47.1 


81.7 
71 . O  
96.7 
73.5 
69.8 
71.4 


. . .  


105:9 
86.1 
71.6 
67.6 
97.3 
76.3 


i 2 i : 5  
141.1 
90.5 
92.6 


103.5 
85.2 


mg. 
0.33 
0.87 
0.65 
0.57 
0.61 
0.47 
0.59 
0.51 
1.01 
1.74 
1.39 
1.65 
1.49 
0.85 
0.95 
1.61 
2.99 
2.27 
2.93 
2.54 
1.37 
1.84 
3.69 
5.93 
4.85 
6.40 
7.08 
5.72 
4.52 


-Stern- 
Control, ?& 


. . .  


. . .  
74.7 
65.5 
70.1 
54.0 
67.8 
58.6 


172:2 
137.6 
163.3 
147.5 
84.1 
94.0 


185:7 
140.9 
181.9 
157.7 
85.0 


114.2 


166: 7 
131.4 
173.4 
191.8 
155.0 
122.4 


mg. 
0.16 
0.11 
0.29 
0.23 
0.16 
0.13 
0.14 
0.15 
0.40 
0.39 
0.21 
0.39 
0.44 
0.61 
0.55 
0.70 
0.61 
0.49 
0.44 
0.42 
0.24 
0.31 
1.05 
I .51 
1.47 
1.13 
1.34 
1.37 
1.26 


-Roois----- 
Control , yo 


263 : 6 
209.0 
145.4 
118.1 
127.2 
136.3 


97.5 
52.5 
97.5 


110.0 
152.5 
137.5 


87.1 
70.0 
62.9 
60.0 
34.2 
44.2 


143 : 8 
140.0 
107.6 
127.6 
130.4 
120.0 


. . .  


. . .  


'' Alkaloid cmtrnl  for plant parts calculated from dr weight and alkaluid analyses data; total plant alkaloids = leaves and 
tops + sterns and r0ot5; based on av./plant/groups. 1 Average of two control groups of eight plants each. 


the first 3 weeks. However, at the fourth week 
considerable increases in the weights of the roots 
of the treated plants were noted (Table I) .  Variable 
results were noted in the total dry weight of treated 
plants the first week, but increased growth (dry wt.)  
was observed thereafter. 


Analysis for Alkaloids.-One-gram samples of the 
dried plant parts, employing pooled samples, were 
assayed for total alkaloids according to the Witt- 
Youngken method ( 17), substituting chloroform for 
beneene as the immiscible solvent. A mininium of 
three duplicate determinations was carried out on 
each sample. All of the treatments induced 
significant reduction in the concentration of alkaloids 


in the leaf-tops during the first 2 weeks. Generally, 
the leaf-tops of the treated plants had decreased 
concentrations at the third week, whereas increased 
concentrations were noted at the fourth week. 
The stems of the treated plants generally indicated 
markedly decreased concentration of alkaloids. 
The stronger treatment ( 192-mcg. dose) generally 
induced the greatest reduction. l'ariable results 
were noted in the roots of the treated plants. The 
general trend was a higher concentration than 
controls during the first 2 weeks and a lower con- 
centration the last 2 weeks. 


Total Plant Alkaloids.-The total alkaloids per 
plant and per plant organ were obtained by multi- 


TABLE III.-CHLOROPHYLL n AND b CONTENT" OF STRAMONIUM AERIAL PARTS 


Harvest 
Treatment, Time, -- -I.eaf-Topa--- , --Stems- -- 


mcg. wk. Chl. D Control. ?& Chl. b Chl. D Control, % Chl. b 
Control 0 0.167 . . .  0.087 0.0075 . . .  0 . 0 5 5  


48 
192 
Contrcil 
12 
48 
192 
Control 
12 
48 .- 


192 
Control 
12 
48 
192 


1 
1 
1 
1 
2 


n .274 
0 268 
0 228 
0 273 
0 286 
0.259 
0.225 
0.230 
0.276 
0.187 
0.196 
0.251 
0.165 
0.043 
0.056 
0.063 


. . .  0.193 
98.0 0 165 
83.2 0.169 
99.6 0.194 
. . .  0.191 


90.5 0.15 i  
78.6 0.198 
80.4 n. 122 
. . .  0.200 


67.7 0.109 
71 .o 0.102 
93.5 0.153 
. . .  0.058 


26.1 0.028 
34.5 0.039 
38.2 0.043 


h 
h 
h 
h 


0.021 
0.014 
0.010 
0.018 
0.010 
0.010 
0.013 
0.014 
0.0056 
0.0052 
0.0046 
0.0043 


h h 
h h 


b h 
h b 


. . .  0.018 
67 0.011 
48 0.009 
86 0.016 


. . .  0.0084 
100 0.0070 
130 0.0065 
140 0.011 
. . .  0.0044 
93 0.0035 
82 0.0038 


0.0028 -c 
I I  


Results expressed as  per cent of dry wt.: 1-Gm sample' for leaf-top determinations; ? - e m .  samples for  stems. " In- 
wliicient material remained for chlorophyll determinations. 
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TABLE IV.-SELECTIVE SOLVENT EXTRACTIONS~ increased the remaining 3 weeks. Variable results 


Chlorophyll Content.-The chlorophyll analysis 
Harvest -Treatmeat 192 mc; was conduted by a method described by Gjerstad 


(18), but modified by employing dried material in- 
stead of fresh samples and using a Soxhlet extrac- 


0 1.446 1.44b 1 .44b tion apparatus. A minimum of two duplicate deter- 
0.98 minations was carried out on each sample. The 1 1.13 0.58 
1'74 chlorophyll was completely extracted from the 2 2.21 1.59 
2'95 


powdered material with a 20% water-in-acetone 
3 4.81 4.10 
4 5.70 3.38 2.46 


solvent. The results of the chlorophyll analysis 
are shown in Table 111. The chlorophyll content Ether 


0 0.81b 0.81b 0 . 8 1 b  of the treated plants was markedly reduced in the 
treated plants. The decreases of chlorophyll a 1 0.55 0.55 0.53 


"09 content in the leaves of the treated plants at the 2 1.13 0.95 
o'83 


final harvest were considered significant. Sur- 
3 0.84 1.09 
4 0.85 1.05 1.12 


prisingly. a t  this harvest, the group treated with the 
lowest concentration of GA (12 mcg.) contained the 
least amount of chlorophyll a. The amount of 
stem chlorophyll, except at the third harvest, was 
considerably less in the treated plants. The ratio 
of chlorophyll a to b was somewhat higher in the 


Hor- stems than in the leaves. The decreased content of 
Treut- vest chlorophyll in the leaves confirms our observation 
ment. Time, -Total Sugars--Starch-- 
mcg. wk. mg./Gm. Control, % mg./Gm.Contrd, % that the leaves of treated plants appeared chlorotic. 


Control 0 33.7" . . .  7 . s  . . .  Selective Solvent Extraction.-To determine the 
Control 1 14.9 . . .  3.41 . . . effect of gibberellin treatment on the formation of 
48 1 17.9 120. 3.92 115. other types of metabolic products, 1-Gm. samples of 


192 1 37.9 254. 2.51 74. the untreated, 48-mcg., and 192-mcg. groups were 
Control 2 32.5 . , . 4.60 . . . completely extracted with petroleum ether and then 
48 2 15.0 46 6.99 141. with anhydrous ether. The method of Dragendorff 


"' 7 .  l 1  155 (19) was employed with use of the Soxhlet extractor. 192 2 32.1 
Control 3 21.1 . . . 9.76 . . . 28.8  184, 10.24 105, At least two duplicate determinations were carried 48 
192 3 42.5 201, 11.37 116, out on each sample. The amount of Petroleum 
Control 4 22 .8  . . . 8.58 . . . ether extractive was considerably less in the treated 
48 4 59.0 259, 10.67 124. plants a t  each harvest (Table IV). The decreases 


192 4 56.0 246. 13.36 156. of 41% in the 48-mcg. group and of 57% in the 
- 192-mcg. group at the final harvest were con- 


series. caused a greater reduction during the first 2 weeks. 
On the other hand, the plants treated with 192 mcg. 


plying the dry weight of the plant part by the per of GA displayed greater decreases a t  the latter two 
cent of alkaloids obtained from the alkaloid analysis harvests (Table V). The content of ether extrac- 
and expressing the results in milligrams (Table 11). tive in the treated plants was considerably less than 


The total alkaloid content per treated plant was controls at the first two harvests and somewhat 
generally markedly reduced during the first 3 greater than controls at the final harvest. Of 
weeks but increased at  the final harvest. The greater importance was the apparent qualitative 
favorable effect the fourth week was due primarily difference in the ether soluble extractives of the 
to  increased growth in the treated plants. The treated plants. The waxy residue from the con- 
leaf-tops of the treated plants indicated a similar trols was dark green in color, whereas that from the 
trend, except that both decreased and increased treated plants was a yellowish brown color. 
content were noted a t  the terminal harvest. On Carbohydrate Content.-The procedure for the 
the other hand, the content of alkaloids in the stems extraction of total sugars was adapted from that of 
was significantly decreased the first week but usually McCready (20). A 250-mg. sample of leaf material 


OF STRAMONIUM LEAF-TOPS were noted in total root alkaloids. 


Time, wk. Control 48 mcg. 


Petroleum Ether 


Expressed as per cent or dry wt.: b w d  on 1-Gm. 


TABLE V.-TOTAL  SUGAR^ AND  STARCH^ CONTENT 
OF STRAMONIUM LEAF-TOPS 


samples. * Pooled sample of 64 plants from dl eight series. 


" Method of McCready (20). Method of Viles and 
e Pooled sample of 64 plants from dl eight Silyerman (22). sidered significant. The lower doage  of GA 


TABLE VI.-ANALYSIS OF VARIANCE FOR GROWTH DATA 


- ~ _ _  Mean Square ____ c- 
Source r i l  Degrees nr Total Dry Leaf-Tops Stem Dry Root Dry 
Variation Freedom Height Wt. Dry Wt. Wt. wt. 


Replication 7 192.36 26.26" 13.90" 2.75" 0.09 
lnstallment 1 84.46 4.69 0.63 1.37 0.07 
Dosage 3 4,049.34a 12.23" 1.09 18.05" 0.08 
Age 4 24,826.19" 1,796.08" 432.04" 310.89" 16.17' 
Ins. X Dosage 3 0.23 1.50 0.79 0.12 0.05 
Ins. X Age 4 26.25 0.81 1.32 1.37" 0.03 
Dosage X Age 12 568.97" 4 .  62a 0.74 5.28" 0.20' 
Ins. X Dos. X Age 12 I3 .5 i  2.55 1.02 0.58 0.04 
Error 273 36.53 2.48 0.95 0.49 0.05 
Total 319 


0 Significnnt at p = 0.05. 
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was shaken with 15 ml. of hot, neutral (to litmus). 
80% ethanol for 30 minutes on a wrist-action shaker. 
The mixture was centrifuged and the supernatant 
liquid decanted into a 100-ml. volumetric flask con- 
taining 25 ml. of 15y0 neutral lead acetate solution. 
The residue was washed three times with 
ethanol solution and centrifuged. Each time the 
supernatant liquid was decanted into the @sk 
containing the lead acetate solution. Powdered 
sodium oxalate was added to remove tlie lead ions 
and the mixture was brought to the 100-nil. mark 
with distilled water. The mixture was centrifuged 
and aliquots taken from the supernatant liquid. 
Total sugar was determined by the anthrone-sulfuric 
acid color reaction (21) employing 0.5-ml. aliquots 
of the clarified extract. The residue from the sugar 
extraction procedure was extracted and analyzed 
for starch (amylose) according to the method of 
Viles and Silvernian (22). The results of these 
analyses are presented in Table \'I. 


The gibberellin treatments induced considerable 
increases in the total sugar content of the plants, 
except a t  the second week (Table 1'1). The in- 
creased content in the treated groups at  the third 
and fourth week was considered significant. Marked 
increases in the starch content of treated plants 
were noted in the treated plants from the second 
through the fourth week. 


STATISTICAL ANALYSIS OF GROWTH 
DATA3 


Analysis for Height.-The analysis of variance for 
the height data is given in Table 1'1 which shows that 
only dosage, age, and dosage times age interaction 
are significant. This indicates that both dosage 
and age affect the heights of plants. The significant 
interaction indicates that the rate of growth varies 
with dosage. 


The number of installments does not affect the 
height of plants. Whether a certain dose is applied 
all a t  once or in two installments with half a dose 
each time will not make a difference on the average 
heights of plants. 


Since dosage times age interaction was significant, 
a more detailed analysis of the growth rates of 
plants at various doses was made. The mean 
heights are shown in Fig. 2. The analysis of 
variance is shown in Table VII. 


The Table shows that for control and 12-mcg. 
groups the deviation from linearity is not significant, 
while that for 48 and 192-mcg. groups is significant. 
This implies that the growth curves for control and 
12 mcg. are approximately linear, while those for 
18 and 192 arc not. The average grnwth rates, hl 


; t i id  b?, for control aiid 12 nicg. are 7.10 a ~ i d  12.27 
cin. per week, respectively. This differelice is 
hignificant (Table V I I ) .  I n  nther words, the plants 
receiving 12 nicg. of GA grow faster than control 
plants. For the two higher doses, the average rates 
of growth cannot he compared, because the growth 
curves cannot he approximated by straight lines. 
To determine whether these two curves are identical, 
the dosage times age interaction for 48 and 192 
mcg. was tested. This interaction is not significant. 
The implication is that the two growth curves are 
parallel. 


Journal of Pharmaceutical Sciences 


TABLE VII.-ANALYSIS OF VARIANCE FOR GROWTH 
RATE FOR HEIGHT 


Degrees 


1 The author acknowledges the assistance of Dr. Jerome 
C. R. I,i. Chairman of Department of Statistics, Oregon 
State University, for assisting in the experimental design 
and performing the statistical analysis of the growth data. 


of Mean 
Source of Variation Freedom Square F 


Control 
Linear regression 1 8,203.93 
Deviation from 


linearity 3 65.87 1.80 
12 mcg. 


Linear regression 1 24,090.92 
Deviation from 


linearity 3 79.99 2.19 
24 mcg. 


Linear regression 1 33,857.85 
Deviation from 


linearity 3 239.77 6.56" 
192 mcg. 


Linear regression 1 38,146.06 
Deviation from 


Control and 12 mcg. 


48 and 192 mcg. 


Error 273 36. <53 


linearity 3 225.57 6.17" 


61 US. b:! 1 2,088.99 57.19" 


Dosage X age 1 21.01 0.58 


a Significant u l  9 = 0 OR 


From the analyses of variance (Tables VI and 
V I I ) ,  one can draw the following conclusions. 
(a) For the Same amount of GA applied, whether 
one or two installments is used, the height of the 
plant is not affected. (6)  A larger dose of GA will 
make the plants grow faster in height, but the effect 
of dosage is limited. The growth curves for 48 
mcg. and 192 mcg. are not significantly different. 


Analysis of Dry Weights of Leaf-Tops.-Only the 
age of the plants affect the dry weight of leaves and 
tops. Dosage and the number of installments are 
not significant (Table V1). 


Analysis of Stem Dry Weights.-Table VI shows 
that both dosage and age effect the dry weight of 
stems. Significant dosage times age interaction 
indicates that the growth rate varies with the dosage 
of GA. The growth rate also varies slightly with the 
number of installments used in applying the acid. 
The conclusions can also he observed from Table I. 
The analysis of growth rate given in Table VlII  
indicates that the weight of stenis grows faster 
with a higher dosage of GA, hut the two higher 
doses, 48 and 192 mcg., have the same growth rate. 
This conclusion is also true for the height of plants. 


Analysis of Root Dry Weights.-The dry weight of 
roots is not significantly affected by the dosage of GA 
or tlie number of installments. The roots do de- 
velop with age. The rate of growth of the rtmts. 
Iinwever, varies slightly with the dosage as indicated 
by thc significant dosage times age interactioii shown 
in 'Pablc \ ' I .  The analysis of the growth rate is 


TABLE VIII.-ANALYSIS OF GROWTH KATE, DRY 
WEIGHT OF STEMS 


Degrees 
Source of of Mean 
Variation Freedom Square F 


Dosage X Age 12 5.28 10.8ia 
0 and 12 mcg. 4 5.i4 ll.81a 
48 and 192 mcg. 4 0.27 0.56 
Low vs. High 4 9.84 20.24O 


Error 273 0 .48  


O Significant at p = 0.05. 
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TABLE IX.-ANALYSIS OF VARIANCE FOR GROWTH 
RATE, DRY WEIGHT OF ROOTS 


Degrees 


Variation Freedom Square F 
Dosage X Age 12 0.20 4.46" 


Among Treated 8 0 .08  1.89 
Treated vs. 


Untreated 4 0.43 9.61" 


Source of of Mean 


Error 273 0.04 
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4 Significant at p = 0.05 


shown in Table IX. The growth rates of the roots 
are not significantly different among the treated 
plants, 12, 48, and 192 mcg. The control plants 
have a slightly different growth rate. 


Analysis of Total Dry Weight.-Table VI in- 
dicates that the total dry weight is not affected by 
the number of installments, but is significantly 
affected by dosage and age. Significant inter- 
action between dosage and age indicates that the 
growth rate varies with dosage. These conclusions 
can also be observed from Table 1. The analysis 
for growth rate is given in Table X which shows that 
the treated plants (it., those of the 12,48, and 192- 
mcg. groups) have the same growth rate in total 
dry weight, but the control plants grow at a slower 
rate. 


Statistical analysis of leaf growth data (such as 
leaf-blade width, leaf-blade length, and petiole 
length) did not indicate significant results from the 
dosage applied. It was noted, however, that the 
leaves of treated plants grew a t  a different rate than 
controls. 


DISCUSSION AND CONCLUSIONS 


The treated plants displayed characteristic 
gibberellin effects such as taller and spindlier plants, 
greater internodal elongation, the appearance of 
chlorotic leaves, and significantly increased stem 
growth. These effects have been reported in other 
solanaceous alkaloid-producing plants (516). Other 
effects generally noted in the treated plants included 
less succulent shoots, woodier stems, less fruit-set 
than controls, and a more rapid abscission of the 
lower leaves. There is a correlation between the 
statistical analysis of height data and stem dry 
weight data, in that the significant factors were 
dosage, age, and dosage times age interactions. 
All treated plants grew more rapidly than controls; 
the height and stem weights were significantly dif- 
ferent a t  each dosage level; and the rate of growth 
varied with the dosage. The stem dry weight was 
the only variable significantly affected by the 
number of installments. The statistical analyses 
of both variables indicated that the most favorable 


TABLE );.-ANALYSIS OF \'ARIANCE FOR GROWTH 
RATE, TOTAL DRY WEIGHT 


Source of Degrees of Mean 
Variation Freedom Square F 


Amonn 
Dosage X Age 12 4.62 1.86" 


Trelted 8 0.39 0.16 
Treated us. 


Untreated 4 13.08 5.27' 
Error 273 2.48 


0 Signifinrnt at p = 0.05. 


response on growth was induced by the GA be- 
tween the 12 and 48-mcg. dosage levels. Previously 
unpublished work performed in our laboratory on 
stramoniuin which was treated with weekly doses of 
10, 25. 50, and 100-mcg. doses of GA indicated that 
the most favorable response on height was induced 
with the 50-mcg. dose. Thus, i t  was concluded that 
the most beneficial response on growth was near 
the 48-nicg. weekly dosage level. 


A study of dry weight data (Table 1 )  indicates 
that treatments a t  all dosage and frequency levels 
resulted in increased total plant weight a t  the 
terminal harvest. A t  this time reduced leaf-tops 
weight was generally noted ; significantly increased 
stem weight (with over a twofold increase in the 
192-mcg. group) and significantly increased root 
weight were found. The largest increase in stem 
weights were induced with the higher concentrations 
of GA and correlates with the height increases. 
A similar trend was found in the root weights. The 
reduced leaf-tops weight was most likely due to two 
factors: more rapid abscission of the lower leaves 
than in the controls, and less fruit-set which resulted 
in fewer capsules being formed in the treated plants. 
Generally, stem growth was significantly increased 
in the treated groups throughout the $-week ob- 
servation period. Variable results were noted in 
the weights of the other organs during the first 3 
weeks. Conclusions regarding plant growth were 
that generally a favorable response on growth was 
induced by the treatments, the increased stem 
growth was considered significant, treated plants 
grew a t  a more rapid rate than controls, and the 
growth rate generally varied with the dose of GA 
applied. 


The general trend was a reduced concentration of 
alkaloids in the organs of the treated plants. The 
largest decreases were usually noted with the 
higher dosage levels of GA. However, this was 
not true in all cases. When using the single weekly 
doses of 12, 48. and 192-mcg. as a basis, i t  was 
found that reduced concentrations of alkaloids were 
induced in the leaf-tops of these groups a t  the first 
two harvests, while increased concentrations were 
noted a t  the final harvest. A similar trend was ob- 
served in the concentration of stem alkaloids, except 
that significant reductions were noted at all four 
harvests in the 192-mcg. series. The reductions 
in the stems were attributed to dilution of the 
alkaloids which resulted from markedly increased 
stem growth. The roots generally demonstrated 
increased concentrations of alkaloids at the latter 
two harvests. The general trend of reduced con- 
centration of alkaloids in the aerial parts of gib- 
berellin-trcated plants is in agreenieiit with other 
reports in the literature (5-16). However, in- 
creased concentration of alkaloids such as that found 
in the aerial parts a t  the terminal harvest has not 
been previously reported for GA-treated plants. 
Brummett (23) found that, when stramonium was 
administered a single 100-mcg. dose of GA, signifi- 
cantly reduced concentrations of alkaloids occurred 
in all the plant organs at the first and second-week 
harvests. On the other hand, slight increases were 
found in the leaf-tops and roots a t  the fourth-week 
harvest. Brummett's plants were approximately 
the same age during the treatment and harvest 
periods as those employed in this experiment. 
This suggests that mature plants do not respond to 
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GA in the same manner as do younger plants. 
Further, the dosage per unit of plant weight was 
about twentyfold greater at the time of initial 
treatment than at the terminal harvest. This dilu- 
tion of about in dosage, which was due to the 
increased weight of the mature plants, could also 
account for the increased concentration of alkaloids 
in the aerial parts o f  the treated plants at the 
terminal harvest. 


The total alkaloid content per plant was generally 
considerably less in tlie treated groups at the first 
three harvests. This was due mainly to lower con- 
centrations in most o f  the plant organs and a 
general reduction in leaf-tops and root growth. 
This trend was reversed a t  the final harvest when 
marked increases were usually found in the treated 
groups. The increases were due to a favorable 
effect on growth by tlie <>.\ treatmcnts and a 
higher concentration of alkaloids in the leaf-tops of 
the treated plants. 


The per cent of chiorophyll in the leaf-tops of the 
13, 48, and 192-nicg. groups was considerably less 
than controls throughout. Thc decreases (com- 
pared with controls) at the final liarvest of 74, 65, 
and 620/, in the corresponding groups, were con- 
sidered significant. The reduced per cent of 
chlorophyll in the aerial parts of treated stramonium 
confirins our observations in this experiment and our 
previous publications (5 -7 )  that  the leaves of 
treated plants appeared chlorotic. This is also ill 
agreement with that reported for l lufura wdelotdus 
( 1 0 )  and spearinint ( X ) ,  but does not agree with the 
results reported for foxglove (25)  and peppermint 


Calculations were made from tlie results of the 
clilorophyll analysis and from the dry weight data 
to indicate the milligrams of chlorophyll a present 
in the Icaf-tops of the plants. The average per 
control plant was 1.84. 4.96, 12.15, and 11.59 ing. 
at the first, second, third, and fourth harvests, 
respectively. This indicates that  the maximal 
chlorophyll content occurred at tlie third harvest. 
Only slight differences compared with controls 
were found in the treated groups a t  the first and 
second Iiarvests. However, the chlorophyll a 
content was markedly reduced by the GA-treat- 
inent a t  the third arid fourth harvests. The figures 
for the 12, 48, and 192-mcg. groups at the third 
harvest were 8.42, 8.14, and 10.05 nig., respectively. 
The corresponding figures a t  the fourth harvest 
were 2.46, 3.50. and 3.92 nig.. respectively. The 
treated groups attained their maximal content of 
chlorophyll a t  the third harvest, as did the controls. 
Thc latter, however. contained up to 500/, more 
chlorophyll ( I  at that  timc than did the treated 
groups. At the fin;tl harvest tlie controls had about 
it thrcc to fivefold greater amount of clilorophyll (1 


tliari did the treated groups. It was apparent 
that chloropliyll synthesis progrcssed a t  about thc 
same rate in trrated and untreated groups during the 
first 3 week5 o f  the o1)servation period. A study of 
the aforementioned data,  however, indicates that  
catabolism of the pigment between the third and 
fourth-week harvests was significantly different in 
the treated groups. I t  was concluded that the 
significant reductions in the chlorophyll ( I  content 
o f  the treated groups were probably due to  a greatly 
increased rate o f  degradation of the pigment. 


Considerable increases in the total sugar content 


(26) .  
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of the 48 and 192-mcg. groups were found in the 
leaf-tops throughout the 4-week observation period, 
except at the second harvest. The increases at the 
third and fourth harvests were considered significant. 
I t  was noted that the sugar content in the leaf- 
tops of the controls decrrased with age. A complete 
reversal of this trend was noted in the treated plants. 
Increased sugar content from GA treatment has 
been reported in Digitalis purpurea ( 2 5 ) ,  Digitalis 
lanala (27), and buckwheat (38). Likewise, marked 
increases in the starch content o f  the leaf-tops of 
treated plants were noted from the second through 
the fourth weeks. Apparently GA stimulated 
carbohydrate production in the leaf-tops of stra- 
moniuin. In a previous publication (6)  it was sug- 
gested that GA induced changes in the carbohydrate 
and/or protein metabolism of stramonium. The 
results of this experiment indicate that GA in- 
creased the synthesis of carbohydrates in the leaf- 
tops and confirms our previous report (6)  that  the 
leaves of treated plants had a higher dry matter 
content than controls. This increased leaf density 
was attributed primarily to the increased carbo- 
hydrate content. I t  was doubtful that  protein 
metabolism was directly affected. Brummett (23 )  
has found generally no significant differences in the 
total, soluble, and protein nitrogen of the leaves of 
treated and untreated stramoniuni. However, 
significant decreases were noted in the nitrate nitro- 
gen o f  the leaves of treated plants (23). These 
facts strongly suggest that  the reduced concentra- 
tion of alkaloids usually found in the aerial parts 
of stramoniiim treated with GA is due to an altera- 
tion in the normal metabolic pathways whereby 
alkaloids are synthesized by the plant. This might 
be explained in several ways. First, the increased 
carbohydrate was utilized for more extensive stem 
growth and synthesis of structural components of 
the plant. Second, the stimulation of carbohydrate 
production and subsequent storage diverted the 
utilization of carbohydrates, which might have been 
used for alkaloid synthesis, into other metabolic 
pathways. Either would result in the alteration of 
the usual pathways of alkaloid biogenesjs normally 
existing in the plant. 


The decreases of up to 57'9;- in the petroleum-ether 
extract of the treated leaf-tops of stramonium sug- 
gest further that  lipid biosynthesis was depressed. 
This solvent extracts volatile oils. fixed oils, and 
waxes. Stramonium seeds are rich in fixed oil. 
However, since the capsules and enclosed seeds 
were riot weighed separately when leaf-tops weights 
were niade. this experiment did not ascertain if the 
reduced lipid content was hecause of inhibition of 
lipid synthesis or a lower seed content ill the treated 
plants. Further work is proceeding on this probleni. 
Considerable decreases were noted in the content of 
the ether-soluble extractive of the leaf-tops a t  the 
first two harvests, while appreciable increases were 
found at the final harvest. Of greater interest was 
the apparent qualitative difference between the 
extracts found in the treated and untreated plants. 
The former were a yellowish-brown color, whereas 
the latter were dark green in color. A study is 
being continued to  determine the difference in the 
composition of the ether-soluble extractive of the 
treated and untreated plants. 
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Interaction of Pharmaceuticals with 
Schardinger Dextrins 111 


Interactions with Mono-Halogenated Benzoic Acids 
and Aminobenzoic Acids 


By JOHN L. LACH and TING-FONG CHIN 


A series of mono-halogenated benzoic acids and aminobenzoic acids were shown to 
under o definite interactions with the cyclodextrins. The complexes formed are 
consitered to be due, in part, to inclusion formation and to other antactive forces 
existing between the guest and host molecules. Data are presented to illustrate 
the effect of steric hindrance, polarity, resonance structure and inductive effect with 
respect to this interaction. Some stoichiometric data are also presented and several 


formation constants calculated. 


HE CYCLIC STRUCTURE of the dextrins confers 
Tupon these compounds the ability to form 
mono-molecular inclusion compounds, where the 
guest is enclosed within the cyclodextrin void. 
In the case of these cyclodextrins there is just 
one host molecule formed by several constituents 
(glucose units) united through ordinary chemical 
bonds, which enclose one single molecule of the 
guest. This makes the cage of a permanent 
nature as opposed to clathrates (these may also 
have a cage-like hollow space in the center as in 
the dextrins) which are derived from crystalline 
lattices. 


Generally speaking, formation of solid crystal- 
line inclusion compounds can be explained on the 
basis that the molecules are held together by 
virtue of their spatial configuration, and these 
compounds are defined as chemically inert 
toward each other. True inclusion formation 
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therefore implies that no attractive force or 
forces are of paramount importance between 
guest arid host. However, in aqueous solution 
inclusion compounds cf the cyclodextrins and 
various orgacic substances do exist (as reported 
frcm these laboratories) (1, %), indicating that 
some attractive force or forces are operative 
which stabilize the guest molecule in the cage- 
like hollow space cr the guest molecules are 
bonded to the cyclodextrin in some manner other 
than inclusion formation. The purpose of this 
investigation was to study this interaction further 
in terms of polarity, inductive effect, resonance 
structure, and steric hindrance with respect to 
the degree of interaction of these dextrins with 
various agents. A series of mono-halogenated 
and aminobenzoic acid derivatives were selected 
for this study. 


EXPERIMENTAL 


Reagents: 
a-Cyclodextrin [P]Dzb in water = +150.5 f 0.5; 


@-cyclodextrin [ c Y ] D ~ ~  in water = f162.5 f 0.5; 








REVIEWS 


Tablet Making. Second Edition. By ARTHUR 
LITTLE and K. A.  MITCHELL. The Northern 
Publishing Co., Ltd., 37 Victoria St:; Liverpool 1, 
England, 1963. 115 pp. 14 X 22 cm. Price 25/- 
net. 
In terms of both unit and dollar volume tablets 


represent the most important of all! ‘dosage forms. 
Nevertheless. efforts t o  remove the art and pro- 
vide a solid scientific base for the various processes 
making up tablet technology have m&‘with mbsider- 
able resistance. The second edition of this %dok. 
one of the few dealing with the subject, contribrtes 
little to the critical approach needed ih this field. 


Emphasis is placed upon the practical or vo- 
cational aspects of tablet making with brief dis- 
cussions of mixing, drying, compressing, and caatjng. 
The chapter ,dealing with compressing eqrd.np$nt 
and mechanical trouble shooting should be usefjll to  
beginners. The authors statement that “theopera- 
tion of the DryCota should present no serious prob- 
lems to any tablet maker who remembers. the 
principles of his trade (sic!) and considers logicall$ 
the method of operation of the machine” is open to 
question. 


Aside from a reference to a published bibliography 
on tableting, the only specific reference in the entire 
book is to a paper on film coating and there is no 
further discussion of this important d,evelopment. 
Also missing is a discussion of the factors controlling 
intertablet weight and potency variation. 


Particularly unfortunate is the verbal and photo- 
graphic exclusivity afforded a single manufacturer 
of tableting and associated equipment. Under 
such circumstances the book approaches the ap- 
pearance and concept of promotional literature 
The definitive textbook on tablet technology re- 
mains to be written. 


Reviewed by Jack Cooper 
Caba Pharrnacculical Company 
Summit. New Jersey 


Pediatric Therapy. Edited by HARRY C. SHIRKBY, 
B.S. (Pharm.), M.D. The C. V. Mosby Co., 
3207 Washington Blvd., St. Louis 3, Missouri. 
1964. 1144 pp. Price 818.50. 
This book, although intended primarily for 


physicians specializing in pediatrics, will be of in- 
terest to pharmacists because of its over-all emphasis 
on therapy rather than diagnosis, and its sections 
on drug treatment and on poisoning and specific 
antidotes. 


Part I, Drug Treatment, consists of twelve 
chapters on such subjects as “The Placebo-Its 
Clinical Significance.” “Reactions to Drup,” 
“Principles in Choice of Drugs,” and “Physical and 
Chemical Considerations in Choice of Drup for 
Pediatric Use.” There are eighteen additional 
parts concluding with a 48-page table of pediatric 
dosages. 


The Editor, himself a distinguished practitioner 
and teacher, is to be commended for compiling 


chapters from 52 contributors into such a cornpre- 
hensive, readable, and well-illustrated text. 


Reviewed by George P. Provost 
American Sockly of Hospital Pharmacists 
Washington. D .  C. 


Accepted Dental Remedies 1964. American Dental 
Association, 222 E. Superior St., Chicago 11, 111.. 
1963. xiv + 220 pp. 15 X 22.5 cm. Price S. 
Paperbound. 
The twenty-ninth edition of the widely recognized 


handbook of dental therapeutics is presented. 
Attention is given to recent reports of liver necrosis 
in a few individuals administered halothane for 
general anesthesia. The discoloration of teeth that 
may follow administration of some of the tetracy- 
clines in late pregnancy, infancy, and early childhood 


noted and precautions in providing closed chest 
cardiac ,massage are noted. The section on mouth- 
washes has been completely rewritten. Mono- 
graphs are presented for drugs having recognized 
value in dentistry, drugs of uncertain status more 
recently proposed for dental uses, and some drugs 
once employed extensively but generally regarded as 
obsolete. Only brands which the ADA Council on 
Dental Therapeutics has accepted as having demon- 
strated value in dentistry are listed. 


NOTICES 


Kirk-Othmr Encyclopedia of Chemical Technology. 
2nd Ed. Aluminum Compounds to  llzo Dyes. 
Vol. 2. Executive Editor ANTHONY STANDBN. 
Interscience Publishers, Inc ,  605 Third Ave.. 
New York‘ 16, N. Y., 1963. 19 X 
27 cm. Price: $45 single copy, $35 subscription. 


xv 4- 910 pp. 


Psychopharmacology Handbook, Vol. II ,  Animal 
Research in Psychophannacology, Central Nmous 
Syskm E@ck Edited and compiled by the 
Psychopharmacology Service Center. Research 
Grants and Fellowships Branch, National In- 
stitute of Mental Health, National Institutes of 
Health. Bethesda, Maryland. Available from 
Superintendent of Documents, U. S. Govt. 
Printing Office, Washington, D. C. 20402. xvi + 
529 pp. 20 X 26 cm. Price $3. Paperbound. 


Handbook of Cosmclic Science. .An Introduction to 
Principles and Applications. Edited by H. W. 
HIBBOT. The Macmillan Compqy, 60 Fifth Ave., 
New York 11, N. Y., 1963,. xi + 556pp. 15.5 X 
23 cm. 


Ckmical Constitution and Biological ‘Acfiuity. 3rd 
Ed. By W. A. SEXTON. D. Van Nostrand Co.. 
Inc., 120 Alexander St., Princeton. N. J., 1963. 
xxviii + 517 pp. 10 X 26 cm. Price $19.75. 


Exprrimrnhl Pharmacqenelics. By HANS MEIBR. 
Academic Press Inc., 11h.Fifth Ave.. New ,York 
3, N. Y., 1963. xi + 213 pp. 16.5 X 23.5 cm. 
Price $7.50. 
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Decarbox ylation of p -  Aminosalicylic Acid 
in the Solid State 


By SAUL S. KORNBLUM* and BARTLEY J. SCIARRONE 


T h e  decarboxylation reaction of p-aminosalicylic acid in  the solid state has been 
demonstrated to  be dependent o n  temperature, moisture, ressure, and particle size. 
Typifal curves are given which indicate environmental iniuence on  the degradation 
reaction. A possible gross mechanism is offered which analyzes the sigmoidal-type 
per cent decomposition versus time curve obtained with dry ,  atmospheric, thermal 
degradation of p-aminosalicylic acid. A set of equations which describes the kinetic 
data is given. Using these equations, the various rate constants have been determined. 


HERE HAS BEEN only a limited number of T degradation studies of organic compounds in 
the  solid state reported (1-3). The available 
information, with few exceptions, is sketchy 
and inconclusive with respect to effects of various 
environmental conditions. p-Aminosalicylic 
acid decarboxylates into m-aminophenol and 
carbon dioxide in solution as well as in the solid 
state (4). The solution kinetics of this reaction 
have been reported elsewhere (5-5). T h e  
decomposition reaction of paminosalicylic acid 
in the solid state possesses pharmaceutical 
interest, yet it has been interpreted only vaguely 
(8). 


The effects of such environmental conditions 
as temperature, moisture, pressure, particle size, 
and past history of solids as they relate t o  the 
decarboxylation of solid paminosalicylic acid 
as well as the influence of the decomposition 
product are reported. 


THEORY 


Most real crystals are imperfect. Investigators of 
mechanical properties of solids have shown that no 
macroscopic specimen ever exhibits the theoretical 
strength of a perfect crystal. This has led to the 
recognition that some of the imperfections are 
dislocations (9) .  Observation of solids has 
suggested that the nucleation of a new phase may, 
under certain conditions, occur not homogeneously 
but in the neighborhood of dislocations which may 
be distributed uniformily throughout the crystal. 
The nucleation of new phases occurs when local 
fluctuations in the energy of the crystal are sufficient 
to provide the necessary activation energy. The 
nuclei are formed a t  definite localized spots where 
the activation is least for structure-sensitive 
nucleation. The number of nuclei formed in a 
given time thus will depend upon the number of 
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potential nucleus-forming sites which are generally 
associated with some type of lattice imperfection. 


Solid reactions have been classified conveniently 
according to the shape of the per cent decomposition 
versus time curves obtained on thermal decomposi- 
tion, for which there are three main types (10) as 
shown in Fig. 1. For the first case, ( a )  the most 
rapid rate of reaction occurs a t  the beginning of the 
decomposition. This is typical of the decomposition 
of solids where nuclei of the new phase are rapidly 
formed and where there is almost instantaneous 
coverage of the surface with a film of the solid 
product. In the second case, ( b ) ,  there is an ap- 
parent induction period due to a slow rate of 
production of nuclei which is followed by the rapid 
acceleration period and terminated by the decay 
period. Under favorable conditions, the rate of 
production of nuclei is sufficiently low for them 
to grow to sizes which can be examined by visual 
methods. For the third case, ( c ) ,  the initial stage 
may be represented by a small amount of gas 
evolution extending over a relatively long period of 
time. This is followed by the acceleration of the 
reaction as in the second-type curve. Where melting 
occurs during the decomposition, the form of the 
curve may not correspond with any of the above 
types. 


If decomposition occurs in the solid phase without 
partial melting, owing to  molecular volume changes, 
it may be assumed that the formation of product 
molecules induces strain in the crystal which further 
cracks, forming fresh surfaces upon which decom- 
position can occur. A theory based on this premise 
was proposed by Prout and Tompkins (11) to 
explain their observations on the decomposition of 
potassium permanganate and has been extended to 
organic solids by Vaughan and Phillips (3). The 
latter workers describe the sites of nucleation as 
regions where decomposition is favored, that is, 
where the reaction occurs with a low activation 
energy (12). Garner (12) has reported that the 
surface array of product molecules has a different 
unit cell from that of the original substance, and 
this sets up strains on the crystal surface that are 
relieved by the formation of cracks. He states that 
a t  the mouth of these cracks, a reaction will be 
favored by lattice imperfections and will spread 
down the crevices into the crystal. Decomposition 
on these surfaces produces additional and further 
cracking. Thus a type of chain branching process 
develops and occasionally these reacting surfaces 
will interfere with one another to break the chain. 


Prout and Tompkins (11) also stated that the 
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of ethanol and titrated with standard sodium 
hydroxide solution using phenolphthalein as the 
end point indicator. An alternate spectrophoto- 
metric method of analysis was developed to de- 
termine both p-aminosalicylic acid and m-amino- 
phenol simultaneously using the wavelengths 300 mp 
for p-aminosalicylic acid and 230 mp for m-amino- 
phenol. The molar absorbance index ( a ~ )  was 
calculated to be 6.47 X 10’ L./mole/cm. for m- 
aminophenol at the wavelength 230 mp, and 9.70 X 
lo3 L./mole/cm. and 8.58 X 10s L./mole/cm. for 
p-aminosalicylic acid at the wavelengths 230 mp and 
300 mp, respectively. Beer’s law was obeyed with 
both substances over a range of 2 X 10-3 mg./ml. 
to 8 X mg./ml. In all the degradation studies 
the reaction was followed through at least 50y0 
decomposition. 
Dry, Atmospheric Pressure Studies.-The pow- 


dered p-aminosalicylic acid was decomposed under 
atmospheric pressure, a t  elevated temperatures and 
in the absence of water vapor. The samples were 
stored a t  70. 75. and 80”. The p-aminosalicylic 
acid powder was subjected to  a degassing process 
using reduced pressure below 1 mm. for 24 hours, 
but thermal treatment showed no difference in the 
reaction velocity with the degassed or untreated 
p-aminosalicylic acid. 


In an attempt to study the effect of particle size 
on the reaction, an investigation of the thermal 
degradation of large crystals of p-aminosalicylic 
acid (diameter not less than 0.177 mm. and not 
larger than 0.420 mm.) was conducted in a similar 
manner. The progress of the initial reaction was 
observed microscopically and photographed. 


A study was undertaken using powdered p -  
aminosalicylic acid to  determine whether or not the 
induction period of the degradation process was 
due to thermal diffusion. If thermal diffusion 
were the cause of any induction period, new delays 
in the progress of the reaction should be experienced 
after intermittent quenching and reheating of the 
powder. Thus samples were heated at SO’, quenched 
during the known induction period, acceleration 
period, and decay period by cooling to  room tem- 
perature, and maintaining this temperature for 
a t  least 6 hours. The quenching periods were 
then followed by reheating to  80’. 


The effect of carbon dioxide pressure, over the 
solid acid, on the decarboxylation process rate has 
been investigated (8) a t  varied pressures (20-760 
mm. Hg) which demonstrated no  affect on the rate 


11 my 1 


Fig. 1.- 
Graphic repre- 
sentation of 
three main 
types of decom- 
position - time 
curves in solid- 
state reactions; 
( I )  induction 
period, (11) ac- 
celeration pe- 
riod (k), (111) 
decay period 
(kd). which re- 
fer to case b. 


TIME 


rate of increase of potentially reactive molecules 
may be represented by 


where n is the number of potentially reactive 
molecules existing a t  the time 1, 6t is the average 
time interval between production and decom- 
position and a is the probability of branching. 
They propose that branching proceeds unhindered 
initially since there are many centers from which 
branching can originate, but as the reaction pro- 
gresses considerable interference will arise. Thus 
when a plane of product molecules reaches a sur- 
face, either internal or external, where decomposi- 
tion has already occurred the reaction will cease. 
If /3 is the probability of interference then Eq. -1 
becomes 


dn n 
dt - = ( a - P ) &  


EXPERIMENTAL. 


The powdered p-aminosalicylic acid of U.S.P. 
grade’ used in this study was found to  have an 
average particle size of 3.3 p as determined by a 
Fisher “subsieve sizer.” Whole crystals of p -  
aminosalicylic acid were prepared by recrystalliza- 
tion from absolute ethanol in vacuo. The approxi- 
mate diameter of the latter was determined by 
means of U. S. Standard sieves, and was found to 
be between 40 and 80 mesh. 


The powdered p-aminosalicylic acid used in this 
study proved to be stable if stored at room tem- 
perature under a dry atmosphere for a three-year 
period. However. during this time a slight darken- 
ing of  the powder occurred, which was thought to 
be the result of slow oxidation. 


The general procedure used in the kinetic studies 
was as follows. A series of 10-ml. Pyrex beakers, 
each containing exactly 300 mg. of p-aminosalicylic 
acid, were arranged in a desiccator previously 
brought to  thermal equilibrium for 24 hours. The 
desiccator was placed in an automatically con- 
trolled oven set a t  the experimental temperature 
(70-80 f 0.5’). A t  various intervals, samples 
were removed, dissolved in approximately 25 ml. 


1 The authors wish to thank Eli IAly Co. ,  Indianapolis. 
Ind.. for supplying experimental quantities of p-amino- 
salicylic acid. 
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Fig. 2.-Per cent decomposition-time curves for 
the thermal decarboxylation reaction of p-amino- 
salicylic acid in dry, solid state at (I) SO’, (2) 75’ 
and (3) 70’. 
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Fig. 3.-Comparison of actual data (0) with that 
of expected hypothetical curve were the decarboxyla- 
tion of fi-aminosalicylic acid at  80' to  experience 
separate induction periods after quenching and 
subsequent heating a t  times A, 8. and C. 
or character of the decarboxylation process. In 
the present study the carbon dioxide pressure never 
was allowed to build up since samples were re- 
moved from the desiccator for analysis at approx- 
imately %-hour intervals. 
Dry, Reduced Pressure Study.-Since i t  was felt 


that the role of the solid product of decarboxylation, 
m-aminophenol, in the over-all reaction could be 
better understood if it  were eliminated, the reaction 
was conducted at reduced pressure employing a 
vacuum oven. At a temperature of 80 f 0.5' and 
approximately 10 mm. Hg pressure, the m-amino- 
phenol readily sublimed. Under the same condi- 
tions, the p-aminosalicylic acid could not be de- 
tected in the sublimate. Spectrophotometric 
analysis of the reaction mixture demonstrated the 
absence of the decomposition product throughout 
the reaction. 


Moist, Atmospheric Pressure Studies.-The effect 
of a constant humidity on the reaction was studied 
by placing samples of p-aminosalicylic acid over 
saturated solutions of appropriate inorganic salts 
to obtain aqueous tensions in the range between 30 
and 80% absolute humidity (13). At higher humid- 
ities condensation took place and caused wetting 
of the powder. The desiccator containing the salt 
solution was allowed to equilibrate for 24 hours 
at the desired temperature before the samples were 
introduced. There appeared t o  be no weighable 
adsorption of water at 70" with an aqueous tension 
of 118.4 mm. Hg. If water was adsorbed by the 
powder, the possibility of solution kinetics would 
have been indicated. 


Suspension Technique Study.-The utilization 
of a suspension technique proved useful in the solid- 
state decomposition study. After a screening of 
many vehicles, mineral oil was chosen because its 
inert properties eliminate interference with the 
reaction yet afford good heat transfer. The sus- 
pension was prepared by levigating paminosalicylic 
acid with mineral oil and a uniform dispersion was 
maintained with a power stirrer at constant speed. 
The reaction vessel, a Kjeldahl flask modified by 
the attachment of a side arm tube. allowed the 
withdrawal of samples for analysis without dis- 
turbing the reaction. The temperature was con- 
trolled by use of a circulating oil bath. 


RESULTS 


Dry, Atmospheric Pressure Studies.-The de- 
carboxylation of p-aminosalicylic acid under the in- 


fluence of atmospheric pressure, at elevated tem- 
peratures and in the absence of moisture is repre- 
sented by the sigmoidal-type curves as given in 
Fig. 2. This typical per cent decomposition versus 
time curve consists of three parts that may be 
described as: ( a )  induction period; (b )  accelera- 
tion period; (c) decay period (11). A t  a given 
temperature the induction period is found to occur 
only once in the thermal decarboxylation reaction. 
The per cent decomposition versus time curve 
represented by Fig. 3 ( 1 )  is the result of three con- 
secutive heating and cooling periods at 80". The 
samples were removed from the oven a t  the points 
A, B, and C and stored in a desiccator at room 
temperature for 6 or more hours. They were then 
replaced in the oven at 80" for further decomposi- 
tion. If the induction period were dependent upon 
thermal diffusion then Fig. 3 (2) would be a hypo- 
thetical possibility for the per cent decomposition 
versus time curve. The existing difference in per 
cent decomposition at any time between Figs. 
3 ( 1 )  and 3 (2) minimized the possibility of thermal 
diffusion since all points indicated in Fig. 3 ( 1 )  
correspond within the limits of experimental error 
with those of uninterrupted runs made under the 
same experimental conditions. Haycock (10) 
describes this period as one due to the slow nuclei 
growth in the early stage of the reaction. The 
induction periods for the decarboxylation of p- 
aminosalicylic acid in a dry atmosphere decreased 
with increased heat intensity, and were found to be 
38, 18, and 8 hours, for 70, 75, and 80". respectively. 


The acceleration period of the decarboxylation 
reaction for the most part can be described simply 
by 


(Eq. 3) 


where x is the per cent decomposition, 7 is the in- 
duction period, t is the time where the decomposi- 
tion is x ,  and k .  is the rate constant for the ac- 
celeration period. 


The decay period follows the second inflection 
point, since after this point the rate-controlling 
factor becomes the number of unreacted nuclei 
which are produced at a constant rate. The equa- 
tion for the decay period is 


where x-. is the per cent decomposition at tmX., 
tmu. is the time a t  which the reaction reached 
maximum velocity (second inflection point), and 
x and t are the same as in Eq. 3. Similarly, Prout 
and Tompkins (11) derived separate equations for 
both the acceleration and decay periods having 
similar form but expressed the rate in terms of 
growth of active nuclei. 


The least-mean-squares equation and the above 
equations were used to demonstrate the validity 
of the rate constants calculated. The acceleration 
and decay periods best fit an apparent zero-order 
reaction equation which indicates an independence 
of the rate of reaction on the fraction of p-amino- 
salicylic acid remaining. A study conducted with 
sample sizes of 75, 150, and 300 mg. of powdered 
p-aminosalicylic acid a t  80' substantiated this 
by rendering a k ,  value of 0.456 f 0.048 moleyo 
hr.-I. The second inflection point, however, oc- 
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Fig. 5.-Arrhenius plot for thermal degradation 
a dry, atmospheric pressure. 


a t  


curred a t  different degrees of decomposition with 
all three of the sample sizes. Analysis of the data 
indicated a linear relationship between the per 
cent decomposition a t  the second inflection point 
versus the sample size (Fig. 4). This suggested 
that the 0 value (Eq. 2 )  depends on the sample size. 


Table I shows the effect of temperature on the 
induction period, t,,, and the values of the ac- 
celeration period rate constant (k.) and decay period 
rate constant (kn). I t  was possible to reproduce 
the per cent decomposition z'ersu.7 time curves and 
calculate kinetic constants within acceptable 
limits. 


The plot of the logarithms of k, and kdagainst l / T  
gave two straight lines (Fig. 5 )  with almost iden- 
tical slopes, yielding activation energies of 41.0 and 
40.9 kcal./mole, respectively. This showed that 
the reaction a t  each stage was the same even 
though the intercept changed. 


The photographs' of p-aminosalicylic acid crys- 
____ 


2 The assistance of Dr. A. DeMaggio is gratefully acknowl- 
edged. 
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tals point out that cracking and splintering occurs 
during the early stages of the solid-state reaction 
[Figs. 6(a) and 6(b)]. The fractures occurred at  
points of irregularity in the crystal. The more per- 
fect the crystal, the greater was the amount of time 
needed for fracturing to be initiated. It can be 
seen from Fig. 6(a) that the cracking took place 
a t  a point of irregularity in the crystal. The frac- 
tured crystal had to be mechanically moved into 
the field of the microscope since fracturing ap- 
parently occurred with an explosive force. This 
was probably due to a release of carbon dioxide 
from the decarboxylation reaction. As the reaction 
progressed, the subsequent cracking followed more 
quickly, and with the approach of the acceleration 
period the disintegration rate markedly increased. 
The fracturing process of the p-aminosalicylic acid 
crystals led to a velocity rate greater than that of 
the powdered p-aminosalicylic acid during the 
acceleration period. The rate of degradation of the 
crystals is compared in Fig. i with that of the 
powdered p-aminosalicylic acid exposed to the same 
conditions. In comparing the two curves for 
powdered and larger crystalline p-aminosalicylic acid 
it can be seen that the induction period was longer, the 
acceleration period had less duration and greater velo- 
city in the case of the larger crystalline state than 
the powdered form. These results may be explained 


Fig. 6a.-Illustration of the cracking process 
experienced by whole crystals of p-aminosalicylic 
acid in the early stages of thermal decomposition 
at  80"; ( I )  before exposure, (11) after 7-hr. ex- 
posure, (111) after 9-hr. exposure. 
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Fig. 6b.-Illustration of the cracking process 
experienced by whole crystals of p-aminosalicylic 
acid in the early stages of thermal decomposition 
a t  80"; ( I )  before exposure, (11) after 7-hr. ex- 
posure. 


by reference to the cracking process which imposed 
sites of reaction different from that induced by grind- 
ing. In other words, the cracking process supplies 
numerous new potential sites for degradation by con- 
tinually cracking and fracturing, whereas the 
powdered p-aminosalicylic acid, as observed micro- 
scopically, did not appear to be further fractured. 
The fracturing process occurring with crystalline 
p-aminosalicylic acid was brought about either by 
uneven heating of the crystals or by a release of 
carbon dioxide generated from the decarboxyla- 
tion reaction. It is felt that the apparent lack of 
fracturing experienced by the powdered p-amino- 
salicylic acid can be clarified on the grounds that 
uniform heating of the particles should be possible 
and also that the particles have been endowed, 
from past history, with numerous cracks and crev- 
ices for the release of any carbon dioxide formed. 


After the second inflection point of the per cent 
decomposition uwsus time curve the particles, from 
the crystals, appeared to be of uniform size and 
shape, and did not appear to undergo any further 
change during the subsequent decay period. The 
duration of the acceleration period seemed to be 
dependent on the particle size and the physical 
means used in obtaining this size. 
Dry Atmosphere, Reduced Pressure Study.- 


When the reaction was conducted under reduced 
pressure it was found that the induction period was 
maintained but without incidence of a second inflec- 
tion point (Fig. 8). The rate of reaction at this 
reduced pressure (approximately 10 mm. Hg) in- 
creased the degradation by a multiple of 4.4. To 


establish the composition of the sublimate from the 
reaction, a "cold-finger'' apparatus was utilized. 
The solidified vapor was shown to be m-amino- 
phenol by infrared analysis and by melting point 
deterniination. This study was primarily pursued 
to eliminate the possibility that p-aminosalicylic 
acid also sublimed under these conditions. How- 
ever, the possibility exists that @-aminosalicylic 
acid vaporizes and decomposes before it condenses 
to yield the same results. This point could not be 
resolved experimentally. Spectrophotometric analy- 
sis of the reaction mixture demonstrated the absence 
of decomposition product throughout the reaction. 
Hence, there was no accumulation of m-amino- 
phenol on the surface of the p-aminosalicylic acid 
as occurs under dry. atmospheric pressure. 


Moist, Atmospheric Pressure Studies.-Figures 
9 and 10 represent the typical curves for the thermal 
decarboxylation of p-aminosalicylic acid in a moist 
atmosphere. The results of this series of experi- 
merits showed that (a) the induction period was 
greatly diminished a t  the lower temperature em- 
ployed; (6) a more rapid velocity than in the dry 
state was evident; (c) once again no second point 
of inflection was noted. Analysis of the samples for 
tn-aminophenol showed that this by-product must 
have been removed during the progress of the re- 
action by a process similar to steam distillation in 
the moist atmosphere. 


10 20 30 40 50 60 70 80 90 1W 
TIME (HOURS) 


Fig. i.-Per cent decomposition-time curves for 
the decarboxylation reaction of p-aminosalicylic 
acid in the dry, solid state a t  80"; (I) whole crystals, 
40/80 sieve size, (2) ground crystals, ca. 3.3 p. 


110 Ib d 0 d l  310 35 
TIME IHOURS) 


Fig. 8.-A per cent decomposition time curve 
for the decarboxylation of p-aminosalicylic acid under 
dry atmosphere and reduced pressure (ca. 10 mm.) 
a t  80". 
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Fig. 9.-Per cent decomposition-time curves for 
the decarboxylation of P-aminosalicylic acid in a 
moist atmosphere a t  80'; aqueous tension, (I) 
181.0, ( 2 )  8.13 mm. Hg. 


The activation energy was reduced considerably 
from that obtained under dry, atmospheric con- 
ditions; however, it remained constant a t  all the 
aqueous tensions employed (Table 11). The ac- 
tivation energy for the decarboxylation of p- 
aminosalicylic acid in aqueous solution was reported 
(5) as 19.4 Kcal./mole as compared to 29.5 Kcal./ 
mole for the reaction under moist atmospheric 
conditions. The 10 K5al. difference between solu- 
tion kinetics and a saturated solution on the surface 
of a solid perhaps could be assigned to a complex 
of the heats of solution. dissolution, and sublima- 
tion. 


A plot of the velocity constants versus the aqueous 
tension (Fig. 11)  was linear, indicating that the 
mechanism of the reaction remained unchanged 
when the humidity was varied. 


If one extrapolates Fig. 11 to zero pressure the 
velocity constant is very close to zero. Therefore, 
at constant temperature, if we double the vapor 
pressure of water the velocity constant is doubled. 
Zero-order solution kinetics seemed to be indicative 
of this relationship since the solubility of the p- 
aminosalicylic acid in the adsorbed moisture ap- 
peared to be a function of the aqueous tension over 
the sample. However, if we attempted to analyze, 


d(PAS) = k, ( P A S )  = ko 
dt 


where kl(1.986 hr.-*) is the first-order rate constant 
for an aqueous soluton (5) and ko (0.003 hr.-l) is 
the zero-order rate constant for a saturated solu- 
tion on the surface, then the concentration of p- 
aminosalicylic acid in solution required to equate 
k, with reference to ko would be 0.0015 mole of 
acid. The total sample size of p-aminosalicylic 
acid (0.00196 mole) would require that  approxi- 
mately 80% of the solid acid be in solution for the 
above relationship to exist. If one considers the 
slow rates of dissolution and diffusion in a stagnant 
system, it appears presumptuous to substantiate 
purely solution kinetics. 


Table I1 indicates the effect of humidity on the 
induction period. the k values and apparent ac- 
tivation energy. 
Suspension Technique Study.-The per cent de- 


composition versus time curve obtained for the de- 
carboxylation of p-aminosalicylic acid in suspension 
is shown in Fig. 12. It is characterized by the 
typical induction period followed by the reaction 


Fig. 10.-Per cent decomposition-time curves for 
the decarboxylation of p-aminosalicylic acid in a 
moist atmosphere a t  70'; aqueous tension, (I)  
144.0, (2) 118.4, (3) 52.3 mm. Hg. 


TABLE II.-DATA OF THE DECARBOXYLATION 
REACTION OF P-AMINOSALICYJ-IC ACID UNDER 
MOIST, ATMOSPHERIC PRESSURE CONDITIONS 


Apparent 
Aqueous Induction k, Activation 


T .  Tension Period mole% Energy, 
O C. (mm. Hg) (hr.) hr. --Ia Kcal./mole 
70 52.3 34 0.113 f 0.005 29.3 
70 118.4 26 0.245 f 0.006 29.8 
70 144.0 8 0.305 f 0.003 29.3 
80 81.3 7 0.600 f 0.012 29.6 
80 181.0 5 1.310 f 0.023 28.5 


Average of two runs. 


without incidence of a second inflection point. 
During the reaction a solid material collected in the 
neck of the reaction vessel; analysis proved i t  to  
be m-aminophenol. The mineral oil, therefore. 
provided a medium which facilitated the removal 
of m-aminophenol from the surface of the p-amino- 
salicylic acid. 


DISCUSSION 


The thermal decomposition of paminosalicylic 
acid is characterized by the typical sigmoidal curve 
which has been reported for other solid-state re- 
actions (9, 14, 15). An induction period, the 
duration of which was governed by experimental 
conditions, was experienced with all the studies. 
The increased induction period with larger crystals 
was apparently due to a limited number of dis- 
locations prior to cracking. In time the fracturing 
process supplied numerous irregular chips which 
further disintegrated, generating new points of 
dislocations. After this initial period the reaction 
velocity exceeded that of the powdered p-amino- 
salicylic acid exposed to the same conditions. It is 
felt that this phenomenon was due to the abundance 
of nuclei formed from the explosive fracturing of 
the crystals. After the second inflection point of 
the per cent decomposition versus time curve the 
particles appeared to be of uniform size, and did 
not undergo further change during the subsequent 
decay period. The extent and velocity of the ac- 
celeration period appeared to be both dependent 
on the surface area of the p-aminosalicylic acid, 
and whether the active sites arose from either a 
thermally induced cracking process or physical 
grinding. 


The experiments involving various environments 
other than dry, atmospheric pressure all produced 
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Fig. 11.-Relationship of velocity constant to  the 
aqueous tension a t  70”. 


similar per cent decomposition WYSUS time curves 
(Figs. 8-10, 12), which are characterized by the 
absence of a second inflection point. All have in 
common the removal of m-aminophenol from the 
reaction site. It appeared that the reduced pres- 
sure, moist atmosphere, and hot mineral oil function 
as transport media facilitating the removal of 
m-aminophenol from the surface of the p-amino- 
salicylic acid, which maintained the f l  value (Eq. 2) 
at a minimum. The second inflection point ob- 
served with dry, normal atmospheric conditions 
was brought about by an interference of the de- 
composition product which was eliminated under 
the other stated conditions. The removal of the 
decomposition product hastened the reaction 
velocity. The buildup of m-aminophenol on the 
surface of the p-aminosalicylic acid acted as a 
deterrent, decreasing the rate of reaction. Of 
course, decomposition must be considerable (25- 
30%) before the m-aminophenol causes a pro- 
nounced effect on the reaction rate (utilizing 300 
mg. sample). 


The experimental data obtained under moist 
atmospheric conditions were not thought suf- 
ficiently quantitative to  analyze as purely solution 
kinetics; however, the possibility does exist. The 
fact that  the decomposition product, m-amino- 
phenol. was removed from the sample appeared to  
indicate that the moisture did aid in the transport 
of the m-aminophenol from the solid sample. 
Our findings contradict the conclusion of a previous 


110 $0 30 4‘0 5’0 do 7‘0 do 40 
T I Y E  mounsi 


Fig. l2.-Per cent decomposition-time curve for 
the decarboxylation of p-aminosalicylic acid in a 
mineral oil suspension (ca. 0.1%) at  80’. 


study (8) which suggests that water functions as 
a catalyst. In the same study (8 ) ,  it was reported 
that m-aminophenol, physically incorporated with 
p-aminosalicylic acid, also caused a catalytic effect. 
The grinding method utilized for introducing m- 
aminophenol possibly created new cracks in the 
p-aminosalicylic acid crystals which may account 
for apparent changes in the reaction rate when the 
m-aminoplienol was not included. 
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condition randomly. Group I-E received 250 mg. 
each of potassium and magnesium aspartate every 
12 hours starting within the first hour of the ex- 
pcriment. The drug was administered suspendcd 
iii 5 ml. distilled water directly into the stomach 
with a No. 18 catheter and syringe. (The potassiuin, 
but not the magnesium aspartate. would dissolve 
in the quantity of water used; for this reason only 
potassium aspartate was administered to groups 
11-E and 111-E.) Group 11-E received 200 mg. 
of potassium aspartate intraperitoneally in 1 ml. 
distilled water every 12 hours. Group 111-E re- 
ceived 50 mg. of potassium aspartate i.p. every 12 
hours in 0.5 ml. of distilled water. Each control 
group received an equal amount of distilled water 
administered by the same route as its experimental 
group. 


The rats were placed in individual 5.5 X 9.5-in. 
cubicles, on wheels, two-thirds submerged in water, 
which rotated at a constant speed of approximately 
2 r.p.m. Food trays were placed in each cubicle 
so that the animals could feed at any time. The 
animals remained on these wheels continuously 
except when they were removed twice a day for the 
drug administration. The total distance covered 
by an animal during the day was 0.7 mile. The 
rats, when exhausted, fell from the wheel into the 
water and were unable to  remount the wheel. 
Animals were removed from the experiment when 
they fell into the water after being replaced on the 
wheel three times during a 15-minute period. 
This procedure is the same as that employed by 
Webb and Agnew. 


RESULTS 
Figure 1 shows for the experimental and control 


groups at each age the mean hours at which the 
criterion of exhaustion was reached. Data for 
only 34 animals are included in the analysis be- 
cause six did not learn to walk on the wheel (one 
in Group I-C, two in Group I-E, one in Group 111-C, 
and two in Group 111-E). Three animals were 
removed from the wheel at 136 hours at they seemed 
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Fig. 1.-Mean 
hours until ex- 
haustion for the 
control and ex- 
p e r  i m e n t a l  
groups at three 
ages. Key: 
t - -0. control ; 


30 0-0, e x p e r i -  


3 


I40 
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I50 175 


AGE IOAYSI 


to be interminable walkers (one in Group I-C, 
one in Group 11-E, and one in Group 11-C). 


DISCUSSION 
An analysis of variance resulted in a significant 


age difference ( p  < .01) and a significant drug 
effect ( p  < .05). 


First i t  should be recognized that the design is 
flawed by the changed dosage procedures in the 
three age groups. Despite this flaw. the consistency 
of the results across all three conditions supports 
certain general conclusions. 


The previously reported relationship between 
age and exhaustion time was confirmed for both 
the experimental and the control groups. On the 
other hand, the results of the aspartate group (a )  
showed no differential age effect (when compared 
with the control groups) and (b)  were contrary to 
the results reported by Rosen el al. (1). 


The latter finding suggests a dserential action 
of aspartic acid in a chronic exhaustion situation 
such as used here in contrast to the acute exhaustion 
procedure involved in the swim test. It is possible 
that aspartic acid may result in an overexpenditure 
of energy in a low requirement situation which 
reduces the possibility of resisting terminal ex- 
haustion. 
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Mineral Acid Salts of Lidocaine 
. ,  


Some physicochemical pro erties of the 
h drobromide, hydcochlori$ nitrate, per- 
chorate, phosphate, and sulfate salts of hdo- 


caine are reported. 


LL LOCAL anesthetic agents with one or two ex- A ceptions are marketed as hydrochloride salts. 
Since these agents are generally available in aqueous 
or glycol solutions or ointments for parenteral or 
topical administration, physical properties such as 
hygroscopicity are not so important as those of a 
drug normally formulated as a tablet or capsule. 
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The lidocaine base used in this study was generously sup- 
plied by Astra Pharmaceutical Products, Inc. 


and JOHN J. HEPFERREN 


For example, aqueous solutions of lidocaine hydro- 
chloride for pharmaceutical dosage forms are pre- 
pared by adding lidocaine base U.S.P. XVI (1) to a 
slight molar excess of dilute hydrochloric acid, rather 
than by dissolving the hydrochloride salt in water 
(2). In his dissertation about the synthesis and 
characteristics of anilide-type local anesthetics, 
Lofgren listed the melting points of four salts of lido- 
caine and the solubility of the hydrochloride salt 
in the common organic solvents (3). Except for this 
work, there is little or no published information on 
the hydrochloride (4) or other salts of lidccaine. 
This, coupled with the general feeling that lidocaine 
hydrochloride was difficult to prepare and somewhat 
hard to handle ( 5 )  led to  the preparation and study 
of the mineral acid salts of lidocaine. 


The hydrobromide and hydrochloride salts were 
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TABLE I.-%LUBILITY OF LIDOCAINE SALTS Gm./100 ml. Arr 25" C. 


HCl HBr H NOS HrSO4 HsPOa HClOa 
Water 
Methanol 


100 
67 


100 
67 


17 
40 


25 
0 . 8  


29 
25 


1.7 
10 


Ethanol 11 40 4 0 . 6  0 . 7  1 .1  
Acetone 1 . 8  2 . 2  1 .2  <0.01 <0.01 14 
Chloroform 4 2 . 5  20 0.02 <0.01 0.03 
Carbon disulfide <0.01 <0.01 0.01 <o. 01 <0.01 <0.01 
Ether <0.01 <o. 01 <0.01 <0.01 0.06 <o. 01 
Carbon tetrachloride 0.01 0 .01  <0.01 0.01 <o. 01 <0.01 


prepared in a dry box with a nitrogen atmosphere by 
passing dry hydrogen bromide and hydrogen chloride 
into anhydrous ether solutions of lidocaine base. 
The salts precipitated immediately and were washed 
thoroughly with ether. After removal of the ether, 
monohydrates of the halides were obtained in essen- 
tially quantitative yield. The anhydrous salts were 
prepared by drying overnight at 40' in a pumping 
vacuum. The nitrate. perchlorate, phosphate, and 
sulfate salts were prepared by adding a slight molar 
excess of the concentrated mineral acid or an abso- 
lute ethanolic solution of the acid to  a well-stirred 
anhydrous ether solution of lidocaine base. The sul- 
fate was an equimolar salt, whereas the phosphate 
contained 1 mole of base per 2 moles of phosphoric 
acid. The salts, which were obtained in excellent 
yield and purity, could be recrystallized from an 
absolute methanol-ether mixture. The melting 
points of the lidocaine salts were: HBr, 127-132'; 
HBr - HzO, 94-103' : HCI, 127-132'. HCI . H20. 74- 


182c184'; and H801.  210-212'. Lijfgren (3) re- 
ported values of HCI, 128-129'; HNOa. 133-134'; 
Hcl04,205'. The HC1. HIO was reported as 77-80' 


All the lidocaine salts prepared were white, odor- 
less, crystalline solids. The solubilities of these salts 
are tabulated in Table I. All the salts, with the pos- 
sible exception of the perchlorate. are highly soluble 
in water and fairly soluble in polar solvents. Unlike 
most amine halide salts, lidocaine hydrobromide and 
hydrochloride are relatively soluble in chloroform. 


The stability of the salts in atmospheres of vafious 
relative humidities was determined by placing the 
powdered salts in tared aluminum moisture pans in 
three large desiccators, maintained at 52.9, 71.2, 
and 93.0yo relative humidities. These relative 
humidities were obtained by placing saturated solu- 
tions of Mg( NO*)*. 6H20, NH4Cl. KNOa, and NHI 
H2P04, respectively, in the bottom of the desicca- 
tors (6). The aluminum pans were weighed at 12 
and 24-hour intervals until constant weight was ob- 
tained. The gain in weight of the salts expressed as 
moles of water per mole of salt is given in Table 11. 
In the 93% relative humidity chamber, the halide 
salts liquified within 12 hours. In contrast, the 
monohydrates of the halide salts wcre relatively 
stable a t  the lower humidities. 


78'; HNG, 131-133'; HC104. 204-205'; 2HsPO4. 


(4). 


TABLE II.-HYDRATION CHARACTERISTICS OF LIDO- 
CAINE SALTS 


-Relative Humidities at 25" C.- 
52.9% 71.2% 93.0% 


Hydrochloride l a  1'1 > 20 
Hydrobromide 1 1 >2 
Nitrate 0 0 0 
Perchlorate 0 0 0 
Phosphate 0 0 0 
Sulfate 0 0 0 


a Increase in weight upreased as ratio of moles of water 
per moles of salt. 


The infrared absorption of the lidocaine salts was 
determined in KBr pellets and in chloroform when 
the solubility was adequate, The carbonyl band 
at about 6p offered an excellent peak for analysis. 
The base was extracted with chloroform from an 
aqueous alkaline solution and the chloroform extract 
dried, evaporated to a convenient volume, and then 
diluted to known volume. In a 1-mm. sodium 
chloride cell, the absorbance a t  6 p  of the lidocaine 
base was linear from 1 to 7 mg./ml. Perchloric acid 
titration of the salt in glacial acetic acid or a chloro- 
form extract of the base was also a convenient 
analytical method. 


The mineral acid salts of lidomine base seemed to  
be characteristic of the salts of a number of thera- 
peutic agents containing basic nitrogen moieties. 
I t  would appear that lidocaine hydrochloride mono- 
hydrate would present few problems in essentially 
dry pharmaceutical dosage forms. If extremes of 
humidity were anticipated, other salts such as  the 
phosphate could be considered. Thus, with lidocaine 
as well as any basic drug, the potential availability 
of other mineral and carboxylic acid salts which 
may have more desirable physical properties should 
be considered before limiting work to  the hydro- 
chloride salt. 
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Incorporation of Omithine-2-Ct4 into Scopolamine 
By FRED A. TURNER* a n d  JAMES E. GEARIEN 


Radioactive hyoscyamine and scopolamine 
were isolated from 7-week-old Datnra stra- 
monirmr plants after the administration of 
ornithine-2-C". Degradation of the scopol- 
amine showed that the radioactivity was 
located at the numbers 1 and 5 carbon atoms 


of the tropane ring. 


HE ROLE OF ornithine as a precursor in the 
biosynthesis of hyoscyamine was demon- 


strated by Marion and co-workers (I), who 
isolated radioactive hyoscyamine (I) from 5- 
month-old Datura stramonium plants which had 
been fed ornithine-2-C14. Degradation of the 
radioactive hyoscyamine showed that the radio- 
activity was located at carbons 1 and 5 of the 
tropane ring, and indication that at least most 
of the ornithine molecule was incorporated into 
hyoscyamine. Scopolamine (11) isolated from 
these plants proved to be inactive. These in- 
vestigators suggested that either ornithine was 
not a direct precursor of scopolamine or that 
scopolamine was not being synthesized in 5- 
month-old plants. 


Since further experiments by Marion (2) indi- 
cated that scopolamine synthesis had halted in 
mature plants, it seemed desirable to attempt to 
feed labeled ornithine to younger plants to 
establish its role in the biosynthesis of scopol- 
amine. During the course of this investigation, 
a study by Leete (3) reported the isolation of 
radioactive scopolamine from 3-month-old D. 
stramanium plants which had been fed radio- 
active ornithine. Since no degradative studies of 
the alkaloid were reported, the study offers no 
evidence of whether ornithine is incorporated as 
a unit or is broken down into fragments before 
incorporation. 


To determine the most favorable age for the ad- 
ministration of the radioactive ornithine, D. 
stramonium plants from the age of 2 to 12 weeks 
were analyzed for their alkaloidal content. The 
results of the analyses are listed in Table I. 


The first alkaloid to be formed was scopolamine. 
Hyoscyamine was not formed in significant quanti- 
ties until the fourth week, after which its concentra- 
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tion rapidly increased. After the seventh week, 
hyoscyamine was present in larger amounts than 
scopolamine. 


From this study it appeared that a precursor must 
be fed to young plants if it is to be incorporated into 
scopolamine. Seven-week-old plants were chosen 
for the study since they were still synthesizing sco- 
polamine and were of sufficient size to be handled 
conveniently. 


When 7-week-old D. stramonium plants were in- 
jected with ornithine-2-C1', both radioactive hyo- 
scyamine and scopolamine were isolated. If orni- 
thine was incorporated into scopolamine as a single 
unit through a biogenetic pathway similar to that 
suggested by Marion (l), the radioactive carbons 
of the scopolamine would be located at carbons 1 
and/or 5 of the tropane ring. To establish if this 
was the biogenetic pathway, the isolated radioactive 
scopolamine was converted to hyoscyamine, which 
was hydrolyzed to tropine and degraded by a pre- 
viously reported method (1). 


Considerable difficulty was encountered in es- 
tablishing a satisfactory method for the conversion 
of scopolamine to either hyoscyamine or tropine. 
Attempts to convert scopolamine to the correspond- 
ing episulfide, which could then be desulfurized to 
yield hyoscyamine, failed. Scopolamine was re- 
covered unchanged when heated with aqueous PO- 
lutions of thiourea or potassium thiocyanate at 
temperatures ranging from 25 to 115'. 


While the epoxide ring of scopolamine could be 


TABLE I.-AGE-ALKAJAID RELATIONSHIP OF YOUNG 
D. strammiurn 


wt .  Wt. Scopolamine 
Age, Hyoscyamine Scopolamine Hyoscyamine 
Wk. Base,mg. Base. mg. Ratio, Av. 


2 0 6.58 ... 
0 6.77 


3 0.76 10.00 17.7 


4 5.26 12.55 2.48 


5 6.38 13.08 2.12 


0.31 6.90 


4.91 13.15 


6.43 14.12 
6 13.20 17.05 1.26 


7 15.05 19.39 1.18 
14.41 17.61 


17.14 18.28 


23.00 19.61 


35.22 25.43 


35.75 24.02 


8 22.82 17.69 0.82 


10 34.01 24.22 0.72 


12 35.81 25.20 0.69 
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HYDROLYSIS PRODUCTS 
TABLE II.-HYOSCYWNE HYDROBROMIDE AND 


Speci6c Activit& 
Compd. c.p.m./mM X 1 


Hyoscyamine hydrobromide 5.10 


Atropic acid Traces 
Tropine picrate 5.11 


Tropic acid Traces 


a All specific activities have been corrected for efficiency 
and self-absorption. 


opened by hydrogenation to form 6-hydroxyhyoscy- 
amine, it was not possible to remove the hydroxyl 
group by reduction of its tosyl derivative. 3- 
Acetosytropane (V) was obtained when 3-acetoxy-6- 
inethanesulfonyloxytropane (111) was desulfonated 
by heating with 2,4-lutidine in a sealed tube and the 
resulting 3-acetoxy-6,7-dehydrotropane (IV) hy- 
drogenated. Unfortunately, the yield was too low 
to permit further degradation. 


I I I ___t 


CHs-CH- CH1 Heat 


I11 


CH-CH-CH, 
I I ?  11 NCHS CH-OC-CH3 (') '''' 


v I I 
CH - CH -CH~ 


IV 


CHz-CH-CH2 0 
I I II 


N-CHI CH-OC-CHa 
I 1  I 


CH, - CH- CHe 
V 


Catalytic hydrogenation of scopolamine, followed 
by hydrolysis, provided the best synthetic route to 
tropine. This reaction has been reported by Fodor 
and co-workers (4), who suggested that the hydro- 
genolysis proceeds through a mechanism similar to 
that of nickel desulfurization. In view of this hy- 
pothesis, the alkaloid was hydrogenated with a large 
excess of W-28 Raney nickel. After alkaline hy- 
drolysis, a 33% yield of tropine was obtained. Use 
of a more active catalyst resulted in a lower yield of 
tropine. When applied to the radioactive alkaloid, 
this procedure provided a sufficient quantity of 
tropine for the degradation. 


The tropine was then degraded according to a 
modification of the procedure developed by Marion 
and co-workers (1). Mild oxidation of tropine (VI) 
by dilute acidic potassium dichromate ( 5 )  afforded 
tropinone (VII), which upon vigorous chromic acid 
oxidation yielded N-methylsuccinimide (VIII). 
Reaction of a large excess of phenylmagnesium bro- 
mide with the N-methylsuccinimide produced ap- 
proximately equal amounts of 1-methyl-8hydroxy- 
5-phenyl-2-pyrrolidone (IX) and l-methyl-2,5 
diphenylpyrrole (X) (6). The latter compound was 
oxidized to benzoic acid with acid potassium di- 
chromate. 


The specific activities of hyoscyamine and its hy- 
drolysis products are shown in Table 11, while the 
data for scopolamine and its degradation products 
are given in Table 111. 


The data in Table I11 indicate that all of the radio- 
active ornithine incorporated into scopolamine en- 
tered the tropane ring. The benzoic acid had es- 
sentially the same activity as that of tropine (one- 
half the specific activity since 2 moles of benzoic 
acid arose from 1 mole of tropine). This indicates 
that the No. 2 carbon atom of ornithine produces 
the bridgehead carbon atoms (No. 1 and No. 5) of 


TABLE III.-sCOPoLAMINE HYDROBROMIDE AND 
DEGRADATION PRODUCTS 


specific Activity. 
Compd. c.p.m./rnM X 10'' 


Scopolamine hydrobromide 2.16 
Atropic acid Inactive 
Tropic acid Inactive 
3,6-Tropanediol 1.88 
Tropine picrate 2.01 
N-Methy lsuccinimide 1.80 
l-Methy1-2,6-diphenyI- 


pyrrole 1.76 (after correction)* 
Benzoic acid 0.88 (after correction)* 


~~~~~ ~ 


a All specific activities have been corrected for efficiency 
These are specific activities corrected and self-absorption. 


lor dilution with inactive N-rnethylsuccinimide. 


the tropane ring. Or11ithine-2-C~~ is thus incorpo- 
rated into both hyoscyamine and scopolamine. 


EXPERIMENTAL 


General Procedure for Extraction and 
Separation of Alkaloids from D. Strsmonium 


Extraction of the Alkaloids.-The method sug- 
gested by Evans and Partridge (7) for the extraction 
of the alkaloids of D. stramonium was employed in 
the isolation of hyoscyamine and scopolamine. 


CHZ-CH- CHn 
I I 


N-CH3CH-OH - 
I I  I 
CHz-CH-CH2 


VI 


CH2 -CH-CHz 
I I I 


U 
VII VIII 


Q 
CH=C 


\ I N-CHs 
/ 


CHI? 


0, 
-+ 


x \ COOH 


' A  2 


IV 
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Separation of the Alkaloids by Column Chroma- 
tography.-The hyoscyamine and scopolamine were 
separated by column chromatography using a Celite 
column. The procedure described by &hill and 
Agren (8) was employed. To determine the quan- 
tity of alkaloid present, the residue from each frac- 
tion was separately dissolved in 4 ml. of hydrochloric 
acid. Cold chloride solution (0.2 M) was added to 
the acidic solution to precipitate the aurichloride 
salts of the alkaloids. After cooling in the refriger- 
ator for 1 day, the aurichlorides were collected by 
suction filtration, washed with cold water, dried, 
and weighed. The corresponding weights of the 
free bases were calculated from the weights of the 
aurichloride salts. 


The weights of hyoscyamine and scopolamine in 
samples of D. slramonium which vary in age from 2 
to 12 weeks are presented in Table I. 


Isolation of the Radioactive Alkaloids 


Administration of ~1,-0rnithine~-Z-C14 to D. stra- 
modum Plants.-From 27-week-old D. stramonium 
plants, the 10 most vigorous plants of equal size 
were selected for the administration of omithine-2- 
C14. The flower pods were just beginning to 
emerge at this time. A solution was prepared con- 
taining 16.9 mg. of m-ornithine hydrochloride-2-C14 
with a specific activity of 1.0 mc./mM and a total 
activity of 0.1 mc. or 2.22 X l@ c.p.m. in 1 ml. of 
water. This solution was then injected into the 
plants by employing the following technique. 


While holding the plant in a horizontal position, 1 
drop of the active solution was placed at the base of 
the petiole of a large leaf. With a small sewing 
needle, a prick was made at the site of the water drop- 
let. As soon as the solution had been absorbed into 
the plant, another drop was placed at the same spot. 
Several pin pricks were made in the same area to 
speed the uptake of the solution. From 50 to  100 
@I. of the solution was allowed to  be absorbed in 
each area. After the radioactive solution was 
absorbed. an additional 2-3 drops of water was 
allowed to be taken up to ensure that none of 
the ornithine was left clinging on the outside 
of the petiole. Using several leaves, a total of 0.1 
ml. of the radioactive solution was injected into each 
plant. 


One week after the administration of the radio- 
active ornithine, the plants were harvested. The 
leaves, roots, and stems were separated and dried in 
a circulating hot air oven at 50-55' for 2 days. 
They were then ground to a No. 40 powder. 


Extraction of the Radioactive Alkaloids.-The 
31.7 Gm. of combined plant powder was thoroughly 
moistened with 20 ml. of water and allowed to 
macerate for 1 hour. The moistened drug was 
triturated with 6.5 Gm. of calcium hydroxide and ex- 
tracted with 300 ml. of ether for 6 hours. The alka- 
loids were then obtained from the ether extract as 
previously described (7). 


Column Chromatographic Separation of the A h -  
loids.-The hyoscyamine and scopolamine were 
separated on a Celite column moistened with 1.0 N 
hydrochloric acid in the manner previously described 
(8). To determine the purity of each fraction, the 
solvents were evaporated and the residues dissolved 
in 1 ml. of chloroform. Five microliters of each 
solution was chromatographed on paper according 
to the method of Drey and Foster (9). The de- 
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veloped chromatograms showed only one spot from 
each solution, an indication that the fractions were 
pure (Table IV). 


TABLE 1V.- CHROMATOGRAPHICALLY SEPARATED 
ALKALOIDS 


Specific 


Wt., c.p.m./mM Incorpora- 
mg. x 100 tion 


hydrochloride 29.00 8 .2  0.37 


Alkaloid Activity, % 


H yoscyamine 


Scopolamine 39.25 9 .8  0.44 


Preparation of the Hydrobromide Salts of the 
Alkaloids.-To the hyoscyamine and scopolamine 
fractions was added 25 ml. of chloroform saturated 
with hydrogen bromide gas, and the solvent was 
removed in vacuo. Inert hyoscyamine hydrobro- 
mide (318.0 mg.) and scopolamine hydrobromide 
(515.4 mg.) were added to  their respective radio- 
active fractions and the salts recrystallized twice 
from absolute ethanol-ether to  obtain a constant 
specific activity. 


Degradation of the Radioactive Alkaloids 
S a p a c a t i o n  of Hyoscyamine Hydrobromide.- 


The 0.238 Gm. of recrystallized radioactive hyoscy- 
amine hydrobromide was diluted with 1.757 Gm. of 
inactive alkaloid, and the mixture was saponified by 
refluxing for 45 minutes with 25 ml. of 10% sodium 
hydroxide solution. The aqueous solution was 
continuously extracted with ether for 20 hours. 


After drying over anhydrous magnesium sulfate, 
the ether extract was evaporated to  a light yellow 
syrup which crystallized after standing for several 
hours in a vacuum desiccator. The yield of light 
yellow crystals of tropine was 0.69 Gm. (90.8%). 
m.p. 62.5-63.5'. 


The aqueous solution recovered from the ether 
extraction was acidified with 15 ml. of 6 N hydro- 
chloric acid to  preapitate the atropic acid. After 
cooling in an ice bath, the white solid was collected 
by suction filtration, washed with water, and dried. 
The weight of atropic acid was 0.34 Gm. (42.5?&), 
m.p. 105-106'. 


The aqueous mother liquor from the atropic acid 
was extracted with three 25-ml. portions of ether. 
The ether extracts were dried over anhydrous mag- 
nesium sulfate and evaporated to  yield a light green 
oil which crystallized upon scratching. The yield 
of tropic acid was 0.42 Gm. (47'%), m.p. 96-105". 
After recrystallization from ether-petroleum ether 
(b.p. 30-60'), the melting point was 115-116°. 


Hydrogenation of Scopolamine Hydrobromide.- 
The 0.385 Gm. of recrystallized radioactive scopol- 
amine hydrobromide, after dilution with 10.612 Gm. 
of inactive alkaloid (26.8 mmoles), was dissolved in 
100 ml. of water and hydrogenated for 4 days at 
room temperature and atmospheric pressure in a 
glass microhydrogenation apparatus. Eighteen 
grams of commercial W-28 Raney nickel (Raney 
Catalyst Co.), washed free of excess alkali, was 
used as the catalyst. 


The catalyst was removed by suction filtration 
and thoroughly washed with water. The filtrate 
was concentrated to approximately 25 ml. and re- 
fluxed for 90 minutes with 30 ml. of 20y0 sodium 
hydroxide solution. The alkaline solution was 
continuously extracted with ether for 2 days. The 
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white crystals that had collected in the ether extract 
were removed hy suction filtration, washed with 
ether, and dried. The yield of 3,6-tropanediol was 
2.45 Gm. (54.6%), m.p. 177-179'. 


The ether filtrate was evaporated to  a yellow 
syrup which was placed in a vacuum desiccator 
to induce crystallization. The weight of tropine 
was 1.35 Gm. (33.6y0), m.p. 59-61'. 


The alkaline solution from the ether extraction 
was acidified with concentrated hydrochloric acid to  
precipitate atropic acid which was collected by 
suction filtration, washed with water, and dried; 
yield, 2.48 Gm. (58.5%), m.p. 97-101'. After re- 
crystallization from ethanol-water, it melted at 
10~106'. 


The filtrate froni the atropic acid isolation was 
extracted with four 254. portions of ether which, 
after drying over magnesium sulfate, was evaporated 
to dryness. The light yellow oil crystallized to 
furnish 1.14 Gm. (24.0%) of tropic acid which, after 
recrystallization from ether-petroleum ether (30- 
60"). melted at 115-116'. 


Tropinone.-A solution of 1.33 Gm. (9.45 mmoles) 
of tropine in 4 ml. of %yo sulfuric acid was cooled in 
an ice-bath. To this solution was added dropwise 
with constant swirling, 16 ml. of a solution composed 
of 100 ml. of 2 M potassium dichromate and 43 ml. 
of concentrated sulfuric acid (equivalent to 1.1 Gm. 
of potassium dichromate). The dark solution. kept 
cold in an ice bath, was treated with sufficient 20% 
sodium hydroxide solution to  neutralize the sulfuric 
acid and dissolve the precipitate of chromium 
hydroxide. The solution was saturated with an- 
hydrous potassium carbonate and extracted with 
ten 25x111. portions of ether. The organic extracts 
were dried over anhydrous magnesium sulfate and 
the solvent evaporated to yield an oil which crystal- 
lized upon scratching. The yield of white crystal- 
line tropinone was 1.08 Gm. (82.5%), m.p. 39-41'. 
[Lit. 41-42' (lo).] 


Oxidation of Tropinone.-To a cooled solution of 
1.05 Gm. (7.6 mmoles) of tropinone in 16 ml. of 25% 
sulfuric acid was slowly added a solution of 7.0 Gm. 
of chromic acid in 20 ml. of 250/, sulfuric acid. The 
resulting solution was heated in an oil bath at 140" 
for 4 hours. The acidic solution was poured over 30 
Gm. of ice and the excess chromic acid decomposed 
by the addition of 5 Gm. of sodium bisulfite. The 
aqueous solution was continuously extracted with 
thiophene-free benzene for 2 days. 


The benzene extract was dried over anhydrous 
magnesium sulfate, and the solvent was then evapo- 
rated a t  30' by means of a flash evaporator. The 
residue, which consisted of white crystals in a yellow 
gum, was washed with several small portions of cold 
ether to remove the yellow oil and to yield 70.5 mg. 
(8.2%) of light brown crystals of N-methylsuccini- 
mide, m.p. 64-66". 
l-Methyl-2,5-diphenylpyrrole.-To 1.5 Gm. (58 


mmoles) of dried magnesium turnings was added 8 
ml. (76 mmoles) of redistilled bromobenzene and 30 
ml. of anhydrous ether. The reaction was protected 
from the atmosphere by means of soda-lime and cal- 
cium chloride. After the reaction had been initiated. 
an additional 15 ml. of ether was added, and the 
mixture was stirred until all of the magnesium had 
reacted. 


A solution of 57.0 mg. (0.505 mmoles) of radio- 
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active N-methylsuccinimide and 108.8 mg. (0.95 
mmoles) of inactive N-methylsuccinimide in 40 ml. 
of dry benzene was prepared. This solution was 
added dropwise over a period of 30 minutes to the 
well-stirred Grignard solution. Stirring was con- 
tinued at room temperature for an additional 22 
hours. 


The reaction mixture was poured over 50 Gm. of 
ice containing 3 ml. of sulfuric acid. This mixture 
was transferred to  a separator, thoroughly mixed, 
and the layers separated. The aqueous layer was 
extracted with eight 30-ml. portions of ether and 
then set aside. The ether extracts were combined 
with the original organic layer, and the solvent was 
then removed in vocuo. The residue was steam 
distilled to  remove excess bromobenzene and bi- 
phenyl. 


The residue remaining after the steam distillation 
was cooled in an ice bath, the excess water decanted, 
and the brown tar dissolved in 15 ml. of absolute 
ethanol. The ethanol solution was then placed in 
the refrigerator for 2 days, during which time a 
crystalline product formed. The light tan crystals 
were collected and dried to yield 28.44 mg. (7.8y0) 
of l-methyl-2,5diphenylpyrrole, m.p. 192-195'. 
[Lit. 192-196' (11.1 


A solid which had crystallized after a few days 
from the aqueous layer was collected by suction 
filtration and dried. The weight of solid was 22.47 
mg. (7.6y0) and melted at 137-139". [Lit. 139- 
141' (6).] The infrared spectrum was identical to 
l-methyl-5-phenyl-5hydroxy-2-pyrrolidone. 


Oxidation of l-Methyl-2,5-diphenylpyrrole to 
Benzoic Acid.-A mixture of 28.4 mg. (0.12 mmoles) 
of l-methyl-2,5diphenylpyrrole, 0.5 Gm. of potas- 
sium dichromate, and 25 ml. of 20y0 sulfuric acid 
was refluxed for 3 hours, during which time i t  was 
occasionally shaken. The small amount of un- 
reacted starting material, removed by filtration, was 
again refluxed with 0.25 Gm. of fresh potassium di- 
chromate in 15 ml. of 20% sulfuric acid for 2 hours. 
The solutions were combined, cooled, and the excess 
dichromate was decomposed with sodium bisdfite. 
The aqueous solution was then continuously ex- 
tracted with ether for 18 hours. 


The ether extract was dried over anhydrous 
magnesium sulfate, then evaporated to dryness 
in vacuo below 20' to afford 23.88 mg. of a light tan 
solid melting at 102-107'. The impure benzoic acid 
was recrystallized from water to  yield 5.40 mg. 
( 18.30/0) of white benzoic acid melting at 11%120'. 
Evaporation of the mother liquor produced 6.03 mg. 
(20.40/0) of additional impure benzoic acid, m.p. 
110-113'. 
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Synthesis of 5-[(2-Fluoroethyl) (2-chloroethyl)amino]-6-methyl- 
uracil (Fluorodopan) 


By HENRYK DUBICKI, FLORIAN ZIELINSKI, and FRED W. STARKS 


Fluorodopan has been synthesized and its 
antitumor activity compared to 5- 2-(bis- 
chloroethyl)amino~-6-methyluracil ( d opan). 


ARIONOV (1) describes the excellent activity of L fluorodopan as a chemotherapeutic agent for can- 
cer. However, the author indicates no preparative 
method. This paper reports the synthesis of this 
compound as performed in our laboratory. 


Fluorodopan has shown activity' against the 
Walker 256 (subcutaneous) tumor system and 
against the Walker 256 (intramuscular) tumor 
system. In the former system, the therapeutic 
index was equal to 4, compared to 13 for dopan 
(2); in the latter system, fluorodopan has shown 
complete tumor inhibition in three cases. How- 
ever, the doses required to produce this effect also 
reflected considerable toxicity to the host in both 
weight loss and death. Minimal activity was dis- 
played by fluorodopan against the Dunning leu- 
kemia system. This was the same response for 
dopan. No reproducible activity was seen when 
fluorodopan was tested against the sarcoma 180, 
lymphoid leukemia 1210, and 9KB cell culture 
cytotoxicity test systems. 


EXPERIMENTAL 
5-Bromo-6-methyluracil @).-To 150 Gm. (1.19 


mo1es)of 6-methyluracil (1)contained in a 2-L. round- 
bottomed flask was added 240 Gm. (1.50 moles) 
of liquid bromine. The mass was stirred manually 
at room temperature to  cause intimate contact of 
bromine with the solid uracil. When the product 
had changed to a homogeneous red color, the mass 
was powdered. The flask was evacuated on a flash 
evaporator at 90' to remove excess bromine and 
hydrogen bromide. A heating period of 2-3 hours 
was required to cause the reaction material to be- 
come a constant yellow-white. The product was 
washed in 4 L. of boiling water for 20 minutes, 
cooled to 20°, and recovered by filtration. The 
yield, after recrystallizing from water, was 209.5 
Gm. (86%), m.p. 230-237' [lit. (3)m.p. 230'1. 


Anal.-Calcd. for C&IH,BrN2%: C, 29.3; H, 
2.5; Br, 39.0; N, 13.7. Found: C, 29.4; H, 2.5; 
Br,39.1; N, 13.6. 


5-Hydroryethyl~o-6-methyluracil (III).-A 1- 
L. steel autoclave was charged with 240 Gm. 
(1.17 moles) of 11,276 Gm. (4.53 moles) of 2-amino- 
ethanol, and 120 ml. of water. The mixture was 
agitated manually at room temperature until a 
homogeneous paste formed. The autoclave was 
sealed and heated a t  160' for 5 hours, then cooled to 
room temperature in a water bath. A clear brown 


Received June 8, 1964. from Starks Associates, Inc., 
Buffalo, N .  Y. 


Accepted for publication June 30 1964 
This work was supported by cohtract'PH43-62-484 from 


the National Cancer Institute, National Institutes of Health. 
U. S. Public Health Suvice Betbesda Md Grateful 
acknowledgment is made to th; technical kdmikstrators of 
the Cancer Chemotherapy National Service Center for 
their generous support. 


The authors are grateful to Dr. Howard J. Schaefler 
for stimulating discussions during the course of this work. 


1 These data were obtained from the Screening Section 
Drug Evaluation Branch, Cancer Chemotherapy Nationai 
Serwce Center, National Cancer Institute. 


2 The method is similar to that employed for the produc- 
tion of 5-(?-hydroryethylamino) uracil (4). 
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V 
oil was obtained, which was dissolved in 2 L. of 
methanol and cooled to -20°, causing the crystal- 
line product to precipitate. The product was 
decolorized with Norit and recrystallized from 
methanol to  yield 85.7 Gm. (39.6%), m.p. 183- 
184'. 


And-Calcd. for C7HI1NsOo: C, 45.4; H, 6.0; 
N,22.7. Found: C.45.3; H, 6.0; N,22.7. 


5 - [(Z - Fluoroethyl)(Z - hydroxyethyl)amino]- 
6-methyluracil (IV).-A 2-L. round-bottomed flask, 
fitted with a water-cooled condenser, was charged 
with 350 ml. of dimethylformamide and 131 Gm. 
(0.708 mole) of 111. The mixture was stirred 
magnetically and heated t o  90'. Bromoethyl- 
fluoride (90 Gm., 0.708 mole) and cyclohexene 
oxide (64.4 Gm., 0.708 mole) were added to the 
reaction mixture in equal portions during eight 
%hour intervals. After the reaction mixture had 
been heated a total of 27 hours, the dimethyl- 
formamide was removed in vacuo to  leave a dark- 
red oil. The oil was dissolved in a minimum amount 
of methanol (about 100 ml.) and added to 2.0 L. 
of ethyl acetate, causing the precipitation of a red- 
black oil fraction which was discarded. The 
supernatant ethylacetate solution was evaporated 
in vacuo to a light-colored oil which was triturated 
with boiling ethyl acetate (10 X 200 ml.). The 
combined ethyl acetate solutions were concentrated 
an vacuo to about 500 ml., heated to boiling, and 
decanted from a yellow oil which had been deposited. 
The hot ethyl acetate was seeded with authentic 
product' IV, cooled at a rate of 20'/hour, stored 


'Seed crystals were obtained by a chromatographic 
separation of the reaction residue on' activated alumina. 
When eluted with ethyl acetate, the desired fraction pro- 
duced a white fluorescence.(U.V.) on filter paper. When the 
color turned blue, collectaon of the fraction was stopped. 
Concentration of the white fluorescing fraction in uocuo 
produced a crystalline product (IV). 
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at room temperature overnight, then at -10" for 
24 hours; yield, 53.1 Gm. (32.6%), m.p. 116- 
119". W t y  of this material was sufficient for the 
succeeding reaction to  form fluorodopan. Product 
IV may be purified by suspending it in boiling ethyl 
acetate (10 Gm., 250 ml.), followed by the dropwise 
addition of methanol until complete dissolution 
occurs. The melting point of pure IV was 123- 
123.5". 


Anal.-Calcd. for CalrFNaOa: C, 46.7; H, 
6.1; F, 8.2; N, 18.2. Found: C, 46.9; H, 6.0; 
F, 8.1; N, 18.0. 


5 - [(2 - Fluorathyl)(Z - chloroethyl)aminol- 
5-methyluracil (V).-To a stirred solution of 
800 ml. of 1.2-dimethoxyethane, 21 ml. of absolute 
ethanol, and 0.6 ml. of water. was added 28.6 ml. 
(0.39 mole) of thionyl chloride. After 5 minutes, 
the solution was cooled to  0", and 80 Gm. (0.36 
mole) of IV was added, then 89.6 ml. (1.23 moles) 
of thionyl chloride (5). The suspension was stirred 
a t  0-6" for 6 hours, then permitted to warm to 
room temperature. The suspension was stirred 


an additional 18 hours, then filtered. The product 
filter cake was washed by resuspending in benzene 
(5 X 500 ml.) and recovered by filtration; yield, 
89 Gm. (83.2%). m.p. 130-140'. The product 
hydrochloride was recrystallized from ethanol by 
the addition of ethyl ether, m.p. 159-160'. Since 
purity of the recrystallized product was poor, the 
free base was liberated by neutralizing a water 
suspension of the salt with saturated aqueous 
sodium bicarbonate; yield from 89 Gm., 67 Gm. 
(86.20/,). The free base was purified by crystal- 
lization from ethyl acetate, m.p. 166-167". 


And-Calcd. for CsHlaClFNaOl: C, 43.3; H, 
5.3; CI, 14.2; F, 7.6; N, 16.8. Found: C. 43.3; 
H,5.3; (21.14.3; F.7.7; N, 17.1. 
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Phytochemical Investigation of Piper cbaba 
By S. S. MISHRA and J. P. TEWARI 


A phytochemical investigation was conducted 
on Piper cbaba Hunter. fl-Sitosterol, piper- 
ine, and piplartine have been isolated in  pure 
form from the stems of this plant and identi- 


fied. 
IPBR CHABA Hunter (Piperacme), known as P chaba, is a glabrous, fleshy plant. It is culti- 


vated in various parts of India and Malaya. The 
assumed medicinal effects of this plant are brieily 
described by Kirtikar and Basu ( l ) ,  Chopra (2), and 
Nadkarni (3). The phytochemical study was initi- 
ated primarily because preliminary screening tests 
indicated that P. chaba possessed hypotensive and 
smooth muscle relaxant activity as shown in acute 
experiments (4). This observation and a survey of 
the available literature, which revealed no apparent 
report on the exact chemistry of this plant, prompted 
this investigation. 


&%tosterol, piperine, and a new alkaloid- 
piplartine (m.p. 124"hhave  been isolated from 
the petroleum ether extract of the stems of P .  chak 
and identified. This finding in the Piper family is 
not unusual (5). Piplartine has also been isolated 
from the stems of P. Iongum Linn.. by Ataland Banga 
(6); its structure has recently been elucidated (7) 
as piperidine amide of 3,4,5trimethoxycinnamic 
acid. Piperlongumine. having the melting point of 
piplartme and identical to  it in many respects, has 
also been isolated from the roots of the same species 
by Chatterjee and Dutta (8). They proposed its 
structure as piperidone amide of 3,4,5trimethoxy- 
cinnamic acid and confirmed i t  by synthesis, dis- 
proving the structure claimed by Atal and Banga. 


EXPERlbfJJNTAL 
plant Material.-The chemical studies were con- 


ducted on an authentic sample of stems of P .  chaba 
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Hunter, free of adulteration and foreign materials, 
obtained from M/S Jai Bharat Traders, Lucknow. 
India. The stems were comminuted to a No. 40 
mesh powder. 


Extraction Studies.-Suitable accurately weighed 
samples of powdered material were extracted suc- 
cessively with a series of solvents in a Soxhlet con- 
tinuous extraction apparatus by the Rosenthaler 
method (9). The percentage of extractives were: 
petroleum ether (b.p. range 40-60°), 0.8%; solvent 
ether, 0.5%; chloroform, 0.5%; ethanol, 3.270; 
70% ethanol, 3.8%. Ash value, determined by the 
B.P. (1963). was 4.5% of the dry weight of the crude 
drug. 


Two kilograms of the powdered drug was ex- 
tracted with light petroleum, b.p. 4WO". in a Soxh- 
let apparatus until an aliquot of the colorless perco- 
late left no residue when evaporated to dryness. On 
keeping the extract overnight, a white deposit was 
obtained and separated by filtration. On further 
concentration and standing overnight, a further 
greenish-yellow deposit. which was again separated 
by filtration, was obtained. On removal of the 
solvent, the filtrate yielded a fatty residue. 


Isolation and Purification of Pip1artine.-The 
white deposit obtained above was crystallized from 
methanol. Silky white needles of piplartine, m.p. 
124". were obtained on three crystallizations from 
methanol in poor yield. It was insoluble in water 
and in dilute acids and alkalies but dissolved in con- 
centrated acid and alkalies. With concentrated 
sulfuric acid, i t  turned yellow. I t  was soluble in 
chloroform and sparingly soluble in ethanol, 
methanol, and benzene. It did not reduce Fehling's 
solution even after hydrolysis. Piplartine de- 
colorized an aqueous permanganate and bromine in 
glacial acetic acid. It gave positive test for nitrogen 
and for alkaloid with various alkaloidal reagents. 


Anal.-Calcd. for CI~H~oNOr: C, 64.35; H, 6.99; 
N,4.41. Found: C,64.6; H, 5.82; N,4.40. 
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Review Article- 


Photometric Titrations 
By STUART P. ERIKSEN and KENNETH A. CONNORS 


INTRODUCTION 


Scope of This Review 
An increased interest in the photometric titra- 


tion technique has resulted in the publication of 
several reviews in recent years. Among these 
are articles by Underwood (l), Goddu and Hume 
(2), and Headridge (3), and a book by Headridge 
(4). These authors have given adequate atten- 
tion to the history of photometric titration 
methods-the summary by Goddu and Hume 
(2) is particularly recommended-and this 
material will not be repeated here. Our treat- 
ment will emphasize the principles upon which 
photometric titrations are based, with special 
attention given to techniques developed in the 
past few years. Examples illustrating each type 
of titration have been drawn from the literature 
or from our unpublished results. 


Experimental Operations' 


One advantage of end-point detection by 
photometric means is simplicity of the experi- 
mental operation, which merely requires the 
evaluation of the suitable optical property- 
which is accomplished with a spectrophotometer, 
a fluorimeter, or a polarimeter-as a function of 
titrant volume. Any commercially available 
instrument may be employed. Two types of 
titration cells have been used. 


The fist and most widely used arrangement 


Received from the School of Pharmacy, University of Wis- 
consin, Madison. 


Based in part upon papers presented at the Third Annual 
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1 Throughout this review the spectrometric nomenclature 
preferred by Analylical Chemislry will be used (8). 


places the titration cell directly in the light path 
of the instrument; it thus takes the place of the 
usual sample cell. Titration is carried out 
directly in the cell. Some means of stirring the 
solution must be provided; this may be a me- 
chanical or a magnetic stirrer. The presence of 
a magnet in the vicinity of a photoelectric cell 
may &ect the response of the cell, and this 
possible source of error must be kept in mind. 
The titration cell may be an ordinary glass 1 


beaker for titrations using the visible region of the I 
spectrum. Ultraviolet radiation requires 
special cell walls of silica. Provision must be 
made for the buret tip and, where necessary, a 
source of nitrogen for flushing the solution and 
cell compartment. 


Many modifications of this basic assembly have 
been reported. The examples given by Goddu 
and Hume (2), Headridge (4), and Bobtelsky 
(5 )  illustrate the types of arrangement possible. 


The second kind of titration system consists of 
a titration cell external to the instrument and 
connected to a flow-through photometer cell 
with some kind of pump to circulate the solution. 
Both mechanical and magnetic circulation have 
been used. An advantage of this method is that 
the magnet can be removed from the vicinity of 
the photocell. Moreover, it  is very easy to carry 
out a simultaneous photometric and potentio- 
metric titration by inserting electrodes in the 
titration flask. Further advantages are the 
ease with which the solution may be thermo- 
stated and protected from the atmosphere. 
The photometer does not require any modifica- 
tion other than a small hole in the cell compart- 
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ment cover to permit passage of the tubing con- 
necting the flow-through cell and the titration 
flask. A convenient assembly has been de- 
scribed by Rehm, et al. (7). 


Several commercial photometric titrators are 
available. Headridge (4) has discussed several 
instruments designed primarily for use in ab- 
sorbance titrations, while Howerton and 
Wasilewski (8) have described one for use in 
studying either absorbance or fluorescent end 
points, Some of these provide a means for 
recording, manually or automatically, the photo- 
cell response as a function of titrant volume. 
Other more sophisticated instruments can ter- 
minate the titration a t  the end point. Although 
these titrators can save much time and effort in 
routine analyses, for developmental and in- 
vestigative work we recommend use of an 
ordinary spectrophotometer or fluorimeter and 
one of the titration cell assemblies discussed 
above. 


Journal of Pharmaceutical Sciences 


E 0.20 
: 010 
v) 6 


B 
u 


Oo0 15 16 17 I 8  19 2 0  21 2 2  23 
VOLUME OF REAGENT ( M U  


Fig. 1 .-Karl Fischer titration of water in methanol 
solution; absorbance measured at 525 mp (9). 


ABSORBANCE MEASUREMENTS I N  
HOMOGENEOUS SYSTEMS 


In this section we consider titrations in homo- 
geneous solutions which are accompanied by 
changes in the light absorbing properties of the 
solution. All such photometric titrations are 
based upon Beer’s law, A = abc, which states 
that the absorbance, A ,  of the solution is directly 
proportional to the concentration, c ,  of the 
absorbing substance; b is the path length, and a 
is the absorptivity. Absorptivity is a function of 
wavelength, solvent, temperature, and molecular 
structure. If the solution contains more than 
one absorbing component, the observed absorb- 
ance is the sum of the absorbances of the 
individual components. These general state- 
ments are of course subject to exceptions, but un- 
less otherwise stated we shall assume adherence 
to Beer’s law in these systems. 


Self-Indicator (Direct) Titrations 
Single Samples.-The simplest systems are 


those in which the sample, the product of the 
titration reaction, the titrant, or a combination 
of these, absorbs light of the selected wavelength, 
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Fig. 2.-Titration of aniline with acetic anhydride 
(10). 


such that a change in ahsorbance occurs during 
the titration. Since absorbance is directly pro- 
portional to concentration, while electromotive 
force is logarithmically related to concentration, 
photometric titration may be expected to be 
more sensitive than potentiometric titration (2) 
(assuming suitable absorption characteristics of 
the components of the titration solution). If the 
concentrations and absorptivities of all species 
are known, the titration plot may be quantita- 
tively predicted. It will consist of straight-line 
segments. The end point is marked by the 
intersection of two such lines. For the titration 
of a single substance the titration may take one 
of several forms, depending upon the absorption 
characteristics of the solution components. 


If the titrant, but neither the sample nor the 
product, absorbs a t  the selected wavelength, the 
plot will look like Fig. 1, which shows the Karl 
Fischer titration of water followed a t  525 mp 
(9). By extrapolation of the two line segments, 
the end point is located. A classic example of 
this type of titration is the titration of ferrous ion 
with potassium permanganat e. 


If the sample absorbs, hut the product and 
titrant do not, as the titration proceeds the 
absorbance will fall to zeio. Figure 2 shows 
an acylation reaction-the titration of aniline 
with acetic anhydride (10). At the wavelength 
selected, only the aniline absorbs (actually the 


0. L 
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Fig. 3.-Titration of 8-chloroquinoline with per- 
chloric acid in acetic acid (11). 
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product does absorb slightly) so the absorbance 
falls. (Sources of curvature will be discussed 
later.) 


If the sample and the titrant do not absorb, 
but the product of the titration reaction does, a 
plot will be obtained like that shown in Fig. 3. 
The acid form of 8-chloroquinoline absorbs 
strongly at  380 mp, so the absorbance rises 
linearly with titrant volume until the titration is 
complete, when it levels off (11). Another 
example would be the titration of fi-nitrophenol 
with a strong base, the absorbance being followed 
near 400 mp. 


If the sample does not absorb, but both titrant 
and product do (but to different extents), then a 
break will again be observed. If the titrant is a 
much stronger absorber than the product, a 
graph like that shown in Fig. 4 will be obtained. 
In this titration the product absorbed strongly 
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Fig. 4.-Titration of o-cresol with bromate-bromide 
solution (12). 


enough that for convenience the absorbance was 
arbitrarily set at  zero about 2 ml. prior to the 
end point (12). In general, these direct titration 
plots require only relative absorbance values be- 
cause the end point is detected through the 
change in absorbance. 


If the product is a stronger absorber than the 
titrant, the slope of the line following the end 
point will be less than that before it. Of course, 
other possible combinations of absorbers exist but 
examples of these are quite rare. 


Mixtures.-One of the advantages of self- 
indicator photometric titrations appears to be 
their ability to distinguish between closely re- 
lated components in a mixture. Hume and his 
co-workers have explored the applicability of 
the method (11, 13, 14). Restricting attention 
to acid-base titrations (though similar conditions 
should be applicable to other systems), two kinds 
of binary mixtures described below may be 
encoun tered. 


First, the weaker compound (acid or base) 
exhibits absorption at  longer wavelengths. 
Then the wavelength can be selected such that the 
weaker compound absorbs while the stronger one 
does not. The resulting titration curve will look 
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Fig. 5.-Titration of 2-methyl-5-nitroaniline and 
4-methyl-2-nitroaniline with perchloric acid in acetic 
acid (11). 


like Fig. 5 ( l l ) ,  which shows the nonaqueous 
titration of 2-methyl-5-nitroaniline [pKb (HJO) 
12.01 and 4-methyl-2-nitroaniline [pKb (HzO) 
13.51. The ortho-nitroaniline, which is the 
weaker base, is the only compound which absorbs 
at around 520 mp. Therefore, no absorbance 
change is seen in the initial stage of the titration, 
for the stronger component is being titrated. A t  
the conclusion of this stage, the weaker base 
begins to consume titrant, and the titration is 
accompanied by a decrease in absorption. 
Finally, when both components have been 
titrated, the absorbance drops to a low constant 
value. 


The second situation is when the stronger com- 
pound absorbs at  the longer wavelengths; this 
is less favorable. The titration of the stronger 
component is accompanied by a fall in absorbance 
if its spectrum is shifted appropriately on titra- 
tion. However, in order to follow the titration 
of the weaker component it is now necessary to 
shift to a lower wavelength. Since the stronger 
compound probably absorbs intensely here, and 
traces of it remain untitrated, curvature of the 
titration plot may result. 


In favorable instances multicomponent mix- 
tures may be susceptible to analysis, particularly 
if the wavelength shift technique is applied. 
Thus, Hummelstedt and Hume (14) titrated the 
four component mixture of (in descending order 
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Fig. &-Titration of diphenyl phosphate, 2.4- 
dinitrophenol, p-nitrophenol, and m-nitrophenol 
with tetrabutylammonium hydroxide in isopropyl 
alcohol (14). 
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of acid strength) diphenyl phosphate, 2,4-dinitro- 
phenol, p-nitrophenol, and m-nitrophenol (Fig. 
6). At 505 mp, diphenyl phosphate does not 
absorb. This strong acid is titrated first. Then 
the 3,4-dinitrophenol is titrated, the anion ab- 
sorbing strongly. This accounts for the second 
segment of the curve, and allows extrapolation 
back to yield the end point for the diphenyl 
phosphate titration. (In a sense, therefore, 
2,4-dinitrophenol may be considered an indicator 
for the photometric titration of the colorless 
diphenyl phosphate.) The next component to 
be titrated is the p-nitrophenol, the anion of 
which also absorbs at  505 mp, but with suf- 
ficiently different intensity from the dinitro- 
phenolate to  permit location of the second end 
point. 


Since nz-nitrophenolate absorbs very strongly 
at  505 mp, and its titration would give rise to 
extremely high absorbances, the wavelength is 
now shifted to 555 mp, and the titration is con- 
tinued to yield the third and fourth end points. 


Sources of Error.-In the most satisfactory 
instances the direct photometric titration plot 
consists of straight-line segments intersecting at 
the end point. Many titrations, however, 
yield lines which exhibit more or less curvature, 
and which do not permit thoroughly reliable 
extrapolation to the end point. One source of 


, this curvature is the dilution effect. If the 
’ volume of the tittation solution is significantly 
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THEU?flICAL PHOlOMETRlC TITRATDN CURVES 
FOR ACIDS OF VARKWS PK’I AT CONCENTRATlOl 


Fig. 7.-Plots of fraction ionized against fraction 
titrated for acids of various pKa’s at M con- 
centration (13). [Courtesy of Analytical Chemistry.] 
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Fig. 8.-Theoretial color change curve for titra- 
tion of weak acid with strong base in presence of 
indicator (1F). 


increased by the addition of titrant, evidently 
the concentration of each absorbing species will 
decrease due solely to this volume change. 
The result is an apparent failure of Beer’s law, 
with negative curvature over the entire length of 
the line segment. Large errors may result. 
This dilution effect may be entirely compensated 
for by multiplying each observed absorbance 
value by the correction factor (V + u)/ V ,  where 
V is the initial volume of the sample solution and 
v is the volume of titrant solution added. To 
render the dilution effect negligible, it is common 
practice to employ highly concentrated titrants. 


A second effect which leads to apparent devia- 
tions from Beer’s law is more specific in nature. 
If one or more of the absorbing species is involved 
in a molecular interaction with another component 
of the solution so that a change in its absorption 
spectrum results, a curvature may be observed 
in the titration plot. Thus, Hummelstedt and 
Hume (14) observed curvature in the titration 
of some phenols and ascribed it to phenol- 
phenolate complex formation. Such effects are 
sensitive to the nature of the solvent, which may 
be changed to eliminate them. 


The most common cause of curvature is 
incompleteness of the titration reaction. This is 
manifested by curvature in the vicinity of the 
end point, and it obviously makes an accurate 
extrapolation more difficult. For example, con- 
sidering acid-base reactions, it  is possible to 
construct a graph of the fraction of the acid in the 
ionized state as a function of the fraction of the 
acid titrated, as done by Goddu and Hume (13), 
Fig. 7. This plot is made for acids of various 
pKa values, all a t  10daM concentration in 
aqueous solution. In the case of acids whose 
absorption is due solely to the anion form, these 
graphs are equivalent to the absorbance-volume 
plots. 
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Of particular interest here are the curves for 
the weaker acids. An acid of pKa 7 gives the 
expected straight line. As the acid becomes 
weaker, say pKa 9, a pronounced curvature is 
observed in the region of the end point. 
Evidently, extrapolation in such a case is less 
certain. This source of curvature-namely, 
incomplete reaction (that is, “hydrolysis of the 
salt” in the present case)-is responsible for most 
of the curvature observed in this type of photo- 
metric titration plot. Goddu and Hume (13) 
estimate that satisfactory titrations can be made 
in aqueous solution if the product CHAKa is 
equal to or greater than lo-”. Grunwald (15) 
has presented a mathematical correction pro- 
cedure which employs the data taken in the 
curved portion of the plot to yield the correct 
end point. 
Indicator Titrations 


A major limitation to the application of the 
direct or self-indicator photometric titrations 
just discussed is of course the requirement on the 
absorption spectra of the solution components. 
By incorporating an indicator in the solution, the 
titration becomes nearly general in its applica- 
bility and in this section we consider the types 
of photometric indicator titration plots which 
have been developed. 


Absorbance-Volume Plots.-Visual indica- 
tor titrations are the most convenient of all, but 
sometimes the color change is too gradual to 
permit accurate location of the end point. It 
seems reasonable to expect that photometric 
observation of the color change might lead to 
more accurate and precise titrations. It is 
possible to predict the curve to be found. Figure 
8 shows the curve relating the fraction of indicator 
color change to the fraction of weak acid titrated 
by a strong base for the case in which Kr/Ka 
= 0.1; in other words, the indicator is a weaker 
acid than is the sample. It is assumed that the 
titration reaction is complete. If the base form 
of the indicator were colored, Fig. 8 would be 


!*t 0 2  
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Fig. 9.-Titration of magnesium with EDTA, using 
Eriochrome black T indicator (18). 


equivalent to the absorbance-volume plot (16). 
The end point is marked by the sharp change in 
direction. Note that the approach to the end 
point is characterized by a line which approxi- 
mates to a straight line, but is really a curve. 
In any actual case we may expect that this will be 
a possible source of error. It is not possible to 
extrapolate from a great distance prior to the end 
point because the line is curved. 


Though Fig. 8 has been calculated for an acid- 
base reaction, the same considerations will hold 
for complexometric titrations, though in this case 
conditional stability constants would apply. 
Fortuin, et al. (17), have presented a graph for a 
complexometric indicator titration which is 
similar to Fig. 8, and these authors have exam- 
ined some of the factors which influence the 
accuracy of the end-point determination. Com- 
plexometric titration has in fact been the area of 
greatest use of absorbance-volume plots in 
indicator titrations. Figure 9 shows a typical 
example-the EDTA titration of magnesium 
with Eriochrome black T indicator-btained by 
Z a k ,  et al. (18). The experimental curve ap- 
proximates to the theoretical shape, but some 
curvature is noted near the end point. Ring- 
bom, et al. (19), have carried out similar calcula- 
tions and experiments for the complexometric 
titration of very dilute solutions. 


Such plots have not been widely used in acid- 
base titrations. An ingenious application of 
indicators to these reactions has been made by 
Goddu and Hume (13), who carried out matched- 
strength indicator titrations. The colorless acid 
sample was titrated in the presence of an indicator 
of the same acid strength and of known con- 
centration. The titration plot resembles that 
for the colored acid alone, being a direct type of 
plot, but the apparent intensity of absorption is 
diminished because the colorless acid is titrated 
simultaneously. The end point is for the sum 
of the two acids, and the colorless acid is found by 
difference. Another kind of absorbance-volume 
indicator titration plot has already been en- 
countered in the discussion of Fig. 6, where it 
was pointed out that the weaker acid 2,4-dinitro- 
phenol served as an indicator for the titration of 
diphenyl phosphate. Goddu and Hume (13) 
and Reilley and Schweizer (20) have employed 
such systems in acid-base titrations. The two 
types of titration discussed in this paragraph 
differ from the kind represented by Figs. 8 and 9 
in that the indicator concentration in the solu- 
tions considered here is comparable to the con- 
centration of the sample substance, while for 
titrations of the kind in Figs. 8 and 9 the indicator 


, 
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, concentraticn is generally negligible in terms of 
titrant consumption. 


A variation of the absorbance-volume plot has 
been introduced by Bruckenstein and Gracias 
(21), who evaluate (for the case of aqueous acid- 
base titrations) the point at which the second 
derivative A* pH/AV2 is zero; this is taken as the 
end point. The method employs differential 
spectrophotometry of solutions containing an 
indicator, the data  being taken in the region of the 
end point. The original paper should he con- 
sulted for details. 


Indicator Ratio Methods.-The absorbance- 
volume plot is  limited primarily by  i t s  depend- 
ence upon da ta  obtained in the  vicinity of t h e  
end point, and these are often the poorest data  
for extrapolation purposes. Moreover, i t  is 
necessary t o  collect data on both sides of the end 
point for such extrapolation. Recently, some 
related methods have been developed by Higuchi 
and his co-workers which utilize data  further 
from the end point for linear extrapolation; 
in these methods data are necessary on only one 
side of (that is, before or after) the end point. 
The treatment given here will consider the 
titration of a base with an acid. The titration 
system is pictured as  a competition between the 
sample base I3 and indicator base I for the 
titrant acid HA (Eqs. 1 and 2). 


, 


BHA + I IH.4 + B (Eq. 1 )  
I 


The reaction between B and HA (the titration 
reaction) is considered to  proceed to  completion, 
and the amount of titrant consumed bv the 
indicator is assumed negligible. Now let X’ be 
the total concentration of acid added to the 
system at any time prior to  the eqd point, and 
let S’ be the total concentration of base initially 
present. 


S’ = [BH..\] (Eq. 3) 


S ’  = [BI + [BHA] (Eq. 4) 


The concentrations X’ and S’ can be converted 
to the corresponding volumes X and S with the 
relationships X’ = X N / V  and S’ = SN/V, 
where N is the titrant normality, V is the total 
volume of the titration solution, X is the volume 
of titrant added at any point, and S is the volume 
of titrant required to react stoichiometrically 
with the total base present. Combination of 
these relations with Eqs. 2, 3, and 4 gives the 
fundamental titration equation 


0.25 N PERCHLORIC ACID, ml. 
Fig. 10.-Type I plot for titration of triphenyl- 


guanidine with perchloric acid in acetic acid, using 
quinaldine red indicator (16). [Courtesy of Analyti- 
cal Cheniistry.] 


where &,/Ib, the indicator ratio, is  written for the 
quantity [IHA]/ [I]. K,, is called the exchange 
constant, and evidently it is a measure of the 
relative basicity of I and B. 


The indicator ratio is calculated from the 
spectrophotometric data  by 


where .4h is the absorbance of the solution when 
the indicator is totally in the base form, A ,  is 
the absorbance when the indicator has been 
completely converted to  the acid form, and A is 
the absorbance when it is in any mixture of the 
two forms; all solutions must contain the same 
concentration of indicator. Usually the wave- 
length is chosen so that  either .4 or A b is zero. 
To render negligible the effect of dilution by the 
titrant, i t  is common practice to  incorporate the 
indicator in the titrant in the same concentration 
it has in the sample solution; the dilution effect 
is thus eliminated. Several uses of Eq. 5 will be 
considered below. 


TYPE I SYsTEMs.-The titration Eq. 5 can be 
rearranged to  XK,, (Ih/Ie) = S - X. Now 
consider a system in which K,, is very small, of 
the order This means that  R is a much 
stronger base than is I. The indicator color 
change will all occur in the final few per cent of 
the titration. In such a case, therefore. it is per- 
missible to make the substitution S = X 


SI&(1b/Ia) = s - x 0%. 7) 


This is a linear equation in I&, and X; the 
intercept on the X axis is S, the end-point volume. 
An example of this method of titration, which is 
termed the Type I plot, is shown in Fig. 10 (16). 
The Type I method is capable of great precision, 
and it should find use in the analysis of high- 
purity chemicals and the development of primary 
standards. Because of the nature of the assump- 
tion made in the derivation of Eq. 7 data  can 
only be taken close to  the end p i n t .  It should 
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be noted that with this plot all data are collected 
before the end point is reached. 


TYPE I1 SYsTEMs.-In the more general case 
the basic titration Eq. 5 must be employed (16). 
This equation can be placed in three forms which 
are linear in the titration variables (22). (For 
convenience K is written for Kex.) 


1/X = (K/S)(Ib/I.) 1/S (Eq. 8) 


In this form the indicator ratio Ib/I,, is linear 
with 1/X, the reciprocal of the titration volume 
(16). An example is shown in Fig. 11 (22). 
From the slope and either intercept the end- 
point volume, S, and the exchange constant, K, 
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Fig. 11.-Type 11-a 
plot for titration of 
urea with perchloric 
acid in acetic acid, 
using Nile blue A indi- [F slope = S / K  cator (22). 


-I  .6 


Typ. H-0 


-2.4 
0.0 0.2 0.4 


I / X  


can be determined.* This photometric titration 
plot, called the Type 11-a plot, has been applied 
to acid-base titrations in aqueous and nonaqueous 
systems (16, 23-26). It has enabled successful 
titration to be made of very weakly acidic and 
basic substances not otherwise accessible to acid- 
base titration. 


The Equation 9 gives another form of Eq. 5. 


X(Ib/I.) = S/K - X/K (Eq. 9)  


corresponding plot, known as the Type 11-b 
plot, is shown in Fig. 12 for the Same data graphed 
in Fig. 11 (22). Again both S and K are readily 
determined from any two of the three features 
of the line (two intercepts and one slope). 
The third form (Eq. 10) is graphed in Fig. 13; this 
is the Type 11-c plot. 


I./Ib = (I./Ib)S/X - K (Eq. 10) 


All Type I1 plots employ data taken before 
the end point, and in fact can utilize information 
taken much earlier in the titration than is pos- 
sible with absorbance-volume plots. Besides 
permitting the use of much more data, some 
special advantage may result. For example, 


* The plot as shown places the independent variable on the 
This is why the slope is horizontal axis as is customary. 


S / K  rather th in  K / S ,  indicated by Eq. 8. 


preapitation of the titration product, which , 
would vitiate the absorbance-volume plot, may 
not prevent accurate location of the end point by 
the Type I1 plot. 


In addition to providing a value of S, the end- 
point volume, these methods give a value for the 
exchange constant. In the case of acid-base 
reactions the exchange constant is a measure of 
acidity or basicity, and many such constants have 
been evaluated by this means (16, 27-29). The 
same equations will apply to 1:1 complexation 
reactions, and it seems that one of the most 
promising uses of the Type I1 plots may be in the 
evaluation of complex stability constants. 


TYPE 111 SYSTEMS.-If the indicator base is so 
weak that it does not begin to change color until 
essentially all of the sample base has been 
titrated, then the color change is governed not by 
the competition (1) but by 


I + H A = I H A  0%. 11) 
The free acid concentration [HA] is given by 


[HA1 = (L/Ib)(l/K’) (Eq. 12) 


where the significance of K‘ depends upon the 
nature of the reaction and the titration con- 
ditions; thus in an aqueous acid-base reaction 
K’ is the reciprocal of the dissociation constant 
of the conjugate acid form of the indicator. 
Equation 12 can be transformed into 


, 


x - s = (I,,flb)( V / K ’ N )  (Eq. 13) 


X f b / & l .  S / K  - X / K  


sIwa * -111 


X 


Fig. l2.-Type 11-b plot; see Fig. 11 for 
1. 


0 0  0.8 1.0 1.5 
fI&b ) f I / X  J 


X 


Fig. l2.-Type 11-b plot; see Fig. 11 for 
1. 


0 0  0.8 1.0 1.5 
fI&b ) f I / X  J 


details 


Fig. 13.-Type 11-c 
ploti see Fig. 11 for 
details (22). 
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where the quantity (X - S) N /  V has been sub- 
stituted for [HA]; in this case X is greater than 
S. This equation is linear in X and Ia/Ib, and 
the X axis intercept is equal to the end-point 
volume, S. From the slope, the equilibrium 


I constant can be evaluated. Figure 14 shows an 
example of this kind of titration, which Rehm 
and Higuchi called the Type I11 plot (30). 
Note that with the Type 111 plot all data are 
taken after the end point. 


SOURCES OF ERROR.-h many systems ap- 
plication of the indicator ratio methods just dis- 
cussed reveals curvature in the titration plots. 
This deviation from the behavior predicted on 
the basis of Eq. 5 can be accounted for by a more 
complete treatment of the system. Suppose 
that the equality expressed by Eq. 3 fails to hold; 
in other words, some of the acid added to the 
system is present in a form other than BHA. 
(The reasons why this may be so will be dis- 
cussed shortly.) Let the concentration equiva- 
lent to this acid be denoted by R'. Then Eqs. 3 
and 4 may be more accurately given as 


X'  = IBH.41 + K' (Eq. 14) 


, 


S' = [B] + [BHA] (Eq. 15) 


These equations can be combined with Eq. 2 
as before to give the general titration equation 
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QUININE t60/wo 


ClNCHONlNE "9,, 


' where R is the volume of titrant acid equivalent 
to that added but not consumed in the actual 
titration reaction. In the limiting case in 
which R is negligible Eq. 16 becomes equivalent to 
Eq. 5.  When R becomes significant compared 


1.304 N HCl, ml. 
Fig. 14.-Type I11 plot for titration of aniline in 


water with hydrochloric acid, using Metanil yellow 
indicator (29). [Courtesy of Analytical Chemistry.] 


PH 
Fig. 15.-Representative pH-fluorescence curves 


for the three most common types of fluorescent sub- 
stances. Key: ---, acid type (&naphthol); ---, 
basic type (quinine, activation/fluorescent wave- 
length 250/450 mp); +-, bifunctional type 
(quinine 250/390 mp). 


with X, then curvature is observed in the con- 
ventional Type 11 plots as described. There may 
be several sources of this deviation : 


The indicator is present in sufficient con- 
centration that it accounts for the consumption of 
a significant volume of titrant acid; then R' = 
[I H .4 1. 


(ii) The solvent contains a basic impurity C 
which consumes titrant; then R' = [CHA]. 


(iii) Most important, the titration reaction 
does not go to completion (that is, the product of 
the reaction undergoes solvolysis).s Then R' = 


[HA]. 
A practical experimental technique has been 


developed which eliminates all three sources of 
error (27). The procedure involves the titration 
of two samples identical except for the amount of 
sample base. Let sample 1 be the smaller of the 
two. Then Eq. 16 represents the titration of 
this sample, the volumes being denoted X I  and 
S I .  A similar equation describes the titration 
of sample 2. The quantity R is identical (or 
practically so) in the two titrations a t  a given 
value of the indicator ratio. The two equations 
are now subtracted, a t  constant Ia&, thus 
eliminating R. The resulting equation can be 
placed in the usual Type I1 forms; for example, 
the Type 11-b equation becomes (X, - X,) 
(I&) = (Sz - S I ) / K  - ( S 2  - Xl)/Zi which 
may be compared with Eq. 9. The end point 
represents the titration of the difference between 
samples 1 and 2. This technique is called the 
modified Type I1 titration (27). It is effective in 
eliminating the sources of error listed above. 
Some special cases of mixture analysis have also 


(i) 


The limitations thus imposed on the use of Eq. 5 have 
been analyzed in detail by Bruckenstein and Nelson (24). 
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been treated (27). Details for its application 
will be found in the original papers (22, 27). 


The general application of indicator ratio 
titration plots to the analysis of mixtures has 
not yet been attempted. It must be kept in mind 
that a second basic substancle will cause an 
interference which cannot be a r m v e n t e d  by 
the modified Type I1 technique unless this 
impurity is introduced in the solvent. If the 
impurity is present in the sample its amount can- 
not be varied independently of the sample base 
and its influence cannot therefore be subtracted 
out. 


Although the discussion throughout has 
treated the titration of a base with an acid, the 
reverse case is analogous, the ratio appearing 
as its reciprocal, IJI. 


FLUORESCENCE MEASUREMENTS IN 
HOMOGENEOUS SYSTEMS 


Fluorescence is a function of the molecular 
species present in solution and may often there- 
fore be used as a means of determining the 
change in ionic form occurring dwing a titration. 
The fluorescence of a dissolved substance is very 
nearly a linear fundon of the concentration of 
the fluorescing ion so that it may be used in a 
manner quite analogous to absorbance. Fluoms 
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Fig. 16.-Titration of 1 mcg. tyrosine (1 mcg./ml.), 
pK (found/lit.) 11.97/11.80. 
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Fig. 17.-Titration of 1 mcg. cinchonine(1 incg./ml.), 
pKfd 4.12. 


Fig. 18.-Titration of 1 mcg. riboflavin (1 mcg./ml.), 
pK fd 1.63. 


tl(0H) rid. 
Fig. 19.-Titration of 0.1 mcg. riboflavin (0.1 


mcg./ml.). 


cence varies with concentration according to 


F =  PC (EQ. 17) 


where F is fluorescence (in relative photometer 
units), C is the concentration of the fluorescing 
species, and P is a constant relating the two which 
is a function of the structure of the molecule, the 
incident light power, and the Beer's law constants 
for the system.' 


Just as with ahsorbance, titrations involving 
fluorescence may be performed using either the 
activity of the compound itself as a measure of 
ion concentration (self-indicator or direct titra- 
tion) or the change of the fluorescence of an 
indicator to determine the effect of added titrant 
(indicator titration). 
Self-Indicator Direct Titrations 


Fluorescence-pH curves may assume three 
general shapes (see Fig. 15). Tho= molecules 
with two functional groups gmerally show a 
humplike curve as shown for tyrosine and one 
wavelength combination for quinine. The acid 
type is represented by naphthol and the basic 
type by quinine and cinchonine. As may he 
expected, any of these fluoresence-pH slopes 
may be used for titration. 


Plots to determine the end points in direct 
titrations using fluorescence suffer from the 
same problems that are observed in absorbance 
"self-indicating" titrations, in that there is a 
lower concentration limit at which the effect of 


4 The exact exprtsrion is P - ZIo (1 - c - a ) ,  where the 
term F & the observed l u o r ~ .  2 ia a constant relating 
the ef6dency of the conver~on of absorbed light to that 
fluoresced. both term# being meuured in relative photometer 
uoitr. aod ID incident light power. 
The complete expansion d the above i s  


F - ZIc (obr - L:F + 3! - . . .) 
so that the wumption of linearity 6.r. F - ( Z l l n b )  C 3 
PC. involver an errm ot about I per kent 'or less for mo1ccul.r 
weights of about 300,l-cm. cells, abrorptivities of about 1000. 
and concentrations of ahout 103 A f .  
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titrations; many examples are available, par- 
ticularly those in which metal complexation or 
chelation is involved, e.g., see (4). Their prime 
use has been for metal titrations, but they need 
not be so limited. Fluorescent compounds can 
be quite effective as pH indicators, for instance, 
although they would seem to offer little advantage 
over standard indicators except for their intense 
color. Their ability to fluoresce brightly in 
very thin layers, however, has suggested their 
use in titrations involving very dark or opaque 
solutions and suspensions (32).  Many 
fluorescent pH indicators are available (33, 3 4 ,  
and the entire pH range is accessible. 


Despite the considerable application of fluores- 
cent indicator titration, it appears that investiga- 
tors using this technique have not made the most 


WITH THORIUM 


I 
a. 


J .I I LO L I  


Fig. %0.-.4 fluo- 
rescent indicator ti- 
tration of fluoride 
with thorium (35). 


MLS 


the solvent swamps that of the sample (1 1). In 
the extremely dilute solutions measurable by 
fluorescence, data may easily be obtained well 
beyond the limiting product CfrAKa = 
but the end point is not readily observed. Data 
from titrations o f  these dilute solutions can, 
however, be used to obtain pKa values for fluo- 
rescent compounds. 


Rearrangement of the general equations for the 
dissociation constants for acids and bases, using 
the approximation in Eq. 17 to estimate the con- 
centration of the fluorescing species, yields 
equations suggesting linear plots for easily ob- 
taining Ka values for fluorescing substances 


1 / F  = Ka/PC(I/H‘) + 1/PC (Eq. 18) 


1 / F  = K,/KaPC(I/H+) + I /PC (Eq. 19) 


for either the case where the conjugate acid 
(Eg. 18) or the conjugate base (Eq. 19) is fluores- 
cent. By the simultaneous measurement of pH 
and fluorescence, the quotient of slope and inter- 
cept of the appropriate graph will yield values for 
the Ka (31) even in very dilute solution; 
see Figs. 16-19. Quantities of material as small 
as 0.1 mcg. and probably lower can be determined 
reproducibly as orily 1 ml. of solution is required 
for titration. 
indicator Titrations 


, 


Fluorescence titrations with indicators are 
much more commonly used than are direct 


TO 


60 P 
Fig. 22.-A replot of the 


data of Howerton (8) for the 
80 p1. Labtrol 4 X lo-‘ 
EDTA titration of zinc (cal- 
cein), according to Type I1 
mathematics. 


of the recent advances in the field of data han- 
dling. A scan of the likely literature indicates 
that, although they are amenable to such proc- 
essing, fluorescent indicator titrations are not 
being evaluated through the use of the “indicator 
ratio” equations, despite the strong evidence 
(from absorbance titration results) of their 
superiority over direct fluorescence versus volume 
plots. Figure 20 (35) shows the results of a 
thorium titration of fluoride, using SPADNS 
(a phcnylazonaphtholene siilfonate) as an . .  


indicator, plotted as a direct titration. After 
total precipitation, the color of the thorium- 
SPADNS complex develops. While this is a 
satisfactov end point, the data prior to the end 
point could have been used to get the same end 
point value using a Type I plot (Fig. 21). If 
the addition of thorium had been carried on far 
enough to permit the top of the complex-color 
curve to be observed, this system probably would 
be better graphed as a Type I11 plot. 


The sharpness of break at the end point in some 
of the direct titration plots in the literature hides 
the fact that the end points are not always so 
clear cut. Considerable rounding often occurs 
near the end point, making extrapolation dif- 


Fig. 21.--h replot of the 
data of ~ i ~ .  20 according to 
Type I mathematics. 
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ficult. The back-titration of EDTA with zinc in 
a calcium determination with calcein indicator, 
by Howerton and Wasilewski (8), was such a situ- 
ation. The data obtained by these authors, re- 
plotted with Type I1 mathematics, yielded Fig. 
22, showing clearly the applicability of such end- 
point extrapolations. 


The sensitivity of fluorometric titrations is 
great. Titrations of very fluorescent substances 
(using Eqs. 18 or 19) in the 0.1 to 1 mcg. range 
can easily be duplicated to within 2 to 5 per cent 
without special precautions. The indicator 
method without plotting improvements yields 
1 to 5 per cent accuracy on samples of about 1 
mcg./ml. The more sophisticated data handling 
methods should afford better results. 


TARTRATE OIM 


t.. 
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Fig. 23.-The titration of optically active tartrate 
with NaOH using optical rotation to locate the end 
point (37). 


METHODS BASED ON OPTICAL ROTATION 


End points depending upon changes in optical 
rotation can be used only for compounds having 
rather specific structural features. They must 
be optically active, and their activity must 
change, preferably by a great deal, during the 
course of the titration. 


Self-Indicator (Direct) Titrations 
While a considerable amount of work has been 


published on the effects of pH on optical rotation, 
especially by Britton and his co-workers (36, 
37), these were not actually titrations. These 
workers were mainly interested in using optical 
rotation to detect the ionic species present during 
complexing. Their data were obtained as in a 
titration, however, and can be used to demon- 
strate the methods. Examples of some of their 
original data, replotted as for a titration, 
indicate that (although these workers apparently 
did not see the value of it at  the time) polari- 
metric titration end points can be obtained 
(Figs. 23 and 24). Britton and co-workers do not 
appear to have been the first to use polarimetric- 
pH data, although they seem to have been the 
most ptolific (38). These figures show the titra- 


I 


Fig. 24.-The titra- 
tion of optically active 
lactate with NaOH 
using optical rotation 
to locate the end point 
(36). 


tion of tartrate and lactate, their own rotation 
being used as an indication of the degree of titra- 
tion (self-indicator). The change in the case of 
tartrate is quite spectacular, while the lactate 
case leaves something to be desired; but both 
are usable. 


The recent availability of spectropolarimeters 
has made it convenient to select the wavelengths 
most suitable for titration studies, creating pos- 
sibilities for selective titrations of mixtures, and 
for maximizing end-point breaks by selecting 
appropriate wavelengths. 


Indicator Titrations 
Recently, Kirschner and Bhatnagar (39) have 


described work done with a Beckman DU 
modified by the Rouy method (40) and enlarged 
to take a 10-cm. cell. They report sample curves 
for an acid-base titration (HCI with NaOH) using 
about 0.04 M D-tartaric acid as the indicator. 
The sharpness of the end point is notable, but is 
largely due to the very high indicator concen- 
tration (see Fig. 25). The reactant concentra- 
tions were 0.1 N HCl and 5 N NaOH, so that one 
might expect sharp end points. The authors 
assert that the second break is due to the second 
ionization constant of tartaric acid; i. e. this is a 
“self-indicator” titration that they suggest can 
be used to find the concentration of the indicator 
present. While the end point shown on the 
figure and in their paper is clear enough, a con- 


f- HCI /NAOH 
( O ~ T U T A R I O  AGIO) 


.z .* ,e .a 1.0 LC 1.4 1.a u 
MLS. NAOH 


Fig. 25.-The titration of acid with base using an 
optically active indicator (39). 
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siderable improvement in the data treatment for 
this type of titration, which should be helpful 
when less definite end points are obtained, can 
he achieved by using the Type I11 “linear plot”-- 
the one designed for indicators that change after 


I the end point. The results of this type of 
plotting are shown in Fig. 26. The authors have 
also shown this procedure to be useful in the 
study of the interaction of metals and optically 
active complexers, 1-histidine in the case shown 
in their paper, although this use has been de- 
veloped to a much greater degree by Britton and 
his co-workers (37) and others, e.g., see (41) and 
(42). 


It  would not seem that this would be a par- 
ticularly sensitive method, although it is cer- 
tainly specific, and very likely would yield good 
pK values for specific groups even when as- 
sociated with other groups with similar pK’s. 
The large volume and high indicator concentra- 
tion that seem to be required would appear to 
limit its usefulness. All that is required for 
improvement is the discovery of some really 
active pH-sensitive compounds. 


One important point that should be recognized 
is the rather large temperature effect on optical 
rotation of some optically active molecules-up 
to 10 per cent /” C. for tartaric acid, for instance 
(43)-and the relative ease with which the 
racemization of isomers can occur, particularly in 
strong acid or base. Thus, if one proposes to 
develop a very accurate and sensitive method 
using this technique, temperature control is 
necessary. 


: 


I 


ABSORBANCE MEASUREMENTS IN 
HETEROGENEOUS SYSTEMS 


Self-Indicator (Direct) Titration 
Titrations using the separation of another 


phase to signal the end point have been grouped 
into three categories: turbidimetry, nephelom- 
etry, and heterometry. These are all char- 
acterized by measurements of the effects of a 
dispersed phase on the passage of light through 
the system, and the first two (turbidimetry and 
nephelometry) while requiring different equip- 
ment are, from the standpoint of visually de- 
tected end points, the same. The end points for 
heterogeneous titrations are always made at  the 
point of complete precipitation and visual de- 
tection of this point is some small problem, as 
one must determine the titrant volume that 
causes the last bit of precipitation in a cloudy 
solution. 


Several very clever methods have been devised 
to overcome this limitation, Gay Lussac’s “equal 
turbidity” method being one (44). All of the 
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Fig. 26.-A replot of the data of 
Fig. 25, according to Type I11 
mathematics. 


other schemes devised to sharpen the observation 
of the faint opalescence produced in the super- 
natant by “one more drop of titrant” have en- 
countered the problem of the common ion 
effect. As a point of interest, i t  was to deter- 
mine this “amount still in solution” in the AgCl 
titration that led Richards and Wells (45) to 
develop the nephelometer during their early 
studies on the atomic weight of silver. 


Instrumentally, turbidimetry and nephelom- 
etry differ; transmitted light is measured in 
turbidimetry, scattered light in nephelometry. 
While both are instrumentally similar save for 
geometry, nephelometry (in which one measures 
a small change against a dark background) 
should be fundamentally more sensitive than 
turbidimetry, which, like colorimetry, involves 
measuring a small change against a bright back- 
ground. 


Heterometry is a field in itself. Largely 
pioneered by Bobtelsky and co-workers (46), 
i t  is not actually a titration tool at all, but rather 
an investigational tool for studying multiphase 
relationships and phase changes. It would 
seem from Bobtelsky’s earlier work that quantita- 
tive titration was a valuable side product rather 
than an aim of the development of heterometry. 


Heterometry differs from turbidimetry more in 
point of view than in any profound manner. Its 
development stemmed, it seems, from the desire 
to study multiphase systems without additives 
(such as polymers to retard crystal growth and 
influence particle size) and it produced a 
simplified turbidimetric titration procedure by 
ignoring “principles” considered to be absolute 
in turbidimetry and nephelometry. Thus, in 
many cases, Bobtelsky has found that differing 
rates of nucleation and growth, admittedly 
problems, affect the absolute values of the absorb- 
ance or light transmission but not the critical or 
“break” points which are of interest in titration. 


For the moment we shall ignore the theoretical 
difference between scattered light measurements 
and transmitted light measurements (we will 
merely assume that one need only change ordi- 
nates to plot one or the other). Figure 27 shows 
the eight types of precipitation titrations. 
Graph 1 depicts the classical one obtained from 
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know which portion or portions of the curve can 
be used, although in theory any “critical point” 
should be usable. Complicating the analytical 
problem are practical limitations such as partial 
solubility of the precipitate, rate of precipitation 
at  the end point, and coagulation caused by 
excess titrant which produces nonlinear portions 
that defy extrapolation. 


The problems of speed of nucleation and 
whether crystal growth is occumng rather than 
new nucleation have been theoretically discussed 
by Fischer and co-workers (47). Slow crystal- 
lization is a prime concern because it is just at the 
end point, where the degree of supersaturation is 
lowest, that the rate of precipitation is also the 
slowest, making equilibration at  this point of 
some concern. In this connection Bobtelsky 
asserts that equilibration is usually reached 
“after a few seconds to one minute” as evidenced 
by stable photometer readings on his “hetero- 
meter.” Because light scattering and turbidity 
should both be functions of particulate surface 
area, and the mass of precipitate a function of 
titrant volume, calculated data for surface area 
as a function of added titrant should closely 
approximate absorbance-volume data from titra- 
tions. Fischer (47) was able to perform this 
calculation for the two extremes to be expected 
for absorbance ucrsw titrant volume plots 
(Fig. 28). The upper (straight) line in Fig. 28 
represents the situation where only nucleation 
occurs without crystal growth. The surface area 
increase is roughly linear with the mass of 
preicpitate (light absorbance thus should be a 
linear function of the added titrant volume). 
When the worst possible situation occurs, an 
initial seeding followed only by crystal growth 
and no further nucleation, the parabolic lower 
curve of Fig. 28 results. All possible variations 


I 


I 


, 


the ideal case where the precipitate is virtually 
insoluble. Reagent A plus reagent B creates a 
nearly insoluble precipitate AB. Additional A 
has no effect on the state or amount of pre- 
cipitate. 


Graph 2 describes the case in which the pre- 
cipitate forms but, a t  the equilibrium point B, a 
second 1 : 1 solubilizing reaction begins which pro- 
ceeds to completion at  about AzB. Graphs 4 
and 7 show similar situations where the dissolu- 
tion is either nonstoichiometric or involves other 
ratios of titrant to titrand than that in Graph 2. 
Point B in Graphs 1 and 2 represent stoichiornetric 
formation of a product and thus are usable end 
points. 


MLS. TITRANT 
Fig. 27.-The eight general types of multiphase ti- 


trations, after Bobtelsky. 


Graph 3 shows the formation of either a 
partially soluble product or a soluble interaction 
product (complete at  point A) which secondarily 
interacts with another molecule of titrant to 
produce complete precipitation at  point B. 
This is much like the Ag(AgCN) reaction. 
Graphs 6 and 8 show the same situation, but 
include quantitative precipitation followed by 
further solubilization of the precipitate; dif- 
ferent ratios of titrant-titrand are required to 
achieve the same result in the two cases shown. 
The initial point A then represents either the 
solubility of the product or the stoichiornetric 
formation of the soluble interaction product. 


Graph 5 shows the formation of insoluble inter- 
mediates which rearrange to more stable forms 
upon addition of more titrant. 


There is a great number of possible combina- 
tions of these basic systems, and in addition no 
limit to the possible number of intermediates. 
The detection of a quantitative end point depends 
upon a knowledge of the reaction in order to 


MASS 
Fig. 28.-The theoretical limits for the two types 


of precipitation to be expected during a titration 
(47). The upper line, nucleation without crystal 
growth, lower line, growth only without nucleation. 
All combinations should lie between these two ex- 
tremes. 
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and degrees of these two should lie between these 
two extremes. The more curved (crystal growth) 
cases will produce titration end points which are 
hard to detect, being marked by the intersection 
of a nearly horizontal curved line with the 
horizontal one occurring after the end point 


The solution to this problem often simply re- 
quires the addition of a protective colloid. While 
this is usually effective, as one might expect, 
cry5tal-face poisoning is a highly selective 
pheriomenon and no universal nonionic protective 
colloid has been found. Protective colloids 
have one other beneficial effect: they inhibit the 
adsorption and premature precipitation of the 
ions being titrated onto the surface of the pre- 
cipitate, a troublesome problem that can pro- 
duce carly end points. 


Lkspite the problems outlined, turbidometric 
end points can in many cases be quite straight- 
forward. Consider the titration of 0.585 mg. of 
sulfate with 1.G X lOP3M barium ion [Fig. 29 
(48) 1 or the titrations of calcium with phthalate 
by nobtelsky [Fig. 30 (49)]. 


An interesting nonmetallic, organic titration 
was published by Lambert (50) .  ,4n anionic 
surfactant was titrated with a cationic agent to 
produce an almost perfect reproduction of one 
of Robtelsky’s theoretical curves (Fig. 2.5) 
involving a slightly soluble interaction product 
suddenly achieving saturation, then redissolving 
(or in this case reacting further to produce a 
soluble compound); see Fig. 31. These curves 
are endlessly repeated in the polymer literature, 
but this is an interesting pharmaceutical example. 


Indicator Titrations 


There was a flurry of research done several 
decades ago on added indicators whose function 
was to precipitate a t  the end point of a titration 
(51). This “new principle,” as it was termed by 
its inventor in 1925, seems to have died a very 
undeserved death. Several series of potentially 
useful indicators were tested, of which the most 
promising seemed to be the rhodamines and the 
p-aminoazobenzenes. Many of the derivatives 
of these parent compounds were quite effective 
and were able, according to the author, to pre- 
cipitate in an extremely narrow pH range. 
These indicators were effectively used for the 
titration of several common acids (along with 
barbital, boric, and arsenous acids) with ex- 
cellent results. The sharp change in the pH- 
solubility profile of these indicator compounds 
makes them somewhat more difficult to use than 
the usual indicator that telegraphs its end point 
by the color changes produced as the titrant is 
added. Fairly dilute solutions must be used as 
concentrated titrant produces an immediate 
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Fig. 29.-The nephelometric titration of sulfate 
(0.585 xng.) with barium ion (48). 


P / SAME 


0 u 
4 s  


M E .  K? Ph. 
Fig. 30.-The heterometric titration of calcium 


ion with phthalate in the presence and absence of 
magnesium (49). 


precipitate which is only very slowly redissolved; 
thus high local concentrations should be avoided. 
The true end points for these titrations should 
be determinable photometrically using a Type 111 
plot as discussed before. 


Photoelectric titration using nephelornetry has 
several pitfalls-the effects of stimng in par- 
ticular-that are not present in other types of 
titration. In Fig. 32 the results of a fluoro- 
metric precipitation titration are plotted both 
with and without stirring during photoelectric 
readings (52). The stirred titration solution 
always results in higher photometer readings 
(fluorescence or absorbance) than the unstirred. 
Because the line after the end point is the same 
for both and the line before the end point is 
much steeper and thus less sensitive to suspended 
particles, stimng results in a poorer end point. 


Nephelometric titration methods can be quite 
sensitive. Bobtelsky feels that his heterornetric 
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method is capable of using solutions of 104M 
concentration. In absolute amounts, 1-3 mcg. 
seems to be the current extreme, with the pre- 
cision ranging from 0.1 to 5 per cent. Naegli 
and co-workers obtained a precision of about 
0.2 per cent using isonitroso-acetyl-paaminazo- 
benzene as a precipitation indicator (51). This 
was without instrumental aid; with the improved 
plotting procedures now available for indicator 
titrations, an instrumental titration using his 
indicators should be capable of much greater 
sensitivity and at least equal precision. 


CONCLUSION 


The literature of the past few years has re- 
corded a great increase in both developmental 
work and applications of photometric titrations 
(though the same may be said of almost every 
analytical technique). Some of the advantages 
peculiar to these methods may be expected to 
lead to their continued wide use. The simplest 
types of photometric titrations are those utilizing 
direct plots of photometer readings against 
titrant volume to locate the end point, and when 
such plots yield sufficiently accurate results they 
should certainly be employed. The limitations 
of such procedures have been outlined, and the 
alternate procedures, involving indicators and the 


\ Fig. 31.-The nephelo- 
metric titration of an 
anionic surfactant (Ige- 
pon, lo-*) with a cationic 
agent (Ceepryn, 10-8) 
(50). - 


MLS. 


FLUORIDE wHh 


a 4 a m  


MLS. 
Fig. 32.-The effect of stirring on a fluorescent- 


nephelometric titration (52). 


evaluation of an indicator ratio function, have 
been presented in sufficient detail to permit their 
use. The application of these more general 
methods to complexometric and precipitation 
indicator titrations should be especially fruitful. 
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measurements emphasize the attractiveness of this 
method for research in the pharmaceutical sciences. 


REFERENCES 
(1) Sievert. R. M., Aikia Fysik,  3, 337(1951). 
(2) Burch, P. R. J . .  and Spiers, F. W., Nolure. 172, 519 


(19.52) ~~..”-,. 
(3) Cpwan, C. L.. Jr.. Reines. F.. Harrison. F. B., Ander- 


(4) Anderson E. C. Schuch R. L. Perrings J. D.. and 


(5) Christian, J. E.. Kessler, W. V., and Ziemer, P. L.. 


(6) Anderson, E. C.. and Langham. W. H.. Science, 133, 


son, E. C., and Hayes, F. N.. Phys.  Rcv.. 90, 493(1953). 


Langham, W. H.: dVucl&iics. 14: (No. i) 6(1956): 


Infern. 1. Appl .  Radiation Isolopss. 13, 557(1962). 


1917(1961). 


(i2) Behnke A. R. Ann. N .  Y .  Acod.  Sci. 56,1095(1953) 
(13) Anderdn. I(. k.. and Langham, W. H., Science, 130; 


(14) Onstead, C. 0.. “Proceedings of the University ?! 
713(1959). 


New Mexico Conference on Organic Scintillation Detectors 
U. S. Atomic Energy Commission, TID-7612, 1960, p. 278: 


Convenient Synthesis of 
3-(y-Aminopropyl)-5-ethoxyindole 


By HUBERT 


3- (y-Aminopropyl)-5-ethoxyindole has been 
synthesized from p-phenetidine and a-methyl- 
acetoacetate. This method involves fewer 
intermediates, with new and better methods 


for their purification. 


nE PREPARATION of this indole in low yield 
the use of the Japp-Klingmann reaction 


has been reported (1). A simpler and more satis- 
factory synthesis has been developed to pre- 
pare larger quantities. By this reaction the 
desired 4-ethoxyphenylhydrazone was prepared 
from 4-ethoxybenzenediazonium chloride and 
ethyl a-methyl-acetoacetate. The crude hydra- 
zone was cyclized by heating in absolute alcohol 
containing 10% concentrated sulfuric acid to 
produce 5-ethoxy-2-carbethoxyindole in 40% 
yield. Saponification with methanolic potassium 
hydroxide gave an 8’2% yield of 5-ethoxy-2-car- 
boxyindole. The latter was decarboxylated to 
furnish 5-ethoxyindole in 80% yield. 5-Ethoxy- 
indole was reacted with acrylonitrile under 
pressure to yield about 80yo of crude 5-ethoxy-3- 
indolepropionitrile. This can be crystallized 
from isopropanol before being reduced; however, 
it was found more expedient to reduce the crude 
nitrile. Reduction of the crude product fur- 
nished a mixture containing both primary and 
secondary amines from which the pure 7 4 5 -  
ethoxy-3-indolyl)-propylamine was separated by 
crystallization as a Schiff base from acetone. 
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The yield, based on 5-ethoxyindole, was about 


The structure of the isopropylidene was 
firmly established by infrared absorption: N-H 
3.20; N=C, 6.01; aryl ring, 6.14, 6.27, and 6.69; 
and ethoxy, 8.03 and 9.56 p .  The assigned 
structure was supported by the nuclear magnetic 
resonance pattern. The isopropylidene deriva- 
tive was converted practically quantitatively to 
an amine salt by hydrolyzing the Schiff base 
with a dilute aqueous solution of a strong acid. 


This Schiff base can also be used as a starting 
material for the preparation of secondary amines 
(2). The ease with which the Schiff base is 
formed under alkaline conditions with acetone is 
remarkable. Since tryptamine and acetone 
readily furnish a similar Schiff base, this may be 
characteristic of 3-indolylamines. 


A dicarboxylic acid was isolated from the ace- 
tone filtrate remaining from the crystallization 
of 5-ethoxy-2-carbethoxyindole. This acid is 
believed to be a-(5-ethoxy-2-carboxy-3-indolyl)- 
acrylic acid. Structure assignment has been 
made on the basis of titration data, ultraviolet 
and infrared absorption, nuclear magnetic 
resonance studies, melting point, and elemental 
analysis. The difference in pKa‘ values 
(ApKa’, 1-2) in 66% dimethylformamide was 3.6 
pH units for this acid. This is about halfway 
between that for succinic acid, representing an 
acid with free rotation of the carboxyl groups, 
and o-phthalic acid, an acid with somewhat 
limited rotation. It is distinctly different from 
maleic aad ,  an aad with restricted rotation. 
This is strong evidence against the alternative 
quinoline dicarboxylic acid structure. Infrared 


20%. 
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and ultraviolet absorption spectra are consistent 
with the proposed structure. All hydrogen 
atoms can be accounted for by  a careful compara- 
tive study of the nuclear magnetic resonance 
patterns of the free acid and its dimethyl ester. 


Mixtures of 5-ethoxy-2-carboxyindole and this 
indole acrylic acid melt between the melting 
points of the pure compounds (179 and 221°, 
respectively). This may account for the differ- 
ent  melting points that have been reported for 
5ethoxy-2-carboxyindole. Rydon and Siddappa 
(3) reported 202-203', and Hoshino and Kotake 
(4) reported 204'. T h e  mechanism by which 
this acrylic acid is produced is not known. 
It appears improbable that it results from an 
impurity in the initial reactants, since both were 
carefully purified and characterized before 
Use. 


EXPERIMENTAL' 


5-Ethoxy-2-carbethoxyindole (I).-In a 4-L. 
beaker provided with a thermometer, mechanical 
stirrer, and an ice bath were placed 1400 Gm. of 
crushed ice, 180 Gm. (1.31 moles) of freshly dis- 
tilled p-phenetidine, and 320 ml. of concentrated 
hydrochloric acid; this mixture was cooled to 4". 
A solution of 89.6 Gm. of sodium nitrite in 320 ml. of 
water was added dropwise a t  such a rate that the 
temperature remained below 4'. Toward the end of 
the diazotization, the hydrochloride of p-phenetidine. 
which had precipitated, dissolved; a clear yellow 
solution was obtained. The completion of the 
diazotization was determined with starch-iodide test 
paper. 


About 70 ml. cold 40?& Dotassium hydroxide solu- 
tion (320 Gm. in 800 mi-distilled ,at&) was added, 
while stirring vigorously, to  a mixture of ls00 Gm. 
of crushed ice and 190 Gm. (1.31 moles) of freshly 
distilled ethyl a-methyl-acetoacetate. About 140 
ml. of the p-ethoxybenzene diazonium chloride solu- 
tion was then added slowly, making sure that 
alkali was always present in excess. Vigorous stir- 
ring was provided to  prevent the formation of 
localized areas of appreciable acidity. The remain- 
ing potassium hydroxide and p-ethoxybenzene 
diazonium chloride solutions were added in small 
quantities with sufficient crushed ice to  keep the 
temperature of the reaction mixture near 0". 


The reaction mixture was stirred for an addi- 
tional half hour and was then acidified by the addi- 
tion of 256 ml. of concentrated hydrochloric acid in 
1300 Gm. of crushed ice. A viscous red oil separated 
which was extracted from the aqueous phase by two 
1200-ml. portions of benzene followed by a 1000-ml. 
portion of chloroform. The benzene and chloroform 
extracts were combined and filtered through a 
sintered-glass filter overlaid with 260 Gm. of an- 
hydrous potassium carbonate. The filtrate was 
concentrated in uacuo at 30' and the residue was 
heated to 80' in U ~ C U O  for 2 hours to remove the last 
traces of volatile matter. 


A mixture of 1600 ml. of absolute ethanol and 160 


ml. of concentrated sulfuric acid, which had been 
cautiously mixed, was added to  the residual oil and 
the solution obtained was refluxed gently for 3 hours. 
The alcohol was then removed at 5 mm. Hg without 
heating. 


The residue was dissolved in 2 L. of chloroform 
and 1 L. of distilled water. The acidic aqueous 
layer was separated and discarded. The chloro- 
form phase was washed with two 1-L. portions of 
distilled water, a 750-ml. portion of a 3% solution 
of sodium bicarbonate, and then with three more 
750-ml. portions of distilled water. After drying 
the chloroformic phase with 200 Gm. of anhydrous 
sodium sulfate, the chloroform was removed at 
reduced pressure. The residue was dissolved in 
hot acetone. After filtration, acetone was removed 
from the filtrate at 5 mm. Hg to  a volume of about 
500 ml. The crystals which separated on cooling 
were collected and washed with about 70 ml. of cold 
acetone. The air-dried crystals weighed 120 Gm., 
m.p. 152". 


Anol.--Calcd. for CllHIONO~: N, 6.01. Found: 
N, 6.08. 
5-Ethoxy-Z-carboxyindole (II).-The ethyl ester 


(I) was added slowly to  a solution of 100 Gm. of 
potassium hydroxide dissolved in 800 ml. of meth- 
anol. The mixture was stirred and heated gently 
until all the large particles had been dispersed. 
After stirring for an additional hour, the insoluble 
product was collected on a sintered-glass filter and 
washed with about 100 ml. of cold methanol then 
with 300 ml. of cold ether. The potassium salt was 
dissolved in about 1 L. of distilled water, filtered, 
and the filtrate was acidified to a pH of 2.2 with 
concentrated hydrochloric acid. The acidic mix- 
ture was cooled in the refrigerator; the acid which 
crystallized was collected and washed with about 
150 ml. of cold distilled water. 
This acid was purified by dissolving it in basic 


solution (pH 9.0) decolorized with 4 Gm. of carbon 
and 5 Gm. of talc. This mixture was heated to  
70°, filtered, and the cooled filtrate acidified with 
hydrochloric acid (pH 2.2). The crystalline acid 
was collected as before and dried in uacuo. The 
yield was 83.0 Gm. (79% of theory), m.p. 179". 
The pKa' in 66% dimethylformamide was 6.4 and 
an apparent molecular weight of 205 (theory 205) 
was determined. 


And-Calcd. for CI1Hl1N03: C, 64.38; H, 5.40; 
N, 6.83. Found: C.64.63; H,  5.63; N, 6.53. 
5-Ethoxyindole (III).-To a 50-ml. distilling flask 


containing 300 mg. of bronze powder, 30 Gm. of 5- 
ethoxy-2carboxyindole (11) was added. The flask 
and its contents were heated in a silicone oil bath at 
222' for 20 minutes to complete decarboxylation. 
The residue was distilled at reduced pressure (b.p. 
162" at 4 mm., 194" at 11 mm. Hg) to  furnish 18.0 
Gm. (76.6% of theory) of 5-ethoxyindole. 


And-Calcd. for CI~HIINO: C, 74.51; H, 6.88; 
N, 8.69. Found: C, 74.38; H,  6.75; N, 8.80. 


5-EthoxyJ-cyanoethylindole (IV).-This was pre- 
pared by a modification of a method described by 
Terent'ev, et al. (5). In a 100-ml. round-bottomed 
flask was placed 16.12 Gm. (0.1 mole) of 5-ethoxy- 
indole (111). 21.2 Gm. of freshly distilled acrylo- 
nitrile, 10 ml. of thiophene-free benzene, 0.3 Gm. of 


Yield, 40% based on p-phenetidine. 


glacial acetic acid, 0 2  Gm. of cupric acetate, and 
70 mg. of boric acid. The flask was provided with a 1 All melting points and boiling points reported are un. 


corrected. 
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furnish the amine. Thus 17.4 Gm. of crude product 
from the acrylation procedure was reduced by the 
method described for the purified cyanoethylindole 
and gave 5.7 Gin. (22y0 based on 5-ethoxyindole) of 
the isopropylidene compound. 
y-( 5-Ethoxy-3-indoly1)propylamine Hydrochloride 


(VI).-One gram of 3-(y-isopropylideneamino- 
propyl)-5-ethoxyindole (V) was dissolved in 39 ml. 
of 0.1 N hydrochloric acid and the mixture filtered 
through an asbestos pad. The filtrate was frozen 
and dried from the frozen state to furnish 975 
mg. of the desired hydrochloride, m.p. 196". 
a-( 5-Ethoxy-2 - carboxy - 3 - indoly1)acrylic Acid 


(VII).-The acetone was removed a t  reduced pres- 
sure from the filtrate and washings obtained after 
collecting the 5-ethoxp-2-carbethoxyindole (I); 
the residue was dissolved in 400 ml. of ethanol 
containing 22 Gm. of sodium hydroxide. This 
alcoholic solution was warmed to  50". then allowed 
to stand at room temperature for 24 hours. A very 
small amount of precipitate separated which was re- 
moved with difficulty by filtration. The filtrate 
stood an additional 24 hours a t  room temperature, 
but no more precipitate appeared. The alcohol was 
removed a t  reduced pressure, and the residue was 
dissolved in about 600 ml. of distilled water. This 
aqueous solution was partially decolorized by several 
treatments with carbon. The filtrate was acidified 
(pH 2.2) with concentrated hydrochloric acid and 
chilled. The acidic product was collected and 
washed with cold distilled water. I t  was recrystal- 
lized from 150 ml. of methanol. Yield: 3.0 Gm., 
m.p. 221'. 


A second crop was obtained by concentrating the 
rnethanolic filtrate. 


And-Calcd. for CllHl3N06: C, 61.09; H, 4 . i 6 ;  
N, 5.09; 0, 29.06. Found: C. 60.71; H, 4.89; N, 
5.13; 0, 28.68. 


The pKa' values in 66% dimethylformamide were 
5.8 and 9.4. and in water, 3.9 and 5.3. The cal- 
culated molecular weight from titration was 282 
(theory 275). 


The dimethyl ester was prepared from absolute 
methanol with sulfuric acid catalyst in the usual 
manner in almost quantitative yield, m.p. 150.5'. 


And-Calcd. for C16HnhTOs: C, 63.36; H, 5.65; 
N, 4.62. 


Yield: 1.5 Gm.. m.p. 221'. 


Found: C, 63.15; H, 5.89; N, 4.59. 
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Interaction of Pharmaceuticals with 
Schardinger Dextrins 111 


Interactions with Mono-Halogenated Benzoic Acids 
and Aminobenzoic Acids 


By JOHN L. LACH and TING-FONG CHIN 


A series of mono-halogenated benzoic acids and aminobenzoic acids were shown to 
under o definite interactions with the cyclodextrins. The complexes formed are 
consitered to be due, in part, to inclusion formation and to other antactive forces 
existing between the guest and host molecules. Data are presented to illustrate 
the effect of steric hindrance, polarity, resonance structure and inductive effect with 
respect to this interaction. Some stoichiometric data are also presented and several 


formation constants calculated. 


HE CYCLIC STRUCTURE of the dextrins confers 
Tupon these compounds the ability to form 
mono-molecular inclusion compounds, where the 
guest is enclosed within the cyclodextrin void. 
In the case of these cyclodextrins there is just 
one host molecule formed by several constituents 
(glucose units) united through ordinary chemical 
bonds, which enclose one single molecule of the 
guest. This makes the cage of a permanent 
nature as opposed to clathrates (these may also 
have a cage-like hollow space in the center as in 
the dextrins) which are derived from crystalline 
lattices. 


Generally speaking, formation of solid crystal- 
line inclusion compounds can be explained on the 
basis that the molecules are held together by 
virtue of their spatial configuration, and these 
compounds are defined as chemically inert 
toward each other. True inclusion formation 


Received June 3, 1963. from the College of Pharmacy, 
State University of Iowa, Iowa City. 


A m p t e d  $5 publication June 21, 1963. 
This investigation was sup orted by research grant 


GM 06607-02 from the Nationaflnstitutes of Health, U. S. 
Public Health Service. Bethesda, Md. 


therefore implies that no attractive force or 
forces are of paramount importance between 
guest arid host. However, in aqueous solution 
inclusion compounds cf the cyclodextrins and 
various orgacic substances do exist (as reported 
frcm these laboratories) (1, %), indicating that 
some attractive force or forces are operative 
which stabilize the guest molecule in the cage- 
like hollow space cr the guest molecules are 
bonded to the cyclodextrin in some manner other 
than inclusion formation. The purpose of this 
investigation was to study this interaction further 
in terms of polarity, inductive effect, resonance 
structure, and steric hindrance with respect to 
the degree of interaction of these dextrins with 
various agents. A series of mono-halogenated 
and aminobenzoic acid derivatives were selected 
for this study. 


EXPERIMENTAL 


Reagents: 
a-Cyclodextrin [P]Dzb in water = +150.5 f 0.5; 


@-cyclodextrin [ c Y ] D ~ ~  in water = f162.5 f 0.5; 
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benzoic acid, 238 mp; m-chlorobenzoic acid, 280 
mp; o-chlorobenzoic acid, 238 mp; p-bromobenzoic 
acid, 240 mp; m-bromobenzoic acid, 280 mr; 
o-bromobenzoic acid, 240 mr ; p-iodobenzoic acid, 
244 mp; m-iodobenzoic acid, 282 mp; o-iodobenzoic 
acid, 244 ma; p-aminobenzoic acid, 278 mp; m-amino- 
benzoic acid, 300 mp; o-aminobenzoic acid, 318 mp. 
and cinnamic acid, 270 mp. 


RESULTS AND DISCUSSION 


A number of methods were tested for this molecu- 
lar complexation study. These methods included 
partition distribution, equilibrium dialysis, and 
solubility method in nonaqueous solutions. 


The partition distribution method proved un- 
successful. The addition of various concentrations 
of cyclodextrin to a chloroform-water system con- 
taining benzoic acid resulted in no change in the 
distribution of this organic acid between the two 
phases, indicating that no interaction of the dextrin 


p-chlorobenzoic acid, recrystallized, m.p. 235- 
236" ; m-chlorobenzoic acid, recrystallized, n1.p. 
158-159" ; o-chlorobenzoic acid, recrystallized, 
m.p. 140-141O; p-brornobenzoic acid, recrystal- 
lized, m.p. 250-251 O; m-bromobenzoic acid, re- 
crystallized, m.p. 154-155'; o-bromobenzoic acid, 
recrystallized, m.p. 148-150; p-iodobenzoic acid, 
recrystallized, m.p. 263-265" ; m-iodobenzoic acid, 
recrystallized, m.p. 185-187"; o-iodobenzoic acid, 
recrystallized, m.p. 161-162O; p-aminobenzoic acid, 
recrystallized, m.p. 186" dec. ; m-aminobenzoic 
acid, recrystallized, m.p. 175" dec. ; o-aminobenzoic 
acid, recrystallized, m.p. 145-146"; cinnamic acid, 
recrystallized, m.p. 133", were utilized. 


Apparatus: 
A constant temperature water bath, set a t  


30 f 0.5' with rotating spindle; 20-mi. capacity 
vials with gum rubber stoppers and aluminum 
caps; Beckman DU spectrophotometer with 1-cm. 
silica cells. 


Procedures: 
Preparation and Separation of Cyc1odextrins.- 


The method used for the preparation and separation 
of cyclodestrins is the modified method of French (3). 


Determination of Molecular Complex Formation. 
--The solubility method of Higuchi and Lach (4) 
was used to study complex formation. The total 
concentration of the drug in the solution was 
nledSUred spectrophotornetrically since the cyclo- 
dextrins show no absorption at  the wavelengths and 
concentration employed. Absorptivities had pre- 
viously been determined for each of the drugs 
studied a t  the following wavelengths: p-chloro- 


lor---- ' ' -7 
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0 2 4 6 8 1 0  
a-CYCLODEXTRIN x 10' M I L .  


Fig. 1.-Interaction of chlorobenzoic 
a-cyclodextrin a t  30". 


acids with 


0 2 4 6 8  
P-CYCLODEXTRIN X 108 MIL.  


Fig. 2.--Interaction of chlorobenzoic acids with 8- 
cyclodextrin at 30". 


0 2 4 6 8 1 0  
a-CYCLODEXTRIN x loa MIL. 


Fig. 3.-Interaction of bromobenzoic acids with a- 
cyclodextrin a t  30". 


0 2 4 6 8  
~-CYCLODEXTRIN X 10' MIL.  


Fig. 4.--Interaction of bromobenzoic acids with 8- 
cyclodextrin a t  30". 


and benzoic acid had taken place. The use of 
ether, carbon tetrachloride, skellysolves, and ben- 
m e  in this distribution study was also unsuccessful. 
This was somewhat surprising since benzoic acid and 
cyclodextrin readily interact in aqueous solution. 
This lack of interaction in the two-phase system is 
probably because the affinitive force of cyclodextrin 
with water and the ailinitive force of benzoic acid 
with the organic solvent are greater than the 
attractive force of the ryclodextrin and benzoic acid. 


A solubility method employing organic solvents 
to  minimize any interaction due to hydrogen bonding 
or polar effects was also investigated. The solu- 
bility effect of benzoic acid as a function of cyclo- 
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dextrin in solvents such as chloroform, carbon 
tetrachloride, ether, 1.4 dioxane, skellysolves, and 
benzene was studied. However, as with the par- 
tition study, no interaction was observed. This 
lack of interaction of benzoic acid with the dextrins 
in such solvents does indicate that attractive forces 
must play a mhjor role in interactions of this type in 
solution. However, it should be pointed out that 
this lack of reactivity may also be partly because 
benzoic acid forms dimers in many organic solvents 
( 5 ) .  This lack of reactivity was also noticed by 
Schlenk (6), who pointed out that water seems to be 
a necessary component for complex formation of the 
cyclodextrins. Srhlenk reported no interaction 
when the anhydrous cyclodextrins were heated and 
s h a k q  with myristic acid in methanol. Also, these 
cyclodextrins failed to react with dry vapor of tri- 
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0 2 4 6 8 1 0  
Q-CYCLODEXTRIN x loa MIL. 


Fig. 5.-Interaction of iodobenzoic acids with 
a-cyclodextrin at 30'. 


0 1 4 6 8  
~-CYCLODEXTRIN X 10' MIL. 


Fig. 6.-Interaction of iodobenzoic acids with j3- 
cyclodextrin a t  30". 


0 2 4 6 8 1 0 1 2  
~-C%CLODEXTRIN X 10' M/L. 


Fig. p.--Interaction of mefu-halogenated benzoic 
acids with 8-cyclodextrin at 30". 


chlomthylene or bromobenzene, both known to be 
typical 8ddugt formers. 


The solubility method employing an aqueous 
solution was, therefore, used to  study these inter- 
actions. Two series of agents were employed- 
mono-halogenated benzoic acid derivatives to 
study inductive and polar effects, and aminobenzoic 
acid derivatives to  study resonance structure 
effects with respect to this cyclodextrin interaction. 
The results of these interactions are shown in 


2 4 G 8 1 0  
a-CYCLODEXTRIN x 10' M / L .  


Fig. 8.-Interaction of aminobenzoic acids with 
a-cyclodextrin at 30". 


2 4 6 8  
~ - C Y C L O D B ~ T R I N  X loa MIL. 


Fig. 9.-Interaction of aminobenzoic acids with 
8-cyclodextrin at 30". 


Figs. 1-9. A definite increase in the equilibrium 
solubility of the mono-halogenated benzoic acids as a 
function of cyclodextrin added is observed in Figs. 
1-6. Since the concentration of the free benzoic 
acids in solution is an invariant, exact stoichiometric 
relationships cannot be calculated from these 
phase diagrams; however, the linear dependency of 
these interactions is indicative of a first-order re- 
lationship with respect to  the cyclodextrin concen- 
tration. Since the solubility limit of j3-cyclodextrin 
was not exceeded in this system it was felt that some 
information regarding the stoichiometric relation- 
ship would be obtained using this higher dextrin 
concentration. Figure 7 shows a phase diagram 
obtained for the interaction of m-chlorobenzoic acid, 
m-bromobenzoic acid, and m-iodobenzoic acid with 
j3-cyclodextrin. From the plateau region of these 
diagrams the stoichiometry of m-chlorobenzoic acid 
and m-bromobenzoic acid can be calculated ac- 
cording to the method of Higuchi and Lach (4). 
A 1 to 1 relationship is obtained for these two acids. 
The formation constant for both acids was calculated 
to be 2.24 X lo*. A formation constant of this 
magnitude is considerably greater than those pre- 
viously reported for interactions of this type (7-9). 
This is certainly indicative of the formation of a 
strong cyclodextrin complex. 


A comparison of the interactions of the halo- 
genated derivatives and the cyclodextrins can be 
approximated from the slopes of these isotherms and 
are presented in Tables I and 11. 


An examination of data presented in these tables 
reveals the following observations: 


1. The degree of interaction for chlorobenzoic 
acid is greater than bromobenzoic acid which in 
turn is greater than iodobenzoic acid. 


The interaction of mefu halogenated benzoic 
acids is greater than for the para halogenated benzoic 
acids which is in turn greater than the ortho halo- 
genated benzoic acids. 


3. The interaction of j3-cyclodextrin is greater 
than that of the a-cyclodextrin. 


I t  is difficult at this time to interpret these data 
mathematically. However, certain physical and 
chemical properties of these halogenated acids are 
evident. As already pointed out. the degrees of 
interaction of chlorobenzoic acids are greater than 


2. 
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entrance of the interacting molecule afforded by the 
larger void in the 8-cyclodextrin; consequently, 
steric considerations would be less than in the re- 
stricted a-cyclodextrin molecule. The greater 
observed activity of the para isomer in the a-cyclo- 
dextrin over the meta isomer is also not readily 
obvious. A consideration of the resonance effect 
with respect to the polarity of the carboxyl group in 
the para isomer should lead to a lesser degree of 
interaction than the mefu isomer. Since this is not 


TABLE I.-sLOPES OF ISOTHERMS OF INTERACTION 
OF THE MONO-HALOGENATED BENZOIC ACIDS WITH 


~XYCLODEXTRXN 


Position of 


Suhstituted Chloro Brorno I tdo  


Jieta 0.76 0.68 0.31 
Para 0.24  0.19 0.18 
Ortho 0.03 0.01 0.08 


Halngen -Benzoic Acid Derivative-- 


those of bromobenzoic acids which in turn are 
greater than those of iodobenzoic acids. This order 
of reactivity may be due, in part, to inclusion for- 
mation. Since the void space in the cyclodextrin 
molecule is fixed, it is certainly reasonable that the 
smaller molecule would interact to  a greater degree 
by virtue of its ease of entrance into the void. 
Attempts to correlate this activity of the mono- 
halogenated para and meta benzoic acids with the 


OF THE MONO-HALOGENATED BENZOIC ACIDS WITH 
~~-CYCLODEXTRIN 


TABLE II.-sLOPES OF ISOTHERMS OF INTERACTION 


Position vf 
Halogen Y B e n z o i c  Acid Derivative+-- 


Suhstituted Chloro Bromo I O d O  


Meta 0.96 0.93 0.4; 
J'ara 0.25 0.24 0.19 
Ortho 0.13 0.09 0.74 


Hairiinett sigma constants was only partially suc- 
cessful suggesting that, in addition to hydrogen 
bonding, steric factors and other attractive forces 
are also operative in this interaction. Interestingly, 
the order of reactivity of these halogenated aromatic 
acids parallels the electronegativity of the halogen 
substituent on the aromatic ring and not solely on 
the polarity of the carboxyl group. This may be 
rationalized on the basis of an inductive effect 
brought about by the halogen substituent. Since 
the inductive effect of the meta isomer is greater 
than that of the para isomer, the result is a lower 
electron density at the carboxyl group, facilitating a 
greater degree of intermolecular hydrogen bonding. 
This difference in degree is evident in the greater 
interaction of the meta isomer. Although the 
electron density of the carboxyl group is lowest in 
the ortho acid, the low degree of interaction can be 
rationalized on the basis of a steric effect. The 
bulky halogen atom in this ortho position decreases 
the hydrogen bonding tendency of the carboxylic 
acid and increases the overall size of the terminal 
position of the molecule to hinder the ease of 
entrance into the void space of the cyclodextrin. 
However, the reason for the o-iodobenzoic acid 
interaction with 8-cyclodextrin being greater than 
the para and mefa isomers cannot be explained at 
this time. 


Data obtained in a study of a series of amino- 
hpnzoic acids are presented in Figs. 8 and 9. Table 
I11 lists the slopes of these isotherms. 


The results of this aminobenzoic acid series are, at 
this time, somewhat difficult to  understand, particu- 
larly in the interactoris of the a-cyclodextrin. The 
order of reactivity of the para and mela isomers does 
not parallel the order observed in the halogenated 
and hydroxylated series (1). I t  does, as expected, 
parallel this order in the 8-cyclodextrin interaction. 
This may be due, in part, to the greater freedom of 


TABLE III.-SLOPE OF THE ISOTHERMS OF INTER- 
ACTION OF THE AMINOBENZOIC ACIDS WITH CYCLO- 


DEXTRINS 


Aminobenzoic Acids a-Cyclodextrin B-Cyclodextrin 
nz-Aminobenzoic acid 0.58 2.25 


o- Aminobenzoic acid 0.29 0.91 
p-Aminobenzoic acid 0.98 1.09 


the case the data suggest that the steric effect is 
more dominant in the ~~-cyclodextrin containing the 
smaller void. 


It is interesting to compare the cyclodextrin 
interaction with cinnamic acid (Fig. 10) and that of 
benzoic acid which has been reported by Lach and 
Cohen (1). The difference in these two molecules 
lies in a carbon double bond. Lach and Cohen 
reported a slope of approximately 1.0 for the ben- 


0 2 4 6 8  
CYCLODEXTRIN x lo* d f f L .  


Fig. 10 - Interaction of cinnamic acid with cyclo- 
dextrins a t  30'. 


zoic acid interaction. A slope of approximately 
0.6 is obtained here for the cinnamic acid study. 
The greater degree of interaction of benzoic acid 
may be attributed to the higher polarity of the 
carboxylic group due to resonance consideration. 
Comparison of this interaction based on size only 
should not produce such a great change in slope 
which is a measure of the degree of reactivity. 


Investigations of this type do indicate the com- 
plexity of such interactions. Studies with other 
molecules and the cyclodextrins are being conducted 
in these laboratories to  elucidate further the nature 
of these interactions. 


CONCLUSION 


Data presented show that the cyclodextrins form 
molecular complexes with the mono-halogenated 
benzoic acids and the aminobenzoic acids in aqueous 
solution. I t  is difficult, a t  this time, to explain 
fully the mechanism involved in this interaction 
since no crystallographic data of the complexes 
formed are available. However, it can be pointed 
out that, in addition to inclusion formation, other 
attractive forces must also be operative in the net 
interaction. Several formation constants and stoi- 
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chiometric ratios have been calculated. The higher 
order of magnitude of these formation constants 
indicates a high degree of stability of the complex. 
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Potential Hypoglycemic Sulfonylureas 
By KARL A. NIEFORTHt, GLENN L. JENKINS, and  ADELBERT M. KNEVEL 


A series of N’-alkyl-N-p-phenylbenzenesulfonylureas and N,N‘-bis (N-alkylcarbamyl) 
4,4’-biphenyldisulfonamides has been prepared for pharmacological studies of their 


hypoglycemic activities. 


LTHOUGH SULFONYLUREAS have been reported A in the literature for several years, it  was not 
until 1955 that the hypoglycemic activity of these 
compounds was recognized and reported. Since 
that time, the interest in synthesizing compounds 
of this type has increased considerably and has 
resulted in a few marketable compounds. The 
purpose of this paper is to extend research in this 
area to include the biphenyl nucleus. 


Early work in the area of hypoglycemics was 
centered around derivatives of guanidine (1, 2). 
Several years later, various derivatives of iso- 
propylthiadiazole were investigated and found to 
be active hypoglycemics (3). This work (3) may 
also be considered to be the start of the use of 
sulfonamides in controlling the symptoms of 
diabetes. In 1955, a sulfonylurea compound was 
found to be very active in lowering the blood 
sugar concentration in diabetics (4). After this 
work was reported, new active compounds began 
appearing at a rapid rate (5-8). It is now gen- 
erally accepted that the sulfonylurea function is 
a source of hypoglycemic compounds. The work 
in this paper is based on that assumption and is 
conducted in two parts. The first part is the 
Synthesis of N’-alkyl-N-p-phenylbenzenesul- 
fonylureas (VII) ; the second part is the synthesis 
of N,N’ - bis( N-alkylcarhamyl)4,4’-biphenyldi- 
sulfonamides (XIV). 


Biphenyl (I) was sulfonated according to a 
published procedure (9) and gave good yields of 
4-biphenylsulfonic acid (11). This in turn was 
reacted with phosphorus pentachloride using 
carefully controlled conditions to form 4-bi- 
phenylsulfonyl chloride (111). If the conditions 


were not controlled, varying amounts of 4,4’- 
biphenyldisulfonyl chloride (X) were found in the 
reaction mixture. The sulfonyl chloride was 
heated in ammonia water forming 4-biphenyl- 
sulfonamide (1V). The sulfonylurea (V) was 
prepared (10) upon reaction of the sulfonamide 
with n-butylisocyanate in the presence of tri- 
ethylamine. Because of the difficulty in prepar- 
ing the various isocyanates needed in this 
project, an alternate route was used to prepare 
the remainder of the compounds in Part I (1 1). 


In Part 11, biphenyl(VII1) was sulfonated with 
an excess of sulfuric acid to form 4,4’-biphenyl- 
disulfonic acid (IX) (12). The reaction be- 
tween 4,1’-biphenyldisulfonic acid and phos- 
phorus pentachloride was controlled to prevent 
the formation of 4,4’-dichlorobiphenyl. 4,4’- 
Biphenyldisulfonyl chloride (X) was heated with 
ammonia water to form 4,4’-biphenyldisulfon- 
amide (XI). From this point, the reactions in 
Part I1 are the same as those utilized in Part J. 
One compound (XII) was synthesized by the re- 
action of 4,4’-biphenyldisulfonamide and n- 
butylisocyanate. The remainder of the com- 
pounds was prepared by the alternate route 


EXPERIMENTAL1 
4Biphenylsulfonic Acid and 4,4‘-Biphenyldi- 


sulfonic Acid.-These compounds were prepared by 
reacting biphenyl with sulfuric acid. The quanti- 
ties of sulfuric acid depended on the desired acid (9, 
12). The salts of the sulfonic acids were formed 
by dissolving the acids in alcohol and addingcon- 
centrated soh tions o f  ;)otassiutti or sodium hydroxide 
to the alcoholic solutions. 


4Biphenyldfonyl Chloride.-Twenty grams 


(XI-XIV). 
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Tablet Making. Second Edition. By ARTHUR 
LITTLE and K. A.  MITCHELL. The Northern 
Publishing Co., Ltd., 37 Victoria St:; Liverpool 1, 
England, 1963. 115 pp. 14 X 22 cm. Price 25/- 
net. 
In terms of both unit and dollar volume tablets 


represent the most important of all! ‘dosage forms. 
Nevertheless. efforts t o  remove the art and pro- 
vide a solid scientific base for the various processes 
making up tablet technology have m&‘with mbsider- 
able resistance. The second edition of this %dok. 
one of the few dealing with the subject, contribrtes 
little to the critical approach needed ih this field. 


Emphasis is placed upon the practical or vo- 
cational aspects of tablet making with brief dis- 
cussions of mixing, drying, compressing, and caatjng. 
The chapter ,dealing with compressing eqrd.np$nt 
and mechanical trouble shooting should be usefjll to  
beginners. The authors statement that “theopera- 
tion of the DryCota should present no serious prob- 
lems to any tablet maker who remembers. the 
principles of his trade (sic!) and considers logicall$ 
the method of operation of the machine” is open to 
question. 


Aside from a reference to a published bibliography 
on tableting, the only specific reference in the entire 
book is to a paper on film coating and there is no 
further discussion of this important d,evelopment. 
Also missing is a discussion of the factors controlling 
intertablet weight and potency variation. 


Particularly unfortunate is the verbal and photo- 
graphic exclusivity afforded a single manufacturer 
of tableting and associated equipment. Under 
such circumstances the book approaches the ap- 
pearance and concept of promotional literature 
The definitive textbook on tablet technology re- 
mains to be written. 


Reviewed by Jack Cooper 
Caba Pharrnacculical Company 
Summit. New Jersey 


Pediatric Therapy. Edited by HARRY C. SHIRKBY, 
B.S. (Pharm.), M.D. The C. V. Mosby Co., 
3207 Washington Blvd., St. Louis 3, Missouri. 
1964. 1144 pp. Price 818.50. 
This book, although intended primarily for 


physicians specializing in pediatrics, will be of in- 
terest to pharmacists because of its over-all emphasis 
on therapy rather than diagnosis, and its sections 
on drug treatment and on poisoning and specific 
antidotes. 


Part I, Drug Treatment, consists of twelve 
chapters on such subjects as “The Placebo-Its 
Clinical Significance.” “Reactions to Drup,” 
“Principles in Choice of Drugs,” and “Physical and 
Chemical Considerations in Choice of Drup for 
Pediatric Use.” There are eighteen additional 
parts concluding with a 48-page table of pediatric 
dosages. 


The Editor, himself a distinguished practitioner 
and teacher, is to be commended for compiling 


chapters from 52 contributors into such a cornpre- 
hensive, readable, and well-illustrated text. 


Reviewed by George P. Provost 
American Sockly of Hospital Pharmacists 
Washington. D .  C. 


Accepted Dental Remedies 1964. American Dental 
Association, 222 E. Superior St., Chicago 11, 111.. 
1963. xiv + 220 pp. 15 X 22.5 cm. Price S. 
Paperbound. 
The twenty-ninth edition of the widely recognized 


handbook of dental therapeutics is presented. 
Attention is given to recent reports of liver necrosis 
in a few individuals administered halothane for 
general anesthesia. The discoloration of teeth that 
may follow administration of some of the tetracy- 
clines in late pregnancy, infancy, and early childhood 


noted and precautions in providing closed chest 
cardiac ,massage are noted. The section on mouth- 
washes has been completely rewritten. Mono- 
graphs are presented for drugs having recognized 
value in dentistry, drugs of uncertain status more 
recently proposed for dental uses, and some drugs 
once employed extensively but generally regarded as 
obsolete. Only brands which the ADA Council on 
Dental Therapeutics has accepted as having demon- 
strated value in dentistry are listed. 


NOTICES 


Kirk-Othmr Encyclopedia of Chemical Technology. 
2nd Ed. Aluminum Compounds to  llzo Dyes. 
Vol. 2. Executive Editor ANTHONY STANDBN. 
Interscience Publishers, Inc ,  605 Third Ave.. 
New York‘ 16, N. Y., 1963. 19 X 
27 cm. Price: $45 single copy, $35 subscription. 


xv 4- 910 pp. 


Psychopharmacology Handbook, Vol. II ,  Animal 
Research in Psychophannacology, Central Nmous 
Syskm E@ck Edited and compiled by the 
Psychopharmacology Service Center. Research 
Grants and Fellowships Branch, National In- 
stitute of Mental Health, National Institutes of 
Health. Bethesda, Maryland. Available from 
Superintendent of Documents, U. S. Govt. 
Printing Office, Washington, D. C. 20402. xvi + 
529 pp. 20 X 26 cm. Price $3. Paperbound. 


Handbook of Cosmclic Science. .An Introduction to 
Principles and Applications. Edited by H. W. 
HIBBOT. The Macmillan Compqy, 60 Fifth Ave., 
New York 11, N. Y., 1963,. xi + 556pp. 15.5 X 
23 cm. 


Ckmical Constitution and Biological ‘Acfiuity. 3rd 
Ed. By W. A. SEXTON. D. Van Nostrand Co.. 
Inc., 120 Alexander St., Princeton. N. J., 1963. 
xxviii + 517 pp. 10 X 26 cm. Price $19.75. 


Exprrimrnhl Pharmacqenelics. By HANS MEIBR. 
Academic Press Inc., 11h.Fifth Ave.. New ,York 
3, N. Y., 1963. xi + 213 pp. 16.5 X 23.5 cm. 
Price $7.50. 
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Assay of Glutethimide Tablets 
By EDWARD SMITH 


A method is presented for the isolation of glutethimide by partition chromatography 
and its determination by ultraviolet spectrophotomeuy. The acid amide, 4-ethyl-4- 
phenylglutaramic acid, a degradation product of glutethimide, may also be quantita- 
tively isolated and determined. The assay is based on the absorbance of the imide in 
a chloroform solution at its maximum near 257.5 mp. The identity of the imide 
and of the acid amide are confirmed by their ultraviolet characteristics in methanolic 


potassium hydroxide and by their infrared spectra. 


HE N.F. XI assay procedure for glutethimide 
Ttablets (1) is a simple extraction of the imide 
with methanol, followed by measurement of the 
ultraviolet absorbance of the extract. The 
method provides neither for the separation of the 
h i d e  from its degradation product, 4-ethyl-4- 
phenylglutaramic acid (acid amide), which ab- 
sorbs strongly at the same wavelength, nor for 
other methanol soluble components which may be 
present in the tablets. Assay procedures have 
been reported which are based on the formation 
of a colored complex between ferric ion and the 
hydroxamate resulting from the reaction of the 
imide with alkaline hydroxylamine (2, 3). This 
reaction is somewhat specific, in that the h i d e  
will form a hydroxamic acid at room temperature 
while the acid amide will not do so. These 
procedures and several modifications have been 
tested in our laboratories and were found un- 
satisfactory due to the high absorbance readings 
of the blank, which reduce the precision and 
accuracy of these methods. Lactose or anions, 
which complex ferric ions, interfere with these 
methods (4). A quantitative fluorometric 
method for glutethimide proposed by Haycock et 
ol. (4) does not provide for the separation from the 
acid amide which interferes. 


The quantitative separation of glutethimide 
from its hydrolytic degradation product by ion 
exchange resin was recently reported in a study 
of the stability of the aqueous solutions of glu- 
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cation, and Welfare, Washington, D .  C. 


Accepted for publication December 12, 1963. 
This procedure has been accepted b the N.F. Committee 


on Revision for adoption as the o&al N.F. XI1 assay 
method. The chromatographic partition was modified 
somewhat for simplicity, ia that the acid and alkaline 
segments are combined in P single column. A w ~ y  results 
from the modified method were in agreement with those re- 
ported hae .  


tethimide (5). This procedure required the 
purification of the reagent grade resin prior to 
its use and did not provide for the isolation of 
acid amide present. 


In all of the other procedures which have been 
reported for the determination of glutethimide, 
the imide is isolated before quantitation. This 
separation is usually done by extraction with a 
water immiscible solvent such as chloroform. 


Many modifications of the procedure of 
Goldbaum et al. (6) for the determination of 
glutethimide isolated from biological samples 
have been published. The original method is 
based upon measurement of the rate of hydrolysis 
of glutethimide in alcoholic potassium hydroxide, 
determined by the ultraviolet absorption a t  235 
mH. These procedures, while being suitable for 
low levels found in biological samples, are not 
practical for the assay of glutethimide tablets. 
Szabolcs and Vastagh (7) have determined the 
imide indirectly by back titrating the excess 
NaOH after the hydrolysis of the imide. This 
procedure is subject to error since anything 
which reacts with the alkali may interfere. 


The ultraviolet and infrared absorption charac- 
teristics of some therapeutic imides, including 
glutethimide, have been reported by LaGrange 
and co-workers (8). They also review the results 
of the various published methods which they 
applied to the analysis of these imides. These 
procedures include the hydroxamic acid method, 
cobalt amine complex colorimetric procedure, 
hydrolysis of the irnide, and the reaction of the 
imide with silver ion in nonaqueous media to 
liberate a proton which is titrated with alcoholic 
NaOH. The latter was reported by Gautier 
et al. (9). 


Goldbaum et al. (6) found that glutethimide is 


942 







Vol. 53, No. 8, August 1964 


extracted quantitatively by  chloroform from 
aqueous solution at any pH,  but above pH 10 the 
imide tends to decompose. Acidic substances 
may he removed by  washing the CHCl, with 
dilute alkali; since glutethimide is a n  acid too 
weak t o  form a salt, it remains in the  solvent 
layer. This property of glutethimide permits 
the removal of acidic and basic interfering ma- 
terials from the CHCls extracts. 


Using partition chromatography, acidic and 
basic substances can be separated conveniently 
by trapping ionically in the immobile phases of 
opposite basicity. Examples of the use of this 
technique are the  N.F. XI determination of 
aspirin, phenacetin, and caffeine tablets (10) 
and a variety of pharmaceutical analyses which 
have been reviewed by  Levine (11). With 
proper immobile phases to retain impurities, the 
pure imide can be isolated; the  acid amide 
degradation product may also be isolated quanti- 
tatively. 


943 


TABLE I.-RESULTS OF THE ASSAY OF GLUTRTIIIMIDE 
TABLETS 


No. Av. 
Defer- ’% Re- 


Sample min. covery S.D. Range 
Simulated A 12 100.3 0.66 99.4 to 101.4 
Simulated B 12 99.6 1.27 98.3 to 102.1 


Commerciala 10 100.3 0.07 98.2 to 101.6 
Commercial 10 100.3 0.56 99.3 to 101.3 


Av. Yo Claim 


METHODS 


Assay.-Preparation of Chromatographic Columns. 
-Pack a pledget of fine glass wool in the base of a 
chromatographic tube (25 X 200-mm. test tube to 
which is fused a 5-cm. length of 6 or 8-mm. tubing) 
with the aid of a tamping rod of stainless steel, 
aluminum, or glass at least 12 in. long and having a 
disk with a diameter about 1 mm. less than that of 
the chromatographic tube. To 2.0 Gm. of Celite 
545 or a comparable grade of infusorial earth in a 
100-ml. beaker, add 2.0 ml. of approximately 4 N 
sulfuric acid and incorporate by kneading thoroughly 
with a flexible spatula blade until the mixture is 
fluffy. Transfer to  a chromatographic tube, and 
tamp gently to  compress the material to a uniform 
mass. In like manner, mix intimately 2.0 Gm. of 
Celite 545 with 2.0 ml. of approximately 1 N sodium 
bicarbonate, transfer to a second chromatographic 
tube, and gently compress with the tamping rod. 
Mount the columns so that the effluent from the 
acidic column flows into the bicarbonate column. 
Wash the columns with 50 ml. of water-saturated 
ether, followed by 25 ml. of water-saturated chloro- 
form. 


Procedure.-Weigh and finely powder not less 
than 20 glutethimide tablets. Transfer to a 100- 
ml. volumetric flask an accurately weighed portion 
of the powder equivalent to about 260 mg. of glu- 
tethimide, dilute to volume with water-saturated 
chloroform, and mix. Transfer 10 ml. of this solu- 
tion to the top column and elute with 90 ml. of 
water-saturated chloroform in two equal portions, 
collecting the eluate in a 100-ml. volumetric flask. 
Dilute to volume with water-saturated chloroform 
and mix. Simultaneously determine the absorbance 
of this solution and of a solution of N.F. glutethimide 
reference standard in the same medium at a concen- 
tration of about 250 mcg./ml., in 1-cm. quartz cells 
a t  the maximum at about 257 mp with a suitable 
spectrophotometer, using water-saturated chloro- 
form as the blank. 


0 The chloroform eluate WBS evaporated, then the residue 
was dissolved in methanol; all other determinations were 
made on the chloroform eluate directly. 


TABLE II.--ASSAY OF SIMULATED TABLET MIX- 
TURES BY FIVE ANALYSTS 


Yo Recovery 
Analyst Sample A SamDle B 


I i o i .  1 99.2 
101.5 99.4 


I1 100.4 100.8 


111 


IV 


101.4 
99.8 


100.6 


~. .  ~ 


101.2 
100.4 
100.6 


99.4 99 .3  
100. 1 99.7 
100.0 99.0 
100.6 100.6 


V 101 .o 100.4 
101.5 100.2 
100.6 99.6 
100.3 . . .  


Calculate the quantity, in milligrams, of C1~Hln- 
NO, in the portion of the tablets taken by the 
formula C(A, /A, )  in which C is the exact concen- 
tration of the reference standard solution, in miao- 
grams per milliliter; A,, is the absorbance of the 
sample solution, and A, is the absorbance of the 
reference standard solution. 


Identification.-Evaporate to dryness a portion 
of the eluate obtained in the Assay. The infrared 
absorption spectrum of a potassium bromide dis- 
persion of the residue exhibits absorption maxima 
a t  the same wavelengths as those of a similar 
preparation of N.F. glutethimide reference standard. 


DISCUSSION 


The accuracy and precision obtained in the re- 
covery of glutethimide are shown in Tables I and 11. 
When known amounts of the acid amide alone and 
in mixtures of equal and double quantities of glut- 
ethimide were chromatographed, recovery of each 
present was quantitative. The acid amide was 
recovered from the sodium bicarbonate column by 
eluting it with 1% acetic acid in water-saturated 
chloroform. The amount present was determined 
by ultraviolet absorbance. 


To obtain the complete spectrum of glutethimide, 
the chloroform eluate was evaporated and the 
residue dissolved in anhydrous methanol. The 
same quantitative results were obtained as those by 
the direct reading of the chloroform eluate. The 
latter procedure eliminated the extra steps and also 
the danger of decomposing the residue while evapo- 
rating the chloroform. 


The ultraviolet spectra of glutethimide and of 
4-ethyl-4-phenylglutaramic acid in methanol are 
quite similar with the principal maximum due to the 
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benzenoid chroniophore, appearing a t  257 mp. 
The spectrum of the acid amide (Fig. 1) is defined 
more sharply with more pronounced definition of 
both maxima and minima. 


The ultraviolet spectra of the two compounds in 
alkaline methanol are quite different, thus providing 
ready means of identifying and differentiating them. 
The following procedure was used to prove the 
identity of the separated material. About 1.25 
mg. of the dried residue obtained by evaporating 
the eluate was transferred to a 25-1111. volumetric. 
flask with the aid of 15 ml. of methanol. Two milli- 
liters of 0.5 A’ methanolic KOH was added, and the 
solution was adjusted to volume with methanol. 
The ultraviolet spectrum was scanned from 220 to 
350 mp, using methanol as the blank. In alkaline 
methanol the ultraviolet spectrum of the acid 
amide is essentially the same as in neutral methanol. 
With the h i d e  there is a shift in the benzenoid 
chromophore from sharp peaks to shoulders in the 
257 and 263 region and the complete disappearance 
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Fig. 1 (left).-Ultraviolet spectra of methanol. 
Key: A,  4-ethyl-4-phenylglutaramic acid, 50 mg. / 
100 ml.; B, glutethimide, 25 mg./100 ml. Fig. 2 
(right).-Ultraviolet spectra in methanolic potassium 
hydroxide. Key: A,  glutarimide, 20 mg./100 ml., 
N/25 methanolic KOH; B, glutethimide, 5 mg./100 
ml., N/25 methanolic KOH ; C, 4-ethyl-4-phenyl- 
glutaramic acid, 50 mg./100 ml., N/10 methanolic 
KOH. 


of the maximum at 253 mp (Fig. 2). For glu- 
tethimide, the chromophoremost enhanced inalkaline 
methanol is in the 230 to 235-mp region. To in- 
vestigate the assigument of that absorbance, un- 
substituted glutarimide was prepared (12) and its 
spectral properties examined under the same condi- 
tions as glutethimide. In alkaline methanol a 
sharp peak appears in the 230 to 235-mp region, 
which changes to  a shoulder as the glutarimide is 
hydrolyzed. 8-Alkyl substituted glutarimides have 
also been shown to exhibit this Same spectral 
property (13,14). Therefore, this absorbance in the 
230 to 235mp region is due to  the intact glutarimide 
itself and not due to  a shift of the benzenoid chromo- 
phore. The absorbance of the glutethimide de- 
creases with time as it is hydrolyzed to  the acid 


In UI .o n o  140 m LOO ,.D I30 1 


I’ 
* L I L E * T r * I ” u C u N  


O I L i r d 4 * M ’  ” ” ” ” I 
Fig. 3.-Infrared spectra. Key: A ,  glutethimide ; 


B,  4-ethyl-4-phenylglutaramic acid. 


amide, while the spectrum of the acid amide itself 
in alkaline methanol remains unchanged for at least 
24 hours. 


The use of acid washed Celite 545 has often caused 
problems due to background absorbance of impuri- 
ties present. The prewashing of the Celite columns 
removed essentially all the background absorbance. 
If uncorrected, this background absorbance would 
cause an error of about 2%. 
In the identification test, the infrared spectru m 


of the residue from evaporation of the eluate in a 
potassium bromide dispersion was compared to that 
of a similar preparation of N.F. glutethimide refer- 
ence standard and was identical. 


A similar procedure was used for the identifica- 
tion of any 4-ethyl-4-phenylglutaramic acid which 
was isolated from the eluate of the bicarbonate 
column. Its infrared spectrum was compared to  
that obtained with the acid amide prepared from 
the hydrolysis of glutethimide reference standard 
as directed in the N.F. X I  identity test B for glu- 
tethimide. The infrared spectra are characteristic 
and suitable for the identification of both glut- 
ethimide and the acid amide as illustrated in Fig. 3. 
The spectra illustrated were obtained with a Perkin- 
Elmer model 237 spectrophotometer. 
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ComDarison of the Diuretic Activities of 
Benzimidazolyl-toiuenesulfonarnide Compounds and Acetazolamide 


By THOMAS R. CASTLES and HAROLD E. WILLIAMSON 
The diuretic activities of 0- (2-benzimidazoly1)p-toluenesulfonamide (BTS) and 
a-(5-methyl-2-&~imid~olyl)-~-toluenesulfonamide (MBTS) were compared 
with the diuretic activity of acetazolamide using a rat diuretic assay. Acetazolamide 
was about 83 times more potent than BTS and about 56 times more potent than 
MBTS o n  a weight basis. Both BTS and MBTS exhibited a greater kaluretic action 
than acetazolamide when equivalent natruretic doses were employed, suggesting 
that BTS and MBTS affect renal distal tubular mechanisms to a greater degree 


than acetazolamide. 


OUTHWORTH (1) first reported that sulfanilamide S produced an alkaline urine. Subsequently, 
sulfanilamide was found t o  inhibit carbonic an- 
hydrase (2); this led to the development of acet- 
azolamide as a diuretic agent (3). Miller et al. 
(4) found that p-toluenesulfonamide was a more 
potent inhibitor than sufanilamide. Hosein et al. 
( 5 )  reported that benzimidazole was also an in- 
hibitor of carbonic anhydrase. It was of interest 
to learn whether the incorporation of two structur- 
ally different inhibitory groups into the same com- 
pound would result in an addition of activities. 
Therefore, the benzimidazole derivatives of 
p-toluenesulfonamide, a-(2-benzimidazolyl)-fl-tol- 
uenesulfonamide (BTS) and a-( &methyl-2-benz- 
imidazolyl)-p-toluenesulfonamide (MBTS), were 
examined i n  viuo using a rat diuretic assay. 2- 
Acetylamino-1,3,4-thiadiazole-5-sulfonamide (acet- 
azolamide), a potent carbonic anhydrase inhibitor 
both i n  vitro and in  vivo (3), was used as the 
reference compound. 


orally in the load as a solution (acetazolamide) or 
as a suspension (BTS, MBTS). For urine collec- 
tion, three rats were placed in each metabolism 
cage, and urine was collected over a &hour period. 
A t  the end of the collection period, the bladders of 
the rats were emptied manually. Urine samples 
were analyzed for sodium and potassium with a 
Coleman flame photometer (model 21), and chloride 
was determined using a Buchler-Cotlove chlo- 
ridometer. 


Data in Tables I and I1 were analyzed using 
Duncan's new multiple-range test following analysis 
of variance (7). Figures 1 and 2 were analyzed 
using a four-point parallel-line bioassay (8). The 
0.05 level of probability was used as the criterion of 
significance. 


RESULTS 


The results of Finney's four-point parallel-line 
assay comparing the natruretic actions of BTS, 
MBTS, and acetazolamide in rats given a saline 


TABLE I.-EFFECT OF BTS, MBTS, AND ACETAZOLAMIDE ON THE EXCRETION OF WATER, CHLORIDE, AND 
POTASSIUM IN RATS GIVEN AN ORAL LOAD OF SALINE 


. Coefficient Treatment, mg./Kg 
Acetazol- Acetazol- Of 


BTS MBTS amide BTS MBTS amide Variability, 
Excretion of None 75 1.25 1.25 150 150 2.5 % 
Water, yo 


of load 47" 57 62 65 65 79 89 14 
Chloride, 


yo of load 67 63 61 62 60 66 62 28 
Acetazol- Acetazol- 


amide amide BTS BTS MBTS MBTS 
None 1.25 2.5 75 1 50 75 150 


Potassium, 
meq./Kg. 1.5 1.8 1.9 2.0 2.2 2.7 2.8 20 


Data were analyzed by Duncan's multiple-range test following analysis of variance using a randomized complete block 
Any two values 


Five groups of rats were em- 
design. 
in each row which are not underscored by the same line are significantly different (9 <0.05).  
ployed for each treatment. 


Any two values in each row which are underscored by the same line are not signiticantly different. 


METHODS load are shown in Figs. 1 and 2. No significant 
Drugs were evaluated by the assay procedure deviation from parallelism was found. Acet- 


&&bed by Lipschit2 el al. (6). Male albino azolamide was calculated to  be 83 times more 
(Holtzman) rats, 14G200 Gm., were fasted for 16 Potent than BTS (95% confidence limits. 46-310) 
hours prior to the experiment and given an oral and 56 times more potent than MBTS (95% con- 
load of 0.9% NaCl or water, 50 ml./Kg., at the fidence limits, 28-97) on a weight basis. 
beginning of the assay. Drugs were administered Table I s ~ ~ m a r i z e s  the ef€ects Of BTS, MBTS, 


Received December 2, 1963, from the Department of and acetazolamide on the excretion of water, 
Pharmacology, College of Medicine. State University of chloride, and potassium in these same rats. All 
Iowa, Iowa City. three compounds produced a significant increase Accepted for publication January 17, 1964. 


The benzimidazolyl-toluenesulfonamide derivatives were in the excretion Of water but did not alter the 
kindly supplied by Dr. E. E. Dunn, Dow Chemical Co., excretion of chloride significantly. MBTS at both Midland, Mich. 


This investigation was supported in part by Grant AM- doses and BTS at the higher of the two doses em- 
:::::# ~ $ i ~ ! ~ ~ ~ ~ ~ ~ t  o : T ~ t ~ ~ - ~ , ~ 8 , M ~ ~ ~ 1 i ~ u ~ ~ ~  ployed, produced a significant increase in the excre- 
Health Service, Bethesda, Md. tion of potassium. The small increases in the 
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TABLE II.-EFFECT OF EQUIVALENT NATRURETIC 
DOSES OF BTS OR MBTS AND ACETAZOLAMIDE ON 
THE E X C ~ T 1 o N  OF WAmR. CHmRIDE~ 
AND POTASSIUM IN RATS GIVEN AN ORAL LOAD 


OF WATER 


All three agents increased the excretion of chloride. 
Only the increase seen with BTS was significantly 
greater than that seen with acetazolamide. 


DISCUSSION 


Excretion of 
Water, % of 


load 
Sodium, 


meq./Kg. 
Chloride, 


Potassium, 
meq:/Kg. 


meq./Kg. 


Water, % of 
load 


Sodium, 
meq./Kg. 


Chloride, 
meq./Kg. 


Potassium, 
meq./Kg. 


-- Treatment- - 
Acetozol- 


Control mg./Kg. mg./Kg. 


BTS, amide, 
140 1.75 


79' 91 93 


0.5 3 .2  2 .8  


0.5 2.4 1.5 


0.7 4.0 2 .3  
Acetazol- 


Control mg./Kg. mg./Kg. 


MBTS. amide, 
160 2.6  


93 114 119 


0.6 2 .7  2 .4  


0.5 0 .9  1.1 


0.8 2.3 1.6 


coefiC- 
ient 
of va,+ 


Diuretic agents which act by iiihibiting renal 
carbonic anhydrase produce a characteristic change 
in the urinary excretory pattern of water and elec- 


ability, 
5% 


8 


17 


23 


32 


6 


19 


23 


1 0  
li) 


O Data were analyzed by Duncan's new multiple-range 
test following anal sis of v d o n c e  using a completely ran- 
domized block d d p .  Any two values in epch row which 
are underscored by the same line are not significantly dif- 
ferent. Any two values in the same row which are not 
underscored by the same line are significantly different 
( p  <0.05). Four groups of rats were used for each treat- 
ment. 


excretion of potassium seen with acetazolamide were 
not significantly different from the control rate of 
excretion of this ion. 


Table I1 summarizes the effect of equivalent 
natruretic doses of BTS or MBTS and acetazolamide 
on the excretion of sodium, water, chloride, and 
potassium in rats given an oral load of water. 
Equivalent natruretic doses (as determined from 
Figs. 1 and 2) were used to  compare the effects 
of these drugs on the excretion of potassium a t  
equivalent rates of excretion of sodium. Both 
BTS and MBTS produced a greater kaluresis than 
acetazolamide at equivalent rates of natruresis. 


105 j- 
mc t 


trolytes. They increase the excretion of sodium and 
potassium ions, bicarbonate, and water; decrease 
the excretion of hydrogen and ammonium ions; 
and do not markedly alter the excretion of chloride. 
The two benzimidazolyl-toluenesulfonamide com- 
pounds, when administered to saline-loaded animals, 
increased the excretion of sodium, potassium, and 
water, but did not alter the excretion of chloride. 
Thus, these compounds appear to induce changes 
consistent with inhibition of renal carbonic 
anhydrase. 


Miller et al. (4) found that acetazolamide on a 
molar basis was about 39 times more potent an 
inhibitor of carbonic anhydrase than p-toluene- 
sulfonamide in vdro. Converting our data to  a 
molar basis shows that acetazolamide is about 64 
times more potent than BTS and about 41 times 
more potent than MBTS. Thus, it would appear 
that the addition of a benzimidazole moiety does 
not enhance the carbonic anhydrase inhibitory 
activity of p-toluenesulfonamide. 


The kaluresis s e a  with BTS and MBTS in the 
saline-loaded animals appeared to be greater than 
that seen with acetazolamide. This was examined 
further using equinatruretic doses of these agents. 
Both BTS and MBTS produced a greater kaluresis 
than acetazolamide when the natruretic responses 
were equal. This could be due to a difference in 
inhibition in various portions of the tubule. Car- 
bonic anhydrase inhibitors have been reported to 
act on both the proximal and distal tubules (9-11). 
By blocking carbonic anhydrase in the proximal 
tubule, and consequently the supply of hydrogen 
ions for exchange with sodium, proximal reabsorp- 
tion of sodium ion is depressed. By blocking 
carbonic anhydrase in the distal tubule, the de- 
creased supply of hydrogen ions to the hydrogen 
ion-potassium ion exchange mechanism for sodium 
ion favors a potassium-for-sodium exchange. From 
this, an agent acting predominantly on the distal 
tubules should cause a greater kaluresis than nat- 


Fig. 1.-The natruretic 
action of BTS compared 
to that of acetazolamide 
using a four-point parallel- 
line bioassay. R equals 
potency ratio with 9570 
confidence limits in paren- 
theses. 


2.5 75 150 
DOSE. mg./Kg. (LOG SCALE) 
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Fig. 2.-The natruretic 
action of MBTScompared 
to that of acetazolamide 
using a four-point parallel- 
line bioassay. R equals 
potency ratio with 95% 
confidence limits in paren- 
theses. 


DOSE, mg./Kg. (LOG SCALE) 


ruresk. The greater kaluresis produced by BTS (4) Miller W H Dessert A M.. and Roblin, R. O., 


(5) Hoscin, E. A.,’D&stedt, 0. P.. and Griffith, H. R . ,  
these agents and acetazolamide were employed Ancrthcnoloiy, 16, 142(1955). 


(6) Lipschitz. W. L., Hadidian, Z.. and Kerpcaar, A., therefore suggests that these benzimidazolyl- J. Pharmocd. Exfifi. 79 97(1943). 
toluenesulfonamide compounds exert a greater (7) Steel. R..G: D?,and Tbrri;, J. H., “Principles and Pro- 


than does acetazolamide. (8),Fhney. D. J.. “Statistical Method in Biological 
Hafner Publishing Co., New York, N. Y., 1952, p. 


(9) H6ber R., Proc Soc Expf l  Biol. Mcd 49 87(1942) 
(10) Pitts R F Curd R S. Kessler R.’k..’and Hier: 


( l l j  C l k g ,  J. R., Waison. ’J. F., and Berliner, R.  W., 
ibid., 205, 3(1063). 


and MBTS when equivalent naMretic doses of Jr’* J‘ Am. cim.’&.’ 72 48Qi(lQ50). 


eflect on the distally located exchange cedures of StahStlCS McGraw-Hill Book CO., hC., N C W  
York, N. Y., 1960 p: 107. 


Assay, 
148. 


h o l m  K. Am. 2. $hysiol.’ 194 i25(1958j. 
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Use of 3-Azabicyclo[ 3.2.21nonane in the Mannich Reaction IV. 
Additional Derived Products 


By C. DEWITT BLANTON, JR., and W. LEWIS NOBLES 


Additional &amino ketones, phenol Mannich bases, allylamines, propylamines, 
and -paminoalkyl esters involving the use of 3-azabicyclo[3.2.2] nonane in  the 


Mannich reaction are reported. Results of biological tests are cited. 


DDITIONAL MANNICH bases derived from 3- A azabicycIo[3.2.2.]nonane are reported in 
Tables I-V. Results of biological tests are cited. 


The Mannich reaction was camed out as pre- 
viously described (1). Preparation of the phenolic 
Mannich bases was achieved by the procedure of 
Burckhalter et al. (2) or by that of Bruson and 
MacMullen (3). The y-amino secondary and y- 
amino tertiary alcohols used as intermediates for 
the preparation of the compounds reported herein 
were prepared as described earlier (4, 5). The 
procedure of Pohland and Sullivan (6), Method D, 
was adopted as a general one for the esterification of 
r-amino secondary alcohols. The method employed 
for the dehydration of the tertiary alcohols was 
patterned after that of Adamson (7). The procedure 
adopted as a general one for the reduction of allyl- 
amines to propylamines was patterned after that 


EXPERIMENTAL 


Received October 22, 1963, from the School of Pharmacy, 


Accepted for publication January 20, 1964. 
University of Mississippi, University. 


of Adamson and Billinghurst (8). For the prepara- 
tion of the allylamines 7 and 10 (Table 111) the 
tertiary alcohols, 3 - [3 - (3 - azabicyclo[3.2.2.]- 
nonyl)] - 1,l - di - (2 - thieny1)propan - 1 - 01 hydro- 
chloride and 3 - [3 - (3 - azabicyclo[3.2.2]nonyl)]- 
1 - (4’ - propoxyphenyl) - 1 - phenylpropan - 1 - 01 
hydrochloride, underwent dehydration during their 
isolation from the Grignard reaction medium. 


BIOLOGICAL TEST RESULTS’ 


During the preliminary screening program, 
compounds reported in this series of papers ex- 
hibited a broad spectrum of antimicrobial activity 
against such organisms as Stuphylococcus aureus, 
Escherichiu coli, KkbsieUa pneumoniue, Proteus 
vulgaris, Candida albicans, Trichophyton mentu- 
grophytes, and Trichohonumas foetus. The activity 
is particularly pronounced against Truhophyfun and 
Trichomonas; in this regard, the compound 8-3- 
(3-azabicyclo [3.2.2.] nonyl) - 2,5 - dimethyl- _____ 


1 Pharmacological results were supplied by Dr. Paul N. 
Craig of Smith Kline and French Laboratories, Philadelphia- 
Pa. 








Determination of Micro Amounts of Estrogens in 
Anabolic Vitamin Tablets by Quantitative Paper 


Chromatography 


By HAROLD KADIN, MARIARITA S. UGOLINI, and HENRY R. ROBERTS 


A quantitative pa er chromatographic method has been developed which is used 
routinely as a stagility assay for estro enic hormones in anabolic vitamin tablets. 
The method involves (a) extraction of the estrogenic hormone into ether from an 
alcohol-water suspension of the ground tablets, (b) clarification of the extract by 
chromatography on an alumina column, (c) paper chromatogra hic se aration of 
the estrogenic hormone present in the column eluate from inte&ring &gradation 
products, (4 location of the estrogenic hormone on the chromatogram by the guide 
strip techni ue employing a chromogenic agent, (c)  elution of the estrogenic hor- 
mone from ge chromatogram, and Cf) quantitative spectrophotofluorometric analysis 
of the eluate. Recoveries in excess of 95 er cent are obtained by chromato raphing 
simultaneously re licates of standard an8 sample solutions on the same cftomato- 
gram. A detailefaccount of the procedure is presented using the assay of ethinyl 
estradiol in concentrations of 0.0014 er cent in anabolic vitamin tablets as an 


examp P e. 


NABOLIC VITAMIN tablets are oral preparations A containing small amounts of anabolic steroid 
hormones combined with vitamins and minerals. 


While the androgen-estrogen ratio in such 
tablets is proportioned to induce the desired 
anabolic action, the physiological potency of 
estrogens necessitates that they be present in 
micro amounts. 


A quantitative paper chromatographic-spec- 
trophotofluorometric method for the analysis of 
estrogens in castor oil and tablet formulations (1) 
serves as the basis for the quantitation of estrogens 
in anabolic vitamin tablets. However, the 
multiplicity of components present in such prep- 
arations requires extensive extraction and clari- 
fication prior to paper chromatographic quantita- 
tion. 


The estrogen is extracted into ether from an 
alcohol-water suspension of the ground tablets, 
and is then adsorbed on an alumina column for 
separation from some interfering constituents. 
After elution from the column, the solvent is 
evaporated, and the estrogen residue is dissolved 
in a small volume of 95% ethanol. Aliquots of 
this extract are subjected to paper chromatog- 
raphy, followed by quantitation of the estrogen 
by spectrophotofluorometry. 


The method is described in detail using, as an 
example, the determination of ethinyl estradiol in 
concentrations of 0.0014% in anabolic vitamin 
tablets' (Table I). 


Received April 16. 1964, from the Squihb Institute for 
Medical Research, New Brunswick, N. J. 


Accepted for publication June 10, 1964. 
I Oral preparation providing therapeutic amounts of 


ethinyl estradiol and methyltestosterone plus protective 
amounts of vitamins and added minerals. Marketed as 
Dumogran by E. R .  Squibb & Sons, New Brunswick, N. J. 


EXPERIMENTAL 
Reagents and Equipment.-Analytical grade ether, 


chloroform (reagent grade), aqueous acetone solu- 
tion (add 1% water to reagent grade acetone), 95% 
ethanol (redistilled for paper chromatography), 
toluene (reagent grade), and propylene glycol (re- 
agent grade) were used. Aluminum oxide (Woelm, 
neutral activity, grade 1 for chromatography, 
Alupharm Chemicals, New Orleans, La.) was also 
employed. (Keep tightly stoppered and store in a 
desiccator to prevent moisture pickup.) Sea sand 
(Merck reagent No. 7478) was used. (Store in a 
dessicator. ) 


Chromatographic columns-the column body is ap- 
proximately 9.5 mm. O.D. and 150 mm. long equip- 
ped with a capillary tip (approximately 6 mm. O.D. 
by 1 to 2 mm. I.D. and 40 mm. long) at one end and 
a solvent reservoir (approximately 38 mm. O.D. X 
100 mm. long) at the other end. An electric mortar 
TABLE L.-~OMPOSITION OF ANABOLIC VITAMIN 


TABLET 
- - 


mg. 
Anabolic Hormones 


Methyltestosterone 4.0 
Ethinyl estradiol 0.008 


Vitamin. 
A 2,500 U.S.P. units 
D 250 U.S.P. units 
Bi 2.5 
Bz 1.5 
Bs 1 .o 
Blt as cobalarnin concentrate 0.001 
Folk acid 0.1 
Niacinamide 10.0 
Calcium pantothenate 2.5 
C 37.5 
E 2.5 Int. units 


Minerals 
Iron 5.0 
Iodine 0.05 
Copper 0.5 
Manganese 0.5 
Magnesium 3.0 
Zinc 0.5 
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Transfer the ether layer with a syringe and 
cannula to  a 250-ml. separator containing 20 ml. of 
0.1 N HCI. Extract the suspended tablet powder 
further with 2 X 50 ml. of ether, and transfer the 
ether layers (after centrifugation) to the separator. 


With the 
separator inverted, release ether pressure by 
opening the stopcock. Close the stopcock, and 
shake vigorously 10 to  15 times. Discard the lower 
aqueous layer. Wash the pooled ether extract with 
another 20 ml. of 0.1 N HCI, then with 1 X 5 ml. 
of distilled water. 


Transfer the washed ether extract to a 500-ml. 
conical flask. Evaporate the ether at 60' under 
a stream of nitrogen. Redissolve the residue in 10 
ml. of anhydrous ether, and take to  dryness as 
before. Repeat the ether addition and evaporation 
a second time. Toward the end of the evaporation, 
insure a completely anhydrous and solvent-free 
residue by using a vigorous stream of nitrogen and 
rotating the flask to spread the oil layer. Remove 
the source of heat, and flush the flask with nitrogen 
for 5 minutes. 


Column Chromatography.-Dissolve the oily resi- 
due obtained in the sample preparation in 10 ml. of 
chloroform, and transfer to the prepared alumina 
column. Allow this first solution to  drain to  within 
2 cm. of the top of the column. Rinse the flask with 
two successive 10-ml. portions of chloroform, and 
transfer to  the column, allowing each wash to  descend 
to within 2 cm. of the top of the column. The 
manometer bulb and rubber stopper may be used to 
maintain a flow rate of 1-2 drops per second. 


Elute the ethinyl estradiol from the column with 75 
ml. of acetone containing 1% added water, and 
collect the eluate in a 200-ml. volumetric flask. 
Evaporate the acetone eluate to dryness at 60' with 
a current of nitrogen. Rinse down the sides of the 
flask with 5 ml. of acetone, and take down to dryness 
in the same manner. Allow the flask to cool under 
nitrogen. Add 4 ml. of 95% ethanol. Shake well 
to insure complete solution of the ethinyl estradiol. 
This solution is then assayed by paper chroma- 
tograp hy. 


Paper Chromatography.-Two chromatograms 
are run per sample. The slotted filter paper de- 
scribed previously (2) contains six 0.75-in. strips 
which are spotted as follows: 
Origin : 1 2 3 4 5 6  


-1-1--1---1-1--1 


Stopper the separator, and shake once. 


I ,  Sample = 0.2 ml. 
2. Standard = 0.1 ml. 
3, Standard = 0.1 ml. 
Two-tenths-milliliter capacity blow-out pipets, 


graduated in 0.01 ml., are used to apply the stand- 
ards and the sample to  the paper. The spotting 
technique has been described in detail previously (2). 


The spotted strips are impregnated with propylene 
glycol by dipping them into a 25% solution of 
propylene glycol in chloroform. The origin end of the 
paper is dipped first just up to the origin, and blotted. 
The remainder of the strip is then passed through the 
dipping solution with a rapid pass over the origin. 


Following the dipping step, the strips are hung in 
a hood until the odor of chloroform can be detected 
no longer, then they are placed in the chroma- 
tography chamber, the bottom of which is covered 
with toluene. The tab ends of the strip are placed 
into the troughs containing the developing solvent- 
toluene saturated with propylene-glycol. 


4, Sample = 0.2 ml. 
5, Sample = 0.2 ml. 
6, Paper blank 


grinder (similar to model MG2, Torsion Balance 
Co.. Clifton, N. J.), and glass syringes, 50 rnl. (B & D 
Luer Lok 50 YL) with attachable 14 gauge, 5 in. long 
cannulae (B & U No. 1250 NR, Becton, Dickinson 
and Co., Hutherford, N. J.) were employed. A 
manometer bulb and release valve (No. 5000 BV. 
Becton, Dickinson and Co.. Rutherford, N. J.) at- 
tached via rubber tubing to glass tubing in a single 
hole No. 7 rubber stopper was provided. The paper 
chromatographic equipment and reagents were pre- 
viously described (1). except the filter paper was eth- 
anol washed four times. 


Preparation of Column.-Fill the column with the 
chloroform so t h a t  it reaches up into the reservoir 
about 5 cm., and seal the outlet with the finger tip. 
Tamp a small plug of glass wool into the bottom 
of the column. Add approximately 2 cm. of sea 
sand on top of the plug. Tap in some alumina, 
remove the finger seal, and stir the column contents 
as the alumina descends to insure the release of 
trapped air bubbles. Maintain the chlomform level 
at 5 cm. into the reservoir. 


Perform the same operation with succeeding por- 
tions of alumina until an alumina column of about 
10.5 cm. (3.9 Gm. of alumina) is obtained. Top 
off the column with 1 cm. of sea sand, and allow the 
chloroform to drain to about 2 cm. above the top of 
the column. Pressure is applied a t  the top of the 
column with the rubber stopper and manometer 
bulb to accelerate drainage and remove air bubbles. 


Do not allow the column to run dry. Figure 1 
shows a typical column. 


Preparation of Standard.-The reference standard 
solution should contain 0.2 mg. of ethinyl estradiol 
per milliliter of solution. In a volumetric flask, the 
appropriate amount of the standard is dissolved in 
the smallest volume of N ,  N-dimethylformamide. 
Then methyl isobutyl ketone is added to  the mark. 


Preparation of Sample.-Grind 120 tablets in the 
mortar grinder for 5 to 10 minutes until a fine powder 
is obtained. An amount of powder which contains, 
based on theory, 400 mcg. of ethinyl estradiol is 
weighed and transferred to  a 250-ml. tall form glass- 
stoppered bottle (2 in. diameter). Add, with 
swirling, 14 ml. of 95% ethanol followed by 40 ml. of 
water. Stopper and shake. Add 100 ml. of ether, 
stopper. invert twice, remove stopper to release 
pressure, then restopper, and shake vigorously for 
15 to 20 seconds. Place bottle in centrifuge cup, and 
spin for 10 minutes a t  2000 r.p.m. 
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TABLE II.-DATA FOR ETHINYL ESTRADIOL  ASSAY^ 


-Photometer Readings- 


Chroma- Flask Cell 
togram No. No. Spot, ml. Uncorrected 


1 1 st. = 0.10 69 


2 2 st. = 0.10 70 
1 3 3 sa. = 0.20 64 


4 4 sa. = 0.20 65 
5 5 Paper blank 6 
6 1 st. = 0.10 68 


Av. 
Corrected St. - 21.0 mcg. Concn.. 
for Blank Sa. = 0.2 ml. mg./Tabletb 


63.5 


58.5 


63 


64 0.0078 
58 


59 


62 
. . .  


62.5 


58 


7 2 St. = 0.10 69 63 0.0078 
2 8 3 sa. = 0.20 64 58 


9 4 sa. = 0.20 64 58 
10 5 Paper blank 6 . . .  


Project: 22-654. Sample: anabolic vitamin tablets. Control: ZC73831. Assay: ethinyl estradiol. Sample Weight: 
27880 mg./4 ml. Av. tablet weight = 558 mg. Weight standard: 21.0 mg./100 ml. Filter paper: ethanol-washed finger 
strips. Impregnated with propylene glycol .(35% in CHClr). Developing solvent: toluene saturated with propylene glycol. 
Developing time: 20 hours. Drying condihons: 20 minutes at 80D C. Eluting solution: 10 ml. redistilled 85y0 EtOH. 
Eluting time: 30 minutes. Spectrophotofluorometer specifications: instrument. Aminm-Bowman (catalog No. 4-8100); 
cells silica. 10 mm.; tube, 1P28; slit. No. 3; activate, 280 m#; Buorescence, 310 mp. b Av. 0.0078 mg./tablet. 


After a 20-hour descending solvent development, 
the strips are removed from the chamber and dried 
in a mechanical convection oven for 20 minutes at 
9oo. 


The positions of the e t l h y l  estradiol spots on the 
chromatograms are located by employing the guide 
strip technique. The strip corresponding to the 1 
spot on each chromatogram is cut out, dipped into a 
solution consisting of 1 part of Fob-Ciocalteu 
phenol reagent and 4 parts of water (3). then placed 
into a chamber containing concentrated ammonium 
hydroxide for 6 minutes. Ethinyl estradiol appears 
on the chromatogram as a blue zone against a light 
gray background. 


The color-developed guide strip is air-dried, then 
realigned with the untreated portion of the chromato- 
gram. The portions of the ethinyl estradiol zones 
are marked off with a solder pencil, cut out and 
folded, and placed in 50-ml. conical hsks. A paper 
blank, equal in area to  the standard and sample 
segments, is included for each chromatogram. Ten 
milliliters of redistilled 950/, ethanol are added to 
each h k  and the ethinyl estradiol eluted off the 
filter paper segment by shaking on a reciprocating 
shaker for 30 minutes (2). 


The amount of ethinyl estradiol present in the 
eluates is determined by spectrophotofluorometry 
using an Aminco-Bowman spectrophotofluorometer 
(catalog No. 4-8100) as previously described (1). 


Calculations.-The photometer readings are re- 
corded on a data sheet having all information neces- 
sary to calculate the concentration of ethinyl estra- 
diol in the sample. Table I1 gives the data obtained 
in a typical analysis. 


For each of the two chromatograms, readings are 
obtained for the standard and sample at one level 
in duplicate. The readings of the two standards for 
each chromatogram are averaged as are the two 
sample readings. 


The concentration of ethinyl estradiol per tablet is 
calculated from 


mg. Ethinyl Estradiol per Tablet 


- A X B X C X D  - 
E X F X G  


where A = average photometer reading of 10-ml. 
eluate of 0.2-ml. chromatographed sample extract, 
B = weight, in milligrams, of chromatographed 0.1- 
ml. standard, C = average weight, in milligrams, o f  
one tablet, D = volume, in milliliters, of h a 1  
sample extract, E = average photometer reading of 
10-ml. eluate of 0.1-ml. chromatographed standard, 
F = weight, in milligrams, of sample, and G = vol- 
ume, in milliliters, of chromatographed sample ex- 
tract. 


The final concentration of ethinyl estradiol per 
tablet is obtained by averaging the values obtained 
for each of the two chromatograms. 


Sample CalczJalion.-Table 11, chromatogram 
No. 1: 


mg. Ethinyl Estradiol per Tablet 


- - 58.5 x 0.021 x 559 x 4 = o.oo78 
63.5 X 27890 X 0.2 


RESULTS AND DISCUSSION 
Recoveries of 95y0 or better must be obtained if 


any analytical method is to  serve as an effective 
stability assay. The assay procedure described here 
meets this requirement. 


This was demonstrated by subjecting four known 
aliquots of ethinyl estradiol to  the complete ana- 
lytical procedure. The average of the four individ- 
ual assays gave a figure deviating by 5% from the 
theoretical concentration of 103 mcg./ml. (Table 


TABLE III.-ACCURACY AND PRECISION OF METHOD" 
111). 


Chromatogram, Deviation 
Aliquot mcg./ml. Av., from Theory,b 


No. 1 2 mcg./ml. % 
1 98.4 96.2 97.3 -5 .5  
2 96.3 99.5 97.9 - 5 . 0  
3 98.2 96.8 97.5 -5 .4  
4 96.7 100.3 98.5 -4.4 


Av . 97.8 -5 .0  
S. D. 0.44 
Coefiicient of variation, 7' 0.45 
Known concentrations of ethinyl estradiol subjected to 


the complete analytical procedure. b Theoretical value 0 


103 mcg./ml. 
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The analysis of ethinyl estradiol in tablets gave 
evcn better results, as shown in the data presented 
in Table IV. 


Recovery experiments where known amounts of 
ethinyl estradiol were added to the ground tablet 
powder confirm that the assay yields results of 95y0 
or better (Table V). 


The water content of the acetone used to elute 
the ethinyl estradiol from the column is critical. 
The data presented in Table VI indicate that a water 
content of 1 to 2% is necessary to achieve maximum 
recovery of the ethinyl estradiol from the column. 


I t  is advisable not to perform the column chromato- 
graphic step in a very humid atmosphere. A t  high 
humidity, moisture pickup by the chloroform and 
alumina deactivates the alumina, so that some of the 
ethinyl estradiol is eluted with the chloroform used 
as a purification solvent. 


To determine the effect of moisture on the recovery 
of ethinyl estradiol, a 400-mcg. quantity was sub- 
jected to the procedure using alumina to which 6% 
water had been added. Only Myo of the ethinyl 
estradiol was recovered in the acetone eluate (Table 
VII). while the remainder was found in the chloro- 
form wash. 


Glassware used in the chromatographic purifica- 
tion should be dried carefully before use. The 
chloroform used to prepare the alumina column and 
to transfer the partially clarified sample to the 
column should be free of moisture (less than 0.02% 
water). In a second experiment, the chloroform 
used in these steps was saturated with water. The 
subsequent elution of ethinyl estradiol off the column 
yielded only 92% of the total introduced onto the 
column (Table VII). 


The 0.1 N HCI removes a considerable amount of 
yellow pigment from the ether extracts. The 
chromatographic purification separates the fat- 
soluble vitamins, methyltestosterone, and some 


TABLE IV.-ANALYSES OF ETHINYL ESTRADIOL I N  
ANABOLIC VITAMIN TABLETS 


Deviation from 
Sample No. Found, mg./Tablet Theoryp % 


1 0.0081 +l.2 
2 0.0082 +2.5 
3 0.0079 -1 .2  
4 0.0078 -2.5 
5 0.0078 -2.5 
6 0.0076 -5.0 
7 0.0077 -3 .8  


a Theoretical concentration: 0.008 mg. per tablet. 


TABLE V.-RECOVERY OF ETHINYL ESTRADIOL 
ADDED TO ANABOLIC VITAMIN TABLETS 


Net 
Added, Found, Recovery, 


Sample mcg./ mcg./ mcg./ Recovery. 
No. Tablet Tablet Tablet % 


- - 1 0 8.2 
1 7.9 15.8 7 . 6  96.2 
2 0 7.9 


8.3 15.7 7.8 94.0 
3 0 7 . 4  
3 7 . 9  14.8 7.4 93.8 
4 0 i . 6  


15.1 7.5 95.0 4 7 . 9  
0 : . t  


5 7.9 15.9 8.2 103.8 


- - 


- - 
- - 


3 - - - -  


TABLE V1.-RECOVERY OF ETHINYL ESTRADIOL 
FOLLOWING CHROMATOGRAPHY ON ALUMINA AND 
THE EFFECT OF WATER CONTENT OF ACETONE USED 


AS ELUTING SOLUTION 


Recovery of Ethinyl 
Estradiol, % Water Added to Acetone,a % 


0 67 
0.25 90 
0.5 92 
1.0 98 
2.0 98 
4.0 93 
6 . 0  89 


a Acetone (Merck No. 7106) contained 0.28% water by 
gas chromatographic analysis. 


TABLE VII-RECOVERY OF ETHINYL ESTRADIOL 
FOLLOWING CHROMATOGRAPHY ON ALUMINA AND 


EFFECT OF WATER CONTENT OF ALUMINA 


Recovery of 
Ethinyl Estradiol, 


Water Content, % % 
6 84 


saturated chloroform 92 
Zero, followed by wash with water- 


yellow pigment from the estrogen. Several at- 
tempts to perform the paper chromatographic isola- 
tion without prior column chromatographic purifica- 
tion resulted in elongated smears unsuitable for sta- 
bility analysis. 


Attempts to  perform a batching assay on the 
column chromatographic acetone eluate by color- 
imetry in ethanokoncentrated sulfuric acid (1 : 1) 
and by fluorimetry for the estrogen per se or by the 
Ittrich modification of the Kober reaction (4) 
gave erroneous results. Only the combination of 
column chromatography purification and paper 
Chromatography quantitation gave a satisfactory 
assay. 


SUMMARY 


1. A method combining quantitative paper 
chromatography and spectrophotofluorometry has 
been developed for the assay of micro amounts of 
estrogens in anabolic vitamin tablets. 


The procedure is used routinely to meaSure 
the stability of ethinyl estradiol at a concentration of 
8 mcg. per tablet or 0.0014%. 


Prior to quantitative paper chromatography, 
the estrogen is extracted into ether from an alcohol- 
water suspension of the ground tablets, then ad- 
sorbed on an alumina column to separate it from 
some interfering constituents. 


The estrogen is eluted off the column using 
acetone to  which 1% water has been added. The 
concentration of water in the eluting solution is a 
critical factor in recovering the estrogen off the 
column. 
5. Accuracies in excess of 95y0 are obtained by 


chromatographing simultaneously replicates of 
standard and sample solutions on the Same chromato- 
gram. 


2. 


3. 


4. 
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at room temperature overnight, then at -10" for 
24 hours; yield, 53.1 Gm. (32.6%), m.p. 116- 
119". W t y  of this material was sufficient for the 
succeeding reaction to  form fluorodopan. Product 
IV may be purified by suspending it in boiling ethyl 
acetate (10 Gm., 250 ml.), followed by the dropwise 
addition of methanol until complete dissolution 
occurs. The melting point of pure IV was 123- 
123.5". 


Anal.-Calcd. for CalrFNaOa: C, 46.7; H, 
6.1; F, 8.2; N, 18.2. Found: C, 46.9; H, 6.0; 
F, 8.1; N, 18.0. 


5 - [(2 - Fluorathyl)(Z - chloroethyl)aminol- 
5-methyluracil (V).-To a stirred solution of 
800 ml. of 1.2-dimethoxyethane, 21 ml. of absolute 
ethanol, and 0.6 ml. of water. was added 28.6 ml. 
(0.39 mole) of thionyl chloride. After 5 minutes, 
the solution was cooled to  0", and 80 Gm. (0.36 
mole) of IV was added, then 89.6 ml. (1.23 moles) 
of thionyl chloride (5). The suspension was stirred 
a t  0-6" for 6 hours, then permitted to warm to 
room temperature. The suspension was stirred 


an additional 18 hours, then filtered. The product 
filter cake was washed by resuspending in benzene 
(5 X 500 ml.) and recovered by filtration; yield, 
89 Gm. (83.2%). m.p. 130-140'. The product 
hydrochloride was recrystallized from ethanol by 
the addition of ethyl ether, m.p. 159-160'. Since 
purity of the recrystallized product was poor, the 
free base was liberated by neutralizing a water 
suspension of the salt with saturated aqueous 
sodium bicarbonate; yield from 89 Gm., 67 Gm. 
(86.20/,). The free base was purified by crystal- 
lization from ethyl acetate, m.p. 166-167". 


And-Calcd. for CsHlaClFNaOl: C, 43.3; H, 
5.3; CI, 14.2; F, 7.6; N, 16.8. Found: C. 43.3; 
H,5.3; (21.14.3; F.7.7; N, 17.1. 
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Phytochemical Investigation of Piper cbaba 
By S. S. MISHRA and J. P. TEWARI 


A phytochemical investigation was conducted 
on Piper cbaba Hunter. fl-Sitosterol, piper- 
ine, and piplartine have been isolated in  pure 
form from the stems of this plant and identi- 


fied. 
IPBR CHABA Hunter (Piperacme), known as P chaba, is a glabrous, fleshy plant. It is culti- 


vated in various parts of India and Malaya. The 
assumed medicinal effects of this plant are brieily 
described by Kirtikar and Basu ( l ) ,  Chopra (2), and 
Nadkarni (3). The phytochemical study was initi- 
ated primarily because preliminary screening tests 
indicated that P. chaba possessed hypotensive and 
smooth muscle relaxant activity as shown in acute 
experiments (4). This observation and a survey of 
the available literature, which revealed no apparent 
report on the exact chemistry of this plant, prompted 
this investigation. 


&%tosterol, piperine, and a new alkaloid- 
piplartine (m.p. 124"hhave  been isolated from 
the petroleum ether extract of the stems of P .  chak 
and identified. This finding in the Piper family is 
not unusual (5). Piplartine has also been isolated 
from the stems of P. Iongum Linn.. by Ataland Banga 
(6); its structure has recently been elucidated (7) 
as piperidine amide of 3,4,5trimethoxycinnamic 
acid. Piperlongumine. having the melting point of 
piplartme and identical to  it in many respects, has 
also been isolated from the roots of the same species 
by Chatterjee and Dutta (8). They proposed its 
structure as piperidone amide of 3,4,5trimethoxy- 
cinnamic acid and confirmed i t  by synthesis, dis- 
proving the structure claimed by Atal and Banga. 


EXPERlbfJJNTAL 
plant Material.-The chemical studies were con- 


ducted on an authentic sample of stems of P .  chaba 
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Hunter, free of adulteration and foreign materials, 
obtained from M/S Jai Bharat Traders, Lucknow. 
India. The stems were comminuted to a No. 40 
mesh powder. 


Extraction Studies.-Suitable accurately weighed 
samples of powdered material were extracted suc- 
cessively with a series of solvents in a Soxhlet con- 
tinuous extraction apparatus by the Rosenthaler 
method (9). The percentage of extractives were: 
petroleum ether (b.p. range 40-60°), 0.8%; solvent 
ether, 0.5%; chloroform, 0.5%; ethanol, 3.270; 
70% ethanol, 3.8%. Ash value, determined by the 
B.P. (1963). was 4.5% of the dry weight of the crude 
drug. 


Two kilograms of the powdered drug was ex- 
tracted with light petroleum, b.p. 4WO". in a Soxh- 
let apparatus until an aliquot of the colorless perco- 
late left no residue when evaporated to dryness. On 
keeping the extract overnight, a white deposit was 
obtained and separated by filtration. On further 
concentration and standing overnight, a further 
greenish-yellow deposit. which was again separated 
by filtration, was obtained. On removal of the 
solvent, the filtrate yielded a fatty residue. 


Isolation and Purification of Pip1artine.-The 
white deposit obtained above was crystallized from 
methanol. Silky white needles of piplartine, m.p. 
124". were obtained on three crystallizations from 
methanol in poor yield. It was insoluble in water 
and in dilute acids and alkalies but dissolved in con- 
centrated acid and alkalies. With concentrated 
sulfuric acid, i t  turned yellow. I t  was soluble in 
chloroform and sparingly soluble in ethanol, 
methanol, and benzene. It did not reduce Fehling's 
solution even after hydrolysis. Piplartine de- 
colorized an aqueous permanganate and bromine in 
glacial acetic acid. It gave positive test for nitrogen 
and for alkaloid with various alkaloidal reagents. 


Anal.-Calcd. for CI~H~oNOr: C, 64.35; H, 6.99; 
N,4.41. Found: C,64.6; H, 5.82; N,4.40. 
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The mixed melting point remained unaltered with 
an authentic sample of piplartine. 


Isolation of Pipehe.-The greenish-yellow de- 
posit was dissolved in methanol and filtered hot. On 
cooling, more piplartine was obtained as fine needles, 
which were separated. The mother liquor was 
chromatographed over Brockmann alumina using 
benzene and benzene-chloroform mixture (1 :3). 
Elution with benzene gave a steroid, while elution 
with benzene and chloroform mixture yielded piper- 
ine. After several crystallizations from benzene, 
light yellow crystals of piperine, m.p. 128-129’. were 
obtained. The test with concentrated sulfuric acid 
and gallic acid for methylene dioxy group was posi- 
tive. A mixed melting point with an authentic 
specimen of piperine was not depressed. 
Isolation of fiSitostero1 from Fatty Residue.- 


The fat was hydrolyzed with 0.5 N alcoholic potas- 
sium hydroxide, and the mixture of phytosterols was 
extracted with ether (10). The sterol mixture 
obtained after removal of solvent was chromato- 
graphed over alumina. The column was eluted with 
benzene and benzene-hloroform mixture (1  : 3). 
The benzene eluent was too small for further study. 
The residue obtained from benzene-hloroform mix- 
ture gave a positive Liebennann-Burchard test. 
On several crystallizations from methanol, the 
residue gave colorless needles, m.p. 136’. (a)’,” 
-36.5’ (CHCla). The sterol was freely soluble in 
benzene, chloroform, and petroleum ether and 
sparingly soluble in cold methanol and ethanol. 


Anal.-Calcd. for CloHmO: C. 84.05: H, 12.09. 
Found: C, 83.84; H, 12.13. 
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The sterol acetate, benzoate, and digitonide were 
prepared in the usual manner; m.p. 127, 144, and 
221’ dec.. respectively. 0-Sitosterol and its acetyl 
and benzoyl derivatives did not show a change in 
melting point when admixed with the respective 
authentic specimen. 


Thus, from a comparison of the data with those 
for known sitosterol, this sterol was identified as 
8-sitosterol. The characteristics of the sterol are in 
conformity with the earlier observation of theauthors 
(11) on the sterol from Zfiomoea degitata Linn. 
( Conwolwrrlaceae). 
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Thimerosal as a Preservative in Biological Preparations. 111. 
Factors Affecting the Concentration of Thimerosal in Aqueous 


Solutions and in Vaccines Stored in Rubber-Capped Bottles 
By J. BIRNER and J. ROS. GARNET 


Inactivation of the antiseptic properties of 
thimerosal contained in vaccines stored in  
bottles which have been sealed with rubber 
closures is governed by the type of rubber 
used for sealing the containers, the tem- 
perature and duration of storage, and the 
ratio of volume of liquid t o  surface area of 
the rubber to  which the thimerosal is exposed. 


HE POLAROGRAPHIC method of estimating T thimerosall in dilute solutions has been applied 
to its determination in samples of pertussis vaccine 
and triple antigenz during storage of the preparations 
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1 Thimerosal, sodium ethylmercurithiosalicylate. is official 
in the “British Pharmacopoeia’’ as Thiomerd. It is trade- 
marked as Merthiolate. 


*Triple antigen is an alternate name for diphtheria, 
tetanus, and pertussis vaccine B.P. 


in contact with rubber closures of differing composi- 
tions for varied periods of time and temperature. 
The purpose of this investigation was to assess the 
suitability of thimerosal as a preservative in these 
vaccines and to  provide a basis for their storage 
under optimum conditions. 


There is no question that the preservative effect 
of thimerosal in the low concentration employed in 
biological preparations is appreciably diminished 
when those preparations are stored in containers 
sealed with rubber closures (1). 


Considerations of safety in the use of vaccines 
dispensed in multidose containers which have been 
sealed with rubber caps make i t  important to  know 
at what stage in the shelf life of the preparation the 
concentration of the preservative may be expected 
to fall below what can be regarded as an effective 
level. 


As shown in a previous paper (2) the determina- 
tion of thimerosal with the polarograph can be 
camed out rapidly and with no less accuracy than is 
possible with the customarily used biological method. 
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Synthesis of Some Substituted Piperidones 
By PETER A. RATTO* and ARNOLD A. LIEBMANX 


5,5-Dimethyl-6-hydroxy-6-phenyI-2-piperidone was obtained from a side reaction of 
a synthetic sequence aimed at the production of analgesics. A series of these hy- 
droxypiperidones has been prepared and their stability toward dehydration studied. 


URING THE preparation of compounds de- 
signed to contain the structural require- 


ments for analgesia (l), a side reaction led to a 
piperidone structure having possible hypnotic or 
stimulatory properties. This piperidone was 
prepared by cyanoethylation of isobutyrophenone 
(I) according to the procedure of Campbell, et al. 
(Z), to give 4-benzoyl-4-methylvaleronitrile (11). 
Hydrolysis of this ketonitrile to the correspond- 
ing acid (111) was effected in the described manner 
(a) ,  and the acid was then treated with thionyl 
chloride, followed by cold concentrated ammonia 
solution. The amide that had formed cyclized 
into a 6-hydroxypiperidone structure (IV), 
evidenced by infrared and ultraviolet spectra. 
In hydroalcoholic solution, the material evidently 
existed as an equilibrium mixture of the 6-  
ketoamide and the 6-hydroxypiperidone since a 
semicarbazone derivative was obtainable. 


Comparing the structure of the 6-hydroxy- 
piperidone ( IV)  to phenobarbital or other hyp- 
notics and anticonvulsants, i t  is noted that the 
position of the lactam relative to the alkyl sub- 
stituents suggests possible hypnotic or anti- 
convulsant activity. On the other hand, the 
6-hydroxy-6-phenyl structure, coupled with the 
hypnotic-producing moiety, could confer con- 
vulsive or hypnotic inhibiting activity. In 
addition to the pharmacological possibilities, the 
stability of the compound toward dehydration 
was also of interest. 


Several additional ketones were used as start- 
ing materials including # substituted propio- 
phenones, #-substituted isobutyrophenones, 
a-methylbutyrophenone, and hexahydrobenzo- 
phenone. These substances readily underwent 
cyanoethylation (2, 3) (Table I). 


Received May 16, 196.1, from the College of Pharmacy. 


Accepted for publication August 15. 1983. 
Supported in part by a grant from the Greater New Orleans 


Loyola University, New Orleans, La. 


Cancer Association. 
Presented to the Scientific Section, A.Px,A.  Miami Beach 


meeting, May 1063. * Present address: Department of Product Development, 
Bristol Laboratories, Syracuse, N. Y. 


Present address: Department of Chemistry. University 
of California, Berkeley. 


To obtain the desired piperidones from the 6- 
ketonitriles, several approaches were available. 
Where applicable, treatment of the nitrile with 
alkaline peroxide represents a quick method 
(4, 5). Using this procedure, the expected 
hydroxylactam (IV) was obtained only with 4- 
benzoyl-4-methylvaleronitrile (No. 4, Table I) ; 
the others in this series exhibiting an inertness 
toward this reagent. However, sulfuric acid 
hydrolysis of these 6-ketonitriles yielded the ex- 
pected hydroxylactams as did complete hydrolysis 
to the acid, followed by acid chloride formation 
and treatment with aqueous ammonia. Finally, 
lactams of this type have been realized directly 
from the ketone by replacing acrylonitrile with 
acrylamide (6) ; however, this procedure was not 
applied to these compounds. 


When propiophenone w a s  used as the start- 
ing ketone, cyanoethylation yielded the ex- 
pected product (V). Either by alkaline hy- 
drolysis of the nitrile followed by amidation or 
direct sulfuric acid hydrolysis, a cyclic dehydro 
product resulted (VI). The nitriles prepared 
from #-substituted propiophenones (Table I, nos. 
2, 3) gave analogous results when converted to 
their corresponding amides (Table 111). In the 
case of each 6-ketonitrile containing two alkyl 
groups in the position a to the aroyl substituent, 
no dehydration occurred with the cyclization. It 
is conceivable, but improbable, that inhibition of 
dehydration of these 5,5-dialkylpiperidones could 
be attributed solely to tautornerization of the 
lactam. Since the tautomeric structures must 
include some VIIB, dehydration could occur and 
result in the formation of the highly conjugated 
system (VIII). In the case of those compounds 
that underwent dehydration with the cyclization, 
infrared spectra showed the presence of NH 
stretching bands, thereby confirming the forma- 
tion of a carbon-carbon rather than a carbon- 
nitrogen double bond (VI). Dehydration of those 
compounds containing two alkyl groups in the 5 
position (IX) could not result in the formation of 
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a similar carbon-carbon double bond without 
migration of an alkyl group. Therefore, the only 
hydrogen atom available for direct participation 
in dehydration of these latter compounds is the 
lactam hydrogen. Conformationally, the 
aromatic substituent, by virtue of its greater 
size, should be predominantly in an equitorial 
position, placing the hydroxyl group in the axial 
position. The lactam hydrogen atom may be 
considered as existing in an equatorial posi- 
tion relative to the unshared pair of electrons 
about the nitrogen. The combination of this 
hydrogen's cis relationship to the hydroxyl group 


VIIB VIII 


X 


XI1 


and the resonance of the lactam carbonyl pre- 
cludes dehydration under these reaction condi- 
tions. On the other hand, with those compounds 
containing one alkyl substituent in the 5 position 
of the piperidone ring (X), an axial hydrogen 
trans to the 6-axial hydroxyl group is available, 
and cyclization also results in dehydration. 


Several 8-ketoacids were prepared which con- 
tained no alkyl substituents (XI). Subsequent 
treatment of these compounds with thionyl 
chloride or ethyl chloroformate, followed by 
concentrated ammonia solution, yielded the open 
chain 8-ketoamides (XII) (Table IV). Failure 
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of these compounds to cyclize may be explained 
by their lack of alkyl substituents which in turn 
facilitate ring formation (7). 


EXPERIMENTAL.' 
Cyanoethy1ation.- The appropriate ketone (0.1 


mole), potassium hydroxide, 300 mg. (50% aqueous 
solution), and 75 ml. of tert-butanol were treated 
with 7 Gm. (0.13 mole) of freshly distilled acrylo- 
nitrile according to the procedure of Cason and 
Chang (3). Distillation yielded up to 66% of the 
6-ketonitriles (Table I, Nos. 4-9). With propio- 
phenone and p-substituted propiophenones, the same 
procedure was followed; however, a 2: 1 M ratio of 
the ketone to acrylonitrile was employed. The 
yields of cyanoethylated product from these ketones 
were slightly less (Table I, Nos. 1-3). 


Semicarbazone derivatives were prepared in the 
usual manner (Table 1). 


Alkaline Hydrolysis.-The appropriate b-keto- 
nitrile, 0.05 mole, was heated under reflux with 200 
ml. of 20y0 aqueous potassium hydroxide solution 
until the evolution of ammonia ceased (16-20 hours). 
The solution was cooled and extracted with 25 nil. of 
chloroform. The aqueous layer was acidified with 
concentrated hydrochloric acid and extracted with 
three 50-ml. portions of chloroform which were then 
combined and dried with anhydrous calcium chlo- 
ride. The chloroform was evaporated under re- 
duced pressure leaving 85-900/, of the crude acid 
which was not further purified. 


The acid was treated with 11.9 Gm. (0.1 mole) of 
thionpl chloride dissolved in 50 ml. of anhydrous 
benzene. The solution was heated under reflux for 
1 to 2 hours and the benzene and excess thionyl 
chloride then removed by distillation under reduced 
pressure. The residue was cooled and poured 
slowly with stirring into 25 ml. of cold ammonia 
solution (28%). The product (6o-7oyO) was fil- 
tered, washed with water, and recrystallized from 
methanol or methanol-water. (Tables 11, 111.) 
Infrared spectra of these compounds showed the 
following peaks. In the case of 5,5-dimethyl-6- 
hydroxy-6-( p-methoxyphenyl)-2-piperidone (No. 5. 
Table II) ,  2 . 8 ~  (hydroxyl), 3p (lactam NH), and 
6 . 0 9 ~  (lactam carbonyl). Similar spectra were ob- 
tained from those compounds in this series contain- 
ing two alkyl substituents in the 5 position of the 
piperidone ring. For those compounds containing 
one alkyl substituent in the 5 posit.ion of the piperi- 
done ring, ix., 5-rnethyl-6-(P-tolyl)-A5-tetrahydro- 
2-pyridone (No. 3, Table 111), 2.99, (lactam NH). 
and 6 . 0 5 ~  (lactam carbonyl). 


5,s-Dimethyl- 6-hydroxy- 6-phenyl-2-piperidone 
SemiCubazone.-The first member of this series 
(No. 1, Table 11) readily formed a semicarbazone 
derivative in the usual manner. After recrystalliza- 
tion from ethanol, the derivative melted a t  219- 
220". 


And-Calcd. for CIIHSNIOZ: N, 20.29. Found : 
N, 20.33. 


Sulfuric Acid Hydrolysis.-One gram of the ap- 
propriate 6-ketonitrile was treated with 5 Gm. of 
concentrated sulfuric acid. The solution was 
allowed to  stand at room temperature for 15 minutes, 
then poured with stirring into 150 ml. of ice water. 


I 


- 


* The procedures listed are typical of those used for the 
preparation of compounds listed in Tables I-IV. 
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TABLE II.-6-ARYL-5,5-DIALKYL-6-HYDROXY-2-PIPERIDONES 


R 


483 


No. R R' R" 
1 CHs CHa H 
2 CHI CHI CI 
3 CHI CHICH, H 
4 CHI CHI C Hi 
5 CHI CHI CHIO 
6 -(CHz)r- H 


Yield,o 
Formula Yo 


Recrystallizing 
Solvent 


Methanol 
Methanol 
60% Methanol 
Methanol 
60% Methanol 
Methanol 


M.p., -Carbon, %- -Hydrogen, %- 
OC. Calcd. Found Calcd. Found 


175-176 
175-176 
160-161 
172-174 
188-190 
185-188 


71.20 
61.53 
72.07 
72.07 
67.44 
74.11 


71.45 
61.60 
72.44 
71.89 
67.25 
74.39 


7.81 
6.36 
8.21 
8.21 
7.69 
8 .  I6 


7.90 
6.43 
8.42 
8.13 
7 .71  
8 .31  


0 Yields calculated from the nitriles. 


TABLE 111.-6-ARYL-5-METHYL-A5-TETRAHYDRO-2-PYRIDONES 


Yield, Recrystallizing A a r b o o ,  %- -Hydrogen. %- 
No. K Formula % Solvent M.p.. "C. Calcd. Found Calcd. Found 
1 H  C~ZH,,NO 73" Methanol 136-136.5 77.00 77.00 7.00 6.96 
2 CI ClzHl~CINO @ Methanol 159-160 65.03 65.09 5.46 5.22 
3 CHI CI~HI~NO 6ob Methanol 146-147 77.60 77.54 7.52 7.60 


0 Yield calculated from the acid. * Yields calculated from the nitriles. 


TABLE IV.-~-AROYL-BIJTYRAMIDES 
R- CeH-C-CHrCHr CHpC-NHz 


II 
0 


II 
0 


Recrystal- 
Yield," lizing M.p.. --Carbon, %- -Hydrogen. %- 


No. R Formula '% Solvent OC. Calcd. Found Calcd. Found 
1 H  CllHIJNOz 65 Water 156-157 69.10 69.40 6.85 6.81 
2 CHI ClpHl,NO~ 90 Water 170-171 70.21 69.96 7.37 7.55 
3 CHsO C12HIsNOI 90 Water 145-146 65.14 65.24 6.83 6.96 


(1 Yields calculated from the 4-aroyl-butytic acids. 


The crude product ( ~ O o / o )  was filtered and 
washed with 570 sodium hydroxide solution. Re- 
crystallization was effected from methanol or meth- 
anol-water. Since the yield of product from this 
reaction was less than that obtained from the two- 
step procedure previously described, only com- 
pounds 2 and 3 of Table I11 were prepared by this 
latter procedure. 


4-Aropl-butyric Acids.-The appropriate aromatic 
hydrocarbon was condensed with glutaric anhydride 
in the presence of anhydrous aluminum chloride as 
described by Berliner (8). 


4-Aroyl-butyramides.-The appropriate acid 
(0.005 mole), prepared in the above experiment, was 
dissolved in 10 ml. of chloroform and the solution 
neutralized with 0.005 mole of triethylamine. The 
resulting mixture was chilled to 0". A solution of 
0.005 mole of ethyl chloroformate dissolved in 5 ml. 
of chloroform was added slowly so that the tempera- 
ture of the mixture did not rise above 10' (9). The 


reaction mixture was kept in an ice bath for 30 
minutes, after which time 3 ml. of cold concentrated 
ammonium hydroxide solution was added. A gas 
evolved followed by the formation of a precipitate. 
The precipitate was collected and recrystallized 
from water (Table IV). 
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Coumarins I1 
Structures of Columbianadin and Columbianin 


By ROBERT E. WILLETTEt and TAITO 0. SOINE 


Columbianadin and columbianin were isolated from petroleum ether and alcoholic 
extracts, respectively, of Lomatinm columbiannm. Upon hydrolysis, these coumarins 
yielded tiglic acid and glucose, respectively, and an alcohol, columbianetin. This 
alcohol was dehydrated to dihydroiiroselone and upon hydrogenation formed a 
product identical with a degradation product obtained from athamantin. This, in 
addition to ultraviolet, infrared, and nuclear magnetic resonance absor tion studies, 
led to the establishment of columbianetin as (+)-8,9-dihydro-8- 8-hydroxy- 1- 
methylethyl)-2H-furo[2,3-h)-l-benzopyran-2-one and columbianin as its glucoside. 


Columbianadin was established as its angelate by synthesis. 


N A CONTXNUED search of western United States 
for plants of the Umbelliferae family containing 


coumarins and/or chromones exhibiting pharma- 
cological activities, Call (1) investigated Luma- 
tium columbknum Mathias & Const. From 
petroleum ether extracts of its root, he isolated 
a crystalline substance possessing spasmolytic 
properties which he named “columbianin.” No 
structural studies were reported on this sub- 
stance. 


L. columbianum is an umbellifer growing in 
south central Washington and north central 
Oregon. The synonymy listed for this plant is 
Leptotaenia purpurea Coult. & Rose and Ferula 
purpurea Wats., but is not Lomatium purpureum 
(2). 


The investigation reported here concerns a more 
exhaustive investigation of the root of L .  colum- 
bianum and determination of the structures of 
the principal constituents. 


Detailed pharmacological studies will be re- 
ported at a later date. 


EXPERIMENTAL. 
Unless otherwise specified, melting points were 


determined in capillary tubes in an oil bath with a 
thermometer that read accurately for a set of stand- 
ard samples. Values of [ a ] D  have been approxi- 
mated to the nearest degree. Infrared spectra were 
determined as Nujol mulls on a Perkin-Elmer spec- 
trophotometer, model 137. Ultraviolet spectra were 
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determined in 95% ethanol on Cary recording 
spectrophotometers, models 11 and 14. 


Materid.-The dried root of Lomatium colum- 
bianum Mathias & Const., collected near the 
Columbia River about 3 miles east of Bingen, 
Wash., was ground in a Jacobsen laboratory mill to 
an approximately No. 20 powder in preparation for 
extraction.’ 


Extraction.-The ground root (5 Kg.) was moist- 
ened with petroleum ether (b.p. 30-60“), allowed 
to macerate several hours, and extracted in a 
Soxhlet-type extractor continuously for 6 days with 
petroleum ether. The concentrated extract was 
allowed to stand, and the crystalline needles which 
formed were removed periodically by filtration. 
The combined needles were washed with a small 
portion of cold petroleum ether and air-dried to 
afford 43.0 Gm. (0.8fj70) of columbianadin.’ Evap- 
oration of the remaining extract left a dark viscous 
oil which possessed several fluorescent components 
when a small sample of it was developed on a 
chromatostrip8 with 3OY0 ethyl acetate in skellysolve 
B (b.p. 65-70’). Studies of this fraction will be 
reported a t  a later date. 


The dried marc remaining from the petroleum 
ether extraction was next extracted continuously 
with methylene chloride for 4 days. Evaporation 
of this extract afforded 40 Gm. of a brown resin. A 
sample of this residue separated into several fluores- 
cent spots on a chromatostrip developed as before. 
Studies of this fraction will be reported at  a later 
date. 


The dried marc remaining from the methylene 
chloride extraction was next extracted continuously 
with methanol for 11 days. The methanolic extract 
was concentrated to half its volume under reduced 
pressure and allowed to stand several days to afford 
105 Gm. (2.1%) of columbianin as a light brown, 
microcrystalline powder. In an extraction of 400 
Gm. of root with 95‘% ethanol, 16 Gm. (4.0%) of 
the same material was obtained. 


1 The authors are indebted to Dr. T: G. Call. 115 West 
Rancho Road, Corona, Calif., for collection and identification 
of the plant material, and to Dr. G. B. Ownbey, Botany De- 
partment, University of Minnesota for confirmation of the 
identity. A herbarium specimen has been retained by the 
Department of Botany, University of Minnesota. 


2 To follow customary coumarin nomenclature more 
closely, the authors recommend the names “columbianadin” 
(Call’s “columbianin”) for the ester and “columbianin” for 
the glucoside isolated in the present work. The name 
columbianetin is suggested for the alcohol resulting from 
hydrolysis of columbianadin and columbianin. 


8 See Foofnolc 2 in the previous paper (3). 
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Anal.-Calcd. for CnHpZOla.2HZO: C, 54.90; 
H.5.88. Found: C.55.11; H, 5.86. 


Hydrolysis, Isolation of Columbianetin (III).- 
Columbianadin (5.0 Gm.) was refluxed for 3 hours 
with 2 N sodium hydroxide in 50yo ethanol. Com- 
plete hydrolysis was determined by development of 
a neutralized sample of the reaction mixture on a 
chromatostrip with 3Oy0 ethyl acetate in skellysolve 


Columbianadin (I).-A portion of the crude frac- 
tion (9.5 Gm.) was recrystallized from aqueous 
methanol as long silky needles (5.6 Gm.) which 
melted a t  113-115'; after drying at 100" in vacuum 
overnight, the needles melted at 121-122'. Re- 
peated crystallizations from dilute methanol and 
drying at 100" in vacuum overnight gave colum- 
bianadin as long colorless needles, m.p. 121-122" ; 
[a]Y + 26.5" (c 1.0, dioxane); ultraviolet spectrum 
(Fig. 1) :  Amin. 268 mp (log 63.18); Am,. 219 (4.35) 
sh., 250 (3.56). 261 (3.59) and 327 mp (4.19); infra- 
red spectrum (Fig. 2): 1742-1727 (a-pyrone and a ,B  
unsaturated ester C=O), 1631 (aromatic and a- 
pyrone ring C=C), 1587 (aromatic ring with con- 
jugated C-C), 1272 (Ar-0-C), 1120 (k-0- 
C&), 925 [(CH~)ZC-O], and 837 cm.-' (1,2,3,4- 
aromatic substitution).' 


Columbianadin formed a yellow solution in 
aqueous and ethanolic alkali and was recovered from 
these solutions upon acidification. It gave a nega- 
tive phenol test to 3% ethanolic ferric chloride and 
to  the 2% phosphomolybdic acid-concentrated 
ammonium hydroxide test for hindered phenols. 
Refluxed in 0.247 N ethanolic sodium hydroxide for 
6 hours, it gave a saponification equivalent of 172- 
calculated for two acids, 164. 


Anal.6-Calcd. for C19HaOs: C, 64.49; H, 6.14; 
C-CHa, 9.2; mol. wt., 328.35. Found: C, 64.29; 
H, 6.08; C-CH,, 9.2; mol. wt. (Rast), 323. 


Columbianin (II).-A portion of the crude frac- 
tion (24.8 Gm.) was dissolved in water with the aid 
of heat; the brown solution was filtered, cooled, 
diluted with an equal volume of methanol, and 
evaporated under reduced pressure to  a syrup. 
.4fter standing several days, the syrup afforded very 
fine crystals. These were filtered off, rinsed with a 
little methanol, and dried at 100" in vacuum over- 
night, to give nearly white microcrystals (5.6 Gm.), 
m.p. 274.5 to  275.5". 


A portion of these crystals (250 mg.), digested in 
hot methanol and dried, was dissolved in water (5 
ml.) and added to the top of a column of silica gel 
(25 Gm., Baker's chromatographic grade) prepared 
in a slurry with water. Elution of the column with 
water yielded a colorless eluate, which was con- 
centrated under reduced pressure to  a syrup. Crys- 
tallization from methanol, followed by drying at  
100" in vacuum several days, gave 190 mg. of colum- 
bianin, m.p. 275-276"; [a]*: + 118 ( G  0.25, H20); 
ultraviolet spectrum (Fig. 1): Amin. 269 mp (log e 


red spectrum (Fig. 3):  3584 (free OH), 3509-3425 
(bonded OH) and 1730 cm.-l (a-pyrone M). It 
gave a positive Molisch test. 


Anal.-Calcd. for C ~ H X O ~ . ~ H Z O :  C, 54.07; H, 
6.35. Found: C, 53.76, 54.05; H, 6.20, 6.04. 


Columbianin TetraXcetate.-Acetylation of co- 
lumbianin (1.0 Gm.) with acetic anhydride (15 ml.) 
and fused sodium acetate (1.0 Gm.) gave the tetra- 
iicetate (1.8 Gm.). Repeated crystallizations from 
dilute ethanol and drying at 100" in vacuum gave 
colorless needles (0.5 Gm.), m.p. 221-222". 


~ 


j ' 


! 


I 
1 2.98); Am,. 216 (3.97) sh. and 327 mp (4.00); infra- 


4 The assignment of groups responsible for some of the ab- 
sorption bonds in the infrared spectra of the compounds 
discussed in this paper are in agreement with the findings of 
Halpern Waser, and Sclimid (4) for closely related structures. 


b Mic;oanalyses were determined by the Microanalytical 
Laboratory. School of Chemistry, University of Minnesota. 
Minneapolis; Drs. Weiler and Strauss, 164 Banbury Road, 
Oxford England' or W. L. Johnson and associates. The 
Upjohi Co., Kal&azoo, Mich. 


WAVELENGTH, mp 
Fig. 1.-Ultraviolet absorption spectra in 95% 


ethanol. Upper curve, columbianadin; middle 
curve, columbianetin; lower curve, columbianin. 


B. The cooled reaction mixture was diluted with 
water, partially concentrated under reduced pressure 
to remove ethanol, and acidified (pH5) with con- 
centrated sulfuric acid. The large colorless needles 
which formed on standing were removed by filtra- 
tion and &-dried to  give 3.6 Gm. of columbianetin, 
m.p. 160-162". Several recrystallizations from hot 
water and dilute methanol and drying at 100" 
in vacuum afforded long colorless needles, m.p. 164.5 
to  165O (Kofler block); [a]Y + 20" (c 1.0, dioxane); 
ultraviolet spectrum (Fig. 1): Amin. 269 mp (log 
3.15); Am,. 219 (4.15) and 329 mp (4.13); infrared 
spectrum (Fig. 4): 3610 (free OH), 1715 (a-pyrone 
C-0), 1410, 1149 (tert-OH, C-0 stretching and 
OH deformation) and 871 cm.-l ((CH&C-0). 


Anal.-Calcd. for CMHMO,: C, 68.28; H, 5.73; 
mol. wt., 246.25. Found: C, 68.43; H, 5.65; 
mol. wt. (Rast), 222. 


Columbianin (2.0 Gm.) heated on a steam bath 
with 5% hydrochloric acid (30 ml.) for 30 minutes 
also gave columbianetin (0.4 Gm.). 


Isolation of Tiglic Acid.-The acidic aqueous 
filtrate from above was extracted with four 100-ml. 
portions of ether, which were combined and washed 
free of acid with 5% sodium carbonate solution. 
The carbonate wash was acidified with 10% sulfuric 
acid and extracted with four 50-ml. portions of ether, 
which were combined and evaporated. The residue 
was  dissolved in skellysolve B, from which a small 
crop of columbianetin crystallized. The super- 
natant liquor was evaporated to  an oil which 
crystallized upon standing to give 1.0 Gm. of tiglic 
acid as large prisms. Sublimation at atmospheric 
pressure afforded long, fine needles, m.p. 64-65'. 
The melting point was not depressed on admixture 
with an authentic sample of tiglic acid. 


Identification of oG1ucose.-Columbianin (200 
mg.) was refluxed with 2 N sulfuric acid in 30% 
ethanol (15 ml.) for 2.5 hours. The cooled mixture 
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Fig.3.-Infrared absorption spectrum of columbidnin 
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Fig. 2.-Infrared absorption spectrumof columbiana- 
din (Nujol mull). (Nujol mull). 


was extracted with four 25-ml.portionsof chloroform. 
The aqueous layer was neutralized with a saturated 
solution of barium hydroxide, filtered, and concen- 
trated under reduced pressure to an amber syrup 
(250 mg.). The paper chromatographic behaviofl 
was identical with that of authentic D-glucose and 
different from that of D-mannose or D-fructose. 


The phenylosazone of a portion of the syrup (125 
mg.) was prepared in the usual manner (6). The 
crystals, which formed in 7 minutes, were washed 
with acetone and recrystallized from aqueous 
methanol to  give 80 mg. of phenyl-D-glucosazone as 
fine, reddish-brown needles, m.p. 205' ; [a] 'r] - 6.6' 
(G 0.24, 1: l  pyr.-HsO) [lit. m.p., 210'. [a]Y - 1.5' 
(7)]. The melting point was not depressed on 
admixture with a sample of glucosamne prepared 
from D-glucose. 


Columbianetin Acetate.-Columbianetin (0.2 
Gm.), acetic anhydride (5 ml.), and pyridine (5  ml.) 
were refluxed overnight; dilution with water precipi- 
tated line needles (0.1 Gm.). These were recrystal- 
lized twice from dilute ethanol and dried at 100' in 
vacuum to give fine, colorless needles, m.p. 127.5 to 
128.5' (Kofler block); ultraviolet spectrum: 
Amin. 268 mp (log c 3.07); Am=. 218 (4.11) and 327 
mp (4.12); infrared spectrum; 1727 (a-pyrone and 
ester k0) and 1245 an.-' (acetate (2-0). 


Anal.-Calcd. for QsH1,0s: C, 66.65; H, 5.59. 
Found: C, 66.64; H, 5.68. 


Alkaline Permanganate Oxidation of Colum- 
bianetin.-A saturated solution of potassium per- 
manganate (ca. 75 ml.) was added to  a cold solution 
of columbianetin (0.5 Gm.) in 1% sodium hydroxide. 
The mixture was acidified with 10% sulfuric acid 
and steam distilled. p-Nitrophenylhydrazine (0.5 
Gm.) in ethanol (20 ml.) was added to the distillate 
(200 ml.). The long, reddish-brown needles which 
separated overnight were filtered off and recrystal- 
lized twice from dilute ethanol to  give 75 mg. (27% 
of theory, based on 0.5 Gm. of columbianetin) of 
acetone pnitrophenylhydrazone, m.p. 147-149' 
[lit. m.p., 149-150' (S)]. The melting point was 
not depressed on admixture with the p-nitrophenyl- 
hydrazone prepared from acetone. 


Dehydration of Co1umbianetin.-Columbianetin 


8 The procedure and solvent system used were essentially 
those of Jermyn and Isherwood (5). The method utilized a 
descending technique on Whatman No. 1 p a p  and detection 
of carbohydrate spots with potassium periodate solution 
followed by benzidine reagent. The paper was equilibrated 
with the lower layer and developed m t h  the upper layer of a 
mixture of ethyl acetate-water-pyridine (2:2: 1 by volume) 
prepared by shaking well and allowing to stand at room tem- 
F a t u r e  overqight. 


(0.5 Gm.) was dehydrated with glacial acetic acid 
(1.5 ml.) and concentrated hydrobromic acid (1.5 
ml.) (9). Repeated crystallizations from hot water 
containing a small amount of ethanol gave 0.1 Gm. 
of dihydro6roselone (IV), m.p. 142.5 to 143.5' 
(Kofler block) [lit. m.p., 142' (4)]; ultraviolet 
spectrum: Amin. 231 (log Q 4.07) and 274 mp (3.71); 
A,. 224 (4.23) sh., 252 (4.45) and 302 mp (4.06). 
The melting point was not depressed on admixture 
with an authentic sample of dihydrcijroselone.' 
The infrared spectra of the two samples were 
identical. 


Dihydrocolumbianetin (V).-Columbianetin (300 
mg.) was dissolved in glacial acetic acid (10 ml.) and 
hydrogenated under 3 Atm. pressure in the presence 
of palladium black (100 mg.) for 8 hours. The 
filtered solution was evaporated under reduced pres- 
sure and the residue crystallized from 1:2 ether- 
skellysolve B. Repeated crystallizations from the 
same solvent gave 100 mg. of dihydrocolumbianetin, 
m.p. 111.5 t o  112.5'; [a]y +300° (cO.33, CHsOH) 
[lit. m.p. 112-113', [a]:  +87" (60.65, CHaOH)(4)] ; 
ultraviolet spectrum: Amin. 260 (log e 2.90) and 283 
mp (3.30); Am,. 281 (3.29) and 288 mp (3.32); in- 
frared spectrum: 1761 cm.-l (7,Q-unsaturated 6- 
lactone). 


Anal.-Calcd. for Cl,Hl~O,: C, 67.73; H, 6.50. 
Found: C, 67.36; H, 6.53. 


Columbianetin Tig1ate.-Columbianetin ( 1.23 
Gm., 0.005 mole) was powdered and suspended in 
dry benzene (20 ml.). The suspension was added 
slowly to  a mixture of tigloyl chloride (0.60 Gm., 
0.005 mole) in dry benzene (10 ml.). The mixture. 
protected by a calcium chloride drying tube was 
refluxed on a steam bath for 20 hours, during which 
the solid colurnbianetin dissolved completely. The 
course of the esterification was followed with 
chromatostrips which were developed with a 30% 
solution of ethyl acetate in skellysolve B after spot- 
ting with the reaction mixture directly. Inspec- 
tion of the strip under ultraviolet light was used to  
determine when the slower moving columbianetin 
spot had disappeared completely in favor of the 
faster moving tiglate spot. The reaction mixture 
was then cooled and washed three times in a sep- 
arator with 10-ml. portions of 5% aqueous sodium 
bicarbonate solution, followed by two 10-ml. por- 
tions of distilled water. The benzene solution was 
dried overnight over anhydrous sodium sulfate, 
filtered, and the solvent removed under reduced 


1 Generously supplied by Dr. Hans Schmid, Chemisches 
lastitut dm Univwsitat Ziirich. Ziitich, Switzqlagd. 
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Hydrolysis of columbianadin (I) with alkali and of 
columbianin (11) with acid in dilute ethanol yielded 
tiglic acid and D-glucose, respectively, and an alcohol, 
which we named columbianetin (111). 


Dehydration of columbianetin (111) gave the 
known coumarin dihydro6roselone (IV), which con- 
ceivably could have arisen from the tertiary alcohol 
111 or the secondary alcohol VI by rearrangement.8 
Hydrogenation of columbianetin (111) afforded the 
dihydroalcohol V, which is identical to a hydrogena- 
tion product of athamantin (4). Since a rearrange- 
ment is not possible during the hydrogenation, the 
location of the hydroxyl group in columbianetin is 
established. 


Assignment of structure 111 to columbianetin was 
supported further by infrared and NMR spectra. 
I n  its infrared spectrum, columbianetin gives rise to 
peaks a t  1410 and 1149 cm.-' attributable t o  tertiary 
alcohol 0 - H  deformation and C-0 stretching: 
whereas the spectrum of the secondary alcohol V I Q  
shows analogous peaks at  1295 and 1090 cm.-' 
which are characteristic of a secondary alcohol (11). 


The hydrogen attached to a secondary carbon 
carrying a hydroxyl group usually exhibits a peak in 
its NMR spectrum at a frequency about 60 C.P.S. 
higher than when the hydroxyl is acetylated (12). 
This is due to  elimination of interaction between the 
two hydrogens of the HO-CH group. Conversion 
of the tertiary alcohol 111 to  its acetate gives a shift 
of 23 C.P.S. in the absorption attributable to  the 
hydrogen of the group: 0-C-H. This agrees 
with the 0-C-H group present in the furano ring 
of structure 111. The NMR spectra of the second- 
ary alcohol V I  and its acetateB show a shift of 69 
C.P.S. for this hydrogen, which agrees with their 
established structures. Also, the location of the 
peak for the proton of the hydroxyl group was at a 
higher frequency in the NMR spectrum of alcohol VI 
than alcohol 111, which possibly is indicative of 
greater hydrogen bonding as is sometimes noted in 
spectra of acyclic secondary alcohols ( 13).1° 


As previously indicated, tiglic acid was obtained 
by hydrolysis of columbianadin (I). Since angelic 
acid readily isomerizes to tiglic acid (14), it was nec- 
essary to determine whether columbianadin was 
an angelate. Kupchan and Afonso (15) have 
demonstrated that no validity can be placed on lack 
of isomerization of free angelic acid to  tiglic acid 
when treated under the same reaction conditions 
used t o  hydrolyze the ester. They indicated that 
isomerization takes place either before or during the 
actual cleavage of the ester. 


The tiglate of columbianetin was prepared by 
treatment with tigloyl chloride and the angelate 
from 3-bromoangeloyl chloride followed by hydro- 
genation (16). Columbianetin angelate showed no 
depression of melting point on admixture with 
columbianadin. although i t  should be pointed out 
that the melting point of the synthetic angelate was 
a few degrees lower than that of the natural product. 
Their infrared and ultraviolet spectra and chromato- 
graphic behavior were identical. The tiglate gave 
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Fig 4 -Infrared absorption spectrum of columbiane- 
tin ( NUJOI mull) 


pressure t(J yield an oily residue that hardened and 
crystallized when rubbed with a little methanol. 
The crude product was recrystallized twice from 
methanol to yield 1 Gm. of fine, white needles, m.p. 
107-108". A mixed melting point with authentic 
columbianadin showed marked depression of the 
melting point and the infrared and nuclear magnetic 
resonance (NMR) spectra indicated the nonidentity 
of the two products. In the NMR spectrum, the 
vinyl proton of tiglate was denoted by a multiplet 
centering at  3.43 T .  


And-Calcd. for ClvHmOs: C, 69.49; H, 6.13. 
Found: C, 69.43; H, 6.21. 


Columbianetin 3-Bromoange1ate.-This ester was 
prepared in exactly the same manner as colum- 
bianetin tiglate utilizing equimolar amounts of 3- 
bromoangeloyl chloride ( 16) and columbianetin. 
A reflux period of 30 hours, however, was required 
for completion of the reaction as determined by the 
chromatostrip method. The crude product was 
recrystallized twice from ethanol to yield white 
crystals, m.p. 135 to 137.5". 


Anal.-Calcd. for C19H19Br06: C, 56.06; H, 
4.70. Found: C. 55.87; H, 4.86. 


Columbianetin Angelate.-This ester was prepared 
by the method of Kupchan and Afonso (16) by 
atmospheric pressure hydrogenation of an ethanolic 
solution of columbianetin 3-bromoangelate in the 
presence of anhydrous sodium acetate and 10% 
palladium-on-carbon. After removal of catalyst 
and evaporation of solvent, the product was re- 
crystallized twice from methanol and water to give 
long white needles. These were dried overnight a t  
100' in vacuum and gave a melting point of 1 1 5  
118". A mixed melting point with authentic 
columbianadin (m.p. 121-122') was 117-119". 
Infrared and NMR spectra of columbianetin ange- 
late and columbianadin were identical. In the 
NMR spectrum of the angelate, the vinyl proton 
was denoted by a multiplet centering at 4.02 7 .  


Anal.-Calcd. for C19H?o05: C, 69.49; H, 6.13. 
Found: C, 69.36; H, 6.28. 


DISCUSSION 
The previously isolated (1) columbianadin (I) was 


obtained from petroleum ether extracts of the 
dried mot of L. colzcntbiunurn in 0.8 to  0.9% yields. 
Alcoholic extracts of the root afforded a crystalline 
substance in 2 to 4% yields, which gave :L positive 
carbohydrate test (Molisch) and to  which we as- 
signed the name, columbianin (11). 


8 Bencze. cf ol. (lo), minimized this possibility, however, in 
an analogous acid dehydration of visamminol. 


9 (f)-3'-Hydroxy-3',4'-dihydroseselin (VI) and its acetate 
were obtained from pteryxin (3). 


10 The authors thank Dr. James N. Schoolery Varian 
Associates Palo Alto Calif. Mr. George M. Slomp The 
Upjohn C;., KalamaAo, Mi&., and Dr. Michael J. M6rtell. 
Jr.. Ledede Laboratories. for assistance in determining and 
interpreting the NMR spectra. 


8 Bencze. cf ol. (lo), minimized this possibility, however, in 
an analogous acid dehydration of visamminol. 


9 (f)-3'-Hydroxy-3',4'-dihydroseselin (VI) and its acetate 
were obtained from pteryxin (3). 


10 The authors thank Dr. James N. Schoolery Varian 
Associates Palo Alto Calif. Mr. George M. Slomp The 
Upjohn C;., KalamaAo, Mi&., and Dr. Michael J. M6rtell. 
Jr.. Ledede Laboratories. for assistance in determining and 
interpreting the NMR spectra. 
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dissimilar spectra and a melting point depression. 
Comparison of NMR spectra also confirmed the 
identity of the angelate and the nonidentity of the 


tiglate with columbianadin. I t  is of interest to 
note that the vinyl proton in the angelate (as well 
as in columbianadin) is a t  4.02 r (center of multiplet) 
and that of the tiglate is a multiplet centering a t  
3.43 r .  This agrees well with Fraser (17), who cites 
4.03 r for the vinyl proton of angelate and 3.28 T 


for tiglate. Columbianadin is, thus, firmly estab- 
lished as the angelate ester of columbianetin. 


The structure of columbiauin (11) as the D- 
glucoside of columbianetin follows from its identified 
hydrolytic products. 
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chiometric ratios have been calculated. The higher 
order of magnitude of these formation constants 
indicates a high degree of stability of the complex. 
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Potential Hypoglycemic Sulfonylureas 
By KARL A. NIEFORTHt, GLENN L. JENKINS, and  ADELBERT M. KNEVEL 


A series of N’-alkyl-N-p-phenylbenzenesulfonylureas and N,N‘-bis (N-alkylcarbamyl) 
4,4’-biphenyldisulfonamides has been prepared for pharmacological studies of their 


hypoglycemic activities. 


LTHOUGH SULFONYLUREAS have been reported A in the literature for several years, it  was not 
until 1955 that the hypoglycemic activity of these 
compounds was recognized and reported. Since 
that time, the interest in synthesizing compounds 
of this type has increased considerably and has 
resulted in a few marketable compounds. The 
purpose of this paper is to extend research in this 
area to include the biphenyl nucleus. 


Early work in the area of hypoglycemics was 
centered around derivatives of guanidine (1, 2). 
Several years later, various derivatives of iso- 
propylthiadiazole were investigated and found to 
be active hypoglycemics (3). This work (3) may 
also be considered to be the start of the use of 
sulfonamides in controlling the symptoms of 
diabetes. In 1955, a sulfonylurea compound was 
found to be very active in lowering the blood 
sugar concentration in diabetics (4). After this 
work was reported, new active compounds began 
appearing at a rapid rate (5-8). It is now gen- 
erally accepted that the sulfonylurea function is 
a source of hypoglycemic compounds. The work 
in this paper is based on that assumption and is 
conducted in two parts. The first part is the 
Synthesis of N’-alkyl-N-p-phenylbenzenesul- 
fonylureas (VII) ; the second part is the synthesis 
of N,N’ - bis( N-alkylcarhamyl)4,4’-biphenyldi- 
sulfonamides (XIV). 


Biphenyl (I) was sulfonated according to a 
published procedure (9) and gave good yields of 
4-biphenylsulfonic acid (11). This in turn was 
reacted with phosphorus pentachloride using 
carefully controlled conditions to form 4-bi- 
phenylsulfonyl chloride (111). If the conditions 


were not controlled, varying amounts of 4,4’- 
biphenyldisulfonyl chloride (X) were found in the 
reaction mixture. The sulfonyl chloride was 
heated in ammonia water forming 4-biphenyl- 
sulfonamide (1V). The sulfonylurea (V) was 
prepared (10) upon reaction of the sulfonamide 
with n-butylisocyanate in the presence of tri- 
ethylamine. Because of the difficulty in prepar- 
ing the various isocyanates needed in this 
project, an alternate route was used to prepare 
the remainder of the compounds in Part I (1 1). 


In Part 11, biphenyl(VII1) was sulfonated with 
an excess of sulfuric acid to form 4,4’-biphenyl- 
disulfonic acid (IX) (12). The reaction be- 
tween 4,1’-biphenyldisulfonic acid and phos- 
phorus pentachloride was controlled to prevent 
the formation of 4,4’-dichlorobiphenyl. 4,4’- 
Biphenyldisulfonyl chloride (X) was heated with 
ammonia water to form 4,4’-biphenyldisulfon- 
amide (XI). From this point, the reactions in 
Part I1 are the same as those utilized in Part J. 
One compound (XII) was synthesized by the re- 
action of 4,4’-biphenyldisulfonamide and n- 
butylisocyanate. The remainder of the com- 
pounds was prepared by the alternate route 


EXPERIMENTAL1 
4Biphenylsulfonic Acid and 4,4‘-Biphenyldi- 


sulfonic Acid.-These compounds were prepared by 
reacting biphenyl with sulfuric acid. The quanti- 
ties of sulfuric acid depended on the desired acid (9, 
12). The salts of the sulfonic acids were formed 
by dissolving the acids in alcohol and addingcon- 
centrated soh tions o f  ;)otassiutti or sodium hydroxide 
to the alcoholic solutions. 


4Biphenyldfonyl Chloride.-Twenty grams 


(XI-XIV). 
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Part I 


0 


0 0 


( V I )  ( V I I )  
R =  Methyl, n-propyl, isopropyl, n-butyl, 


isobutyl, sec-butyl, and n-hexyl 


Part I1 


(XIII)  


(0.075 mole) of sodium 4-biphenylsulfonate was 
heated at 100" for 1 hour in an oil bath with 16 Gm. 
(0.075 mole) of phosphorus pentachloride. At the 
end of the heating period, the semisolid mass was 
poured into a beaker and allowed to solidify (13). 
The melting point of a purified sample agreed with 
the reported melting point of 115'. The crude 
sulfonyl chloride was washed with several small 
portions of cold water to remove any of the starting 
materials and by-products before using it to  pre- 
pare the sulfonamide. 


4,4'-Biphenyldisulfonyl Chloride.-In a 1-L. flask 
fitted with a condenser were placed 122 Gm. (0.32 
mole) of potassium 4,4'-biphenyldisulfonate and 175 
Gm. (0.85 mole) of phosphorus pentachloride. The 
flask was shaken thoroughly to mix the powders and 
heated on an oil bath a t  100' for 20 hours. The 
reaction mixture was poured into ice water and 
filtered. The residue was filtered and washed with 
three portions of cold water to  remove any starting 
material and by-products. For identification pur- 
poses, one batch was recrystallized from glacial 
acetic acid and was melted at the reported melting 
point of 205-20ti'. All other batches were reacted 
in the crude state. 


Bipheny1sulfonamides.-Both sulfonamides used 


(XI\') 
R = Methyl- n-propgl, isopropyl, n-butyl, 


isobutyl, and sec-butyl 


in this work were prepared simply by boiling the 
crude sulfonyl chlorides with an excess of concen- 
trated ammonia water for 1 hour. The only pre- 
caution taken was to add the ammonia water to the 
sulfonyl chloride slowly enough to prevent a rapid 
reaction and resulting effervescence. 


Sulfony1ureas.-Method A (lo).-In a 100-ml. 
flask fitted with a condenser were placed the 
sulfonamide and at  least a twofold excess of n-butyl- 
isocyanate dissolved in 10 ml. of triethylamine. 
The mixture was heated on an oil bath at 100O for 20 
hours. The resin which formed was dissolved in 4yo 
sodium hydroxide and treated with charcoal. The 
clear colorless solution was acidified by pouring it 
into a cooled solution of acetic acid. The product 
was filtered and recrystallized from 7Oy0 aqueous 
alcohol. Data for these coinpounds are listed in 
Tables I and 11. 


Method B (Il).-The first step in this method 
involved the synthesis of a sulfonylurethan. Four- 
teen grams (0.06 mnle) of 4-biphenylsulfonamide. 
200 nil. of anhydrous acetone, and 15 Gm. of 
anhydrous potassium carbonate were placed in a 
three-necked flask. The suspension was heated to 
boiling and 10 Gm. (0.1 mole) of ethyl chlorocar- 
bonate was added dropwise over a period of 1 hour. 
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TABLE I.-ALKYL-N-~-PHENYLBENZENESULFONYLUREAS 
0 
tI 


C!&6-CsH4-SOr-N H-C--N H-R 


Method 
Molecular of Syn- Yield, A u l f u r  Analysis--. 


R Formula thesis" Yo M. P . ~  Calcd. Found 
Methyl CirH 14N203S B 48 240-241 11.05 10.96 
n-Propyl CisHiaNzOaS B 60 18e. 5 to  188 9.82 9.78 
Isopropyl CisH iaNrOaS B 52 183-184 9.82 9.99 
n-Butyl CirHmNrOaS A 28 1 77-1 78 9.42 9.35 
Isobutyl CitHloNzOsS B 63 211-212 9.42 9.14 
sec-Butyl Ci7H&"O~S B 45 180-181 9.42 9.55 


7.92 n-Hexyl CI 9H2r N 203s B 53 151 to 152.5 1 . 1 1  
- -- 


The methods refer to Mefhods A and B discussed in the Experimenfal section; the yield is based on the final reaction. 
The melting points were determined by the open capillary method and are uncorrected. 


TABLE II.-N,N'-BlS( N-ALKYLCARBAMYL)4,4'-BIPEfENYLDISULFONAMIDES 


0 0 


R-NH-C-NH-02SCsHrCsHd-SOpN H-C-N H-R 
It II 


Method of ---Sulfur Analysi- 
R Molecular Formula Synthesis Yield, % M. p! Calcd. Found 


Methyl CieH1sNr0sS.r R 67 220 15.03 15.15 
n-Propyl CsHta Nr0aS.r  B i0 215 13.29 13.31 
Isopropyl CzoH2nNiOe.S~ B 83 227 13.29 13.15 
n-Butyl C2zHa N roes2 A" 80 237 12.36 12.69 
Isobutyl CIZHSONIO Sz B 63 228 12.36 12.06 
sec-Butyl C22Ha N r OaSl B 81 218 12.36 12.65 


~~ ~~~ 


a Method B resulted in 32% yield. * The melting points of the compounds in Table 11 were determined on a Kofler melting 
point apppratug. All compounds decomposed upon melting. The decompqsition was evidenced by the evolution of a pas 
and the ormation of 4,4'-diphenyldisulfonamide which melted at 305'. 


The mixture was stirred at reflux for 12 hours. 
When the reaction was complete. any insoluble mate- 
rial was filtered off and the solution carefully acidified 
with diluted hydrochloric acid. The precipitate 
was dissolved in sodium carbonate solution and any 
insoluble material removed. The solution was 
acidified and extracted with several small portions 
of ether. The ethereal extract was dried over 
exsiccated sodium sulfate; then the ether was re- 
moved. The product, N-p-phenylbenzenesulfonyl- 
urethan ( V I )  was recrystallized from 80% aqueous 
ethanol yielding 11.5 Gm. (47%) of an analytical 
sample melting a t  81 to  82.5'. 


Anal.-Calcd. for ClsHloNOD: S, 10.50. Found: 
S, 10.59. 


N, N' - Bicarbethoxy - 4.4' - biphenyldisulfonamide 
(XIII) was prepared in the same manner with the 
following modification. Since the product was not 
very ether soluble, it was recrystallized after acidifi- 
cation of the sodium bicarbonate solution. Starting 
with 5 Gm. (0.016 mole) or 4,4'-bi>henyldisulfona- 
mide, the yield of final product was 6 Gm. (82%) 
melting a t  180-182O. 


Anal.-Calcd. for ClaH,N,O&: S, 14.03. Found: 
S ,  13.63. 


The sulfonylureas were prepared from the corre- 
sponding sulfonylurethan in the following manner. 
The sulfonylurethan obtained above was dissolved 
in a primary amine warming to  80" if necessary. 


The excess amine was removed using a water 
aspirator leaving a gummy amine salt of the sul- 
fonylurethan. This was pyrolyzed at 130' and 5 
mm. Hg for 3 to 6 hours depending on the time 
necessary for the salt to lose its gummy appearance 
or for the bubbling to  stop. After pyrolysis, the 
product was dissolved in sodium bicarbonate solu- 
tion and treated with charcoal if deemed necessary. 
The alkaliae solution was acidified with diluted 
hydrochloric acid and the resulting solid recrystal- 
lized from '70% aqueous alcohol. Data for these 
compounds are listed in Tables I and I I. 
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REVIEWS 


Tablet Making. Second Edition. By ARTHUR 
LITTLE and K. A.  MITCHELL. The Northern 
Publishing Co., Ltd., 37 Victoria St:; Liverpool 1, 
England, 1963. 115 pp. 14 X 22 cm. Price 25/- 
net. 
In terms of both unit and dollar volume tablets 


represent the most important of all! ‘dosage forms. 
Nevertheless. efforts t o  remove the art and pro- 
vide a solid scientific base for the various processes 
making up tablet technology have m&‘with mbsider- 
able resistance. The second edition of this %dok. 
one of the few dealing with the subject, contribrtes 
little to the critical approach needed ih this field. 


Emphasis is placed upon the practical or vo- 
cational aspects of tablet making with brief dis- 
cussions of mixing, drying, compressing, and caatjng. 
The chapter ,dealing with compressing eqrd.np$nt 
and mechanical trouble shooting should be usefjll to  
beginners. The authors statement that “theopera- 
tion of the DryCota should present no serious prob- 
lems to any tablet maker who remembers. the 
principles of his trade (sic!) and considers logicall$ 
the method of operation of the machine” is open to 
question. 


Aside from a reference to a published bibliography 
on tableting, the only specific reference in the entire 
book is to a paper on film coating and there is no 
further discussion of this important d,evelopment. 
Also missing is a discussion of the factors controlling 
intertablet weight and potency variation. 


Particularly unfortunate is the verbal and photo- 
graphic exclusivity afforded a single manufacturer 
of tableting and associated equipment. Under 
such circumstances the book approaches the ap- 
pearance and concept of promotional literature 
The definitive textbook on tablet technology re- 
mains to be written. 


Reviewed by Jack Cooper 
Caba Pharrnacculical Company 
Summit. New Jersey 


Pediatric Therapy. Edited by HARRY C. SHIRKBY, 
B.S. (Pharm.), M.D. The C. V. Mosby Co., 
3207 Washington Blvd., St. Louis 3, Missouri. 
1964. 1144 pp. Price 818.50. 
This book, although intended primarily for 


physicians specializing in pediatrics, will be of in- 
terest to pharmacists because of its over-all emphasis 
on therapy rather than diagnosis, and its sections 
on drug treatment and on poisoning and specific 
antidotes. 


Part I, Drug Treatment, consists of twelve 
chapters on such subjects as “The Placebo-Its 
Clinical Significance.” “Reactions to Drup,” 
“Principles in Choice of Drugs,” and “Physical and 
Chemical Considerations in Choice of Drup for 
Pediatric Use.” There are eighteen additional 
parts concluding with a 48-page table of pediatric 
dosages. 


The Editor, himself a distinguished practitioner 
and teacher, is to be commended for compiling 


chapters from 52 contributors into such a cornpre- 
hensive, readable, and well-illustrated text. 


Reviewed by George P. Provost 
American Sockly of Hospital Pharmacists 
Washington. D .  C. 


Accepted Dental Remedies 1964. American Dental 
Association, 222 E. Superior St., Chicago 11, 111.. 
1963. xiv + 220 pp. 15 X 22.5 cm. Price S. 
Paperbound. 
The twenty-ninth edition of the widely recognized 


handbook of dental therapeutics is presented. 
Attention is given to recent reports of liver necrosis 
in a few individuals administered halothane for 
general anesthesia. The discoloration of teeth that 
may follow administration of some of the tetracy- 
clines in late pregnancy, infancy, and early childhood 


noted and precautions in providing closed chest 
cardiac ,massage are noted. The section on mouth- 
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Application of Ultrasound for Increasing Alkaloid 
Yield from Dutzlra strumoninm 


By A. E. DEMAGGIO and J. A. LOT"* 


A new approach is presented for the evaluation of ultrasonic energy when a plied to 
the isolation of alkaloids from Datura stranonium. The method utilizefmade it 
possible to study the influence of ultrasound on the maceration process as well as 
during the actual extraction process. The application of ultrasound durin short 
periods of maceration was effective in producing a greater yield of alkaloifs thpn 
obtainable by conventional procedures. When applied during the rocess of con- 
tinuous solvent extraction, ultrasound proved to be slightly more e&ent in liberat- 
ing the desired alkaloids from the drug. The utilization of ultrasound in commercial 


extraction procedures and for theoretical experimentation is discussed briefly. 


NUMBER OF investigators have demonstrated A that ultrasonic energy can be utilized 
productively in various extraction processes. 
The application of ultrasound to the extraction of 
enzymes, nucleic acids, and other biochemically 
important constituents from unicellular organ- 
isms and multicellular tissues is common practice. 
In addition, ultrasonic energy has been employed 
for the extraction of oil from peanuts (1) and 
fish tissue (2), bitter principles from hops (3, 4), 
poisonous substances from animal tissue homog- 
enates (5)  and in studies of immiscible liquid- 
liquid extraction (6, 7). Results of these studies 
have supported the expectation that a greater 
yield of the desired materials would be obtained 
in a shorter time period using ultrasound than 
by utilizing conventional extraction procedures 
alone. Moreover, these selected examples also 
serve to illustrate the potential application of 
ultrasound especially for the extraction of 
desired materials from both plant and animal 


In the last decade, several interesting studies 
have been conducted to determine if the more 
efficient extractions observed when ultrasound 
was applied to the diverse systems indicated 
above could be noted in the extraction of alkaloids 
from medicinal plants (8-12). To determine the 
effects of ultrasound on the extraction of alka- 
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loids from Cinchona succirubra, Schultz and 
Klotz (8) employed a high frequency of ultra- 
sound (2.4 Mcyl) and a frequency of sound in 
the audible range (less than 20 Kcy2). An 
improved yield of alkaloids was obtained from 
samples of drug treated with the audible fre- 
quency of sound and not from those samples 
exposed to high frequency ultrasound. In 
contrast, Head, Bed, and Lauter (9) employed 
frequencies of 20 Kcy and 450 Kcy ultrasound to 
extract cinchona alkaloids and obtained an 
increased yield of alkaloids from ultrasonically 
treated samples of the drug. It should be noted 
that a t  the higher frequency of ultrasound used 
by Schultz and Klotz, little gaseous cavitation 
probably was occurring since the minimum 
power necessary to initiate cavitation at  this 
frequency would be very great. The majority of 
ultrasonic effects, e.g., disruption of cells, which 
would influence extraction processes, generally 
are attributed to the occurrence of cavitation and 
the accompanying energy. In view of present 
knowledge concerning the mechanism of dtra-  
sonic action, it is reasonable to assume that in 
the absence of cavitation little or no beneficial 
effect of ultrasound on the extraction of alka- 
loids would be noted. 


During the extraction of alkaloids from Atropa 
belladonna, Wray and Small (10) observed that 
the insonation of a maceration mixture of solvents 
and ground drug for 20 minutes produced the 
same yield of alkaloids as a conventional macera- 
tion of 8 hours when both were followed by 
Soxhlet extraction. Bose, Sen, and Ray (11) 
have reported that the maceration time for the 
complete extraction of alkaloids from roots of 


1 Megacycles per second. * Kilocycles per second. 
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Rauwolfia serpentina can be reduced from the 
conventional 8-hour period to  15 minutes when 
ultrasound at a frequency of 25 Kcy is employed. 
Similar results have been reported by Colian and 
Tomas (In), who propose that the total energy 
accompanying cavitation in an ultrasonic field is 
considerably superior to mechanical mixing in 
facilitating extraction. 


The  present study originally was initiated to 
determine the influence of two frequencies of 
ultrasound (20 Kcy and 40 Kcy) on the isolation 
of alkaloids from D. stramonium. However, 
early in our work the need for characterizing the 
effect of ultrasonic treatment during the macera- 
tion process, opposed to the effect of ultrasonic 
treatment during the extraction process, became 
evident. I n  none of the previously published 
reports has a clear distinction been made between 
the maceration and extraction procedures in- 
volved in the isolation of alkaloids. The macera- 
tion procedure usually consists of the soaking and 
swelling of the drug in a suitable solvent or 
mixture of solvents and is followed by the 
extraction procedure which consists of the physical 
separation of the alkaloids from the drug, 
commonly by percolation or continuous extrac- 
tion in a Soxhlet or similar apparatus. I n  
published reports concerned with ultrasonic 
extraction, ultrasound has been applied t o  the 
macerating mixture and “true” ultrasonic ex- 
traction, in the sense of repeated exposure of the 
drug to  fresh supplies of solvent during con- 
tinuous ultrasonic treatment, has not been per- 
formed previously. The  construction of a 
special extraction apparatus made it possible 
for us to  analyze separately ultrasonic treatment 
when applied during the maceration process or 
when applied during the extraction process. 
The experiments reported here were designed to 
determine t o  which phase of the isolation pro- 
cedure ultrasound can be utilized most efficiently 
for increasing alkaloid yield or decreasing 
maceration or extraction time. 


EXPERIMENTAL. 
Materials and Equipment.-Commercially avail- 


able Datura leaf, granular (S. B. Penick); U.S.P. 
grade reagents and solvents; polyethylene wide 
mouth containers, 300 ml.; Soxhlet extractors; and 
a newly designed extracting apparatus (13) for ultra- 
sonic extraction were employed. In addition, three 
commercial ultrasonic generators and cleaning tanks 
were utilized: 20 Kcy magnetostriction unit 
(Bendix Aviation Corp., model No. UC-4x8, 
140 w.); 40 Kcy piezoelectric unit (National UI- 
trasonic Corp., Model No. 100. 60 w.); 40 Kcy 
piezoelectric unit (Circo Ultrasonic Corp., model 
No. 125T, 125 w.). 


Procedure for Ultrasonic Maceration.-The influ- 
ence of 20 Kcy and 40 Kcy ultrasonic energy when 
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applied during the maceration of the drug was stud- 
ied employing the three generators previously listed. 
Ten-gram samples of granular Datura leaf were 
placed in 300-ml. polyethylene containers and 80 
ml. of a macerating solvent (ether, 20; U.S.P. 
alcohol, 12; and ammoilia, 8 parts by volume) 
added. Therecommended U.S. P. volume of macerat- 
ing solvent was increased to cover the drug in the 
containers completely. The containers were then 
immersed to the neck in the water of the ultrasonic 
bath and the drug samples macerated with ul- 
trasonic energy for periods of 30 minutes or 1 
hour as indicated in the data. To prevent vaporiza- 
tion of the solvent during ultrasonic treatment, 
water-cooled reflux condensers were attached to the 
polyethylene containers, and the water in the 
ultrasonic bath was maintained 8-10’ below the 
boiling point of ether (34.6”). This was accom- 
plished by pumping the water through coils im- 
mersed in a constant temperature bath maintained 
a t  25 f 2’. After maceration was completed, 
the samples were transferred to extraction thimbles 
and extracted for 3 hours in a Soxhlet. 


Procedure for Ultrasonic Extraction.-Ultrasonic 
extraction was studied employing the 20 Kcy Bendix 
and the 40 Kcy Cuco ultrasonic generators. The 
40 Kcy National ultrasonic generator was excluded 
from this phase of the investigation since results of 
the maceration studies showed it to be less efficient 
than its counterpart, the Circo unit. Both the 
National and Circo generators are piezoelectric units. 


Maceration of the drug was performed in es- 
sentially the same manner indicated in the preced- 
ing section. However, in this phase of the study, 
ultrasound was not employed in macerating the 
samples. Samples of the drug were macerated by 
the conventional method for either a varied period 
of time or for a fixed period, depending on the de- 
sign of the experiment. Following maceration, all 
samples were extracted in the newly designed ex- 
tractor, while continually subjected to  ultrasonic 
energy for various time periods. 


1 
Fig. 1.-Results of 20 


Kcy (Bendix) ultrasonic 
maceration of the drug, 
followed by 3 hours of 
conventional extraction. 
Key: a, control samples; 
b, insonated samples. 


DURATION OF ULTRASONIC MACERATION 
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Fig. 2.-Results of 40 
Kcy (National) ultrasonic 
maceration of the drug, 
followed by 3 hours of 
conventional extraction. 
Key: a, control samples; 
b,  insonated samples. 
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samples macerated for 30 minutes. An increase of 
4% in total alkaloids was noted when samples 
insonated with the Circo unit for 30 minutes and 1 
hour were compared. While no reason is readily 
apparent to account for the increase in alkaloids 
obtained using one ultrasonic generator and not 
the other two, there is some indication that after 
prolonged maceration, the difference in yield of 
alkaloids from insonated and control samples 
diminishes. This difference cannot be attributed 
to variations in the power output of the ultrasonic 
generators used. 


From the preceding data, it is evident that the 
difference in the amount of alkaloids recovered 
between control and insonated samples is greatest 
during the first 30 minutes of ultrasonic macera- 
tion. Moreover, these data indicate that the 40 
Kcy Circo generator is more effective than the other 
units employed in releasing the alkaloids from the 
drug during the short maceration periods used. 


Short periods of ultrasonic maceration also have 
been effective in liberating the desired alkaloids 
from cinchona, belladonna, and rauwolfia. Head, 
Beal, and Lauter (9), employing 15 minutes of 
ultrasonic maceration, noted considerable increase 
in alkaloid yield from C. succirubra. A similar 
period of ultrasonic maceration was beneficial in 
extracting alkaloids from R. serpentina (11); while 
Wray and Small (10) macerated A. belladonna leaf 
with ultrasound for periods of 5 to  20 minutes and 
found 20-minute maceration times most effective. 
The similarity of results from these investigations, 
utilizing different ultrasonic generators and dif- 
ferent species of medicinal plants, demonstrates 
that the effect of ultrasound is beneficial for in- 
creasing alkaloid yields when employed in con- 
junction with short periods (less than 1 hour) of 
maceration. 


Ultrasonic Extraction.-The extraction studies to 
be described here differ fundamentally from previous 
reports concerned with ultrasonic extraction because 
a distinct separation of the maceration process from 
the actual extraction process has been achieved. For 
the present work, an extraction apparatus was 
utilized which made it possible to subject the drug 
sample to ultrasonic energy while, at the same 
time, performing continuous extraction of the liber- 
ated alkaloids. From previous data obtained during 
the maceration studies, it  appears that a 10% increase 
in alkaloid yield is the maximum which can be 
obtained utilizing ultrasound in the manner de- 
scribed. The present series of experiments were 
undertaken to determine whether a greater yield 
of alkaloids could be obtained when ultrasound 
was applied during the extraction process rather 
than when applied during the maceration process. 


In the first extraction experiment, the drug was 
extracted with ultrasound supplied by the 20 Kcy 
Bendix unit. To determine the interaction of 
maceration time and extraction time, experiments 
were conducted in which the drug was macerated 
for various time intervals (2 to 24 hours) and ex- 
tracted for a fixed period of 2 hours. The 2-hour 
extraction. period was chosen after preliminary 
results revealed that the maximum effect of ul- 
trasound could be best observed during this time. 
A synopsis of the results is presented in Fig. 4. 


A 10% increase in alkaloid yield was obtained 
from samples of drug macerated conventionally 


24 -!I - la YIM. 


1 Fig. 3.-Results of 40 
Kcy (Circo) ultrasonic 1 maceration of the drug, 


, followed by 3 hours of 
I conventional extraction. 
, Key: a, control samples; 
~ b, insonated samples. 
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Assay.-Samples were assayed for alkaloid content 
according to  the U.S.P. XVI assay for belladonna 
leaf. Experiments were performed in triplicate; the 
assay results were averaged and expressed as milli- 
grams of alkaloid per 10-Gm. sample of treated drug. 


Results of assaying the maceration mixture for 
total alkaloids prior to  Soxhlet extraction are not 
included in this report. Preliminary studies have 
shown that it is more satisfactory to compare re- 
sults from maceration and extraction studies when 
similar treatments are employed-in this case, a 
period of continuous solvent extraction is included 
as a routine part of both procedures. 


RESULTS AND DISCUSSION 


Ultrasonic Maceration.-For the initial studies, 
the influence of ultrasound on the macerating mix- 
ture was observed for intervals of 30 minutes and 1 
hour. Using the 20 Kcy Bendix generator, the alka- 
loid content of samples insonated for 30 minutes was 
about 9% greater than that of control or non- 
insonated samples (Fig. 1). When the insonation 
time was doubled, no increase in alkaloid yield 
was noted; the yield from the control samples, in 
this case, was slightly greater than the yield from 
insonated samples. A similar situation did not 
exist, however, in the maceration studies using 
the two 40 Kcy ultrasonic generators (Figs. 2 
and 3). 


With these 40-Kcy units there was a consistent 
increase in alkaloid yield when samples were mac- 
erated with ultrasound. Figure 2 shows the results 
obtained when samples were macerated 30 minutes 
and 1 hour with ultrasonic energy supplied by the 
National unit. A 9% increase in the yield of alka- 
loids was obtained when samples were exposed to 
ultrasound for 30 minutes, while a smaller in- 
crease (approximately 3%) was noted for samples 
macerated during 1 hour. Using the Crco ul- 
trasonic generator (Fig. 3). a 10% increase in 
alkaloid yield was observed for samples macerated 
with ultrasound for 30 minutes. When samples 
were macerated for 1 hour with ultrasound, the 
increased yield of alkaloids was approximately 
9% compared to  control samples. 


Conventional maceration without ultrasound 
when carried out for 1 hour was effective in causing 
an iucrease of 3% in alkaloid yield compared to 
samples macerated for only 30 minutes. It is 
interesting to note that only with the 40 Kcy Circo 
ultrasonic generator did samples macerated for 1 
hour yield greater quantities of alkaloids than 
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frequency of ultrasound is more effective than the 
higher frequency during the extraction process. 


It should be mentioned that complete exhaustion 
of the drug was not of primary concern during this 
investigation. Rather, the intent was to show the 
effect produced by ultrasound. This explains the 
relatively low yield of alkaloids obtained in certain 
studies. One should note also that ultrasonic action 
causes no detectable degradation of the active 
alkaloids (9, 10). 


Comparisons between this study and similar 
but very limited work on alkaloid extraction re- 
ported in the literature are difficult to make. A 
great variety of ultrasonic generators, ranging from 
ultrasonic diathermy machines (8 )  to oil immersed 
piezoelectric crystals (9) and magnetostriction gen- 
erators, have been used. However, one major 
similarity is evident in the increased yield of al- 
kaloids obtained from drug samples ultrasonically 
treated for short periods of time (9,lO). 
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Fig. 4.-Re- 
sults of 20 Kcy 
(Bendix) ultra- 
sonic extraction 
of the drug for 
2 hours: follow- 
ing various pe- 
riods of conven- 
tional macera- 
tion. Key: a, 
control samples; 
b,insonated sam- 
ples. 
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for 2 hours and for 4 hours and extracted with 
ultrasound for 2 hours. As the maceration time 
was increased, the difference in alkaloid content 
between control and insonated samples diminished; 
only a 3% increase was noted in samples macerated 
for 24 hours. These data suggest that ultrasonic 
extraction is most efficient when employed in con- 
junction with short periods of conventional niacera- 
tion. However, this effect possibly could be due to  
further liberation of the alkaloids, such as that 
which occurs during maceration, rather than a 
direct effect of ultrasound on extraction. There- 
fore, a somewhat different approach was utilized 
in evaluating the influence of 40 Kcy ultrasonic 
energy . 


In this case, the macerating time was fixed a t  
24 hours to  insure complete liberation of the al- 
kaloids, and the drug was extracted with the 40 
Kcy Circo ultrasonic generator for 1 hour or for 
3 hours (Fig. 5). Samples of drug extracted with 
ultrasound for 1 hour displayed a 15% increase in 
alkaloid yield when compared with control samples. 
This marked increase was not observed in samples 
extracted with ultrasound for 3 hours. In these 
samples little difference in yield was noted between 
insonated and control samples. 


When a comparison is made between samples of 
the drug continually macerated for 24 hours and 
extracted for 3 hours with the 20 Kcy or 40 Kcy 
generator, the yield of alkaloids is greater with the 
20 Kcy unit (Fig. 6). Assuming that complete 
liberation of the alkaloids had occurred during the 
24-hour maceration period, it appears that the lower 
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Fig. 5.-Results of 40 
Kcy (Circo) ultrasonic 
extraction of the drug 
following a 24-hour con- 
ventional maceration pe- 
riod. Key: a, control 
samples; b, insonated 
samples. 
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Fig. 6.-Comparative ef- 
ficiency of 20 Kcy and 40 
Kcy generators during 3 
hours of ultrasonic extrac- 
tion, following a 24-hour 
conventional maceration 
period. Key: 1, 40-Kcy 
(Circo) generator; 2, 20- 
Kcy (Bendix) generator. 
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CONCLUSIONS AND SUMMARY 


As shown in the previous section, the effects of 
ultrasound on the liberation of alkaloids during 
maceration are greatest in the initial 30-minute 
maceration period. To explain this phenomenon, 
one might consider that in addition to the al- 
kaloids present in the cell as salts of organic acids, 
some alkaloids may be present bound to essential 
cell constituents or precursors (14). The mechanism 
of the ultrasonic effect on maceration, then, would 
be to liberate the alkaloids and hasten their diffusion 
through the cell wall into the extracting solvent. 
In the absence of ultrasound, liberation of the 
bound alkaloids and their diffusion also occurs, 
but a t  a much slower rate. Thus, the action of 
ultrasonic energy would be to  accelerate this rate 
controlling diffusional process. 


If the maceration period is adequate to allow 
the slow diffusional process to  go to completion 
(as in the U.S.P. overnight maceration), little 
difference in alkaloid yield between insonated and 
noninsonated samples would be observed. For 
this reason, i t  would be pointless and impractical 
to  lengthen insonation periods if no effect of the 
applied ultrasound is noted during a short rnacera- 
tion time. 


During maceration of the drug, diffusion of the 
alkaloids occurs as has been described. It k then 
necessary to separate physically the alkaloids from 
the drug. Ordinarily, this is accomplished during 
Soxhlet extraction where the residue is repeatedly 
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exposed to the solvent. During ultrasonic ex- 
traction, this physical separation is further en- 
hanced by the localized stirring occurring as a 
consequence of cavitation. The combination of this 
stirring effect and the repeated washing of the drug 
with solvent is far superior to the simple washing 
procedure in Soxhlet extraction. Again, the ef- 
fect of ultrasound is most noticeable during short- 
term extractions. For if the drug is washed often 
enough in the conventional procedure, all of the 
alkaloids eventually will be separated from the 
residue. 


These results lead us to propose that at least 
two different mechanisms may be involved in the 
liberation of alkaloids during the isolation procedure. 
One of these mechanisms, occurring during the 
process of maceration, is stimulated or enhanced 
by the higher frequencies of ultrasonic energy. The 
other mechanism, active during the extraction 
process, is promoted by low frequencies of ultra- 
sonic energy. Although the evidence supporting 
this hypothesis is only indirect, the experiments 
reported here have clearly demonstrated that it is 
possible t o  evaluate critically the effect of ultra- 
sound on both phases of the procedure involved 
in alkaloid isolation-maceration and extraction. 
Furthermore, these exploratory studies indicate 
that the utilization of ultrasonic energy during the 
isolation procedure may yield valuable information 
concerning the exact mechanisms involved in the 
liberation of medicinal products from natural 
sources. 


949 


Ultrasonic energy definitely has utility in the 
extraction of alkaloid containing plants, providing 
that the ultrasound is of sufficient intensity and is 
correctly applied. Ultrasonic energy shortens 
considerably both the duration of the maceration 
and extraction process while simultaneously yielding 
extracts containing greater quantities of alkaloid 
than can be obtained by conventional procedures. 
Although quantitative differences in alkaloid 
yield have been noted, our experience has been 
that the maceration process lends itself most readily 
to  the application of ultrasound. We suggest 
that ultrasonic treatment on a commercial scale 
could be utilized profitably and simply by applying 
ultrasound to the macerating mixture. 
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Simple Automated DeveloDment of a 
I 


Film-Coating Procedure 
By DHIRAJ S. MODY, MORTON W. SCOTT*, and HERBERT A. LIEBERMAN 


Information obtained in  a series of manually controlled coating experiments was 
applied in  developing a simple automated procedure for film-coating tablets. The 
equipment consists of a group of interconnected timers which signal a solenoid 
valve controlling the hydraulic atomization of the coating solution. The  film com- 
positions were based on mixtures of hydroxypropyl methylcellulose and ethyl- 
cellulose and were applied to tablets automatically in  both 18 and 42-in. coating 
pans. The  apparatus and coating procedure offer advantages in  both research and 


production film-coating operations. 


ILM-COATED TABLETS have gained increasing F acceptance in the pharmaceutical industry; 
a growing number of tablet products coated in 
this way have reached the market. Numerous 
reports dexribing new and useful film-coating 
compositions have appeared in both the scientific 
and patent literature (1-5). The advantages of 
the film-coating technique include (among others) 
speed and convenience of operation and good 
control over tablet-to-tablet uniformity. A gen- 
eral review of the coating procedure has appeared 
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in the reports by Wagner (6) and by Gross and 
Endicott (7). Recently, Lachman described a 
procedure for automating the film-coating opera- 
tion (8).  This technique was based on the use of 
punched-tape electronic instrumentation and may 
be overspecialized for general applications. 


The present report describes the development 
of a simplified, inexpensive procedure for auto- 
matic a m  coating. 


EXPERIMENTAL 


Materials.-The coating agents used in this study 
were based on mixtures of hydroxypropyl methyl- 
cellulose and ethylcellulose (9, 10) as shown in 
Table I 


Coating solutions were prepared by dissolving t h e  
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Fig. 2.-The natruretic 
action of MBTScompared 
to that of acetazolamide 
using a four-point parallel- 
line bioassay. R equals 
potency ratio with 95% 
confidence limits in paren- 
theses. 


DOSE, mg./Kg. (LOG SCALE) 


ruresk. The greater kaluresis produced by BTS (4) Miller W H Dessert A M.. and Roblin, R. O., 


(5) Hoscin, E. A.,’D&stedt, 0. P.. and Griffith, H. R . ,  
these agents and acetazolamide were employed Ancrthcnoloiy, 16, 142(1955). 


(6) Lipschitz. W. L., Hadidian, Z.. and Kerpcaar, A., therefore suggests that these benzimidazolyl- J. Pharmocd. Exfifi. 79 97(1943). 
toluenesulfonamide compounds exert a greater (7) Steel. R..G: D?,and Tbrri;, J. H., “Principles and Pro- 


than does acetazolamide. (8),Fhney. D. J.. “Statistical Method in Biological 
Hafner Publishing Co., New York, N. Y., 1952, p. 


(9) H6ber R., Proc Soc Expf l  Biol. Mcd 49 87(1942) 
(10) Pitts R F Curd R S. Kessler R.’k..’and Hier: 


( l l j  C l k g ,  J. R., Waison. ’J. F., and Berliner, R.  W., 
ibid., 205, 3(1063). 


and MBTS when equivalent naMretic doses of Jr’* J‘ Am. cim.’&.’ 72 48Qi(lQ50). 


eflect on the distally located exchange cedures of StahStlCS McGraw-Hill Book CO., hC., N C W  
York, N. Y., 1960 p: 107. 


Assay, 
148. 


h o l m  K. Am. 2. $hysiol.’ 194 i25(1958j. 
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Use of 3-Azabicyclo[ 3.2.21nonane in the Mannich Reaction IV. 
Additional Derived Products 


By C. DEWITT BLANTON, JR., and W. LEWIS NOBLES 


Additional &amino ketones, phenol Mannich bases, allylamines, propylamines, 
and -paminoalkyl esters involving the use of 3-azabicyclo[3.2.2] nonane in  the 


Mannich reaction are reported. Results of biological tests are cited. 


DDITIONAL MANNICH bases derived from 3- A azabicycIo[3.2.2.]nonane are reported in 
Tables I-V. Results of biological tests are cited. 


The Mannich reaction was camed out as pre- 
viously described (1). Preparation of the phenolic 
Mannich bases was achieved by the procedure of 
Burckhalter et al. (2) or by that of Bruson and 
MacMullen (3). The y-amino secondary and y- 
amino tertiary alcohols used as intermediates for 
the preparation of the compounds reported herein 
were prepared as described earlier (4, 5). The 
procedure of Pohland and Sullivan (6), Method D, 
was adopted as a general one for the esterification of 
r-amino secondary alcohols. The method employed 
for the dehydration of the tertiary alcohols was 
patterned after that of Adamson (7). The procedure 
adopted as a general one for the reduction of allyl- 
amines to propylamines was patterned after that 


EXPERIMENTAL 
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of Adamson and Billinghurst (8). For the prepara- 
tion of the allylamines 7 and 10 (Table 111) the 
tertiary alcohols, 3 - [3 - (3 - azabicyclo[3.2.2.]- 
nonyl)] - 1,l - di - (2 - thieny1)propan - 1 - 01 hydro- 
chloride and 3 - [3 - (3 - azabicyclo[3.2.2]nonyl)]- 
1 - (4’ - propoxyphenyl) - 1 - phenylpropan - 1 - 01 
hydrochloride, underwent dehydration during their 
isolation from the Grignard reaction medium. 


BIOLOGICAL TEST RESULTS’ 


During the preliminary screening program, 
compounds reported in this series of papers ex- 
hibited a broad spectrum of antimicrobial activity 
against such organisms as Stuphylococcus aureus, 
Escherichiu coli, KkbsieUa pneumoniue, Proteus 
vulgaris, Candida albicans, Trichophyton mentu- 
grophytes, and Trichohonumas foetus. The activity 
is particularly pronounced against Truhophyfun and 
Trichomonas; in this regard, the compound 8-3- 
(3-azabicyclo [3.2.2.] nonyl) - 2,5 - dimethyl- _____ 


1 Pharmacological results were supplied by Dr. Paul N. 
Craig of Smith Kline and French Laboratories, Philadelphia- 
Pa. 
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TABLE I.-ADDITIONAL &AMINO KETONES 
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Analysesc 
Yield, Mdg::, A- -H--N- 


N0.O R % Formula Calcd. Found Calcd. Found Calcd. Found 
1 p-Propoxyphenyl 62.1 199-201 CmHicNOI-HCI 68.28 68.50 8.53 8.77 3.98 3.79 
2 O-Butoxyphenyl 45.0 172-173 CuHaNOI.HCI 68.92 69.05 8.81 8.86 3.87 4.12 
3 3,4-Dimethyl- 52.6 216-216.5 CitHnNO.HCI 70.92 71.03 8.71 8.75 4.35 4.39 


4 2.5-Dimethyl- 36.1 210-211 Ci&NO.HCl 70.92 71.25 8.71 8.81 4.35 4.36 


5 2,4-Dimethyl- 78.3 204-20ed Ci,HnNO.HCI 70.92 70.88 8.71 8.73 4.35 4.45 


6 2,4,8Tdmethyl- 44.8 203-2Md CmHstNO.HCI 71.51 71.37 9.00 8.89 4.17 4.22 


7 o-Pluorophenyl 37.4 187-190d CiiHaFNO.HC1 65.48 65.83 7.43 7.75 4.49 4.53 
8 o-Tri0uoro- 35.6 195-2Wd CUWINO.HCI  59.75 59.94 6.41 6.69 3.87 4.07 


9 p-Tri0uoro- 48.8 203-20Sd CsHaFINO~HCI 59.75 69.74 6.41 6.63 3.87 3.92 


phew1 


phenyl 


phmyl 


phmyl 


methylphenyl 


methylphenyl 


10 5-Chloro-2- 62.9 202-204 CiaHaCINOS.HCI 55.17 55.28 6.66 6.49 4.03 4.01 
thiengl 


0 AU Mannich bosesin this table were recrystallized from an ethanol-acetone, ethanol, or ethanol-watersolution. 
ing points which are uncorrected were taken on a Fisher-Johns melting point apparatus. 
analyses &e through the courtes~ of Dr. Paul N. Craig, Smith . K h c  and French Laboratones, Philadelphia, Pa. 
pound sublimed and melting points were taken by the sealed capillary method. 


Melt- 
c Carbon, .hydrogen, and nitrogen 


d Com- 


TABLE 11.-PHENOL MANNICH BASES 6 CH, -N, "HzB 
CHz 


R 


Analysese 
Yield, M.p.,) -C- -H- -N- 


No.' R % OC. Formula Calcd. Found Calcd. Found Calcd. Found 
1 p-Methyl 78.0 107-108 Cid&NOd 78.36 78.29 9.39 8.23 5.72 5.75 
2 p-Chloro 31.6 244-246 CuHmClNO.HCl 69.61 59.49 7.00 7.05 4.63 4.69 
3 p-Methoxy 63.2 153-156 CwHwUNG 64.52 64.20 8.12 8.18 4.70 4.46 


R-RCZ - N f H * B  
CHz 


4 2-(~-Naphthot) 51.7 195-196 CidhNO-HCI 71.79 71.37 7.61 7.62 4.41 4.29 
5 l-(gNaphthol) 88.3 155-157 CIDHWNO 81.09 80.93 8.24 8.14 4.98 4.86 


~~ 


All Mannich bases in this table were recrystallized from M ethanol-acetone, ethonol. or ethanol-water solution. Melt- 
e Carbon. hydrogen and nitrogen analyses are through the courtesy of Dr. Paul N. Craig, Smith 


d This was reported earlier (1) erroneously as the disubstituted product. 
ing points are uncorrected. 
KLine and French Laboratories, Philadelphia, Pi .  


propiophenone hydrochloride (Table I, Compound 
4) was especially interesting. 
For determining the antimicrobial activity, filter 


paper disks (6.3 mm.) are dipped in a 20 mg./ml. 
suspension of the test compound and tested for 
activity by the agar diffusion method. A Petri 
dish of 90-mm. diameter is employed, and the 
activity is determined by the zone of inhibition. 
For compound 4 (Table I), this zone of inhibition 
is greater than 90 rnm. for Trichohophyfon and Tri- 
chomonas by the above method. 


The benzenoid and heterocyclic ketonic Mannich 


bases displayed similar antimicrobial activity and 
toxicities, although activity of the heterocyclic 
compounds was not so pronounced. 3-Azabicyclo- 
[3.2.2.]nonane was observed to exhibit no activity 
as an antimicrobial agent. The amino alcohols. 
allylamines, and propylamines have not shown 
this marked antimicrobial activity, but are phar- 
macological agents having central nervous system 
activity. I t  is anticipated that future publications 
will be presented concerning these compounds as 
more details of the biological screening program 
become available. 
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NO." 
1 
2 
3 
4 
5 
6 
7 
8 
9 


10 


R 
Phenyl 
Phenyl 
Phenyl 
Phenyl 
Phenyl 
Phenyl 
Phenyl 
Phenyl 
Phenyl 
2-Thi- 


enyl 


TABLE III.-ALLYLAMINES (HYDROCHLORIDE SALTS) 


R-C=CH-CHz-N, FBm .HCl 
R' CH2 


R' 
Phenyl 
p-Fluorophenyld 
p-Chlorophenyl 
p- M ethylphen yl 
p-Methoxyphenyl' 
p-Ethoxyphenyl 
p-Propoxyphenyl 
p-Butoxyphenyl 
2-Thienyl 
2-Thienyl 


Yield, 
% 


43.8 
51 .O  
73.6 
46.4 
69.5 
60.3 
49.0 
88.9 
66.9 
71.8 


M.p. 


219-220 
225-227 
225-230d 
220-225 
170-175 
193-195 
205-207 
175-177 
180-183 
195-200 


OC.' Formula 
CnHuCIN 
CaHnFCIN 
CsHnCbN 
CvHaClN 
CnHnClNO 
CiiHnClNO 
CrHnClNO 
CnHmClNO 
CiiHmClNS 
Ci*HrCI N S. 


Analysesc . 
-C- -H--N-- 
Calcd. Found Calcd. Found Calcd. Found 
78.05 77.63 7.97 7.85 3.96 4.01 
73.32 73.22 7.31 7.29 3.72 3.75 
71.13 71.48 6.96 7.24 3.61 3.76 
78.34 78.22 8.22 8.24 3.81 4.03 
73.30 73.39 7.89 7.80 3.56 3.54 
75.44 75.20 8.10 8.08 3.52 3.52 
75.70 75.44 8.25 8.22 3.39 3.45 
76.12 75.93 8.52 8.31 3.29 3.20 
70.06 69.39 7.28 7.27 3.89 3.98 
62.35 61.78 6.61 6.71 3.83 3.65 


a All allylamines in this table were recrystallized from an ethanol-acetone or ethanol-ether solution. Melting points are 
c Carbon. hydrogen, and nitrogen analyses are through the courtesy of Dr. Paul N. Craig, Smith Kline and uncorrected. 


French Laboratories, Philadelphia, Pa. d Calculated for 0.25 mole of water. 8 Calculated for 0.50 mole of water. 


TABLE IV.-PROPYLAMINES (HYDROCHLORIDE SALTS) 


~ $ ! H - C H , - - C € L - N  c-$ -HCI 
R 


N O . ~  
1 
2 
3 
4 
5 
6 
7 


R 
Phenyl 
p-Fluorophenyl 
p-Chlorophenyl 
p-Methylphenyl 
p-Methoxyphenyl 
p-Ethoxyphen yl 
p-Butoxyphenyl 


Yield, M . P . . ~  
% OC. 
75.5 280-284 
45.4 257-260 
57.6 263-268 
46.3 270-280 
52.5 240-246 
91.3 238-245 
87.2 215-219 


Formula 
CirHaCIN 
CeHirCIFN 
CiaHi9ClrN 
CsrHnClN 
CwHnClNO 
CtrHuClNO 
CnHuClNO 


-c- 
Calcd. Found 
77.64 77.91 
73.87 73.57 
70.76 70.74 
77.91 77.54 
74.68 74.82 
75.06 75.13 
75.76 75.85 


- Analys~e- 
-H- 
Calcd. Pound 
8.44 8.64 
7.82 7.90 
7.49 7.61 
8.72 8.56 
8.36 8.24 
8.57 8.66 
8.95 9.03 


7 N -  
Calcd. Found 
3.94 4.16 
3.75 3.94 
3.59 3.61 
3.19 3.84 
3.63 3.75 
3.50 3.64 
3.27 3.50 


~~ 


(1 All propylamines in this table were recrystallized from an ethanol-acetone or ethanol-ether solution. Melting points 
c Carbon, hydrogen. and nitrogen analyses are through the courtesy of Dr. Paul N. Craig, Smith Wine are uncorrected. 


and French Laboratories, Philadelphia, Pa. 


TABLE ~.--~-AMINOALKYL ESTERS 


9 


Yield, 
 NO.^ R % 


1 Phenyl 93.0 
2 p-Chloro- 95.2 


3 p-Methoxy- 98.1 
phenyl 


phenyl 


phenyl 


phenyl 


4 $-Methyl- 79.4 


5 +Nitro- 84.9 


c Analysesc - 
M.P.,) -C- -H- -N- 
OC. Formula Calcd. Found Calcd. Found Calcd. Found 


228-230 Ct*HoCINO 67.56 67.67 8.29 8.57 4.15 4.16 
220-223 CioHa1CliNO1 61.26 61.81 7.53 7.46 3.76 3.94 


205-207 CmHoClNOi 65.32 65.32 8.22 8.44 3.81 4.07 


237-238 CaHmClNOI 68.26 68.19 8.59 8.85 3.98 4.12 


212-215 ClnHnCINrOd 59.61 59.20 7.11 7.23 7.32 7.82 


All y-aminoalkyl esters were recrystallized from a methanol-ether solution. Melting points are uncorrected. c Carbon 
hydrogen. and nitrogen analyses are through the courtesy of Dr. Paul N. Craig, Smith Kline and French Laboratories, Phila- 
delphia, Pa. 
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Analogs of Tetrahydrofolic Acid XIV 
Facile Synthetic Route to the 2-Amino-5- (3-anilinopropyl) -6-methyl- 
4-pyrimidinol Type of Folic Reductase and Thymidylate Synthetase 


In hi bi tor 


By B. R. BAKER, DANIEL V. SANTI, and HOWARD S. SHAPIRO 


A four-step synthesis of the title compound (Xb) from p-tolylsulfonanilide has been 
described which roceeds in 35 per cent over-all yield via ethyl 2-acetyl-5-(N-tosyl- 
anilino)valerate &Vb) and the N-tosyl derivative of Xb (VIIb). That this synthetic 
route had considerable generality was shown with four other examples-namely, 2- 
amino-6-methyl- 5 - (p-nitroanilinopropyl) -4-pyrimidinol (Xc )  , 2 -amino- 5 - (p-carb- 
ethoxyanilinopropyl)-6-methyl-4-pyri~nidinol , 2-amino-5- (3-anilinopropy1)- 
6-beazyl-4- yridiminol (XVIIb , and ~-amino~3-anilinopropyl)-6-phenyl-4-py- 
rimidinol &WIa). XVIIa an d b were good inhibitors of rat liver fohc reductase, 
being complexed five and two times better, respectively, than the substrate, folic acid. 
Since XVIIa and b are 35 and 16 times better, respectively, than the 6-methylpy- 
rimidine (Xb), the phenyl rin at the 6-position is probably an additional point of 


tinding to the enzyme. 


NTRACELLULAR REDUCTION of folk acid by the 
enzyme, folk reductase, leads to the cofactor 


form, tetrahydrofolic acid. This cofactor form 
then participates in at  least 14 known enzymatic 
reactions for acceptance and transfer of one-car- 
bon fragments (14). The pyrimidyl analog 
(Xa) was chosen as a likely candidate to be an 
inhibitor of enzymes utilizing tetrahydrofolic 
acid or its derivatives for reasons previously de- 
scribed (4). The original synthesis of Xu was 
designed to have the largest possible scope for 
subsequent molecular manipulation so that the 
mode of binding of Xu to a number of these 15 
enzymes could be studied. The key step in this 
synthesis was the reductive condensation of the 
5-pyrimidylpropionaldehyde (V) with substituted 
anilines (VIII), followed by base cleavage of the 
Wacetyl group of IX (5, 6). 


That this synthesis was quite general was shown 
by synthesis of analogs of X where (a) the 4- 
hydroxyl group was replaced by 4-mercapto (7), 
which resulted in increased binding to folic 
reductase (7), 5,1O-methylene-tetrahydrofolic de- 
hydrogenase (7), and thymidylate synthetase 
(8);  (b) replacement of the 6-methyl group with 
6-phenyl (9), which also resulted in increased 
binding to the first two enzymes; (c) variation 
of the R group to determine the mode of binding 
of the carboxy-L-glutamate residue to folic 
reductase (10) and other enzymes; and (4 
the variation of the 2-amino and 4-hydroxyl 
groups to assess their role in enzyme binding (8). 
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As a result of the study on the mode of binding 
of the carboxy-L-glutamate fragment to folic 
reductase, it  was clear that its complete removal 
to give Xb resulted in only a nominal decrease 
in binding to folic reductase (10) and thymidylate 
synthetase (8). Therefore, the authors con- 
sidered it important to find a shorter synthesis 
of compounds of type X, even though it might not 
be so general in scope as the original synthesis 
(5. 6). This new synthesis of class X inhibitors 
and some aspects of its scope are the subjects of 
this paper. 


DISCUSSION 


The general approach undertaken was to combine 
a 8-keto ester, a trimethylene fragment, and an 
aniline residue to give a key intermediate akin to VII. 
A number of variants of this approach were investi- 
gated, and the successful one will be dexribed first. 


Condensation of excess 1,3-dibromopropane (I) 
with p-toluenesulfonanilide (IIb) in dimethyl- 
sulfoxide in the presence of potassium carbonate-a 
general method used for alkylation of other acidic 
NH compounds (11. labgave pure N-bromopropyl- 
ptolylsulfonanilide (IIIb), m.p. 64-65", in 74% 
yield; the use of N,N-dimethylformamide as a sol- 
vent gave a 75y0 yield. The older alkylation 
method, using sodium ethoxide in ethanol, gave 
yields of 4045% of intermediate purity product. 
The more recent sodium hydride-N,N-dimethyl- 
formamide method (13) afforded 60-65y0 of IIIb; 
its one advantage over the potassium carbonate 
method was that reaction was complete in 8 hours. 
However, the potassium carbonate method is con- 
sidered the method of choice because of its simplicity. 


Condensation of the N-bromopropyl-p-toluene- 
sulfonanilide (IIIb) with sodio ethyl acetoacetate in 
absolute ethanol proceeded poorly; cleavage of keto 
ester (IVb) to VI (R=CHs or C2HsO) appeared to 
be a serious side reaction. The cleavage was avoided 
by using Icrt-butanol as the solvent for alkylation of 
sodio ethyl acetoacetate with IIIb; the keto ester 
(IVb) was obtained as an oil in quantitative yield 
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which was estimated to be Myo pure by ultraviolet 
analysis in 0.1 N methanolic sodium methoxide 
(see Experimental). 


Since the keto ester (IVb) seemed to be labile to 
ethanol, containing a base, it was not surprising to 
find that condensation of IVb with guanidine car- 
bonate proceeded poorly to  the pyrimidine (VIIb)  
in absolute ethanol. The product (VIIb)  could not 
be crystallized after processing the reaction mixture 
unless i t  was dissolved in hot 1 N sodium hydroxide, 


separated from insoluble material, then cooled, and 
the relatively insoluble sodium salt of VIIb isolated ; 
conversion of the sodium salt back to  the free py- 
rimidine readily gave thecrystalline pyrimidine ( VIIb) 
but in less than 50% yield, based on the quantity of 
pure keto ester (IVb) employed. To avoid alcohol- 
ysis, condensation of the keto ester (IVb) with 
guanidine carbonate was camed out in terl-butanol 
(9); the desired blocked pyrimidine (VIIb)  crystal- 
lized directly from the reaction solvent, and further 
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processing of the filtrate gave 80% yield of VIIb 
based on the amount of pure keto ester (IVb) initially 
employed. 


Attempts to  remove the N-tosyl group from VIIb 
by hydrolysis with 96% sulfuric acid a t  room tem- 
perature or with boiling concentrated hydrochloric 
acid (14) resulted in nearly quantitative recovery of 
starting material. However, reductive cleavage of 
the N-tosyl group with sodium and liquid ammonia 
(15) proceeded smoothly to give the pure, recrystal- 
lized anilinopropyl pyrimidine (Xb) in 53% yield 
that was identical to  the material prepared by the 
earlier synthetic route (10). The elegant N-tosyl 
cleavage method using hydrogen bromide in glacial 
acetic acid in the presence of phenol (16) gave a 71% 
conversion of VIIb to  recrystallized Xb. The over- 
all yield of Xb in this four-step sequence from p- 
toluenesulfonanilide was a satisfactory 35%, com- 
pared to 7% over-all yield in the earlier six-step 
sequence (6, 10). 


The apparent generality of the method was then 
shown by synthesis of four more examples, two of 
which could not be synthesized by the earlier method 
(6, 9, 10). Two of the four examples were the 
synthesis of p-nitroanilinopropyl pyrimidine (Xc) 
and the p-carbethoxyanilinopropyl pyrimidine (Xd) ; 
the other two examples were variants in the 6-posi- 
tion of the pyrimidine ring (XVIIa and XVIIb). 


Reaction of p-nitroaniline (VIIIc) and ethyl p- 
aminobenzoate (VIIId) with a 10% excess of p-tolyl- 
sulfonyl chloride in pyridine a t  9!3-100°, followed by 
direct crystallization by addition of 50% methanol, 
gave 9547% yields of crystalline IIc and IId suitable 
for further transformation. This hot pyridine 
method has been previously used for conversion of p- 
substituted anilines to  sulfonanilides (14a) and gives 
higher yields of IIc and IId than previously recorded 
in the literature. Alkylation of IIc and IId with 
excess 1,3-dibromopropane ( I )  in dimethylsulfoxide 
was performed essentially as described for IIa; the 
p-carbethoxy sulfonanilide (IIId) required 2-3 days 
for completion, while IIIc required 5 days for com- 


@ I  
CHs 


XXIX 


xxx 
pletion. primarily because the more acidic NH group 
of IIc rapidly formed an insoluble potassium salt 
with the potassium carbonate. After removal of 
the excess 1,3-dibromopropane, the remaining 
gummy p-carbethoxy sulfonanilide (IIId) was ana- 
lytically pure and was obtained in 84% yield; IIId 
could be crystallized from petroleum ether, but such 
a step was considered unnecessary. The crystalline 
p-nitro sulfonanilide was obtained in SOT0 yield. 


Conversion to the keto esters (IVc and IVd) 
proceeded in excellent yield in the same fashion as 
for IVb, except that the p-nitroanilino derivative 
(IVc) could be crystallized. Condensation of IVc 
with guanidine carbonate in tert-butanol gave the 
pyrimidine (VIIc) which was best purified as its in- 
soluble sodium salt; regeneration of the salt gave 
the crystalline pyrimidine (VIIc) in 72% yield. The 
pcarbethoxyanilino pyrimidine (VIM) was ob- 
tained in quantitative crude yield but could not be 
purified through the sodium salt in 1 N sodium 
hydroxide due to  concomitant saponification. Thin- 
layer chromatography of crude VIId showed several 
spots; but after the tosyl group was removed, the 
resultant Xd could be purified. 


When the N-tosyl-p-nitroanilino pyrimidine (VIIc) 
was treated with sodium and ammonia, the charac- 
teristic blue which usually bleaches did not appear, 
but the solution immediately became dark brown and 
did not bleach. After 6 mole equivalents of sodium 
were added, the reaction mixture was processed to  
give a brown gummy product that was intractable; 
apparently the nitro group is not compatible with 
sodium-ammonia. Fortunately, the election-with- 
drawing p-nitro group activated the sulfonanilide 
linkage to  cleavage by 96% sulfuric acid at room 
temperature (14); after 5 hours, the detosylated p- 
nitroaniho pyrimidine (Xc) could be isolated in 
77% yield as analytically pure yellow crystals. 


The crude N-tosyl p-carbethox yanilino pyrimidine 
(VIId) also appeared to  react abnormally with 
sodium-ammonia leading to  highly insoluble, intract- 
able, amorphous powders. However, hydrolysis of 
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VIId with 96% sulfuric acid proceeded smoothly. 
.4iter purification by solution in cold 3 N hydro- 
chloric acid and neutralization with ammonium 
hydroxide, the desired detosylated N-carbethoxy- 
anilino pyrimidine (Xd) was isolated as an analyti- 
cally pure, although amorphous, powder in 51% 
yield and was uniform on thin-layer chromatography. 
Saponification of Xd gave the corresponding acid 
(X,  R=COOH) in 77% yield, identical to that pre- 
pared by the earlier route (10). 


The N-tosyl anilinopropylpyrimidine (VIIb), 
which is obtained in 5070 over-all yield for the three 
steps from p-toluenesulfonanilide, also proved to be 
a useful intermediate for further transformations on 
the pyrimidine ring where it was necessary to have 
the anilino function blocked-for example, synthesis 
of 2,4-diamino-5-(3-anilinopropyl)-6-methylpyrimi- 
dine (17). Since transformations on the 6-phenyl- 
pyrimidine moiety of XVIIa also required blocking 
of the anilino group, the synthesis of the blocked 6- 
phenyl-5-(3-anilinopropyl) pyrimidine (XIVa) by 
the new route was investigated. 


Alkylation of sodio ethyl benzoylacetate (XIIa) 
in tert-butanol with N-(3-bromopropyl)-~-tolyl- 
sulfonanilide (IIIb) gave XIa as an oil. Condensa- 
tion of the crude XIa with guanidine carbonate in 
boiling lert-butanol gave the crystalline blocked 
pyrimidine (XIVa) in 41% over-all yield for the two 
steps. Reductive cleavage of the N-tosyl group 
of XIVa with hydrogen bromide-acetic acid (16) 
afforded 90% yield of XVIIa, identical to XVIIa 
prepared via the 5-pyrimidylpropionaldehyde 
(XVIIIU). 


When the N-tosyl derivative (XIVa) was reduced 
with sodium in liquid ammonia, the N-tosyl group 
was removed. Surprisingly, the product appeared 
to be the 5,6-dihydro derivative of XVIIa, since the 
product no longer contained the peak near 280 m p  
characteristic of the 6-phenyl pyrimidine (XVIIa) 
(18). Apparently the 6-phenyl group of XVIIa 
activates the 5.6-double bond toward reduction ; 
other marked differences between the chemistry of 
5-alkyl-6-phenylpyrimidines and the corresponding 
6-methyl derivatives have been noted in this labora- 
tory. For example, a 5-alkyl-2-amino-4-chloro-6- 
methyl-pyrimidine failed to react with thiourea in 
boiling tert-butanol (7), whereas the 6-phenyl 
derivative readily formed the 4-mercapto derivative 
under these conditions (19). Furthermore, a 5- 
alkyl-2-amino-6-methyl-4-pyrimidinethiol was stable 
to hot hydrochloric acid, but the corresponding 6- 
phenyl derivative was rapidly hydrolyzed to  the 4- 
pyrimidinol (19). 


The 6-phenylpyrimidine (XVIIa) was a good in- 
hibitor' of rat liver folic reductase with Ks = 1.8 X 
10-6 ,  binding about five times better than the sub- 
strate, folate (&, = 10 X lO-e), and 35 times better 
than the corresponding 6-methylpyrimidine (XIb) 
( K i  = 63 X (10). Thus, the loss in inhibition 
when the carboxy-L-glutamate moiety is removed 
from X u  ( K i  = 2.0 X 10-0) (10) is compensated by 
increased binding of the 6-phenylpyrimidyl moiety of 
SVIIa. The increased inhibition by XVIIa com- 
pared to X h  suggested that the 6-benzyl analog 
(SVIIb) should be synthesized for evaluation as an 
inhibitor of folk reductase. The synthesis of XVIIb 


I The authcns thank I)r. W. C. Werkheiscr, Koswell Park 
Menlorial Institute. for the assays on fdic reductase from rat 
liver. 
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by the new route Via XIb was successful, whereas the 
synthesis of XVlIb by the old route (9,lO) was not. 
XVIIb had Ki = 4 X 10' with folk reductax,' 
which is 16 times better than the 6-methylpyrimi- 
dine (XIb). 


One of the possible explanations (9) for the tighter 
binding of the 6-phenylpyrimidine (XVIIa) and its 
p-carboxy-L-glutamate analog to  folic reductase 
than to the corresponding 6-methylpyrimi- 
dines ( X u  and b )  was that the 6-phenyl group 
favorably influenced the possible tautomeric forms 
of the pyrimidyl moiety to  increase binding. The 
binding of the 6-benzyl pyrimidine (XVIIb) 16 times 
tighter than the 6-methylpyrimidine (XIb) to folic 
reductase is not tenable with a tautomeric shift in- 
creasing binding of the pyrimidyl moiety, since the 
phenyl group of XVIIb is insulated from the 
pyrimidyl moiety by a methylene group. A more 
plausible explanation is that both the 6-phenyl and 
6-benzyl groups also bind to some point on folic 
reductase to  give a net tighter binding. Whether 
this binding is by charge-transfer complex (20), by 
hydrophobic binding (21), or by some other means 
(20,22) is being investigated. 


It is interesting that replacement of the 6-methyl 
group of Xu by a 6-phenyl group (9) does not change 
the extent of binding to thymidylate synthetase, al- 
though this 6-phenyl derivative binds 20 times tighter 
than Xu to folic reductase. Thus, this additional 
binding point, apparently present on folk reductase, 
is absent on thymidylate synthetase. 


Condensation of ethyl 7-phenylacetoacetate 
( XIIb) with acrolein under the base-catalyzed condi- 
tions previously used for XIIa (9) did not give the 
expected adduct (XIIIb). Apparently a further 
internal aldol condensation occurred to  give XVI, 
as shown by the absence of aldehyde CH a t  about 
2600 cm.-' in the infrared and the presence of hy- 
droxyl at 3500 em.-' in the infrared. When the 
acrolein condensation was performed under milder 
conditions, either starting material (XIIb) was re- 
covered, or mixtures of XIIIb and XVI were ob- 
tained. Clearly, this route to XVIIb Via XII Ib .  
XVbXVIIIb was unattractive, if not impossible. 


A second route involved reaction of phenylacetyl 
chloride with the sodio derivative of the dioxolanyl- 
keto ester (XIX) (7), prepared with sodium hydride 
and XIX in benzene. The resultant product (XXI), 
on cleavage with methanolic sodium methoxide, did 
not give the expected XX by cleavage of the acetyl 
group (23), but mainly the phenylacetyl group was 
cleaved to regenerate XIX; the regenerated XIX 
was characterized by conversion t o  the previously 
synthesized (7) 6-methylpyrimidine (XXII). 


The new route for synthesis of X via IIIb was 
successful when applied to  the synthesis of XVIIb, an 
indication that this new route probably has more 
diversity than the older route (6, 7. 9, 10). Con- 
densation of sodio ethyly-phenylacetoacetate (XIIb) 
with N-(3-bromopropyl)-~-tolylsulfonanilide (IIIb) 
in fcrt-butanol gave crude XIb, which was con- 
densed with guanidine carbonate in tert-butanol, 
to  give after purification a 46% over-all yield of ana- 
lytically pure XIVb, which was converted to  XVIIb. 


Four alternate routes for insertion of a 1.3- 
dihalopropane between a keto ester and an aniline 
residue were investigated before the fifth alterna- 
tive via III+IV-.VII+Xb was established. 


The dianion of benzoylacetanilide (XXIII) (24), 
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prepared from XXIII with sodium hydride in N,N- 
dimethylformamide, reacted with 1,3-dibromopro- 
pane to give the crystalhe benzoyl piperidone 
(XXIV) in 2570 yield. This benzoyl piperidone was 
fully enolic in neutral solution and apparently existed 
as the stable chelate, XXIV. That the piperidone 
was apparently fully enolized was shown by the 
broad acidic OH group at 3300-2000 cm.-', a 
bonded piperidone carbonyl a t  1610 ern.?, the 
enolic peak at 345 mp of nearly the same molecular 
extinction in neutral as basic solution, and the dis- 
appearance of this peak at pH 1, and finally a 
chelated hydrogen at 6 13.70 in the NMR in deutero- 
chloroform that integrated for a full single proton 
( 1 0 0 ~ o  enolization). 


Although the strong enolic chelate properties of 
XXIV were interesting, these properties stymied 
attempts to convert the highly stable chelate XXIV 
to a pyrimidine (XVIIa). Reaction of XXIV with 
guanidiie carbonate in ethanol, tcrl-butanol. or 
dimethylsulfoxide (9) was sluggish, and XXIV could 
be recovered unchanged. When conditions were 
forced, apparently C-benzoyl cleavage (9) of the 
molecule took place. With guanidine hydrochloride 
in polyphosphoric acid, decomposition occurred. 
Attempts to form an en01 ether with boiling ethyl 
orthoformate or ethyl orthoacetate (25) with (9) or 
without acid catalysis gave complete recovery af 
unchanged XXIV. Attempts to form an enamine 
with ammonium formate (26) in krt-butanol or 
with piperidine in refluxing benzene (27) under a 
constant water separator were fruitless. An at- 
tempt to convert XXIV to an enol 0-mesylate with 
methanesulfonyl chloride in pyridine also failed. 
Although it may have been possible to  convert 
XXIV to an enol ether with diazomethane (28), 
thence to XVIIa, this possibility was not investi- 
gated since the alternate route via XIVa was an ob- 
viously better preparative value than a route which 
would need large-scale use of the treacherous 
diazomethane. 


Alkylation of ethyl acetoacetate with l-bromo-3- 
chloropropane in ethanolic sodium methoxide has 
been reported to  give a low yield of the chloropropyl 
keto ester (XXVI); the main by-product was the 
dihydropyran (XXVII). formed by cyclization of 
XXVI (29). If the chloropropyl ester (XXVI) 
could be obtained in better yield, if the chloro- 
propyl ester could then be converted with guanidine 
to  2-amino-5-( 3-chloropropyl)-6-methyl-4-pyrimi- 
dinol, and if the latter could be converted to  the 
anilino derivative (Xb) with aniline, this could be 
an attractive route to  Xb. Study of the effect of 
solvent on the initial alkylation reaction to form 
XXVI showed that yields were on the order of 5- 
1 0 ~ o ,  obviously unfeasible for a preparative route to 
Xb. 


Two alternate routes related to  the sequence 114 
I I I d I V  were investigated earlier. The anion of 
acetanilide, prepared with sodium hydride in dry 
N,N-dimethylformamide (13), rapidly reacted with 
1,3dibromopropane. However, the reaction was 
not clean-cut, and considerable acetanilide was re- 
generated, from which it was difficult to  separate 
the desired N-(3-bromopropyl) acetanilide by simple 
means of preparative value. 


Reaction of N-methylaniline with excess 1,3- 
dibromopropane gave XXIX, which was a distillable 
but unstable oil. On standing the distilled product 
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soon deposited crystals that were presumably XXX 
bromide, and redistillation a t  0.2 mm. always led to 
large losses, probably due to cyclization to XXX. 
Furthermore, attempted condensation of excess 
XXIX with ethyl sodioacetoacetate led to rapid 
formation of sodium bromide, but the solution re- 
mained strongly basic, and no XXVIII  was formed. 
These results would be compatible with rapid 
cyclization to XXX as its methoxide salt. The four 
alternate routes to 5-( 3-anilinopropyl) pyrimidines 
were not investigated further when the route via IVa 
was so successful. 


EXPERIMENTAL 


Melting points were determined in capillary tubes 
on a Mel-Temp block, and those below 230' are cor- 
rected. Infrared spectra were determined in 
KBr disk (unless otherwise indicated) with a Perkin- 
Elmer model 137B spectrophotometer; ultraviolet 
spectra were determined with a Perkin-Elmer model 
202 spectrophotometer and NMR spectra with a 
Varian A 60 spectrophotometer. Thin-layer chro- 
matograms (TLC) were run on silica gel G (Brink- 
mann) in the solvent systems specified, and spots 
were detected by iodine vapor. 


N-( pNitropheny1 )-ptolylsufonamide (IIc).-The 
tosylation procedure for 4-amino-4'-nitrodiphenyl- 
sulfide (14a) was readily adaptable to large-scale 
preparation of IIc. To a stirred solution of 13.8 
Gm. (0.1 mole) of p-nitroanilie in 50 ml. of 
reagent pyridine was added 21.0 Gm. (0.11 mole) of 
fi-tolylsulfonyl chloride. The mixture was heated 
on a steam-bath for 30 minutes protected from 
moisture. Dilution of the hot reaction mixture with 
150 ml. of 50% ethanol and chilling gave 27.7 Gm. 
(95y0) of product, m.p. 18&187', that was suitable 
for the next step [lit. m.p. 193' (30)]. Recrystal- 
l i i t ion  of a sample from ethanol gave light yellow 
crystals, m.p. 193'. 


N-(pCarbethoxypheny1)-ptolylsulfodde (IId). 
- S i i l y ,  ethyl p-aminobenzoate gave this com- 
pound in 9570 yield, m.p. 206-208', that was suitable 
for further transformations. Recrystallization of a 
sample from ethanol gave white crystals, m.p. 206- 


(C=C); 1325,1150 ( -SOIN-); 807,765,695 cm.-l 
(phenyl CH). Although this compound is used 
several times in the literature, no physical constants 
for it could be found. 


Anal.-Calcd. for ClsHl,N04S: C, 60.2; H, 5.37; 
N, 4.38. Found: C, 60.2; H. 5.19; N. 4.16. 
N-( 3-Bromopropyl)-ptolyl~ulfonanitide (IIIb ).- 


To a solution of 2.47 Gm. (0.01 mole) of p-tolyl- 
sulfonanilide in 10 ml. of practical dimethylsulfoxide 
was added 1.38 Gm. (0.01 mole) of anhydrous 
potassium carbonate and 8.07 Gm. (0.04 mole) of 
1.3-dibromopropane. The mixture was magneti- 
cally stirred for 3 days at room temperature, then 
poured into 75 ml. of water. The mixture was ex- 
tracted with 75 ml. of benzene. The benzene solu- 
tion was washed with several portions of 1 N sodium 
hydroxide until acidification of the washing was 
clear. The extract was further washed with water 
(2 X 75 ml.), dried with magnesium sulfate. then 
spin-evaporated in uacuo; the last of the dimethyl- 
sulfoxide and 1,3-dibromopropane were removed at 
1 mm. The residue was crystallized from 5 ml. of 
hot methanol by allowing the solution to cool to room 


207'; v-. 3200 (NH); 1675 (ester W); 1600 
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temperature undisturbed. (Fast cooling or mixing 
leads to a voluminous precipitate which is difficult 
to filter and is solvated.) The product was collected 
on a filter and washed with a small amount of ice- 
cold methanol; yield, 2.72 Gm. (7470). m.p. 64-65'; 


(p-C&-); 710. 700 (C&-); and no NH near 
3400 cm.-'. 


Anal.-Calcd. for CI6Hl8BrN0&: C, 52.2; H,  
4.93; Br, 21.7. Found: C, 52.2; H, 4.94; Br, 
21 9. 
N - (3 - Bromopropyl) - N - (p - nitrophenyl) - p- 


tolylsulfonamide (I&).-This was prepared from 
2.92 Grn. (0.01 mole) of IIc as described for ZIZb, 
except the reaction time was 5 days. Recrystalliza- 
tion by solution in the minimum amount of hot 
ethyl acetate (about 5 ml.), then addition of 25 ml. 
of ethanol and chilling gave 3.29 Gm. (80%) of 
product, m.p. 111-113'. that was suitable for further 
transformation. Recrystallization from methanol 
gave yellow crystals, m.p. 119-120'; urnax, 1590 
(C=C); 1510(NOn); 1334(broad, -SGN--, NG);  
1160 ( -S02N-);  i27, 695 (P-CoH,); no NH near 
3100 cm:-'. 


Anal.-Calcd. for ClsH17BrNz04S: C, 46.6; H,  
1.32; Br, 19.5. Found: C, 46.5; H, 4.15; Br, 19.3. 
N - (3 - Bromopropyl) - N - (p - carbethoxypheny1)- 


p-tolylsulfonamide (IIId).-This was prepared from 
3.19 Gm. (0.01 mole) of IId as described for ZZZb. 
After removal of the excess 1,3-dibromopropane in 
uncuo, a nearly white thick oil remained that was 
analytically pure and could be used for further 
transformations. This material could be crystal- 
lized from petroleum ether (b.p. 60-110') with 
considerable loss: white crystals, m.p. 77-79' ; 
vmax. 1710 (C=O); 1600 (C=C); 1340, 1160 
(-S02N-); 770, 812 (P-CsHd-), and no NH near 
3200 cm. 


Anul.-calcd. for CIOHz2BrNO4S: C, 51.8; H, 
5.04; Br, 18.2. Found (oil): C.52.0; H.5.11; Br, 
18.4. Found (crystals): C, 52.0; H, 5.15; Br, 
18.2. 


Ethyl 2-AcetyM-anilino-N-(p-tolylsulfonyl)val- 
erate (IVb).-A mixture of 73 ml. of terf-butyl 
alcohol, 3.90 Gm. (0.03 mole) of ethyl acetoacetate, 
and 1.43 Gm. of sodium hydride (0.03 mole) (as a 
53.5% suspension in mineral oil) was warmed with 
stirring and protection from moisture until the 
sodium hydride dissolved, and hydrogen evolution 
was complete. After the addition of 7.37 Gm. 
(0.02 mole) of IIIb, the mixture was refluxed for 
20 hours with stirring, then spin-evaporated i n  vucuo. 
The residue was partitioned between water and 
chloroform. The chloroform layer was dried with 
magnesium sulfate, then spin-evaporated in  WCUO. 


The residual ethyl acetoacetate was removed at 1 
mm. (bath 80-100"); yield, 8.32 Gm. (100%) of a 
glass that had a maximum purity of 84% based on 
ultraviolet analysis. The glass had Y!:. 1725 
(ester C=O); li00 (ketone C d ) ;  1580 (C=C); 


cm-l. 
The ultraviolet analysis was based on (a) Aux. 


284 ( e  12,000) in 0.1 N methanolic sodium methoxide 
for simple ethyl a-alkylacetoacetates, such as the a- 
ally1 derivative ; (b) the N-alkyl-p-toluenesulfon- 
anilide moiety, such as IIIb, has 240 mp ( t  


10,900) in neutral or basic solution; and (c) the only 
impurities will be derived from IIb. Thus, pure 


vtnnx 1580 (C=C); 1340, 1160 (-SOiN-); 812 


1340,1160 ( -SOIN-); 815 (P-CeHd-); 710, 695 
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IVb should have an absorbance ratio of 1.09 for 
284/240 mp. Without weighing a sample, the 
per cent purity of IVb could be estimated as: 


observed O.D. ratio 284/240 
1.09 


.____ yo purity = 


The preparation described above had an absorb- 
ance ratio (284/240) of 0.92 or a maximum purity 
of 84yo. When the alkylation reaction was run in 
absolute ethanol, the purity was only 500/,, indicating 
extensive ethanolysis of the p-keto ester to VI. 


Ethyl 2-Acetyl-5-(p-nitroanilino)-N-(p-tolylsul- 
fonyl)valerate(IVc).-This was prepared as described 
for VZb. Although the crude glassy product was 
best used for further transformations, this material 
could be obtained with some loss as nearly white 
crystals from petroleum ether (b.p. 60-110'), m.p. 
107-108°; vmax. 1730 (ester C=O); 1700 (ketone 
k 0 ) ;  1580 (C=C); 1500 (NO*); 1340 (NO?, 
-SOIN-); 1150 (-SOzN-); 810, 750, 720, 690 


H, 5.63; 
cm.-l (phenyl H). 


N, 6.06. Found: C, 57.2; H, 5.80; N, 6.00. 
2 - Amino - 6 - methyl - 5 - [N - (p - tolylsulfonyl 


anilino)propyl]4pyrimidmol (VIIb).-A mixture of 
8.32 Gm. of crude IVb (0.017 mole, 84% pure), 
2.0 Gm. of guanidine carbonate, and 50 ml. of tert- 
butyl alcohol was refluxed with stirring for 48 hours. 
The cooled mixture was filtered and the precipitate 
washed with 6erL-butyl alcohol. The solids were 
suspended in 50 ml. of water with stirring and the 
pH brought down to neutrality with dilute acetic 
acid. The solid was collected on a lilter and dried; 
yield, 5.80 Gm., m.p. 220-224'. Recrystallization 
from hot 2-methoxyethanol by addition of water 
gave about 5.54 Gm. (66% based on IIIb or 80% 
based on crude IVb) of white crystals, m.p. 22G228'; 
urnax. 3500, 3100; 2900, 2700 (broad NH, OH);  
1650, 1600 (broad NH, pyrimidine, L C ) ;  1340, 
1180 (SOz); 805 (P-GHd-); $10, 690 cm.-l 


Anal.-Calcd. for CZIHZ~NIOBS: C, 61.1; H, 5.78; 
N, 13.3. Found: C, 61.1; H, 5.86; N, 13.6. 


When ethanol was used as a solvent, the yield was 
about 300/0. The product could not be directly 
crystallized: it was purified by solution in hot 1 N 
sodium hydroxide, decantation, then chilling to give 
the insoluble sodium salt of VIlb. The sodium salt 
was dissolved in hot water, then acidified with acetic 
acid to give the crystalline product. 
2 - Amino - 6 - methyl - 5 - [N - (p - tolylsulfonyl- 


p-nitroanilino)propyl]-rl-pyrimidinol (VIIc).-A mix- 
ture of 1.156 Gm. (2.5 mmoles) of IVc and 0.255 Gm. 
(1.25 mmoles) of guanidine carbonate in 5 ml. of 
tert-butanol was refluxed for 48 hours, Since the 
product did not separate from the reaction mixture, 
the latter was neutralized with acetic acid, then spin- 
evaporated in  vucuo. The residue was partitioned 
between chloroform and water. The separated 
chloroform layer, dried with magnesium sulfate, was 
spin-evaporated itr uacuo. The residual glass was 
dissolved in 25 ml. of hot 1 N sodium hydroxide, 
the solution was decanted from a little insoluble gum, 
then cooled. The yellow sodium salt was collected 
on a filter and washed with a little 1 N sodium hy- 
droxide. The sodium salt was dissolved in about 
10 ml. of hot 50% aqueous ethanol, then added to 
about 50 ml. of 15% aqueous acetic acid with stir- 
ring. Recrystallization from absolute ethanol gave 


Ad.--Oalcd. for CzsH&7S: C, 57.1; 


(GHb-1. 
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0.825 Gm. (72% based on crude IVc, 69% for two 
steps based on 1116) of buff-colored amorphous 
powder, m.p. 125-155' dec.; vmx. 3600-3100 (broad 
NH, OH); 1650-1590 (broad NH, G=C, C I N ) ;  


N -); 810,725,695 cm.-l (phenyl H). 
Anal.-Calcd. for G1HpsN6ObS: C, 55.1; H, 5.09; 


N, 15.3. Found: C. 54.9; H, 5.29; N, 15.2. 
2 - Amino - 6 - methyl - 5 - [N - (p - tolylsulfmyl- 


p-carbethoxy anilino)propylj4pyrimidinol (VIId).- 
This was prepared as described for VZIc. Evapora- 
tion of the chloroform solution in mcuo finally in 
high vacuum gave a buffcolored glass in 98% yield 
(97% yield based on I I I I )  that could not be purified 
further; the sodium salt purification obviously could 
not be used because of concomitant saponification 
of the carbethoxy group. TLC in 3:l benzene- 
methanol showed several spots. 


2 -Amino - 6 - methyl - 5 - (anilino propyl) - 4- 
pyrimidinol (Xb).-Preparation A .-To a stirred 
solution of 1.03 Gm. (2.5 mmoles) of VIIb in about 
50 ml. of liquid ammonia was added small pieces 
(about 50 mg. each) of sodium. The blue color was 
allowed to  bleach before the next piece was added. 
When the blue failed to fade in 15 minutes, a total 
of 340 mg. of sodium had been used. The mixture 
was acidified with 1 Gm. of ammonium chloride, 
then allowed to evaporate; the h a 1  traces of 
ammonia were removed in uacuo. The residue was 
suspended in 25 ml. of water, and the pH was ad- 
justed to 1 with hydrochloric acid. The solution 
was filtered, then neutralized to pH 8 with sodium 
hydroxide. The product was collected on a filter and 
recrystallized from alcohol-water; yield, 0.34 Gm. 
(53%), m.p. 219'. This material was identical to  
Xb prepared via V (10). No attempt was made to 
process the mother liquors for additional material. 


Preparation B.-A mixture of 2.19 Gm. (5.3 
mmoles) of VIIb, 1.0 Gm. of phenol, and 11.5 Gm. 
of 30% hydrogen bromide in acetic acid (16) was 
magnetically stirred for 16 hours protected from 
moisture, then diluted with ether. The hydrobro- 
mide salt was collected on a filter, washed with ether, 
then dissolved in 20 ml. of 3 N hydrochloric acid. 
The acid solution was made slightly basic with 
ammonia water. The product was collected on a 
filter and recrystallized from aqueous ethanol; yield, 
0.965 Gm. (71%), m.p. 219-220", that was identical 
to  Preparation A. 


2 - Amino - 6 - methyl - 5 - (p - nitroanilinopropy1)- 
4-pyrimidinol (Xc).-A solution of 1.00 Gm. of VIIc 
in 2 ml. of 96% sulfuric acid was allowed to  stand a t  
room temperature for 5 hours, then poured into 
about 10 Gm. of ice. The resultant solution was 
poured in 25 ml. of a 1:l mixture of concentrated 
ammonia-water and ice. The product was collected 
on a filter and washed with water. The solid was 
dissolved in warm 3 N hydrochloric add,  and the 
solution was poured into excess ice and ammonia- 
water. Recrystallization of the product from 
ethanol-water gave 0.513 Gm. (78%) of yellow 
crystals, m.p. 260-261'; Go.= 230 ( c  17.300), 294 
mp ( 6  10,600); X z  230 ( e  17,300), 265 mp (idec- 
tion. c 11,400); X~~*280mp(c 10,000). 


Anal.-Calcd. for CUHIINSO,: C, 55.4; H, 5.65: 
N.23.1. Found: C, 55.2; H,5.76; N,22.9. 


If the acid solution of XG is gradually neutralized 
by the addition of base, the product is a mixture of 
the base and a base-salt. 


1500 (Na); 1340 ( N a ,  -SOIN-); 1150 (-%- 
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2 - Amino - 6 - methyl - 5 - (p - carbethoxyanilino- 
propyl)-eppimidinol (Xd).-This was prepared as 
described for Xc, except that purification was effected 
by use of ice-cold 3 N hydrochloric acid. Final 
reprecipitation from ethanol by addition of water 
gave 0.84 Gm. (51%) of pure Xd as a buff-colored 
powder, m.p. 194-196'; e2E 228 ( c  14.700). 308 mp 
( c  32,500); A::.' 228 ( 6  17,500), 271 mp (c 10,600); 
Xi",fa 290-315 (broad, e 7,950). 


Anal.-Calcd. for c l~HlpN,o~:  C, 61.8; H, 6.71; 
N, 17.0. Found: C, 61.7; H, 6.91; N, 16.6. 


A solution of 150 mg. of Xd in 2 ml. of 5y0 sodium 
hydroxide was heated on a steam-bath for 30 
minutes. The hot solution was filtered, then ad- 
justed to  pH 4.5 with 3 N hydrochloric acid. The 
solid was collected by centrifugation and washed 
with water. A solution of the solid in 3 N ammo- 
nium hydroxide was filtered from a trace of insolubles, 
then the filtrate was adjusted to  pH 4.5 with 3 N 
hydrochloric acid. The product was collected by 
centrifugation, then washed with hot water (2 X 2 
ml.) and hot ethanol (2 X 2 ml.); yield, 105 mg. 
(77%) of the acid (X. R = COOH) that was identical 
to  the sample previously prepared Vier V (10). Both 
samples showed an identical single spot on Whatman 
No. 1 paper with the upper phase of 4:1:5 n- 
butanol/acetic acid/water. The spot was detected 
under ultraviolet light and had an Rj value of 0.72. 
The same solvent system with silica gel G gave an 
Rj value of less than 0.1. 


2 - Amino - 4 - hydroxy - 6 - phenyl - 5 - pyrimidyl- 
propauo1.-To a magnetically stirred solution of 0.50 
Gm. (1.7 mmoles) of XVIIIa (9) in 10 ml. of N,N-  
dimethylforrnamide and 50 ml. of reagent methanol 
was added portionwise 1.0 Gm. of sodium boro- 
hydride. After being stirred for about 18 hours, 
the mixture was diluted with 25 ml. of 0.1 N sodium 
hydroxide, then spin-evaporated in uacuo. The 
residue was dissolved in 25 ml. of water, then 
acidified to  pH 8-9 with 3 N hydrochloric acid. 
The product was collected on a filter, washed with 
water, and recrystallized from ethanol; yield, 0.349 
Gm. (8401,) of white crystals, m.p. 265-268'; vmSx. 
3450,3100 (NH, OH); 1670,1640,1610,1570 (NH, 
pyrimidine, C=C); 765, 740, 695 ern.-' (phenyl 
CH). 


Anal.-Calcd. for ClaHlrNaOZ: C, 63.8; H, 6.22; 
N, 17.1; 0, 13.1. Found: C, 63.7; H, 6.21; N, 
17.4; 0, 13.2. 


The compound moved as a single spot TLC in 3 : 1 
benzenemethanol or in methanol with a mobility 
slightly less than XVIIa. 


2 - Amino - 6 - phenyl - [N - (p - tolylsulfony1)- 
aniliaopropyl]4pyrimidhol (ma).-To a solution 
of 0.294 Gm. of a 55.6% sodium hydride dispersion 
in mineral oil and 1.94 Gm. (10 mmoles) of ethyl 
benzoylacetate in 25 ml. of tert-butanol was added 
2.50 Gm. (6.79 mmoles) of IID. After being re- 
fluxed with magnetic stirring for 20 hours protected 
from moisture, the solution had dropped to pH 9 
when tested on moist pH paper. The mixture was 
spin-evaporated in  vacuo. The residue was parti- 
tioned between 20 ml. of benzene and 10 ml. of 
water. The separated benzene layer was washed 
with ice-cold 3% sodium hydroxide (2 X 10 ml.) 
to  remove unchanged ethyl benzoylacetate. After 
being washed further with water (2 X 10 ml.), the 
benzene solution was dried with magnesium sulfate, 
then spin-evaporated in uacuo; yield, 3.27 Gm. of 
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(43% based on phenylacetyl chloride) of product, 
b.p. 80-10i' (0.05 mm.), n: 1.054-1.059. 


2-Amino-6benzyl4p~rimidinol.-A mixture of 
4.0 Gm. of (XIIb), 1.75 Gm. of guanidine carbonate, 
and 40 ml. of absolute ethanol was refluxed with 
stirring for 17 hours, during which time the product 
precipitated. After being kept a t  3-5" (17 hours) 
overnight, the product was collected on a filter and 
washed with ethanol; yield, 1.72 Gm. (56%), m.p. 
260-271'. The combined mother liquors and wash- 
ings were evaporated in vacuo and gave 2.2 Gm. of a 
hard orange-red gum which was dissolved in hot 
65y0 aqueous ethanol and neutralized to pH 7 with 
3 N HCl and cooled at 3-5' to  give an additional 
0.34 Gm. (total 7270) of product, m.p. 275". Re- 
crystallization of the combined products from 2- 
methoxyethanol gave 1.64 Gm. (53%) of pure mate- 
rial, m.p. 278-280"; vmX. 3400 (NH, OH); 1670, 
1640 (NH, pyrimidine); 705 (GHa-). 


Ad.-Calcd. for CIIHIIN~O: C, 65.8; H, 5.48; 
N, 20.9. Found: C. 65.5; H, 5.60; N, 20.7. 
2 -Amino - 6 - benzyl - 5 - (N - tosylanilhopropy1)- 


4-pyrimidinol (-).-This was prepared by alkyla- 
tion of 20.3 Gm. (50 mmoles) of XIIb with 12.5 Gm. 
(34 mmoles) of IIU, followed by condensation with 
guanidine for 67 hours, as described for the prepara- 
tion of XIVa from IIIb. Evaporation of the fert- 
butanol solution in vacuo gave a red-brown gum, 
which was purified by several recrystallizations from 
ethanol-water; yield, 7.4 Gm. (46y0) of white crys- 
tals, m.p. 133-135'; X:::",'" 235 (inflection, c23,500), 
280 mp ( 7,800); Y-. 3500 (NH, OH); 1660, 1630, 
1600, 1490 (NH, pyrimidine, C=C); 1340, 1160 
(-SOsN-); 815,770,695 cm.-' (phenyl CH). 


Anal.-Calcd. for GTHsN,O~S: C, 66.5; H, 5.75; 
N, 11.5; 0, 9.85. Found: C, 66.6; H, 5.65; N, 
11.3; 0, 9.86. 
2 - Amino - 5 - (anilinopropyl) - 6 - benzyl - 4- 


pyrimidinol (XVILb).-Reduction of 450 mg. (0.92 
mmole) of XIVb, as described for Xb, gave 378 mg. of 
crude product on neutralization of the hydrochloric 
acid solution. Solution of the product in 10% 
sodium hydroxide, acidification of the solution to  
about pH 8 with hydrochloric acid, then two re- 
crystallizations from ethanol-water gave an ana- 
lytical sample that appeared amorphous. After 
being dried in high vacuum over 9 0 5  at room tem- 
perature, then at 80', the sample weighed 133 mg. 
(440/,), m.p. 181', with sintering a t  89'; Y-. 3450, 
3330,3080 (NH, OH); 1650, 1640, l600,1490(NH, 
pyrimidine, C=C); 745, 690 cm.-' (phenyl CH); 
g:f 233 ( c  14,500), 265 m p  ( e  10,200); g,' 237 
( 6 ,  20,700), 295 mp ( 6  11,600); 237 ( C  20,300), 
283 mp ( c  9,900). 


AnaZ.-Calcd. for CmHnN40: C, 72.0; H, 6.61; 
N, 16.8. Found: C, 71.9; H, 6.48; N, 17.1. 


No attempt was made to  isolate additional mate- 
rial from the mother liquors. 
3-Benzoyl-1-phenyl-2-piperidone (XXIV).-To a 


magnetically stirred suspension of 0.728 Gm. of 55% 
sodium hydride (16.7 mmoles) dispersed in mineral 
oil and 20 ml. of anhydrous N,N-dimethylformamide 
protected from moisture was added 2 Gm. of a- 
benzoylacetanilide (8.35 mmoles) (XXIII) (24). 
When evolution of hydrogen had ceased, the turbid 
yellow solution was treated with a solution of 1.69 
Gm. (8.35 mmoles) of 1,3-dibromopropane in 15 ml. 
of N,N-dimethylformamide. After being stirred 
for 48 hours, the mixture was neutralized with 


crude XIa as an oil; Y::, 1620 (ester C==O); 1670 
(ketone C=O); 1590 (C=C); 1340, 1150 ( - S o p -  


N-); 1040 (broad ester C-0-C); 813,690 cm.-l 
(phenyl CH). 


To 3.26 Gm. of the crude XIa was added 15 ml. of 
ferl-butyl alcohol and 0.61 Gm. (3.39 mmoles) of 
guanidme carbonate. After being refluxed with 
magnetic stirring for 51 hours, the mixture was spin- 
evaporated i n  vacuo. The residue was triturated 
with hot ethyl acetate. The insoluble material was 
recrystallized twice from ethanol to give 0.327 Gm. 
of white crystals, m.p. 222-224'; Y-. 3400, 3100- 
3030 (broad NH, OH); 1650 (broad NH, C=C, 


cm.-' (phenyl CH); c! 235 (t 24,300), 275 mp 
( c  10,500); c. 235 ( t  23,900). 297 mp (e 6530); *Aa 
288 mp ( c  6300). 


Anal.-Calcd. for GEHssN~OZS.~/ZH~O: C, 64.8; 
H, 5.60; N, 11.6; 0, 11.6. Found: C. 65.1; H, 
6.13; N, 11.4; 0, 11.2. 


The ethyl acetate filtrate was spin-evaporated in 
vucuo, and the residue was crystallized from ethanol; 
yield, 0.804 Gm. (total 41% for two steps based on 
IIIb), m.p. 221-224'. 
2 - Amino - 5 - (3 - anilinopropyl) - 6 - phenyl - 4- 


pyrimidinol (XVILa).-Preparatimr A.-A solution 
of 2.0 Gm. (7 mmoles) of XVIIIa (9) and 6.5 Gm. of 
aniline (70 mmoles) in 40 ml. of N,N-dimethyl- 
formamide was magnetically stirred for 30 minutes. 
After addition of 300 ml. of reagent methanol, the 
solution was treated portionwise with 4.0 Gm. of 
sodium borohydride. After being stirred for about 
18 hours, the mixture was diluted with 100 ml. of 
0.1 N aqueous sodium hydroxide, then spin-evap- 
orated in vacuo to near dryness. The residue was 
dissolved in 200 ml. of water and the solution acidi- 
fied to about pH 8. The crude product was collected 
on a filter and washed with water. Two recrystal- 
lizations from 50% aqueous ethanol gave 1.52 Gm. 
(68%) of pure product as white crystals, m.p. 235- 
241" dec. ; 
236 ( c  22,600), 292 my ( e  8OOO); LTt" 288 mp (t 
8000); v-. 3500 (NH, OH); 1640, 1600, 1550, 
1490 (NH. pyrimidine, C=C); 770, 745, 705, 696 
cm.-l (phenyl CH). 


Anal.-Calcd. for CI)HmN,O: C, 71.5; H, 6.27; 
N, 17.6. Found: C, 71.7; H, 8.36; N, 17.4. 


Preparation B.-A solution of 500 mg. (1.08 
mmoles) of XIVa and 200 mg. (2.12 mmoles) of 
phenol in 2.3 Gm. of 30% hydrogen bromide in 
acetic acid (16) was allowed to  stand for 30 hours, 
then diluted with 20 ml. of ether. The hydro- 
bromide salt was collected on a filter, dissolved in 
warm 70% ethanol, then neutralized to about pH 6 
with 10% sodium hydroxide. After being chilled 
in an ice-bath, the product was collected on a filter 
and washed with water; yield, 300 mg. (89%) of 
white crystals that were identical to  Prepmution A ,  
as shown by its ultraviolet and infrared spectra 
and by mixed melting point. 


Ethyl y-Phenylacetoacetate (XLIb).-Reaction of 
phenylacetyl chloride with ethyl ethoxymagnesio- 
malonate, as described by Ames and Davey (31). 
gave ethyl phenylacetylmalonate. After removal of 
unchanged ethyl malonate in high vacuum, the crude 
oil (74.3 Gm.) was refluxed with 400 ml. of water with 
stirring for 3 hours. This treatment removed one 
carbethoxy group (32). Distillation gave 15.7 Gm. 


C=N); 1330, 1150 ( - a N H - ) ;  815, 770, 695 


230 ( c 14,400), 276 m p  ( c  9200); 
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glacial acetic acid, then spin-evaporated in vacuo on 
a hot water bath. The syrupy residue was parti- 
tioned between 25 ml. each of chloroform and water. 
The separated aqueous phase was extracted with an 
additional 25 ml. of chloroform. The combined 
organic extracts, dried with magnesium sulfate, were 
spin-evaporated in vacuo. Crystallization from 
ethyl acetate gave 0.586 Gm. (25%) of product, m.p. 
158.161". Recrystallization gave white crystals, 
m.p. 160-162"; Y-. 2&)0-1700(broad acidic OH); 
1620 (C=O); 1590, 1530, 1500, 1490 (C=C); 760, 
725,695, 690 (phenyl CH); a",: 252 mp (C 
12,800); k r !  235 (c 10,100). 345 mp (C 17,100); a"* 240 (inflection). 345 mp ( 6  19,500); 8 13.70, 
one chelated hydrogen. 


Ad.--Calcd. for Cl8H1rNa: C, 77.5; H, 6.10; 
N, 5.01. Found: C, 77.2; H. 5.95; N, 4.90. 
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Phase Solubility Technique in Studying the 
Formation of Complex Salts of Triamterene 
By LEWIS W. DITTERT, TAKERU HIGUCHI, and DAVIS R. REESE 


Profiles of the apparent solubility (37") of triamterene (2,4,7-triamino-6-phenyl- 
pteridine) as a function of pH were obtained in the presence of hydrochloric, nitric, 
sulfuric, phosphoric, and acetic acids. These dia rams permitted detection of com- 
plex salt species containing both protonated en8 unprotonated triamterene. The 
stoichiometries of the complexes were determined from the slopes of log (S - So) 
uersns pH plots and were confumed by elemental analysis of the solid phases. Equi- 
libria which explain the H-solubility profiles of the various acids are proposed. 
The utility of the phase sofubility technique in detecting and studying complex salts 


is discussed. 


ALT SPECIES, other than simple salts, are S nomally discovered accidentally or inciden- 
tally in other studies. Since these complex salts 
often have solubilities considerably different from 
normal salts, they may be important pharmaceu- 
tically from standpoints such as better in vivo 
availability, greater stability, ease of formulation, 
etc. In the present study, the phase solubility 
technique was used to detect complex salt species 
of triamtmene in the presence of various acids. 
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Although this study is limited to triamterene, it 
is apparent that the procedure is applicable to 
other systems. 


Triamterene (2,4,7-triamino-6-phenylpteridine) 
is a pteridine diuretic with the structure 


m * y N  I N, N & X Z  
NH, 


Although this compound contains three pri- 
mary amine groups, i t  is only weakly monobasic, 
e.g., toward perchloric acid in glacial acetic acid. 
Probably because of this weak basicity, most 
attempts to form classical salts have failed. 
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The mixed melting point remained unaltered with 
an authentic sample of piplartine. 


Isolation of Pipehe.-The greenish-yellow de- 
posit was dissolved in methanol and filtered hot. On 
cooling, more piplartine was obtained as fine needles, 
which were separated. The mother liquor was 
chromatographed over Brockmann alumina using 
benzene and benzene-chloroform mixture (1 :3). 
Elution with benzene gave a steroid, while elution 
with benzene and chloroform mixture yielded piper- 
ine. After several crystallizations from benzene, 
light yellow crystals of piperine, m.p. 128-129’. were 
obtained. The test with concentrated sulfuric acid 
and gallic acid for methylene dioxy group was posi- 
tive. A mixed melting point with an authentic 
specimen of piperine was not depressed. 
Isolation of fiSitostero1 from Fatty Residue.- 


The fat was hydrolyzed with 0.5 N alcoholic potas- 
sium hydroxide, and the mixture of phytosterols was 
extracted with ether (10). The sterol mixture 
obtained after removal of solvent was chromato- 
graphed over alumina. The column was eluted with 
benzene and benzene-hloroform mixture (1  : 3). 
The benzene eluent was too small for further study. 
The residue obtained from benzene-hloroform mix- 
ture gave a positive Liebennann-Burchard test. 
On several crystallizations from methanol, the 
residue gave colorless needles, m.p. 136’. (a)’,” 
-36.5’ (CHCla). The sterol was freely soluble in 
benzene, chloroform, and petroleum ether and 
sparingly soluble in cold methanol and ethanol. 


Anal.-Calcd. for CloHmO: C. 84.05: H, 12.09. 
Found: C, 83.84; H, 12.13. 
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The sterol acetate, benzoate, and digitonide were 
prepared in the usual manner; m.p. 127, 144, and 
221’ dec.. respectively. 0-Sitosterol and its acetyl 
and benzoyl derivatives did not show a change in 
melting point when admixed with the respective 
authentic specimen. 


Thus, from a comparison of the data with those 
for known sitosterol, this sterol was identified as 
8-sitosterol. The characteristics of the sterol are in 
conformity with the earlier observation of theauthors 
(11) on the sterol from Zfiomoea degitata Linn. 
( Conwolwrrlaceae). 
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Thimerosal as a Preservative in Biological Preparations. 111. 
Factors Affecting the Concentration of Thimerosal in Aqueous 


Solutions and in Vaccines Stored in Rubber-Capped Bottles 
By J. BIRNER and J. ROS. GARNET 


Inactivation of the antiseptic properties of 
thimerosal contained in vaccines stored in  
bottles which have been sealed with rubber 
closures is governed by the type of rubber 
used for sealing the containers, the tem- 
perature and duration of storage, and the 
ratio of volume of liquid t o  surface area of 
the rubber to  which the thimerosal is exposed. 


HE POLAROGRAPHIC method of estimating T thimerosall in dilute solutions has been applied 
to its determination in samples of pertussis vaccine 
and triple antigenz during storage of the preparations 
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1 Thimerosal, sodium ethylmercurithiosalicylate. is official 
in the “British Pharmacopoeia’’ as Thiomerd. It is trade- 
marked as Merthiolate. 


*Triple antigen is an alternate name for diphtheria, 
tetanus, and pertussis vaccine B.P. 


in contact with rubber closures of differing composi- 
tions for varied periods of time and temperature. 
The purpose of this investigation was to assess the 
suitability of thimerosal as a preservative in these 
vaccines and to  provide a basis for their storage 
under optimum conditions. 


There is no question that the preservative effect 
of thimerosal in the low concentration employed in 
biological preparations is appreciably diminished 
when those preparations are stored in containers 
sealed with rubber closures (1). 


Considerations of safety in the use of vaccines 
dispensed in multidose containers which have been 
sealed with rubber caps make i t  important to  know 
at what stage in the shelf life of the preparation the 
concentration of the preservative may be expected 
to fall below what can be regarded as an effective 
level. 


As shown in a previous paper (2) the determina- 
tion of thimerosal with the polarograph can be 
camed out rapidly and with no less accuracy than is 
possible with the customarily used biological method. 
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With this instrument, the authors have been able to  
confirm the results of biological tests which show 
that zinc ions contributed by the rubber are not an 
important factor in the loss of antiseptic activity. 


The present investigation was not designed to 
identify the substance responsible for the degrada- 
tion of thimerosal. but to determine the conditions 
under which it occurs. There is reason to believe 
that sulfur, commonly incorporated into rubber 
mixes, reacts with thimerosal. 
An experiment was carried out in which an 


aqueous solution containing 100 mcg. of thimerosal 
per milliliter was incubated a t  37" for 72 hours with 
lo00 mcg./ml. of precipitated sulfur. 


A t  the end of storage, polarographic assay indi- 
cated that only 4270 of the thimerosal was present; 
this finding was confirmed by biological assay. 


Rubber, of all compositions examined so far, is 
invariably blackened with mercury sulfide when left 
in contact with thimerosal solution. 


The mercury-sulfur reaction, being irreversible, 
would account for the loss of activity of the anti- 
septic and explain why the loss is governed by the 
several factors noted in this paper. 


EXPERIMENTAL 


A series of three experiments was planned. In 
Experiment A ,  at the beginning and end of storage 
for several weeks in contact with rubber closures of 
differing compositions, the polarographic method 
was applied to  the determination of the thimerosal 
content of samples of pertussis vaccine. The 
amount of antiseptic initially added was deliberately 
varied to give a series of concentrations of 80, 40, 
and 20 p.p.m. 


The preparations containing the two higher 
concentrations of thimerosal gave characteristic 
polarographic waves; but those of the sample with 
an initial concentration of 20 p.p.m, showed only a 
wave characteristic of zinc ions. 


Experiment B was carried out with samples of 
thimerosal and triple antigen, a biological prepara- 
tion containing the antiseptic in an initial concen- 
tration of O . O l ~ o .  


The samples in 1-ml. quantities were stored for 
approximately 23 weeks in hermetically sealed 
ampuls and in bottles sealed with a selection of 
rubber closures. They were inverted at weekly 
intervals during storage in order to mix the contents 
and bring them into contact with the rubber. Sam- 
ples of the triple antigen were held in three groups- 
at 6,25, and 37" C. The results of the polarographic 
analysis of the contents are recorded in Table I. 


No values for zero time assays are given, since 
the purpose of the experiments was to  demonstrate 
differences which occurred between samples stored 
in all-glass and rubber-capped containers. 


Exberiment C was set up with triple antigen to 
determine to what extent the inactivation of 
thimerosal was affected by the ratio of volume of 
vaccine to surface area of rubber exposed to it. 


The antiseptic was used in the same initial con- 
centration of 0.01%. The vaccine was used in 5- 
and 10-ml. quantities distributed in hermetically 
sealed glass ampuls and in glass bottles closed with 
lacquered red rubber and gray rubber caps, both 
natural rubbers. 


Thimerosal estimations were carried out periodi- 
cally during storage a t  6" for 18 months. 
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THIMBROSAL IN TRIPLE ANTIGEN STORED FOR 18 MONTES AT 0' C. 
TABLE II.-EFFECT OF SAMPLE VOLUME, CONTAINER, AND SEAL ON THE STABILITY OF 100 mCg./ml. 


Type of Container 7 


Ampul- Bottle - 
Commence- Commence- 


VOl. of ment 6 Mo. 18Mo. ment 6 Mo. 18Mo. 
Stored Thimerosal, Thimcrosal. Thimerosal, Thimerosal, Thimerosal, Thimerosal. 


Sample, ml. Seal mcg./ml. mcg./ml. mcg./ml. mcg./ml. mcg./ml. mcg./ml. 
... . . .  ... ... 5 Hermetic 83 ... 


Gray rubber cap ... ... . . .  89 85 71 
Lacquered red ... ... ... 89 80 62 


10 Hermetic 89 85 83 ... ... ... 
Gray rubber cap . . .  . . .  . . .  89 85 72 
Lacquered red ... .. .  ... 89 85 72 


rubber cap 


rubber C ~ D  


Throughout the time of storage the containers 
were inverted a t  weekly intervals in order to  bring 
the vaccine into direct contact with the rubber of 
the cap. The period of actual contact was 9 
months in the aggregate-one-half of the full period 
of storage. The results of the test are recorded in 
Table 11. 


RESULTS AND DISCUSSION 


Experiment A with pertussis vaccine indicated 
clearly that thimerosal will be an unsuitable pre- 
servative if the vaccine is dispensed in small volume 
quantities, such as 1-ml. containers sealed with rub- 
ber closures. 


.4t the end of 22 weeks of storage a t  room tempera- 
ture (region of 25"), the polarographic wave charac- 
teristic of the thimerosal ion was altogether absent 
from samples which had contained the preservative 
in the proportion of 20 p.p.m. 


Although the pH of pertussis vaccine is within the 
range 7.2 to 7.4 the characteristic zinc wave was 
observed when white rubber stoppers were used as 
closures. 


Table I summarizes the results of Experimcnf B. 
Below limit in Table I means that the concentration 
of thimerosal registered by the polarograph was less 
than 20 p.p.m.; no quantitative measure is 
possible below about 12.5 p.p.m., a value which is 
indicated by h u e .  


It will be noted that, irrespective of the tempera- 
ture of storage, triple antigen in 1-ml. quantities 
retains a negligible proportion of the amount of 
thimerosal originally added after contact for a 
period totaling about 3 months with rubber of any 
of the three types used. 


Apart from the fact that the white, zinc oxide- 
filled rubber yielded a measurable amount of zinc 
into the vaccine during storage, the interesting ob- 
servation appears that even after prolonged storage 


under relatively adverse conditions more than 30% 
of the added thimerosal remained in the vaccine 
contained in hemetically sealed glass ampuls; 
of course, no zinc was detected. 


No values for zero time assays are given because 
the purpose of the experiments was to demonstrate 
differences which occur between samples stored 
in rubber-capped and all-glass containers. 


It was 
set up to  determine to  what extent the inactivation 
of thimerosal was affected by the ratio of volume of 
vaccine to  surface area of rubber exposed to  it. 


The results, as tabulated, again demonstrate that 
in the absence of contact between liquid and rubber 
(as in the hermetically sealed glass containers) the 
diminution in the quantity of thimerosal is relatively 
small; but when rubber closures are used, a pro- 
gressive loss occurs-a loss greater in the 5 ml. than 
in the 10-ml. volumes. However, even with the 
lower ratio of volume of vaccine to  surface area of 
vaccine exposed to it, the maximum loss did not 
exceed 30%. 


Erperimenf C is summarized in Table 11. 


SUMMARY AND CONCLUSIONS 


The inactivation of thimerosal contained in vac- 
cines stored in bottles sealed with rubber closures is 
governed by the type of rubber used for sealing the 
containers, the temperature and duration of storage, 
and the ratio of volume of liquid to area of rubber 
surface to which the thimerosal is exposed. 


Under the conditions of the experiment it is con- 
sidered that the residual thimerosal in 5- and 10-ml. 
rubber-sealed multidose containers is adequate for 
the purpose it is intended to s e r v e t h a t  of a 
bacteriostat. 
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Determination of Solubility of a 
Metastable Polymorph 


By GEORGE MILOSOVICH 


A method based o n  dissolution rate measurement was develo ed to obtain solubility 
data for rapidly reverting solid states. Experimental tests o f t h e  method showed it 
to be valid. Solubility and thermodynamic data for sulfathiazole 11 and I in  95 er 


cent alcohol were obtained. Other applications of the method are discussecf 


ECENT LITERATURE reports (1-3) have dem- 
onstrated the feasibility of using meta- 


stable polymorphic crystal forms to improve the 
pharmacologic performance of drug compounds 
possessing low water solubility. Several drugs 
are presently marketed in their metastable poly- 
morphic forms. Stability problems associated 
with such products have also been noted (1). 


Both increase in  drug absorption rate and 
physical instability are functions of the increased 
solubility of the metastable state. I n  order to  
study such systems i t  is advantageous to  have 
solubility data on each solid state, preferably at 
several temperatures. Usual methods for solu- 
bility determination are not suitable for many 
polymorphic forms because reversion can occur 
during the time period necessary for the measure- 
ment. Such is the case for the phenacetin, di- 
phenylsulfone, and sulfathiazole systems. Data 
reported by Higuchi and Shefter (4) on dissolu- 
tion from solvate forms also show reversion 
occurring during the experimental time period, 
the concentration in solution passing through a 
maximum with time. It was the purpose of this 
investigation, therefore, to  develop a method 
suitable for the determination of the solubility of 
metastable solid states that  rapidly revert. 


Because the relatively long experimental time 
required for an equilibrium solubility measure- 
ment increases the probability for nucleation and 
growth of more stable forms, it was felt that  the 
desired data  would have t o  be obtained in the 
shortest possible time period. Also, i t  is known 
that  nucleation probability is a function of the 
size of the physical system, supersaturation in- 
creasing with decrease in volume of solution. 
These considerations suggested a procedure based 
on a measurement of dissolution rate since such 
data  can be obtained in t h e  periods less than 1 
minute ( 5 )  with minimum volume of super- 
saturated solution due to the limited boundary 
region in contact with the dissolving solid. 
~_.- 
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The Nernst equation (6) relates the rate of 
concentration increase to solubility for a dissolv- 
ing solid 


where S is the area of the dissolving interface, 
D is the diffusion coefficient of the solute in the 
solvent, V is the volume of solvent, 6 is  the thick- 
ness of the diffusion layer, and C, and Ct are 
concentrations at saturation and at time, 1, respec- 
tively. Equation 1 reduces to 


for the experimental condition that  C,>>Ct and 
V constant. Since D is a property of the solute 
molecule and the solvent, i t  is independent of 
solid-state form. S and 8 can be maintained 
constant by suitable control of the experiment. 
If these conditions obtain, the rate of dissolution 
is directly proportional to  solubility, and the 
solubility of higher energy states can be calcu- 
lated from dissolution rate data  and solubility 
data  of the most stable form. Thus dW/d t  = 
KC,. 


EX PER1 MENT A L 


Sulfathiazole U.S.P. was chosen as the model com- 
pound for use in this investigation. It can be ob- 
tained in a t  least two crystal forms, I melting a t  
174-175" and I1 melting a t  2W2Ol0. The II+I 
system is enantiotropic. I being the  lower energy 
state a t  room temperature. Form I was obtained 
by slow recrystallization from warm alcohol. Form 
I1 was obtained by heating form I to 180' where 
form I melted and form I1 crystallized. The parti- 
cle sizes of these states were reduced to  approxi- 
mately the same range by mortar and pestle. Nor- 
mal solubility determinations showed both forms to 
have the same solubility, indicating that the higher 
energy state reverted to  form I during the experi- 
ment. This was confirmed by X-ray diffraction 
measurements. 


To conduct the dissolution rate experiments under 
conditions of constant surface area and constant 6 
the apparatus shown in Fig. 1 was built from 
aluminum and stainless steel. The sample holder 
was a */*-in. hardened steel die obtained from a 
rotary tablet press. The surface of the die was 
ground to  remove the tapered shoulder. The stirrer 
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tions. 
a t  temperatures above 25'. 


Corrections were made for solvent expansion 


RESULTS 
Effect of Compression Pressure.-Dissolution 


data obtained from a tablet have meaning only if it 
is assumed that the tablet dissolves as though it 
were a single crystal. It was felt that if the dis- 
solution rate from a tablet were independent of 
compression pressure this assumption would be 
valid. Figure 3 shows data obtained from a pressure 
series using lubricated (die walls swabbed with an 
ether solution of stearic acid) and unlubricated dies. 
While the lubricated die series showed the expected 
pressure independence, i t  is interesting to  note the 
greater variation and apparent increase in dissolu- 
tion rate with pressure for the unlubricated series. 
This latter effect will be reported in more detail in a 
future publication. In further support of the valid 
ity of using tablet surfaces for dissolution experi- 
ments, rate data were determined using tablets 
made from different particle sizes of sulfathiazole I. 
No size effect was observed. The conclusion was 
that as long as lubricated dies were used the tablet 
surface could be assumed to behave as a single 
crystal. Subsequent experiments were conducted 
with surfaces compressed under 21,000 p.s.i. pres- 
sure. 


Effect of Solid State.-Dissolution rates were 
determined for each of the two crystal forms of sulfa- 
thiazole at six temperatures. Table I shows the 
data obtained from these experiments. 


Figure 4 shows an absorbance versus time plot for 
form I1 at 29.8". The change in slope occurring 
between 40-60 seconds demonstrates reversion of 


v) y/ S W  
1 0 0  


H 


SEC. 
Fig. 2.-Typical data recording obtained in this 


study; form 11, 48.8'C. Key: A, tablet added; 
B, tablet removed. 


Fig. 3.-Etlect of 
compression on dis- 
solution rate of tab- 
let surfaces. Key: 
0 ,  unlubricated die 
wall; 0, lubricated 
die wall. 


- i/ !i 


COMPRESSION, 
p. s. i. X lo-' 


TABLE  DISSOLUTION RATE AND SOLUBILITY 
DATA FOR SULPATHIAZOLE I AND I1 IN 95% ALCOHOL 


-Dissolution Rat- I Solubility - 
Temp., mg. cm.-* sec -1 Gm./1000 Gm. Solvent 


O C .  FormI Form I1 FormI Form I1 
59.1 .186 .239 31.50 40.7 
48.8 .I02 ,145 19.80 28.1 
39.4 .0598 .0913 14.00 21.4 
29.6 .0355 ,0597 9.93 16.7 


Fig. 1.-Apparatus used to determine dissolution 
rate under conditions of constant S and 6. Key: 
A,  stirrer shaft; B, baffles; C, rotary tablet die and 
holder; and D. aluminum support rods for position- 
ing the die. 


was driven with a Bodine model B2240E-06 300 
r.p.m. constant speed motor. Previous experiments 
using a variable speed motor showed 300 r.p.m. to  be 
well within the range for diffusion control (a pre- 
requisite for Eq. 2). The sample was prepared by 
compressing approximately 300 mg. of powder in the 
die between a a/s-in. punch and a hardened steel 
block using a Carver press. One surface of the 
formed tablet was flush with the die face, and the 
opening in the opposite face was corked. This 
procedure has the advantage over similar ones re- 
ported in the literature (7, 8) that a good tablet is 
not necessary so long as the surface is uniform. 
The apparatus was mounted in a 1-L. stainless steel 
beaker which was partially emersed in a constant 
temperature water bath. Dissolution was measured 
using the method of Niebergall and Goyan (5). Be- 
cause of the limited surface available for dissolution, 
a "good" solvent was necessary so that sufficient 
sulfathiazole would dissolve in a short time period 
for assay. Ninety-five per cent v/v alcohol was 
chosen as the solvent for this study. 


Since a rapid flow rate was desired, the solution 
was returned t o  the beaker t o  maintain the volume 
and agitation constant. At the beginning of an 
experiment, 500 ml. of solvent was added to the 
beaker, and the circulating pump was started. A 
65-ml. quantity of solvent was contained in the 
pump and the flow lines to  make the total volume 
565 ml. The stirrer was started, and the tempera- 
ture within the beaker was monitored until it be- 
came constant. At that time the recorder was 
balanced to  0 and 100% transmission; the sample 
was introduced by sliding the die holder down the 
two alignment rods. Figure 2 shows a typical 
recording obtained from these experiments. The 
per cent transmission data were converted to  
absorbance and then to concentration using a 
standard Beer-Lambert plot of known concentra. 


24.1 ,0237 .0413 8.15 14.2 
20.4 ,0201 ,0371 7.10 13.1 
14.5 . .  . .  5.70 . . .  
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form I1 to  form I, the ratio of the slopes being a 
measure of the ratio of solubilities for these two 
forms. This effect was not time reproducible and in 
most instances was not observed. I t  should be 
pointed out that this would be a function of nucle- 
ation and would not be expected to  be reproducible. 
Also, experiments were terminated after 90 seconds 
for most runs, so that it would not be observed if it 
occurred beyond this time period. From this rapid 
and complete change in slope, it appeared highly 
probable that solid-state reversion occurred. Other- 
wise, an intermediate slope corresponding t o  an 
intermediate steady state concentration would have 
been expected over a longer time period. 


Calculation of Solubilities.-The solubility of 
form I was determined at seven temperatures as 
follows. A large excess of form I powder was added 
to  about 500 ml. of 957, alcohol in the beaker and 
was held at the desired temperature with stirring 
until equilibrium was obtained. Stirring was 
stopped, and samples were pipeted through glass 
wool to  remove suspended particles. The samples 
were weighed and quantitatively diluted with 95y0 
alcohol for spectrophotometric assay a t  288 mp. 
Solubility data are given in Table I as grams dis- 
solved per loo0 Gm. of solvent. Also included in 
Table I are the solubilities of the form I1 state 
calculated from the dissolution rate data. Figure 5 
shows the van't Hoff plots for these data. Both 
plots deviate from linearity, showing an increasing 
negative slope with increase in temperature. 


Test of Solubility Data.-Since the II+I system 
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Fig. 4.--Dissolu- 
tion of form I1 
showing reversion 
to form I. Key: 
0. form 11; 0, form 
I. 29.8"C. 


SEC. 


Fig. 5.-van't 
Hoff plots for sulfa- 
thiazole solid states. 
Key: 0, form I ;  
0 ,  form 11. 


1000 
T 
- 


1000 
T 


__ 


Fig. 6.-Plot of 
log solubility ratio 
against l /T.  Tran- 
sition temperature, 
91.5f2. i"C.  


Fig. 7.-Photomicrographs showinc rekersion of 
I1 to I a t  90°C. and I to  I1 at 100°C. in glycerin 
suspension. 


is enantiotropic. proper plotting of the solubility 
data should predict the transition temperature 
However, the van't Hoff plots were nonlinear and 
could not be extrapolated with accuracy. As was 
pointed out by Higuchi, el al. (3), if it is assumed 
that deviation from linearity is due mainly to  solvent 
effrcts and Henry's law applies, then ratios of solu- 
bilities can be plotted in the same manner [log 
(solubility ratio) O ~ Y S Z ~ S  l/Tl and the intersection 
at  ratio = 1 would give the transition temperature. 
Figure 6 is such a plot for these data and predicts 
that the transition temperature is 94.5 f 2.7'. 
That this predicted transition temperature is in the 
correct range was verified by equilibrating both 
forms in glycerin solution a t  100" and at  90" on a 
Kofler hot stage. Figure 7 presents time photo- 
micrographs showing the dissolution of I and growth 
of I1 at 100" and dissolution of I1 and growth of I at 
goo. 


Thermodynamic Differences Between I and II.- 
The enthalpy and entropy differences between forms 
I and I1 can be calculated from the solubility data 
(3). The slope of the log (solubility ratio) ueisus 
1/T plot was calculated to  be 381.07. From this the 
enthalpy difference was calculated to be 1744 cal./ 
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mole. This value along with the predicted transi- 
tion temperature gave a value for the entropy 
difference equal t o  4.75 e x .  


DISCUSSION 


The method developed in this study to  determine 
solubility of rapidly reverting polymorphic states 
was shown to work very well for sulfathiazole XI. 
Even though the 11-1 reversion is rapid enough to 
preclude equilibrium measurement, it is sufficiently 
slow to  allow use of this method. However, it is 
conceivable that reversions in other systems can be 
so rapid that this method will not be applicable. 
Thus, in systems where one form may be 10 times 
more soluble. the supersaturation obtained in the 
boundary layer may be such that instantaneous 
crystallization of less soluble forms will result. 


It can be 
used to measure rapidly the effect of nucleation and 
crystallization inhibitors in reverting systems. I t  
can also be used for studying dissolution mechanism 
for systems that dissolve through acid.base reaction. 
It may also have value for studying the other factors 
influencing the dissolution process. More data will 


The method has other applications. 
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be forthcoming to test the general applicability of 
this method. 


CONCLUSIONS 


A method suitable for the rapid determination of 
solubility has been developed and used to obtain 
solubility and thermodynamic data for sulfathiazole 
11. The transition temperature predicted from 
these data was confirmed by an independent experi- 
ment. 
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Sustained-Release Aspirin Tablet Using an 
Insoluble Matrix 


By MAHENDRA S. VORA, ARTHUR J. ZIMMER, and PAUL V. MANEY 


T h e  mode of administering drugs in  a sustained-release form has recently assumed 
considerable importance in the pharmaceutical industry. Various resins, plastics, 
and polymers were investigated in this study. Polyvinyl chloride was selected as 
the base for the insoluble matrix. Evaluation of the sustained-release aspirin tablet 
was by in uitro and in uiuo methods. Evidence is presented that the in uiuo release 


rates provide a uniform blood level over a predictable period of time. 


USTAINED-RELEASE tablets may provide the s desired release rates by  employing one of 
several techniques ( 1 )  : (a) compressing coated 
pellets into a soft matrix, (b) mixing several 
granulations (each containing different retarding 
agents), ( c )  combining different layers of sus- 
tained-release granules, (d) forming an insoluble 
complex by ion-exchange methods, and (e) dis- 
tributing medication in  fatty bases. Oral sus- 
tained-action preparations are described in a 
Swedish patent (2) which outlines the use of 
synthetic resins and polymers for the purpose of 
imparting sustained-release properties to various 
drugs. 


A comprehensive publication “Formulation 
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and Experimental Evaluation of Oral Sustained 
Release Medication Based on the Principle of 
Delayed Diffusion,” by Simoons (3), has recently 
been released. This paper advocates the use of 
several components t o  obtain the desired release 
rate. 


A recent study by  Levy (4 )  indicated that  
aspirin is rapidly absorbed from all parts of the 
gastrointestinal tract. Thus, aspirin can serve 
as an excellent tracer to assess the effect of certain 
formulation and dosage form characteristics upon 
absorption rate. It is understood that  other 
drugs may give different results with these 
formulations. 


Various in vitro methods for the evaluation of 
sustained-release products indicated that the 
use of radioisotopes could be of value (5). In this 
work an attempt was made to incorporate aspirin 
with the resin polyvinyl chloride, then t o  prepare 
a two-layer product-one layer to give immediate 
and the other time-delayed release. 


The use of in vitro methods of testing by  de- 








Facilitated Reversible Formation of h i d e s  from 
Carboxylic Acids in Aqueous Solutions I11 


Reaction of Citric Acid with Aromatic Amines 
By T. HIGUCHI, SVEN 0. ERIKSSON*, H. UNO, and J. J. WINDHEUSERS 


A detailed study of the rate of interaction of citrate buEers with aniline to form 
anilides and imides shows that the basic mechanism follows essentially that pre- 
viously described. Results show in particular that the rate of anhydride formation 
by the polycarboxylic acid is faster than from the previously studied succinic system 
and probably involves both the undissociated acid and its singly charged anion. 
The overall equilibria and rates for the total reaction were determined and the ap- 
proach to equilibria checked with an analog computer. The speed and nature of 
the reaction suggest that these interactions may often be responsible for loss of 


activity of some drugs formulated with this buEer. 


N PREVIOUS PUBLICATIONS (1, 2) i t  has been I shown that certain dicarboxylic and poly- 
carboxylic acids react with amines to form 
amides at  unexpectedly fast rates. The signifi- 
cance of this reaction becomes apparent when one 
considers the wide use of some of these acids as 
buffers in numerous pharmaceutical systems. 
Because of the particular importance of citric 
acid in medicinal solutions, the behavior of this 
system has been explored in some detail with ani- 
line as the other reactant. The reaction appears 
to be again mediated by the formation of cyclic 
anhydrides in aqueous solution which then form 
amido acids as described previously for the SUC- 


cinate system (2). The equilibria and reactions 
involved appear to be rather complex but may 
essentially be represented 


k, 
ki aniline [ zE7:icid] y, citric anhydride 6 


-aniline 
k- 2 


citric acid 
rnonoanilide (Eq' 


citric acid monoanilide 


k-a 11 k3 
citranilic acid 


The following are the formulas of the products 
presumed to be formed during the reaction 


H*C--C\O 


HzC- I COzH I 7 - a  
H O ~ - C O N H - ~  HOC--CO 


I I 
HzC- C0zH HZC-COzH 


Citric acid monoanilide' Citranilic acid ( I M )  
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'The exact position whether LI. p.  or 7 of the amine 
groups in these structuies has not yet been determined. 


H ~ C - C O N H ~  H2C-co 


HOC-CONH-0 I Hoc-co 
I 1 )-0 
I 


HzC-C0zH 
H ~ C - C O N H ~  I 


Citric acid dianilide' Citranilic acid anilide 


In further discussion the symbols (CA) for 
citric acid, (AH) for citric anhydride, (AN) for 
aniline, (AM) for citric acid monoanilide, and 
( I M )  for citranilic acid will be used. k, will de- 
note apparent rate constants, with the subscript 
n being positive for the forward reactions and 
negative for the reverse. 


Due to the polyfunctionality of the citric acid, 
other products such as the dianilide and a mixed 
anilide-imide are also possible. It was found 
from the experimental data that the latter two 
compounds were formed in relatively small con- 
centrations, and Eqs. 1 and 2 represent the main 
reaction pathways in the concentration range 
studied. 


RESULTS AND DISCUSSION 


Identification of Reaction Products.-Sample solu- 
tions containing 0.05, 0.1, and 0.2 moles/L. of ani- 
line were prepared in 0.5 M citrate buffer solutions, 
the pH at each concentration level being adjusted 
to 3.0, 3.5, 4.0, and 4.5. The solutions were heated 
for 100 hours at 85' and samples withdrawn at  the 
end of 50 and 100 hours and analyzed with the 
chiomtographic separation described under Experi- 
menlal. Essentially no difference in composition 
could be demonstrated between the 50 and 100-hour 
samples, indicating the achievement of an equilib- 
rium condition. 


Based on separation of the reaction products by a 
partition chromatographic method with a pH 3.13 
phosphate buffer as the fixed phase and mixtures of 
chloroform and butanol as the mobile phase, it  was 
possible to establish the nature of the products. 
The identification was based on: ( a )  comparison of 
the elution characteristics of the products to  known 
compounds treated in a duplicate manner; (b)  ultra- 
violet absorption spectra of the unknown and known 
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Fig. 1.-Plot 
s h o w i n g  l o g -  
a r i t h m i c  a p -  
proach to equili- 
brium for aniline 
citrate systems. 
a t i p H  4. The 
several lines re- 
present differing 
aniline concen- 
tration. 
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Fig. 2.-Plots of reciprocal initial rate of aniline 
disappearance in hours/liter/rnole a inst reciprocal 
initial aniline concentration in l i terszole  for aniline 
in presence of aqueous 0.5 M atrate  buffer at pH 2.0 
and 3.0 and a t  85'. The relationship corresponds to 
Eq. 3. 


compounds; and (c) equivalent weight and melting 
point comparison. 


The results indicated that the main products of 
the reaction were the monoanilide (AM) and the 
imide ( I M ) .  Even under conditions of highest ani- 
line concentration, less than 1% of the aniline was 
converted to the dianilide at pH 4.5. The amounts 
of citranilic a a d  anilide were higher than the di- 
anilide at all pH values, the maximum being formed 
at pH 4.0. Even at this pH and highest aniline 
concentration, less than 3% of the aniline was present 
in the form of citranilic acid anilide. 


The equilibrium ratios of the aniline: anilide: h i d e  
appeared to  be independent of aniline concentration 
at a given pH and were in good agreement with the 
kinetically determined equilibrium values. 


Kinetics of the Forward Reaction.-The rate of 
disappearance of aniline from mixtures of citric 
acid and aniline was studied at 85" using a 0.6 M 
citrate buffer system, the aniline concentration 
varying from 2 x 10-1 to  1 X 10-1 moles/L. Al- 
though the reaction appeared to  follow a pseudo 
first-order kinetic mechanism in its approach to  
equilibrium, the rates of the reactions were depend- 
ent on initial aniline concentration. Figure 1 de- 
picts the typical behavior observed at pH 4.0. 
Analysis of these curves suggested that at low ani- 


I/ANo L./YOLE 


Fig. 3.-Plots of reciprocal initial rate of aniline 
disappearance in hours/liter/mole a ainst reciprocal 
initial aniline concentration in liters$mole for aniline 
in presence of aqueous 0.5 M citrate buffer at pH 
4.5,4.0, and 3.5 and at 85". The relationship corre- 
sponds to Eq. 3. 


TAE~LE I.-EFFECT OF PH ON THE &PARENT 
kz 


k- 1 
CHANGE OF k1 AND THE RATIO OF - AT 85°C. 


kl PH b (hr.-') k-r L./moIe 


2.0 4 x 10-8 7 
2 . 5  7.4 x 10-2 7 
3 .0  7.2 X lo-* 14 
3 . 5  5 .2  X lo-* 
4.0 3.1 X lo-* 
4.5 1.4 X lo-* 


33 
80 
70 


line concentration the reaction became first-order 
in respect t o  aniline, but at high concentrations the 
reaction approached a zero-order dependency on 
aniline. This would be in accord with the mech- 
anism postulated by Higuchi, et d. (2), for the reac- 
tion of succinic acid with aniline, which apparently 
is mediated by the formation of cyclic anhydrides in 
solution. Due to  the complexity of the reaction, the 
kinetic analysis was limited to  the initial rates 
utilizing the following assumptions: ( a )  the initial 
phase of the reaction can be represented by the 
upper half of the total scheme given above; (b)  
in this phase LZ and lower half of the scheme can 
be neglected as the initial amide concentration is ef- 
fectively zero; and ( c )  a steady-state assumption can 
be made for the anhydride concentration. 


These assumptions lead to  the following reciprocal 
rate expression 


(Eq. 3) 


During the initial phase we can substitute the 
initial aniline concentration (AN,) and the initial 
citric acid concentration (CA,) for (AN) and (CA), 
respectively. A plot of [l/(dAN/dt)l0 versus 1/AN. 
should yield a straight line with an intercept of 


l/kI(CA-i)andslopeaof {'/El (C&)\. Figures 
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Fig .  4.-pH profile of 
rate of formation of ci- 
trate anhydride in citrate 
buffer a t  85" as determined 
from intercepts of plots 
similar to Figs. 2 and 3. 
The lengths of the bars are 
approximate measures of the 
confidence limits of the in- 
dividual values. 


PH 


2 and 3 show the results of experiments conducted 
at pH 2.0, 3.0, 3.5, 4.0, and 4.5, treated in accord 
with Eq. 3. The nonzero intercept of the plots lend 
credence to the postulated mechanism. 


From the intercept values of these plots, kl can be 
determined directly. Slope measurements were 
used to evaluate k 2 / k 1  values as shown in Table I. 
The rate constants for the anhydride formation, kl ,  
measured in this fashion are shown in Table I and 
plotted in Fig. 4 for several pH values. 


The shape of the profile strongly suggests that the 
species responsible for formation of the anhydride 
probably include both the uncharged, undissociated 
acid and its singly dissociated, singly charged, 
anionic form. If only the free acid underwent the 
reaction, the profile should exhibit a faster drop off 
at higher pH values. Unfortunately, reliable data 
under strongly acidic conditions were difficult to 
obtain because the ratio of rates of amide formation 
to hydrolysis of the anhydride becomes rather small 
as a result of protonation of the arnine. 


Due to the changing dependency of the reaction 
rate on the concentration of species, a simple pH 
rate profile of the total reaction at  given concentra- 
tions is not fully informative regarding the expected 
overall rates under all conditions. A plot of the 
initial rate of aniline loss as a function of pH is 
shown in Fig. 5 a t  two levels of aniline. The dif- 
ference in the shapes of the two curves is because a t  
the higher aniline concentration the rate-limiting 
step is the formation of anhydride which is propor- 
tional to the Concentration of undissociated citric 
acid (and, perhaps, the monocitrate anion as noted 
previously). Therefore, the decreasing rate a t  
higher pH may be attributed to loss of the reactive, 
acidic species. 


In the lower aniline concentration the reaction 
would be expected to show a first-order dependency 
on the unprotonated form of aniline. This is in 
accord with the mechanism previously postulated by 
Higuchi and Miki (1). which stated that kinetically 
the mechanism could be typified as CA + NHzR * 
amide. Such a system would exhibit the observed 
bell-shaped pH dependence. 


The effects of temperature on these reactions were 
carried out in studies a t  75". 85". and 95' a t  pH = 
4.0. Figure 6 shows an Arrhenius-type plot for kl 
calculated from reciprocal plots as in Fig. 3. Higher 
temperatures favored the formation of the anhydride 
as was also observed for the succinic acid system 
(2). The apparent activation energy for the citrate 
reaction-based on the plot is 26.5 Kcal. mole-'. 
The marked positive temperature dependence is of 
vital importance when considering the effect of 
heat sterilization of amine drugs in citrate buffer 
systems. 


Kinetics of the Intermediate Reaction.-In this 


0 


2 
X 
A 5 1% 
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I 
5 6  3 4  1 2  


PH 
Fig. 5.-Apparent initial rate of disappearance of 


aniline in 0.5 M citrate buffer as a function of pH at  
two aniline concentrations. Key: 0, aniline = 0.3 
mole/L. (left axis); 0, aniline = 0.002 mole/L. 
(right axis). 


27 2n 


1/T X lo4 
Fig. 6.--.4rrhenius type plot for kl  at  pH 4. 


phase of the work experiments were conducted to 
study the following equilibrium 


aniline 
ki k2' 


k- 1 k- 2 


+ citric anhydride 


-aniline 
k3 


k- 3 


citric monoanilide imide 


where a t  low concentrations k2' = k? ( k t / k - I ) ( C A ) .  
a constant a t  fixed citrate concentration and pH. 
Starting with 2.5-3.0 m M  solutions of the mono- 
anilide, the formation of other products was followed 
as a function of time. I t  can be assumed from 
previously discussed chromatographic analyses that 
a t  these low aniline concentrations the formation of 
products containing 2 moles of aniline can be 
neglected. Also because of the low aniline con- 
centrations the reactions can be expected to follow 
a first-order approach to equilibrium a t  a given pH. 


Based on these assumptions, the rate of formation 
of aniline and imide can be described by 


~- A N  = k-2 ( A M )  - ky' ( A N )  (Eq. 4) dt 


dx = k ,  ( A  M )  - k- (1-l) (Eq. 5) dt 


At equilibrium Eqs. 6 and 7 are valid 


where the subscript eq refers t o  the equilibrium 
concentration. Substitution of Eqs. 6 and i into 
Eqs. 4 and 5 yields 
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1 (AM) - - (AN)] (Eq. 8) 
dt L 


On the basis of Eqs. 8 and 9 the values of the rate 
constants can be estimated by plotting AAN/At  
versus [ (AMao)  - (l/Kz) ( A N a o ) ] ,  where the sub- 
script av refers to average concentrations during the 
time interval At. The slope of the line is equal to k 2. 


k, can be estimated in a similar manner from a plot 
of AZM/& versus [(AMaw) - (1/Ka) (ZMan)]. kz’ 
and La can then be calculated by appropriate sub- 
stitution into Eqs. 6 and 7. Figures 7 and 8 show 


[(MONOANILIDB)~. - ~ . ~ ~ ( A N I L I N E ) ~ ~ ] ,  mM/L. 
Fig. 7.-Rate of aniline formation as a function of 


[(AM),, - l/K2 (AN).,] at pH = 3.0. kt = 
0.96 (hours -I);  k2’ = 0.60 (hours-’). 


[(MONOANILIDE)as - 0.32 (IEQDE),v], m&f/L. 
Fig. 8.-Rate of imide formation as a function of 


[ (AM) , .  - l/Ka (IM)av] at pH = 3.0. 


the results obtained from plots of this type. The 
values obtained at various pH are recorded in 
Tahle 11. As in the case of kl discussed earlier, they 
are apparent constants and are not corrected for 
species changes. 


Since the reported values for the observed rate 
constants were not obtained by direct solution of 
the differential equations, their validity was checked 
by an analog computer. The system can be de- 


scribed in differential form by Eqs. 4 and 5 and the 
following equation for the change in amide concen- 
tration. 


- -  A M  = kWz ( A M )  - k , ’ ( A N )  + k3(AM) - 
dl 


& 3 ( I M )  (Eq. 10) 
The analog computer circuit diagram represent- 


ing Eqs. 4, 5, and 10 is shown in Fig. 9. When the 
experimentally determined constants were substi- 
tuted, good agreements were found between the 
computer-calculated concentration-time curves for 
amide, imide, and aniline and the experimental 
values found. Figure 10 shows the computer-calcu- 
lated curves and experimental values for the system 
at  pH 3.0. 


It was observed experimentally that at pH 3.0, 
3.5, and 4.0 the aniline concentration passed through 
a maximum value. These results could not readily 
be anticipated by inspection of the differential equa- 
tions, and consequently brought forth the specula- 
tion that some other mechanism might be active at  
these pH conditions. The computer-calculated con- 
centration profile for aniline, based on the proposed 
reactions and rate constants, also exhibited a 
maximum which coincided with the experimentally 
observed peak, further supporting the validity of 
the proposed mechanism. This effect is apparently 
because the formation of aniline is kinetically more 
favored than would be expected from thermo- 
dynamic considerations. 


Conclusions and Consideration of Possible 
Participation in Loss of Drug Activity in Citrate 
Bufiers.-According to Table I the rate of presumed 
reactive intermediate (anhydride) formation is 
nearly two orders of magnitude greater for the cit- 


’RESISTANCE I I  


Fig. 9.-Schernatic diagram of circuitry used in 
analog computation. 


TABLE II.-EFFECT OF VARYING PH ON THE APPARENT PSEUDO FIRST-ORDER RATE CONSTANTS AND ON THE 
F ~ T I O S  OF k-z/kz’ AND kl/k-s 


PH k 1 (Hr. -1) kr’ (Hr. -9 R */k i t  kt (Hr. -1) k I (Hr. -1) kdk- I 
2.0 1.3 0.23 5.5 1.3  0.24 5 .5  
3.0 0.96 0.60 1.6  1.6 0 .48  3 . 1  
3.5 0.81 0.94 0 . 9  1.6 0.55 2 .Y _ _  
4.0 0.55 0.88 0 . 6  1.1 0.59 1.9 - 4.5 0.29 0.43 0.7 0.84 0.70 1.2  
5.0 0.12 0.13 0.9  0.44 0 .77  0.6 
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Fig. 10.-Curves obtained by computor analysis 
showing the concentrations of aniline, imide, and 
monoanilide at pH = 3jas a function of time. The 
points shown are experimental values. The com- 
puter curves were based on: kp' = 0.60 (hours-I); 
k-* = 0.96 (hours-'); K, = 1.56 (hours-'); k-8 = 
0.48 (hours-'). 


rate than for the succinate system (2). At 85' 
approximately 0.03 to 0.04 mole/liter of the sug- 
gested anhydride species would be expected to be 
formed per hour in a 0.5 M citrate buffer in the p H  
range 2.5 to  4.0. It would appear that this would 
be a significant factor during any autoclaving 
process. The effect of the buffer on shelf lives a t  
room temperature would depend to a great extent on 
the concentration of the susceptible drug species 
and the value of k2. Although h, may be markedly 
lower (approximately 1 X 10-6 hr.-l at 25' based 
on heat of activation of 26.5 Kcal./mole), the rate 
will still be expected to be significant for many 
drugs. In particular, any drug amine which may be 
readily acylated, including aromatic amines, hy- 
drazine derivatives, etc., is suspect. 


EXPERIMENTAL 
Reagents 


All reagents used were of analytical grade, except 
those synthesized and described below. 


Citranilic Acid (N-Phenylcitric Acid hide.)- 
This substance was prepared with some modifica- 
tions according to  a method originally described by 
Pebal (3) and later modiiied by Nau, Brown, and 
Bailey (4) and Leulier, Cier, and Drevon (5). The 
monoaniline salt, prepared by evaporating the 
ethanol from an equimolar solution of aniline and 
citric acid in ethanol, was heated in an open crucible 
to 150' for about 2 hours. The product was washed 
with ether and finally crystallized from chloroform. 
The equivalent weight was determined both by 
direct titration with sodium hydroxide solution and 
by adding sodium hydroxide solution in excess and 
back titration with hydrochloric acid. When using 
the latter method, the substance was hydrolyzed t o  
the corresponding anilide. Both methods gave the 
molecular weight 255 (calculated 249), m.p. 186- 
187' (literature values vary from 185 to 189'). 


Citric Acid Anilide.-This substance has not been 
isolated, but solutions of it have been prepared by 
adding an excess of sodium hydroxide solution to a 
solution of citranilic acid. 


Citranitic Acid Anilide.-After boiling an aqueous 
solution containing 0.5 moles/L. aniline and 0.25 


ELUATE VOLUME, ML. 


Fig. 11.-Elution chromatogram of a synthetic 
mixture of reaction products of aniline and citrate 
buffer readings in 1-cm. cells at 287 mp for aniline 
and 241 mp for the other fractions after extraction 
with their equal volume 0.1 M NaOH. 


rnoles/L. citric acid for approximately 24 hours, 
citranilic acid anilide precipitated upon cooling the 
solution. The melting point was 181-182' after 
recrystallization from chloroform. Although the 
substance was prepared in a manner di5erent from 
that reported by Bertram (0) and by Leulier, Cier, 
and Drevon (5), the observed melting point is in 
good agreement with that found by these investi- 
gators. 


Citric Acid Dianilide.-This was prepared by 
adding an excess of sodium hydroxide to a solution of 
citranilic acid anilide which yielded the dianilide 
upon hydrolysis. Upon acidifying the solution with 
hydrochloric acid, the very sparingly soluble diani- 
lide precipitated. The substance was also synthe- 
sized using a modification of the method originally 
described by Pebal(3). One mole of citric acid and 
2 moles of aniline were heated a t  170' for 1 hour in 
a test tube equipped with an air condenser. The 
dianilide product was extracted with sodium hy- 
droxide solution and precipitated by acidifying with 
hydrochloric acid. The dissolution with alkali and 
precipitation with acid was repeated; finally the sub- 
stance was recrystallized from ethanol. Both these 
methods of synthesis gave a substance with a melt- 
ing point of 176' and an equivalent weight of 345 
determined by titration (theoretical 342). The re- 
ported melting points in the literature vary from 
180-184 (3, 6-8). The di5erences in the reported 
melting points might be attributed to  the possibility 
of obtaining two different dianilides. Leulier, Cier. 
and Drevon stated that their compound with a 
melting point of 182' was the unsymmetrical di- 
anilide. 


Chromatographic Separation 
The study of the reactions between aniline and 


citric acid required an assay method which per- 
mitted the determination of aniline and the four 
synthesized substances which might be formed. 
This was accomplished by the use of a partition 
chromatographic separation. Chromatographic 
columns with l&mm. inner diameter were used. 
Twenty-five grams of silicic acid (Mallinckrodt, 
chromatographic grade) was used as supporticg 
media, and 25 ml. of a pH 3.13 buffer of the follow- 
ing composition was used as the stationary phase: 
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Sodium phosphate monobasic, 75.90 Gm. 


Hydrochloric acid, 1 M ,  30.00 ml. 
Distilled water, p.s. loo0 ml. 


The column was packed in the usual way using 
chloroform to make a slurry (9). A 2.00-ml. quan- 
tity of an aqueous solution containing approxi- 
mately 0.05 mmole of aniline and its reaction 
products and with pH adjusted to  3.1 was adsorbed 
on 2 Gm. of silicic acid in a 30-ml. beaker. A slurry 
was made by adding 10 ml. of chloroform and then 
transferred t o  the column. To insure quantitative 
transfer of the sample to  the column, another slurry 
was made in the same beaker using 1 Gm. silicic 
acid, 1 ml. stationary phase, and 5 ml. of chloro- 
form. The second slurry was also added to  the top 
of the column and packed tightly. The separation 
was carried out in the normal manner of gradient 
elution, collecting the fractions and changing solvent 
composition as follows. 


The eluting solutions were chloroform and mix- 
tures of chloroform and butanol according t o  the 
following compositions: eluant-4-100, 100-190, 
190-270, and 270-425 ml.; butanol in chloroform- 
0, 1.5, 10, and 30%. 


Figure 11 shows an elution chromatogram of a 
mixture of the five substances. Eluate was col- 
lected usually in fractions of 10 ml., but in some 
cases 5 4 .  fractions were used. The final fractions 
used were 25 ml. each. The separated components 
are shown as separate peaks on the plot. 


All the fractions were analyzed by U.V. spectro- 
photometry. Aniline was determined directly in 
the chloroform solution at 287 mp (c = 1760). The 
other fractions were extracted with 0.1 M sodium 
hydroxide solution and determined at 241 mp. 
Citranilic acid anilide was determined as the citric 
acid dianilide (t = 23,000), and the citranilic acid 
as the citric acid anilide (t = 11,OOO). 


As Fig. 11 shows, a very small amount of the 
citric acid dianilide was used because this substance 
is sparingly soluble in both water and chloroform. 
Figure 11 corresponds to 1.9 mg. of aniline and 
about 0.9 mg. of citranilic acid and citric acid mono- 
anilide and 0.2 mg. of citranilic acid anilide. The 
citric acid monoanilide always gave two peaks which 
suggests that both of the two possible monoanilides 
were formed. No complete separation of the two 
monoanilides has been attempted. 


Kinetics and Analytical Procedures Used in the 
Investigation of the Interaction of Citric Acid with 
Aniline 


The test solutions were prepared by dissolving 
concentrations of aniline varying from 0.2 to  0.001 
moles/L. in 0.5 M citric acid solution which had 
previously been adjusted to the desired pH with 
the addition of sodium hydroxide or hydrochloric 
acid. The solution was subdivided into 5-ml. 
ampuls and sealed. The samples were placed in a 
constant temperature bath maintained at 86 f 
0.10" and withdrawn a t  various time intervals. The 
reaction was quenched by chilling in an acetonedry 
ice freezing mixture. 


The progress of the reaction was determined by 
assaying the samples for residual free aniline. A 


( =0.55 mole) 
suitable aliquot was transferred t o  a separator 
containing 25 ml. of chloroform and 5 ml. of 1 N 
NaOH solution. The aniline was extracted into the 
chloroform layer which was separated and placed 
into a 100-ml. volumetric flask. The extraction was 
repeated twice again using 20-ml. volumes of 
chloroform. The chloroformic extracts were com- 
bined, and the resultant solution brought to 100.0 
ml. with chloroform. The aniline was determined 
spedrophotometrically at 287 mp using a Cary 
model 11 spectrophotometer. 


Procedure for Determining Rates of Formation of 
Aniline and Citranilic Acid from Citric Acid 
Monoanilide 


A 175-ml. quantity of a 0.5 M citrate buffer in a 
250-ml. volumetric flask was preheated to  85.0", 
then placed in a constant temperature bath at 
85.0". Citranilic acid (0.5 to  0.6 mmole) was dis- 
solved in 23 ml. of 0.1 M sodium hydroxide solution, 
preheated to  85", and placed in the constant tem- 
perature bath at 85.0". The imide is rapidly hydro- 
lyzed to  the monoanilide in the alkaline solution. 
The monoanilide solution was poured quickly into 
the buffer solution; 10-ml. samples were withdrawn 
at appropriate time intervals. 


These samples were pipeted directly into 50-ml. 
volumetric flasks containing cold water and stored 
in an ice water mixture for later analysis. After 
appropriate dilution with water the absorbance ( A )  
of this solution was determined at 241 mM in 1-cm. 
cells. A concentrated solution of sodium hydroxide 
was then added to make the solution substantially 
alkaline, and aniline was extracted with chloroform. 
The volume of the chloroform extracts was ad- 
justed to 50 ml. and the absorbance read at 287 mp 
in 10-cm. or 1-cm. cells. The concentration of ani- 
line was calculated from the absorbance. 


For these systems a plot of log (A - Asp) against 
time always exhibited a straight line relationship. 
The concentration of the monoanilide at zero time 
for each run was obtained from these plots. From 
this information together with molar absorptivity 
values of aniline, at the pH of the particular run 
and of the monoanilide and the imide all a t  241 m ~ ,  
the concentrations of the latter two were calculated 
from the A values. Experiments showed that the 
absorptivities of the monoanilide and the imide 
were not influenced by pH over the range studied. 


Computer Analysis 
An Applied Dynamics, Inc., model AD-2-32PB 


analog computer was utilized for this portion of the 
work. 
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Quingestrone-Determination of Minute Quantities of 
Decomposition Products by Paper Chromatography 


By JOSEPH M. TALMAGE, MELVIN H. PENNER, and MILTON GELLER 


A comprehensive paper chromatographic assay procedure bas been developed for 
quingestrone and its decomposition products. The complete assay procedure con- 
sists essentially of three steps: (a) separation and identification of the decomposition 
products, ( b )  quantitative determination of the decomposition products, and ( c )  
quantitative assay of the parent compound. As little as 1 per cent of decomposition 
products can be determined with an accuracy of f 5 per cent. Stability data is pre- 
sented for quingesuone in crystalline form, in solutions, and in the pharmaceutical 


dosage form. 


UINCESTRONE' was supplied by Ercoli (1, 
2), el al. It has the structural formula 


CHs 
I 


C=O 


Q 


I 
To investigate the stability of quingestrone 


( I ) ,  a rapid, accurate analytical method was re- 
quired which would differentiate quingestrone 
( I )  from its decomposition products. Ercoli (3) 
reported the identification of progesterone ( I I ) ,  
(i-a-hydroxyprogesterone (III) ,  and 6-0-hy- 
droxyprogesterone (IV) in addition to cyclopen- 
tanol (V) as the most likely decomposition prod- 
ucts. 


The apparent mechanism for the hydrolytic 
conversion of I in the presence of acids and/or 
oxygen to 11, 111. and I V  is schematically repre- 
sented as 


CH3 


c=o 1 


These decomposition products could be iden- 
tified using the E4 paper chromatographic system 
of Eberlein and Bongiovanni (4). However, this 
system was too time consuming and cumbersome 
for routine analytical work. 


Several functional group procedures were in- 
vestigated in an attempt to differentiate the 3- 
carbonyl group characteristic of each of the 
decomposition products from the 3-cvclopentyl 
enol ether of the parent compound. Reaction 
with 2.4-dinitrophenylhydrazine ( 5 ) ,  or isonico- 
tinic acid hydrazide (6) proved to be unsuitable 
when the reaction conditions gave quantitative 
conversion to progesterone. Reaction with 2,6- 
di-tert-butyl-pcresol (7) was found to be un- 
suitable because of decomposition of quinges- 
trone under the reaction conditions. Attention 
was then focussed upon developing procedures 
involving mild conditions to avoid in situ hy- 
drolysis of quingestrone. 


Ultraviolet spectroscopy as an analytical tool 
was unsuitable because of the proximity of ab- 
sorption maxima and absorptivity of the de- 


CH3 
I 


OH 
I 


V 
CH3 
I c=o 


+ 6 
v 


OH 
I11 


OH 
IV 


of quingestrone. composition products to that ~ ~ 


Infrared evidence for the presence of nonetheri- 
tied progesterone can be confirmed by the presence 
of the characteristic A4-3-ketone band a t  I680 


- 
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TABLE  DETERMINATION OF THE ABSORPTIVITY O F  THE PRINCIPLE DECOMPOSITION PRODUCTS 


- Progesterone Standard - 7- 6-8-Hydroxyprogesterone 
mg./lO ml. A at 415 mr a mg./lO ml. A at 415 mp n 


0.025 0.050 20.0 0.0235 0.026 11.1 
0.050 0.106 21.2 0.0470 0.051 10.8 
0.100 0.209 20 .9  0.0940 0.109 11.5 
0.200 0.428 21.4 0.1880 0.211 11.3 


Mean 2 0 . 9 f 0 . 4  Mean 11.2 f 0 . 2  


cm.-' Quantitation based uponthis band was 
unsuccessful when applied to  the dosage form 
containing quingestrone in sesame oil because of 
interference from the latter and poor resolution 
of the 1680 cm.-' band. 


Several investigators (8-12) have reported the 
use of Zaffaroni type paper chromatographic 
solvent systems for the quantitative analysis of 
steroids in pharmaceutical dosage forms. Two 
previously reported (13) ZafTaroni systems herein 
described provided the nucleus for the develop- 
ment of a rapid, reproducible, precise, and sensi- 
tive tool for the stability investigation of quinges- 
trone. The method is capable of separating and 
quantitatively measuring as little as 1% of the 
known decomposition products in the parent 
compound. 


EXPERIMENTAL. 
Preparation of Standards 


Solutions of progesterone, 6-a-hydroxyprogester- 
one, and 6phydroxyprogesterone are prepared in 
absolute methanol at a concentration of 2 mg./ml. 
of solution. A standard solution of quingestrone is 
prepared in reagent grade heptane a t  a concentra- 
tion of 2 mg./ml. 


Preparation of Samples 
Samples under investigation contained quing- 


estrone in sesame oil, packaged in sealed ampuls and 
soft gelatin, one-piece capsules a t  concentrations of 
50, 40. and 25 mg./ml. Aliquots of these oil solu- 
tions are diluted to  a quingestrone concentration of 
20 mg./ml. with reagent grade heptane just prior t o  
application to  the paper. For stability studies in 
various solvents, solutions of quingestrone are pre- 
pared a t  a concentration of 20 mg./ml. 


Isoniazid Eluting Solvent 
Dissolve 1 Gm. of U.S.P. isonicotinic acid hydra- 


zide in 1 L. of absolute methanol containing 1.25 ml. 
of concentrated hydrochloric acid. 


Method A 
This is used for the separation and identification of 


decomposition products. 
Filter Paper.-Whatman KO. 1 is cut into 6 X 


18-in. strips. A horizontal pencil line is drawn 3 in. 
from one end and five equidistant points are marked 
off. The paper is impregnated by dipping into a 
solution of 35-65 propylene glycol-methanol and 
blotted between paper towels. 


Developing Solvent.-Toluene saturated with 
propylene glycol. 


Chromatographic Chamber.-Any conventional 
chamber used for descending paper chromatography. 


Paper Chromatographic Procedure.-To the five 
designated points, 0.010 ml. of each standard solu- 
tion and 0.025 ml. of the sample solution is spotted 
using micro volumetric transfer pipets. The paper 
is then placed in the chromatographic chamber, the 
spots resting on the antisiphon rod, and the tab end 
placed into the trough which contains the develop- 
ing solvent. When the solvent front is within 1 in. 
of the bottom of the paper (about 3 hours), the strips 
are removed from the chamber and air dried for 30 
minutes. 


The positions of the steroids on the chromatogram 
are located by examination through a fluorescent 
screen over a short wavelength ultraviolet light 
source (14). The presence or absence of decom- 
position products is confirmed by comparing the 
sample spots with the standard spots. 6-a-Hy- 
droxyprogesterone, 6-p-hydroxyprogesterone, and 
progesterone can be seen as separate, dark spots hav- 
ing Rf values of 0.27, 0.38, and 0.80, respectively, 
while quingestrone is a t  the solvent front. 
Method B 


This is used for the quantitative determination of 
the decomposition products. 


Filter Paper.-Whatman No. 3 MM is cut into 
3 X 18-in. strips and a horizontal pencil line is 
drawn 3 in. from one end. The paper is impreg- 
nated by dipping into ethylene glycol monomethyl 
ether and blotted between paper towels. 


Developing Solvent.-Heptane saturated with 
ethylene glycol monomethyl ether. 


Paper Chromatographic Procedure.-To each of 
two paper strips, 0.250 ml. of sample solution is 
applied by streaking across the penciled line from a 
micro volumetric transfer pipet, leaving a 1j4-in. 
margin on either side. A third strip serves as a 
blank. The papers are then placed in the chroma- 
tographic chamber, the streaked sample located just 
below the antisiphon rod, and the tab end placed 


TABLE II.-DETERMINATION OF P E R  CENT 
RECOVERY 


mg. I in 
Sesame Oil 


mg. Applied Applied mg. Pound Theory, % 
0.025 (11) 0 0.023 (11) 92 
0.050 ( I I j  o 0.047 ( I I j  94 
0.100 (11) 0 0.100 (11) 100 
0.025 (11) 5 . 0  0.024 (11) 96 
0.050 (11) 5 . 0  0.048 (11) 96 
0.100 (11) 5 . 0  0.095 (11) 95 
0 250 (11) 5 0 0 247 (11) 98 8 
0 0235 ( I V )  0 0 0268 (I\') 114 
0 047 (IV) 0 0 0474 (IV) 101 
0 094 (IV) 0 0 097 (11') 103 
0 186 ( IV) 0 0 180 (IV) 97 


o 094 (Ivj 5 0 0 100 ( I v j  106 
0 186 ( I V )  5 0 0 178 ( I V )  96 
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TABLE IV.-STABILITY OF QUINCESTRONE I N  
SOLVENTS 


----I)ec., % -- 
6-,8-Hy- 


Pro- drorypro- 
Solvent Conditions gesterone gesterone 


Chloroform */* hr., R T  0 . 5  . . .  
Chloroform 7 hr., RT 50 3 


Methanol 7 hr., RT trace . . .  
Methanol 2 wks., R T  24 49 
Heptane 2 wks.. RT . . . 15 
Sesame oil 4 mo., RT 2 . 2  5 .7  
Sesame oil 3 wks., 45'C. 15 36 


Chloroform 2 wks., R T  55 18 


the sesame oil was not always satisfactory in the 
toluene-propylene glycol solvent system of Method A 
because the sesame oil distributed itself between the 
two zones. For this reason, quantitative analysis 
was done by Methods B and C. 


Since the Asen analog of projesterone is a possible 
hydrolytic cleavage product which would not be 
detected by the indicated ultraviolet method, several 
chromatogranis of decomposed samples were stained 
with 2.4-dinitrophenylhydrazine with the result that 
no non-ultraviolet absorbing 3-ketones were de- 
tected. This indicated that this compound is not 
among the decomposition products. 


The precision and adherence to the Beer-Lambert 
law was confirmed by reacting varying amounts of 
progesterone and 6-8-hydroxyprogesterone with 10 
m1. of the isoniazid solution. The absorbance of 
the resulting chromaphore was then determined at  
415 mp on a Beckman DU spectrophotometer. The 
results of this study are tabulated in Table I. 


The described method is capable of detecting and 
quantitating 0.025 mg. of progesterone and 6-8- 
hydroxyprogesterone in the presence of 5 mg. of the 
parent compound. The precision and accuracy 
were established by the standard addition method. 
The standard quingestrone sample used in this study 
showed no evidence of decomposition. 


The amount of progesterone or 6-8-hydroxypro- 
gesterone present was calculated by the simple for- 
mula: mg. present = ( A / a )  X where A = 
absorbance a t  A 415 mp found. The results of this 
investigation are summarized in Table 11. 


The accuracy of determining the indicated levels 
bf decomposition products can be calculated to  be 
f570 from data in Table 11. 


Crystalline quingestrone is stable only if stored 
under an inert atmosphere such as nitrogen and 
preferably at  low temperatures. If allowed to remain 
at room temperature under atmospheric conditions, 
decomposition can be detected after only 3 days, the 
major decomposition product being 6-8-hydroxy- 
progesterone together with some progesterone. 


TABLE V.-STABILITY OF QUINCBSTRONE IN THE 
PHARMACEUTICAL DOSAGE FORM 


-- Dec.. o/, -- 


TABLE III.-sTABILITY OF CRYSTALLINE 
QUINCESTRONE 


-1 Gm. of Sample Contains-- 
6 - 8 - H ~ -  


Quin- Pro- droxypro- 
gesterone, gesterone. gesterone, 


Storage Conditions mg. mg. mg. 
4°C. under nitrogen 995 3 2 
4°C. under air 930 24 50 
25°C. under air 40 140 653 


into the trough which contains the developing sol- 
vent. When the solvent front is within 1 in. of the 
bottom of the paper (about 3 hours), the strips are 
removed from the chamber and air dried for 30 
minutes. 


The positions of the decomposition products on 
the chromatograph are located by observing in a 
darkened room over an ultraviolet light source. 
The progesterone and 6-8-hydroxyprogesterone can 
be seen as darkened zones having RJ's  of 0.30 and 
0.10, respectively, while the quingestrone and sesame 
oil can be seen as a darkened zone from RJ 0.80 to 
the solvent front. 


The decomposition product zones are cut out, cut 
into X '/Z-in. pieces and placed in a glass- 
stoppered 125-ml. Erlenmeyer flask. Appropriate 
zones of the blank chromatogram are treated as the 
corresponding sample zones. Ten milliliters bf the 
isoniazid eluting solvent are pipeted into each flask, 
stoppered, and shaken mechanically for 1 hour. 


The solution is then drawn into a pipet through 
cotton wrapped around the tip, to  filter out Oaper 
fibers, and transferred to a 1-cm. corex cell. The 
absorption of the eluted steroid is determined at 415 
mp using the blank solution in the reference cell on a 
Beckman DU spectrophotometer. 


In a similar manner, a series of standards, both 
with and without quingestrone in sesame oil, were 
analyzed to  establish the accuracy and precision of 
the method. 


Method C 
This is used for the quantitative determination of 


quingestrone. 
Filter Paper.-Same as Method B, except the 


paper is impregnated by dipping the paper into 
ethylene glycol monomethyl ether containing 0.1 % 
a-tocopherol. The a-tocopherol is needed to  pre- 
vent decomposition of the quingestrone during the 
drying of the chromatogram. 


Developing Solvent.-This is the same as Method 
B. 


Paper Chromatographic Procedure.-To a c h  of 
two paper strips, 0.100 ml. of a l /10 heptane dilution 
of the sample solution is streaked. To a third 
strip, 0.100 ml. of a standard quingestrone solution 
is streaked, while a fourth strip serves as a blank. 
The chromatographs are developed, dried, the qping- 
estrone detected, cut out, eluted, and measured as 
the decomposition products in Method B. 


RESULTS AND DISCUSSION 


In all the samples examined, only trace amounts 
of 6-a-hydroxyprogesterone can be detected, while 
in some samples substantial amounts of 6 8-hy- 
droxyprogesterone and progesterone are found. 
The separation of progesterone and quingestrone in 


I I" . ~. 
Quin- 6-6-Hy- 


gestrooe Pro- droxypro- 
Condition Analysis gesterone gesterone 


2 mo., RT 99.1 trace 0 .9  
6 mo., RT 100.0 . . .  0.1 
2vrs. RT and 4°C. 98.7 . _ _  1.0 
6 mo., 37°C. 101.0 . . .  1 .5  
1 mo., 45°C. 98.5 trace 1 . 0  


4 . 5  rno., 45°C. 95.5 4 .5  1 . 3  
67 hr., 105°C. 98.5 0 . 3  0 .9  
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I f  stored in  the refrigerator under nitrogen and 
opened on ly  occasionally to remove samples and 
subsequently blanketed with nitrogen, no clecorn- 
position is observed after Several months. 


Typical analyses of solid crystalline quingestrone 
after 5 months' storage are tabulated in Table I l l .  


I n  solution, quingestrone is stable in the absence 
of acids, bases, and oxidizing agents. including 
atmospheric oxygen. I t  is less stable in chloroform 
and methanol than in heptane and exhibits best 
stability in a good grade vegetahlr oil such as sesime 
oil. I n  Table Ic', stability data in solvents stored 
under the indicated conditions are presented No 
precaution was taken to exclude air in these studies. 


The pharmaceutical dosage form consists of 
quingestrone dissolved in sesame o i l  a t  concentra- 
hons of 50. 40. and 25 mg./ml. contained in sealed 
glass ampuls and/or in sealed. soft gelatin cap- 
sules It is of the utmost importance that the per- 
ciride content of the sewme oil be kept minimal, 1.e , 
less than 50 mrq per ml as determined by the method 
of the American Oil Chemists Society (15). A s  a 
further precaution. an antioxidant. namely a-to- 
copherol is added a t  a concentration of 0.1 r;, of the 
weight of sesame oil used. 


i I n  Table L', stability data are presented for this 
fibal dosage form 


SUMMARY 


has been developed which not only permits the 
determination of quingestrone, but also simul- 
taneously provides a precise method for assaying as 
little as I?;, of  the known decomposition products, 
progesterone and 6-8-hydroxyprogesterone. 


Data have been presented to  indicate that a solu- 
tion of the crclopentyl enol ether of progesterone 
(quingestrone) in sesame oil of low peroxide content 
with addition of a-tocopherol and exclusion of 
atmospheric oxygen represents the best means for 
preserving the product in a pharmaceutical dosage 
form 
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Effect of Deuterium Oxide on the Growth 
of Peppermint (Mentha piper& L.) I 


Morphological Study 


By M. I. BLAKE, F. A. CRANE, R. A. UPHAUS, and J. J. KATZ 


T h e  effect of varying concentrations of I>?O on  the growth of peppermint plants 
was studied.over a period of at least 50 days. T h e  extent of deuterium uptake is re- 


s to be the first detailed study of the  effects of extensive replace- 
ment Th's of apRe" ydrogen by deuterium o n  the growth of a higher plant. 


I ~ E  ISFFECTS of deuterium on living organisms 
Thavv attracted the attention of many in-  
vestigators since this heavy. stable isotope of 
hydrogen was first discovered in l%U. Early 
work has k e n  reviewed by Morowitz and  I3rown 
( I ) .  Current developments are described by 
Ka tz  (2)  and are the subject of a recent mono- 
graph (3) .  Interest in this general area has been 
stimulated by  the discovery that a considerable 
variety of organisms can be grown in 99.8% D20 
(4, 5 ) .  Since it has proved possible to replace 


Received April 19, 1RO3.  from the College o f  Pharmacy,  
University of Illinois. Chirago. and the Chemistry 1)ivicion. 
Argonnc National IAboratory. Argonnc. 111. 


A m p t c d  for publication unc 25, I9l iY 
Based un work performedin part under thc auvpires of the 


U .  S. Atomic Energy Commission, Washington. 1). C .  


essentially all of the hydrogen in a variety of 
algae. bacteria, and molds, it twcomes of interest 
to examine the behavior of higher plants in re- 
sponse to isotopic sutlstitution. T h e  eflects 
of deuterium on mice ( G ) ,  rats ( 7 ) .  arid dogs ( 8 )  
have been reported, bu t  the present paper prrseelits 
wha t  we believe to  t ie the first detailed s tudy of 
the effects of extensive replacement of hydrogen 
by  deuterium on the growth of a higher plant. 


Since deuterium oxide is now available in ade- 
quate  quantities and at a moderate cost, it is 
possible to s tudy th r  effect of high concentrations 
of this solvent on the growth of higher plants over 
an extended period of time. Peppermint plants 
are ideal for such an  investigation since they can 
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exposed to the solvent. During ultrasonic ex- 
traction, this physical separation is further en- 
hanced by the localized stirring occurring as a 
consequence of cavitation. The combination of this 
stirring effect and the repeated washing of the drug 
with solvent is far superior to the simple washing 
procedure in Soxhlet extraction. Again, the ef- 
fect of ultrasound is most noticeable during short- 
term extractions. For if the drug is washed often 
enough in the conventional procedure, all of the 
alkaloids eventually will be separated from the 
residue. 


These results lead us to propose that at least 
two different mechanisms may be involved in the 
liberation of alkaloids during the isolation procedure. 
One of these mechanisms, occurring during the 
process of maceration, is stimulated or enhanced 
by the higher frequencies of ultrasonic energy. The 
other mechanism, active during the extraction 
process, is promoted by low frequencies of ultra- 
sonic energy. Although the evidence supporting 
this hypothesis is only indirect, the experiments 
reported here have clearly demonstrated that it is 
possible t o  evaluate critically the effect of ultra- 
sound on both phases of the procedure involved 
in alkaloid isolation-maceration and extraction. 
Furthermore, these exploratory studies indicate 
that the utilization of ultrasonic energy during the 
isolation procedure may yield valuable information 
concerning the exact mechanisms involved in the 
liberation of medicinal products from natural 
sources. 
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Ultrasonic energy definitely has utility in the 
extraction of alkaloid containing plants, providing 
that the ultrasound is of sufficient intensity and is 
correctly applied. Ultrasonic energy shortens 
considerably both the duration of the maceration 
and extraction process while simultaneously yielding 
extracts containing greater quantities of alkaloid 
than can be obtained by conventional procedures. 
Although quantitative differences in alkaloid 
yield have been noted, our experience has been 
that the maceration process lends itself most readily 
to  the application of ultrasound. We suggest 
that ultrasonic treatment on a commercial scale 
could be utilized profitably and simply by applying 
ultrasound to the macerating mixture. 
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Simple Automated DeveloDment of a 
I 


Film-Coating Procedure 
By DHIRAJ S. MODY, MORTON W. SCOTT*, and HERBERT A. LIEBERMAN 


Information obtained in  a series of manually controlled coating experiments was 
applied in  developing a simple automated procedure for film-coating tablets. The 
equipment consists of a group of interconnected timers which signal a solenoid 
valve controlling the hydraulic atomization of the coating solution. The  film com- 
positions were based on mixtures of hydroxypropyl methylcellulose and ethyl- 
cellulose and were applied to tablets automatically in  both 18 and 42-in. coating 
pans. The  apparatus and coating procedure offer advantages in  both research and 


production film-coating operations. 


ILM-COATED TABLETS have gained increasing F acceptance in the pharmaceutical industry; 
a growing number of tablet products coated in 
this way have reached the market. Numerous 
reports dexribing new and useful film-coating 
compositions have appeared in both the scientific 
and patent literature (1-5). The advantages of 
the film-coating technique include (among others) 
speed and convenience of operation and good 
control over tablet-to-tablet uniformity. A gen- 
eral review of the coating procedure has appeared 
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in the reports by Wagner (6) and by Gross and 
Endicott (7). Recently, Lachman described a 
procedure for automating the film-coating opera- 
tion (8).  This technique was based on the use of 
punched-tape electronic instrumentation and may 
be overspecialized for general applications. 


The present report describes the development 
of a simplified, inexpensive procedure for auto- 
matic a m  coating. 


EXPERIMENTAL 


Materials.-The coating agents used in this study 
were based on mixtures of hydroxypropyl methyl- 
cellulose and ethylcellulose (9, 10) as shown in 
Table I 


Coating solutions were prepared by dissolving t h e  







9 50 


TABLE I.-FILM-COATING COMPOSITION 


Ingredients % w/v 
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drying technique. The tablets were sprayed for a 
short interval (less than 5 seconds), then tumbled 
for several seconds. This "spray-on-spray.off" 
cycle was continued for several minutes. Cool air at 
ambient temperature then was admitted to the 
rotating pan for 5 minutes. This was followed by a 
5-minute drying interval with warm air (approxi- 
mately 50'). The "spray-on-spray-off'' cycle then 
w a s  started again and the total sequence of steps 
continued until the desired film weight had been 
applied. The run was terminated when an increase 
in tablet weight of 2.0% was obtained. 


Coated tablets were allowed to  dry completely 
for 8 to  12 hours in an oven a t  110' F. and finished 
by standard polishing procedures. 


Under manual operation of the equipment, the du- 
ration of the various time cycles was adjusted occa- 
sionally at the discretion of the tablet coater. For 
automating the film-coating operation, standardized 
spraying and drying cycles were established. These 
were accomplished by measuring the time intervals 
employed for each step of the process carefully in a 
series of successful, operator-controlled coating runs. 
Replicate trials in which each selected time interval 
was duplicated (and monitored by an observer, in 
addition to the tablet coater) then were conducted. 
The results of these experiments showed that film- 
coated tablets with reproducible characteristics 
were obtainable in separate coating runs when spray- 
ing and drying cycles were duplicated. The time 
cycles developed for several different tablet batch 
sizes are listed in Table 11. 


Automated Coating Procedure.-The hydraulic 
coating operation was automated by including a 
solenoid valve in the system to control the flow of 
the coating solution and by introducing a group of 
interconnected timers to control the various time 
cycles. The automated equipment is illustrated 
schematically in Fig. 2 which shows the relationship 
between the timer components, the solenoid valve, 
and the auxiliary units. The timer panel was de- 
signed to  control the cool air and warm air blowers. 
the start and stop of the coating pan, the total coat- 
ing time, and the spray-on, spray-off, and spray- 
repeat cycle time. The panel included stand-by 
switches for manual control of each function and 
appropriate signal lights. 


The automated coating system was put in opera- 
tion by closing a master power switch on the timer 
panel. This activated the spray-on and spray-re- 
peat timers. The spray-on timer energized the sole- 
noid valve for a given preset interval. The solenoid, 
in turn, actuated a needle control valve on the spray 
gun allowing flow and atomization of the coating 
solution. The solenoid valve was de-energized a t  


ClMl 


tlydrosypropyl methylcellulose,a 60 HG, 
50 CDS. 3.75 


Ethyl~ellulose N.F., 10 cps. 1 .25  
Propylene glycol U.S.P. 0 . i 5  
Titanium dioxide U.S.P. 1.98 
Cab-o-sil,b M-5 0.02 
Chloroform U.S.P. 
Isopropyl alcohol U.S.P. 


Equal parts by volume q.s. 


" Marketed as hlethocel HG by the Dow Chemical Co. 
Midland, Mich. * Marketed by Cabot Corp., Boston. Mass: 


film formers and glycol in a portion of the mixed 
solvent. A suspension of the pigment materials in a 
second portion of the solvent then was added. The 
inixtures were agitated with an Eppenbach homo- 
mixer to insure good dispersion. 


Colors were included in the composition by sub- 
stituting lakes and pigments for part of the titanium 
dioxide. Lakes of FD&C Blue No. 1, Green No. 1, 
Red No. 2, Red No. 3. and Yellow No. 5 were em- 
ployed. Pigment materials included black and brown 
iron oxide and chrome green.' Generally, the 
colorant was added at a concentration of 0.2 to 0.4 


A variety of tablet cores was used in the present 
experiments. Placebo tablets were formulated with 
spraydried lactose and generally were compressed 
using l*/~2-in. standard concave punches. Deep 
concave. standard concave, square, and capsule- 
shaped tablets containing one or more active ingre- 
dients also were coated. 


Evaluation Techniques.-Film-coated tablets were 
evaluated by visual inspection of film smoothness, 
uniformity of color, edge coverage, luster, and tablet 
to-tablet uniformity. The disintegration time of the 
film on the tablets was measured in the U.S.P. 
disintegration apparatus using simulated gastric 
fluid U.S.P. The end point was taken when the first 
distinct signs of film disintegration, rupture, or 
separation were evident. 


Stability observations were obtained after storage 
a t  room temperature, 37 and 45' for various 
time intervals. 


Hydraulic Coating Equipment.-The hydraulic 
coating system developel for these studies is shown 
schematically in Fig. 1. Basically, the system con- 
sisted of an air-driven hydraulic pump (paint 
sprayer type), a hand-operated spray gun. baffled 
coating pans, and auxiliary duct work for supply of 
warm air, cool air, and exhaust to the pans. Three 
different sized coating pans including 18,28, and 42- 
in. units were used. The Win. pan was rotated a t  
30 r.p.m. The speed of the other pans was adjusted 
to 15 r.p.m. 


The spray gun was held just within the coating 
pan approximately 12 in from the surface of the 
(rotating) tablet bed. The air pressure to the 
hydraulic pump was maintained a t  70 to  75 psig in 
all experiments. 


For runs in the 18-in. pan, the batch size was ap- 
proximately 30,000 tablets Batch sizes of 75,000 
and 300,000 tablets were coated in the 28 and 42-in. 
pans, respectively. These pan loads varied slightly 
with the size and shape of the tablets. 
Manual Coating Procedure.-The coating pro- 


cedure was based on an intermittent spraying and 


w/v 70. 


I Lo-Micron pigments supplied by Whittaker, Clark, and 
Daniels, he., New York, N. Y. 


Fig. 1.-Schematic diagram of hydraulic coat- 
ing system. Ten gallon hydrastat spray unit (24: 1 
pressure ratio), supplied by Alemite of New Jersey, 
Inc., Union, N. J. 
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TABLE II.-SPRAYINC AND DRYING CYCLES FOR VARIOUS BATCH SIZES COATED BY MANUAL OPERATION 


Spray- Total 
Couting Spray-On.a Spray-Off,o Re eat, Cool Ail, Warm Air, Coating 


Tablets Pun, in. S S .  SeC. J n .  Mia. Min . Time, Hr. 
Batch Size, 


30,000 18 1 9 5 5 5 3 to 3.5 
75,000 28 2 8 5 5 5 3.5 to 4 


300,000 42 4 6 5 5 5 5.5 to 6 


O Spray-on and spray-off operations alternated back and forth until the time period indicated in the column marked Spray 
Rcpcal was completed. 


rw Ra N E R  T l y a  rw Ra N E R  T l y a  


Fig. 2.-Schematic diagram of control system for 
automated coating operation. Solenoid valve con- 
trols the flow of the coating solution by actuating a 
needle valve on the spray gun (three-way solenoid 
valve-115 v./GOc/AC and No. 22AUHPSSTC Auto- 
jet with 0.011-in., 40” angle nozzle). The cycle 
counter normally energizes the spray-repeat timer. 
On the last count, the counter ends the operation 
through the reset starter switch. 


TABLE III.-TIMER PANEL SPECIFICATIONSO 


Components Dial Range Did  Divisions 
Spray-on timer 10 Sec. 1/6 sec. 
Spray-off timer 30 sec. 1 sec. 
Spray-repeat timer 60 min. 1 min. 
Cool air timer 60 min. 1 min. 
Warm air timer 60 min. 1 min. 
Cycle counter 80 counts 1 count 


a Panel constructed by Ribble Engineering Co.. Hacken- 
sack, N. J. 


the end of the time period set on the spray-on timer. 
At this point, the spray-05 timer was energized and 
continued to run for a preselected time interval. At 
the completion of this period, the spray-05 timer 
reactivated the spray-on timer. These components 
alternated their operation in this manner until the 
time interval programmed on the spray-repeat 
timer was complete. The cool air timer controlling 
the cool air supply blower then was activated for a 
preset time period. At the completion of this step, 
the warm air timer was energized, which in turn 
started the flow of warm air to the pan. When the 
time interval set on thii component was complete, 
the timer signalled the cycle counter, and one count 
was registered. The entire sequence of steps then 
was repeated until the total number of cycles pre- 
set on the counter had been completed. At this 
point the counter signalled a reset switch, and the 
pan and all other operations were stopped auto- 
matically. 


The specifications for the timer components uti- 


lized in the automated system are listed in Table 111. 
Automated film-coating runs were conducted in 


the 18 and 42-in. coating pans. For these studies, 
the spray gun was held in a fixed position by suitable 
clamps and stand arrangement. Two spray guns 
were used for studies in the 42-in. pan. In these 
cases, the guns were positioned so that their spray 
patterns did not overlap. All time cycles and operat- 
ing conditions reproduced those developed for 
manual coating as listed in Table 11.’ 


RESULTS AND DISCUSSION 
The film-coating solution could not be applied 


successfully by pouring or pneumatic spray tech- 
niques. In the latter case, the difficulties were be- 
lieved to result from the premature evaporation of 
solvent.at the nozzle. This led, in turn, to the de- 
position of pigment agglomerates on the tablet and 
“pimpled” surfaces. Application of the coating 
solution by pouring procedures led to mottled, un- 
even film coats, presumably caused by excessive 
film tackiness during the dry down phase. These 
difficulties were corrected with the hydraulic coat - 
ing system. 


In the present series of experiments over 1,500,000 
tablets constituting 30 individual batches were 
coated with the hydraulic system operating under 
manual control. The results of these studies were 
used to demonstrate the flexibility of the coating 
solution. the reliability of the equipment, and the 
reproducibility obtained when duplicate time cycles 
were employed. In all cases, smooth and elegant 
film coats were obtained. Coated tablets showed 
complete edge coverage and high tablet-to-tablet 
and batch-to-batch uniformity. These qualities 
were evident particularly when colored film com- 
positions were applied to white-core tablets. 


No difficulties were experienced in scaling up the 
system for operation in the 42-in. coating pans. 
These experiments generally were limited, however, 
to tablets with a hardness of 10 Strong Cobb units 
or more and friability values of less than 0.2% 
(measured with the Roche Friabilator). At present, 
it  is not known whether the described system has 
utility with softer or more friable tablets. 


The application of a film thickness equal in weight 
to approximately 2% of the tablet core weight 
generally was sufficient to obtain good tablet cover- 
age. At this thickness, the disintegration time of 
the film was 5 to 10 minutes. These disintegration 
rates did not change materially after aging the tab- 
lets a t  room and elevated temperatures for extended 
periods. No signscant changes in other film charac- 
teristics were noted over these storage intervals. In 
two cases, however, some fading of the film color 
was observed. Stability results are summarized in 
Table IV for several representative products. 


2 To compensate for the increased flow rate obtained with 
the use of two spray guns with the 42-in. pan, the spray-on 
and spray-off cycles were changed from those established 
ander manual o ration (4 seconds on, 6 seconds off) to 2 .5  
seconds on and $seconds off. 
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TABLE IV.--STABILITY DATA FOR FILM-COATED TABLETS STORED AT ROOM TEMPERATURE FOR 1 YEAR 


size, 
Product in. ShaDea Pigment Comw. 


A “/a¶ 
B “/a, 


(Placebo) 


C l l /az  
(Placebo) 


D 11 /81  


E 6/16 X 6/ie 
(Placebo) 


S.C .  
S.C. 


S.C. 


S.C. 


P 


C 


S.C. 
S.C. 


100 parts titanium dioxide 
80 parts Ti% + ‘LO parts 


FD&C Red No. 3 Lake 


80 arts Ti02 + 20 parts 
Fb&C Blue No. 1 Lake 


80 parts TiOn + 20 parts 
oxide brown 


28 parts Ti01 + 20 parts 
D&C Red No. 3 Lake + 
28 parts black 4- 24 parts 
oxide brown 


40 parts Ti01 + 60 parts 
FD&C Yellow No. 5 Lake 


100 parts titanium dioxide 
100 parts titanium dioxide 


-010- --Luster- 
Onginal 1 Yr. Original 1 Yr. 
White N.C G N.C 
Pink SF. C N C  


Light S.F. G N.C. 


Brown N.C. G N.C. 


blue 


Reddish N.C. G N.C. 
brown 


Yellow N.C. G N.C. 


White N.C. G N.C. 
White N.C. G N.C. 


Disintegration Time 
of Film, Min. 


Original 1 Yr. 
5 5 


R 7  s-7 


5-7 5 7 


5-7 5-7 


5 5 


7-10 7-10 


5 5 
5 5 


~ 


0 S.C., Standard concave; P, pillow-shaped; C, capsule-shaped. 
A coated by automated procedure in 18-in. pan (30,000 tablets). 
(300,000 tablets). 


N.C., No change; S.F. ,  some fading; G, gwd. c Product 
d Product A coated by automated procedure in 42-in. pan 


Automated coating experiments were conducted 
in the 18 and 42-in. coating pans. Since the operat- 
ing conditions required for successful coating had 
been previously established in an extensive number 
of manual runs, only limited experiments were re- 
quired to  develop and confirm the automated sys- 
tem. Six runs were undertaken and completed suc- 
cessfully. The results showed that tablets coated 
by the automatic procedure were equivalent in 
terms of edge coverage, luster, and disintegration 
time to the film-coated tablets prepared by the 
manual technique 


The automated film-coating system developed in 
this study was relatively inexpensive to assemble and 
simple to  operate. Only four tasks were left to  the 
tablet coater. These included (a) the loading of tablet 
cores into the pan, (b)  the charging of coating solu- 
tion to the pump, (c) the pressing of the start button 
on the timer panel, and (d) the unloading of finished 
(unwaxed) tablets. I t  was useful, however, to  wipe 
the tip of the nozzle with solvent from time to  time 
to remove any dried film which may have accumu- 
lated at the nozzle orifice. This in no way compli- 
cated the coating operation and could be completed 
during the routine inspections of the operation. 


The capacity of the automated system is suffi- 
cient to control the coating operation in four or 
more individual coating pans, provided the same 
time cycles and film compositions are used in each. 
The wide range of time settings which can be pro- 
grammed on the timer panel adds considerable flexi- 
bility. Although the present results are limited to 
the use of one basic film composition, the available 
flexibility suggests that the total system will have 
utility with other film-coating agents. Since very 
close control can be exerted over the spraying and 
drying cycles by the introduction of the automatic 
time controls, standardized coating conditions from 
batch to batch can be maintained readily. 


The automated apparatus appears to have addi- 
tional utility as a research tool in developing new 
film-coating compositions. This advantage arises 
because the unit can be set to  give exact and repro- 
ducible coating cycles, thereby removing the influ- 
ence of operator variables. For example, it  was 
shown in one experiment that an increase of only 
one quarter of a second in the spray-on time resulted 
in overwet tablets which required immediate drying 
before they could be processed further. The control 
of the nozzle operation within such narrow time 


limits is virtually impossible under manual opera- 
tion, but is readily achieved with the automated 
equipment. 


SUMMARY AND CONCLUSIONS 
The film composition used in the present experi- 


ments has utility in coating a broad variety of tablet 
shapes and sizes. The basic film composition was 
easily colored by the addition of suitable lakes and 
pigments and showed good disintegration and sta- 
bility characteristics. A hydraulic atomization t&- 
nique was used in applying the film coat. The intro- 
duction of timer components to control the various 
cycles resulted in a simple and inexpensive method 
of automating the coating procedure. 


Batch loads of approximately 300,000 tablets were 
coated automatically in a 42-in. coating pan. The 
total coating time was 5.5 to 6 hours. For approxi- 
mately two-thirds of this time (4 hours), the tablets 
were undergoing drying, and no additional film coats 
were being applied. Although these time cycles 
were established on the basis of manual operation, 
the results of the automated experiments suggested 
that the drying intervals could be reduced signifi- 
cantly. This would lead to proportional reductions 
in the total coating time. The automated coating 
equipment provides a convenient tool for exploring 
these opportunities, and experiments are presently 
planned in these directions. 


The automated system offers further advantages 
in improving batch-to-batch uniformity and in re- 
ducing production labor charges. The system also 
has particular utility in research studies with new 
film compositions. 
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Simple Programmed Thermoregulator 
By M. W. SCOTT*, C. Y. MIN, W. A. CAMPBELL, and C. M. ANDERSON 


The design and construction are described for a programmed thermoregulator 
which was used t o  provide time-tern erature control in noaisothermal reaction ki- 
netics studies of product stability. &e apparatus is inexpensive to  construct and pro- 


vides moderate programming flexibility. 


OSSIBLE APPLICATIONS of nonisothermal reaction P kinetics in the evaluation and prediction of 
product stability have been under recent investiga- 
tion in these laboratories. For the experimental 
sections of this research, a time-temperature con- 
trol was required in order to  obtain a constant rate 
of heating in the (liquid) reaction systems selected 
for study. A new programmed thermoregulator 
was designed for this purpose. The apparatus 
was inexpensive to  construct and performed in a 
reliable and predictable manner. The unit also 
provided moderate flexibility in the types of pro- 
grams which could be established. 


A photograph and a n  assembly drawing of the 
programmed thermoregulator are given in Figs. 
1 and 2, respectively. The construction was based 
on the use of a standard slide-wire type thermo- 
regulator.' This was mounted on a plastic base. 
A synchronous motor' was mounted on the same 
support and was used to  drive (rotate) the ex- 
ternal magnetic collar of the thermoregulator 
through a friction-belt connection. A simple 
spring and screw arrangement was provided to  
regulate the tension in the belt. A fixed rate of 
collar rotation was obtained in this way. As a 
result, the contact position of the slide wire within 
the mercury column which, in turn, governs the 
control temperature set on the thermoregulator, 
was varied at a constant rate. The thermoregulator 
was connected to a standard relay unit* and con- 
trolled the power input to  heating elements in a 
bath surrounding the reaction vessel. 


In the majority of studies, the thermoregulator 
was used to  control the temperatures of 1-2 L. 
of reactants contained in a three-neck glass flask 
fitted with a mechanical agitator. The mercury 
bulb of the regulator was placed directly into the 
reaction vessel which was held in an agitated water 
bath with approximately 5-gal. capacity. A single 
500-w. immersion heater operated through the 
thermoregulator was used in the bath. 


The time-temperature programs could be varied 
usina synchronous motors with differinn rates of 


Fig. 1.-Programmed thermoregulator. 


I 


- m u m  am8 
IU*L scnc. 


Fig. Z.-AssembIy drawing of programmed thermo- 
rotaGod. It was more convenient, however, to regulator. 
change the rate of heating by adjusting the belt 
ratio between the motor and the thermoregulator 
collar. This was accomplished by fitting different 7 0  


sized sleeves onto the collar. 
6o 


using the control apparatus. 
by inverting the position of the motor (thereby )o C 
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1 Thermoregulator. adjustable micro-set type, Catnlo No. 
62537. -10 to l l O o ,  Precision Scientific Co.. Chicago. i l .  


*Synchron motor No. 630. 1 r.p.m., Synchron Co.. 
Homer City, Pa. 


Constant rates of cooling also could be obtained 
This was achieved 
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8 Electronic relay, self-contained control unit, Catalog No. 40 8 0  I20 160 zoo 


62690. Precision Scimtifrc Co.. Chicago, Ill. YlYUTCS 


Fig. 3. - 
Rates of heating 
and cooling obl 
tained with pro- 
grammed ther- 
moregulator. 


A, 0.46' per 
minute; B. 0.25' 
per minute; C ,  
0.13' per min- 
ute; D, 0.30' 
per minute 
(cooling ). 
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The programmed thermoregulator appears to  
have usefulness in a variety of applications where 
accurate control of rates of heating or cooling are 
required. The performance of the apparatus 
compares favorably with that specified for the more 
costly program devices which are available com- 
mercially. 


reversing its direction of rotation) and by adding a 
cooling cell to  the water bath to oppose the action 
of the heating element. Several typical plots of 
time Versus the temperature of the reaction system 
obtained under these operating conditions are illus- 
trated in Fig. 3. The constancy of the rates of 
heating and cooling is evident. 


Hydrogenation of 1-Naphthol with Rhodium Catalyst 
By MORRIS FREIFELDER and GEORGE R. STONE 


The  low-pressure h dro enation of 1-na hthol 


genation. Use of this is made t o  produce 
&,cis 1-decalol. 


N THE COURSE of studying the effect of rhodium I catalysts in the hydrogenation of organic com- 
pounds, we investigated the reduction of 1-naphthol 
(I) under low-pressure conditions. Hydrogenation 
was interrupted after 2 M equivalents were absorbed 
and the resultant reaction mixture subjected to  
vapor-phase chromatography. A major peak con- 
sisting of about 70% of the total was identified as 
5,6,7,8-tetrahydro-l-naphthol(II). In addition to  a 
small amount of decalin and a few per cent of what 
appeared to be 1-tetralone, about 20% of another 
product was seen in the chromatograph. From its 
position it was suspected to  be a decalol. 


In view of this tendency toward overhydrogena- 
tion, it seemed worthwhile to study the reaction 
further. The mild conditions employed should lead 
to a predominance of cis products. I t  was hoped 
that &cis 1-decal01 (111) would be obtained. If so, 
a less time consuming and more direct method than 
those described in the literature would be available. 


Gutsche and Peter have prepared I11 in a three- 
step synthesis (1). Their material was of excellent 
quality judging from its melting point, but the 
conversion of I1 to 111 with freshly prepared plati- 
num oxide required 4 days. Zimmerman and Mais, 
starting with I, also found that a long reduction 
period was necessary (2). The same slow uptake of 
hydrogen was encountered in another reduction in 
which decalin and mixed decalols were obtained as 
well as 111 (3). With Raney nickel at elevated 
temperature and pressure, mixtures were obtained 


Hydrogenation of I with rhodium catalyst at 60' 
and 3 Atm. did lead to  111. Vapor-phase chroma- 
tography showed about 5y0 of decalui and almost 
10% of a product which we assumed to  be the inter- 
mediate 1-decalone, and a major peak (84.5%). On 
recrystallization of the residue from this reduction 
111 was obtained. After several reductions at low 
pressure, it appeared more desirable to  run the reac- 
tion at high pressure and at room temperature to 
convert the intermediate 1-decalone completely (if 
indeed it was present) and to cut down on hydro- 
genolysis. When the hydrogenation was carried out 
a t  130 Atm., presumably the only product obtained 


with rhodium is round to cause per E ydro- 


(4). 


was 111. On chromatography, a small amount of 
impurity (ca. 3%) was found. Infrared examination 
showed the absence of OH and aromatic ring and the 
presence of a carbonyl peak at 5.78 p. In the ab- 
sence of any conjugation, the impurity was assumed 
to be 1-decalone. 


EXPERIMENTAL. 
5,6,7,8-Tetrahydro-l-naphthol.-A solution of 


14.4 Gm. (0.1 mole) of 1-naphthol in 50 ml. of ana- 
lytical reagent methyl alcohol was hydrogenated 
under 3 Atm. pressure in the presence of 4.3 Gm. of 
5% rhodium on alumina catalyst.' Uptake of 2 M 
equivalents was complete in 5 hours. The reaction 
was interrupted and the solution filtered from the 
catalyst. After concentration, the residue solidified 
on cooling. Vapor-phase chromatography' showed 
0.72% decalin, 20.4% of decalol or decalols. 69% of 
a tetrahydronaphthol, plus about 7% of two un- 
knowns. The mixture on infrared examination3 
showed presence of OH, aromatic ring, and a car- 
bony1 peak at 5.9+ p (1-tetralone shows a peak at 
5 . 9 8 ~ ) .  


The mixture was then dissolved in benzene and 
extracted with 100 ml. of 50yo sodium hydroxide 
solution. The alkaline solution was acidified and 
extracted with benzene. The benzene extract was 
dried over anhydrous magnesium sulfate, filtered, 
and concentrated. The residue was treated with 
hexane and allowed to stand to  crystallize. The 
product obtained melted at 68' (described 68.5 to 
69') (1) and was shown to be 5,6,7,8-tetrahydro-1- 
naphthol by mixed melting point and infrared 
absorption compared to a known standard. 


cis,cis 1-Decalo1.-The hydrogenation of 0.1 mole 
of 1-naphthol was carried out at 60" and 3 Atm. in 
the presence of 5.8 Gm. of 5y0 rhodium on carbon.' 
Uptake for 5 Hs was complete in 12 hours. After 
removal of catalyst and solvent, the residue obtained 
solidified and melted a t  77-86' with softening a t  
70'. Recrystallization from heptane raised the 
melting point to 90 to  91.5' (described 93') (1). 
The crude material was examined by means of 
vapor-phase chromatography. Results showed 
5.4% decalin, 9.6y0 of an unidentified fraction 
(possibly 1-decalone), and 84.3% of 111. 


A second set of runs was carried out as above. 
The residue was distilled. Decalin was again ob- 
tained, the remainder of the material distilled over a 
wide range, 210-237' at atmospheric pressure. 


Received November 18.1963. from the Organic Chemistry 
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North Chica o Ill. 
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1 Available from Engelhard Industries. Newark, N. J. 
2 Carried out by P. F. Helgren of this laboratory. 
JCarried out by W. Washburn and A. Kammer of this 


laboratory. 
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glacial acetic acid, then spin-evaporated in vacuo on 
a hot water bath. The syrupy residue was parti- 
tioned between 25 ml. each of chloroform and water. 
The separated aqueous phase was extracted with an 
additional 25 ml. of chloroform. The combined 
organic extracts, dried with magnesium sulfate, were 
spin-evaporated in vacuo. Crystallization from 
ethyl acetate gave 0.586 Gm. (25%) of product, m.p. 
158.161". Recrystallization gave white crystals, 
m.p. 160-162"; Y-. 2&)0-1700(broad acidic OH); 
1620 (C=O); 1590, 1530, 1500, 1490 (C=C); 760, 
725,695, 690 (phenyl CH); a",: 252 mp (C 
12,800); k r !  235 (c 10,100). 345 mp (C 17,100); a"* 240 (inflection). 345 mp ( 6  19,500); 8 13.70, 
one chelated hydrogen. 


Ad.--Calcd. for Cl8H1rNa: C, 77.5; H, 6.10; 
N, 5.01. Found: C, 77.2; H. 5.95; N, 4.90. 
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Phase Solubility Technique in Studying the 
Formation of Complex Salts of Triamterene 
By LEWIS W. DITTERT, TAKERU HIGUCHI, and DAVIS R. REESE 


Profiles of the apparent solubility (37") of triamterene (2,4,7-triamino-6-phenyl- 
pteridine) as a function of pH were obtained in the presence of hydrochloric, nitric, 
sulfuric, phosphoric, and acetic acids. These dia rams permitted detection of com- 
plex salt species containing both protonated en8 unprotonated triamterene. The 
stoichiometries of the complexes were determined from the slopes of log (S - So) 
uersns pH plots and were confumed by elemental analysis of the solid phases. Equi- 
libria which explain the H-solubility profiles of the various acids are proposed. 
The utility of the phase sofubility technique in detecting and studying complex salts 


is discussed. 


ALT SPECIES, other than simple salts, are S nomally discovered accidentally or inciden- 
tally in other studies. Since these complex salts 
often have solubilities considerably different from 
normal salts, they may be important pharmaceu- 
tically from standpoints such as better in vivo 
availability, greater stability, ease of formulation, 
etc. In the present study, the phase solubility 
technique was used to detect complex salt species 
of triamtmene in the presence of various acids. 
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Accepted for publication July 29. 1964. 
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Although this study is limited to triamterene, it 
is apparent that the procedure is applicable to 
other systems. 


Triamterene (2,4,7-triamino-6-phenylpteridine) 
is a pteridine diuretic with the structure 


m * y N  I N, N & X Z  
NH, 


Although this compound contains three pri- 
mary amine groups, i t  is only weakly monobasic, 
e.g., toward perchloric acid in glacial acetic acid. 
Probably because of this weak basicity, most 
attempts to form classical salts have failed. 
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sintered-glass Biichner funnels. The material re- 
maining on the filter was dried over sulfuric acid 
for 3 days. The resulting solids were used for ele- 
mental analyses. 


Solubility Product Constants.-A suspension of 
triamterene in a solution of a salt was adjusted to 
pH 1.3 with the appropriate acid. The suspension 
was stirred for 15 minutes at constant pH, then 
analyzed for triamterene in solution as previously 
described. The solubility product constants (K-) 
for four concentrations of each salt were calculated 
according to the K ,  equations shown in the tables 
below Figs. 2-5 and 7. (The concentration of 
anion in each case was calculated from the hydro- 
gen ion, triamterene, and sodium salt concentra- 
tions.) The average of the four calculated constants 
is reported. 


RESULTS AND DISCUSSION 
Hydrochloric Acid.-The pH-solubility profile of 


triamterene in the presence of hydrochloric acid is 
shown in Fig. 1. After the Solubility rose initially to  
a maximum at pH 5 (curve I), the pH became 
unsteady. Continued addition of a relatively large 
quantity of hydrochloric acid caused the pH to rise 
to about 6 and remain constant, while the solubility 
of triamterene fell near its initial level at pH 7. 
Further addition of acid resulted in the second 
rising curve (11), which ended in a precipitous drop 
in solubility (curve 111) below pH 1.35. 


The interaction of protons with triamterene in 
solution may be described by the equilibrium 


Triamterene K 


Triamterene (s) 


where 


t t  + x H +  a Triamterene .H,+ 


(Eq. 1) 


Fig: 1.-pH- 
solubdity pro- 
file for tri- 
amterene in the 
p r e s e n c e  of 
h y d r o c h l o r i c  zoi!=.\\, acid. 
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Triamterene is only slightly soluble in water (45 
nicg./ml.). This study was initiated to deter- 
mine to what degree the aqueous solubility of 
triamterene is increased in the presence of vari- 
ous acids. 


EXPERIMENTAL. 
Analysis of Total Triamterene in Solution.- 


A clear portion of the solution in equilibrium with a 
suspension of triamterene at a given pH was ob- 
tained by withdrawing the solution into a 5 or 10 
ml. Luer -hk  syringe' through a Swinney filter 
adapter* containing a type HA filter' and a pressed 
glass wool prefilter.* The Swinney adapter was 
removed, and the fluid was transferred to a small 
beaker. An aliquot of the solution was pipeted into 
a 100-ml. volumetric 5ask containing 4 ml. of con- 
centrated reagent grade formic acid (88%). The 
contents of the flask were brought to  volume with 
water, and the concentration of triamterene was 
determined using the absorbance maximum at 357.5 


pH-Solubility Profiles.-The experiments were 
conducted in a 600-ml. beaker suspended in a water 
bath maintained at 37". The contents of the beaker 
were stirred by an overhead stirrer with a glass 
impeller. 


Two grams of triamterene and 400 ml. of water 
were stirred in the beaker. After approximately 15 
minutes (the solution becomes saturated in less than 
1 minute), the pH was recorded, and an aliquot of the 
saturated solution was withdrawn and analyzed as 
described above. Acid was added dropwise with 
stirring until the pH shifted about 0.3 units, and 
the stirring was continued for 15 minutes. A con- 
stant pH reading during this 15-minute period in- 
dicated that the system was a t  equilibrium. (Iden- 
tical results were obtained when stirring times of 1 
hour were allowed.) An aliquot was then removed 
and analyzed. 


The pH was thus lowered stepwise and an aliquot 
removed and analyzed a t  each step, until the pH 
reached 1 or until all of the solid phase in the system 
dissolved. In some cases (e.g., with hydrochloric 
acid) the pH initially fell, then rose upon further 
addition of acid. In these cases, sampling was dis- 
continued until the pH remained constant with stir- 
ring. Sampling was then resumed a t  0.3 p H  unit 
intervals. 


Elemental Analyses.-Suspensions of triamterene 
were adjusted to  the proper pH with the acid under 
study and stirred at constant pH for 15 minutes. 
The suspensions were filtered through fine porosity 


mp. 


The pH was followed with a pH meter. 


I Bccton-Dickenson and Co., Rutherford, N. J.  * Millipore Filter Corp., Bedford, Mass. 


[Triamterene. H,+]- 
K =  [Triamterene] [H+]= (Eq. 2) 


K is the so-called stability constant of the tri- 


1-53 '.. \ 


SLOW-  - I *.* Fig. 2.-Log 
increase in sol- 


* L  1 0 0  _. ubility us. pH 
plots for tri- 
amterene in the -.. m 


:? 4 A. \ A u r e s e n c e  of 
h y drochl  or ic  
acid. Key: x, 
high pH range 


medium DH 
:* (5.54.5); 0, 


EQUILIBRIA IN THE HYDROCHLORIC ACID SYSTEM 


p H  Range Equilibrium 
5-7 Triamterene + H + triamterene. H + 


About 5 Triamterene . H + + triarnterene $. Cl - 


2-5 (Triamterene)t.HCI + H + 


Below 1.36 


(triamtereneh. HCI (ppt. 1) 


2 triamterene.H+ + Cl- 


triamterene'HCI (ppt. 2) 


KIP 
Triamterene.H + + C1- 


K a p  = 1.5 X 10-4 
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TABLE I.-ELE~NTAL ANALYSES OF TRIAMTERENE COMPLEXES 


Complex Structure Element Theoretical 
Hydrochloric acid 


Precipitate 1 (Triamterene)*. HCl c 1  6 . 5  
Precipitate 2 (Triamterene). HC1 c1 12.3 


Nitric acid 
Precipitate 1 (Triamterene)*. HNOs N 37.5 
Precipitate 2 (Triamterene). HNOa N 34.3 


Precipitate 1 (Triamterene)r. HISO( S 2 . 9  
Precipitate 2 (Triamtereneh . &SO4 S 5.3  


Precipitate 1 (Triamterene)r. HIPOI P 5.1 
Precipitate 2 (Triamterene) . Hapor P 8.8 


Sulfuric acid 


Phosphoric acid 


1% Found" 


6.2 
11.5. 


38. I* 
33.5* 


2.8 
5 . 1  


5.0* 
9 .9  


When attempts were made to wash or recrystallize the corn lexes, they decomposed to triamterene base and thecorre- 
spooding acid. The complexes were prepared for and  sir wittout washlog. Therefore, =me of the elemental analyses 
(indicated by an asterisk) are outside the usual acceptad  limits of error for well-defined compounds. The results arecloser 
to the theoretical per cents shown that to those for any other triamterene :acid ratios. 


Fig. 3.-pH- 
solubility pro- 
file for tri- 
amterene in the 
p r e s e n c e  of 
nitric acid. 


r w  


EQuILmm IN THE NITRIC ACID SYSTEM 


PH aanOe Equilibrium 
5.7-7 Triamterene + H +  triamterene'H+ 
About 5 . 7  


2-6 


Below 1.25 


Triamterene.H+2 triamterene + N 0 1 - e  
(triamterene)!sN()i (ppt. 1) 


(Triamterene):. HNOi + 2H + 


3 triomterene.H+ + NOI-  
KLD 


Triamterene.H+ + NO:- - 
triamtrrene. HNO: (ppt. 2) 


K a p  = 7.6 X 10-6 


amterene.H=+ complex, and x is the number of 
protons required to  solubilize one molecule of tri- 
amterene. In this expression, [triamterene] is the 
saturation solubility of the solid phase in the pH 
region covered by a particular curve. For example, 
triamterene base is the solid phase in the region of 
curve I, and the insoluble complex, (triamterene)s. 
HC1, is the solid phase in the region of curve 11. 
The solubility of the solid phase is a constant for 
each curve; the numerator term, [triamterene.H,+], 
is the increase in solubility of triamterene in the 
region of that curve. Equation 2 can be trans- 
formed into a form (Eq. 3) similar to that used by 
Higuchi et al. (1) to describe the solubility behavior 
of weak acids at various p H  levels. In this equa- 


log (S - So) = --x pH + log C (Eq. 3) 
tion, the term (S - So) is the increase in solubility 
of triamterene as the p H  is lowered. Plots of the 
hydrochloric acid data according to  Eq. 3 are shown 
in Fig. 2. Values for So were determined by ex- 
trapolating curves I and I1 totheir minimaat the high 
pH ends. The slopes of the plots in Fig. 2 show that 
in the pH range of curve I, one proton solubilizes one 
molecule of triamterene; in the p H  range of curve 
11, one proton solubilizes two molecules of triam- 
terene. 


Between the two curves the new solid phase, 
(triameterene)t.HCl, is formed. This complex first 
forms as a supersaturated solution (at pH 5) which 
nucleates as additional hydrochloric acid is added, 
causing the precipitous drop in solubility and the 
fluctuating pH observed. After all the triamterene 
in the system has been converted to the new com- 
plex, each molecule of the complex is solubilized by 
one proton, causing the log plot of curve I1 (Fig. 2) 
t o  have a slope of -1/2. 


The equilibria controlling the solubility behavior 
of triamterene in hydrochloric acid solutions are 
summarized in the table below Fig. 2. The final 
reaction is the solubility product equilibrium for 
triamterene hydrochloride. The solubility product 
constant for thisreaction was 1.5 X lo-'. Apparently 
the final drop in solubility (curve 111, Fig. 1) is due 
to  common ion suppression of the solubility product 
equilibrium. 


The results of the elemental analyses of precipi- 
tates 1 and 2 are shown in Table I. These results are 
in agreement with the proposed equilibria. Pre- 
cipitates 1 and 2 were solid phases in equilibrium 


4 
? 
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100- 
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Fig. 4.-pH-sol- 
ubility profile for 
triamterene in the 
presence of sulfuric 
acid. 


PH 


EQUILIBRIA IN THE SULFURIC ACID SYSTEM 


pR Range Equilibrium 
5.5-7 
About 5 . 5  


3.2-5.5 


Below 3.2 2 Triamterene.H+ +SO'- 


Triamterene + H +  Z triamterene.H 
2 Triamterene. H + + 2 triamterene + 
(Triatnterene),' HdOd + 2H .& SO,- = (triamterepe),' HzSOd (ppt. 1) 


4 triamterene.H+ + SO,- 
K a p  


(triamtereneh. HISO' (ppt. 2) 


Ksp = 4.0 X 10-8 
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nitric acid case, the slope of the log plot of curve 
I1 is -*/a, suggesting that the insoluble complex 
that precipitates near pH 5.7 has the composition 
triamterene. HNOa. The elemental analysis of 
precipitate 1 (Table I )  is in agreement with this 
hypothesis. 


The sulfuric and phosphoric acid profiles differ 
from the nitric and hydrochloric acid profiles in that 
the final drops in solubility due to common ion sup- 
pression of the solubility product equilibrium occur 
at somewhat higher pH's in the former two systems. 
Also, the solubilities achieved with phosphoric acid 
are somewhat higher than those achieved with the 
other inorganic acids. With both sulfuric and phos- 
phoric acid, elemental analyses of the precipitates 
removed from the systems agree with the proposed 
equilibria. 


Acetic Acid.-The pH-solubility profile for tri- 
amterene in the presence of acetic acid is shown in 
Fig. 6. In this system the solubility of triamterene 
rises continuously following a single curve. Solu- 
bilities higher than those observed with any of the 
inorganic acids were achieved with acetic acid. The 
experiment was discontinued at pH 4.6 when all the 
triamterene in the system dissolved. 


When the acetic acid experiment was repeated 
in the presence of 6 X 10-3 M sodium acetate, the 
resulting pH-solubility profile (Fig. 7) showed the 
familiar two-curve plot. Log ( S - S o )  plots of the 
data have slopes of - 1 (curve I )  and - l/* (curve 11), 
as in the hydrochloric acid case. There is no final 
drop in solubility due to  solubility product effects at 
lower pH's with acetic acid, probably because the 
low pH's required cannot be reached with acetic 
acid and also because at low pH's acetic acid exists 
largely in the undissociated form. The equilibria 
which describe the solubility behavior of triamterene 
in solutions of acetic acid are shown in the table be- 
low Fig. 7. 


Fig. 5.-pH-sol- 
ubility profile for 
triamterene in the 
presence of phos- 
uhoric acid. 


PH 


EQUILIBRIA IN THE PHOSPHORIC ACID SYSTEM 


pH Range Equilibrium 
4.8-7 Triamterene + H + triamterene'H 
About 4 . 8  


3.2-4.8 


- 


Triamterene. H + + triamterene + HIPOk- - (triamterene)z. *POI (ppt. 1) 
(Triamterene)r. Hap04 + H + =+ 


tnamterene. H + H:POa - 
K.. 


_ _ ~ _  . . ~ -  


-~ 
Below 3 . 2  Triamterene.H+ + HIPOI- G= 


triamterene. HIPOI (ppt. 2) 


Fig. 6.-pH-sol- 
ubility profile for 
triamterene in the 


L, presence of acetic 
acid. 


4 9 . 7  


pH 


t 
Fig. 7.-pH- 


solubility pro- 
file for tri- 
a m t e r e n e  i n  
acetic acid so- 
lutions contain- 
ing 6 X M 
sodium acetate. 


L, 
I z s a 0 . 7  


m 


EQUILIBRIA IN THE ACETIC ACID-SODIUM ACETATE 
SYSTEM 


PH Ramie Equilibrium 
4.8-7 
A l r m t  4 . S  


2-4 (Triamterene)r.HOAc + H +  Z 


Triamterene + H + F? triamtereae' H + 


Triamterene.H+ + triamterene + 
OAc - (t5iamterene)a. HOAc 


2 triamterene.H+ + OAc- 


with solutions a t  pH values 4 and 1, respectively. 
They are assumed to be composed of one molecular 
specie. 


Nitric, Sulfuric, and Phosphoric Acids.-The pH 
solubility profiles and equilibria governing the be- 
havior of triamterene in nitric, sulfuric, and phos- 
phoric acid systems are shown in Figs. 3-5. In the 


CONCLUSIONS 


The phase solubility technique has been used to 
determine the solubility behavior of triamterene in 
the presence of several acids. The pH-solubility 
profiles for triamterene revealed ( a )  the formation 
and stoichiometries of complex salt species in solu- 
tion, (b)  the formation and stoichiometries of insol- 
uble complex salts, and (c) the controlling equilibria 
in each pH range. Phosphoric acid and acetic acid 
produced solubilities of triamterene higher than 
hydrochloric, nitric, or sulfuric acid. Acetic acid 
formed complexes more soluble than the inorganic 
acids. 


The experimental method employed in studying 
triamterene might also be used for the following 
types of studies: 


( a )  Determination of the pH-solubility character- 
istics of salts of a drug without actual synthesis and 
and isolation. 


Detection and study of complexes of a drug 
under pharmaceutically significant conditions, a.e., 
saturated solutions. 


Detection and isolation of pharmaceutically 
interesting complexes. 


( b )  


(c) 
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Rhodium-Catalyzed Hydrogenation of Ethyl Anthranilate 
By KENNETH J. LISKA 


Room temperature hydrogenation of ethyl anthranilate employing 5 per cent 
rhodium on alumina at both low and high pressures yields the 3,4,5,6-tetrahydro 
derivative. At elevated tem ratures, e thyl  cis-hexahydroanthradate is formed in 
good yield. An unsaturat%dicyclohexylamine diester appears to form in a side 


reaction in the room temperature hydrogenations. 


N SYNTHETIC approaches to potential psychoto- I mimetics, it  was necessary to investigate the 
hydrogenation of ethyl anthranilate (ethyl o-amino- 
benzoate). The desired hexahydro derivative has 
been obtained in useful amounts by reduction with 
sodium in boiling isoamyl alcohol (1). Houben and 
Pfau obtained the hexahydro compound by plat- 
inum-catalyzed reduction, but they did not give 
yields or physical data (2). 


Five per cent rhodium on alumina at low pressures 
and room temperatures catalyzed the hydrogenation 
of ethyl anthranilate to ethyl 3,4,5,6-tetrahydro- 
anthranilate ( I )  but not to the hexahydro compound. 


111 


The tetrahydro derivative was identified by ele- 
mental analyses and by comparison with an au- 
thentic sample prepared by Dieckmann's ammo- 
nolysis method (3). With the same catalyst, room 
temperature hydrogenations at pressures up to lo00 
p.s.i. again yielded the tetrahydro compound I, an 
indication of the stability of this bond toward hydro- 
genation. However, when the reaction temperature 
was raised to  85' and at 500 p s i . ,  hydrogenation 
was complete to  ethyl cis-hexahydroanthranilate 
(111) in approximately 70% yield. The conversion 
of ethyl anthranilate to  the tetrahydro compound 
and finally to the hexahydro can be followed very 
well by U.V. spectroscopy. To  prove the cis nature 
of the hexahydro product, it  was hydrolyzed to the 
known cis-hexahydroanthranilic acid (4). 


Both the low-pressure and the high-pressure room 
temperature rhodium-catalyzed hydrogenations al- 
ways yielded a higher boiling liquid fraction in 
weight amounting to  about one-half that of com- 
pound I. Rast molecular weight determinations 
gave values in the 300 to 400 range. Though in- 
soluble in water, the liquid was soluble in hydro- 
chloric acid; elemental analyses indicated only one 
nitrogen atom per molecule. The compound was an 
absorber in the U.V. (log E = 4.21 at 303 mp) as 
strong as compound I (log E = 4.17 at 286 mp). This 
by-product was identified tentatively as ethyl 242- 
ethoxycarbonylcyclohexy1)aminocyclohexene- 1 - car- 
boxylate (11). It could form v i a  intermolecular 
primary amine addition to an olefin, similar to the 
well-known addition of amines to acrylate, followed 
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by hydrogenolysis of one nitrogen atom. Almost 
exactly the same type of by-product was reported 
by Huenig and Kahanek (4) in their platinum oxide- 
catalyzed hydrogenation of ethyl 3,4,5,6-tetra- 
hydroanthranilate. except that their dicyclohexyl- 
amine diester had no olefinic bond in either ring. 
That compound I1 was not identical to  their 
saturated diester was indicated by the strong U.V. 
absorption of 11, a conjugated o leh ic  ester, plus 
elemental analyses and I.R. spectral studies. The 
I.R. spectrum of compound I1 showed bands attrib- 
utable to  a saturated ester (1720 cm.-l), an a,B- 
unsaturated chelated ester (1635 cm.-l), an olefin 
conjugated to an ester (1595 cm.-l), and the N-H 
stretching vibration of a secondary amine (3250 
cm.-I). By comparison, the I.R. spectrum of com- 
pound I showed no band attributable to  a saturated 
ester, and the spectrum of compound I11 showed no 
band attributable to an a,@-unsaturated ester. 


EXPERIMENTAL1 


Ethyl 3,4,5,6Tetrnhydroaathrdate (I).-A solu- 
tion of 16.5 Gm. (0.1 mole) of ethyl anthranilate in 
100 ml. of absolute ethanol was shaken at room tem- 
perature with 10 Gm. of 6% rhodium-on-alumina 
(K&K Laboratories, Inc.) in a Parr hydrogenator at 
an initial pressure of 61.1 p s i .  for a total of 16 
hours over a 2-day period. The total pressure drop 
was equal to 16.9 p.s.i., but most of the hydrogen 
was absorbed in the first 7 hours. Removal of 
catalyst and solvent, followed by distillation, gave 
7.0 Gm. of product (41%), b.p. 159-164' (29 mm.), 
which when cooled gave a colorlesssolid, m.p. 71-73'. 
An authentic sample of this compound, prepared 
according to Dieckmann (3), melted at 73-75'; 
mixed m.p. 7578'. 


Anal.-Calcd. for CoHlsN02: C, 63.88; H,  8.94; 
N. 8.28. Found: C, 64.04; H. 9.02; N, 8.19. 


Compound I is a strong absorber in the U.V. : log 
E = 4.17 a t  286 mp. Its HCl salt could not be pre- 
pared in the solid state. Carbonyl stretching fre- 
quency of this a,@-unsaturated chelated ester: 1665 
cm.-I. 
Ethyl 2 4  2-Ethoxycarbonylcyclohexyl)aminocyclo- 


hexene-1-carboxylate (II).-The high-boiling frac- 
tion remaining after removal of the tetrahydro de- 
rivative was further distilled, yielding 4.8 Gm. of 
viscous yellow oil, b.p. 185-192' (1.6 mm.), N*' = 
1.5208. 


Anal.-Calcd. for CUH2@NO4: C, 66.84; H,  9.04; 
N, 4.33. Found: C, 66.75; H. 8.89; N, 3.53.' 


Compound I1 is a strong absorber in the U.V.: 
log E = 4.21 at 303 mp. The HC1 salt of this 


1 Melting points are uncorrected. Analpses performed by 
Galbraith Laboratories and Schwarzkopf Laboratories. * Einhorn and Bull state that ethyl hexahydronnthranilate 
loses nitrogen (as ammonia) when distilled at atmospheric 
pressure. [Ann.. 295. 204(1897).] Two other analyses 
rom different runs fell in the range 4.7 to 5.1. 
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aniinoester could not be prepared in the solid state. 
Infrared spectral bands in cm. - I :  3250(w), 1720(s), 
1635(s), 1595(s), 1445(s), 1360(m), 1233(s), 1165(s), 
1083(m), 1060(m), and 1036(m). 


Ethyl cis-Hexahydroanthranilate (III).-A mix- 
ture of 10 Gm. of ethyl anthranilate in 150 ml. of 
absolute ethanol and 8 Cm. of 570 rhodium on 
alumina was stirred in a Parr pressure reaction 
apparatus a t  500 p.s.i. and a t  temperatures up to 
85' for a total of 10 hours over a 2-day period. 
Removal of catalyst and solvent gave an oil which 
distilled at 115-119' (20 mm.). Huenig and 
Kahanek report 103-104' (11 mm.) (4). The yield 
of hexahydro ester was 7.3 Gm. (70.1%). For analy- 
sis, the previously unreported HCl salt of I11 was 
prepared in the usual manner with dry ether and HC1 
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gas and melted at 131-133' after two crystallizations 
from acetone/alcohol. 


Anal.-Calcd. for CoHlsCINO,: C, 52.05; H, 
8.67; N, 6.74. Found: C, 51.82; H, 8.71; N, 6.62. 


The free acid was prepared by refluxing I11 in 
plain water, followed by evaporation. The cis- 
hexahydroanthranilic acid so obtained was re- 
crystallized from alcohol/water. m.p. 233-234'. 
Huenig and Kahanek (4) report 235" for the cis acid; 
the trans acid, also prepared by plain water hy- 
drolysis ( l ) ,  melts at 274'. 
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Antistaphylococcal Activity of Seeds of PsoraZea corylz~ooli'a 
By K. N. GAIND, R. N. DAR, and R. N. KAUL 


The petroleum ether extract of the seeds of Psoralea c lifolia Linn. inhibits the 
growth of Stapbylococcns anrens, in  the concentration 2 1 0  mcg./mL From the 
extract a pure compound, C&aO, b.p. 1SSo/0.3 mm., has been isolated b chro- 
matography and subsequent fractional distillation. It inhibits the grow& of S. 


awens in  the concentration of 0.5 mcg./ml. 


SORALEA CORYLIPOLIA Linn. (Leguminosae) P is a common herbaceous weed, grows through- 
out the plains of India, and is commonly known as 
babchi. The seeds of this plant have long been 
used in the indigenous system of medicine for lep- 
rosy, inflammatory diseases of the skin, leucoderma, 
psoriasis, as an anthelmintic, a diuretic and a 
diphoretic in febrile conditions (1). In southern 
India, the drug is widely used as a stomachic, 
deobstruent, and in various cutaneous diseases 
(2). The seeds have an estrogenic effect on certain 
laboratory animals (3). Jois and Manjunath (4) 
and Seshadri and Venkattarao (5) isolated o fixed 
and a volatile oil, psoralen and iso-psoralen. Chakra- 
varti el al. (6) isolated a new crystalline compound, 
psoralidin. from the pericarp. Gupta et al. (7) 
recently reported the antistaphylococcal activity 
of the petroleum ether extract of the seeds in the 
concentration of 2-4 mcg./ml. Jois el al. (8) obtained 
from a petroleum ether extract of the seeds a 
fixed oil, psoralen, and iso-psoralen. In this in- 
vestigation, these components did not show ac- 
tivity against Staphylococcus aureus. Volatile oil 
from the seeds has not revealed appreciable ac- 
tivity (7). A systematic investigation of the seeds 
was undertaken and an attempt made to isolate 
and characterize the antistaphylococcal principle. 


Test Organism.-S. aureus (Oxford culture) 
was employed for testing the activity of the various 
fractions. The organism was maintained on 
nutrient agar slants from which regular sub- 
culturing was done in nutrient broth. A 24-hour 
suspension of this organism in broth was used for 
all subsequent investigations. 
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MATERIAL AND METHODS 
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Minimum Inhibitory Concentration.-The anti- 
staphylococcal activity of the various fractions 
(Table I )  was tested by serial dilution method. 
A solution (10 mg./ml.) of the test compound was 
prepared in alcohol (90%). One-half milliliter of 
the dilution was then transferred to 4.5 ml. of 
sterile nutrient broth (pH 7.2-7.4) from which 
0.5 ml. of the dilution was further transferred to 
4.5 ml. of the broth, etc., until a varied range of 
concentrations was obtained in the broth. The 
total volume was kept at 5 ml. Various dilutions of 
the test compound ranging from 0.1 to 100 mcg./ml. 
were obtained. The solution of the test compound 


TABLE I .-ANTISTAPHYLOCOCCAL ACTIVITY OF VARI- 
OUS CHROMATOCRAPHIC FRACTIONS OF PETROLEUM 


ETHER EXTRACT OF P. corylqoh SEEDS 


Anti- 
staphylo- 


COCCal 
Eluents Physical Appearance Activitya 


Petroleum ether Dark brown liquid - 


10% Benzene in Light green liquid - 
(1-18) 


petroleum 
ether (19-29) 


petroleum 
ether (3040) 


benzene (54-57) 


benzene (58-67) 


ether f 76-79) 


50% Benzene in Viscous green liquid + 
Benzene (41-53) Viscous green liquid 4- 
10% Ether in Viscous brown liquid - 
50yo Ether in Viscous brown liquid - 
Ether (68-75) Viscous brown liquid - 
10% Alcohol in Yellow solid mass - 
50% Alcohol ii Yellow solid mass - 


- ether (80-83) 
Alcohol (84-90) Yellow solid mass 
P -, No inhibition; +, inhibition. 





