
JOURNAL OF Pharmaceutical 
Sciences 

JzCly 1966 volume 5 5 ,  number 7 

Review Article- 

Pharmaceutical Sciences-1965 

A Literature Review 

By ROBERT E. DEMPSKI and GERALD P. POLL1 

CONTENTS 

GENERAL PHARMACY. . . . . . . . . . . . . . . . . . .  646 
Preservativcs . . . . . . . . . . . . . . . . . . . . . . . . . . .  646 
Flavor, Aroma, and Color.. . . . . . . . . . . . . . .  646 
.Adjuvants. . . . . . . . . . . . . . . . . . . . . . . . . . . .  647 

Stability Kinetics. . . . . . . . . . . . . . . . . . .  649 
Antibiotic Stability. . . . . . . . . . . . . . . . . . .  649 
Vitamin Stability. . . . . . . . . . . . . . . . . . . .  650 

PHARMACEUTICAL TECHXOLOGY . . . . . . . . .  651 
Parentcrals. . . . . . . . . . . . . . . . . . . . . . . . . . . .  651 
Sterility. . . . . . . . . . . . . . . . . . . .  651 
Tablcts and Capsules.. . . . . . . . . . . . . . . .  652 
Suspensions, . . . . . . . . . . . . . . . . . . .  653 
Emulsions. . . . . . . . . . .  . . . . . . . .  653 
Ointrnmts and Creams. . . . . . . . .  653 
Suppositories.. . . . . . . . . . . . . . . . . . . . . .  654 
Aerosols.. . . . . . . . . . . . . . . . . . . .  654 
Packaging . . . . . . . . . . .  . . . . . . .  654 

EQUIPMENT. . . . . . . . . . . . . . . . . . . . . . . . .  655 
PHYSICAL PHARMACY. . . . . . . . . . . . . . . . . . . .  655 

Ionization. . . . . . . . . . . . . . . . . . . . .  . . 656 
Solubility. . . . . . . . . . . . . . . . . . . . . . . . . .  656 
Complexation . . . . . . . . . . . . . . . . . . .  657 
Surface Phenomena. . . . . . . . . . .  658 
Crystallization. . . . . . . . . . .  . . . . . . .  659 
Rheology . . . . . . . . . . . . . . . . . . . . . . . . . . . .  660 

PHARMACOCHEMICAL ASPECTS. . . . . . . . . . . . . .  660 
Polyniers . . . . . . . . . . . . . .  . . . . . .  660 
Antibiotics. . . . . . . . . . . . . . . . . . . . . . . .  661 
Radioisotopes.. . . . . . . . . . . . . . . . . . . . . . . . .  661 

Stability. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  647 

Received from the Pharmaceutical Research and Develup- 
ment nepaitment, Merck, Shaip and Dohme Research 
Laboratories, West Point, Pa. 

BIOPHARMACEUTICS . . . . . . . . . . . . . . . . . . . . .  661 
Effects of Physicocheinical Propertics.. . . . .  662 
Effccts of Formulation . . . .  662 
Ahsorption Control. . . . . . . . . . . . . . .  663 
Absorption Mechanism. . . . . . . . . .  663 
Kinetic Studies. . . . . . . . . . . . . . . . . . . . . .  664 
Drug A4bsorption.. . . . . . . . . . . . . . . . . . . .  664 

PHARMACOGNOSY . . . .  665 
Pharmacognostic Investigations. . . . . . .  667 
Methodology. . . . . . . . . . . . . . . . . . . . .  667 

REFERENCES. . . . . . . . . . . . . . . . . . . . . . . .  668 

. . . . . . . . . . . . . .  

HIS REVIEW is a continuation of an annual 
Tserics originated by McKeehaii (1). It rep- 
resents a comprehensive cross-section of the re- 
search and development efforts in various disci- 
plines of the pharmaceutical sciences. h-umerous 
periodicals and Chemicul Abstracts’ Pharmaceu- 
ticals and Pharmacodynamics sections published 
during 1065 were searched and selectively ab- 
stracted. 

Some of the literature related t o  the pharma- 
ceutical sciences has been reviewed on an annual 
basis in other publications and is omitted here. 
For such associated papers in analytical chcm- 
istry, antibiotics, bacteriology, biochemistry, 
biology, cancer, medicine, medicinal chemistry, 
microbiology, organic chemistry, pharmacology, 
physical chemistry, physiology, and plant physi- 
ology, the reader is referred to reviews in these 
areas of study. The “Advances in . . . . .  series, 
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the “Annual Review of , , . .” series, and the 
“Progress in . . . ” series are particularly perti- 
nent. In order to maintain continuity with 
previous pharmaceutical science reviews of J .  
Pharm. Sci . ,  their general format was retained. 

GENERAL PHARMACY 

The literature continues to abound with ar- 
ticles of interest to investigators involved in all 
areas of the pharmaceutical sciences. One paper 
by O’Reilly listed and discussed many of the 
pharmaceutical reviews published from June 
1963 to June 1964 (2). Vice President Hubert 
Humphrey described the problems in keeping up 
with drug literature in a survey performed by thc 
National Library of Medicine (3). Two other 
surveys attempted to outline the problems asso- 
ciated with the collection, distribution, and 
effective utilization of the vast amount of drug 
literature (4, 5 ) .  The proper procedure for the 
approval of a new drug or drug cosmetic has been 
discussed in an outline of current regulation pro- 
cedures (6). Kass reviewed the type and scope 
of information an inspector is entitled to receive 
upon FDA inspection (7). An article written by 
a group of four physicians explained the practical 
aspects of drug therapy from the standpoint of 
the pharmacist, clinician, researcher, and teacher 

One review was concerned with how and why 
generic and trade names are assigned to new drugs 
(9) ; Ansel commented on the qualities of a de- 
sirable trade name and the intricacies of deter- 
mining its legal availability, subsequent registra- 
tion, and protection (10). The utilization of 
drugs in aerospace medicine was summarized (1 1). 
The chemistry and uses of antifungal (12), anthel- 
inintic (13), and antimalarial (14) drugs were 
presented in three different articles which coil- 
tained many useful references. The outlook 
for dimethylsulfoxide, a new drug from 
lignin, as a therapeutic agent has been described 
(15). A paper on historical studics of camphor 
was also published (16). Kuttel recommended a 
simple and practical design for aseptic compound- 
ing in dispensaries (17). Additional surveys con- 
sidered the preparation and properties of ophthal- 
niic solutions (18, 19) and some aspects of toiletry 
technology (20). 

Preservatives.-The preservation of oph- 
thalmic products was reviewed in a paper with 
68 references (21). In another study, many 
types of preservatives were evaluated for their 
antibacterial and antifungal properties (22). 
Evans applied the Ferguson principle to systems 
of mixed preservatives to ascertain that biological 
activity is proportional to the degree of saturation 

(8). 
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of the aqueous phase (23); the same principle 
was used to determine and correlate the activity 
of three quaternary ammonium salts against 
M .  aureus, E. coli, and C. albicans with the sur- 
face properties of these compounds (21). Pro- 
pylene glycol exhibited antimicrobial activity 
when used topically (25). Thoma carried out 
galenic and analytical studies on the effect of 
several cellulose derivatives and alginates on the 
activity of several antiseptics (26). Alkaline 
glutaraldehyde has been suggested as a general 
disinfectant for instruments and apparatus that 
cannot be sterilized by autoclaving (27). Two 
studies were concerned with the mechanism of 
action of phenolic disinfectants. One investi- 
gated the effects on induction of and accessibility 
of the substrate to @-galactosidasc in E. coli (as), 
and the other explored the effect of 2,4-dichloro- 
phenol on the incorporation of labeled substrates 
by E.  coli (29). Another paper assessed the 
importance of metal ions and the toxic properties 
of the formyl group in determining the bacterici- 
dal activity of various phenols and salicylalde- 
hydes (30). One other report presented data 
on the hemolysis of erythrocytcs by a series of 
quaternary ammonium salts (31). 

Foster published two different articles on the 
preservation of ophthalmic solutions (32, 33). 
Test procedures and test organisms suitable for 
shortening the time required for the selection of 
an adequate preservative have been disclosed 
(34). The use of antimicrobial agents in paren- 
teral products was reviewed in a paper containing 
22 references (35 ) .  Another summary with 38 
references on the activity of antibacterials in a 
two-phase system was presented (36). Krow- 
czynski and co-workers suggested a preservative 
for aqueous heparin solutions (37). Also, 8-hy- 
droxyquinoline sulfate was satisfactory as a 
preservative for tuberculin PPD (38). This 
agent was effective against two yeasts, three 
molds, P. aeruginosa, and S. nureus. 

Flavor, Aroma, and Color.-A review has 
been compiled on the use of flavors in the United 
States, the various methods used for flavor test- 
ing, and the difficulties encountered for the taste 
correlation of drugs (39). Tilgner proposed a 
flavor dilution profilogram for characterizing the 
detailed aroma or flavor sensations of a product 
in dilution steps between the threshold and some 
standard extract of the undiluted product (40). 
A combined electrophysiological and sensory test 
revealed that the gustatory effect of substances 
which show taste as sour or salty was reinforced 
by inhibition of cholinesterase on the tongue (41). 
No changes were observed for bitter or sweet 
tastes. Taste sensitivities to quinine and 6-n- 
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propylthiouric acid were determined (42). Five 
new principles for flavoring antitussives have 
been developed (43). Sorbitol, saccharin, and 
A-cyclohexylsulfamic acid were found to bc 
effective synthetic sweetening agents in pharma- 
ceutical preparations (44). In addition, Ed- 
wards commented on the flavor constituents of 
citrus oils (45). 

The philosophy of and methods for the identi- 
fication of odor and flavor constituents were re- 
viewed by IVick (46). The theory of odor and 
the relationship between the odor and the chemi- 
cal properties of flavors have been surveyed in 
another paper (47). A review of pioneers in 
aldehydes and ketones was presented (48), and 
the synthesis, physiochemical properties, and 
economic factors of lavender were summarized 
(49). One status report listed all currently ap- 
proved U. S. certified colors (50); another out- 
lined the current FDA status of all color additives 
for cosmetic use (51). The effccts of grain size 
and moisture content have been studied with the 
Pulfrich photometer against I20 color standards 
(52). 4 method was dcscribed for classifying 
and describing colors formed when the concen- 
trations of several dyes and carbon black in coin- 
presscd tablets wcre evaluated (53). One other 
paper discussed the physiology and psychology of 
color sensation (54). 

Adjuvants.-Thc properties and compati- 
bilities of two dextrans with molecular weights 
of 40,000 and 70,000 were tabulated by Smith 
(55). Another investigator assessed the effect of 
heat on aqueous solutions of dextran by measure- 
ments of viscosity and reducing power (56). 
'The use of cation exchangers as carriers of drug 
componcnts for the improvement of their palat- 
ability has been described (57). Thc application 
of polyethylene glycols in pharmaceuticals was 
outlined (58 ) .  Anomalies in some of the physical 
properties of spray-dried lactose and granulated 
magnesium oxide were traced to  the presence of 
fines which could be removed by washing with 
selected organic solvents (59). A silicone fluid 
proved useful as a lubricant for artificial eyes 
(60) ; i t  did not adhere to tissue, was insoluble 
in water, was stable over a wide temperature 
range, and did not support haclerial growth. 
The  properties of neutrality, inertness, low sur- 
face tension, easy viscosity control, miscibility 
with eye secretions, and a low tendency to  support 
bacterial growth, all contributed to making 
methylcellulose a valuable agent for preparing an 
aqueous vehicle for pilocarpine nitrate ophthal- 
mic solutions (61). Polyvinylpyrrolidone has 
been recommended for use as a binder in tablet 
making (62). The characteristics of Keen gum, 
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a polyelectrolyte which behaves as a lyophilic 
colloid, were disclosed (63). Experimental data  
were also presented on a new gum prcpared by 
fermentation from glucose that could be used for 
thickening highly concentrated electrolyte solu- 
tions (64). Some of the practical aspects of 
colloids were commented on by Smith (65). The 
viscosity control of liquids and the forced flow of 
solids were accomplished by the use of silicas (66). 
One workcr collected data on the common prop- 
erties of some clays including dispersion, aggre- 
gation, and the difference between clays and other 
mineral colloids with particular reference to  ex- 
change capacity ((i7). Other researchers con- 
ducted an infrared study on structuration in 
bentonite clays (68). 

The importance of propylene glycol as a solvent 
in dermatology was reported by Barr (69). The 
attributes of hexadecyl alcohol as a new material 
for cosmetic and topical formulations have been 
discussed in detail (70, 71). Another paper de- 
scribed the suitability of higher-boiling fractions 
of ethoxypolysiloxane oil in ointments and sup- 
positories (T2) .  The formulation of creams, 
lotions, and ointments with silicones was studied 
in two dill'erent publications (73 ,  74), and the 
utility of isopropyl rriyristate (75) and coconut oil 
derivatives ( T t i )  in cosmetics was also demon- 
strated, Both cholestanol (77) and germ lecithin 
(78) were enective emulsifiers in making water-in- 
oil emulsions. King and Sheffield used the tri- 
ethanolammonium salts of several alkylsulfuric 
acids in the forniulation of dermatologic vehicles 
(79). The seed husk of Plantago ovata has been 
evaluated for its emulsifying properties (80) ; 
the powder produced poor emulsions, whereas the 
mucilage gave emulsions that  compared favorably 
with those made with acacia. One investigator 
proposed microcrystdline cellulose as a new ingre- 
dient for the formulation of creams, lotions, and 
ointmctits (8 L ) .  Another researcher outlined 
the phartnaceutical and cosmetic usage of a new 
colloidal alumina as a topical formulating agent 
(82). The synthesis, analysis, and physical 
properties of several allantoin complexes were 
determined, and their potential dermatological 
uses were suggested (83). Other investigators 
evaluated current problems associated with the 
effects of synthetic detergents on the skin (84). 

Stability.-Current formulation stability 
!)roblems were discussed in two different review 
articles (S.5, 86). Papers by Saivatari (87) and 
Sabalitschka (88) advocated the use of anti- 
oxidants as skabilizers. Another report examined 
the measurement and prevention of oxidative 
deterioration in cosmetics and pharmaceuticals 
(89). Thc thiobarbituric acid-nialonaldehyde 
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The addition of EDTA was observed to prevent 
solutions of procaine from turning yellow, but it 
failed to inhibit decomposition of the drug (111). 
Another local anesthetic, procaine, was stabil- 
ized with a mixture of sodium thiosulfate and so- 
dium sulfite (112). The stability of retinol ace- 
tate (1 13) and sodium sulfacetaniide has also 
been investigated (114). i\ compatibility study 
with certain sulfonamides indicated that insolu- 
ble precipitates were formed with salts of several 
alkaloids, boric acid, and zinc sulfate (1  15). 
Other workers conducted a study on the stability 
of a 10%solution of sodium sulfadiazine in the pres- 
ence of copper, iron, and hydrogen peroxide (116). 
In addition, the stability of triiodothyronine (117) 
and triiodotI~yronine-'~~I (1 18) was carefully 
determined under different conditions of storage. 

Koshy rt al. described some of the factors in- 
volved in the browning of spray-dried lactose 
(119). In a similar study, the lactose-amine 
reaction was discovcred to be predominately a 
primary amine-carbonyl reaction and was similar 
in nature but distinct from the dextrose-, galac- 
tose-, and HMF-amine reactions (120). -,-Rays 
from T o  were claimed to accelerate the 
oxidative decomposition of methyl linoleate 
mixed with lactose (12 I). Two compatibility 
studies have been conducted on powder mixtures. 
The incompatibility of carbinoxamine nialeate 
(1 22)  and calcium phosphorylcholine hydrochlo- 
ride (123) with 20 and 84 different powder prepa- 
rations, respectively, was carefully evaluated. 
Experiments on powders of dehydroacetic acid re- 
vealed that the a-form, which is stable a t  room 
temperature, is rapidly converted to the 0-form a t  
80° (1 24). Diffuse reflectance studies were used to 
observe solid-solid interactions of oxytetracycline, 
phenothiazine, anthracene, and salicylic acid with 
various adjuvants (126). Some of the factors 
influencing the stability of calcium acetyl- 
salicylate and acetylsalicylic acid tablets have 
been investigated by Kiss, Rozsondai, and Scholz 
( I  26). I n  a study where acetylsalicylic acid was 
combined with ascorbic acid in tablets, the effect 
of water vapor pressure on the moisture sorption 
and the stability of both components was re- 
ported (127). No breakdown of digitoxin was 
found in tablets, injections, or solutions stored in 
the dark for 5 years (128). Similarly, no de- 
crease in the alkaloid content of ipecac concen- 
trate was observed aftcr 18 months of storage 
(1 2!3). The sedimentation of thyme tincture was 
prevented by clarification with talc and cooling to 
(I to - - 5 3  (130). The stability of helveticoside, a 
glycoside from strophanthidin, was also studied in 
a long-term investigation (131). 

reaction was used to measure antioxidant effec- 
tiveness in pharmaceutical oils (90). The oxida- 
tion of benzaldehyde and methylbenzaldehyde in 
hydrous solutions of polyoxethylene glycol ethers 
was measured by a manometric technique (91). 
Phenolic antioxidants were found to be quite 
satisfactory for improving the stability of creams 
containing vegetable oils (92). The rates of 
autoxidation of linoleic acid in tnicellar solution 
were a h  studied (93). The influence of heat 
sterilization and the stability o f  pharmaceutical 
solutions were surveyed by Spciscr (94). The 
effect of ultrasonic energy was explored in two 
different studies; it was used to study the hydrol- 
ysis of acetylsalicylic acid solutions a t  various 
temperatures and pH values (95), and to evaluate 
its influence on physical and chemical transforma 
tions of purine derivatives (Y6). In another in- 
vestigation, the effect of X-rays on dihydro- 
uracil in aqueous solution, with and without the 
presence of oxygen, was revealed (97) 

Acetylcholine bromide solutions were shown 
to he stable a t  room temperature for 2 5 months 
and a t  5 O  for 5 months (98). Optimum stabilitv 
conditions for adrenaline were achieved by dis- 
solving its bitartrate salt in water containing so- 
dium thiosuffate and boric acid (99). In another 
stability study, solutions of chlorpromazine were 
found to develop a precipitate if combined with 
sodium phenobarbital, sodium bromide, or 
neospastnin (1 00). Denoel discovered that 
ephedrine decomposed rapidly in peanut oil. but 
was extremely stable in mineral oil (101). Three 
other investigators tested the effect of self-radia- 
tion, pFI, temperature, and sunlight on the stabil- 
ity of sodium i~dohippura te - '~~I  (102). Experi- 
ments were also conducted on the stability of 
isoniazid and its related cornpounds (103). Seal- 
ing morphine hydrochloride solutions under car- 
bon dioxide or nitrogen gave more protection 
against decomposition than equivalent solutions 
sealed under air (104). The effect of aging of 
aqueous pralidoxime solutions on the assay, 
toxicity, and antidotal activity has been investi- 
gated by Lehman and Bloch (105). Two studies 
were performed on tetraeaine hydrochloride solu- 
tions. One study evaluated the effect of an 
ultraviolet lamp on pH and potency (106), the 
other examined the effect of sterilization and 
hydrolysis in the pH range of 4-7 (107). The 
mechanism of thermal rearrangcment and de- 
carboxylation of procaine wa5 disclosed (1 08). 
Various methods were suggested for the atabiliza- 
tion of procaine hydrochloride solution. Two 
papers proposed the addition of carbon dioxide 
atid p-aminobenzoic acid as stabilizers (109, 11 I)). 
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Stability Kinetics.-Garrett published a rc- 
view with 198 references discussing the pre- 
diction of drug stability in pharmaceutical 
preparations (132). Two other reviews appeared 
in the literature. Both of these survcys eval- 
uated the use of chemical kinetics for the predic- 
tion of drug stability (1 33, 134). A nomograph 
chart was devised in onc study to facilitate the 
analysis of stability data obtained in accelerated 
testing at clevated temperatures (185). A recip- 
rocal heating machine has been found very use- 
ful for investigating single-step stability studies 
under nonisothermrtl conditions ( I  36). Other 
workers used model calculations, based on the sta- 
tistical-mechanical Formulation of isotope effects, 
to predict how analysis of experimentally meas- 
ured isotope effects may be used to gain informa- 
tion concerning the differences between the 
reactants and the transition state in a rate process 
or bctween the reactants and the product in an 
eyuilibrium process (13i). 

One paper examined the kinetics of solvolysis 
of various ,rV-alkyl-n'-nitrosoureas in neutral and 
alkaline solutions ( I  38). The decomposition of 
p-aminosalicylate was found to be first order 
while sodium p-aminosalicylate was zero order in 
aqueous solution (139). Pseudo first-order rates 
of spontaneous degradation were ascribed to 
apomorphine under varying conditions of tem- 
perature and pH (140). The hydrolysis of 
methyl and ethyl esters of benzoic acid, some 
sterically hindered acids, and benzonitrile by 
suspensions of sodium hydroxide in DMSO was 
104 to lo5 greater than in hydrnxylic solvents 
(141). Activation energies, frequency factors of 
the Arrhenius equation, and equilibrium con- 
stants between chlorothiaxide and its interme- 
diate were calculated from the rate constants on 
the hydrolysis reaction (142). The rate of autol- 
ysis of a-chymotrypsin in the pH region of 7 to 
11, in the absence of added salt, has been studied 
through the rate of acid formation in a pII-stat 
and through the rate of decrease in enzyme 
activity (143). Garrett and Notari quantified 
the kinetics of dehydration of cycloheximide to 
anhydrocyclohexirnide in the pharmaceutically 
useful acetate buffer region (144). Another ar- 
ticle compared the rate of hydrolysis of  thalido- 
mide, N-butylphtbalidomide, and phthalimide in 
sodium hydroxide (14.5). The degradation of 
hexamine in aqueous solution was considered to 
he pseudo first order (146). The solvolysis of 
5-iodo-2'-deoxyuridine was revealed as first order 
nver the pI1 range of 3.9 to 12.0 (147). First- 
order rate constants were disclosed for the de- 
composition of molten malonic acid from the 
volume of carbon dioxide evolved (148). In a 
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stability study on mydcton injection solutions, 
the ratc of dccompositicin was inlluenced by pH 
and temperature (149). Two different papers 
discussed the rate of hydrolysis of procaine 
under various conditions of temperature and pH 
(150, 151). The efiects of substitution have been 
correlated with the acid-catalyzed hydrolysis 
rates of some oxazolidines (152). Other kinetic 
studies were carried out on tetracaine, pareth- 
oxycaine, leucinocaine, procaine, farmocaine, and 
larocaine (153). Methyl substitution was 
demonstrated as providing increased ring stability 
in a study on the hydrolysis of succinamic acid 
and succininiides (154). Pseudo first-order rate 
constants were recorded for the h~Se-Cakdl~Zed 
hydrolysis of urea ( 155). 

Antibiotic Stability.--A buffer solution con- 
taining boric acid, sodium borate, and poly- 
ethylene glycol did not prevent hydrolysis of 
chloramphenicol (156). The stability of two 
antibiotics, cranomycin (157) and erythromycin 
lactobionate (1 58) ,  has been studied. Tukamoto, 
hliyake, and Sato reported on the decomposition 
of dihydrostreptoiiiycin, chloramphenicol, and 
tetracycline by drug-fast E. coli (159). Other 
investigators have compared the effect of glycerin. 
paraffin, propylenc glycol, white petroleum jelly, 
polyethylene glycol, lactose, alcohol, sunlight, 
and darkness on the stability of hamycin prcp- 
arations (160). Acid degradation studies were 
performed on kasugamycin (1 61). A decrease in 
the optical rotation of lincornycin showed a direct 
correlation with microbiological assays (162). 
One study followed the rates of decomposition of 
methicillin in aqueous solution (163) ; another 
determined the effect of sugars on the lirowning 
of neomycin (164). 

,%Several papers were presented on the Stability 
of various penicillins. Losses in potency of 2,6- 
dimethoxyphcnyl penicillin were evaluated iodi- 
metrically, by U.V. absorption, and by microbio- 
logical assays on B. subtilis (165). The stability 
of aqueous solutions of certain novel penicillins 
was observed to be reduced by surfactants. pre- 
servatives, and thickening agrnts (106). The 
decomposition rates of ol-phcnoxypropylpenicil- 
lin, 2,6-dimethoxyphenyIpenicillin, and a-amino- 
benzylpenicillin have been demonstrated to he 
first order and obeyed Arrhenius' equations (167). 
In another study, it was concluded that acacia 
accelerated the inactivation of penicillin, whereas 
methylcellulose had no effect (168). Other 
workers, Olszewski and Grabowska, tested the 
influence of sodium benzoate on the stability of 
aqueous penicillin solutions (169). In a physical- 
chemical study on the relationship between 
potency and hygroscopicity, the effect of humid- 
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sulfate, enhanced the rate of aerobic photobleach- 
ing of riboflavin by visible light (, 189). 

The mechanism of color formation, the role of 
furfural, and the decomposition products of 
ascorbic acid were delineated (190). In a similar 
study, the rate of formation of furfural by the 
hydrogen ion-catalyzed anaerobic degradation of 
undissociated ascorbic acid was depicted as being 
equal to the rate of disappearance of the ascorbic 
acid (181). Another anaerobic study considered 
the formation of carbon dioxide and furfural by 
decomposition of ascorbic acid a t  various pH and 
temperature conditions (192). Finholt et al. also 
studied the anaerobic degradation of ascorbic acid 
by following the rate of formation of carbon 
dioxide (193). Otani detected a linear relation- 
ship between the color change and the degrada- 
tion of ascorbic acid in the pH range 1-7 (194). 
He presented another paper on the relationship 
between the color change and the oxidation of 
ascorbic acid in aqueous solution (195). Addi- 
tional experimental data compared the stability of 
ascorbic acid and 2-keto-1-gulonic acid in an 
aqueous medium (190). Two different manu- 
scripts were concerned with the effect of 
stabilizers on ascorbic acid. -4mino acids ini- 
proved the stability in liquid formulations (1 97) ; 
rutin retarded the oxidation of ascorbic acid in 
apple juice (198). Another study analyzed the 
shelf-life of several liquid formulations with 
ascorbic acid in different vehicles with and with- 
out other vitamins (199). The most stablr in- 
jectible solutions of ascorbic acid were prepared 
by using a 5% excess of ascorbic acid, purging 
with carbon dioxide, and sealing under carbon 
dioxide (200). In tablets, ascorbic acid remained 
stable longer if made by dry compression or by 
using a nonaqueous binder and storing in amber 
containers without moisture (201). Studies in 
model systems have indicated that ascorbic acid 
is more stable in aqueous systems and is a more 
efficient antioxidant than erythorbic acid (202). 

The thiazole moiety of thiamine hydrochloride 
and selected model compounds had no adverse 
effect on the cyanocobalamin stability (203). A 
dose of 9.1 X lo4 rads of y radiation from 6'JC!o 
destroyed 45% of the vitamin BI2 under test 
(204). Steric factors were found to have an im- 
portant influence on hydrolysis of vitamin BIZ in 
aqueous hydrochloric acid-dioxane solution at 
50' (205). Hydroxocobalamin in liver extract has 
been stabilized by the addition of ferric and 
ferrous sulfate ions (206). Janicki and co- 
workers conducted a study on the stability of 
vitamin D2 in irradiated feed yeasts during stor- 
age (207). Thiamine, riboflavin. chlorine, ascor- 
bic acid, manganese sulfate, and calcium hypo- 

ity on the potency of four sernisynthetic penicil- 
lins was investigated (170). Schwartz described 
the effect of ionic interaction on the catalysis of 
penicillin hydrolysis by certain catecholamines 
(1 71). This investigator also concluded that the 
degradation of penicillin G involved both the cata- 
lyzed hydrolysis of the undi5sociated molecule 
and a rearrangement of the penicillin ion follow- 
ing proton attack (172). A different study on 
some penicillin salts correlated the initial product 
characteristics and the properties after 3 years by 
statistical means to predict their shelf-life (173). 
The catalytic effect of buffers on the degradation 
of penicillin G in aqueous solution has also been 
examined (17.2). Other workers considered the 
cause of the reddening coloration and pigments in 
colored solutions of streptomycin (175). 

Vitamin Stability.-Elevated temperature 
storage tests and a graphic method of calculation 
were uscd by Tardif to determine thermal deg- 
radation rates in three polyvitamin tablet for- 
mulations ( 176). In another vitamin stability 
study, the same worker found no differences in a 
polyvitamin suspension that had been stored 
either in the plant or in the pharmacy (177). In  
other multiple vitamin stability studies, vitamins 
A, B12, and ascorbic acid were classified as being 
the Ica5t stable (178) The stability or vitamin 
A, tocopherol, and unsaturated fatty acids in 
vitaininized vegetable oil exposed to sunlight was 
also investigated (179). The stability of vitamin 
A in concentrates and foodstuffs was determined 
under various conditions of temperature, atmos- 
phere, and time (180). The effect of material 
quality and the method of preparation upon the 
stability of aqueous thiamine injections was the 
subject of one paper (181); another study 
examined the effect of salts, vehicles, pII, tem- 
perature, and vitamins Bz, Be, and niacinamide 
upon the stability of thiamine (152). The effect 
of cocarboxylase on the hydrolysis of thiamine 
pyrophosphate was reported ( I  83). Kato 
claimed that powdered mixtures of thiamine 
tetrahydrofurfuryl disulfide with sodium bicar- 
bonate and acetylsalicylic acid were completely 
stable (184) Two separate papers were also 
presented on the stability of isomers of dihydro- 
thiamine (185, 186). In addition, y-rays from 
T o  were found to accelerate the decomposi- 
tion of thiamine hydrochloride when mixed with 
calcium carbonate and dibasic calcium phosphate 
(187) The stability of riboflavin and its phos- 
phate salt in syrup, propylene glycol, glycerol, 
i O %  sorbitol solution, and water has been 
assessed ( 188). Macromolecules, e.g., polyvinyl- 
pyrrolidone, polysorbate 80, and sodium decyl 
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phosphite were all shown to cause decomposition 
of folic acid in pharmaceutical preparations (208). 
The discoloration of isonicotinic hydrazide tablets 
in tropical climates was attributed to the lactose 
contained therein (209). Other studies compiled 
data on the incompatibility of some commercial 
vitamin K1 injections (210). 

PHARMACEUTICAL TECHNOLOGY 

Past, present, and future trends in pharmaceu- 
tical product development were summarized by 
Cooper (21 I). Two progress reports on solid and 
solid-fluid systems in pharmaceutical engineering 
have also been published (212, 213). Some ex- 
perimental work was conducted on the chemical 
engineering of foam separation (214). Smith 
advocated that vibration grinding was a faster 
process than ball milling (215); he also prc- 
scntrd several comments on wet z'eysus dry grind- 
ing (216). il report was made OTI some powder 
properties, their mixing performance, and the 
development oE some new theories of mixing 
(217). Thc drying characteristics of t h e e  com- 
monly employed tablet excipients have bcen in- 
vestigated under vacuum in an instrumented 
rotary double-cone dryer (218). One review 
discussed the theory of drying (219); another 
summary compared the methods used for 110th 
batchwise and continuous drying (220). Addi- 
tional comments on some ol the principles and 
applications of spray drying were also published 

Two diRerent papers suggested methods and 
apparatus €or the preparation of gold colloids for 
medicinal use (222, 223). Anothcr investigator 
summarized nine different methods for measuring 
particle size (224). A novel method for evaluat- 
ing dissolution characteristics of capsules w-as 
developed by Paikoff and Drumin (225). 'The 
simultaneous mixing and segregation occurring in 
randomly mixed particulate solid systems sub- 
jected to agitation have been investigatc!d (226). 
Similarly, idealized systems of solid particles as 
represented by steel and glass spheres were studied 
with reference to their rates of segregation (227). 
Four separate papers appeared on the lyophiliza- 
tion of pharmaceuticals. These articles included 
a study on the effect of certain physical-chemical 
properties on lyophilization (228),  a description 
oF a high-sensitivity resistance bridge for low- 
conductivity measurements a t  eutectic tetnpera- 
tures (229), a method for programing a mathe- 
matical expression for estimating eutectic tem- 
peratures from melting point and solubility 
parameters (230), and determination of the 
eutectic temperatures of some inorganic salts 
(231). 

(221). 
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Parenterah-A review on the formulation 
of parenterals was published by Parrott ( 2 3 2 ) ,  
while Bedaux outlined various aspects for the 
preparation of infusion solutions (233). Other 
researchers recommended the use of demineral- 
ized water for the prcparation of parentrral solu- 
tions (234). A thermoelectric vapor phase os- 
moineter was described for measuring osmotic 
coefficients, isotonicity values, and sodium 
chloride equivalents of somc univalent electro- 
lytes of pharmaceutical interest (235). Isotonic 
solution values were tabulated for numerous 
medicinal agents and adjuvants in three separate 
publications (236-238). The use of polymers in 
injectables was surveyed in a discussion with 56 
references (239). Also, new formulas were sug- 
gested for infusion solutions based on acetates 
and sorbitol (240). The preparation and de- 
velopment of a chloramphenicol intramuscular 
injection have been described (241). Pinter 
reported on a method for the preparation and 
storage of a citric acid solution for the dissolution 
of lyophilized plasma ('542). Nine commercial 
parenteral preparations containing calcium salts 
wcre mixed with $0 commercial preparations 
containing salts of organic acids and observed for 
pH changes and precipitates (243). The same 
investigators compared the compatibility of 
thiamine tetrahydrofurfuryl disulfide injection 
with 136 other commercial parenteral prepara- 
tions (24-1). In another compatibility study, 270 
unique pairs of medication were tested in 57" 
dcxtrose solutions. This test resulted in 23 pairs 
that werc physically incompatible (215). An 
additional 34 drugs intended for intravenous use 
were cross-matched to test for physical signs of 
incompatibility (24(i). A strain of Pseudonzonas 
has been isolated from an injection solution con- 
taining 10% bivalent mercury diuretic that was 
resistant to phenyl mercuric borate and sodium 
ethyl mercuric thiosalicylate (247). A new dis- 
posable hypodermic device, called a hypule, has 
been evaluated by a hiological procedure and 
tested for compatibility with 117 different par- 
enterals (248). 

Sterility.-Advances in sterilization tech- 
niques were outlined by Ehrlen (249). Four 
additional reviews discussed the utilization of 
gaseous ethylene oxide in sterilization (250-253). 
A method has been developed for the determina- 
tion of residual ethylene oxide and ethylene glycol 
in ethylene oxide sterilized pharmaceuticals 
(254). The utility of cold sterilization in 
pharmaceutical products was also disclosed (255). 
Also, emphasis was placed on the cleaning opera- 
tion and choice of chemicals and detergents used 
on metal and rubber parts (256). Sterilization 
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aqueous and alcoholic solutions of celluloses, 
vinyls, acrylamides, pyrrolidoncs, oxazolidinones, 
and ethylene oxide condensation products (275). 
A technique for determining i n  t h o  tablet disinte- 
gration has also been proposed (276). Some 
physicochemical properties, including swelling 
volume, moisture absorption, particle size distri- 
bution, surface area, and ion-exchange propertiec, 
of the montmorillonites were examined in relation 
to their application in tablet making (277). 

Kirsop reviewed the furidamcntals of tablet 
compression (278). A comprehensive study on 
compressed tablets evaluated the effect of the 
method of granulating, excipicnt, lubricant, 
disintegrant, particle size, and pressure on the 
density, disintegration time, and cohesive force 
(279) It was discovered that the density of 
compressible systems may be determined without 
disturbing the system under study by using a 
densitometer consisting of a sealed source con- 
taining l7OTm and a scintillation detector 
connected to a preamplificr and pulse-height 
analyzer (280). ,4 “moving-die” apparatus mas 
described for the investigation of die wall friction 
during compaction (281). This apparatus was 
used to determine the die reaction during com- 
pression of crystalline acetylsalicylic acid, hex- 
amine, sucrose, sodium chloride, and simple 
granulations of hexanline and sucrose (282). It 
was also employed to determine the die reaction 
following compaction of 100 mesh powders of 11 
different lubricants (283). Three different papers 
reported on the physics of tablet compression. 
One of these articles, by Seitz and Flessland, was 
concerned with changes in tablet hardness and 
friability when the operation of a rotary tableting 
machinc was varied (284). Data collected during 
the measurement of pressure exerted by various 
substances on the die wall during and after com- 
pression of tablets can be related directly to the 
ease of formation and ejection of these tablets 
(285). Another comparative study explored the 
performance of a food grade dextrose and a spray- 
dried lactose as excipients in the direct comprec- 
sion of tablets (286). 

The form or shape of tablets to he coated was 
studied and an empirical formula was derived 
from status a d y s i s  for tabkt  form that would 
express the ease or difficulty of the coating proce- 
dure (287). Coatings prepared from 30% gelatin 
and 2’% mcthylccllulose mixed in a 1 : 1 ratio with 
1 : 1 potato starch-talc prevcntcd volatilization of 
peppermint oil from tablets (288). Some spray- 
dried formulations of sulfaethylthiadiazole were 
tested for their prolonged-release action (289). 
Kichman, Fox, and Shangraw prepared nonfriable 
tablets of glyceryl trinitrate by direct cornpression 

by radiation was also considered (257); while 
irradiation of tetrac) clines and other antibiotics 
with ‘To did not diminish their antibiotic 
power (258). An ultraviolet mercury vapor 
lamp in a quartz tube was employed for sterilizing 
water received from an ion-exchange method 
(259). The addition of small amounts of poly- 
myxin B, benzalkonium chloride, cldorobutanol, 
or various mercury-containing antiseptics to 
collyriums prevented bacterial contamination 
(260). The incorporation of 0 3% phenol and 
autoclaving for 30 min. a t  120’ provided a new 
method for the sterilization of oil solutions (261). 

Tablets and Capsules.-Some geometrical 
considerations concerning tablet design to provide 
a uniform release rate from solution tablets have 
been investigated (262). It has been ascertained 
that half-tablets are poor dosage forms, especially 
when the dosage must be carefully controlled 
(263). The influence of many different excipients 
and lubricants on the chemical and physical 
stability of several medicinals in tablets was 
demonstrated by Lachman (264). Other 
researchers described instrumentation for measur- 
ing the sign and magnitude of static charges 
generated by particles flowing through a tablet 
hopper (265). They also found that tablet 
lubricants, such as magnesium stearate, poly- 
ethylene glycol 4000, sodium lauryl sulfate, and 
talc, have the ability to lower the accumulation 
of static charges resulting from the flow of material 
through a tablet hopper (266). Tableting difficul- 
ties due to the nonwetting of lipophilic and aero- 
philic substances have been overcome by the ad- 
dition of detergents to tablets (267). A compara- 
tive study was made of the absolute water content 
with relative dampness and dielectric constants 
on various granules (268). The equilibrium 
moisture content of several starches, gums, 
sugars, and hexanline was determined a t  diiferent 
relative humidities and temperatures (219). 

Two reports were published on the evaluation 
of several tablet disintegrating agents (270, 271). 
The latter article indicated that Moriyo starch 
was as good as or better than cornstarch and Vee- 
gum HV as a tablet disintegrant. An in nitro 
disintegration study was performed on 85 different 
commercial and 14 different hospital preparations 
according to the“Danish Pharmacopeia” 48 (272). 
A comparative evaluation was made on the effect 
of aging for 24 weeks on seven tablet disintegrants 
(273). Cornstarch was best. The effect of the 
viscosity of sodium carboxymethylc.elluloses used 
as binding and disintegrating agents on the rate 
of disintegration of clay tablets was studied (274). 
In addition, a study was reported on the properties 
of experimental granulations produced by using 
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cniploying inicrocrystalline ccllulosc as a tablct 
matrix (290). Gelatinized starch has been used 
in the preparation of acetylsalicylic acid tablets 
(291). In an extemporaneous method of prepar- 
ing enteric-coated capsules, 29 combinations of 
polyvinyl acetate resins with plasticizers in vari- 
ous solvents were evaluated along with cellulose 
acetate phthalate (292). The advantages of 
direct weighing of filled capsules were compared 
with the indirect weighing of the capsule content 
to determine weight variations (293). 

Suspensions.-Kash discussed the prepara- 
tion and properties of suspensions intended for 
oral, parenteral, or topical use (294). Mean diain- 
cters and size distribution curves of aqueous 
hariuin sulfate suspensions measured by the sedi- 
mentation method werc nearly identical to results 
obtained with the Conker counter (295). A new 
method of determining the settling rates of sus- 
pensions was studied using a specially constructed 
absorptiometer and a sealed source of &excited 
characteristic X-radiation (296). Guar and 
colloidal substances rrom linseeds, in low concen- 
trations, induced flocculation of barium sulfate 
suspensions but in higher concentration hindered 
interparticle separation (297). The addition of 
protalbinic acid, lysalbinic acid, or infusion 
provided various degrees of dispersion for several 
bismuth compounds (298). The effect of sodium 
salts of fatty acids on the thermal stability of 
aqueous dispersions of kaolinile has been investi- 
gated (29!4). Other studies were conducted on 
the formulation and stabilization of suspensions 
containing tetracycline base (300), and sus- 
pensions containing alkaloids such as noscapinc, 
papaverine, and methyl ephedrine (301). Par- 
ticles of clay less than 0.5 mrn. in size were found 
to disperse in water more slowly than particles of 
a larger diameter, 2-10 mm. (302). The influence 
of the hydrophile-lipophile balance on oily sus- 
pensions was also considered (303). 

Emulsions.-A review on the stability of 
oil-in-water emulsions has been published by 
Garrett (303).  IT^ a unique study, the change in 
i.he stability of emulsions according to the number 
of double bonds in the oil molecule was followed 
by means of the Lederer equation (305). The 
kinetic theory of droplet coalescence and its ap- 
plications to emulsion stability has been discussed 
by Hill and Knight (306). A y-globulin fraction 
was discovered to be responsible for the creaming 
or complete breakage of intravenous fat emulsions 
in vitro ( 3 O i ) .  Two studies were carried out on 
deaggregation in oil-in-water emulsions. In  one, 
the rate of deaggregation o f  an emulsion system 
containing ?"/c liexadecane-in-water stabilized 
with 0.09CY, dioctyl sodium sulfosuccinate was 

studicd (308). In the other, the influence of 
n-butanol, whexanol, n-octanol, and dioctyl 
sodium sulfosuccinate on the dcaggregation of 2% 
liexadecane-in-~vater emulsions was evaluated 
(309). Two series of mineral oil-in-water eniul- 
sions with varying amounts of sodium dodecyl 
sulfate or polysorbate 80 were also observed for 
changes in particle size distribution over a 2-year 
period (310). Another investigator followed the 
effect of ethoxylated fatty alcohol combinations 
on the stability of 4y0 mineral oil emulsions (311). 

The preparation, application, and examination 
of lotions in dermopharmacy was the subject of a 
review (312). Lin presented an outline for plan- 
ning laboratory experiments and interpreting 
results during the process engineering of cosmetic 
emulsions (313). He also commented on the 
advantagcs of cold emulsification over conven- 
tional elevated tcmpcrature emulsification proce- 
dures (314). Several suggestions were made for 
determining the role of solubility in the forma- 
tion of emulsions by using the best solvent for the 
nil to  be emulsified (315). Two methods were 
described outlining the best technique for using 
the HLB of emulsifiers (316). The interfacial 
properties of a glycerin and olive oil emulsion 
were studied (317). The interfacial tension of 
various natural and synthetic glycerides did not 
differ greatly, and none of thc glycerides had an 
interfacial tension sufficiently low to emulsify 
spontaneously but required additional emulsifiers 
(318). Paraffin oil-in-water emulsions made with 
a soap and fatty alcohol complex as an emulsifier 
were examined microscopically for their physical 
characteristics (319). A fat emulsion concen- 
trate, transparent and stable to autoclaving and 
containing very low concentrations of nonphos- 
phatide emulsifiers, has been developed (320). 
Another publication discussed the emulsification 
and evaluation of a parenteral contrast medium 
for lyinphography (321). In addition, a report 
was written on the effect of the dispersed phase 
(water) content on the structural and thixotropic 
properties of complex emulsions (322). Muys 
compiled data on the microbiological quality of 
edible emulsions during manufacture and storage 

Ointments and Creams.-A Hoeppler con- 
sistometer was used to measure the effect 
of tcmperature variations on the heat stability of 
ointments and creams (324). Another device 
was developed for determining the oxidation 
resistance of both oil-in-water and water-in-oil 
emulsion vehicles (325). The influence of anti- 
oxidant mixtures and physiocheniical conditions 
on the stability of 12 different anhydrous and 
emiilsion-type bases has heen investigated (326). 

(323). 
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maintenance problems associated with processing 
aerosols with slow-filling valves with a large 
propellant charge were disclosed (353). Another 
paper recommended the application of a statisti- 
cal qtiality control procedure to a quality assur- 
ance program to improve the efficiency of an 
aerosol filling operation (354). 

.4 review with 144 references considered the 
topic of monodispcrsed aerosols (355). Methods 
were revealed for selecting the best solvent and 
propellant for achieving a specific desired effect 
(356). Johnsen and Haase examined the scope of 
noncondensable gases as aerosol propellants and 
the data required for the efficient introduction of 
such gases by the gasser-shaker method into 
specific products (35'7, 358). Another discussion 
was conccrned with the effect of transport and 
storage on aerosol dispensers, propellants, con- 
tainer construction, dispension methods, and 
protective covers (359). Additional experi- 
mental data have indicated a correlation betwecn 
aerosol product weight loss from leakage through 
the valve gasket and the choice of propellant, 
solvent, valve type, and gasket material (360). 
At 130' F. the reaction of propellant 11 with 
water was catalyzed by mctal (361). The solu- 
bility of some lanolin derivatives decreased but a t  
least one increased with storage in pressurized 
lormulations (362). No direct relation was ob- 
served to exist between the dispersion of the 
aerosol and the surface tension, but the dispersion 
did depend on the salt concentration and thc rela- 
tive humidity of the compressed air used for 
atomization (363). Also, i t  was noted that care- 
ful control of the formula, the type of actuator, 
and valve can be used to adjust the chilling effect 
of aerosol sprays on the skin (364). 

Packaging.-- Autian reviewed potential 
problems of packaging cosmciic products with 
plastic materials (3635). A commentary was also 
presented on mechanical packaging machines 
available for use in the hospital pharmacy (306). 
The merits of polyethylene, the plastic most 
frequently used in cosmetic and pharmaceutical 
bottles, were examined in detail (367).  Other 
papcrs were concerned with the application of 
aluminum containers for packaging pharmaceuti- 
cals (368) and suggested methods for the sampling 
of acceptable metal containers (369). Various 
manufacturing, packaging, analysis, and control 
operations for the continuous production of glass 
vials by a mechanized process have been delin- 
catcd (370). Coring, permeability, sorption, and 
leaching werc considered the most pressing proh- 
lems in present closure applications ; comments 
were offcred regarding specific areas of improve - 
ment in each of these functions (371). Natural 

Gretskii examined the stability of water-petrola- 
tum emulsions a t  - 10" and - 20'' by using .5y0 
pentol, sorbitan oleate, or lanolin and 1-24 hr. 
freezing time (327). This latter investigator and 
his co-aTorker also found that emulsion bases 
composed of mixtures of petrolatum and pcntol or 
sorbitan oleate gave heat stable emulsions (328). 
Several formulations for barrier creams (329) and 
clear gels (330) were suggested In addition, 
film-forming bases containing aqueous topical 
adhesives were discussed ( 3 3 1 )  One author 
published two different papers on the use of 
polyorganosiloxane liquids for ointments and 
liniments (332, 333). Comparative studies were 
conducted on the solubility and compatibility of 
polyethylene glycol, polypropylene glycol, and 
glycerol-polypropylene glycol ether in various 
topical preparations (33%). Dicarboxylic acid 
esters were claimed to be suitable additives lor 
increasing water-vapor permeability of ointment 
bases (335). The hardness of topical c ream has 
been increased by increasing the number of 
hydroxyl groups of partially acetylated mono- 
and di-glycerides (336). The addition of quater- 
nary compounds increased the water-holding 
capacity of petrolatum (335). The ointment 
pendulum of Fueller and Muenzel was employed 
to evaluate the smearing properties of water-in- 
oil and oil-in-water emulsion bases (338). 

Suppositories.-Anschel and Lieberman 
published a two part review on suppository 
bases (339, 310). An easy method has been pro- 
posed for the small-scale production of supposi- 
tories by pouring the suppository inass into plastic 
bottles which terminated in points (341). Ex- 
periments on changes in the complete deformation 
time of suppositories during storage showed that 
with certain fat vehicles the changes were over 
100% ; there were no changes with polyethylene 
glycol suppositories (342). Mixture5 of poly- 
ethylene oxides were characterized for use in sup- 
positories by their melting point, turbidity point, 
hardness, viscosity, thermal expansion, and rate 
of dissolution (343). In another study on sup- 
positories the displacement value was found to  
decrease by reducing the particle siLe of the in- 
soluble ingredients (344). 

Aerosols.-Five different reviews surveyed 
the pharmaceutical aspects of aerosols (345-349). 
Another review summarized the function and 
application of aerosol packaging in pharmacy and 
medicine (350). Scriba and IIearn presented an 
outline on current government requirements for 
packaging and labeling aerosols (351); the 
hazards of transporting and storing aerosols and 
their hazards and toxicity during use have also 
been discussed (352). Some of the operation and 
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and synthetic rubber stoppers were tested for 
turbidity, pyrogens, color, metal content, and 
reducible materials (372). The sorption and 
diffusion of formic, acetic, propionic, and butyric 
acids into nylon 66 has been investigated a t  a 
number of temperatures and concentrations 
(373). A similar binding study of sorbic acid 
with nylon 66 indicated the interaction is primar- 
ily one of hydrogen bonding a t  the ainide linkage 
(371). Sedova et al. compared the effect of some 
rubber stoppers on the quality of injectable solu- 
tions during a 12-month period of storagc (375). 
Two brands of disposable syringes selected at 
random were examined and found to yield two 
different types of water-soluble extractives (376). 
Another study indicated that rubber closures were 
the source of a precipitate found in physiological 
saline solutions (377). Other investigators rec- 
ommended a procedure for screening toxicity of 
plastic materials based on a tissue culture method 
using monolayers of strain L 929 mouse cells in 
modified Eagle's mcdium (378). 

A review, citing 49 references, on investigations 
and standards pertaining to plastic equipment for 
the collection, storage, transportation, and ad- 
ministration of blood was published with special 
reference to toxicity problems (379). Two 
different invcstigations designed methods for 
studying the permeability of films and plastic- 
coated papers (380), and cellulosic or plastic bar- 
rier materials, packages, and closures (381). The 
permeability to water and the stabilities of ascor- 
bic acid and potassium permanganate in several 
plastic containers were explored by Kimura and 
co-workers (382). The stability of an enzyme 
preparation, amylase, was greatly influenced by 
its packaging material; the activity a t  20' and 
9Oy0 relative humidity decreased in the order ol : 
glass > glassine paper laminated with polyethyl- 
ene > paper > waxpaper (383) .  Fluoride solu- 
tions in glass containers of aluminum have been 
stahilized Iq; the addition of EDTA and alum- 
num chloride (384). Some unique surface tests 
were utilized for studying the neutrality of glass 
ampuls for injectable fluids (385). Aluminum 
tubes provided better protection for anhydrous 
and hydrated ointment bases containing vegeta- 
ble oil than orange glass jars (386). Brown tabu- 
lated a list o f  17 ultraviolet light absorbers used to 
stabilize plastic packaging materials (387). 

EQUIPMENT 

Three separate papers discussed autoination in 
the pharniaceutical industry (388-390). Hill 
published an article 011 evolutionary operation 
(EVOP) as a technique for in-plant optimization 
(391), while Maatman reviewcd some of the 
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factors imporpant in the industrial handling and 
moving of materials (392). Three other inves- 
tigators evaluated the Sterilab for dispensing 
sterile products (393). The operation of a simple 
liquid flow recorder designed to handle a few 
drops per minute or 50 ml./min. has been revealed 
(394). The Littleford-Lodige mixer was studied 
as a method for achieving high-efficiency solid- 
solid blending; its application as a wet-formula- 
tion device was also briefly investigated (395). 
One other mixer, a stirred flow reactor type, was 
also tested for its mixing efficiency (396). 

-4 simple constructed device fabricated from 
materials common to most laboratories was 
designed for the control of water baths used for 
nonisothermal sttidies (397). Another apparatus 
was developed which permitted rapid determina- 
tion of thermal diffusivity in foods. A tfescrip- 
tion or its limitations and sources of error was also 
included (398). Larkins el nl. described a new 
automatic recording multigradient capillary vis- 
cometer (399). Other workers invented a simplc 
device for measuring the thickness of agar in a 
Petri dish (400) and illustrated the construction 
and use of a versatile hot stage microscope. for 
determining phase diagrams of inorganic mixtures 
(401). During a study on the surface properties 
of soybean lecithin, a modification of the Wil- 
helmy or vertical-type film balance was disclosed 
which is believed to offer certain advantages over 
other standard film balances (402). One other 
apparatus has been described for compressing and 
expanding insoluble monolayers or films present 
a t  an oil-water interface (403). iz new design 
was presented €or an improved mass-transport 
cell for the mcasurcment of electrophoretic ino- 
bility of concentrated suspensions or particles 
(404). In addition, a new counter for emulsion 
photomicrographs was depicted (405). Two 
papers discussed automatccl tcchniques for deter- 
mining dissolution and reaction rates of antacids. 
They provided a rapid and accurate profile of the 
dissolution and reaction rate in addition to the 
total acid-consuming capacity of the antacid sys- 
tem (406,407). A new device, called the Heidel- 
berg capsule, has been proposed to telemeter 
gastric pH (40s). The specifications, operation, 
and production rate of a new encapsulating 
machine for soft shell products has also been 
assessed (409). 

PHYSICAL PHARMACY 

Many pharmaceutical problems were solved 
through physicochemical means. The theoreti- 
cal aspects o f  solid solutions and eutectic mixtures 
and their application to pharmaceutical systems 
were discussed by Goldberg, Gibaldi, and Kanig 
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other in vitro continuous dissolution rate measur- 
ing method has been designed and evaluated for 
dctcrmining the dissolution rates of labeled 
materials from solid dosage forms (428). Results 
obtained with this method were compared with 
dissolution rates of similar dosage forms using the 
U.S.P. disintegration apparatus and the rotating 
bottle method. An improved holder for rota- 
tional disk dissolution studies has been used to 
determine the relative intrinsic dissolution rates 
of caffeine monohydrate, aspirin, salicylamide, 
and acetaminophen (&?!I). The crystal behavior, 
solubility, and dissolution rates of two anhydrous 
and one hydrated form of prednisolone in aqueous 
solution have been investigated (430). Thc 
theory for the dissolution rate of polyphase mix- 
tures was probed and applied to several situations 
involving simultaneous diffusion and rapid 
equilibria (431). The rate of dissolution of boric 
acid in aqueous solutions of polysorbates was 
examined (432) ; another study explored the 
effect of complex formation on the dissolution 
kinetics of nz-aminobenzoic acid (433). Danck- 
werts' penetration model was employed to derive 
equations to explain the theory for the dissolution 
of solids in a multiparticulate system (434). The 
dissolution behavior of a weak acid, 1,1 -hexa- 
methylene p-tolylsulfonylsemicarbazide, and its 
sodium salt in phosphate buffers has been evalu- 
ated by Higuchi et al. (435). 

One other new method was described for deter- 
mining the dissolution rate of fine particles of 
crystalline hydrocortisone acetate (436). A 
study relating the in uitro dissolution rates and 
soluhilities of 45 different compounds representa- 
tive of various chemical species supported the 
theory that the initial rate of dissolution of a com- 
pound is directly proportional to its solubility 
(437). In addition, dissolution studies were 
conducted on both the one-to-one molccular com- 
pound and mcchanical mixtures of sulfanilamide 
and sulfathiazolc a t  1.5, 25, and 3 5 O  (438). As 
part uf a program on the transport, deposition, 
and dissolution of cholesterol in aqueous medium, 
the growth, dissolution rates, and nucleation 
behavior of this compound in saline have been 
studied by following changes in particle size with 
the Coulter counter (439). In a similar study, 
the Coulter counter was used to ttsL the influence 
of cholate on the precipitation behavior of choles- 
terol in aqueous mcdia as a function uf pIT (440). 

A new techniquc has bccn proposed for clc- 
termining the solubility product constant (441). 
Dielectric constants of water-ethanol-sucrose and 
water-ethanol-sorbitol systems have been experi- 
mentally determined and iound to he a complex 
€unction of composition expressed as weight per 

(410). Other researchers found that the choice of 
plastic, weight of drug incorporated in the matrix. 
solubility of the drug used, matrix additives. and 
the solvent could markedly affect the release rate 
of drugs from plastic matrices (411). The diffu- 
sion Coefficients of several physiologically active 
compounds have been determined in cross-linked 
thiolated gelatin films (412). It has been shown 
that stress relaxation eflects of gelatin films cross- 
linked with oxystarch or difluorodinitrobcnzene 
may be represented by the sum of three exponen- 
tial rates of stress decay (413). Some viscoelastic 
properties of keratin arid collagen fibers immersed 
in aqueous media have bcen measrircd a t  fre- 
quencies between 1 kc./sec. and 20 kc./sec. and at 
temperatures between 0 and 100' (414). The 
penetration of chlorpromazine and chlorproma- 
zine sulfoxidr into insoluble monomolecular lipid 
films depended on the surface characteristics of 
the lipid, pH, and the ionic strength of the under- 
lying solution (41 5 ) .  Additional studies were 
concerned with the relation between the diffusion 
coefficients and the electrolytic properties of 
membranes (416). Measurements of the tensile 
strength of dry powders of irregular particle shape 
have been made using a split tilting-plate appa- 
ratus based on that described by Thouzeau and 
Taylor (417). Johnson and co-workers studied 
the distribution of phenol between water and 
carbon tetrachloride and the solubility of water in 
solutions of phenol in carbon tetrachloride (415). 
Another paper presented a novel means for 
achieving a superior degree of carbonation with 
sodium bicarbonate in various latentiated acidi- 
fiers (419). The rate of neutralization of hydro- 
chloric acid by dispersed calcium carbonatc 
powder has becn examined as a function of pH, 
temperature, and particle size (420). A tartaric 
acid buffer has becn shown to form a reactive 
intermediate in aqueous solution capable of rap- 
idly acylating any nucleophilic compound present 

Ionization.-The absence of a primary 
kinetic isotope effect in DMSO was the subject of 
a paper on ionization rates of weak acids (422). 
Another article clescribcd the mechanisms for the 
acid dissoriation of vitamin Ri2 (123). Thc acid- 
base behavior of cphcdrine isomers and their 
oxazolidine derivatives in aqueous arid non- 
aqueous media has been described in detail (424). 
Also, a new technique was described for measuring 
the rates of ionization of carbon acids (425). 

Solubility.-Wurstcr and Taylor reviewed 
the theory of dissolution and methods of study in 
a paper with 7,4 references (426). A novel 
method was developed for deterniining dissolution 
rates of multiparticulate systems (427). One 

(421). 
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cent (442). The solubilities of acetanilide, 
p-methylacetanilirle, p-ethoxyacetanilide, amino- 
pyrine, and antipyrine have been measured in 
dioxane-water mixtures of known dielectric 
constants (443, 444). Some solubility anondies 
were compiled for actinoinycin D (445). The 
water solubilities of live different barbiturates 
were ascertained by liquid scintillation counting 
of ’Ctagged compounds using the technique of 
phase solubility analysis (44fi). Four different 
procedures wcre employed to determine the 
solubility of choleslrrol in water (447). 4 
critical concentration for the solubility of choles- 
terol chlorohetainate in aqueous solution was 
detected by specific conductivity, refractive in- 
dex, and activity coefficient determinations (448). 
The solubility of iodine has been studied in a 
serics of solvents (449). Nakatani reported on 
the solubility of compounds related to orotic acid 
in  amine solutions (430). Tagged l4C-pentaery- 
thritol tctranitratc was utilized in determining the 
solubility of this compound in water and saline 
(451). Another presentation compared the solu- 
bility of polysorbates in simple syrup, glycerol, 
and propylene glycol (452). The solubilities of 
several xanthines, including caffeine, theophyl- 
line, and theobrominc, were examined in dioxane- 
water mixtures ; the solubility curves that were 
obtained showed a multiplicity of peak solubility 
values (453). A different type of study provided 
data on the solubilities of thin films of polyethyl- 
ene, polypropylene, and polystyrene in many 
liquid drugs (454). Other investigators studied 
the solubility of compressed gases in Iluorocarlmns 

Swarhrick published a review article outlining 
the physicochemical properties of surlace-active 
agents in solution with particular reference to 
solubilization of materials of pharmaceutical 
interest (456). One investigation determined the 
usefulness of test systems consisting of aqueous 
solutions ol anionic surfactants and an excess of 
“C-cyclohexane in studying effects related to  
solubilization (357).  The solubilization of sev- 
eral aliphatic and aromatic acids in aqueous solu- 
rions of cyclopentamine hydrochloride, ephedrine 
sulfate, and propoxyphene hydrochloride has been 
denionstrated (458). A potentiometric method 
was applied to a study of the solubilization of 
benzoic acid in systems containing anionic (459) 
and nonionic (360) surfacidnts. Another study 
was concerned with the interaction of urea in 
varying concentrations with three isomeric mono- 
hydroxybenzoic acids (461). The solubilizing 
capacities for camphor of one anionic, one m- 
t ionic, and three nonionic surfactants have been 

(455). 

investigated and dclcrmincd by measuring the 
areas under ultraviolet absorption peaks (462). 
The use of  Z values was proposed as a method for 
measuring the polarity of the environment in a 
study on the solubilization of camphor in poly- 
sorbatc 20 (463). Sorbitan trioleate increased 
the solubility of hydrous ephedrine alkaloid in 
liquid petrolatuni (464). The effect of various 
polysorbates on the solubility of sulfanilamide in 
several different solvcn t systems was ascertained 
by Khawam, Tawashi, and Czetsch-Lindenwald 
(465, 466). Aqueous solutions of urea, l-acetyl- 
3-methyl urea, and 1,3-dirnethyl urea were dis- 
covered to increase the water solubility of testos- 
terone and some other related steroids if the 17- 
hydroxyl group of the steroid was free (467). 
The effect of urea on the aqueous solubility of six 
different dye compounds in water has also been 
compared (308). In addition, the solubility of 
theobromine has been increased and stabilized by 
the addition of various polysorbates in tragacanth 
mucilage (469). 

Complexation.--The formation of copper 
complexes of sulfur drugs was discussed by Lee 
(470). Acid dissociation and copper(I1) chelate 
forination constants were compared for glutamic 
acid and several of its derivatives (471). Data 
were presented which suggested that coordination 
coinplexes may be of major importance in the 
biological phenomenon of binding with catechol- 
amines (472). Stability constants for complexes 
of tetracycline with cupric ion have been pub- 
lished (473). An in  vitro enzyme kinetic study 
was used to determine the nature of the inhibition 
of acetylcholincsterase by cupric chelates of 
glycine and ethylenediamine (474) ; also, the 
inhibition of acetylcholinesterase by 1-1 cupric 
chelates of ethylenedianiine and glycine was 
analyzed and shown to be essentially a nonconi- 
petitive type (475). Complexes formed by 
adrenaline and related compounds with transition 
metal ions were studicd by Jameson and Xeillie 
(476). The inactivation of tetracycline with a 
cupric-morpholine complex was invcstigated in 
another binding study (477). Gel-Liltration. 
ultra-filtration, and ultra-centrirugation were 
used to study the nature of an irorl-dextran con- 
plex (478). 

Oxytetracycline was shown to form fluorescent 
complexes with proteins i n  oitvo (479) ; the bind- 
ing of sulfonamide to serum albumin was also 
investigated in a similar study (480). Protein 
binding of radioactive vitamin I)3 added to serum 
in oifro or present in dog serum after intravenous 
injection has been studied by a variety of methods 
(481). The interaction of cortisol with bovine 
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and human serum albumin was observed by an 
equilibrium dialysis procedure (482). Protein 
binding of salicylates by rat  liver, kidney homog- 
enates, plasma protcins, globulins, and albumin 
was tested by Stafford (483). Also, the serum 
albumin binding of several structurally similar 
xanthine derivatives was evaliiated by a spectro- 
photometric technique (484). 

One investigation wms conducted to ascertain 
the interaction of a group of compounds, used in 
medical and pharmaceutical practice, with 
several types of insoluble polyamides used in con- 
tainers or devices for storing or administering 
drug products (485). The interaction of para- 
chlorometaxylenol with macromolecules was 
determined by solubility and dialysis procedures 
(486). An electrophoretic technique was used to 
illustrate the interaction occurring between 
sodium carboxyinethylcellulose and both methyl- 
cellulose and polyacrylamide (487). The interac- 
tion bctween poly-i~--vinyl-5-methyl-2-ox- 
azolidinone and certain pharmaceuticals in 
aqueous solution was reported (488). A complex 
interaction of potato and arrowroot starches with 
certain drug pharmaceuticals has been noted by 
Goudah and Guth (489). The binding of certain 
benzoic acid derivatives by polysorbate 80 and 
cetomacrogol 1000 was determined by means of 
an equilibrium dialysis technique (490). ,4n in- 
vestigation of the binding of polyethylene glycol 
to carboxymethylhydroxyethylcellulose was also 
disclosed (491). The hemolytic activity of 
phenolic preservatives was prevented by their 
interaction with polyethylene glycols (4%). 

The reaction of some salts of rare earth metals 
with group n vitamins has heen revealed (493). 
Another study assessed the interaction of a series 
of phenyl-substituted carboxylic acids with 
Schardinger dextrins (494). The equilibrium 
reactions of caffeine and nicotinarnide with 
lidocaine and saccharin were studied (495) ; also, 
Aavins and phenols were found to form 1: l  
molecular complexes in neutral solution (496). A 
spectropolarimetric method of determining sta- 
bility constants of complexes formed through 
hydrogen bonding has been developed and ap- 
plied to a camphor--phcnol system (497). Gas 
chromatography was employed during a complex- 
ing study of quinine and quinidinc with urea, 
thiourea, and diethylthiourea (498). The bind- 
ing of chlorpromazine and thioproperazine to rat 
liver and human leucocytes was reported by 
Teller (499). The reaction between pyridoxal 
phosphate and cycloserine has been evaluated 
(500). Wadke and Guttman presented evidence 
to indicate that the complexed form of isoallox- 
azine was resistent to hydrolytic decomposition 
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(501). Complex formation between chlorprom- 
azine and adenosine triphosphate was believed to 
occur because the surface tension was lowered in 
the presence of adenosine triphosphate which is 
not surface active (508). Complex formation 
involving cis hydroxyls in an axial-equatorial 
position between carbohydrates and dimethyl- 
sulfoxide was revealed by proton magnetic reso- 
nance data (503). 

A study of adsorption complexes formed by the 
intcraction of sodium dodccyl sulfate with gelatin 
at pH values below the isoelectric point was 
described (504) Complexation between 1,3,5- 
trinitrobenzene and several local anesthetic com- 
pounds was demonstrated; it was suggested that 
the amine group was the primary site of reaction, 
with the tertiary amine taking precedence when 
present (505). A dark reaction between citrate 
and iodine was detected by two investigators 
(506). In addition, Rudgers followed the inter- 
action of hexylresorcinol and amaranth with 
quaternary ammonium compounds by a conducti- 
metric titration procedure (507). Other studies 
were concerned with structural determination of 
complexes by ultrasonic waves (508). 

Surface Phenomena.-A review of the basic 
concepts involved in wetting and adhesion proc- 
esses was reported by Gray (509). Another 
review discussed the theory on coagulation of non- 
interacting particles in Brownian motion (5 10). 
Other surveys covered colloidal dispersions, 
electrokinetic effects, the concept of potential 
(511), and the coagulation of colloidal powders 
(512). Higuchi, Rhee, and Flanagan studied the 
ratcs of aggregation of polystyrene and polyvinyl- 
toluene particles in aqueous ionic surfactant solu- 
tions (513). Solutions to equations for the ki- 
netics of coagulation were analyzcd by other 
workers (514) ; a mathematical analysis has also 
been made of two chemically interacting macro- 
molecules settling in a liquid solvent under one- 
dimensional electrical and cylindrical centrifugal 
lorces that were sufficiently large to  overcome 
diffuse forces (515). Centrifugation current was 
used to determine the electrokinetic mobility of 
several electrolytes in the aqueous phase of water- 
in-heptane emulsions (516). The streaming 
potential of sulfisoxazole, sulfadimethoxine, and 
N’-acetylsulfisoxazole was measured with Hazel- 
type cells in sucrose, sodium chloride solution, and 
sodium chloride in 107, sucrose solution (517). 

Two different reviews on the physical chemistry 
of nonionic detergents have been published (518, 
519). Also, a survey on the evaluation of anionic 
and nonionic emulsifiers according to HLB values 
was reported (520). The adsorption of three 
quaternary ammonium salts, having the same 
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chain length and counterion but differing in the 
polar group, was measured a t  the air-water inter- 
face (521). Thc effect of solvent on micellar 
properties of nonionic surface-active compounds 
was investigated (522). A conductimetric 
method was used for determining the critical 
inicelle concentration of sodium decyl and dodecyl 
sulfates in the presence of sodium chloride (523). 
Phares predicted reductions in water-air, oil-air, 
and watrr-oil interfacial tension produced by 
nonionic surfactants by using a form of the Lang- 
muir adsorption equation (524). The influence 
of the sodium chloride concentration on the ad- 
sorption of sodium dodccyl, sodium decyl, and 
sodium octyl sulfate solutions a t  an air- 
water interface has been evaluated (525). The 
Griffin HLB method was utilized to deter- 
mine the possibility of emulsifying 10 different 
emulsifiers having HLB values in the range 8-1 3 
(526). The effect of additives on the foaming 
properties of very dilute surfactant solutions has 
been reported (527). Some of the physical prop- 
erties or a series of nonionic detergents with 
branched hydrocarbon chains of the general 
formula, R2-CH-CH20(CH2C€120)sIJ, were 
described (528). 

The adsorption of water on clays was reviewed 
in a paper with 151 references (529). The rela- 
tionship between some electrical and thermo- 
dynamic propertics of adsorbed water on two 
montmorillonites, a silica gel, and a window glass 
powder was studied a t  room temperature (530). 
The specific surface area of suspensions of niont- 
morillonite and the average thickness of their 
diffuse double ionic layer wcre reported (531). 
The sorption ol methylene blue and rnethylene 
violet on Fintia hentonite processed by various 
methods was investigated (532). Bentonite 
clays have been activated by treatment with lOy0 
hydrochloric acid while heating to improve their 
adsorptive and catalytic properties (533). Pack- 
ham examined the coagulation of dispersed clays 
with hydrolyzing salts while carefully observing 
the effect of the nature and concentration of clay, 
pH, and the prescnce of  various ions (534). The 
adsorption of water on ion-exchange montmoril- 
lonite has been discussed (535). It was noted 
that thc heat of wetting of sodium and potassium 
bentonite was not greatly affected by the addition 
of small amounts of polyacrylaniides (536). 
Other results were presented which showed dear 
evidence of discrete charges on clay surfaces 
(537). The adsorption properties of bentonite 
clay with regard to vitamin E were considcred 
(538) ; the adsorption of phenol, p-cresol, p-nitro- 
phenol, 2,4-dinitrophenol, and puric acid on 
Fuller’s earth was determined (539). The in- 

fluence of hydrogen ions on the adsorption poten- 
tial and surface tension of barbital, aminopyrine, 
and veramon was disclosed in other studies (540) 
A summary of the effects of the method of prepa- 
ration on the surface properties of silicas has bcen 
presented (541), and the adsorption properties of 
silica gel precipitated in the presence of some 
alkaloids has been investigated (-542). The 
reactivities of the surfaces of muscovite, mont- 
morillonite, and chrysotile-asbestos were also 
explored (543). In addition, Rohdewald eval- 
uated the effect of glycerol, sorbitol, hydrochloric 
acid, sodium chloride, anionic, cationic, and non- 
ionic surfactants on thc properties of talc suspen- 
sions (544). 

Rlaug and Gross reported on the in vitro ad- 
sorption of nine different anticliolinergic drugs by 
six antacids (545). Steroid adsorption by poly- 
ethylene tubing was noted by other workers (546). 
The critical micel’e concentrations of oxyethyl- 
me- oxypropylene polymers were assrssed by 
surface tcnsion and two different spectral absorp- 
tion methods (547). Additional studies were 
conducted on the thermodynamic function oC thc 
sorption of vitamin Blz by the salt forms of sulfo 
resins (548). The dispersion of inorganic pig- 
ments was improved by surface treatment (.549). 
Polypropylene glycols with molecular weights of 
about 2000 had the highest surface activity and 
strongest dye dispersing effect (550). It was 
concluded that with most hygroscopic materials 
used in pharmacy, the process of water vapor 
sorption starts to be active in an atmosphere with 
50y0 relative humidity (551). The measurement 
of interfacial areas of foams and froths has been 
carried out by a radiographic technique (552). A 
technique involving reiterated approximations 
and a high digital computer was employed to  
solve the problem of surface tension measurement 
by the Pendant drop technique (553). The 
hydrophile-lipophile balance of surface-active 
substances has been determined by a calorimetric 
technique (554). 

Crystallization.-A review of ultrapurifica- 
tion methods based on zone melting appcarcd 
in thc literature (555). Nickolics, Ridlo, and 
Nilrolics explored the influence of solvents on 
crystal structure of resorcinol, sulfathiazole, 
acetylsalicylic acid, phenacetin, barbital, and 
phenobarbitol (556). The precise crystal and 
molecular structure of a-D-glUcOSe by neutron- 
diffraction analysis was ascertained (557) ; and 
the crystal and molecular structure of 1,3-dihy- 
dro-l-hydroxy-3-oxo-1,2-benziodoxole was deter- 
mined by X-ray crystallographic methods (558). 
Polymorphism in potassium sulfate and thallium 
sulfate has been reported (559). The physical 
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properties of various anhydrous and hydrous 
forms of ampicillin were noted (560). A number 
of compounds were tested for their inhibitory 
effect on the needle axis growth rate of sodium 
acid urate crystal (561). Other data revealed the 
effect of temperature on the linear crystallization 
rate of salol, betol, salipyrine, antipyrine, and 
codeine (562). 

Rheology.--il new flow equation for pseudo- 
plastic systems was described by Cross (563). 
An electrical method has been suggested for 
dctcrmining the areas of hysteresis loops (564). 
A new viscometer was designed for measurements 
on dilute polymer solutions but could be equally 
well used for other liquids (565); also, another 
new glass rotatory viscometer was recommended 
for certain rheology studies (566). Hiller re- 
ported on the effects of temperature and pressure 
on the rheological behavior of montmorillonite 
sols (567). The rheology of silica suspcnsions 
was investigated as a function of concentration? 
particle size, polarity of organic solvents, and the 
pH and ionic strength of the aqueous phase (568). 
The factors affecting the rheological propcrties of 
clay suspensions were observed in another study 
(569). The thixotropic behavior of “alki” hen- 
tonite suspensions (570) and the physicochemical 
and technological properties of two kaolin varie- 
ties were presented (571). The rheology and 
suspension characteristics of carboxymcthyl- 
hydroxyethylcellulose-polyethylene glycol sys- 
tems, evaluated by means of the power law equa- 
tion, were outlined (572). The concentration 
dependence of the steady flow viscosity was dis- 
cussed for aqueous solutions of high viscosity 
hydroxyethylcellulose (573). The elastic prop- 
erties of the particle network in gelled solutions of 
carbox~methylccllulose h a w  beeti rerorded (.574). 
A treatise was published discussing critical gum 
solution properties that may be determined 
through analysis (573). Sugar, when used a t  
high levels, offered a means of providing a delay in 
the development of the viscosity of guar gum 
formulations (576). 

Procedures and instrumentation have been 
deviscd for measuring the stress-relaxation mod- 
ulus of melts employed as soft gelatin encapsulat- 
ing formulations (577). Other workers exp1c)red 
the viscosity and stability characteristics of the 
system ascorbic acid-water-polysorbate 20 (578). 
The flow properties at 25’ of concentrated (3& 
42%) dicalcium phosphate dihydrate paste sus- 
pensions and model systems were determined 
using a concentric cylinder, cone plate, and capil- 
lary extrusion viscosinieter (579) ; in other stud- 
ies, the thixotropy and dilatancy in complex 
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emulsions and suspensions were investigated 
(580). Higuchi and Stehle tested the rheometric 
properties of silica suspensions in dibutyl phtha- 
late, hexadecane, mineral oil, ethylene glycol, and 
mixtures with and without different surfactants 
(58 1). 4 n  apparatus, consisting of a sedimenta- 
tion tube and capillary viscometer, was dcsigned 
for particle size determination of suspensions and 
emulsions (582). In one study, the basis and 
conclusions for rheological characterizations of 
some pharmaceutical adjuvants were reported 
(583). The swelling, hygroscopicity, and vis- 
cosity properties of bentonite suspensions caused 
by water absorption were also evaluated (584). 

PHARMACOCHEMlCAL ASPECTS 

This section of the review considers many of the 
papers on polymers, antibiotics, and radioisotopcs 
which might be of interest to the pharmaceutical 
scientist. It is not intended to encompass the 
vast area of pharmaceutical chemistry conrerned 
with synthesis, structure-activity studies, rcac- 
tion mechanisms, analysis, etc. These related 
disciplines are reviewed annually in other publica- 
tions and are, therefore, omitted froni this report. 

Polymers.-Rodrigues and Barrosa reviewed 
the current status of polymers of pharmaceuti- 
cal interest (585). Good agreement was found 
between theory and experimental data for the 
stress cracking of high-density polyethylene in 
octylphenoxy polyethoxyethanol examined from 
the viewpoint of critical strain (586). An at- 
tempt was made to develop a mcans of assessing 
the order in an amorphous polymer from density 
measurements (587). A discussion has been re- 
ported on some of the factors responsible for high 
thermal stability in polymers along with some 
rcsults of thermal drgradation studies on an 
aromatic polyimide (588). In another investiga- 
tion, the melting points of polyethylene crystals 
and the relation between molecular length and 
chain folding were presented (389). Also anal- 
yzed was the effect of changes in structure on 
chemical reactivity, the effect of structure on 
physical properties, and the basic principles of a 
chain reaction mechanism in polymerization 
(590). Cooper discussed thc toxic dangers and 
disadvantages of plastic materials used in phar- 
maceutical systems (591). 

The effect of the structure of sulfonated poly- 
styrene ion-exchange resins on the sorption t Jf 
oxytetracycline and chlortetracycline ions has 
been investigated (592). Measurements of the 
swelling ratio and exchange capacity 01 indiviclual 
ion-exchange resin beads were used to compare 
resin samples, to study interparticle diffcrences, 
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and to  help characterize resin degradation (503).  
Lappas and McKeehan employed several esters of 
poly(et1iylene-inaleic anhydride) and poly (vinyl 
methyl ethcr-rnaleic anhydride) as coatings to 
control the release of drugs u13on reaching a spe- 
cific intestinal 1111 (rr)04). The use of polyvinyl 
alcohol as a solvent for pilocarpine ophthalmic 
solutions was reported in publications by different 
authors (59.5, 596). A method for prcparing an 
aqueous colloidal dis1)ersion of organic materials 
such as &carotene b y  using water-soluble poly- 
mers like ~~olyvinylp~rrolirlone has Iiecn revealcd 
(5!)i). 

Antibiotics.-Reviews on the chemistry and 
pharmacology of penimepicilina, a new broad- 
spectrum antibiotic (598), and on the problems 
and investigative methods of antihiotic binding 
by blood serum proteins appeared in the literatiire 
(599). ‘The properties of some new antibiotics, 
cephaloridine (CiOO), kasugamycin (60 I), and 
copiairiycin (GO?), were disclosed. Also, thc 
preparation and isolation of arihydroerythroiny- 
cin ((jO3), antibiotic K-12 (tiO4), neohuniidin 
(605). and lemononiycin (tiO(j) have been re- 
ported. In addition, a new antifungal antiliiotic, 
trichotlermin from Trichaderma r i d e  was de- 
scribed ( l i O i ) .  

’lhe activity in experimental infections, absorp- 
tion, arid elimination of rifamycin B diethylamide 
in man have been examined (60%); also, the ;N 
zritro activity, absorption, and excrction of cepha- 
lothin in normal subjects have been reported 
(609). Garrett and Miller showed the generation 
rate constants for viable counts of B. coli were 
linearly dependent on the concentration of tetra- 
cycline and chloramphenicol (010). Definitions, 
standards of identity, strength, quality, purity, 
tests, and methods of assay werc given for 
dactinoniycin (($1 1 ).  A scheine of classification 
l‘or the antifungal antibiotics of the pentaene 
group has been presented (lj17). Gentamicin was 
tested in aitro against 889 strains of pathogenic 
bacteria (til3). 

Radioisotopes.- Radioisotopes in pharma- 
ccutical technology were surveyed (01 1) along 
with the production of radioactive isotopes for 
medical use (615). With the exception of the 
field of chemical kinetics, a brief survey has been 
presented of thc principles of isotope chemistry 
and their utility in the ever unfolding panorama 
of scientific rcscarch (( j l ( i ) .  Anothrr brief re- 
view was conducted on the preparation and 
analytical control of radioactive chemicals of the 
10th revision oi the 1i.S.P. and the “British Phar- 
macopoeia” 1958 (6li). The preparation ofcolloi- 
dal solutions of zirconyl phosphate with 32P for 
radiotherapeutic purposes was described (618). 

The influence of the samplc volume on weak 
~-ccmnling efficiency at Oo in liquid scintillation 
counting has been rcportcd (619). The factors 
infuencing the loss of I4C from labeled carbonates 
were published (ci20) ; corrections lor grain count 
in autoradiography were also determined (621). 

B IOPHARMACEUTICS 

The area of biopharmaccutics considers re- 
search efforts directed toward studying the influ- 
ence of pharinaccutical formulations on the liio- 
logical activity of drugs. Xurnerous review arti- 
cles appeared in the literature. Maim cited 144 
references while discussing biological aging and its 
cffect on modification of drug activity ((XU). 
The evolution of new concepts on the mechanism 
of drug action was prcsentcd (623). Oiher topics 
of review included the absorption of pharmaceuti- 
cals by diffusion (625) and transport phenomena 
in artificial membranes (625). A two-part review 
covering factors influencing drug distribution in 
the body and pharmacokinetics also appeared in 
the literature (ti26, 627). The mechanism of 
erizy~rie and hormone actions was the subject of 
another review ((i28). I n  addition, the theoreti- 
cal aspects of diurcsis and the various therapeutic 
classes of diuretics were surveyed (629). 

The kinetics of drug transfer from a buffered 
aqueous phase through a lipid phase to  another 
aqueous buffered phase were studied (630). The 
development of a unified statistical mechanical 
theory of transport across a membrane model in 
liquid mixtures and electrolytcs was discussed 
(K31). 4 molecular basis for drug activity was 
considered (6:32), while the use of quantum cheni- 
istry in drug design was explored by Schnaare and 
Martin (633). On the assumption that  the po- 
tassium content of the body cell mass remains 
constant, i t  has been possible to estimate body cell 
mass b y  me.asuring 4oP activity with a whole-body 
scintillation counter ((i34). 

Milne discussed the potentiation of excret.ion of 
drugs (635). ilnalog computer studies resulted 
in an equation that can lie used to predict the 
average asymptotic blood lcvcls during a multi- 
ple-dose regimen from basic parameters estimated 
from single-dose studies (636). B theoretical 
relationship between dose, elimination rate, and 
duration of pharmacologic effect of drugs has been 
suggested (637). The importance of the route of 
administration was demonstrated in the phanna- 
codynamics of the antitussive action of codeine 
and ethylcodeine (638). Three unique, new, 
highly reactive polymeric compounds of mag- 
nesium aluminum oxy hydroxide showed 50-60y0 
more antacid activity than presently known alumi- 
num-magnesium antacids (639). 
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Effects of Physicochemical Properties.-A 
review, with 21 references, on physicochemical 
studies of membrane permeation concerned with 
absorption and excretion of drugs appeared in the 
literature (640). It was shown that calcium and 
pII influcnce the alxorption rate of tetracycline 
and three of its derivatives (641). The water- 
insoluble salt, lincomycin hexadecylsulfamate, 
provided greater absorption and activity than the 
water-soluble salt, lincomycin hydrochloride 
(li32). Poole, Zeigler, and Ilugan demonstrated 
no significant increase in aluminum blood levels 
after oral ingestion of a water-soluble aluminum 
complex, potassium glucaldrate, in normal sub- 
jects or in those requiring antacid therapy (613). 
Certain members of some metal-acid complexes of 
tetracycline and deniethylchlortetracycline re- 
sulted in highcr blood lcvels (644). Particle size 
effects were discussed in relation to formula 
modifications (645) ; and the effect of griseofulvin 
particle size reduction was also determined in rela- 
tion to drug excretion and absorption (646, 647). 
The in vivo distribution of colloidal chromic radio- 
phosphate having different particle sizes has been 
studied following intravenous, intramuscular, and 
intracavitary injection into mice (648). The 
proportion of a sulfisoxazole dose absorbed did not 
vary with particle size, but the rate at which this 
proportion was absorbed did change (ti49). A 
correlation between the relative percutaneous 
absorption of topical corticosteroids and the 
physical properties of solubility and partition 
coac ien t  has been revealed (650). The release 
of steroids from a topical vehicle was stated to be 
independent of, and uninfluenced by, the presence 
of a second noninteracting component (6.51). 
Wide individual fluctuations were observed in 
studies on the influence of the rectal route for the 
administration of sulfonainides for therapeutic 
purposes (052) .  A unique relationship has been 
discovered between the molecular weight and 
biological eifect ol dextran (653). When admin- 
istered to cats, in quantities representing Hatcher 
doses, there was a proportionality between the 
absorption rate and the lipid solubility ol various 
lanata glycosides (654). 

Effects of Formulation.-Wurster reviewed 
some of the factors related to the formulation of 
medicinals for percutaneous absorption (655). 
Tablet disintegration and physiological availabil- 
ity of drugs were also surveyed in an article con- 
taining 58 references (656). The oral absorption 
of salicylates was found to be a function of the 
intrinsic rate of dissolution which was affected by 
formulation parameters such as particle size, 
disintegrants, and lubricants (657). Incomplete 
absorption of aspirin was attributed to an exces- 
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sively low dissolution rate of the dosage form 
(658). The importance of dissolution rates in 
producing effective diazoxide blood levels in man 
was outlined following administration of solu- 
tions, capsules, and tablets (659). A method for 
the evaluation of antimicrobial activity of a bac- 
teriostatic agent in the presence of a surfactant 
was described (660). Another study disclosed 
the relationship between the concentration of a 
surfactant, polysorbate 80, and the rate of absorp- 
tion of a drug, salicylamide, from the small 
intestine (661). Modification of in vivo promaz- 
ine absorption by activated attapulgite and acti- 
vated charcoal in humans using urinary excretion 
measurements has been demonstrated (tj62). 
Three different dosage forms, namely a liquid 
concentrate, regular sugar-coated tablets, and 
substained-release preparations, did not iiifluence 
thioridazine blood levels (663). Only one-fourth 
to one-third of orally administcrcd tetracycline 
was absorbed compared to the amount absorbed 
after intravenous administration (664). A com- 
plex model was presented to illustrate the phar- 
macokinetic parameters relatcd to the absorption, 
metabolism, and elimination of nalidixic acid in 
man (665). The absorption and elimination of 
salicylic acid was investigated after i.m. injection 
of aluminum aspirin in a neutral oil (666). 
Serum salicylate levels were also used to evaluate 
the relative release rate oi aspirin from a commer- 
cial aspirin tablet and from a hard gelatin capsule 
(667). Significant differences in blood levels 
were found for three different theophylline elixirs 
(Iifi8). Additional studies analyzed the effect of 
viscosit>- on the gastric absorption of ethanol and 
salicylic acid (669). 

Indomethacin was absorbed satisfactorily from 
rectal polyethylene glycol suppositories according 
to blood level studies (670). A preliminary 
report on drug absorption from the rectum ap- 
peared in the literature (671). Suppository ad- 
ministration of theophylline p aminobenzoate of 
piperazine provided a rate of absorption equal to, 
or less than, the rate from an equivalent tablet 
dosage form (672). The pharmacokinetics of 
rectal application of 4-sulfanilamido-5,r-di- 
methoxy-pyrimidine has been published (673). 
The rectal absorption rates of sulfonamides were 
reduced by water-soluble bases (6T4). Nonionic 
surface-active agents were found to decrease the 
rectal absorption of sulfonaiiiides; this eflect was 
the result of the micelles being too large to pass 
through the rectal membrane (675). Compara- 
tive studies were carried out on the in vitro and in 
Z ~ Z K J  release of salicylates from fatty suppository 
bases (676). Anhydrous lanolin increased drug 
release when cocoa butter was employed as the 
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fatty suppository base ((i77). Cod liver oil ant1 
polyethylene glycol bases aided in the penetration 
of chlortetracycline through intact rabbit skin 
(6%). The percutaneous absorption of an 35S- 
sulfonated polygalact~ironic acid from an oil-in- 
water emulsion base has been determined in z & ~  
by following its disappearance after topical appli- 
cation ((i79). The cutaneous absorption of S-di- 
carbethoxythiarnine was studied from various 
ointment bascs (680). A diffusion study of 
sulfacetamide and sulfathiazole from three 
different ointnicrit bases through a membrane 
into water has been reported (68 I ) .  1)empski 
and co-workers discussed an in  7,itro study for 
testing the relative moisture occlusive properties 
of several topical vehicles and Saran wrap (682).  
The percutaneous absorption of heparin from 
commercial ointments was evaluated (683). A 
new microbiological “agar tube” method has been 
developed for measuring the rclcasc of antibac- 
terial agents from various ointment. bases (684). 
Several unique factors influencing the topical 
absorption of idoxuridine were demotistrated by 
Shell (683). One publicatirin presented the 
pharmacological evaluation of certain ointment 
bases (686). Thc dilTusion of neoiiiycin from 
several ointment bascs was examined (687) ; and 
the ahsorption of radioactive salicylic acid from 
10 ointment bascs mas also considered (ti88). 
The diffusion of iodine and salicylic acid was 
studied froni 20 different ointment bascs by im- 
pasting the ointment on aii agar-gel disk which 
contained starch solution or ferric chloride (G8!1). 
In studies concerning the importancc of the ve- 
hicle for percutaneous absorption, a small uptake 
of resorcinol and boric acid was noted, but phenol 
and salicylic acid were readily absorbed, espcci- 
ally froin aqueous solutions (690). 

Blaug and Canada observed the relationship of 
viscosity and contact time on thc prolongation oi 
.action of mcthylcellulose-containing ophthalmic 
,joltitions ((%l). The intestinal absorption of 
,certain water~soluhle acidic clycs and some of 
their lipoid-soluble complcxcs has been ixivesti- 
gated (fi92). An investigation of the effect of 
solubilization of phenobarbital arid several other 
barbituric acid derivatives on itz zlztvo and ia oivo 
release rates was discussed (R!)X). Succinic acid 
was found to promote the absorption of iron from 
1 he alimentary tract (094) ; other authors were 
conccrncd with the biological availaldity of 
riboflavin solubilized with sodium salicylatc 
(~695). The onset of action of tubocurarinc has 
been studied in a program evaluating the skin 
penetrating properties of drugs tlissolvctl in 
IDNISO and other vehicles (696). 

Absorption Control.-In citro dissolut.ion 
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tests were developed which correlated quantita- 
tively with dissolution rate-limited drug absorp- 
ticxi in man (iiS7). One irivestigation was noted 
on the effect of certain tablet formulation factors 
on in zritvo drug release and in ~ i v o  drug absorptioii 
((598). Several authors studied the atmrption r ~ f  
aspirin from enteric-coatcd 1xel)araticins (699 - 
702). Slowrelease tablets of ferrous sulphate 
showed extremely variable absorption when 
compared to standard ferrous sulphate therapy 
( i 0 3 ) .  A radioisotopic technique for determining 
the efficiency of an cnteric-coatcd tablet in aitro 
was found to be superior to  the U.S.P. method 

A review of the effectiveness, safety require- 
ments, rational, and clinical pharmacology of 
prolonged-release drugs was published (TG). 
Frederik arid Cass discussed some principles of the 
clinical evaluation of sustained-release drugs and 
suggested clinical methods to determine their 
duration of action (70G). Other researchers oh- 
served that  the action of procaine, isoniazid, sul- 
famidochrysoidine, and benzocaine was prolonged 
by combining them with polymers of dextran (707). 
Sustained-release aspirin formulations have been 
evaluated hy several researchers (708-710). The 
sustained-release action of polyvinylpyrrolidinone 
in tablets conpaining tetracycline hydrochloride or 
phexioxyrnethylpenicillin was examined (7 11 j . 
I n  zitro and in vivo evaluations were reported for 
sustained-release amobarbital tablets (712) ; 
and controlled-release nitroglycerin tablets used 
in the trcatrnerit of angina pectoris were also 
tested (713). A novel system was described in 
which the dissolution rate of theophylline amino- 
isobutariol in a prolonged-action system was 
utilized as a parameter of the blood level concen- 
trations (714). The reIease rates of sustained-. 
release tablets were followed autoiliatically by 
employing a photometer (715) ; another simple 
apparatus was described that  was based on con- 
tinuous elution for the in vitro control of sus- 
tained-release prcparations (711)). By using the 
half-change method of artificial intestinal and 
stomach juices, the elution ratio of medically 
active substances from Bellergot tablets with 
prolonged action has been investigated (717). 

Absorption Mechanism.-Reviews appeared 
covering the mechanism of absorption of weak 
acids and alkalies through the lipid barrier (718), 
arid the importance of specific binding, nonspecilic 
binding, and the role of chemical conliguration of 
the effective substance and its receptor (719). 
l?i’ive different models for the transport of methi- 
onine and sodium butyrate by intracellular 
plasma have h e n  described and discussed (720).  
A discussion of the influence of a drug on its own 

(704). 
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rabbits (746). In studying the percutaneous 
absorption of dinitroisopropylphenol in rats, 
absorption increascd with time to reach a maxi- 
mum after 7 hr. (747). An analog computer 
program suitable for using blood-level z'ersus time 
data as an input and producing in o k o  dosage 
for availability versus time pattern as its output 
was developed and tested by Stelmach, Robinson, 
and Eriksen (748). 

The determination and significance of the 
biological half-life of pharmaceuticals were stir- 
veyed in a review with 63 references (749). In 
addition, the biological half-life of several drugs 
appcared in the literature, namely, 140 min. for 
psicofuranine (750), 9 min. for noscapine (751), 
and 11.3 hr. for meprobamate (752). Several 
investigators studied the pharmacokinetics ol 
aspirin metabolism and distribution (753-755). 
The utility of goldfish as test animals for evaluat- 
ing biological membrane permeation led to a 
detailed analysis of the drug transfer kinetics for 
4-aminoantipyrine (756). Data were compiled 
on the excretion, distribution, and nietabolisin 
of doxapram after intravenous injection into 
dogs (757). h new method was presented for 
calculating per cent absorbed versus time plots 
from metabolite blood lcvel data (758). Also, a 
relation between the rate of elimination of 
tubocurarine and the rate of decline of its 
pharmacological activity was demonstrated by 
Levy (759). 

Drug Absorption.-The influence of certain 
factors on the absorption and excretion of drugs 
was reviewed by two different authors (760, 761). 
Schlagel discussed the comparative efficacy of 
topical anti-inflammatory corticostcroids in a 
review article containing 219 references (T62). 
In other studies, the excretion of Wlabeled 
dihydrotnorphitie was presented (763) and whole- 
body liquid scintillation counting was found 
suitable for testing the kaliuretic properties of 
diuretic agents (764). 

Blood levels from chlorarnphenicol palmi- 
tate compared well with those from chlorain- 
phenicol per se a t  equivalent dosage levels (765). 
Alter a single dose of chloramphenicol, both the 
biologically active form and inactive metabolites 
have been found in human milk ( i ( i 6 ) .  The 
absorption and excretion of erythromycin and 
monomycin were measured by Lagert (T(i7), 
while Fischer and Iiiegelman evaluated the 
absorption and distribution characteristics of 
griseofulvin from other blood level data (768: 
The absorption, diffusion, and excretion of 
lincomycin has been studied following oral, i.m , 
and i.v. administration (769). l'lasma a p  
pearance times and values oC 47Ca did not cor- 

absorption was outlined (721). Of particular 
interest was an article which presented a theoreti- 
cal study of the potential effect of drug binding 
by plasma proteins on drug distribution (722). 
The mechanism of absorption of sulfonaniides 
has been studied by measuring the rectal absorp- 
tion rate in anesthetized rats (723). The absorp- 
tion of methyl ethyl kctone under normal, de- 
hydrated, and hydrated skin conditions was 
investigated by W'urster and Munies (724, 725). 

The intestinal absorption of vitamin Blz was 
evaluated by several authors (726-729). Defcr- 
rioxaminc had no significant influence on the 
intestinal absorption or hemoglobin iron (730) ; 
however, in other studies, desferrioxamine B re- 
duced the intestinal absorption of iron (731). 
The effect of neostigmine on the intestinal absorp- 
tion of sulfisoxazole (732) and the effect of aceta- 
zolamide on the excretion of sulfisomezole into 
human parotid saliva were explored (733). 
Beckett and Rowland examincd the urinary ex- 
cretion kinetics of amphetamine in man and 
showed that the excretion of the unchanged drug 
was dependent upon urinary pH (734). The 
effect of cetrimide and phloridzin on the intcstinal 
absorption of glucose in man was disclosed (735). 
,4 significant incrcasc in the excretion rate of 
sodium salicylate has been observed upon the 
addition of an equal amount of glucosainine 
hydrochloride to an orally administered dosage 
form (736). The modifiration of protein binding 
and urinary excretion by the simultaneous use of 
two drugs was reported (737). The effects of 
acetazolaniide, sodiuin perchlorate, ouabain, and 
iodide loading on the processes controlling 1311 and 
in~l in- '~C distribution in the brain and cerebro- 
spinal Auid were compared in nephrectomized rats 
(738). Silver proteinate was found to inhibit the 
absorption of iodine in the rat  intestine (739). 
Benzoyl thiamine monophosphate produced thi- 
amine levels in humans 4 times greater than 
those produced by thiamine hydrochloride (740). 
Also, it was noted that chyrnotrypsin did not 
augment the absorption or increase the activity 
of an oral dose of tetracycline (741). In addi- 
tion, intestinal absorption of glycine was inhibited 
by phlorizin but not by rutin (742), while fat 
absorption in rats was delayed by Triton (743). 

Kinetic Studies.-The kinetic factors of the 
digestive absorption of drugs were reviewed in a 
paper citing 181 references (744). Another 
article commented on the theoretical aspects of 
the elimination kinetics for a number of model 
drugs which have a high affinity for plasma pro- 
tein (745). Iiadiophosphorus, ;zP, was em- 
ployed to dcterrnine the absorption rate of dibasic 
sodium phosphate from fatty suppository bases in 
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relate with the absorption of radiocalcium from 
the intestine (770). A double isotope method 
for the mcasuremcnt of intestinal absorption of 
calcium in nian was presented in another publica- 
tion (771). The absorption, distribution, and 
utilization of iron in a fat-soluble form was 
evaluated against similar data for ferrous sulfate 
and ferrocene ( i 7 2 ) .  In addition, the absorption 
of 59Fe-hemoglobin has been iiivestigated in iron 
deficient and iron supplemented rats and com- 
pared with the absorption of 59Fc as ferrous 
sulfate (773). 

The ahsorption of steroid hormones was 
assessed by measuring the disappearance rate 
from the human sinall intestine during steady- 
state perfusion of aqueous solutions through a 
transintestinal tube (774). I t  was reported that 
when aloxiprin and aspirin were administered 
orally, they had similar mean rates of excretion, 
but aspirin provided higher blood levels (775). 
Cotty ef al. evaluated aspirin blood levels follovv- 
ing thc ingestion of commercial aspirin-containing 
tablets by humans (776). The absorption, dis- 
tribution, and elimination of 6,’i-dimethyl-l- 
hydroxyquinoline hydrochloride, administered 
orally and intravenously to animals has been 
studied (777), and the absorption and distribu- 
tion of oxafuradene in the dog were also deter- 
mined (758). By means of urinary excretion 
studies in man, the absorption and excretion 
of 14C-bethanidine were measured (779). It has 
been suggested that the acetylated phenolic 
laxatives, hisacodyl and diphesatin, became 
absorbable from the intestines and active, 
pliarmacologicallq-, after deacetylation (780). 
Data were presented on the absorption, distribu- 
tion, and elimination of N,l?i’-dimethyl-N,/li‘- 
bis [ 3 -  (3,4,.i-trimethoxybenzoyloxy) propyl ] eth- 
ylcnerlianiine dihydrochloride (781). Another 
publication ascertained the absorption, excretion, 
and metabolic fate of ethambutol in rnan after 
oral and intravenous administratiim (782) ; 
the absorption, distribution, and cxcretion of 
niorpliocycline in rahtiits were also discussed 
(783) .  Other data were compiled showing that 
only a limited amount of riboflavin can be all- 
sorbed from the intestinal tract (784). Another 
investigator carried out reseaxch on the gastro- 
intestinal absorption and pharmacokinetics of 
selected coinpounds in man (78.5). The absorp- 
tion of isoniazid and some of its dcrivatives has 
beeu noted (786). The absorption, metabolism, 
and elimination of thiabendazolc in farm animals, 
along with a method for its estimation in biologi- 
cal materials, were presented by Tocco et al. 
(787). Peak plasma levels for sulfametlioxy- 
diazine were found in 6-8 hr. after oral ad- 
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ministration (788); also, a similar study by the 
same authors comparing the antibacterial ac- 
tivity and chemical levels of the same chemical 
in human serum and plasma was published (789). 
Amundson, Johnson, and Manthey determined 
the urinary excretion of d-propoxyphene hydro- 
chloride in man (790). The absorption and 
elimination profile of isoproterenol in anesthetized 
and unanesthetizcd dogs has been announced 
(791, 792). The rate of excretion of a new anti- 
viral agent, amantadine hydrochloride, was 
discovered to be first order (793). The absorption 
O F  terephthalic acid through the digestive tract 
and its excretion in urine of rats were examined 
(794). The urinary excretion of three oral 
cholecystographic agents, iopanoate, tyropanoate, 
and bunaniiodyl, has been studied (595). 4n- 
other invcstigatioli was concerned with the 
ahsorption of d, 1-1-(3-hydroxyphenyl)- I -hy- 
droxy-2-ethyl aminoeltane in the gastrointestinal 
tract (796). 

PHARMACOGNOSY 
One re+w was published on the investigation 

of Lupiizus alkaloids (797) ; another surveyed 
the physical and chemical properties of aromatic 
acids from crude drugs of the Umbelliferue family 
(798). Other reviews were concerned with 
aurones (799), a tabulation of 43 alkaloids used 
in modern medicine (SOO), recent advances in 
the chemistry of Rutaceae alkaloids (801), the 
present status of Cannabis research (802), and 
the application and relationship of plant tissue 
culture to medicinal plant study (803). 

The morphine content of opium from poppy 
plants under cultivation has been examined by 
two investigators (804). In  a study on the stabil- 
ity of erichroside from Erysimum cheiranthoides, 
it  was shown that lower pH’s caused hydrolysis, 
whereas higher pFT’s caused isoinerization (805). 
Sciuchctti and Born reported on the effect of 
diniethylsulfoxide alone and in combination 
with A-dimethylamino succinaniic acid or 2- 
chlorethyl trimethylammonium chloride on the 
growth and alkaloid binsynthesis of Datura 
fat& (806). In a study on morphine losses in 
poppy capsules (Papuuer somniferum), it has 
been revealed that the maxiniuni loss of morphine 
in freshly crushed poppy capsules occurred in the 
first 8 days of storage at 20” (807). A description 
of various rhubarb roots used in the drug trade 
was listed (808). An interesting article on 
Mexican witchcraft drugs, Ipomoea violocea and 
Snlvia divinorum, outlining their active principles, 
appeared in the literature (809). The production 
and consutnption of opium and coca derivatives 
-~ 

1 The writers thank Dr. C. H. Svoboda for his suggestions 
concerning the preparation of this section. 



666 Journal of Pharmaceutical Sciences 

TABLE ~.-PHARMACOGNOSTIC INVESTIGATIONS 
.- 

Plant 
A 

A bies amabilis 
A cacia angustissima 
Acacia confusa 
Aconitum j a p o n i i x m  
Actinidia polygaina 
Aesculus hippocastanum 
Afzelia xylocarpa 
Alangium lamarckii 
A manita muscaria 
Amaranthus caudatus 
-4 maryllidaceen species 
Ammi majus 
Anabasis aphylla 
Angelica hirsuti$ora 
Angelica japonica 
Angelica pubescens 
Aniscocyclea grandidieri 
Anthocleista procera 
A pocynum cannabinum 
Araucaria imbricota 
Arctium lappa 
Ardisia macrocarpa 
Argyreia nervosa 
Arisaema ringens 
Artemisia ubsintkiun~ 
Artemisia taurica 
Artocarpus heterophyllus 
Asarum europaeum 
A sclepias tuberosa 
Asimira triloba 
Aspidosperma dasycarpon 
Aspidosperma spccics 
Atropa belladonna 

Batcharis rosmurinifolia 
Berberis hauniensis 
Bixa  orellana 
Boletaceae species 
Bryophyllum daigrenzontianum 
Buxus  microphylla 
Bums sempervirens 

Cassia occidentalis 
Catharanthus lanceus 
Catharanthus roseus 
Ceanothus americanus 
Cedrus deodara 
Centaurea species 
Chelidonium majus 
Chionographis japoniLa 
Chondria armatu 
Cinnamomum species 
Cissampelos pareira 
Clausena anisata 
Clerodendron infortunatum 
Cochlospermum gossypiune 
Convallaria keiskei 
Convallaria nzajalis 
Coptis chinensis 
Corydalis species 
Crotalaria species 
Croton cumingii 
Cyclea madayascariensi 
Cymbopogon martini 
Cymbopogon nardus 
Cynara scolymus 

Dalbergia Ianceolavia 
Daphne genkma 
Daphne papyracm 

B 

C 

D 

Plant 
Oaturn callus 
Datura innoxia 
Datura meteloides 
Datura sanguinea 
Datura tutula 
Daucus carota 
Delphinium species 
Desmodium caudatum 
Digitalis ciliuta 
Digitalis davisiana 
Digitalis laiznta 
Digitalis purpuvea 
Digitalis species 
Digilolis thapsi 
Doryphora sassafras 

Eledone moschata 
Embelia ribes 
Enantia species 
Erys imum canescens 
Erythroxylon monogynum 
Eschscholtzia californzca 
Eucalyptus staigeriana 
Euputorium semiserratum 

Fumaria species 
Gaillardia pulchella 
Genistu lusitunica 
Gentiana bellidifolia 
Glycosmis arborea 
Glycyrrhiza glabra 
Guatteria psilopus 
Gutiervezia sarothrae 
Gymnema sylvestre 

Heimia salicifolia 
Helenium thurberi 
Heracleum candicans 
Heracleum mantegazzianum 
Hibiscus abelmoschus 
Hip@ophne rhamnoides 
Hydnellum diabolus 
Hyoscyamus albus 
Hypericum perforatum 

Indigofera endecaphylb 
Ipomoea digitata 
Ipomoea operculaia 
Ifiomoea species 
Juniperus virginiann 

Lei-idea tenebrosa 
Lepidium sativum 
Libnnotis intermedia 
Limnophila rugosa 
Litsea cubeba 
Lophophora williumsii 
L u f f a  operculata 
Lycium halimqololium 
Lycopodium species 

Machilus species 
Mammea americana 
Mangifera indica 
Mentha piperita 
Mentha pulegium 
Mentha species 
Metaplexis japonica 

E 

F, G 

H 

1, J 

L 

M 

(Continued on next page.)  
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N 
lVeolitsea aciuninafissinm 
Neolitsea pulchella 
Nepeta ciliaris 
JVicotiana gltatinosu 
Nuphar japonicum 
ilruphar ludeum 

Orhrosia sandToicensis 
Ociniuin. canum 
Ocimum specics 

Papauer cnucasicum 
Papaaev soinnifevwn 
Papaver species 
Pavnielia cryptochlorophaea 
PeRanunz harmala 
Pelen christophersenii 
Petasites japonicus 
Peucedanum ruthenicum 
Peunius boldus 
Physalis alkekengi 
Penellia ternate 
Piper naefhysticum 
Pivus serotina 
Piscidia erythriva 
Plantago asiatica 
Plantago species 
Podophyllum pellaturn 
Prunus nzahaleb 
Psoralea species 
Pycnanthemum a1 bescens 

Rauwolfia mannii 
Rauwoljk oomitoiia 
Rhamnus frangiiln 
Rhizoma zingiberis 
Rhododendron duuricuin 
Kubus idaeus 
Kudbeckia species 
Rumex hymenosepalus 
Ruta graveolens 
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(974) 
(975) 

(976) 
(977) 
(!378) 

($379) 
(980-982) 
(9%. 984) 
(rmj ‘ 

(986) 
(987) 
( 988) 
(989) 

(993j 
1994’1 

(998) 
(9Y9,1000) 
(1001) 

( 1002) 
(1003) 
(1004-10061 
(1007) 
(1008) 
(1009) 
(870) 
(1010) 
(1011, 1012) 

Sapium sebiferuin 
Saracococa pvuni$ormis 
Scnpolia parvi$ora 
Securinega suffrutirosa 
Shorea taluva 
Siniilax sieboldi 
Solanum atropurpureum 
Solanuin khasianum 
Sophova flavescens 
Sterculia candata 
Sterculia set ipra 

Stvychnos henningsii 
Strychnos nux-voniicn 

Tabernaeninntana lnurifolia 
Talictrum simplex 
Tanacetum vulgare 
l u x u s  bacceta 
Thulictrum minz4s 
Thalictrum species 
T h y m u s  seipylluni 
T h y m u s  vulgaris 
Tinowisciuna philipfiinense 
Torulopsis utilis 
Tribulus terrestris 
Tri fol ium nrvense 

Vaccinium bracteatuin 
Valeriana prorurrens 
Valeriana species 
Veratrum album 
Vibumana opulus 
Viburnum, pruni,folium 
Vinca major 
Vinca rosea 
Voacanga hrecleata 
Voacanga globosa 

Withania sonanifera 
Yucca glauca 
Zanthoxylum hamifonianum 

c % ? Y C U l k  ‘U7eT2.7 

T 

V 

w, y, z 

1018) 

i1021j 
(1022 j 
(1023) 
(1024) 
(1025) 
(1026 j 
(1027) 
(1028) 
(1029) 

(1030) 
(1031) 
i 1032) 
(1033 j 
( 1034 ) 
(1035-1037) 
(1038) 
(1039, 1040) 
(1041) 
(1042) 
(1043) 
(1044) 

(1045) 
(1046) 

(1048) 
( 1047) 

( 1049 j 
(1050) 
(1051) 
(1052) 
(inrj3j 
(1054) 

(1055, 1056) 
(1057) 
(1058) 

in France sincc 19.50 were summarized (810). 
Another report stated the growth of Atropa 
belladonna was strongly inhibited by a heavy 
water conccntration greater than 50% (81 I). 
An alfalfa trypsin inhibitor was demonstrated to 
he thermally staldc and also stable in  the pH 
range 2-12 (812). Other stirdies have been 
conductcd on two sulfur-containing alkaloids 
from Congo trees (813). Thc presence of aloin 
was discovered in Aloe species from the section 
Anguialoe Reynolds (814). Thc effect of dimethyl- 
sulfoxidc and tributyl 2,4-dichlorobcnzylphos- 
phoniuin chloride on growth and alkaloid syn- 
thesis in Datuva ferox has been described (81.5). 
Alkaloid artifacts were difficult to distinguish 
from active plant alkaloids formed in plant ex- 

tracts by ammonium hydroxide and acetone 
(816). 

Pharmacognostic Investigations.- This sec- 
tion of the review is primarily conccrned with 
those refcrcnces pertaining to isolation and 
identification of plant constituents. Table I 
lists alphabetically each plant studied, followed 
by appropriate references to the bibliography. 

Methodology.-The pH of the medium and 
the nature of the organic solvent were the main 
factors affecting the extraction of alkaloids by 
organic solvents (1059). A comparison was 
carried out on turbo-, ribro-extraction, and 
maceration nielhodq for the preparation nf various 
tinctures in tlic “Yugoslav Pharmacopeia” 11 
(1060). The extraction of drugs from plants 
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has been improved by the use of surface-active 
agents (1061). Laboratory experiments demon- 
strated the effectiveness of a domestic vibrator 
for obtaining extracts from various types of 
plant materials (1062). 

Ovadia and Skaucn reported that  ultrasonic 
energy had an accelerating effect on the extraction 
of alkaloids (LOfi3). The kinetics of extraction 
of alkaloids and other extractables from the 
rhizome of Scopoliu carniolica by pressing was 
studied (1064). Another procedure was described 
for preparing rye fluid extracts containing 0.05% 
alkaloids (lO(i5). Thc properties of clove oils 
produced under different conditions of distilla- 
tion from thy liuds and stems were investigated 
(1066). Optimum conditions for glycoalkaloid 
diffusion in the Solmzim laciniatum-sulfuric acid 
system were reported (1 O(i7), as well as optimum 
conditions for the extraction of alginic acid from 
seaweeds on the Saurashtra coast (101%). 
Various methods for obtaining deterpcnatcd 
oils were reviewed in a paper with 22 references 
(1069). In addition, thin-layer chromatographic 
patterns were noted for Umbclliferous drugs and 
their adulterants (1070). 
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Research Articles- 

IIZ Viuo Pharmacodynamic Evaluation of Oral 
Dosage Forms by Whole Body 

Liquid Scintillometry 
By GERALD HECHT*, JOHN E. CHRISTIAN, and GILBERT S. BANKER 

A large volume liquid scintillation detector was used to determine rates of excretion, 
absorption, and intercompartmental clearance in ambulatory dogs. A y-emitting 
test substance was administered intravenously, orally in aqueous solution, and 
orally in sustained and delayed-release dosage forms. Unanesthetized female dogs 
were partially restricted, catheterized, and fasted prior to dosing. Where applic- 
able, plots of log per cent whole body retention as a function of time were resolved 
into linear components following apparent first-order kinetics. The rate constants 
of these components were calculated and compared. Sustained-release forms were 
prepared which exhibited zero-order release characteristics in vitro and iw vivo, and 
the characteristics of an enteric coated dosage form were compared after in vitro 
and in vivo testing. The procedure provided such parameters as absorption, 
excretion, release, and the effect of formulation techniques and formula variation 
on the biological availability of the test substance employed without the necessity 

of excreta and blood sampling and analysis. 

HE PROBLEM of evaluating the biological 
Tavailability and pharinacodynamic properties 
of any drug, new or old, in a new dosage form, is of 
increasing importance due to the greater potency 
and specificity of drugs, the greater complexity of 
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dosage forms, and the increasing demands of the 
drug laws and new drug application requirements. 

Sereral authors (1-9) have attempted to 
standardize the in vitvo testing of various oral 
dosage forms, not necessarily as a means of simu- 
lating the characteristics which would be expec- 
ted in viva, but rather as a means of insuring con- 
trol and correlation with data collected zl t  oioo. 

Many methods for thc in V ~ J O  evaluation of oral 
dosage forms h a w  been devised, but undoubtedly, 
those supplying the most pertinent inforination 
are concerned with the evaluation of absorption, 




